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RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


General Information 


T The 2014 edition of the Rules and Regulations for the Classification of Ships is a complete reprint of the 
2013 edition, consisting of 8 books. 
Part 1 Regulations 
Rules for the Manufacture, Testing and Certification of Materials 
Part 3 Ship Structures (General) 
Part 4 Ship Structures (Ship Types) 
Part 5 Main and Auxiliary Machinery 
Part 6 Control, Electrical, Refrigeration and Fire 
Part 7 Other Ship Types and Systems 
Part 8 Rules for Ice and Cold Operations 
2. A decimal notation system has been adopted throughout. Five sets of digits cover the divisions, i.e., Part, Chapter, 


Section, sub-Section and paragraph. The textual cross-referencing within the text is as follows, although the right hand 
digits may be added or omitted depending on the degree of precision required: 

(a) In same Chapter, e.g., see 2.1.3 (i.e., down to paragraph). 

(b) In same Part but different Chapter, e.g., see Ch 3,2.1 (i.e., down to sub-Section). 

(c) In another Part, e.g., see Pt 5, Ch 1,3 (i.e., down to Section). 


The cross-referencing for Figures and Tables is as follows: 

(a) In same Chapter, e.g., as shown in Fig. 2.3.5 (i.e., Chapter, Section and Figure Number). 
(b) In same Part but different Chapter, e.g., as shown in Fig. 2.3.5 in Chapter 2. 

(c) In another Part, e.g., see Table 2.7.1 in Pt 8, Ch 2. 


3. The primary changes from the 2013 edition of the Rules are identified in the Summary of Changes. The effective dates of 
the indicated changes are 1 July 2013, 1 August 2013, 1 September 2013, 1 January 2014, 1 March 2014. 


4. Until the next edition of the Rules and Regulations for the Classification of Ships is published, Rule change Notices and/or 
Corrigenda, as necessary, will be published on the LR Webstore — www.webstore.lrorg — and will be available for 
downloading free of charge. It is not intended at this time to publish hard copies of future Rule Notices to Existing Rules. 


5; In this publication, a shortened version of the Notices has been reproduced listing all the paragraphs that have been 
altered since the last edition of the Rules. It is followed by a comprehensive Contents list of all books in the set, showing 
all the titles down to Section level. 
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RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Notice - Summary of Changes 


Summary of Changes from the 2013 Rules 


Ch__ Section Para section Title Status Notice 
Part 1 Effective Date 1 August 2013 
2 2 2.8.3 Character of classification and Paragraph amended 2 


class notations 


Ch__ Section Para Section Title Status Notice 
Part 1 Effective Date 1 September 2013 

2 2 Table 2.2.2 Character of classification and Table amended 4 
class notations 

2 2 2.3.17 to 2.3.19 Character of classification and Paragraphs amended 3 
class notations 

2 2 2.8.4 Character of classification and Paragraph amended 4 
class notations 

2 2 2.8.5 Character of classification and New paragraph added 4 
class notations 

2 2 2.8.5 Character of classification and Paragraph renumbered 4 
class notations 

3 2 2.2.40 Annual Surveys — Hull and Paragraph amended 4 
machinery requirements 

3 2 2.2.41 & 2.2.42 Annual Surveys — Hull and New paragraphs added 4 
machinery requirements 

3 2 2.2.41 Annual Surveys — Hull and Paragraph renumbered 4 
machinery requirements 

3 5 5.3.19 Special Survey — General — Paragraph amended 4 


Hull requirements 


Ch Section Para Section Title Status Notice 
Part 1 Effective Date 1 January 2014 

2 2 2.8.3 Character of classification and Paragraph amended 6 
class notations 

2 3 3.5.13 Surveys — General Paragraph amended 5 

2 3 3.5.16 Surveys — General Paragraph amended 5 

3 1 1.5.19 General Paragraph amended 3 

3 1 Table 3.1.1 General New Table added 3 

3 6 6.2.1 Special Survey — Bulk carriers — Paragraph amended 5 
Hull requirements 

3 7 7.2.1 Special Survey — Oil tankers Paragraph amended 5 


(including ore/oil ships and 
ore/bulk/oil ships) — Hull 
requirements 
3 8 8.2.1 Special Survey — Chemical Paragraph amended 5 
tankers — Hull requirements 


Ch Section Para Section Title Status Notice 
Part 1 Effective Date 1 March 2014 
3 9 Table 3.9.3 Ships for liquefied gases Table amended 8 
3 17 17.2.2 to 17.2.4 Screwshafts, tube shafts and Paragraphs amended 8 

propellers 
3 17 17.2.6 Screwshafts, tube shafts and New paragraph added 8 
propellers 
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Notice - Summary of Changes 


Ch Section Para Section Title Status Notice 
Part 1 Effective Date 1 July 2014 
2 2 Table 2.2.1 Character of classification Table amended 9 

and class notations 
2 2 Table 2.2.4 Character of classification Table amended 9 
and class notations 
2 2 2.3.21 Character of classification Paragraph amended 9 
and class notations 
2 2 2.3.21 Character of classification Reference amended 10 
and class notations 
2 2 2.4.2 Character of classification Paragraph amended 9 
and class notations 
2 2 2.6.2 Character of classification Reference amended 10 
and class notations 
2 2 2.8.7 Character of classification New paragraph added 9 
and class notations 
2 3 3.5.29 Surveys — General Reference amended 9 
2 3 3.8.4 Surveys — General Paragraph amended 9 
2 3 3.8.14 Surveys — General Paragraph amended 9 
3 1 1.5.18 General Paragraph amended 9 
3 1 1.6.5 General Paragraph amended 9 
3 1 1.6.11 General New paragraph added 9 
3 1 1.6.11 General Paragraph renumbered 9 
3 1 2.2.10 General Paragraph amended 9 
3 2 2.2.26 Annual Surveys — Hull and Reference amended 10 
machinery requirements 
3 5 5.3.5 Special Survey — General — Paragraph amended 9 
Hull requirements 
3 6 6.3.2 Special Survey — Bulk carriers Reference amended 9 
— Hull requirements 
3 7 7.3.2 Special Survey — Oil tankers Reference amended 9 
(including ore/oil ships and 
ore/bulk/oil ships) — Hull 
requirements 
3 7 7.5.1 Special Survey — Oil tankers Paragraph amended 9 
(including ore/oil ships and 
ore/bulk/oil ships) — Hull 
requirements 
3 7 7.5.2 Special Survey — Oil tankers New paragraph added 9 
(including ore/oil ships and 
ore/bulk/oil ships) — Hull 
requirements 
3 8 8.3.2 Special Survey — Chemical tankers Reference amended 9 
— Hull requirements 
3 8 8.5.1 Special Survey — Chemical tankers Paragraph amended 9 
— Hull requirements 
3 8 8.5.2 Special Survey — Chemical tankers New paragraph added 9 
— Hull requirements 
3 9 9.7.6 Ships for liquefied gases Paragraph amended 9 
3 14 14.2.4 Electrical equipment New paragraph added 9 
3 14 14.2.4 & 14.2.5 Electrical equipment Paragraphs renumbered 9 
3 14 14.2.6 Electrical equipment Paragraph renumbered & amended 9 
3 14 14.2.8 & 14.2.9 Electrical equipment Paragraphs renumbered 9 
3 14 14.2.10 Electrical equipment Paragraph renumbered & amended 9 
3 14 14.2.11 & 14.2.12 Electrical equipment Paragraphs renumbered 9 
3 14 14.2.12 Electrical equipment Reference amended 10 
3 14 14.3.1 Electrical equipment Reference amended 9 
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Notice - Summary of Changes 


Ch Section Para Section Title Status Notice 
Rules for the Manufacture, Testing and Certification of Materials Effective Date 1 August 2013 
8 1 1.9.1 Plates, bars and sections Paragraph amended 1 
Ch Section Para Section Title Status Notice 
Rules for the Manufacture, Testing and Certification of Materials Effective Date 1 January 2014 
3 3 Table 3.3.1 Higher strength steels for ship and Table amended 2 
other structural applications 
3 3 Table 3.3.3 Higher strength steels for ship and Table heading amended 2 
other structural applications 
3 3 Tables 3.3.4 Higher strength steels for ship and Tables amended 2 
& 3.3.5 other structural applications 
3 3 Table 3.3.7 Higher strength steels for ship and Table amended 2 
other structural applications 
9 1 Table 9.1.1 Castings for propellers Table amended 2 
9 1 1.8.2 Castings for propellers Paragraph amended 2 
9 1 Fig. 9.1.2 Castings for propellers Figure amended 2 
9 1 Table 9.1.4 Castings for propellers Table amended 2 
11 1 Table 11.1.1 General Table amended 2 
11 3 Table 11.3.1 Electrodes for manual and gravity Table amended 2 
welding 
11 3 Table 11.3.2 Electrodes for manual and gravity Table amended 2 
welding 
11 3 3.3.4 Electrodes for manual and gravity Paragraph amended 2 
welding 
11 3 Table 11.3.3 Electrodes for manual and gravity Table amended 2 
welding 
11 4 Tables 11.4.1 Wire-flux combinations for Tables amended 2 
& 11.4.2 submerged-arc automatic welding 
11 4 4.4.2 Wire-flux combinations for Paragraph amended 2 
submerged-arc automatic welding 
11 4 Table 11.4.3 Wire-flux combinations for Table amended 2 
submerged-arc automatic welding 
11 5 Table 11.5.1 Wires and wire-gas combinations Table amended 2 
for manual, semi-automatic and 
automatic welding 
11 7 Table 11.7.1 Consumables for use in one-side Table amended 2 
welding with temporary backing 
materials 
12 2 = Welding Procedure Qualification Section title amended 2 
Tests for Steels 
12 2 Table 12.2.3 Welding Procedure Qualification Table title amended 2 
Tests for Steels 
12 2 Table 12.2.3 Welding Procedure Qualification Table amended 2 
Tests for Steels 
Ch Section Para Section Title Status Notice 


Rules for the Manufacture, Testing and Certification of Materials 


Effective Date 1 July 2014 
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Notice - Summary of Changes 


Ch Section 


Para 


Section Title 


Status 


Notice 


Rules for the Manufacture, Testing and Certification of Materials (Continued) 


Effective Date 1 July 2014 
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Notice - Summary of Changes 


Ch Section Para Section Title Status Notice 
Part 3 Effective Date 1 August 2013 
1 1 1.2.2 Rule application Paragraph amended 2 
1 8 8.3 Inspection and workmanship Sub-Section re-written 2 
1 9 - Procedures for testing tanks and New Section added 2 
tight boundaries 
11 4 4.2.30 Hatch cover securing Reference amended 2 
arrangements and tarpaulins 
11 9 9.2.1 Watertight doors in bulkheads Reference amended 2 
below the freeboard deck 
11 9 9.2.8 Watertight doors in bulkheads Reference amended 2 
below the freeboard deck 
13 2 2.6.7 Rudders Reference amended 2 
13 3 3.2.7 Fixed and steering nozzles Reference amended 2 
Ch__ Section Para Section Title Status Notice 
Part 3 Effective Date 1 September 2013 
4 8 8.4.1 Loading guidance information New sub-Section added 4 
9 7 = Freight container securing Section deleted 4 
arrangements 
9 8 7 Bottom strengthening for loading Section renumbered 4 
and unloading aground 
9 9 = Strengthening for regular Section renumbered 4 
discharge by heavy grabs 
14 = = Cargo Securing Arrangements Chapter re-written 4 
16 3 3.1 Fatigue design assessment Sub-Section title amended 3 
16 3 3.1.1 Fatigue design assessment Paragraph amended 3 
16 3 3.1.2 Fatigue design assessment Reference amended 3 
Ch Section Para Section Title Status Notice 
Part 3 Effective Date 1 January 2014 
2 3 3.2.6 Corrosion protection Paragraph amended 5 
9 3 Table 9.3.1 Decks loaded by wheeled vehicles Table amended 7 
10 2 2.2.2 & 2.2.3 Welding Paragraphs amended 7 
10 5 5.6.4 Structural details Paragraph amended 7 
16 11 11.1 Safe return to port and orderly New sub-Section added 6 
evacuation 
Ch Section Para Section Title Status Notice 
Part 3 Effective Date 1 July 2014 
2 1 1.3.1 Materials of construction Paragraph amended 9 
2 2 2.1.2 Fracture control Paragraph amended 9 
2 2 Table 2.2.1 Fracture control Table amended 9 
2 2 Table 2.2.3 Fracture control Table amended 9 
6 7 7.6 Sternframes and appendages New sub-Section added 9 
6 7 7.6 Sternframes and appendages Sub-Section renumbered 9 
6 7 Fig. 6.7.8 Sternframes and appendages New Figure added 9 
6 7 7.4.2 Sternframes and appendages Paragraph deleted 9 
6 7 7.4.2 & 7.4.3 Sternframes and appendages New paragraphs added 9 
6 7 7.4.3 to 7.4.6 Sternframes and appendages Paragraphs renumbered 9 
6 7 7.4.8 Sternframes and appendages New paragraph added 9 
6 7 7.5.1 Sternframes and appendages New paragraph added 9 
6 7 7.5.1 Sternframes and appendages Paragraph renumbered & amended 9 
6 7 7.5.2 & 7.5.3 Sternframes and appendages Paragraphs renumbered 9 
6 7 7.5.4 Sternframes and appendages Paragraph deleted 9 
6 7 7.5.5 Sternframes and appendages New paragraph added 9 
6 7 7.5.5 Sternframes and appendages Paragraph renumbered 9 
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Notice - Summary of Changes 


Ch Section 


Para 


Section Title 


Status 


Notice 


Part 3 (Continued) 


Effective Date 1 July 2014 


9 2 2.1.2 Timber deck cargoes References amended 9 
9 2 2.3 Timber deck cargoes Title amended 9 
9 2 2.3.1 Timber deck cargoes Paragraph amended 9 
9 2 2.3.2 Timber deck cargoes Paragraph deleted 9 
9 2 2.3.2 & 2.3.3 Timber deck cargoes New paragraphs added 9 
9 2 2.3.3 Timber deck cargoes Paragraph renumbered 9 
9 2 2.3.4 Timber deck cargoes New paragraph added 9 
9 2 2.5 Timber deck cargoes New sub-Section title added 9 
9 2 2.5 Timber deck cargoes Sub-Section renumbered 9 
9 2 2.6 Timber deck cargoes New sub-Section title added 9 
9 2 2.6 Timber deck cargoes Sub-Section renumbered 9 
9 2 2.7 Timber deck cargoes New sub-Section added 9 
9 2 2.7 Timber deck cargoes Sub-Section renumbered 9 
9 2 2.8 Timber deck cargoes New sub-Section title added 9 
9 2 2.8 Timber deck cargoes Sub-Section renumbered 9 
9 2 2.3.4 & 2.3.5 Timber deck cargoes Paragraphs renumbered 9 
9 2 2.3.6 Timber deck cargoes Paragraph deleted 9 
9 2 2.3.8 Timber deck cargoes New paragraph added 9 
9 2 2.4.2 Timber deck cargoes Paragraph amended 9 
9 2 2.4.3 Timber deck cargoes Paragraph renumbered & amended 9 
9 2 2.4.4 Timber deck cargoes Paragraph deleted 9 
9 2 2.4.5 Timber deck cargoes Paragraph renumbered & amended 9 
9 2 2.4.6 to 2.4.8 Timber deck cargoes Paragraphs renumbered 9 
9 2 2.4.9 & 2.4.10 Timber deck cargoes Paragraphs renumbered & amended 9 
9 2 2.4.11 Timber deck cargoes Paragraph deleted 9 
9 2 2.4.12 Timber deck cargoes Paragraph renumbered & amended 9 
9 2 2.4.13 & 2.4.14 Timber deck cargoes Paragraphs deleted 9 
9 2 2.4.15 & 2.4.16 Timber deck cargoes Paragraphs renumbered & amended 9 
9 2 2.4.17 Timber deck cargoes Paragraph deleted 9 
9 2 2.4.18 Timber deck cargoes Paragraph renumbered & amended 9 
9 2 2.4.19 & 2.4.20 Timber deck cargoes Paragraphs renumbered 9 
9 2 2.4.21 & 2.4.22 Timber deck cargoes Paragraphs deleted 9 
9 2 2.5.2 Timber deck cargoes New paragraph added 9 
9 2 2.6.4 to 2.6.8 Timber deck cargoes New paragraphs added 9 
9 2 2.6.10 to 2.6.17 — Timber deck cargoes New paragraphs added 9 
9 2 2.8.1 Timber deck cargoes New paragraph added 9 
11 1 kAtta General Reference amended 9 
11 2 2.4.2 Steel hatch covers Paragraph amended 9 
12 5 5.2.1 & 5.2.2 Air pipes, ventilator pipes and Paragraphs amended 9 
their securing devices located 
on the exposed fore deck 
16 2 2.1.2 Structural design assessment Paragraph amended 9 
Ch__ Section Para Section Title Status Notice 
Part 4 Effective Date 1 August 2013 
2 8 2.8.1 Bow doors and inner doors Table amended 2 
Ch__ Section Para Section Title Status Notice 
Part 4 Effective Date 1 January 2014 
2 8 2.8.1 Bow doors and inner doors Table amended 7 
8 2 2.3 Materials New sub-Section added 5 
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Ch Section Para Section Title Status Notice 
Part 4 Effective Date 1 July 2014 
2 4 4.2.1 Shell envelope plating Paragraph amended 9 
5 8 — Void spaces New Section added 9 
8 1 1.1.2 General Paragraph deleted 9 
8 1 1.1.3 & 1.1.4 General Paragraphs renumbered 9 
8 1 1.1.5 General Paragraph renumbered & amended 9 
8 1 1.1.6&1.1.7 General Paragraphs renumbered 9 
8 1 1.3.3 General Paragraph amended 9 
8 3 — Longitudinal strength Section re-written 9 
8 14 — Direct calculation Section re-written 9 
8 15 — Combined stress calculations Section re-written 9 
9 12 12.4.1 Cargo temperatures Paragraph amended 9 
Ch _ _ Section Para Section Title Status Notice 
Part 5 Effective Date 1 July 2013 
15 7 7.9.10 Inert gas systems Paragraph amended 1 
Ch Section Para Section Title Status Notice 
Part 5 Effective Date 1 August 2013 
2 LZ 17.1.3 Type testing — General Paragraph amended 2 
2 17 17.2.3 Type testing — General Paragraph amended 2 
Ch Section Para Section Title Status Notice 
Part 5 Effective Date 1 January 2014 
12 9 9.6.1 Piping for LPG/LNG carriers, New paragraph added 6 
gas fuelled ships and 
classed refrigeration systems 
12 9 9.6.1 Piping for LPG/LNG carriers, Paragraph renumbered 6 
gas fuelled ships and 
classed refrigeration systems 
13 12 12.7.1 Air, overflow and sounding pipes Paragraph amended 6 
13 12 12.7.9 Air, overflow and sounding pipes Paragraph amended 6 
19 6 6.1.1 Emergency power Paragraph amended 6 
23 1 1.1.3 General New paragraph added 6 
23 1 1.1.3 General Paragraph renumbered 6 
23 1 1.1.4 General Paragraph renumbered & amended 6 
23 1 1.1.5 General Paragraph renumbered 6 
23 1 1.1.6 General New paragraph added 6 
23 3 — Qualitative failure analysis for Section title amended 6 
propulsion, steering 
and essential services 
23 3 3.1.6 Qualitative failure analysis for Paragraph deleted 6 
propulsion, steering 
and essential services 
23 5 5.1.1 & 5.1.2 Verification, testing and trials Paragraphs amended 6 
23 5 5.1.3 & 5.1.4 Verification, testing and trials New paragraphs added 6 
23 5 5.2.1 Verification, testing and trials Paragraph amended 6 
Ch Section Para Section Title Status Notice 
Part 5 Effective Date 1 July 2014 
2 4 4.2.2 Electronically controlled engines References amended 10 
2 10 10.8.8 Safety arrangements Reference amended 10 
2 12 12.3.1 Component tests Paragraph amended 10 
2 16 16.2.2 Air compressors Reference amended 10 
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Control, alarm and safety systems 


of machinery 


Control, alarm and safety systems 


of machinery 


Cargo tank venting, purging 


and gas-freeing 
Inert gas systems 
Inert gas systems 
Inert gas systems 
Inert gas systems 
Inert gas systems 
Inert gas systems 
Inert gas systems 
Inert gas systems 


Inert gas systems 
Inert gas systems 


Inert gas systems 
Inert gas systems 


Inert gas systems 
Inert gas systems 
Inert gas systems 
Inert gas systems 
Inert gas systems 
Inert gas systems 
Inert gas systems 


Paragraph amended 
Paragraph amended 
Reference amended 
Paragraph amended 
Reference amended 
Reference amended 
Reference amended 
Paragraph amended 
Table amended 

Table amended 
Paragraph amended 
New paragraph added 
Paragraph amended 
New paragraph added 
Paragraph renumbered 


Paragraph renumbered & reference amended 


Paragraphs renumbered 
New sub-Section added 
New paragraph added 
Reference amended 
Section title amended 
Sub-Section deleted 
Sub-Section renumbered 
References amended 
Sub-Section renumbered 
Reference amended 
Tables renumbered 
References amended 
Reference amended 
Reference amended 
Reference amended 
References amended 
New sub-Section added 


Sub-Section renumbered 
Paragraphs renumbered 


Paragraph renumbered & reference amended 


Paragraph renumbered 
& references amended 

Paragraph renumbered 

Paragraphs renumbered 
& references amended 


Paragraph renumbered & amended 


Paragraphs renumbered 
& references amended 
Paragraph renumbered 
Sub-Section renumbered 
New paragraph added 
New Table added 
New paragraph added 
Sub-Section renumbered 
Paragraphs renumbered 
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Notice - Summary of Changes 


Ch Section Para Section Title Status Notice 
Part 5 (Continued) Effective Date 1 July 2014 
15 7 7.9.6 Inert gas systems Paragraph renumbered & reference amended 10 
15 7 7.9.7 & 7.9.8 Inert gas systems Paragraphs renumbered 10 
15 7 7.9.9 Inert gas systems Paragraph renumbered & reference amended 10 
NS 7 7.9.10 to 7.9.14 Inert gas systems Paragraphs renumbered 10 
15 7 7.9.15 to 7.9.18 Inert gas systems Paragraphs renumbered 10 
& references amended 
15 7 7.10 Inert gas systems Sub-Section renumbered 10 
t5 7 7.10.2 Inert gas systems New paragraph added 10 
15 7 7.10.2 & 7.10.3 Inert gas systems References amended 10 
15 7 Table 15.7.2 Inert gas systems New Table added 10 
15 7 7.10.19 Inert gas systems References amended 10 
23 2 2.1.2 Safe return to port Reference amended 10 
24 9 9.1.7 Electrical and control equipment Paragraph amended 10 
24 9 Table 9.1.9 Electrical and control equipment Table amended 10 
Ch Section Para Section Title Status Notice 
Part 6 Effective Date 1 January 2014 
1 3 3.6.3 Ergonomics of control stations Paragraph amended 7 
2 1 1.3.4 General requirements Paragraph amended 7 
2 1 1.6.5 & 1.6.6 General requirements Paragraphs amended 7 
2 1 1.19.1 General requirements Paragraph amended 7 
2 5 5.2.1 Supply and distribution Paragraph amended 7 
2 5 5.9.4 Supply and distribution Paragraph amended 7 
2 7 Tal: Switchgear and controlgear Paragraph amended 7 
assemblies 
2 7 7.3.1 Switchgear and controlgear Paragraph amended 7 
assemblies 
2 7 7.5.1 Switchgear and controlgear Paragraph amended f 
assemblies 
2 7 Table 2.7.1 Switchgear and controlgear Table amended T 
assemblies 
2 7 7.5.3 Switchgear and controlgear Paragraph amended ile 
assemblies 
2 7 Table 2.7.2 Switchgear and controlgear Table amended 7 
assemblies 
2 7 7.5.4 to 7.5.6 Switchgear and controlgear Paragraphs amended 7 
assemblies 
2 7 7.16.5 Switchgear and controlgear Paragraph amended 7 
assemblies 
2 T 7.18.5 Switchgear and controlgear Paragraph amended 7 
assemblies 
2 7 7.19.1 Switchgear and controlgear Paragraph amended 7 
assemblies 
2 9 9.1.1 Rotating machines Paragraph amended 7 
Ch Section Para Section Title Status Notice 
Part 6 Effective Date 1 July 2014 
1 1 1.1.2 General requirements Paragraph amended 10 
1 1 1.1.3 to 1.1.7 General requirements Paragraphs deleted 10 
1 1 1.1.8 General requirements Paragraph renumbered 10 
j! 1 1.1.9 General requirements Paragraph renumbered & reference amended 10 
1 1 1.2 General requirements Title amended 10 
1 1 1.2.1 General requirements Paragraph amended 10 
1 1 1.2.2 General requirements References amended 10 
1 1 1.2.4 General requirements New paragraph added 10 
1 1 1.2.4 General requirements Paragraph renumbered 10 
1 1 1.2.5 General requirements Paragraph renumbered & amended 10 
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Notice - Summary of Changes 


Ch Section 


Para 


Section Title 


Status 


Notice 


Part 6 (Continued) 


Effective Date 1 July 2014 


1 1 1.2.6 

1 1 1.2.7 

1 1 1.2.8 

1 1 1.2.9 

1 1 1.3.1 

1 1 1.3.3 

1 1 1.3.4 & 1.3.5 
1 1 1.4.2 

1 1 1.4.3 

1 1 1.4.3 

1 1 1.5.4 to 1.5.11 
1 2 2.1.1 

1 2 2.1.2 

1 2 2.2.8 

1 2 2.3.1 

1 2 2.3.2 to 2.3.20 
1 2 2.4.1 

1 2 2.4.2 

1 2 2.4.3 & 2.4.4 
1 2 2.4.5 to 2.4.12 
1 2 2.4.13 

1 2 2.5.1 

1 2 2.5.2 to 2.5.5 
1 2 2.5.6 

1 2 2.5.7 & 2.5.8 
1 2 2.6.1 

1 2 2.6.2 to 2.6.4 
1 2 2.6.5 

1 2 2.6.6 to 2.6.9 
1 2 2.10.8 

1 2 2.10.10 

1 2 2.10.16 

1 2 2.10.20 

1 2 2.11.7 

1 2 2.14.3 

1 2 2.14.5 


General requirements 
General requirements 
General requirements 
General requirements 
General requirements 
General requirements 
General requirements 
General requirements 
General requirements 
General requirements 
General requirements 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 
Essential features for control, 
alarm and safety systems 


Paragraph amended 


Paragraph renumbered & amended 


Paragraph renumbered 
Paragraph deleted 
Paragraph amended 
Reference amended 
Paragraphs amended 
Paragraph amended 
New paragraph added 
Paragraph renumbered 
New paragraphs added 
Paragraph deleted 


Paragraph renumbered 
Paragraph deleted 
Paragraph deleted 
Paragraphs renumbered 
Paragraph deleted 


Paragraph renumbered 


Paragraphs renumbered & 


references amended 
Paragraphs renumbered 


Paragraph renumbered & reference amended 10 


Paragraph deleted 


Paragraphs renumbered 


Paragraph renumbered & amended 


Paragraphs renumbered 
Paragraph deleted 


Paragraphs renumbered 


Paragraph renumbered & amended 


Paragraphs renumbered 
Reference amended 
Reference amended 
Paragraph amended 
Paragraph amended 
Reference amended 


Reference amended 


Paragraph amended & references amended 10 
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Notice - Summary of Changes 


Ch Section 


Para 


Section Title 


Status 


Notice 


Part 6 (Continued) 


Effective Date 1 July 2014 


1 3 
1 3 
1 3 
1 3 
1 6 
1 7 
2 1 
2 1 
2 1 
2 1 
2 4 
2 5 
2 5 
2 5 
2 6 
2 6 
2 6 
2 T 
2 7 
2 7 
2 7 
2 7 
2 7 
2 7 
2 7 
2 7 
2 7 
2 T 
2 7 
2 7 
2 7 


NNNNNNNN PY 
L 


7.5.1 

Table 2.7.1 
7.5.2 & 7.5.3 
Table 2.7.2 
7.5.4 

7.5.5 & 7.5.6 
7.8.2 

7.9.1 

7.16.5 
7.18.5 
7.19.1 

9.1.1 

9.1.6 

9.1.14 

9.8.6 

10.1.2 
10.2.1 to 10.2.3 
10.3.2 


10.3.8 
Table 2.11.1 


11.2.1 


Ergonomics of control stations 
Ergonomics of control stations 
Ergonomics of control stations 
Ergonomics of control stations 
Integrated computer control 
— ICC notation 
Integrated computer control 
— ICC notation 
General requirements 
General requirements 
General requirements 
General requirements 
External source of electrical power 
Supply and distribution 
Supply and distribution 
Supply and distribution 
System design — Protection 
System design — Protection 
System design — Protection 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Switchgear and controlgear 
assemblies 
Rotating machines 
Rotating machines 
Rotating machines 
Rotating machines 
Converter equipment 
Converter equipment 
Converter equipment 
Converter equipment 
Electric cables, optical fibre 
cables and busbar trunking 
systems (busways) 
Electric cables, optical fibre 
cables and busbar trunking 
systems (busways) 


Paragraph amended 
Paragraph amended 
New paragraph added 
Paragraph amended 
Paragraphs amended 


Reference amended 


Reference amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Reference amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 


Paragraph amended 


Paragraph amended 


Paragraph amended 
Table amended 
Paragraphs amended 
Table amended 
Paragraph amended 
Paragraphs deleted 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraph amended 
Paragraphs amended 
Paragraph amended 


Paragraph amended 
Table amended 


Paragraph amended 
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RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Notice - Summary of Changes 


Ch Section Para 


Section Title 


Status 


Notice 


Part 6 (Continued) 


Effective Date 1 July 2014 


2 11 11.5.3 


11.8.10 


11.13.7 


12.3.10 


2 14 14.1.5 


2 14 14.2.1 


2 14 14.2.4 


2 14 14.2.6 


2 14 14.2.9 


2 14 14.3.5 


2 14 14.4.1 


2 14 14.9.5 


14.10.1 


14.13.1 


14.5.1 to 14.5.4 


m 


ectric cables, optical fibre 
cables and busbar trunking 
systems (busways) 
ectric cables, optical fibre 
cables and busbar trunking 
systems (busways) 
ectric cables, optical fibre 
cables and busbar trunking 
systems (busways) 
Batteries 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
Electrical equipment for use 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 


m 


m 


14.14.2 & 14.14.3 Electrical equipment for use 


in explosive gas atmospheres 
or in the presence of 
combustible dusts 


Paragraph amended 


Paragraph amended 


Paragraph amended 


Paragraph amended 


Paragraph deleted 


Paragraph amended 


Paragraph amended 


Paragraph amended 


Paragraph amended 


Paragraph amended 


Paragraph amended 


Paragraphs amended 


Paragraph amended 


Paragraph amended 


Paragraph amended 


Paragraphs amended 
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10 
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Notice - Summary of Changes 


Ch Section Para Section Title Status Notice 
Part 6 (Continued) Effective Date 1 July 2014 
2 14 14.15 Electrical equipment for use New sub-Section added 10 
in explosive gas atmospheres 
or in the presence of 
combustible dusts 
2 16 16.2.2 Electric propulsion Reference amended 10 
2 16 Table 2.16.1 Electric propulsion Reference amended 10 
2 18 18.4.4 Crew and passenger emergency Paragraph amended 10 
safety systems 
2 19 19.2.9 Ship safety systems Paragraph amended 10 
2 20 20.1.1 Lightning conductors Paragraph amended 10 
3 1 1.1.4 General requirements Reference amended 10 
Ch _ _ Section Para Section Title Status Notice 
Part 7 Effective Date 1 August 2013 
5 3 1.7 Ship structure Reference amended 2 
10 6 1.4 Hold access and maintenance Reference amended 2 
access arrangements 
Ch__ Section Para Section Title Status Notice 
Part 7 Effective Date 1 January 2014 
2 1 1.1.1 Introduction Paragraph amended 6 
11 3 3.1.1 Supplementary characters Paragraph amended 7 
15 1 1.1.1 Requirements for machinery Paragraph amended 7 
and engineering systems of 
unconventional design 
Ch Section Para Section Title Status Notice 
Part 7 Effective Date 1 July 2014 
3 3 3.1.4 Fire-extinguishing Paragraph amended 9 
3 4 4.2.4 Fire protection Paragraph amended 9 
9 1 1.2.1 General requirements Reference amended 10 
9 3 3.1.12 Workstations Paragraph amended 10 
9 4 4.3.1 Systems Reference amended 10 
11 1 1.1.2 General requirements Paragraph amended 10 
11 1 1.3 General requirements New sub-Section added 10 
11 1 1.3 General requirements Sub-Section renumbered 10 
11 1 1.3.1 General requirements Paragraph renumbered & amended 10 
11 1 1.4&1.5 General requirements Sub-Sections renumbered 10 
11 1 1.4.1 & 1.4.2 General requirements References amended 10 
11 2 — Minimum requirements Section title amended 10 
11 2 2.1.6 Minimum requirements Paragraph amended 10 
11 2 2.7.11 Minimum requirements Paragraph amended 10 
11 3 3.12.2 Supplementary characters Paragraph amended 10 
11 3 3.14.1 Supplementary characters Paragraph amended 10 
11 3 3.15.3 Supplementary characters Paragraph amended 10 
11 4 4.1.1 Survey requirements Paragraph amended 10 
11 4 4.1.3 Survey requirements Paragraph amended 10 
11 4 4.2.5 Survey requirements New paragraph added 10 
11 4 4.3.2 Survey requirements Paragraph amended 10 
12 — — Integrated Fire Protection Whole Chapter deleted 10 
(IFP) Systems 
13 — — Passenger and Crew Chapter renumbered 10 
Accommodation Comfort 
13 1 1.1.2 General requirements Paragraph amended 10 
13 1 1.1.4 General requirements New paragraph added 10 
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Notice - Summary of Changes 


Ch 


Section 


Para 


Section Title 


Status 


Notice 


Part 7 (Continued) 


Effective Date 1 July 2014 


13 1 1.1.4 General requirements Paragraph renumbered 10 
13 i 1.1.5 General requirements New paragraph added 10 
13 j! 1.1.5 to 1.1.7 General requirements Paragraphs renumbered 10 
13 1 1.2.4 General requirements Paragraph amended 10 
13 2 Tables 12.2.3 Noise Tables renumbered & amended 10 
& 12.2.4 
13 2 2.3.2 Noise Paragraph amended 10 
13 2 2.4.2 Noise Paragraph amended 10 
13 2 Table 12.2.5 Noise Table renumbered & amended 10 
13 3 Tables 12.3.1 Vibration Tables renumbered & amended 10 
& 12.3.2 
13 3 3.1.5 Vibration Paragraph deleted 10 
13 3 3.2.2 Vibration Paragraph amended 10 
13 4 4.2.1 Testing Paragraph amended 10 
13 4 4.3.1 Testing Paragraph amended 10 
13 4 4.4.1 Testing Paragraph amended 10 
13 4 4.5.1 Testing Paragraph amended 10 
13 5 5.2.1 Noise and vibration survey Paragraph amended 10 
reporting 
13 5 5.3.1 Noise and vibration survey Paragraph amended 10 
reporting 
13 5 5.3.1 Noise and vibration survey Sub-paragraphs renumbered 10 
reporting 
13 7 TAA Referenced standards Paragraph amended 10 
13 7 7.2.1 Referenced standards Paragraph amended 10 
14 — — On-shore Power Supplies Chapter renumbered 10 
14 2 2.1.6 Essential features Paragraph amended 10 
14 3 Tables 14.3.1 Electrical connection Tables deleted 10 
to 14.3.3 
14 3 3.3.1 & 3.3.2 Electrical connection Paragraphs amended 10 
14 3 3.3.3 to 3.3.5 Electrical connection Paragraphs deleted 10 
14 3 3.3.6 Electrical connection Paragraph renumbered & amended 10 
14 3 3.3.7 Electrical connection Paragraph deleted 10 
14 3 3.3.8 to 3.3.10 Electrical connection Paragraphs renumbered & amended 10 
15 — — Requirements for Machinery and Chapter renumbered 10 
Engineering Systems of 
Unconventional Design 
16 — — Refrigeration Systems and Chapter renumbered 10 
Equipment Serving Provision 
Stores and Air-Conditioning 
Installations 
Ch__ Section Para Section Title Status Notice 
Part 8 Effective Date 1 July 2014 
2 1 1.1.4 Strengthening requirements for Paragraph amended 9 
navigation in ice — Application 
of requirements 
2 2 2.1.10 General hull requirements for New paragraph added 9 
navigation in ice — All Ice Classes 
2 6 6.4.1 Hull requirements for first-year Paragraph amended 9 
ice conditions — Ice Classes 
1AS FS, 1 A FS, 1 BFS, 1 CFS 
and 1D 
2 12 12.1.1 Requirements for Icebreaker (+) Paragraph amended 9 
2 12 12.1.2 Requirements for Icebreaker (+) New paragraph added 9 
2 12 12.2.1 Requirements for Icebreaker (+) Paragraph amended 9 
2 12 12.2.2 Requirements for Icebreaker (+) Paragraph deleted 9 
2 12 12.2.3 Requirements for Icebreaker (+) Paragraph renumbered & amended 9 
2 12 12.3.1 Requirements for Icebreaker (+) Paragraph amended 9 
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Notice - Summary of Changes 


Ch Section Para Section Title Status Notice 
Part 8 (Continued) Effective Date 1 July 2014 
2 12 12.3.2 Requirements for Icebreaker (+ New paragraph added 9 
2 12 12.3.2 Requirements for Icebreaker (+ Paragraph renumbered & amended 9 
2 12 12.3.3 to 12.3.5 Requirements for Icebreaker (+ New paragraphs added 9 
2 12 12.4.1 Requirements for Icebreaker (+ Paragraph amended 9 
2 12 12.5 Requirements for Icebreaker (+ New sub-Section added 9 
2 12 12.5 Requirements for Icebreaker (+ Sub-Section renumbered 9 
2 12 12.5.1 Requirements for Icebreaker (+ Paragraph renumbered & amended 9 
2 12 12.6 Requirements for Icebreaker (+ Sub-Section renumbered & amended 9 
2 12 12.6.1 Requirements for Icebreaker (+ Paragraph renumbered & amended 9 
2 12 12.6.2 Requirements for Icebreaker (+ New paragraph added 9 
2 12 12.6.2 Requirements for Icebreaker (+ Paragraph renumbered & amended 9 
2 12 12.7 Requirements for Icebreaker (+ Title amended 9 
2 12 12.7 Requirements for Icebreaker (+ Sub-Section deleted 9 
2 12 12.7.1 & 12.7.2 Requirements for Icebreaker (+ Paragraphs deleted 9 
2 12 12.7.2 Requirements for Icebreaker (+ New paragraph added 9 
2 12 12.7.3 Requirements for Icebreaker (+ Paragraph deleted 9 
2 12 12.7.3 Requirements for Icebreaker (+ New paragraph added 9 
2 12 Fig. 2.12.1 Requirements for Icebreaker (+ New Figure added 9 
2 12 12.7.4 Requirements for Icebreaker (+ Paragraph deleted 9 
2 12 12.7.4 to 12.7.6 Requirements for Icebreaker (+ New paragraphs added 9 
2 12 12.7.8 Requirements for Icebreaker (+ New paragraph added 9 
2 12 12.8 to 12.10 Requirements for Icebreaker (+ New sub-Sections added 9 
2 12 2.12.1 Requirements for Icebreaker (+ Table amended 9 
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Rules and Regulations for the 
Classification of Ships 


Introduction 


The Rules are published as a complete set; individual Parts are, 
however, available on request. A comprehensive List of Contents 
is placed at the beginning of each Part. 


Numbering and Cross-References 


A decimal notation system has been adopted throughout. Five 
sets of digits cover the divisions, i.e., Part, Chapter, Section, 
sub-Section and paragraph. The textual cross-referencing 
within the text is as follows, although the right hand digits may 
be added or omitted depending on the degree of precision 
required: 

(a n same Chapter, e.g., see 2.1.3 (i.e., down to paragraph). 
(b n same Part but different Chapter, e.g., see Ch 3,2.1 (i.e., 
down to sub-Section). 

(c n another Part, e.g., see Pt 5, Ch 1,3 (i.e., down to Section). 


The cross-referencing for Figures and Tables is as follows: 

(a n same Chapter, e.g., as shown in Fig 2.3.5 (i.e., Chapter, 
Section and Figure Number). 

(b n same Part but different Chapter, e.g., as shown in Fig. 2.3.5 
in Chapter 2. 

(c n another Part, e.g., see Table 2.7.1 in Pt 3, Ch 2. 


Rules updating 


The Rules are generally published annually and changed through 
a system of Notices. Subscribers are forwarded copies of such 
Notices when the Rules change. 


Current changes to Rules that appeared in Notices are shown 
with a black rule alongside the amended paragraph on the left 
hand side. A solid black rule indicates amendments and a 
dotted black rule indicates corrigenda. 


Rules programs 


LR has developed a suite of Calculation Software that evaluates 
Requirements for Ship Rules, Special Service Craft Rules and 
Naval Ship Rules. For details of this software please contact LR. 


Direct calculations 


The Rules require direct calculations to be submitted for 
specific parts of the ship structure or arrangements and these 
will be assessed in relation to LR’s own direct calculation 
procedures. They may also be required for ships of unusual 
form, proportion or speed, where intended for the carriage of 
special cargoes or for special restricted service and as supporting 
documentation for arrangements or scantlings alternative to 
those required by the Rules. 


July 2014 


Lloyd’s Register is a trading name of Lloyd’s Register Group Limited and its subsidiaries. For further details please see http://www.lr.org/entities 


Lloyd's Register Group Limited, its subsidiaries and affiliates and their respective officers, employees or agents are, individually and collectively, referred 
to in this clause as ‘Lloyd's Register’. Lloyd's Register assumes no responsibility and shall not be liable to any person for any loss, damage or expense 
caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a contract with the relevant 
Lloyd's Register entity for the provision of this information or advice and in that case any responsibility or liability is exclusively on the terms and 


conditions set out in that contract. 


CLASSIFICATION OF SHIPS 


Rules and Regulations 


July 2014 


UPDATE NOTES 


1: The July 2014 version of these Rules and Regulations incorporates those changes contained in the Notices to the 
July 2013 version. 


2. Changes approved by the Board. 
3: Editorial amendments have also been incorporated. 
4. The July 2014 version of these Rules and Regulations supersedes the July 2018 version. 


CLASSIFICATION 


The following explanatory note is offered to assist those concerned in the application of these Rules and Regulations. 


Explanatory Note 


Ship classification may be regarded as the development and worldwide implementation of published Rules and Regulations 
which, in conjunction with proper care and conduct on the part of the Owner and operator, will provide for: 


1. the structural strength of (and where necessary the watertight integrity of) all essential parts of the hull and its 
appendages; 

2: the safety and reliability of the propulsion and steering systems; and 

3. the effectiveness of those other features and auxiliary systems which have been built into the ship in order to establish 


and maintain basic conditions on board whereby appropriate cargoes and personnel can be safely carried whilst the ship 
is at sea, at anchor, or moored in harbour. 


Lloyd's Register (LR) maintains these provisions by way of the periodical visits by its Surveyors to the ship as defined in the 
Regulations in order to ascertain that the vessel currently complies with those Rules and Regulations. Should significant defects 
become apparent or damages be sustained between the relevant visits by the Surveyors, the Owner and operator are required to 
inform LR without delay. Similarly any modification which would affect Class must receive prior approval by LR. 


A ship is said to be in Class when the Rules and Regulations which pertain to it have, in the opinion of LR, been complied with, or 
when special dispensation from compliance has been granted by LR. 


It should be appreciated that, in general, classification Rules and Regulations do not cover such matters as the ship's floatational 
stability, life-saving appliances, and structural fire protection, detection and extinction arrangements where these are covered by 
the International Convention for the Safety of Life at Sea, 1974, its Protocol of 1978, and the amendments thereto. Nor do they 
cover pollution prevention arrangements where these are covered by the /nternational Convention for the Prevention of Pollution 
from Ships, 1973, its protocol of 1978, and the amendments thereto. Nor do they protect personnel on board from dangers 
connected with their own actions or movement around the ship. This is because the handling of these aspects is the prerogative 
of the National Authority with which the ship is registered. A great many of these authorities, however, delegate such 
responsibilities to the Classification Societies who then undertake them in accordance with agreed procedures. 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Chapter Contents Part 1 


PART 1 REGULATIONS 
Chapter 1 General Regulations 
2 Classification Regulations 


3 Periodical Survey Regulations 


PART 2 RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS 
PART 3 SHIP STRUCTURES (GENERAL) 

PART 4 SHIP STRUCTURES (SHIP TYPES) 

PART 5 MAIN AND AUXILIARY MACHINERY 

PART 6 CONTROL, ELECTRICAL, REFRIGERATION AND FIRE 

PART 7 OTHER SHIP TYPES AND SYSTEMS 

PART 8 RULES FOR ICE AND COLD OPERATIONS 


© Lloyd's Register Group Limited 2014. All rights reserved. 


Except as permitted under current legislation no part of this work may be photocopied, stored in a retrieval system, published, performed in public, 
adapted, broadcast, transmitted, recorded or reproduced in any form or by any means, without the prior permission of the copyright owner. Enquiries 
should be addressed to Lloyd's Register Group Limited, 71 Fenchurch Street, London, EC3M 4BS. 


LLOYD'S REGISTER 1 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents 


CHAPTER 


Sections 


CHAPTER 


Section 


Section 


Section 


Section 


Section 


Section 


CHAPTER 


Section 


ANOnOKRWOYL = 


Part 1 


GENERAL REGULATIONS 


1to8 


CLASSIFICATION REGULATIONS 


Conditions for classification 
General 
Advisory services 


Character of classification and class notations 
Definitions 

Character symbols 

Class notations (hull) 

Class notations (machinery) 

Class notations (machinery special features) 

Class notations (refrigerated cargo installations (RMC), controlled atmosphere (CA) systems and 
carriage of refrigerated containers (CRC)) 

Class notations (Environmental Protection) 
Descriptive notes 

Application notes 


Surveys - General 

Statutory surveys 

New construction surveys 

Existing ships 

Damages, repairs and alterations 
Existing ships — Periodical Surveys 
Certificates 

Notice of surveys 
Withdrawal/Suspension of class 
Appealing against Surveyors’ recommendations 
Force majeure 

Ownership details 


IACS and EMSA Audits and Assessments 
Audit of surveys 


Approval/Type Testing/Quality Control System 
LR Type Approval — Marine Applications 

Type testing 

Quality Control System 


Classification of machinery with [X]LMC or MCH notation 
General 

Appraisal and records 

Survey and inspection 


PERIODICAL SURVEY REGULATIONS 


General 

Frequency of surveys 

Surveys for damage or alterations 
Unscheduled surveys 

Surveys for the issue of Convention Certificates 
Definitions 

Preparation for survey and means of access 
Thickness measurement at Surveys 

Repairs 


LLoyD’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents 


Section 


Section 


Section 


Section 


Section 


Section 


Section 


Section 


9.10 
9.11 
9.12 
9.13 


Annual Surveys - Hull and machinery requirements 
General 
Annual Surveys 


Intermediate Surveys - Hull and machinery requirements 
General 
Intermediate Surveys 


Docking Surveys and In-water Surveys - Hull and machinery requirements 
General 

Docking Surveys 

In-water Surveys 


Special Survey - General - Hull requirements 
General 

Preparation 

Examination and testing 

Overall Survey 

Close-up Survey 

Thickness measurement 


Special Survey - Bulk carriers - Hull requirements 
General 

Documentation 

Planning for survey 

Overall Survey 

Testing 

Close-up Survey 

Thickness measurement 


Special Survey - Oil tankers (including ore/oil ships and ore/bulk/oil ships) - 


requirements 

General 

Documentation 

Planning for survey 
Overall Survey 

Testing 

Close-up Survey 
Thickness measurement 


Special Survey - Chemical tankers - Hull requirements 
General 

Documentation 

Planning for survey 

Overall Survey 

Testing 

Close-up Survey 

Thickness measurement 

Ships over 10 years old 


Ships for liquefied gases 

General 

Annual Surveys — Basic requirements 

Annual Surveys — Reliquefaction/refrigeration equipment 

Annual Surveys — Methane burning equipment and other equipment components 
Annual Surveys — Cargo containment systems 

Intermediate Surveys 

Special Survey | (ships five years old) — General requirements 

Special Survey | (ships five years old) — Reliquefaction/refrigeration equipment 
Special Survey | (ships five years old) - Methane burning equipment 

Special Survey Il and Special Surveys thereafter (ships 10 years old and over) 
Special Survey Ill and Special Surveys thereafter (ships 15 years old and over) 
Close-up Survey 

Thickness measurement 


Part 1 


Hull 


LLOyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents 


Section 


Section 


Section 
Section 


Section 


Section 


Section 


Section 


Section 


Section 


Section 


Section 


Section 


Part 1 


Dredgers, hopper dredgers, sand carriers, hopper barges and reclamation craft 


General 
Special Surveys 


Machinery surveys - General requirements 


Annual, Intermediate and Docking Surveys 
Complete Surveys 


Turbines and steam engines - Detailed requirements 


Complete Surveys 


Oil engines - Detailed requirements 
Complete Surveys 


Electrical equipment 

Annual and Intermediate Surveys 
Complete Surveys 

Docking Surveys 


Boilers 
Frequency of surveys 
Scope of surveys 


Steam pipes 
Frequency of surveys 
Scope of surveys 


Screwshafts, tube shafts and propellers 
Frequency of surveys 

Normal surveys 

Screwshaft Condition Monitoring (SCM) 
Modified Survey 

Partial Survey 


Inert gas systems 
Frequency of surveys 
Scope of surveys 


Classification of ships not built under survey 


General 

Hull and equipment 
Machinery 
Refrigerated cargoes 


Refrigerated cargo installations 
Annual Surveys 

Special Surveys 

Subsequent Special Survey 
Loading Port Survey 


Refrigerating plant on ships not classed with LR 


Controlled atmosphere systems 
Retention of class 

Annual Surveys 

Special Surveys 


Bow, inner, side shell and stern doors on Ro-Ro ships 


General 
Definitions 
Annual Surveys 
Special Surveys 


LLoyD’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


General Regulations Part 1, Chapter 1 


Sections 1 & 2 


E Section 1 


1.1 Lloyd’s Register Group Limited is a registered company under English law, with origins dating from 1760. It was 
established for the purpose of producing a faithful and accurate classification of merchant shipping. It now primarily produces 
classification Rules. 


1.2 Classification services are delivered to clients by a number of other members subsidiaries and affiliates of Lloyd’s 
Register Group Limited, including but not limited to: Lloyd’s Register EMEA, Lloyd’s Register Asia, Lloyd’s Register North America, 
Inc., and Lloyd’s Register Central and South America Limited. Lloyd’s Register Group Limited, its subsidiaries and affiliates are 
hereinafter, individually and collectively, referred to as ‘LR’. 


E Section 2 


2.1 Lloyd’s Register Group Limited is managed by a Board of Directors (hereinafter referred to as ‘the Board’). 
The Board has: 
appointed a Classification Committee and determined its powers and functions and authorised it to delegate certain of its powers 


to a Classification Executive and Devolved Classification Executives; 
appointed Technical Committees and determined their powers, functions and duties. 


22 LR has established National and Area Committees in the following: 
Countries: Areas: 
Australia (via Lloyd’s Register International) Benelux (via Lloyd’s Register EMEA) 
Canada (via Lloyd’s Register North America, Inc.) Central America (via Lloyd’s Register Central and 
China (via Lloyd’s Register Asia) South America Ltd) 
Egypt (via Lloyd’s Register EMEA) Nordic Countries (via Lloyd’s Register EMEA) 
Federal Republic of Germany South Asia (via Lloyd’s Register Asia) 
(via Lloyd’s Register EMEA) Asian Shipowners (via Lloyd’s Register Asia) 
France (via Lloyd’s Register EMEA) Greece (via Lloyd’s Register EMEA) 


taly (via Lloyd’s Register EMEA) 

Japan (via Lloyd’s Register Group Limited) 

New Zealand (via Lloyd’s Register International) 

Poland (via Lloyd’s Register (Polska) Sp zoo) 

Spain (via Lloyd’s Register EMEA) 

United States of America (via Lloyd’s Register North America, Inc.) 
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General Regulations Part 1, Chapter 1 


Section 3 


|_| Section 3 


3.1 LR’s Technical Committee is at present composed of a maximum of 80 members which includes: 

Ex officio members: 

e — Chairman and Chief Executive Officer of Lloyd’s Register Group Limited ou... eee cceeeeeeeeeeeceeeeeeeeeeeeeeeeeeeeeeeeeeeeeaaaaed 
e — Chairman of the Classification Committee of Lloyd’s Register Group Limited  ..........s.eseeeseeseressrssssrssrrrrrrrrrrrtrrrrernt 


Members Nominated by: 

TeChnical:COmmMittee? arei hee eae eo i aa eae alle A ear aa f Pd ae E oaee e N 
Royal. Institution:of NavalArchiteCts: .dicceseviatetenaie Gi Cai Yidannendeeamiste nom ieee Lanna lene rane, 2 
Institution of Engineers and Shipbuilders in Scotland oo. nnn nnn int nea nnnaaae 2 
Institute of Marine, Engineering, Science and Technology 
Institute of Materials, Minerals ANd Mining ......eeeeeeeeee cece cece eee e ee etter ENEO NEEEEEE EEE EEE EESPERE eee EEE REEERE EEE EEEE? 
Honourable Company of Master Mariners es e reaa a a eA nen ene ne eee n eee Eie A rT p iaat 2 
Institution- of Engineering and Technology a anera a a a a a a a a aa aia ea ae 
Mstitüte of Refrigeration cirein nan na A a ARA A O A EPa AA ERA aa a A AA eai a Ai niaii 
VASENTA ALEA IKE EE EE AT wa A hed E E A E E E S E A Mi 
Shipbuilders’ and Shiprepairers’ Association ...........sssseseseeersesrertrerrsrrsrrrtrrtrrsttrtrt rrr ede tenn nena eee a dae atteeeteeeeteeeees 2 
The Society of Consulting Marine Engineers and Ship Surveyors  ........:.ccceecee cece eee ee este eee eeeeeteee eee eee eee ee annneeeeees 
Community of European Shipyards Associations ..........ccccc cece cece cence eee erent eee e eee eneeeeeeeeeee en eee et EESE ESEE EEEn 
Society-or Maritime IMAUStES -teirinn Ache Sosnuine eet Sener ae liteat depen A aS Ob ates E a AERE Needy 2 
European.Marine Equipment :Couneil wciisccin deena vi aes dr wa by ee a eden angie 
Chamber Of SMO PING ss ote sd clara sie twin seen and iene ited aca alg ote a den nantes tah atu ev bald ede leda anid es eiade allied ont 
Greek Shipping Co-operation Committee ou... eee Eee eet entrees ea eeeeeeeaaaaaaaea 
International Association of Oil and Gas Producers oo... ecccccceee cece cece eeeeeeeeeeeeeeeeeeeeeeeeeaaaeaaaaaae essa seen ea eaeeeeeeeeeeeeees 


3.2 In addition to the foregoing: 

(a) Each National or Area Committee may appoint a representative to attend meetings of the Technical Committee. 

(b) A maximum of five representatives from National Administrations may be co-opted to serve on the Technical Committee. 
Representatives from National Administrations may also be elected as members of the Technical Committee under one of the 
categories identified in 3.1. 

(c) Further persons may be co-opted to serve on the Technical Committee by the Technical Committee. 


3.3 All elections are subject to confirmation by the Board. 


3.4 The function of the Technical Committee is to consider: 

(a) any technical issues connected with LR’s marine business; 

(b) any proposed alterations in the existing Rules; 

(c) any new Rules for classification; 

Where changes to the Rules are necessitated by mandatory implementation of International Conventions, Codes or Unified 
Requirements adopted by the International Association of Classification Societies these may be implemented by LR without 
consideration by the Technical Committee. 


3.5 The term of office of the Chairman and of all members of the Technical Committee is five years. Members may be re- 
elected to serve an additional term of office with the approval of the Board. The term of office of the Chairman may be extended 
with the approval of the Board. 


3.6 In the case of continuous non-attendance of a member, the Technical Committee may withdraw membership. 


3.7 Meetings of the Technical Committee are convened as often and at such times and places as is necessary, but there is 
to be at least one meeting in each year. Urgent matters may be considered by the Technical Committee by correspondence. 


3.8 Any proposal involving any alteration in, or addition to, Part 1, Chapter 1 of Rules for Classification is subject to approval 
of the Board. All other proposals for additions to or alterations to the Rules for Classification other than Part 1, Chapter 1, will 
following consideration and approval by the Technical Committee either at a meeting of the Technical Committee or by 
correspondence, be recommended to the Board for adoption. 


3.9 The Technical Committee is empowered to: 

(a) appoint sub-Committees or panels; and 

(b) co-opt to the Technical Committee, or to its sub-Committees or panels, representatives of any organisation or industry or 
private individuals for the purpose of considering any particular problem. 
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General Regulations Part 1, Chapter 1 


Sections 4 & 5 


i Section 4 


4.1 LR’s Naval Ship Technical Committee is at present composed of a maximum of 50 members and includes: 
Ex officio members 
e Chairman and Chief Executive Officer of Lloyd’s Register Group Limited 


Member nominated by: 
° Naval Ship Technical Committee; 


e The Royal Navy and the UK Ministry of Defence; 

° UK Shipbuilders, Ship Repairers and Defence Industry; 

e Overseas Navies, Governments and Governmental Agencies; 

° Overseas Shipbuilders, Ship Repairers and Defence Industries; 

4.2 All elections are subject to confirmation by the Board. 

4.3 All members of the Naval Ship Technical Committee are to hold security clearance from their National Authority for the 


equivalent of NATO CONFIDENTIAL. All material is to be handled in accordance with NATO Regulations or, for non-NATO 
countries, an approved equivalent. No classified material shall be disclosed to any third party without the consent of the originator. 


4.4 The term of office of the Naval Ship Technical Committee Chairman and of all members of the Naval Ship Technical 
Committee Chairman is five years. Members may be re-elected to serve an additional term of office with the approval of the Board. 
The term of the Chairman may be extended with the approval of the Board. 


4.5 In the case of continuous non-attendance of a member, the Naval Ship Technical Committee may withdraw 
membership. 
4.6 The function of the Naval Ship Technical Committee is to consider technical issues connected with Naval Ship matters 


and to approve proposals for new Naval Ship Rules, or amendments to existing Naval Ship Rules. 


4.7 Meetings of the Naval Ship Technical Committee are convened as necessary but there will be at least one meeting per 
year. Urgent matters may be considered by the Naval Ship Technical Committee by correspondence. 


4.8 Any proposal involving any alteration in, or addition to, Part 1, Chapter 1 of Rules for Classification of Naval Ships is 
subject to approval of the Board. All other proposals for additions to or alterations to the Rules for Classification of Naval Ships, 
other than Part 1, Chapter 1, will following consideration and approval by the Naval Ship Technical Committee, either at a meeting 
of the Naval Ship Technical Committee or by correspondence, be recommended to the Board for adoption. 


4.9 The Naval Ship Technical Committee is empowered to: 

(a) appoint sub-Committees or panels; and 

(b) co-opt to the Naval Ship Technical Committee, or to its sub-Committees or panels, representatives of any organisation or 
industry or private individuals for the purpose of considering any particular problem. 


a Section 5 


5.1 LR has the power to adopt, and publish as deemed necessary, Rules relating to classification and has (in relation 

thereto) provided the following: 

(a) Except in the case of a special directive by the Board, no new Regulation or alteration to any existing Regulation relating to 
classification or to class notations is to be applied to existing ships. 

(o) Except in the case of a special directive by the Board, or where changes necessitated by mandatory implementation of 
International Conventions, Codes or Unified Requirements adopted by the International Association of Classification Societies 
are concerned, no new Rule or alteration in any existing Rule is to be applied compulsorily after the date on which the 
contract between the ship builder and shipowner for construction of the ship has been signed, nor within six months of its 
adoption. The date of ‘contract for construction’ of a ship is the date on which the contract to build the ship is signed 
between the prospective shipowner and the ship builder. This date and the construction number (i.e. hull numbers) of all the 
vessels included in the contract are to be declared by the party applying for the assignment of class to a newbuilding. The 
date of ‘contract for construction’ of a series of sister ships, including specified optional ships for which the option is ultimately 
exercised, is the date on which the contract to build the series is signed between the prospective shipowner and the ship 
builder. In this section a ‘series of sister ships’ is a series of ships built to the same approved plans for classification purposes, 
under a single contract for construction. The optional ships will be considered part of the same series of sister ships if the 
option is exercised not later than 1 year after the contract to build the series was signed. If a contract for construction is 
later amended to include additional ships or additional options, the date of ‘contract for construction’ for such ships is the 
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General Regulations Part 1, Chapter 1 


Sections 5 to 8 


date on which the amendment to the contract is signed between the prospective shipowner and the ship builder. The amend- 
ment to the contract is to be considered as a ‘new contract’. If a contract for construction is amended to change the ship 
type, the date of ‘contract for construction’ of this modified vessel, or vessels, is the date on which the revised contract or 
new contract is signed between the Owner, or Owners, and the shipbuilder. Where it is desired to use existing approved 
ship or machinery plans for a new contract, written application is to be made to LR. Sister ships may have minor design 
alterations provided that such alterations do not affect matters related to classification, or if the alterations are subject to 
classification requirements, these alterations are to comply with the classification requirements in effect on the date on which 
the alterations are contracted between the prospective owner and the ship builder or, in the absence of the alteration 
contract, comply with the classification requirements in effect on the date on which the alterations are submitted to LR for 
approval. 

(c) All reports of survey are to be made by surveyors authorised by members of the LR Group to survey and report (hereinafter 
referred to as ‘the Surveyors’) according to the form prescribed, and submitted for the consideration of the Classification 
Committee. 

(d) Information contained in the reports of classification and statutory surveys will be made available to the relevant owner, 
National Administration, Port State Administration, P&I Club, hull underwriter and, if authorised in writing by that owner, to 
any other person or organisation. 

(e) Notwithstanding the general duty of confidentiality owed by LR to its client in accordance with the LR Rules, LR clients 
hereby accept that, LR will participate in the IACS Early Warning System which requires each IACS member to provide its 
fellow IACS members and Associates with relevant technical information on serious hull structural and engineering systems 
failures, as defined in the IACS Early Warning System (but not including any drawings relating to the ship which may be the 
specific property of another party), to enable such useful information to be shared and utilised to facilitate the proper working 
of the IACS Early Warning System LR will provide its client with written details of such information upon sending the same 
to IACS Members and Associates. 

(f) Information relating to the status of classification and statutory surveys and suspensions/withdrawals of class together with 
any associated conditions of class will be made available as required by applicable legislation or court order. 

(g) A Classification Executive consisting of senior members of LR’s Classification Department staff shall carry out whatever 
duties that may be within the function of the Classification Committee that the Classification Committee assigns to it. 


E Section 6 


6.1 No LR Group employee is permitted under any circumstances, to accept, directly or indirectly, from any person, firm or 
company, with whom the work of the employee brings the employee into contact, any present, bonus, entertainment or 
honorarium of any sort whatsoever which is of more than nominal value or which might be construed to exceed customary 
courtesy extended in accordance with accepted ethical business standards. 


E Section 7 


7.1 LR has the power to withhold or, if already granted, to suspend or withdraw any ship from class (or to withhold any 
certificate or report in any other case), in the event of non-payment of any fee to any member of the LR Group. 


te Section 8 


8.1 When providing services LR does not assess compliance with any standard other than the applicable LR Rules, 
international conventions and other standards agreed in writing. 


8.2 In providing services, information or advice, LR does not warrant the accuracy of any information or advice supplied. 
Except as set out herein, LR will not be liable for any loss, damage or expense sustained by any person and caused by any act, 
omission, error, negligence or strict liability of LR or caused by any inaccuracy in any information or advice given in any way by or 
on behalf of LR even if held to amount to a breach of warranty. Nevertheless, if the Client uses LR services or relies on any 
information or advice given by or on behalf of LR and as a result suffers loss, damage or expense that is proved to have been 
caused by any negligent act, omission or error of LR or any negligent inaccuracy in information or advice given by or on behalf of 
LR then LR will pay compensation to the client for its proved loss up to but not exceeding the amount of the fee (if any) charged 
for that particular service, information or advice. 
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General Regulations Part 1, Chapter 1 


Section 8 


8.3 LR will print on all certificates and reports the following notice: Lloyd's Register Group Limited, its affiliates and 
subsidiaries and their respective officers, employees or agents are, individually and collectively, referred to in this clause as ‘Lloyd's 
Register’. Lloyd's Register assumes no responsibility and shall not be liable to any person for any loss, damage or expense 
caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a 
contract with the relevant Lloyd's Register entity for the provision of this information or advice and in that case any responsibility or 
liability is exclusively on the terms and conditions set out in that contract. 


8.4 Except in the circumstances of section 8.2 above, LR will not be liable for any loss of profit, loss of contract, loss of use 
or any indirect or consequential loss, damage or expense sustained by any person caused by any act, omission or error or 
caused by any inaccuracy in any information or advice given in any way by or on behalf of LR even if held to amount to a breach 
of warranty. 


8.5 Any dispute about LR services is subject to the exclusive jurisdiction of the English courts and will be governed by 
English law. 
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Classification Regulations 


Section 

1 Conditions for classification 

2 Character of classification and class notations 
3 Surveys - General 

4 IACS and EMSA Audits and Assessments 

5 Approval/Type Testing/Quality Control System 
6 Classification of machinery with []LMC or 


MCH notation 


i Section 1 
Conditions for classification 


1.1 General 


1.1.1 Ships referred to in this Chapter are defined in 
Parts 3, 4 and 7 of these Rules. Machinery referred to in this 
Chapter is defined in Parts 5 and 6 of these Rules. Systems 
referred to in this Chapter are defined in Part 7 of these Rules. 
Materials are referred to in the Rules for the Manufacture and 
Certification of Materials (hereinafter referred to as the Rules 
for Materials). 


1.1.2 Ships built in accordance with Lloyd’s Register 
Group Limited’s Rules and Regulations, or in accordance with 
requirements equivalent thereto, will be assigned a class in 
the Register Book and will continue to be classed as long as 
they are found, upon examination at the prescribed surveys, 
to be maintained in accordance with the requirements of the 
Rules. Classification will be conditional upon compliance with 
LR’s requirements for both hull and machinery and with the 
Certification Requirements of 1.1. 


1.1.3 The Classification Committee, in addition to requiring 
compliance with LR’s Rules, may require to be satisfied that 
ships are suitable for the geographical or other limits or 
conditions of the service contemplated. 


1.1.4 Loading conditions and any other preparations 
required to permit a ship with a class notation specifying 
some service limitation to undertake a sea-going voyage, 
either from port of building to service area or from one service 
area to another, are to be in accordance with arrangements 
agreed by LR prior to the voyage. 


BTS. Any damage, defect, breakdown grounding, serious 
deficiency, detention or, arrest or refusal of access, which 
could invalidate the conditions for which a class has been 
assigned, is to be reported to LR without delay. 


Part 1, Chapter 2 


Section 7 


1.1.6 The Rules are framed on the understanding that 
ships will be properly loaded and handled. They do not, 
unless stated or implied in the class notation, provide for 
special distributions or concentrations of loading. The 
Classification Committee may require additional strengthening 
to be fitted in any ship which, in their opinion, would other- 
wise be subjected to severe stresses due to particular 
features in the design, or where it is desired to make 
provision for exceptional loaded or ballast conditions. In such 
cases, particulars are to be submitted for consideration. 


1.1.7 When longitudinal strength calculations have been 
required, loading guidance information is supplied to the 
Master by means of a Loading Manual and in addition, when 
required, by means of a loading instrument. 


1.1.8 The Rules are framed on the understanding that 
ships will not be operated in environmental conditions more 
severe than those agreed for the design basis and approval, 
without the prior agreement of LR. 


1.1.9 For ships, the arrangements and equipment of 

which are required to comply with the requirements of the: 

° Load Line Convention; 

e = International Convention for the Safety of Life at Sea, 
1974 and its Protocol of 1978; 

e International Convention for the Prevention of Pollution 
from Ships, 1973, as modified by the Protocol of 1978 
relating thereto; 

° International Code for the Construction and Equioment of 
Ships Carrying Dangerous Chemicals in Bulk (IBC Code); 

° International Code for the Construction and Equipment 
of Ships Carrying Liquefied Gases in Bulk (IGC Code); 

and applicable Amendments thereto, the Classification 

Committee requires the applicable Convention Certificates to 

be issued by a National Administration, or by LR, or by an IACS 

Member when so authorised. Safety Management Certificates 

in accordance with the provisions of the International Safety 

Management Code (ISM Code) may be issued by an organisa- 

tion complying with IMO Resolution A.739(18) and authorised 

by the National Authority with which the ship is registered. 

Cargo Ship Radio Certificates may be issued by an organisa- 

tion authorised by the National Administration with which the 

ship is registered. In the case of dual-classed ships, Convention 

Certificates may be issued by the other Society with which the 

ship is classed provided this is recognised in a formal Dual 

Class Agreement with LR and provided the other Society is also 

authorised by the National Administration. In the event of a 

National Administration withdrawing any ship’s Convention 

Certificate (referred to in this section) then the Classification 

Committee may suspend the ship’s class. If a ship is removed 

from the National Administration’s Registry for the non-compli- 

ance with the Conventions or Classification Requirements 
referred to herein then the Classification Committee will 
suspend the ship’s class. In the event of ISM Code certification 
being withdrawn from a ship or Operator then the Classification 
Committee will suspend the ship’s class. 
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1.1.10 Where an onboard computer system having 
longitudinal strength computation capability, which is required 
by the Rules, is provided on a new ship, or newly installed on 
an existing ship, then the system is to be certified in respect of 
longitudinal strength in accordance with LR’s document entitled 
Approval of Longitudinal Strength and Stability Calculation 
Programs, see also Pt 3, Ch 4,8. 


1.7.11 Where an onboard computer system having 
stability computation capability is provided on a new ship, 
then the system is to be certified in respect of stability aspects 
in accordance with LR’s document entitled, Approval of 
Longitudinal Strength and Stability Calculation Programs. 
When provided, an onboard computer system having 
stability computation capability is to carry out the calculations 
and checks necessary to assess compliance with all the 
stability requirements applicable to the ship on which it is 
installed. 


1.1.12 Where a ship has been detained by Port State 
Control the Owner is to advise LR immediately in order to 
arrange the attendance of a Surveyor. 


1.2 Advisory services 


1.2.1 The Rules do not cover certain technical charac- 
teristics, such as stability, trim, hull vibration, etc., but advice 
may be given on such matters without any assumption of 
responsibility for such advice. 


Table 2.2.1 Type notations 


Dry cargo 


Tanker 


Part 1, Chapter 2 


Sections 1 & 2 


E Section 2 
Character of classification and 
class notations 


2.1 Definitions 


NOTE 
For the purpose of class notations, the definitions given in 
2.1.1 to 2.1.11 will apply. 


2.1.1 Clear water. Water having sufficient depth to 
permit the normal development of wind generated waves. 


2.1.2 Fetch. The extent of clear water across which a 
wind has blown before reaching the ship. 


2.1.3 Sheltered water. Water where the fetch is six 
nautical miles or less. 


2.1.4 Reasonable weather. Wind strengths of force six 
or less in the Beaufort scale, associated with sea states 
sufficiently moderate to ensure that green water is taken on 
board the ship’s deck at infrequent intervals only or not at all. 


2.1.5 Type notation. A notation indicating that the ship 
has been arranged and constructed in compliance with 
particular Rules intended to apply to that type of ship. Type 
notations that may be assigned are listed in Table 2.2.1. 


Passenger 


Anchor handler Chemical tanker 
AHTS (Anchor Handler Tug Ship) 
Barge Liquefied gas carrier 
Bulk carrier Liquefied gas tanker 
Container ship Oil barge 

Diving support ship Oil or bulk carrier 
Dredger Oil recovery ship 
Escort tug Oil tanker 

Fire fighting Ore or oil carrier 
Fishing vessel 

Hopper barge 

Hopper dredger 
Icebreaker 

Icebreaker(+) 

Launch 

Livestock carrier 

Offshore supply 

Offshore tug 

Offshore well stimulation 
Ore carrier 

Pipe laying 

Pontoon 

Reclamation ship 
Refrigerated cargo ship 
Research 

Roll on-Roll off cargo ship 
Shipborne barge 
Standby ship 

Stern trawler 

Split hopper barge 

Split hopper dredger 
Trawler 

Tug 

Vehicle carrier 


Double hull oil tanker 


Passenger ferry 
Passenger/vehicle ferry 
Passenger ship 

Passenger yacht 

Roll on-Roll off passenger ship 
Sailing passenger ship 
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2.1.6 Cargo notation. A notation indicating that the ship 
has been designed, modified or arranged to carry one or 
more particular cargoes, e.g., sulphuric acid. Ships with one 
or more particular cargo notations are not thereby prevented 
from carrying other cargoes for which they are suitable. 


2.1.7 Special duties notation. A notation indicating that 
the ship has been designed, modified or arranged for special 
duties other than those implied by the type and cargo 
notations, e.g., research. Ships with special duties notations 
are not thereby prevented from performing any other duties 
for which they may be suitable. 


2.1.8 ShipRight notation. A notation indicating that one 
or more of LR’s ShipRight procedures have been satisfactorily 
followed. Class notations or descriptive notes will be assigned 
according to whether the ShipRight procedures are applied 
on a mandatory or voluntary basis, i.e.: 

(a) The procedures relating to the design and 
construction of the hull are mandatory for the classification of 
large and structurally complex ships. In such cases, the asso- 
ciated ShipRight notation is assigned as a class notation and 
will appear in column 4 of the Register Book, see 2.3.17. 
When these procedures are applied on a voluntary basis, then 
the associated ShipRight notation is assigned as a descrip- 
tive note and will appear in column 6 of the Register Book, 
see 2.7. 

(b) The remaining ShipRight procedures are voluntary 
for the purposes of classification, and are assigned as 
descriptive notes and will appear in column 6 of the Register 
Book, see 2.8.3. 


2.1.9 Special features notation. A notation indicating 
that the ship incorporates special features which significantly 
affect the design, see Table 2.2.2. 


2.1.10 Service restriction notation. A notation indicating 
that a ship has been classed on the understanding that it will 
be operated only in suitable areas or conditions which have 
been agreed by the Classification Committee, e.g., protected 
waters service. 


2.1.11 Linked means connected, while in operation, to an 
attendant ship (which may be on shore, submerged or afloat) 
by a restraining line, suspension cable or umbilical cord. 


2.1.12 Laid-up notation. A ship not under repair or not 
actively employed may be assigned the laid-up notation in 
order to maintain the ship in class subject to agreement by 
the Classification Committee. A general examination of the 
hull and machinery is to be carried out in lieu of the Annual 
Survey. An Underwater Examination (UWE) is to be carried out 
in lieu of the Special Survey. See Ch 3,1.1.2, 2.1.5, 5.1.6 and 
11.1.2. 


2.2 Character symbols 


2.2.1 All ships, when classed, will be assigned one or 
more character symbols as applicable. For the majority of 
ships, the character assigned will be 100A1, #100A1 or 
100A. 


Part 1, Chapter 2 


Section 2 


2.2.2 A full list of character symbols for which ships may 
be eligible is as follows: 


2S This distinguishing mark will be assigned, at the 
time of classing, to new ships constructed under 
LR’s Special Survey, in compliance with the 
Rules, and to the satisfaction of the Classification 
Committee. 


Fe 


This distinguishing mark, will be assigned to 
ships built under supervision of another IACS 
member society and later assigned class with LR. 
For such ships the class notations will be 
reviewed separately and equivalent notations will 
be assigned. 


100 This character figure will be assigned to all ships 
considered suitable for sea-going service. 


A This character letter will be assigned to all ships 
which have been built or accepted into class in 
accordance with LR’s Rules and Regulations, and 
which are maintained in good and efficient condition. 


1 This character figure will be assigned to: 

(a) | Ships having on board, in good and efficient 
condition, anchoring and/or mooring 
equipment in accordance with the Rules. 

(o) Ships classed for a special service, having 
on board, in good and efficient condition, 
anchoring and/or mooring equipment 
approved by the Classification Committee 
as suitable and sufficient for the particular 
service. 


N This character letter will be assigned to ships on 
which the Classification Committee has agreed 
that anchoring and mooring equipment need not 
be fitted in view of their particular service. 


T This character letter will be assigned to ships 
which are intended to perform their primary 
designed service function only while they are 
anchored, moored, towed or linked, and which 
have, in good and efficient condition, adequately 
attached anchoring, mooring, towing or linking 
equipment which has been approved by the 
Classification Committee as suitable and suffi- 
cient for the intended service. 


2.2.3 For classification purposes, the character figure 1, 
or either of the character letters N or T, is to be assigned. 


2.2.4 In cases where the anchoring and/or mooring 
equipment is found to be seriously deficient in quality or 
quantity, the class of the ship will be liable to be withheld. 
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Table 2.2.2 


Special features notation 


Special features notations (see continuation) 


Description 


Part 1, Chapter 2 


Section 2 


See also 


BC 


Assigned to bulk carriers of length 150 m or above 


Pt 4, Ch 7,1.4.2 


Bottom Strengthened for (Operating 
Aground) (Loading and Unloading 
Aground) 


Assigned where the bottom structure has been additionally strengthened 
for loading and unloading aground 


Pt 3, Ch 9,8 and 
Pt 4, Ch 12,1.3.4 


BLS 


Bow Loading System. Assigned to tankers equipped with bow loading 
arrangements to facilitate the transfer of cargo oil from offshore loading 
terminals 


Pt 7, Ch 6,1.2.1 


BoxMax 


Where a container ship has an approved onboard container lashing 
program which is installed and maintained in accordance with the 
requirements of the Rules, the special features notation BoxMax may be 
assigned on application from Owners. In conjunction with the notation 
BoxMax, the following supplementary characters may be assigned and 
are to be shown consecutively in brackets; 

V may be assigned where, in addition to the requirements for BoxMax, 
the onboard lashing program is capable of performing calculations 
specific to defined sea areas, and the weather-dependent factors for 
these areas have been supplied by LR; 

W may be assigned where, in addition to the requirements for 
BoxMax(V), the onboard lashing program is capable of performing 
calculations specific to defined sea areas and seasons, and the weather- 
dependent factors for these areas and seasons have been supplied by LR 


Pt 3, Ch 4 and Ch 14 


Cargo Loading on (Tank Top/ Tween/ 
Deck (s) Plating/ Hatch cover‘(s)) 
limited to .... tonnes/m2 


Assigned where cargo loading on tank tops, decks and/or hatch covers 
are limited to a specified maximum value which is less than the normal 
Rule loading 


Carriage of Oils with a F.P. not 
exceeding 60°C 


Carriage of Oils with a F.P. exceeding 
60°C 


Assigned to non-oil tankers where the ship is suitably constructed and 
arranged for the carriage of oils with a flash point not exceeding 60°C 
(closed cup test) 


Assigned where only the carriage of oils having a flash point exceeding 
60°C (closed cup test) is contemplated 


Pt 4, Ch 9 
Pt 4, Ch 10 


Pt 4, Ch 9,1.1.5 


(Specified Cargo(es)) only 


Assigned where arrangements have been approved for the carriage of a 
specific product(s) 


Pt 4, Ch 9,1.1.7 


Assigned where structures are fitted with an approved corrosion control 
system 


Chapter 3 


Certified Container Securing Arrangements. Assigned where freight 
container securing arrangements are fitted, and the design and 
construction of the system is in accordance with LR Rules and loose 
fittings are supplied 


Pt 3, Ch 14 


Cargo Gear. Assigned where cargo gear is included in class at the 
Owner's reques 


Pt 3, Ch 9,6 


CR 


Cargo Lift(s). Assigned where cargo lift(s) are included in class at the 
Owner's reques 


Cargo Ramp(s). Assigned where cargo ramp(s) are included in class at the 
Owner's reques 


Pt 3, Ch 9,6 


Pt 3, Ch 9,6 


CRC -/- -kW -%/-% 


Carriage of refrigerated containers. The CRC notation may be applied to 
any ship which has the ability to carry refrigerated containers operating at 
their design condition with a 24-hour average external ambient air 
temperature of 35°C 

The following descriptive notations may be appended, giving details of 
electrical power and type of cargo: 

-/- No. of hold-stowed refrigerated containers/No. of deck-stowed 
refrigerated containers e.g. 230/140 

Power generating capacity dedicated to supplying the container 
plug-in points, e.g., 2,800 kW 

Stowage ratio of deep frozen and chilled cargoes, e.g., 60%/40% 


-kW 


-%/-% 


Pt 7, Ch 10,1.1 


Container Cargoes in (((all) Hold 
(No(s)))( and on Upper Deck)(( and on 
(all ) Hatch Cover(s) (No(s))...) 


Assigned where general cargo ships carry container cargoes. 


Pt 3, Ch 4 
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Table 2.2.2 Special features notations (continued) 


Special features notation Description See also 


Deck No(s) ... Strengthened for Assigned where it is proposed either to stow wheeled vehicles on the Pt 3, Ch 9,3 
Carriage deck or to use wheeled vehicles for cargo handling and the deck and 
of Roll on-Roll off Cargoes supporting structure has been specially considered 


DSPM4 Dual Single Point Mooring. Assigned to a ship provided with a dual Pt 3, Ch 13,8 
mooring line arrangement at a single-point mooring 


Fire-Fighting Ship 1, 2, 3 Designed where fire protection and fire-fighting equipment is provided. Pt7,Ch3 
(with water spray) Type 1, 2 or 3 signifies the capacity of the fire-fighting equipment. The 
total discharge capacity of the monitors in m®/h is shown in brackets. 
‘With water spray’ signifies that a ship is provided with a water spray 
system which will provide an effective cooling spray of water 


Hatch Covers omitted in Hold (No(s)) | Assigned where the omission of hatch covers have been specially Pt 4, Ch 8,11.4 
she considered based upon the model tests or alternative means to determine 
the quantity of water likely to ingress the cargo holds and the means by 
which it is effectively and safely discharged 


Heavy Deck Loads Assigned where decks are strengthened for loading in excess of Rule Pt 3, Ch 6 
basic minimum, e.g. ‘Upper deck aft of Fr. 50 strengthened for load of 10 
tonnes/m2’ 


Helicopter Landing Area Assigned where a helicopter landing area is provided Pt 3, Ch 9,5 


Hold (No(s)) ... may be empty at Assigned where particular loading arrangements have been specially Pt 4, Ch7 
draughts not (less than) considered 
(exceeding) ...m 


Ice Class Assigned where a ship is strengthened to navigate in specific ice Pt 8, Ch 1 and Ch 2 
conditions. Supplementary Ice Class notations are given in Table 2.2.3 


Icebreaker Assigned designed for icebreaking duties Pt 8, Ch 1 and Ch 2 


LA Mandatory Lifting Appliance(s). Assigned where the lifting appliance is Pt 3, Ch 9,6 
considered to be an essential feature, e.g., cranes on crane barges, lifting 
arrangements for diving on diving support ships, and is mandatory 


LFPL Low Flashpoint liquids. Assigned to offshore supply ships intended for the Pt 4, Ch 4 
carriage of liquids with flashpoint below 60°C (closed cup test) in bulk 


For Liquefaction and Storage of Assigned where ships of Category 1B or 2 which have process plants Pt 7, Ch 2,2.2 
(Methane, etc.) in Independent Gas installed solely for the purposes of the physical liquefaction of impure 
Tanks (Type B, etc.), Maximum feedstock gases at low temperature and the storage of the purified 
Vapour Pressure () bar, Minimum iquefied gases (where the chemical treatment of the impurities is an 
Temperature Minus () °C incidental process) 


Marpol 20.1.3 Assigned to double hull oil tankers not meeting the Rule minimum double 
side width requirements but which comply with MARPOL Annex 1, 
Regulation 20.1.3 


Marpol 21.1.2 Assigned to double hull oil tankers of less than 5000 tonnes deadweight 
which have a complete double hull in accordance with MARPOL Annex I, 
Regulation 21.1.2 


Movable Decks Assigned where all movable decks comply with LR requirements. Movable Pt 3, Ch 9,4 
decks other than those specifically indicated in LR Rule requirements are 
not a classification item 


Oil Recovery Assigned when a ship is equipped for oil recovery operations Pt 7, Ch 5,2 


Petrol in Hold (No( s))... Assigned to ships that can carry motor vehicles with fuel in their tanks for a 
self-propulsion, in specified locations. It does not apply to ships that are 
designed primarily for the carriage of motor vehicles 
Specific requirements will be advised upon request 


PL Passenger Lift(s). Assigned where the passenger lift(s) are included in Pt 3, Ch 9,6 
class at the Owner's request 


PM T1 [or T2 or T3] encircled For ships fitted with a positional mooring system (PM). The supplementary Pt 7, Ch 8,1.2.1 
notation T1 [or T2 or T3] encircled may be applied if the system is 
thruster-assisted. The encircled numeral defines the thruster allowance 


PMC T1 [or T2 or T3] encircled For ships fitted with a positional mooring system for mooring in close Pt 7, Ch 8,1.2.1 
proximity to other ships or installations (PMC). The supplementary 
notation T1 [or T2 or T3] encircled may be applied if the system is 
thruster-assisted. The encircled numeral defines the thruster allowance 
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Table 2.2.2 


Special features notation 


Special features notations (conclusion) 


Description 


Part 1, Chapter 2 


Section 2 


See also 


RD 


Relative Density. Assigned where a ship has tanks appraised for a 
maximum permissible relative density greater than 1,025 


Pt 4, Ch 1 
Pt 4, Ch 4 


Self-Discharging (Unloading) 


Assigned where a ship fitted with self-unloading equipment whose 
structural aspect has been specially approved 


Pt 4, Ch 12,1 


SLS 


Stern Loading System. Assigned to tankers equipped with stern loading 
arrangements to facilitate the transfer of cargo oil from offshore loading 
terminals 


Pt 7, Ch 6,1 


Specialised for the Carriage of ... 


Assigned to a vessel which has been designed for the carriage of 
specified cargo other than that applied by the type notation 


SPM4 


Pt 4, Ch 4,1 


Single Point Mooring. Assigned to a ship provided with a single mooring 
ine arrangement at a single point mooring 


Pt 3, Ch 13,8 


Strengthened for Heavy Cargoes 
(( any) Hold (No( s)) 
empty) 


Assigned to a bulk carrier of less than 150 m in length or a ship designed 
or the carriage of heavy cargoes. If only certain holds are strengthened 
or heavy cargoes, they will be specified 


Pt 4, Ch 1 and 
Pt 4, Ch 7,1 


HNLS 


Hazardous and noxious liquids system. Assigned to ships complying with 
he requirements for the transport and handling of limited amounts of 
hazardous and noxious liquid substances in bulk 


Pt 4, Ch 4,8.1.6 


Hold No(s) ... Strengthened for 
Regular Discharge by Heavy Grabs 


Assigned to bulk carriers where cargoes are regularly discharged by heavy 
grabs and the thickness of the plating of the hold inner bottom, hopper 
and transverse bulkhead bottom stool is increased 


Pt 3, Ch 9,9 


Submersible to a depth of ...m 
below Upper Deck in Harbour only 


Assigned to a ship that is designed so that it can be submersed to a 
specified depth in harbour only 


Timber Deck Cargoes 


Assigned where a cargo of timber is carried on an uncovered part of the 
freeboard or superstructure deck (does not include wood pulp or similar 
cargo) and the requirements of the 1966 Load Line Convention 
concerning timber deck cargoes or other National Regulations are 
complied with 


Pt 3, Ch 9,2 


Submerged Turret Loading System. Assigned to tankers equipped with 
submerged turret loading systems to facilitate the transfer of cargo oil 
rom offshore loading to terminals 


Pt 7, Ch 6,1 


Winterisation 


Assigned to a ship that is intended to navigate in cold climates and may 
be exposed to low temperatures that may cause equipment to freeze due 
o ice accretion from atmospheric icing or sea spray or due to freezing of 
iquid within a system. Protection measures are provided and operational 
procedures are specified to ensure that equipment is suitably protected to 
enable operation in low temperatures. Supplementary Winterisation 
notations are given in Table 2.2.3 


Pt 8, Ch 1 and Ch 2 


WDL(+) 


Weather Deck Load. Assigned where the weather deck load scantlings 
have been approved for a loading greater than a design head of 3,5 m 


Pt 4, Ch 1 and Ch 4 
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Table 2.2.3 Notations for ice and cold operations 


Notation Description Conditions Application 


Ice Class 1E For offshore supply 


vessels Hull, 
Light and very light ice conditions Machinery 


Ice Class 1D Hull strengthening in 
forward region only 


Ice Class 1C FS Ice Class 1C; ships with such structure, engine 
output and other properties that they are capable 
of navigating in light ice conditions, with the 
assistance of icebreakers when necessary; 


Ice Class 1B FS Ice Class 1B; ships with such structure, engine 
output and other properties that they are capable 
of navigating in moderate ice conditions, with the 
Finnish Swedish Ice | assistance of icebreakers when necessary Hull, Pt 8, Ch 2,6 and 
Class Rules Machinery Pt 8, Ch 2,7 

Ice Class 1A FS Ice Class 1A; ships with such structure, engine 
output and other properties that they are capable 
of navigating in difficult ice conditions, with the 
assistance of icebreakers when necessary 


Ice Class 1AS FS Ice Class 1A Super; ships with such structure, 
engine output and other properties that they are 
normally capable of navigating in difficult ice 
conditions without the assistance of icebreakers 


Ice Class 1C FS(+) Ice Class 1C; ships with such structure, engine 
output and other properties that they are capable 
of navigating in light ice conditions, with the 
assistance of icebreakers when necessary 


Ice Class 1B FS(+) Ice Class 1B; ships with such structure, engine 
Finnish Swedish Ice | output and other properties that they are capable 
Class Rules with of navigating in moderate ice conditions, with the 
enhanced engine assistance of icebreakers when necessary Hull, Pt 8, Ch 2,8 and 
power for Machinery Pt 8, Ch 2,9 

Ice Class 1A FS(+) icebreaking Ice Class 1A; ships with such structure, engine 
capability output and other properties that they are capable 
of navigating in difficult ice conditions, with the 
assistance of icebreakers when necessary 


Ice Class 1AS FS(+) Ice Class 1A Super; ships with such structure, 
engine output and other properties that they are 
normally capable of navigating in difficult ice 
conditions without the assistance of icebreakers 


Ice Class PC7 Summer/autumn operation in thin first-year ice 
which may include old ice inclusions 


Ice Class PC6 Summer/autumn operation in medium first-year 
ice which may include old ice inclusions 


Ice Class PC5 Year-round operation in medium first-year ice 


IACS Polar Ship which may include old ice inclusions Hull, 
Rules Machinery 


Ice Class PC4 Year-round operation in thick first-year ice which 
may include old ice inclusions 


Ice Class PC3 Year-round operation in second-year ice which 
may include multi-year ice inclusions 


Ice Class PC2 Year-round operation in moderate multi-year ice 
conditions 


Ice Class PC1 Year-round operation in all Polar waters 


Winterisation H(t) Hull construction Section 2 of the 
materials Hull, materials | Provisional Rules for the 
Winterisation of Ships 


Winterisation C(t) Short duration Low temperature operations 
Equipment Section 3 of the 
Winterisation B(t) Seasonal duration and systems Provisional Rules for the 
Winterisation of Ships 


Winterisation A(t) Prolonged duration 
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2.3 Class notations (hull) 


2.3.1 When considered necessary by the Classification 
Committee, or when requested by an Owner and agreed by 
the Classification Committee, a class notation will be 
appended to the character of classification assigned to the 
ship. This class notation will consist of one of, or a combina- 
tion of: a type notation, a cargo notation, a special duties 
notation, a special features notation and/or a service restric- 
tion notation, e.g., ‘#100A1 Oil Tanker F.P. exceeding 60°C in 
No. 4 tanks ESP Baltic Service Ice Class 1B’. 


2.3.2 Details of the ship types and particular cargoes for 
which special Rules apply are given in those Chapters of 
Parts 3, 4 and 7 which apply to such ships and cargoes. 


2.3.3 Details of the more common special features and 
the conditions relevant to the assignment of special features 
notations, together with the form of such notations, are 
incorporated in Parts 3, 4 and 7 as applicable. 


2.3.4 Service restriction notations will generally be 
assigned in one of the forms shown in 2.3.6 to 2.3.10, but this 
does not preclude Owners or Shipbuilders requesting special 
consideration for other forms in unusual cases. 


2.3.5 Where a service notation is applicable, certain 
exemptions may be granted. Where these affect statutory 
requirements, such as Load Lines, the Owner or shipbuilder 
is to obtain the authorisation of the Flag State. Such exemp- 
tions are to be recorded on the Class certificate and any 
applicable statutory certificate. 


2.3.6 Protected waters service. Service in sheltered 
waters adjacent to sand banks, reefs, breakwaters or other 
coastal features, and in sheltered waters between islands, 
e.g., ‘Protected Waters Service at Storebaelt Bridge’. 


2.3.7 Extended protected waters service. Service in 
protected waters and also for short distances (generally less 
than 15 nautical miles) beyond protected waters in 
‘reasonable weather’, e.g., ‘Extended Protected Waters 
Service from the Port of Lagos’. 


2.3.8 Specified coastal service. Service along a coast, 
the geographical limits of which will be indicated in the 
Register Book, and for a distance out to sea generally not 
exceeding 21 nautical miles, unless some other distance is 
specified for ‘coastal service’ by the Administration with which 
the ship is registered, or by the Administration of the coast off 
which it is operating, as applicable, e.g., ‘Indonesian coastal 
service’. 


2.3.9 Specified route service. Service between two or 
more ports or other geographical features which will be 
indicated in the Register Book, 
e.g., ‘London to Rotterdam service’ 

‘London, Rotterdam and Hamburg service’. 


2.3.10 Specified operating area service. Service within 
one or more geographical area(s) which will be indicated in the 
Register Book, 
e.g. ‘Pacific Tropical Zone service’. 
‘Great Lakes and St.Lawrence to Pt. du Monts service’ 
‘Red Sea, Eastern Mediterranean and Black Sea service’. 


Part 1, Chapter 2 


Section 2 


2.3.11 *IWS. This notation (In-water Survey) may be 
assigned to a ship where the applicable requirements of LR’s 
Rules and Regulations are complied with, see Ch 3,4.3; Pt 3, 
Ch 1,5.2 and 5.3; Pt 3, Ch 2,3.5; Pt 3, Ch 13,2.8 and Pt 5, 
Ch 6,3.12. This notation will be withdrawn for ESP ships upon 
reaching 15 years of age. 


2.3.12 ESP. This notation (Enhanced Survey Programme) 
will be assigned to oil tankers, combination carriers, chemical 
tankers, bulk carriers and ore carriers, as defined in Ch 3,1.5 
which are subject to an enhanced survey programme as 
detailed in Ch 3, Sections 3, 6, 7 and 8. 


2.3.13. CSR. This notation will be assigned to bulk carriers 
and double hull oil tankers compliant with the /ACS Common 
Structural Rules, see Pt 4, Ch 7,1.2.1 and Ch 9,1.2.1. 
Additional mandatory and non-mandatory class notations for 
CSR bulk carriers are given in 2.3.14 


2.3.14 Class notations for CSR bulk carriers. In general, 
CSR bulk carriers less than 150 m in length are to comply 
with the requirements of Pt 4, Ch 7,1.4 and the IACS 
Common Structural Rules for Bulk Carriers (CSR) and will be 
eligible for one of the following mandatory class notations: 


{any holds may This class notation is normally assigned to 

be empty} a ship designed to carry dry bulk cargoes 
of cargo density 1,0 tonne/m? and above, 
with an approved arrangement of loaded 
holds such that any hold may be empty at 
the maximum draught. 


{holds a, b,.... This class notation is normally assigned to 

may be empty} a ship designed to carry dry bulk cargoes 
of cargo density 1,0 tonne/m8 and above 
with specified holds empty at maximum 
draught. 


In general, CSR bulk carriers equal to or greater than 150 m 
in length are to comply with the requirements of Pt 4, 
Ch 7,1.4 and the IACS Common Structural Rules for Bulk 
Carriers (CSR) and will be eligible for one of the following 
mandatory class notations: 


BC-A, {holds a, This class will be assigned for bulk carriers 

b, ... may be designed to carry dry bulk cargoes of cargo 

empty} density 1,0 tonne/m3 and above with 
specified holds empty at maximum 
draught. 

BC-B This class will be assigned for bulk carriers 
designed to carry dry bulk cargoes of 
cargo density 1,0 tonne/m8 and above with 
all cargo holds loaded. 

BC-C This class will be assigned for bulk carriers 


designed to carry dry bulk cargoes of 
cargo density less than 1,0 tonne/m$ with 
all cargo holds loaded. 
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The following additional notations and annotations are to be 
provided giving further detailed description of limitations to be 
observed during operation as a consequence of the design 
loading condition applied during the design: 


(maximum cargo For notations BC-A and BC-B if the 
density maximum cargo density is less than 
(in tonnes/m3)) 3,0 tonnes/ms 

(no MP) For all notations when the vessel has not 
been designed for loading and unloading 
in multiple ports in accordance with the 
conditions specified in IACS Common 
Structural Rules for Bulk Carriers (CSR) 
Ch 4,7.3.3; 

GRAB [X] Where the net thickness of plating of inner 
bottom, hopper tank sloping plate, 
transverse lower stool, transverse 
bulkhead plating and inner hull up to a 
height of 3,0 m above the lowest point of 
the inner bottom, excluding bilge wells 
comply with IACS Common Structural 
Rules for Bulk Carriers (CSR) Ch 12,1 for 
BC-A and BC-B, see CSR Ch 1,1; 
(allowed Annotation for notation BC-A. 
combination 

of specified 

empty holds) 


2.3.15 ESN. This notation (Enhanced Survivability Notation) 
will be assigned to non-CSR bulk carriers which are designed 
to withstand the individual flooding of all cargo holds, see 
Pt 4, Ch 7,1.3.2. 


2.3.16 LI. This notation will be assigned where an approved 
loading instrument has been installed as a classification 
requirement. 


2.3.17 ShipRight notations. The following notations are 
associated with LR’s ShipRight procedures and may be 
assigned in conjunction with the ShipRight notation as 
considered appropriate by the Classification Committee, on 
application from the Owners. The requirements pertaining to 
these notations and the ShipRight procedures are given in Pt 
3, Ch 16. 


ShipRight The ShipRight Anti-Corrosion System notation 
ACS will be assigned when a specified area or areas 
of the ship have been protected against corro- 
sion in accordance with ShipRight procedures. 
The ShipRight ACS notation with the extension 
of one or more of the following associated char- 
acters shown in brackets, detailing the specified 
protected area or areas, may be assigned; 
B for protective coating system of water 
ballast tanks; 
D for protective coating system of double- 
side skin spaces; 
Cc for protective coating system of cargo oil 
tanks; 
C* when corrosion resistant steel has been 
used in cargo oil tanks; 
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V for protective coating system of void 
spaces. 


ShipRight 
SDA 


This notation (Structural Design Assessment) will 
be assigned when direct calculations in accor- 
dance with the ShipRight procedures have been 
applied. 


ShipRight 
FDA 


This notation (Fatigue Design Assessment) will be 
assigned when an appraisal has been made of 
the fatigue performance of the hull structure in 
accordance with the ShipRight FDA procedures. 


ShipRight 
FDA plus 


This notation (Fatigue Design Assessment plus) 
may be assigned upon request when an appraisal 
has been made for a higher level of fatigue perfor- 
mance than that made for the assignment of 
ShipRight FDA.The appraisal may be made 
based upon a specific trading pattern, which is to 
be expressed in terms of either a Worldwide trad- 
ing route, as defined in the ShipRight FDA 
procedure, or a North Atlantic trading route (that 
utilises the wave data from IACS Recommendation 
34). The notation ShipRight FDA plus is to be 
followed by the number of years that the vessel 
has been assessed for the specific trading pattern 
for either the Worldwide or North Atlantic trading 
routes, denoted by WW and NA respectively, e.g., 
ShipRight FDA plus (25, NA). 


ShipRight 
FDA ICE 


This notation (Fatigue Design Ice) will be assigned 
when an appraisal has been made for the fatigue 
performance of the ship structure when navigating 
in ice. 


ShipRight This notation (Construction Monitoring), which 
CM complements the ShipRight SDA, ShipRight 
FDA, ShipRight FDA plus and ShipRight FDA ICE 
notations, will be assigned when the controls in 
construction tolerances detailed in the ShipRight 
procedures have been applied and verified. 


2.3.18 | When ShipRight SDA, ShipRight FDA, ShipRight 
FDA plus or ShipRight FDA ICE are assigned, the precise 
technical conditions of the appraisal will be made available to 
Owners. 


2.3.19 Where LR’s ShipRight SDA procedure has been 
applied individually or where ShipRight SDA, ShipRight FDA 
or ShipRight FDA plus, or ShipRight FDA ICE and 
ShipRight CM procedures have all been applied, whether on 
a voluntary or mandatory basis, these particular class nota- 
tions will appear in column 4 of the Register Book. 


2.3.20 EU notations. The following notations may be 
assigned to passenger ships that comply with the requirements 
of the European Council Directive 98/18/EC of 17 March 1998 
on safety Rules and Standards for passenger ships, and 
subsequent revisions: 


EU(A) This class notation will be assigned to a 
passenger ship engaged on domestic 
voyages other than voyages covered by 


Classes B, C and D. 
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EU(B) This class notation will be assigned to a 
passenger ship engaged on domestic 
voyages in the course of which it is at no 
time more than 20 miles from the line of 
coast, where shipwrecked persons can 
land, corresponding to the medium tide 
height. 


EU(C) This class notation will be assigned to a 
passenger ship engaged on domestic 
voyages in sea areas where the probability 
of exceeding 2,5 m significant wave height 
is smaller than 10 per cent over a one-year 
period for all-year-round operation, or over 
a specific restricted period of the year for 
operation exclusively in such a period (e.g., 
summer period operation), in the course of 
which it is at no time more than 15 miles 
from a place of refuge, nor more than 
5 miles from the line of coast, where ship- 
wrecked persons can land, corresponding 
to the medium tide height. 


EU(D) This class notation will be assigned to a 
passenger ship engaged on domestic 
voyages in sea areas where the probability 
of exceeding 1,5 m significant wave height 
is smaller than 10 per cent over a one-year 
period for all-year-round operation, or over 
a specific restricted period of the year for 
operation exclusively in such a period (e.g., 
summer period operation), in the course of 
which it is at no time more than 6 miles 
from a place of refuge, nor more than 
3 miles from the line of coast, where ship- 
wrecked persons can land, corresponding 
to the medium tide height. 


2.3.21 The following notations may be assigned to ships 
that comply with standards for noise and vibration levels in 
different spaces at the time of delivery and during the ship's 
life if substantial changes to the machinery installation or 
interior arrangements are made. 


PAC Passenger Accommodation Comfort. This 
notation indicates that the passenger 
accommodation meets the acceptance 


criteria. 
CAC Crew Accommodation Comfort. This 
notation indicates that the crew 


accommodation and work areas meet the 
acceptance criteria. 


PCAC Passenger and Crew Accommodation 
Comfort. This notation indicates that the 
passenger and crew spaces both meet 
the acceptance criteria. 


Following the PAC or CAC notation, numerals 1, 2 or 3 will 
indicate the acceptance criteria to which the noise and 
vibration levels have been assessed. In the case of the PCAC 
notation, two numerals will be assigned. The first will indicate 
the acceptance criteria for passenger accommodation, whilst 


Part 1, Chapter 2 


Section 2 


the second will indicate the crew comfort criteria. These 
notations are optional and are primarily intended to apply to 
passenger ships. Spaces that comply with the minimum Rule 
requirement for noise levels indicated in Pt 7, Ch 12, will meet 
the requirements of section 4 of IMO Resolution 
MSC.337(91), when measured in accordance with the 
requirements of Chapters 2 and 3 of that Resolution. 


2.3.22 The notation EPN (escort performance numeral) 
may be assigned to escort tugs which carry out full-scale 
performance trials in accordance with the requirements of 
Pt 4, Ch 3,9.3. (F,B,V,C) may be appended to the notations 
where: 


F Maximum steering force, in tonnes. 

B Maximum braking force, in tonnes. 

V Speed, in knots, at which F and B are 
determined. 

Cc Time, in seconds, required for the escort tug in 


manoeuvring from maintained oblique position of 
the tug giving it a maximum steering force on 
one side of the assisted vessel to a mirror 
position on the other side. 


2.4 Class notations (machinery) 


2.4.1 The following class notations are associated with 
the machinery construction and arrangement, and may be 
assigned as considered appropriate by the Classification 
Committee, see also, Table 2.2.4: 

” LMC This notation will be assigned when the propelling 

and essential auxiliary machinery, see 2.9.1, have 

been constructed, installed and tested under 

LR’s Special Survey and in accordance with LR’s 

Rules and Regulations for the classification of 

Ships, see 3.2. 

[Æ] LMC This notation will be assigned when; 

° the propelling arrangements for propellers, 
propulsion shafting and multiple 
input/output gearboxes, steering systems, 
pressure vessels and electrical equipment 
for essential systems have been 
constructed, installed and tested under 
LR’s Special Survey and are in accordance 
with LR’s Rules and Regulations, see 3.2. 

° other items of machinery and gearing 
arrangements for propulsion and electrical 
power generation and other auxiliary 
machinery for essential services are in 
compliance with LR Rules and supplied 
with the Manufacturer’s certificate, see 
2.9.2. 

e the system arrangements of propelling and 
essential auxiliary machinery, see 2.9.1, 
are appraised and found to be acceptable 
to LR. 
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{LMC This notation will be assigned to existing ships in 
service that will be accepted or transferred into 

LR class when: 

e the propelling and essential auxiliary 
machinery, see 2.9.1, have neither been 
constructed nor installed under LR’s 
Special Survey. 

e the existing machinery installation and 
arrangement have been tested and found 
to be acceptable to LR. 


MCH This notation will be assigned when the: 

e propelling and essential auxiliary machinery, 
see 2.9.1, has been installed and tested 
under LR’s survey and found to be accept- 
able to LR. 

° propelling and essential auxiliary machinery 
has been supplied with a Manufacturer’s 
certificate, see 2.9.3. 

° system arrangements of propelling and 
essential auxiliary machinery, see 2.9.1, are 
appraised and found to be acceptable to 
LR. 


IGS This notation will be assigned when a ship 
intended for the carriage of oil in bulk, or for the 
carriage of liquid chemicals in bulk, is fitted with 
an approved system for producing gas for 
inerting the cargo tanks. 


2.4.2 The following class notations are associated with 
the machinery control and automation, and may be assigned 
as considered appropriate by the Classification Committee: 


UMS This notation may be assigned when the arrange- 
ments are such that the ship can be operated 
with the machinery spaces unattended. It denotes 
that the control engineering equipment has been 
arranged, installed and tested in accordance with 
LR’s Rules, or is equivalent thereto. 


CCS This notation may be assigned when the arrange- 
ments are such that the machinery may be 
operated with continuous supervision from a 
centralised control station. It denotes that the 
control engineering equipment has been 
arranged, installed and tested in accordance with 
LR’s Rules, or is equivalent thereto. 


ICC This notation may be assigned when the arrange- 
ments are such that the control and supervision 
of ship operational functions are computer 
based. It denotes that the control engineering 
equipment has been arranged, installed and 
tested in accordance with LR’s Rules, or is 
equivalent thereto. 


IP This notation may be assigned to a ship classed 
with LR when the arrangements of the machin- 
ery are such that the propulsion equipment and 
all the essential auxiliary machinery is integrated 
with the power unit for operation under all normal 
sea-going and manoeuvring conditions. The 
system is to be bridge controlled and the propul- 


2.4.3 


Part 1, Chapter 2 


Section 2 


sion equipment is to incorporate an emergency 
means of propulsion in the event of failure in the 
prime mover. It also denotes that the machinery 
and control equipment have been arranged, 
installed and tested in accordance with LR’s 
Rules. 


The following class notations are associated with 


dynamic positioning arrangements, and may be assigned as 
considered appropriate by the Classification Committee: 


DP(CM) 


DP(AM) 


DP(AA) 


DP(AAA) 


This notation may be assigned when a ship is 
fitted with centralised remote manual controls for 
position keeping and with position reference 
system(s) and environmental sensor(s). It denotes 
that the machinery and control engineering 
equipment has been arranged, installed and 
tested in accordance with LR’s Rules, or is equiv- 
alent thereto. 


This notation may be assigned when a ship is 
fitted with automatic main and manual standby 
controls for position keeping and with position 
reference system(s) and environmental sensor(s). 
It denotes that the machinery and control 
engineering equipment has been arranged, 
installed and tested in accordance with LR’s 
Rules, or is equivalent thereto. 


This notation may be assigned when a ship is 
fitted with automatic main and automatic standby 
controls for position keeping and with position 
reference system(s) and environmental sensor(s). 
It denotes that the machinery and control 
engineering equipment has been arranged, 
installed and tested in accordance with LR’s 
Rules, or is equivalent thereto. 


This notation may be assigned when a ship is 
fitted with automatic main and automatic standby 
controls for position keeping, together with an 
additional/emergency automatic control unit 
located in a separate compartment and with 
position reference systems and environmental 
sensors. It denotes that the machinery and 
control engineering equipment has been 
arranged, installed and tested in accordance with 
LR’s Rules, or is equivalent thereto. 
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Table 2.2.4 


Machinery Notations 
See 2.4, 2.5, 2.6 


Machinery Class Notations 


Part 1, Chapter 2 


Section 2 


& LMC 
Propulsion and essential 
machinery 


[x] LMC 
Propulsion and essential 
machinery 


LMC 
Propulsion and essential 
machinery 


MCH 
Propulsion and essential 
machinery 


IGS 
Inert Gas System 


UMS 
Unattended Machinery Spaces 


ccs 
Centralised Control Station 


ICC 
Integrated Computer Control 


IP 
Integrated Propulsion 


DP(CM) 
Dynamic Position 
(Centralised Remote Manual Controls) 


DP(AM) 
Dynamic Position (Automatic main and 
anual standby Controls) 


DP(AA) 
Dynamic Position (Automatic main and 
omatic standby Controls 


Positioning (Automatic main and 
omatic standby controls with 
additional/emergency Automatic control) 


PCR()() 
Performance Capability Rating 


NAV1 
Navigation Equipment 


IBS 
Integrated Bridge System 


OPS 
Operation of Services by connection to an 
external electrical Power Supply 


PM 
Positional Mooring System 


PMC 
Positional Mooring System for mooring in Close 
proximity to other vessels or installations 


GF 
Natural Gas Fuelled Ships 


PMR 
Propulsion System Redundancy 


PSMR 
Propulsion and Steering System Redundancy 


PSMR* 
Propulsion and Steering System Redundancy 
in Separate Compartments 


PMRL 
Propulsion System Redundancy with Limited 
Capacity 


PMRL* 
Propulsion System Redundancy in Separate 
Compartments with Limited Capacity 


SMRL 
Steering System Redundancy with Limited 
Capacity 


SMRL* 
Steering System Redundancy in Separate 
Compartments with Limited Capacity 


PSMRL 
Propulsion and Steering System Redundancy 
with Limited Capacity 


PSMRL* 
Propulsion and Steering System Redundancy 
in Separate Compartments with Limited 
Capacity 


CAC1(1 or 2 or 3) 
Crew Accommodation Comfort 


PAC1 (or 2 or 3) 
Passenger Accommodation Comfort 


PCAC1 (or 2 or 3), 1 (or 2 or 3) 
Passenger and Crew Accommodation 


%® Lloyd’s RMC 
Refrigerated Machinery 


Lloyd’s RMC 
Refrigerated Machinery 


+ Double Dagger — Suitable for carriage of 
fruit 


Lloyd’s RMC (LG) 
Reliquefaction and/or refrigeration 
equipment is fitted 


Lloyd’s RMC (LG) 
Reliquefaction and/or refrigeration 
equipment is fitted 


Lloyd’s RMC (BC) 
Refrigerated Chemical tanker 


Lloyd’s RMC (BC) 
Refrigerated Chemical Tanker 


TC 
Chemical Tanker temperature Control 
Systems 


(CA) 
Controlled Atmosphere 


CA (%03, %COo) 
Controlled Atmosphere 


RH 
Relative Humidity 
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PCR()() This rating supplements the DP() notation. This 

rating indicates the calculated percentage of time 

that a unit is capable of holding heading and 
position under a standard set of environmental 
conditions (North Sea). 

Two rating numerals are calculated: 

e — The first numeral represents the percentage 
of time that the ship can remain on station 
when subjected to a set of standard envi- 
ronmental conditions (North Sea fully 
developed) with all thrusters operating. 

e The second numeral represents the 
percentage of time that the ship can remain 
on station when subjected to a set of 
standard environmental conditions (North 
Sea fully developed) with the most effective 
thruster being inoperative. 

e Atypical rating might be (95),(70). 


The foregoing dynamic positioning notations may be 
supplemented with a Performance Capability Rating (PCR). 
This rating indicates the calculated percentage of time that a 
ship is capable of holding heading and position under a 
standard set of environmental conditions (North Sea), see 
Pt 7, Ch 4. 


2.4.4 The following class notations are associated with 
navigation safety, and may be assigned as considered 
appropriate by the Classification Committee: 


NAV1 This notation will be assigned when the bridge 
layout and level of equipment are such that the 
ship is considered suitable for safe periodic 
operation under the supervision of a single 
watchkeeper on the bridge. It denotes that the 
navigational installation has been arranged, 
installed and tested in accordance with LR’s 
Rules, or is equivalent thereto. 


IBS This additional notation will be assigned where an 
integrated bridge system is fitted to provide 
electronic chart display, track planning and auto- 
matic track following, centralised navigation 
information display, and bridge alarm manage- 
ment. It denotes that the integrated bridge 
system has been arranged, installed and tested 
in accordance with LR’s Rules, or is equivalent 
thereto. For assignment of this notation, in 
addition to satisfying LR Rules, or equivalent 
thereto, for navigational function integration: 

(a) the layout of the bridge and the equipment 
located on the bridge is to satisfy the 
requirements of a relevant international or 
national ergonomic or human-centred 
design standard, or an acceptable equiva- 
lent, to the satisfaction of LR; or 

(o) the notation NAV1 is also to be assigned; or 


Part 1, Chapter 2 


Section 2 


(c) where the bridge is not intended to operate 
a periodic one man watch, the layout of the 
bridge and the equipment on the bridge 
are to satisfy the requirements for the 
assignment of the notation NAV1 to the 
satisfaction of LR with the exception of 
requirements identified by LR Rules that 
may be relaxed in such cases. 


2.4.5 Machinery class notations will not be assigned to 
ships the hulls of which are not classed or intended to be 
classed with LR. 


2.4.6 The notations # LMC, [X]LMC,#LMC and MCH 
will in general not be assigned to non-propelled craft, but 
individual cases will be considered on their merits. 


2.5 Class notations (machinery special features) 


2.5.1 The following class notation is associated with 
onshore power supply arrangements and may be assigned 
as considered appropriate by the Classification Committee, 
upon application from the Owners: 


OPS Assigned when the machinery, electrical and 
control engineering arrangements installed on 
board to permit continued operation of services 
by connection to an external electrical power 
supply have been assessed. 


2.5.2 The following class notations are associated with 
positional mooring systems, or thruster-assisted positional 
mooring systems, and may be assigned as considered appro- 
priate by the Classification Committee: 


PM Assigned when a positional mooring system is 
fitted. It is not intended to apply to vessels which 
have station-keeping capabilities, but which are 
not required to remain on station in adverse 
weather conditions. This notation can be supple- 
mented by a Thrust-Assisted notation T1 [or T2 
or T3]. 


PMC Assigned when a positional mooring system for 
mooring in close proximity to other vessels or 
installations is fitted. It is not intended to apply to 
vessels which have station-keeping capabilities, 
but which are not required to remain on station in 
adverse weather conditions. This notation can be 
supplemented by a Thrust-Assisted notation T1 
[or T2 or T3]. 


GF Assigned to ships other than LNG carriers, where 
the main propelling and/or auxiliary machinery is 
designed to operate on natural gas as fuel, or a 
combination of natural gas and oil fuel. The nota- 
tion also indicates that the gas-fuelled machinery 
has been installed and tested in accordance with 
LR's Rules and Regulations. 
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2.5.3 


The following class notations are associated with 


machinery redundancy and may be assigned as considered 
appropriate by the Classification Committee: 


Part 1, Chapter 2 


Section 2 


and not less than 50 per cent of the installed 
propulsion systems and retain steering capability. 
The propulsion and steering arrangements are to 
be installed in separate compartments such that, 


PMR This notation will be assigned where the main in the event of the loss of one compartment, the 
propulsion systems are arranged such that, in the ship will retain availability of propulsion power and 
event of a single failure in equipment, the ship will manoeuvring capability. It also denotes that the 
retain not less than 50 per cent of the installed installation has been arranged, installed and 
prime mover capacity and not less than 50 per tested in accordance with LR’s Rules. 
cent of the installed propulsion systems. It also 
denotes that the installation has been arranged, The foregoing machinery redundancy notations may be 
installed and tested in accordance with LR Rules. supplemented with the additional L character which indicates 

a limited capability. 

PMR* This notation will be assigned where the main 
propulsion systems are arranged such that, in the 2.5.4 The following class notations are associated with 
event of a single failure in equipment, the ship will comfort control and may be assigned as considered 
retain not less than 50 per cent of the installed appropriate by the Classification Committee: 
prime mover capacity and not less than 50 per 
cent of the installed propulsion systems and CAC1 (or 2 or 3) 
where the machinery is installed in separate Assigned when noise and vibration levels in crew 
compartments such that, in the event of the loss accommodation and work areas have been 
of one compartment, the ship will retain availability assessed. Numerals 1 or 2 or 3 indicate the 
of propulsion power. It also denotes that the acceptance criterion to which the noise and 
installation has been arranged, installed and vibration levels have been assessed. Primarily 
tested in accordance with LR Rules. intended to apply to passenger ships. If 

requested, however, any ship can be assessed 

SMR This notation will be assigned where the steering for compliance. 
systems for manoeuvring are arranged so that 
steering capability will continue to be available in PAC1 (or 2 or 3) 
the event of a single failure in the steering gear Assigned when noise and vibration levels in 
equipment or loss of power supply or control passenger accommodation have been assessed. 
system for any steering system. It also denotes Numerals 1 or 2 or 3 indicate the acceptance 
that the installation has been arranged, installed criterion to which the noise and vibration levels 
and tested in accordance with LR’s Rules. have been assessed. Primarily intended to apply 

to passenger ships. If requested, however, any 

SMR* This notation will be assigned where the steering ship can be assessed for compliance. 
systems for manoeuvring are arranged so that PCAC1 (or 2 or 3), (1 or 2 or 3) 
steering capability will continue to be available in Assigned when noise and vibration levels in 
the event of a single failure in the steering gear passenger and crew spaces have been 
equipment or loss of power supply or control assessed. Numerals 1 or 2 or 3 indicate the 
system for any steering system and where the acceptance criterion to which the noise and 
steering systems are installed in separate vibration levels have been assessed. Two 
compartments such that, in the event of the loss numerals will be assigned, the first for the 
of one compartment, steering capability will acceptance criteria for passenger accommoda- 
continue to be available. It also denotes that the tion, the second for crew comfort criteria. 
installation has been arranged, installed and Primarily intended to apply to passenger ships. If 
tested in accordance with LR’s Rules. requested, however, any ship can be assessed 

for compliance. 

PSMR This notation will be assigned where the main 
propulsion and steering systems are configured 
such that, in the event of a single failure in 2.6 Class notations (refrigerated cargo 
equipment, the ship will retain not less than installations (RMC), controlled atmosphere 
50 per cent of the installed prime mover capacity (CA) systems and carriage of refrigerated 
and not less than 50 per cent of the installed containers (CRC)) 
propulsion systems and retain steering 
capability. It also denotes that the installation has 2.6.1 The following class notations may be assigned as 
been arranged, installed and tested in considered appropriate by the Classification Committee, on 
accordance with LR’s Rules. application from the Owners: 

PSMR* This notation will be assigned where the main  Lloyd’s This notation will be assigned when a refrigerated 


RMC cargo installation has been constructed, installed 
and tested under LR’s Special Survey and in 


propulsion and steering systems are configured 
such that, in the event of a single failure in 


equipment, the ship will retain not less than 
50 per cent of the installed prime mover capacity 


accordance with the relevant requirements of the 
Rules. 
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Lloyd’s This notation will be assigned when the 
RMC arrangements of the refrigerated cargo installa- 
tion have been found to be equivalent to Rule 
requirements, and the installation has been 
tested in accordance with the relevant require- 

ments of the Rules. 


ł This symbol will be assigned to installations 

considered suitable for the carriage of fruit. It 
indicates that the following parameters have 
been assessed and found satisfactory: 

a) The rate of air circulation and the air refreshing 
arrangements through the refrigerated 
spaces or chambers, or to containers. 

b) The temperature controls and monitoring 
arrangements. 

c) The installation’s capability to cool down a 
complete cargo of fruit to its carrying 
temperature within a specified time. The 
symbol will also be assigned to fishing 
vessels that have the refrigerating capacity 
to freeze down their catch. 


 Lloyd’s This notation will be assigned to a classed liquefied 

RMC (LG) gas carrier or tanker, in which reliquefaction or 
refrigeration equipment is approved and fitted for 
cargo temperature and pressure control where the 
equipment has been constructed, installed and 
tested in accordance with the relevant require- 
ments of the Rules. 


Lloyd’s This notation will be assigned to a classed liquefied 

RMC (LG) gas carrier or tanker, in which reliquefaction or 

refrigeration equipment is fitted for cargo temper- 

ature and pressure control, where the equipment 

has been found equivalent to Rule requirements 

and tested in accordance with the relevant 
requirements of the Rules. 


% Lloyd’s Assigned to a classed chemical tanker in which 

RMC (BC) refrigeration equipment has been constructed, 
installed and tested, in accordance with the relevant 
requirements of the Rules. 


Lloyd’s Assigned to a classed chemical tanker where the 
RMC (BC) equipment has been found equivalent to Rule 
requirements and tested in accordance with the 

relevant requirements of the Rules. 


TC Assigned to a classed chemical tanker where the 
temperature control systems have been found 
equivalent to Rule requirements and tested in 
accordance with the relevant requirements of the 
Rules. 


2.6.2 The following class notations are associated with 
controlled atmospheres and may be assigned as considered 
appropriate by the Classification Committee, on application 
from Owners, see also Pt 7, Ch 1: 


(CA) This notation may be assigned when a ship is 
fitted with arrangements for maintaining 
airtightness in CA zones and for the ready 
connection to a gas system in accordance with 
the relevant requirements of the Rules. 


Part 1, Chapter 2 


Section 2 


CA (%0,, This notation may be assigned when a ship is 
%COp») provided with a CA system which will achieve 
and maintain specified ranges of oxygen and 
carbon dioxide levels in accordance with the 

relevant requirements of the Rules. 


RH This notation may be assigned when a ship can 
maintain a specified relative humidity in the 
CA zones. 

RPA Assigned to ships where the Refrigeration 


Machinery for Provision Stores and Air-conditioning 
comply with the applicable requirements of 
Pt 7, Ch 15. 


Before assignment of any of the above notations it is a 
prerequisite that the refrigeration installation is assigned an 
RMC class notation. 


2.6.3 The following class notation is associated with the 
carriage of refrigerated cargo containers and may be assigned 
as considered appropriate by the Classification Committee, on 
application from Owners, see also Pt 7, Ch 10: 

CRC This notation may be assigned when a ship is 
provided with a ventilation system which is 
approved, installed and tested in accordance 
with the relevant requirements of the Rules. 


2.6.4 The class notation assigned will additionally specify 
the temperature conditions and other relevant characteristics 
for which the equipment has been approved, see Pt 6, Ch 3. 


2.6.5 The class notation assigned will be maintained as 
long as the installation is found, at the prescribed Periodical 
Surveys, to be in a fit and efficient condition, and in accor- 
dance with the requirements of the Rules. 


2.6.6 The Classification Committee will give considera- 
tion to ships engaged on voyages of short duration, to 
installations of small capacity, or to other special circum- 
stances. In such cases the class may include a service 
limitation or other restriction. 


2.6.7 Refrigerating installations designed to supply 
refrigerated air to insulated containers in ships’ holds aboard 
container ships, are eligible for classification. The installation 
is to include the refrigerating machinery, supply and return air 
ducting, and the flexible couplings between containers and 
the duct system. Where the arrangements are such that cell 
air conditioning is essential to the carriage of the containers, 
the air conditioning equipment and/or insulation of the hold, 
deckheads, sides and tank tops are to be included in the 
classification. 


2.6.8 Other methods of carrying refrigerated cargoes in 
containers aboard container ships will be considered for 
classification on application. 
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2.7 Class notations (Environmental Protection) 


2.7.1 The following class notations are associated with 
the design and operation of a ship and may be assigned as 
considered appropriate by the Classification Committee, on 
application from the Owners: 


ECO This notation will be assigned when a ship is 
designed and operated in accordance with the 
relevant requirements of the Rules. 


ECO(TOC) This notation will be assigned when the environ- 
mental protection arrangements are in accor- 
dance with the requirements of another recog- 
nised classification society and are essentially 
equivalent to Rule requirements and the ship is 
operated in accordance with the relevant require- 
ments of the Rules. 


2.8 Descriptive notes 


2.8.1 In addition to any class notations, an appropriate 
descriptive note may be entered in column 6 of the Register 
Book indicating the type of ship in greater detail than is 
contained in the class notation, and/or providing additional 
information about the ship’s design and construction. This 
descriptive note is not an LR class notation and is provided 
solely for information. 


2.8.2 Where evidence exists that supporting calculations 
have been performed in accordance with hull structural finite 
element and fatigue analysis procedures of a recognised 
Classification Society, then, on application from Owners, the 
descriptive note ShipRight (E) may be entered in column 6 
of the Register Book. 


2.8.3 Where LR’s ShipRight procedures for the 
following have been applied on a voluntary basis, a descrip- 
tive note will, at the Owner’s request, be entered in column 6 
of the Register Book, preceded by the word ShipRight (see 
also ShipRight Procedures Overview, Pt 3, Ch 16 and Pt 5, 
Ch 21): 


ES Enhanced Scantlings 


PCWBT(date) Protection Coatings in Water Ballast Tanks 


SEA(HSS-n) Ship Event Analysis (Hull Surveillance 
Systems) for monitoring of the ship’s hull 
girder stresses and motions. 

SEA(ICE) Ship Event Analysis for monitoring of the 
ship’s hull girder stresses and local ice 
loads when the ship is navigating in ice. 

SERS Ship Emergency Response Service 

SRtP Safe Return to Port and Orderly 


Evacuation. To be applied where the 
design appraisal and survey of vessel has 
been performed in accordance with the 
ShipRight Procedure where vessels are 
required to comply with Safe Return to 
Port and Orderly Evacuation. 


SCM 


TCM 


MCM 


MPMS 


MCBM 


Part 1, Chapter 2 


Section 2 


Screwshaft Condition Monitoring 

This descriptive note will be assigned 
where an Owner adopts the requirements 
for monitoring of the screwshaft. The 
descriptive note will indicate that equip- 
ment and procedures are in place to 
determine the physical and operational 
condition of that equipment. 


Main Steam Turbine Condition Monitoring 
This descriptive note will be assigned 
where an Owner adopts the requirements 
for monitoring of the main steam turbine. 
The descriptive note will indicate that 
equipment and procedures are in place to 
determine the physical and operational 
condition of that equipment. 


Machinery Condition Monitoring 

This descriptive note will be assigned 
where an Owner operates an approved 
Planned Maintenance Scheme as part of 
the Continuous Survey Machinery (CSM) 
cycle, and monitoring techniques and 
equipment are used to record the condition 
against agreed acceptable limits. The 
descriptive note will indicate that equip- 
ment, procedures and documentation are 
in place to monitor, control and record the 
physical and operational condition of the 
equipment on the ship and control the 
maintenance routines accordingly. For the 
design and installation of machinery 
condition monitoring systems which form 
part of a machinery planned maintenance 
scheme approved by LR for the assign- 
ment of the descriptive note, the 
requirements of Pt 5,Ch 21 are applicable. 


Machinery Planned Maintenance Scheme 
This descriptive note will be assigned 
where an Owner operates an approved 
Machinery Planned Maintenance Scheme 
as part of the Continuous Survey 
Machinery (CSM) cycle. The descriptive 
note will indicate that procedures and 
documentation are in place to control and 
record the inspection and maintenance 
routines of all machinery and equipment in 
the ship. 


This descriptive note will be assigned 
where an Owner operates an approved 
Planned Maintenance Scheme based on 
the use of Condition-based Maintenance 
as part of the Continuous Survey 
Machinery (CSM) cycle. The descriptive 
note will indicate that procedures and 
documentation are in place to control and 
record the inspection and maintenance 
routines of all surveyable machinery and 
equipment. The Scheme is to be based on 
acceptable and applicable modes of failure 
analysis and risk assessment approved by 
LR. For the design and installation of 


16 


LLOyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Classification Regulations 


RCM 


BWMP 


DIST(M,AB,I,IG) 


IHM 


VECS 


VECS-L 


machinery condition monitoring systems 
which form part of a Machinery Condition- 
based Maintenance scheme approved by 
LR for the assignment of the descriptive 
note, the requirements of Pt 5, Ch 21 are 
applicable. 


Reliability Centred Maintenance 

This descriptive note will be assigned 
where an Owner operates an approved 
Planned Maintenance Scheme based on 
the use of Reliability Centred Maintenance 
as part of the Continuous Survey 
Machinery (CSM) cycle. The descriptive 
note will indicate that procedures and 
documentation are in place to control and 
record the inspection and maintenance 
routines of all machinery and equipment in 
the ship, and that they are based on 
acceptable and applicable methodology. 


Ballast Water Management Plan 


Machinery suitable for operation on distillate 
fuels 


M = main engine(s) 

AB = auxiliary engines and boiler 
| = incinerator 

IG = inert gas generator 


This notation will be assigned where the 
specified machinery items are suitable for 
operation on distillate fuel. 

For example, the note DIST(AB,IG) will 
indicate that the auxiliary engines, auxiliary 
boiler and IG system are suitable for 
operation on distillate fuels. 


Inventory of Hazardous Materials 


Vapour Emission Control System 

This notation will be assigned to a ship that 
has a vapour emission control system fitted 
which has been designed and constructed 
in accordance with the requirements of 
USCG 46, CFR 39 or the IMO Standards 
for Vapour Emission Control Systems 
(MSC Circular 585). 


Vapour Emission Control System — Lightering 
This notation will be assigned to a ship that 
has a vapour emission control system that 
complies with the requirements for the 
VECS Descriptive Note and which has also 
been designed and constructed to meet 
the requirements for vapour balancing in 
accordance with USCG 46, CFR 39.40 for 
service vessels. If a ship has been 
assigned the ECO notation then it will not 
be eligible for the VECS-L Descriptive 
Note. Instead, VECS for lightering will be 
referenced in the ECO notation, i.e., 
ECO(VECS-L). 
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2.8.4 Where an approved loading instrument is provided 
as an Owner’s requirement, a descriptive note LI may be 
entered in column 6 of the Register Book, see also 2.3.16. 


2.8.5 Where container securing arrangements are designed 
and constructed in accordance with Pt 3, Ch 14, but where 
the Initial and Periodical Survey requirements for loose fittings 
are not requested, the ship will be eligible to be assigned the 
descriptive note CSA (container securing arrangement) and 
for an entry to be made in column 6 of the Register Book. 


2.8.6 EDD. Vessel is eligible for the Owner/Operator to 
apply to the Flag Administration for the vessel to be placed 
on a pilot Extended Dry-Docking regime. The relevant Flag 
Administration may elect to impose requirements additional 
to those defined as per this descriptive note. Vessels are to 
comply with the LR Guidance notes on Extended Dry- 
Dockings. 


2.8.7 STV. Where a sailing vessel is used for the 
offshore training of cadets or trainee seamen, a sailing 
training vessel STV descriptive note may be entered in 
column 6 of the Register Book. 


2.9 Application notes 


2.9.1 Propelling and essential auxiliary machinery 

includes machinery, equipment and systems installed for the 

ship to be under seagoing conditions and that are necessary 

for the following: 

a) Maintaining the watertight and weathertight integrity of 

the hull and spaces within the hull. 

b) The safety of the ship, machinery and personnel on 

board. 

c) The functioning and dependability of propulsion, steering 

and electrical systems. 

d) The operation and functioning of control engineering 

systems for the monitoring and safety of propulsion and 

steering systems. 

e) The operation and functioning of emergency machinery 
and equipment. 


2.9.2 Manufacturer’s certificate for assignment of the 
[PR]ILMC notation. Acceptance of the manufacturer’s 
certificate for items of machinery for propulsion (including 
propulsion gearing with single input/output arrangements) 
and for electrical power generation and for other auxiliary 
machinery for essential services is subject to the following: 
(a) The ship is a cargo ship of less than 500 gross tonnage 
or is a ship of 500 gross tonnage or greater and is not 
required to comply with international conventions 
applicable to a ship with unrestricted service. 

(o) Propulsion power is provided by oil engines or gas 
turbines which have been type approved in accordance 
with LR requirements for marine application. 

(c) Electrical power is provided by generators driven by oil 
engines or gas turbines which have been type approved in 
accordance with LR requirements for marine application. 

(d) The design and manufacture standards for all machinery 
and associated engineering systems are the applicable 
LR Rules. 
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(e) The machinery and equipment is manufactured under a 
recognised quality control system. 

(f) Propellers, propulsion shafting and multiple input/output 
gearboxes are not included within the scope of propulsion 
arrangements for acceptance of a manufacturer’s 
certificate. 


2.9.3 Manufacturer’s certificate for assignment of the 
MCH notation. Acceptance of the manufacturer’s certificate 
for propelling and essential auxiliary machinery is subject to 
the following: 
(a) The ship is a cargo ship of less than 500 gross tonnage 
or is a ship of 500 gross tonnage or greater and is not 
required to comply with the international conventions 
applicable to a ship with unrestricted service. 

(b) Propulsion power is provided by oil engines or gas 
turbines which have been type approved in accordance 
with LR requirements for marine application. 

(c) Electrical power is provided by generators driven by oil 
engines or gas turbines which have been type approved in 
accordance with LR requirements for marine application. 

(d) The power of any prime mover is less than 2,250 kW 
and the cylinder bore or any diesel engine is not greater 
than 300 mm. 

(e) The design and manufacture standards for machinery 
and associated systems are the applicable LR Rules or 
other marine standards acceptable to LR. 

(f) The machinery and equipment is manufactured under a 
recognised quality control system in accordance with the 
requirements of LR’s Rules for the Manufacture, Testing, 
and Certification of Materials. 

(g) Individual components manufactured under (f) are to be 
delivered with a manufacturer’s statement confirming 
that the scantlings comply with the applicable LR Rule 
requirements. 


a Section 3 
Surveys - General 


3.1 Statutory surveys 


3.1.1 The Classification Committee will act, when autho- 
rised on behalf of Governments, in respect of National and 
International statutory safety and other requirements for passen- 
ger and cargo ships. 


3.1.2 The Classification Committee will also act, when 
authorised, in respect of National Safety and other require- 
ments relating to ships used for offshore mineral exploration 
and exploitation. 


3.2 New construction surveys 


3.2.1 When it is intended to build a ship for classification 
with LR, constructional plans and all necessary particulars 
relevant to the hull, equipment and machinery, as detailed in the 
Rules, are to be submitted for approval before the work is 
commenced. Any subsequent modifications or additions to the 
scantlings, arrangements or equipment shown on the approved 
plans are also to be submitted for approval. 


Part 1, Chapter 2 


Sections 2 & 3 


3.2.2 Where the proposed construction of any part of the 
hull or machinery is of novel design, or involves the use of 
unusual material, or where experience, in the opinion of the 
Classification Committee, has not sufficiently justified the 
principle or mode of application involved, special tests or 
examinations before and during service may be required. In 
such cases a suitable notation may be assigned. 


3.2.3 The materials used in the construction of hulls and 
machinery intended for classification are to be of good quality 
and free from defects and are to be tested in accordance with 
the requirements of the Rules for Materials. The steel is to be 
manufactured by an approved process at an approved works. 
Alternatively, tests will be required to demonstrate the 
suitability of the steel. 


3.2.4 New ships intended for classification are to be built 
under LR’s Special Survey. From the commencement of the 
work until the completion of the ship, the Surveyors are to be 
satisfied that the materials, workmanship and arrangements 
are satisfactory and in accordance with the Rules. Any items 
found not to be in accordance with the Rules or the approved 
plans, or any material, workmanship or arrangements found 
to be unsatisfactory, are to be rectified. 


3.2.5 For compliance with 3.2.4, LR is prepared to 
consider methods of survey and inspection for hull construction 
which formally include procedures involving the shipyard 
management, organisation and quality systems. The minimum 
requirements for the approval of any such proposed Quality 
Assurance methods are laid down in Pt 3, Ch 15. 


3.2.6 Each offshore supply ship, offshore tug/supply 
ship, dredger, hopper dredger, sand carrier, hopper barge or 
reclamation craft, proceeding to sea is to comply with the 
draught and stability requirements of the National Authority 
and is to have on board sufficient stability data to enable it to 
be properly loaded and handled, or, where appropriate, to be 
properly towed. This data is to take full account of any 
intended special distribution or concentration of loading. In 
the case of an unmanned ship under tow, the data is to be 
made available to the tug master. 


3.2.7 Copies of approved plans (showing the ship as 
built), essential certificates and records, required loading and 
other instruction manuals are to be readily available for use 
when required by the attending Surveyors, and may be 
required to be kept on board. 


3.2.8 When the machinery is constructed under LR’s 
Special Survey, this survey is to relate to the period from the 
commencement of the work until the final test under working 
conditions. Any items found not to be in accordance with the 
Rules or the approved plans, or any material, workmanship 
or arrangements found to be unsatisfactory, are to be rectified. 


3.2.9 When arrangements are such that essential 
machinery can be operated by remote and/or automatic 
control equipment, the control equipment is to be arranged, 
installed and tested in accordance with LR’s Rules and 
Regulations. 


18 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Classification Regulations 


3.2.10 The date of completion of the Special Survey 
during construction of ships built under LR’s inspection will 
normally be taken as the date of build to be entered in the LR 
Publication Record. lf the period between launching and 
commissioning is, for any reason, unduly prolonged, the dates 
of launching and completion or commissioning may be 
separately indicated in the LR Publications. 


3.2.11 When a ship, upon completion, is not immediately 
commissioned but is laid-up for a period, the Classification 
Committee, upon application by the Owner, prior to the ship 
proceeding to sea, will direct an examination to be made by 
the Surveyors which may include a survey in dry-dock. If, as 
the result of such a survey, the hull and machinery be reported 
in all respects in accordance with applicable Rule require- 
ments, the subsequent Special Survey and Complete Survey 
of the machinery will date from the time of such examination. 


3.3 Existing ships 


3.3.1 Classification of ships not built under survey. 
The requirements of the Classification Committee for the 
classification of ships which have not been built under LR’s 
Survey are indicated in Ch 3,19. Special consideration will be 
given to ships transferring class to LR from another recognised 
Classification Society. 


3.3.2 Reclassification. When reclassification or class 
reinstatement is desired for a ship for which the class 
previously assigned by LR has been withdrawn or suspended, 
the Classification Committee will direct that a survey, appro- 
priate to the age of the ship and the circumstances of the 
case, be carried out by the Surveyors. If, at such a survey, the 
ship be found or placed in a condition in accordance with the 
requirements of the Rules and Regulations, the Classification 
Committee will be prepared to consider reinstatement of the 
original class or the assignment of such other class as may 
be deemed necessary. 


3.3.3 A similar arrangement will apply in the case of 
reclassification of refrigerated cargo installations. 


3.3.4 The Classification Committee reserves the right to 
decline an application for classification or reclassification 
where the prior history or condition of the ship indicates this to 
be appropriate. 


3.3.5 Unscheduled surveys. Where the Classification 
Committee has concern about the condition of a ship and/or 
the equipment an unscheduled survey may be required at any 
time to determine the actual condition. 


3.4 Damages, repairs and alterations 


3.4.1 All repairs to hull, equipment and machinery which 
may be required in order that a ship may retain her class, (see 
1.1.5), are to be carried out to the satisfaction of the 
Surveyors. When repairs are effected at a port, terminal or 
location where the services of a Surveyor to LR are not 
available, the repairs are to be surveyed by one of the 
Surveyors at the earliest opportunity thereafter. 
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3.4.2 When, at any survey, the Surveyors consider 
repairs to be immediately necessary, either as a result of 
damage, or wear and tear, they are to communicate their 
recommendations at once to the Owner, or his representa- 
tive. When such recommendations are not complied with, 
immediate notification is to be given to the Classification 
Committee by the Surveyors. 


3.4.3 Where repairs are to be carried out by a riding crew 
during a voyage then these must be planned in advance. A 
complete repair procedure, including the extent of proposed 
repair and the need for Surveyor’s attendance during the 
voyage, is to be submitted reasonably in advance to the 
Surveyor for agreement. Failure to notify LR in advance of the 
repairs may result in the class of the ship being specially 
considered by the Classification Committee. Where 
emergency repairs are effected immediately due to an 
emergency circumstance, the repairs should be documented 
in the ship’s log and submitted thereafter to LR for use in 
determining further survey requirements. 


3.4.4 When, at any survey, it is found that any damage, 
defect or breakdown (see 1.1.5) is of a nature that does not 
require immediate permanent repair, but is sufficiently serious 
to require rectification by a prescribed date in order to 
maintain class, a suitable condition of class is to be imposed 
by the Surveyors and recommended to the Classification 
Committee for consideration. 


3.4.5 If a ship which is classed with LR is to leave 
harbour limits or protected waters under tow, the Owner is to 
advise LR of the circumstances prior to her departure. 


3.4.6 If a ship which is classed with LR is taken in tow 
whilst at sea, the Owner is to advise LR of the circumstances 
at the first practicable opportunity. 


3.4.7 Plans and particulars of any proposed alterations 
to the approved scantlings and arrangements of hull, equip- 
ment, or machinery are to be submitted for approval, and 
such alterations are to be carried out to the satisfaction of the 
Surveyors. 


3.4.8 Where a complete replacement or addition of a major 
portion of the ship is involved, as defined in 3.4.9, consideration 
may be given to assignment of a separate date of build for the 
new structure. The Survey requirements shall be based on the 
date of build associated with each major portion of the ship. 
Special Survey due dates may be aligned at the discretion of the 
Committee. 


3.4.9 A major portion of the ship may include a complete 
forward or after section, a complete main cargo section (which 
may include a complete hold/tank of a cargo ship), a complete 
block of deck structure of a passenger ship or a structural 
modification of a single hull to a double hull ship. 
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3.5 Existing ships - Periodical Surveys 


3.5.1 Annual Surveys are to be held on all ships within 
three months, before or after each anniversary of the 
completion, commissioning or Special Survey in accordance 
with the requirements given in Chapter 3. The date of the last 
Annual Survey will be recorded on the ClassDirect Live 
website. 


3.5.2 Intermediate Surveys are to be held on all ships 
instead of the second or third Annual Survey after completion, 
commissioning or Special Survey. The Intermediate Survey may 
be commenced at the second Annual Survey and progressed 
with completion at the third Annual Survey. The date of the last 
Intermediate Survey will be recorded on the ClassDirect Live 
website. The concurrent crediting of items towards both 
Intermediate Survey and Special Survey is not permitted. 


3.5.3 The Owner should notify LR whenever a ship can 
be examined in dry dock or on a slipway. A minimum of two 
Docking Surveys is to be held in each five-year Special Survey 
period and the maximum interval between successive 
Docking Surveys is not to exceed three years. One of the two 
Docking Surveys required in each five-year period is to 
coincide with the Special Survey. Consideration may be given 
in exceptional circumstances to an extension of the Docking 
Survey, not exceeding three months, provided the interval 
between successive surveys does not exceed 36 months. A 
definition of ‘exceptional circumstances’ is given in 3.5.9. The 
Classification Committee may accept an In-water Survey in 
lieu of the intermediate docking between Special Surveys, see 
Ch 3,4.3. 

An In-water Survey shall not be permitted for ships 
of 15 years of age and over that are assigned the notation 
ESP. A Docking Survey is considered to coincide with the 
Special Survey when held within the 15 months prior to the 
due date of the Special Survey. 

Where the Special Survey of the hull is carried out 
on a Continuous Survey basis, as given in 3.5.14, the survey 
in dry dock may be held at any time within the five-year cycle. 


3.5.4 The interval between dry-dockings for ships 
operating in fresh water and for certain non-self-propelled 
craft may be greater than that given in 3.5.3. 


3.5.5 Attention is to be given to any relevant statutory 
requirements of the National Authority of the country in which 
the ship is registered. 


3.5.6 The date of the last examination in dry-dock or on 
a slipway will be recorded on the ClassDirect Live website. 


3.5.7 As an alternative to Annual Surveys and Docking 
Surveys, according to 3.5.1 and 3.5.3 respectively, ships 
classed ‘100A1 shipborne barge’ may be subjected to 
Intermediate Surveys. These surveys become due 30 months 
after the previous Special Survey. The survey is to be in 
accordance with the requirements given in Ch 3,2, as 
applicable. Intermediate Surveys are to be completed within 
three months of the due date. 


3.5.8 Survey requirements for In-water Surveys are given 
in Ch 3,4.3. The date of the last In-water Survey will be 
recorded on the ClassDirect Live website. 
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3.5.9 All ships classed with LR are also to be subjected 
to Special Surveys in accordance with the requirements given 
in Chapter 3. These Surveys become due at five-yearly 
intervals, the first one five years from the date of build or date 
of Special Survey for Classification as recorded in the Register 
Book, and thereafter five years from the date recorded for the 
previous Special Survey. Consideration may be given at the 
discretion of the Committee to any exceptional circumstances 
justifying an extension of the hull classification to a maximum 
of three months beyond the fifth year. If an extension is 
agreed, the next period of hull classification will start from the 
due date of the Special Survey before the extension was 
granted. In this context ‘exceptional circumstances’ means 
unavailability of dry-docking facilities, repair facilities, essential 
materials, equipment or spare parts or delays incurred by 
action taken to avoid severe weather conditions. 


3.5.10 | Where, on shipborne barges, Intermediate Surveys 
are permitted as an alternative to Annual and Docking 
Surveys, Special Surveys become due five years after the 
previous Special Survey. 


3.5.11 Special Surveys may be commenced at the fourth 
Annual Survey after completion, commissioning, or previous 
Special Survey, and be progressed during the succeeding 
year with a view to completion by the due date of the Special 
Survey. 


3.5.12 When Special Surveys are commenced prior to the 
fourth Annual Survey, the entire survey is to be completed 
within 15 months if such work is to be credited towards the 
Special Survey. 


3.5.13 Ships which have satisfactorily passed a Special 
Survey will have a record entered in the Register Book 
indicating the date and the notation ESP if this is applicable, 
see 2.3.12. Where the Special Survey is completed more than 
three months before the due date, the new record of Special 

Survey will be the final date of survey. 

(a) In all other cases, with the exception of (b), the date 
recorded will be the fifth anniversary of the previous 
Special Survey. 

(o) For ships registered with Flag Administrations that have 
neither implemented the International Convention for the 
Safety of Life at Sea (SOLAS 1974) Harmonised System 
of Survey and Certification (HSSC) under the Protocol of 
1988, nor adopted HSSC under IMO Resolution A.883 
(21) - Global and Uniform Implementation of the 
Harmonised System of Survey and Certification, where 
the Special Survey is completed before the due date, the 
new record will be the final date of survey. 


3.5.14 At the request of an Owner, it may be agreed that 
the Special Survey of the hull, for ships other than general dry 
cargo ships, bulk carriers, combination carriers, chemical 
tankers and oil tankers, be carried out on the Continuous 
Survey basis, all compartments of the hull being opened for 
survey and testing, in rotation, with an interval of five years 
between consecutive examinations of each part. In general, 
approximately one fifth of the Special Survey is to be 
completed each year and all the requirements of the 
particular hull Special Survey must be completed at the end of 
the five year cycle. For examination of items listed in 
Ch 3,2.2.24 to 2.2.25, 2.2.29 and Ch 3,3.2.6, 3.2.7 and 
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3.2.9, the intervals for inspection will require to be specially 
agreed. For ships more than 10 years of age, an examination 
of the ballast tanks is to be carried out twice in each five year 
cycle, i.e., once within the scope of the Intermediate Survey 
and once within the scope of the Continuous Survey. Ships 
which have satisfactorily completed the cycle will have a 
record entered in ClassDirect Live indicating the date of 
completion which will not be later than five years from the last 
assigned date of Complete Survey of the hull. The agreement 
for surveys to be carried out on Continuous Survey basis may 
be withdrawn at the discretion of the Classification 
Committee. 


3.5.15 Machinery is to be submitted to the surveys 
detailed in Ch 3,11 to 17. 


3.5.16 Complete Surveys of machinery become due at 

five-yearly intervals, the first one five years from the date of 

build or date of first classification as recorded in ClassDirect 

Live, and thereafter five years from the date recorded for the 

previous Complete Survey. Consideration can be given at the 

discretion of the Classification Committee to any exceptional 

circumstances justifying an extension of machinery class to a 

maximum of three months beyond the fifth year. If an exten- 

sion is agreed, the next period of machinery class will start 
from the due date of Complete Survey of machinery before 
extension was granted. Surveys which are commenced prior 
to their due date are not to extend over a period greater than 

15 months, except with the prior approval of the Classification 

Committee. Where the survey is completed more than three 

months before the due date, the recorded date of completion 

will be the final date of survey. 

(a) In all other cases, with the exception of (b), the date 
recorded will be the fifth anniversary of the previous 
Complete Survey of machinery. 

(o) For ships registered with Flag Administrations that have 
neither implemented the International Convention for the 
Safety of Life at Sea (SOLAS 1974) Harmonised System 
of Survey and Certification (HSSC) under the Protocol of 
1988, nor adopted HSSC under IMO Resolution A.883 
(21) - Global and Uniform Implementation of the 
Harmonised System of Survey and Certification, where 
the Survey is completed before the due date, the new 
record will be the final date of survey. 


3.5.17 Upon application by an Owner, the Classification 
Committee may agree to an extension of the survey require- 
ments for main engines, which, by the nature of the ship’s 
normal service, do not attain the number of running hours 
recommended by the engines’ manufacturer for major 
overhauls within the survey periods given in 3.5.16. 


3.5.18 If itis found desirable that any part of the machinery 
should be examined again before the due date of the next 
survey, a certificate for a limited period will be granted in 
accordance with the nature of the case. 
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3.5.19 When, at the request of an Owner, it has been 
agreed by the Classification Committee that the Complete 
Survey of the machinery may be carried out on the 
Continuous Survey basis, the various items of machinery are 
to be opened for survey in rotation, as far as practicable, to 
ensure that the interval between consecutive examinations of 
each item will not exceed five years. In general, approximately 
one-fifth of the machinery is to be examined each year. 


3.5.20 If any examination during Continuous Survey 
reveals defects, further parts are to be opened up and 
examined as considered necessary by the Surveyor, and the 
defects are to be made good to his satisfaction. 


3.5.21 Upon application by an Owner, the Classification 
Committee may agree to an arrangement whereby, subject to 
certain conditions, some items of machinery may be 
examined by the Chief Engineer of the ship at ports where LR 
is not represented, or, where practicable, at sea, followed by 
a limited confirmatory survey carried out at the next port of 
call where an Exclusive Surveyor is available. Particulars of 
this arrangement may be obtained from LR. Where an 
approved planned maintenance scheme is in operation, the 
confirmatory surveys may be held at annual intervals, at which 
time the records will be checked and the operation of the 
scheme verified. Particulars of this arrangement may be 
obtained from any LR Office. 


3.5.22 Where condition monitoring equipment is fitted, the 
Classification Committee, upon application by the Owner, will 
be prepared to amend applicable Periodical Survey require- 
ments where details of the equipment are submitted and 
found satisfactory. Where machinery installations are 
accepted for this method of survey, it will be a requirement 
that an Annual Survey be held, at which time monitored 
records will be analysed and the machinery examined under 
working conditions. An acceptable lubricating oil trend 
analysis programme may be required as part of the condition 
monitoring procedures. 


3.5.23 Boiler Surveys, examination of steam pipes and 
Screwshaft Surveys are to be carried out as stated in 
Ch 3,15 to 17. 


3.5.24 Where any inert gas system is fitted for the 
protection of cargo tanks on board a ship intended for the 
carriage of oil or liquid chemicals in bulk, the system is to be 
surveyed annually in accordance with the requirements of 
Ch 8,2.2.32. In addition, on ships to which an IGS notation 
has been assigned, a Special Survey of the inert gas plant is 
to be carried out at intervals not exceeding five years, in 
accordance with the requirements of Ch 3,18. 


3.5.25 Where the ship is fitted with a dynamic positioning 
system, the system is to be examined and tested annually in 
accordance with the requirements of Ch 3,2.2.23. In addition, 
a Special Survey is to be carried out at intervals not 
exceeding five years in accordance with Ch 3,11.2.10. 
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3.5.26 Where the ship is fitted with a classed refrigerated 
cargo installation, the installation is to be surveyed annually in 
accordance with the requirements of Ch 3,20.1. In addition, a 
Special Survey is to be carried out at intervals not exceeding 
five years in accordance with the requirements of Ch 3,20.2. 
At the request of the Owner, consideration will be given to the 
Survey of the installation being carried out on the Continuous 
Survey basis. 


3.5.27 Where the ship is fitted with a classed refrigerated 
cargo installation, a Loading Port Survey, as detailed in 
Ch 3,20.4, may be carried out at the request of the Owner. On 
completion, a certificate will be issued recording, in addition 
to other details, the temperatures in the various refrigerated 
spaces at the time of the survey. The certificate issued by LR 
is not in respect of the cargo to be loaded or the manner in 
which it is to be stowed. A Loading Port Survey is not 
mandatory for classification, but may be carried out concur- 
rently with the Annual, Continuous or Special Surveys if so 
desired. 


3.5.28 At the request of an Owner, the Classification 
Committee may give special consideration to the application 
of the periodical survey requirements given in Chapter 3 to 
military ships or commercial ships owned or chartered by 
Governments, which are utilised in support of military 
operation or service. 


3.5.29 Where the ship has been assigned an OPS notation, 
the on-shore power supply arrangements are to be examined 
annually in accordance with the requirements of Ch 3,2.2.26. 
In addition, a Special Survey is to be carried out at intervals 
not exceeding five years in accordance with Ch 3,14.2.13. 


3.5.30 Where the Committee has agreed to an Owner’s 
request to assign the notation ‘laid-up’, the ship may be 
retained in class provided a satisfactory general examination 
of the hull and machinery is carried out at the Annual Survey 
due date and in addition an Underwater Examination (UWE) is 
carried out at the Special Survey due date. The general 
examination may be carried out within three months before or 
after the Annual Survey due date. 


3.6 Certificates 


3.6.1 When the required reports, on completion of the 
survey of new or existing ships which have been submitted 
for classification, have been received from the Surveyors and 
classification has been agreed by the Classification Executive 
a Certificate of Classification may be issued by an authorised 
surveyor. After approval by the Classification Committee, a 
certificate of First Entry of Classification, signed by LR’s 
Chairman or the Chairman of the Classification Committee, will 
be issued to Builders or Owners. 


3.6.2 A Certificate of Class valid for five years subject to 
endorsement for Annual and Intermediate Surveys will also be 
issued to the Owners. 
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3.6.3 LR’s Surveyors are permitted to issue provisional 
(interim) certificates to enable a ship classed with LR to 
proceed on her voyage (or to continue her service in the case 
of a fixed or tethered ship) provided that in their opinion it is in 
a fit and efficient condition. Such certificates will embody the 
Surveyors’ recommendations for continuance of class, but in 
all cases are subject to confirmation by the Classification 
Committee. 


3.6.4 The full class notation and abbreviated descriptive 
notes shall be stated on the Certificate of Class and 
provisional (interim) certificate. 


3.7 Notice of surveys 


3.7.1 It is the responsibility of the Owners to ensure that 
all surveys necessary for the maintenance of class are carried 
out at the proper time and in accordance with the instructions 
of the Classification Committee. Information is available to 
Owners on the ClassDirect Live website. 


3.7.2 LR will arrange timely notice to an Owner about 
forthcoming surveys by means of a letter or a computer 
printout of a ship’s Scheduled Surveys, Condition(s) of Class 
and Memoranda. The omission of such notice, however, does 
not absolve the Owner from his responsibility to comply with 
LR survey requirements for maintenance of class, all of which 
are available to Owners on the ClassDirect Live website. 


3.8 Withdrawal/Suspension of class 


3.8.1 When the class of a ship, for which the Regulations 
as regards surveys on hull, equipment and machinery have 
been complied with, is withdrawn by the Classification 
Committee in consequence of a request from the Owner the 
notation ‘Class withdrawn at Owner’s request’ (with date) will 
be assigned. 


3.8.2 When the Regulations as regards surveys on hull, 
equipment or machinery have not been complied with and the 
ship is thereby not entitled to retain class, the class will be 
suspended or withdrawn, at the discretion of the Classification 
Committee, and a corresponding notation will be assigned. 


3.8.3 Class will be automatically suspended and the 
Certificate of Class will become invalid if the Annual or 
Intermediate Survey is not completed within three months of 
the due date of the survey. 
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3.8.4 Class will be automatically suspended from the 
expiry date of the Certificate of Class in the event that the 
Special Survey has not been completed by the due date and 
an extension has not been agreed (see 3.5.9), or is not under 
attendance by the Surveyors with a view to completion prior 
to resuming trading. 

Classification will be reinstated from suspension of class upon 
satisfactory completion of the surveys due. The surveys to be 
carried out are to be based upon the survey requirements at 
the original date due and not on the age of the ship when the 
survey is carried out. Such surveys are to be credited from 
the date originally due. However, the ship’s Class remains 
suspended from the date of suspension until the date Class is 
reinstated. 


3.8.5 When, in accordance with 3.4.4 of the Regulations, 
a condition of class is imposed, this will be assigned a due 
date for completion and the ship’s class may be suspended if 
the condition of class is not dealt with, or postponed by 
agreement, by the due date. 


3.8.6 When it is found, from the reported condition of the 
hull equipment machinery or arrangements of a ship, that an 
Owner has failed to comply with 1.1.5, 1.1.9, 3.4.1 or 3.4.6, 
the class will be suspended or withdrawn, at the discretion of 
the Classification Committee, and a corresponding notation 
assigned. When it is considered that an Owner’s failure to 
comply with these requirements is sufficiently serious, the 
suspension or withdrawal of class may be extended to 
include other ships controlled by the same Owner, at the 
discretion of the Classification Committee. 


3.8.7 When the Classification Committee is satisfied that 
a ship proceeded to sea with less freeboard than that 
approved by the Classification Committee, or that the free- 
board marks are placed higher on the sides of the ship than 
the position assigned or approved by the Classification 
Committee, or, in cases of ships where freeboards are not 
assigned, the draught is greater than that approved by the 
Classification Committee, the ship’s class will be withdrawn or 
suspended in relation to the above voyage(s) concerned. 


3.8.8 When the Classification Committee is satisfied that 
a specialised ship has been operated in a manner contrary to 
that agreed at the time of classification, or is being operated in 
environmental conditions which are more onerous or in areas 
other than those agreed by the Classification Committee, the 
ship’s class will be withdrawn or suspended in relation to 
those operations. 


3.8.9 Where a ship has been: 

° detained following a Flag State or Port State Control 
inspection on one or more occasions with serious 
deficiencies found, or 

e been subject to an unscheduled survey (see 3.3.5) with 
serious deficiencies found, 

then class will be liable to be suspended or withdrawn, at the 

discretion of the Classification Committee, and a corresponding 

notation will be assigned. In these cases, a period of notice, 
but not exceeding 3 months, may be given prior to any 
suspension or withdrawal of class. 
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3.8.10 When a client fails to pay all undisputed portions of 
invoices for the services by the contractual due date then 
class will be liable to be suspended or withdrawn at the 
discretion of the Classification Committee and a corresponding 
notation will be assigned. In these cases, a period of notice 
not exceeding 3 months may be given, prior to any 
suspension or withdrawal of class. 


3.8.11 In all instances of class withdrawal or suspension, 
the assigned notation, with date of application, will be 
published by members of the LR Group. In cases where class 
has been suspended by the Classification Committee and it 
becomes apparent that the Owners are no longer interested 
in retaining LR’s class it will be withdrawn. 


3.8.12 When a ship is intended for a demolition voyage 
with any Periodical Survey overdue, the ship's class suspen- 
sion may be held in abeyance and consideration may be given 
to allow the ship to proceed on a single direct ballast voyage 
from the lay up or final discharge port to the demolition yard, 
provided the attending Surveyor finds the ship in a satisfac- 
tory condition to proceed for the intended voyage, at the 
discretion of the Classification Committee. 


3.8.13 | When a ship is intended for a single voyage from 
‘laid-up’ position to repair yard with any Periodical Survey 
overdue, the ship's class suspension may be held in 
abeyance and consideration may be given to allow the ship 
to proceed on a single direct ballast voyage from the site of 
lay up to the repair yard, upon agreement with the Flag 
Administration, at the discretion of the Classification 
Committee. This is provided the ship is found in a satisfactory 
condition by surveys, the extent of which are to be based on 
surveys overdue and duration of lay-up. 


3.8.14 For reclassification and reinstatement of class, see 
3.3.2 and 3.8.4. 


3.9 Appealing against Surveyors’ 
recommendations 


3.9.1 If the recommendations of the Surveyors are 
considered in any case to be unnecessary or unreasonable, 
an appeal may be made to the Classification Committee, who 
may direct a Special Examination to be held. 


3.10 Force majeure 


3.10.1 If due to circumstances reasonably beyond the 
Owner’s or LR’s control, as defined below, the ship is not in a 
port when surveys become overdue the Classification 
Committee may allow the ship to sail, in class, directly to an 
agreed discharge port and then, if necessary, in ballast to an 
agreed repair facility at which the survey can be completed. In 
this context ‘Force Majeure’ means damage to the ship, 
unforeseen inability of Surveyors to attend the ship due to 
governmental restrictions on right of access or movement of 
personnel, unforeseen delays in port or inability to discharge 
cargo due to unusually lengthy periods of severe weather, 
strikes, civil strife, acts of war or other force majeure. 
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3.11 Ownership details 


3.11.1 It is the responsibility of the Owner to inform a 
member of the LR Group in writing of any change to its 
contact details and in the event of a ship sale to supply details 
of the new Owners. If the new Owner of a ship cannot be 
properly identified and the contact details established then 
the class of that ship will be specially considered by the 
Classification Committee. It is the responsibility of the new 
Owner to inform a member of the LR Group in writing of their 
contact details and that they are now responsible for the ship, 
if they fail to do so then the class of that ship will be specially 
considered by the Classification Committee. 


i Section 4 
IACS and EMSA Audits and 
Assessments 


41 Audit of surveys 


4.1.1 The surveys required by the Regulations may be 
subject to audit or assessment in accordance with the require- 
ments of the International Association of Classification Societies 
and European Maritime Safety Agency requirements. 


lte! Section 5 
Approval/Type Testing/Quality 
Control System 


5.1 LR Type Approval - Marine Applications 


5.1.7 LR Type Approval is an impartial certification 
system that provides independent third-party Type Approval 
Certificates attesting to a product’s conformity with specific 
standards or specifications. It is based on design review and 
type testing or where testing is not appropriate, a design 
analysis. 


5.1.2 The LR Type Approval System is a process 
whereby a product is assessed in accordance with a specifi- 
cation, standard or code to check that it meets the stated 
requirements and through selective testing demonstrates 
compliance with specific performance requirements. The 
testing is carried out on a prototype or randomly selected 
product(s) which are representative of the manufactured 
product under approval. Thereafter, the producer is required 
to use Quality Control procedures and processes to ensure 
that each item delivered is in conformity with that which has 
been Type Approved. 


5.1.3 The selective testing required by 5.1.2 is to include 
environmental testing applicable to the product’s installation 
on board a ship classed or intended to be classed with LR. 
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5.1.4 LR Type Approval does not remove the require- 
ments for inspection and survey procedures required by the 
Rules for equipment to be installed in ships classed or 
intended to be classed with LR. Also, LR Type Approval does 
not remove the requirement for plan appraisal of a system that 
incorporates Type Approved equipment where required by the 
Rules. 


5.1.5 LR Type Approval is subject to the understanding 
that the producer’s recommendations and instructions for the 
product and any relevant requirements of the Rules for the 
Classification of Ships are fulfilled. 


5.1.6 The producer supplying equipment or components 
under Quality Control procedures and processes is to have a 
recognised quality management system certified by an IACS 
member or Notified Body. The Quality Control procedures and 
processes are to address the production of the product 
consistent with 5.3. 


ERZ Where equipment or components have been Type 
Approved in accordance with specifications and procedures 
other than LR’s, details of the product, certification and testing 
are to be submitted for consideration where appropriate. 


5.2 Type testing 


5.2.1 Type testing is an impartial process that provides 
independent third-party verification that an item of machinery 
or equipment has satisfactorily undergone a functional type 
test. 


5.2.2 Type testing is carried out against defined perfor- 
mance and test standards for a defined period of time with 
test conditions varying between minimum and maximum 
declared design conditions. 


5.2.3 Type testing is carried out on a prototype or 
randomly selected product(s) which are representative of the 
manufactured product under assessment. 


5.2.4 After type testing, mechanical equipment is to be 
opened out and inspected for damage or excessive wear. 


5.2.5 On application from the manufacturer, type tests 
may be waived for equipment and machinery that has been 
proven to be reliable in marine service and where compliance 
with the current applicable standards can be demonstrated. 
Equipment and machinery that has been previously type 
tested with satisfactory testing evidence and certification need 
not have the type tests repeated where previous testing is in 
accordance with current testing standards. 


5.2.6 The acceptance of type testing certification is 
subject to the understanding that the manufacturer’s recom- 
mendations and instructions for the product and any relevant 
requirements of the applicable Rules are fulfilled. 
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5.3 Quality Control System 


5.3.1 A quality control system for the purposes of LR 
acceptance of materials and machinery refers to a scheme 
that covers the operational techniques and activities that is 
used to demonstrate that the quality requirements for a 
product are in accordance with declared standards. 


5.3.2 The quality control system for a particular product 
extends to all parties involved in the supply chain from 
manufacture and testing through to delivery of the product. 


5.3.3 LR acceptance of machinery and equipment 
manufactured under a quality control scheme is dependent 
on the scheme being maintained through a traceable process 
involving planned audits and spot inspections at the 
discretion of LR Surveyors. The purpose of the audits and 
spot inspections is to ensure that the procedures for 
manufacture and quality control are being maintained in a 
satisfactory manner. 


5.3.4 The use of a quality control system does not 
remove the requirements for inspection processes that may 
be required by the Rules applicable to the equipment being 
supplied with a manufacturer’s certificate. Also the use of a 
quality control system does not remove the requirement for 
plan appraisal of equipment or systems where required by the 
Rules. 


E Section 6 
Classification of machinery with 
[Æ¥]LMC or MCH notation 


6.1 General 


6.1.1 After delivery of machinery and equipment with the 
manufacturer’s certificate to the shipyard, Survey at the 
Shipyard and Periodical Surveys are to be in accordance with 
the requirements for ships built or accepted into class with 
the #XLMC notation. 


6.2 Appraisal and records 


6.2.1 To facilitate survey and compilation of classification 
records, plans and information required for a ship being 
accepted into class with the LMC notation are to be 
submitted for appraisal and information. Plans are not 
required where machinery and equipment has previously been 
type approved; in these cases it is only necessary to submit 
details of the machinery and equipment together with details 
of previous approval. 
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6.3 Survey and inspection 


6.3.1 The manufacturer’s certificate for acceptance of 
machinery and equipment for assignment of the [4] LMC or 
MCH notation is to be in the English language and include the 
following information: 

a) Design and manufacturing standard(s) used. 

b) Materials used for construction of key components and 
their sources. 

c) Details of the quality control system applied during 
design, manufacture and testing and of any software 
maintenance. 

d) Details of any type approval or type testing. 

e) Details of installation and testing recommendations for 
the machinery or equipment. 

The manufacturer is to have a recognised quality manage- 
ment system certified by an IACS member or a Notified Body. 


6.3.2 The installation and testing of machinery and equip- 
ment at the build yard which has been supplied with a 
manufacturer’s certificate is to be in accordance with the 
requirements applicable to a ship having the HKLMC notation. 
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Section 
1 General 
2 Annual Surveys - Hull and machinery 


requirements 


3 Intermediate Surveys - Hull and machinery 
requirements 


4 Docking Surveys and In-water Surveys - Hull 
and machinery requirements 


5 Special Survey - General - Hull requirements 


6 Special Survey - Bulk carriers - Hull 
requirements 


7 Special Survey - Oil tankers (including ore/oil 
ships and ore/bulk/oil ships) - Hull 
requirements 


8 Special Survey - Chemical tankers - Hull 
requirements 


9 Ships for liquefied gases 


10 Dredgers, hopper dredgers, sand carriers, 
hopper barges and reclamation craft 


11 Machinery surveys - General requirements 


12 Turbines and steam engines - Detailed 
requirements 


13 Oil engines - Detailed requirements 

14 Electrical equipment 

15 Boilers 

16 Steam pipes 

17 Screwshafts, tube shafts and propellers 

18 Inert gas systems 

19 Classification of ships not built under survey 
20 Refrigerated cargo installations 

21 Controlled atmosphere systems 


22 Bow, inner, side shell and stern doors on Ro-Ro 
ships 


Part 1, Chapter 3 


Section 7 


E Section 1 
General 


1.1 Frequency of surveys 


1.1.1 The requirements of this Chapter are applicable to 
the Periodical Surveys set out in Ch 2,3.5. Except as 
amended at the discretion of the Committee, the periods 
between such surveys are as follows: 

(a) Annual Surveys, as required by Ch 2,3.5.1. 


(b) Intermediate Surveys, as required by Ch 2,3.5.2. 
(c) Docking Surveys, as required by Ch 2,3.5.3 and 3.5.4. 
(d) When ships classed 100A1 shipborne barge are 


subjected to Intermediate Surveys, those surveys 
become due 30 months after the previous Special 
Survey, see Ch 2,3.5.7. 

(e) Special Surveys at five-yearly intervals, see Ch 2,3.5.9. 
For alternative arrangements, see also Ch 2,3.5.10, 
3.5.11, 3.5.12 and 3.5.14. 

(f| Complete Surveys of machinery at five-yearly intervals, 
see Ch 2,3.5.16. 


1.1.2 For ships assigned the notation ‘laid-up’, in order to 
maintain the ship in class a general examination of the hull and 
machinery is to be carried out in lieu of the Annual Survey and 
in addition an Underwater Examination (UWE) is to be carried 
out in lieu of the Special Survey, see 2.1.5, 5.1.6 and 11.1.2. 


1.1.3 When it has been agreed that the complete survey of 
the hull and machinery may be carried out on the Continuous 
Survey basis, all compartments of the hull and all items of 
machinery are to be opened for survey in rotation to ensure that 
the interval between consecutive examinations of each part will 
not exceed five years, see Ch 2,3.5.14 and 3.5.19. 


1.1.4 For the frequency of surveys of boilers, steam 
pipes, screwshafts, tube shafts, propellers and inert gas 
systems, see Sections 15 to 18. 


aT ta) For the requirements for surveys of refrigerated 
cargo installations, see Pt 6, Ch 3. 


1.1.6 In general, the periodical survey requirements 
contained in Chapter 3 also apply to ships built in accordance 
with the IACS Common Structural Rules (CSR). Where a 
requirement does not apply to CSR ships, or where a specific 
requirement applies only to CSR ships, this will be clearly 
stated. 


1.2 Surveys for damage or alterations 


1.2.1 At any time when a ship is undergoing alterations 
or damage repairs, any exposed parts of the structure 
normally difficult to access are to be specially examined, e.g., 
if any part of the main or auxiliary machinery, including boilers, 
insulation or fittings, is removed for any reason, the steel 
structure in way is to be carefully examined by the Surveyor, 
or when cement in the bottom or covering on decks is 
removed, the plating in way is to be examined before the 
cement or covering is relaid. 
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1.3 Unscheduled surveys 


1.3.1 In the event that Lloyd’s Register (hereinafter 
referred to as LR) has cause to believe that its Rules and 
Regulations are not being complied with, LR reserves the right 
to perform unscheduled surveys of the hull and machinery as 
well as the applicable statutory requirements whether or not 
the appropriate statutory certificate has been issued by LR. 


1.3.2 In the event of significant damage or defect affecting 
any ship, LR serves the right to perform unscheduled surveys 
of the hull or machinery of other similar ships classed by LR 
and deemed to be vulnerable. 


1.4 Surveys for the issue of Convention 
Certificates 


1.4.1 Surveys are to be held by LR when so appointed, or 
by the Exclusive Surveyors to a National Administration or by 
an IACS Member when so authorised by the National Authority, 
or, in the case of Cargo Ship Safety Radio Certificates or Safety 
Management Certificates, by any organisation authorised by 
the National Authority. In the case of dual classed ships, 
Convention Certificates may be issued by the other Society 
with which the ship is classed provided this is recognised in a 
formal Dual Class Agreement with LR and provided the other 
Society is also authorised by the National Authority. 


1.5 Definitions 


7.5.1 An Oil Tanker is a sea going self-propelled ship 
which is constructed generally with integral tanks and is 
intended primarily to carry oil in bulk and includes ship types 
such as combination carriers (ore/oil and ore/bulk/oil ships, 
etc.). Where referred to in this Chapter, it shall also include 
double hull oil tankers as well as tankers with alternative 
structural arrangements, e.g., mid-deck designs, except 
where specified. Single hull oil tankers and combination 
carriers are not covered by the IACS Common Structural 
Rules (CSR). 


1.5.2 A Double Hull Oil Tanker is a sea going self- 
propelled ship which is constructed primarily for the carriage 
of oil in bulk, where the cargo tanks are protected by a double 
hull extending for the entire length of the cargo area, 
consisting of double side and double bottom spaces for the 
carriage of salt-water ballast. 


1.5.3 A Bulk Carrier is a sea going self-propelled ship 
which is constructed generally with single deck, double 
bottom, topside tanks and hopper side tanks and with single 
side skin construction in the cargo length area, and is intended 
primarily to carry dry cargo in bulk and includes ship types 
such as ore carriers. Where referred to in this Chapter, it shall 
also include double skin bulk carriers except where specified. 


1.5.4 A Double Skin Bulk Carrier is a sea going self- 
propelled ship which is constructed generally with single 
deck, double bottom, topside tanks and hopper side tanks 
and with double side skin construction in the cargo length 
area (regardless of the width of the wing space), and is 
intended primarily to carry dry cargo in bulk and includes such 
types as ore carriers. 
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1.5.5 An Ore Carrier is a sea going self-propelled ship 
which is constructed generally with single deck, two 
longitudinal bulkheads and a double bottom throughout the 
cargo length area and intended primarily to carry ore cargoes 
in the centre holds only. Ore carriers are not covered by the 
IACS Common Structural Rules (CSR). 


1.5.6 A Chemical Tanker is a sea going self-propelled 
ship constructed generally with integral tanks and being single 
or double hull construction, or having alternative structural 
arrangements, used primarily for the carriage in bulk of any 
liquid product listed in Chapter 17 of the International Code 
for the Construction and Equipment of Ships Carrying 
Dangerous Chemicals in Bulk, IBC Code. 


1.5.7 A Gas Carrier is a cargo ship constructed or 
adapted and used for the carriage in bulk of any liquefied gas 
or other products of flammable nature listed in Chapter 19 of 
the International Code for the Construction and Equipment of 
Ships Carrying Liquefied Gases in Bulk. 


1.5.8 A Ballast Tank is a tank which is used solely for the 
carriage of salt-water ballast. For bulk carriers, a space which 
is used for both cargo and salt-water ballast will be treated as 
a salt-water ballast tank when substantial corrosion has been 
found in that space. For double skin bulk carriers, the double 
side tank is to be considered as a separate tank even if it is 
connected to either the topside or hopper side tank. For oil 
tankers and chemical tankers, a combined tank which is used 
for both cargo and salt-water ballast as a routine part of the 
ship’s operation will be treated as a ballast tank. A cargo tank 
which in exceptional cases may carry salt-water water ballast 
during severe weather conditions and is not designated as a 
combined cargo/ballast tank will be treated as a cargo tank. 


1.5.9 Spaces are separate compartments such as holds, 
tanks, cofferdams and void spaces bounding cargo holds, 
decks and the outer hull. 


1.5.10 An Overall Survey is a survey intended to report 
on the overall condition of the hull structure and to determine 
the extent of additional Close-up Surveys. 


1.5.11 A Close-up Survey is a survey where the details of 
structural components are within the close visual inspection 
range of the Surveyor, i.e., normally within reach of hand. 


1.5.12 A Transverse Section includes all longitudinal 
members such as plating, longitudinals and girders at the 
deck, side, bottom, inner bottom, inner side, hopper side, top 
wing side and longitudinal bulkhead, where fitted. For 
transversely framed ships, a transverse section includes 
adjacent frames and their end connections in way of 
transverse sections. 


1.5.13 Representative Spaces are those which are 
expected to reflect the condition of other spaces of similar 
type and service and with similar corrosion prevention 
systems. When selecting representative spaces, account is 
to be taken of the service and repair history on board and 
identifiable Critical Structural Areas. 
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1.5.14 Critical Structural Areas are locations which have 
been identified from calculations to require monitoring or from 
the service history of the subject ship or from similar ships or 
sister ships, if applicable, to be sensitive to cracking, buckling 
or corrosion which would impair the structural integrity of the 
ship. 


1.5.15 Substantial Corrosion is wastage of individual 
plates and stiffeners in excess of 75 per cent of allowable 
margins, but within acceptable limits. For ships built in accor- 
dance with the Common Structural Rules (CSR), substantial 
corrosion is an extent of corrosion such that the assessment 
of the corrosion pattern indicates a gauged (or measured) 
thickness between tren + 0,5 mM and ten: Renewal thickness, 
tren, is the minimum allowable thickness, in mm, below which 
renewal of the structural members is to be carried out. 


1.5.16 Steel renewal requirements have been separately 

determined according to date of contract for construction for: 

(a) cargo hold hatch covers and coamings under [ACS UR 
S21 and UR S21A; and 

(o) bulk carriers’ corrugated transverse watertight cargo 
hold bulkheads under IACS UR S18. See 5.6, 6.7 and 
T.T. 

In these cases, the net thickness, tnet, is the minimum net 

thickness of the structural member, excluding any corrosion 

addition, and is defined in Pt 4, Ch 7,12.1.2 for Hatch Covers 

and Pt 4, Ch 7,10.4.10 for Transverse Bulkheads. 


1.5.17 A Corrosion Prevention System is normally 
considered a full hard protective coating. This is usually to be 
an epoxy coating or equivalent. Other systems with the 
exception of soft and semi-hard coatings, may be considered 
acceptable as alternatives provided they are applied and 
properly maintained in compliance with the manufacturer’s 
specification. 


1.5.18 For the application of requirements outlined in 
Sections 2, 3, 4 and 5, a general dry cargo ship is a self- 
propelled ship of 500 gross tonnes or above, constructed 
generally with a ‘tween deck and intended to carry solid 
cargoes, other than: 

e bulk carriers; 

ships dedicated to the carriage of containers; 

roll on-roll off ships; 

refrigerated cargo ships; 

dedicated wood chip carriers; 

dedicated cement carriers; 

livestock carriers; 

dock/deck cargo ships; 

general dry cargo ships of double side-skin construction, 
with double side-skin extending for the entire length of 
the cargo area, and for the entire height of the cargo 
hold to the upper deck. 
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1.5.19 | Coating Condition is defined as follows: 

GOOD: Condition with only minor spot rusting. 

FAIR: Condition with local breakdown of coating at edges 
of stiffeners and weld connections and/or light 
rusting over 20 per cent or more of areas under 
consideration, but less than as defined for POOR 
condition. 

Condition with general breakdown of coating over 
20 per cent or more of areas or hard scale at 10 
per cent or more of areas under consideration. 


POOR: 


These are further clarified as follows, in order to achieve a 

unified assessment of coating conditions, see Table 3.1.1: 

GOOD: Condition with spot rusting on less than 3 per cent 
of the area under consideration without visible 
failure of the coating. Rusting at edges or welds 
should be on less than 20 per cent of edges or 
weld lines in the area under consideration. 

FAIR: Condition with breakdown of coating or rust 
penetration on less than 20 per cent of the area 
under consideration. Hard rust scale should be less 
than 10 per cent of the area under consideration. 
Rusting at edges or welds should be on less than 
50 per cent of edges or weld lines in the area under 
consideration. 

POOR: Condition with breakdown of coating or rust 
penetration on more than 20 per cent or hard rust 
scale on more than 10 per cent of the area under 
consideration or local breakdown concentrated at 
edges or welds on more than 50 per cent of edges 
or weld lines in the area under consideration. 

Further information on coating assessment can be found in 

the LR document Thickness Measurement and Close-Up 

Survey Guidance. 


Table 3.1.1 Assessment of coating conditions 


Breakdown of coating or 
area rusted (1) 


Area of hard rust scale (1) 


Local breakdown of 
coating or rust on edges 
or weld lines (2) < 20% 


20-50% > 50% 


NOTES 
% is the percentage calculated on basis of the area under 
consideration or of the ‘critical structural area’. 

% is the percentage calculated on basis of edges or weld lines 
in the area under consideration or of the ‘critical structural 
area’. 

Spot rusting, i.e., rusting in spot without visible failure of 
coating. 
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1.5.20  Pitting Corrosion. Pitting corrosion is defined as 
scattered corrosion spots/areas with local material reductions 
which are greater than the general corrosion in the 
surrounding area. Further information on pitting intensity can 
be found in the LR document Thickness Measurement and 
Close-Up Survey Guidance. 


1.5.21 Edge Corrosion. Edge corrosion is defined as local 
corrosion at the free edges of plates, stiffeners, primary 
support members and around openings. An example of edge 
corrosion can be found in the LR document Thickness 
Measurement and Close-Up Survey Guidance. 


1.5.22 Grooving Corrosion. Grooving corrosion is typically 
local material loss adjacent to weld joints along abutting 
stiffeners and at stiffener or plate butts or seams. An example 
of groove corrosion can be found in the LR document 
Thickness Measurement and Close-Up Survey Guidance. 


1.5.23 A Prompt and Thorough Repair is a permanent 
repair completed at the time of survey to the satisfaction of 
the Surveyor, therein removing the need for the imposition of 
any associated condition of class or recommendation. 


1.5.24 Bulk carriers with hybrid cargo hold arrangements 
are to have single skin cargo holds surveyed in accordance 
with the requirements for single skin bulk carriers and the 
double skin cargo holds surveyed in accordance with the 
requirements for double skin bulk carriers. 


1.5.25 Special consideration or specially considered (in 
connection with close-up surveys and thickness measure- 
ments) means sufficient close-up inspection and thickness 
measurements are to be taken to confirm the actual average 
condition of the structure under the coating. 


1.5.26 Air pipe heads installed on the exposed decks are 
those extending above the freeboard deck or superstructure 
decks. 


1.5.27 The Cargo Area or Cargo Length Area is that part 
of the ship which contains all cargo holds and adjacent areas 
including fuel tanks, cofferdams, ballast tanks and void 
spaces. For oil tankers and chemical tankers, the Cargo Area 
is that part of the ship which contains cargo tanks, slop tanks 
and cargo/ballast pump-rooms, cofferdams, ballast tanks and 
void spaces adjacent to cargo tanks and also deck areas 
throughout the entire length and breadth of the part of the 
ship over the above mentioned spaces. 


1.6 Preparation for survey and means of access 


1.6.1 In order to enable the attending Surveyor(s) to carry 
out the survey, provisions for proper and safe access are to 
be agreed between the Owner and LR. Tanks and spaces are 
to be safe for access, be gas free and properly ventilated. 
Prior to entering a tank, void or enclosed space, it is to be 
verified that the atmosphere in that space is free from 
hazardous gas and contains sufficient oxygen. 
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1.6.2 In preparation for survey, thickness measurements 
and to allow for a thorough examination, all spaces are to be 
cleaned including removal from surfaces of all loose 
accumulated corrosion scale. Spaces are to be sufficiently 
clean and free from water, scale, dirt, oil residues, etc., to 
reveal corrosion, deformation, fractures, damages or other 
structural deterioration, as well as the condition of the 
protective coating. However, those areas of structure whose 
renewal has already been decided by the owner need only be 
cleaned and descaled to the extent necessary to determine 
the limits of renewed areas. 


1.6.3 Sufficient illumination is to be provided to reveal 
corrosion, deformation, fractures, damages or other structural 
deterioration. 


1.6.4 Means are to be provided to enable the Surveyor 
to examine the structure in a safe and practical way. Where 
the provisions of safety and required access are determined 
by the Surveyor not to be adequate, then the survey of the 
space(s) involved is not to proceed. 


1.6.5 For surveys, including close-up survey where 

applicable, in cargo spaces and ballast tanks, one or more of 

the following means of access is to be provided: 

(a) Permanent staging and passages through structures. 

(b) Temporary staging and passages through structures. 

(c) Hydraulic arm vehicles such as conventional cherry 
pickers, lifts and movable platforms. 

(d) Portable ladders, see Note. 

(e) Boats or rafts. 

(f) Other equivalent means. 

NOTE 

Portable ladders may be used, at the discretion of the Surveyor, 

for survey of the hull structure of single skin bulk carriers, 

except for the close-up survey of cargo hold shell frames, see 

1.6.6 and 1.6.7. 


1.6.6 For close-up surveys of the cargo hold shell frames 
of single skin bulk carriers with a deadweight less than 
100,000 tonnes, one or more of the following means of 
access is to be provided: 

(a) Permanent staging and passages through structures. 

(b) Temporary staging and passages through structures. 

(c) Portable ladder restricted to not more than 5 m in length 
may be accepted for surveys of the lower section of a 
shell frame including bracket. 

(d) Hydraulic arm vehicles such as conventional cherry 
pickers, lifts and movable platforms. 

(e) Boats or rafts, provided the structural capacity of the 
hold is sufficient to withstand static loads at all levels of 
water. 

(f) Other equivalent means. 


1.6.7 For close-up surveys of the cargo hold shell frames 
of single skin bulk carriers with a deadweight equal to or 
greater than 100,000 tonnes the use of portable ladders is 
not accepted and one or more of the following means of 
access, is to be provided: 
(a) At Annual Surveys, Intermediate Surveys held before the 
ship is 10 years old and Special Survey |: 
(i) | Permanent staging and passages through structures. 
(ii) | Temporary staging and passages through structures. 
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(iii) | Hydraulic arm vehicles such as conventional cherry 

pickers, lifts and movable platforms. 

(iv) Boats or rafts, provided the structural capacity of 

the hold is sufficient to withstand static loads at all 

evels of water. 
(v) Other equivalent means. 

(b) At Special Survey II and all subsequent surveys: 

(i) Either permanent or temporary staging and 

passage through structures for close-up survey of 

at least the upper part of hold frames. 

(ii) | Hydraulic arm vehicles such as conventional cherry 

pickers for surveys of lower and middle part of shell 

frames as alternative to staging. 

(iii) Lifts and movable platforms. 

(iv) Boats or rafts, provided the structural capacity of 

the hold is sufficient to withstand static loads at al 

evels of water. 
(v) Other equivalent means. 

(c) Notwithstanding the above requirements, for single skin 
bulk carriers greater than 10 years old, at Annual Survey 
the use of a portable ladder fitted with a mechanica 
device to secure the upper end of the ladder is accept- 
able for when the close-up survey of cargo hold shel 
frames is required. 


1.6.8 Survey at sea or anchorage may be undertaken 
when the Surveyor is fully satisfied with the necessary 
assistance from the personnel onboard and provided the 
foregoing preparations for survey, as applicable, have been 
met. In addition, the following conditions and limitations are 
to be applied: 

(a) A communication system is to be arranged between the 
survey party in the tank and the responsible officer on 
deck. This system must include the personnel in charge 
of ballast pump handling if boats or rafts are to be used. 

(o) Surveys of tanks by means of boats or rafts are to be 
agreed with the attending Surveyor, who is to take into 
account the safety arrangements provided, including 
weather forecasting and ship response under foreseeable 
sea conditions and provided the expected rise of water 
within the tank does not exceed 0,25 m. 

Where it has been agreed to use boats or rafts when 
carrying out close-up survey, the following conditions are 
to be observed: 

(i) Only rough duty, inflatable rafts or boats, having 
satisfactory residual buoyancy and stability even 
if one chamber is ruptured, are to be used. 

(ii) | The boat or raft is to be tethered to the access 
ladder and an additional person is to be stationed 
down the access ladder with a clear view of the 
boat or raft. 

(iii) | Appropriate lifejackets are to be available for all 
participants. 

(iv) | The surface of water in the tank is to be calm and 
the water level stationary. On no account is the 
level of the water to be rising while the boat or 
raft is in use. 

(v) | The tank or space must contain clean ballast 
water only. Even a thin sheen of oil on the water 
is not acceptable. 

(vi) At no time is the water level to be allowed to be 
within 1 m of the deepest under deck web face 
flat so that the survey team is not isolated from a 
direct escape route to the tank hatch. Filling to 


Part 1, Chapter 3 


Section 7 


levels above the deck transverses is only to be 
contemplated if a deck access manhole is fitted 
and open in the bay being examined, so that an 
escape route for the survey party is available at 
all times. Other effective means of escape to the 
deck may be considered. 

(vii) If the tanks (or spaces) are connected by a 
common venting system, or Inert Gas system, 
the tank in which the boat or raft is to be used is 
to be isolated to prevent a transfer of gas from 
other tanks (or spaces). 

(c) Rafts or boats may be permitted for the survey of the 
under deck areas of tanks or spaces, if the depth of the 
under deck web plating is 1,5 m or less. If the depth of 
the under deck web plating is greater than 1,5 m, then 
rafts or boats may be permitted only when the coating of 
the under deck structure is in GOOD condition and there 
is no evidence of wastage or if a permanent means of 
access is provided in each bay to allow safe entry and 
exit. A permanent means of access is considered to 
mean: 

(i) | Access direct from the deck via a vertical ladder 
and a small platform fitted approximately 2 m below 
the deck in each bay or, 

(ii) Access to deck from a longitudinal permanent 
platform having ladders to the deck at each end of 
the tank. The platform shall be arranged over the 
full length of the tank and level with, or above, the 
maximum water level needed for rafting of the 
under deck structure. For this purpose, the ullage 
corresponding to the maximum water level is to be 
assumed not more than 3 m from the deck plate 
measured at the midspan of deck transverses and 
at the mid point of the tank’s length. 

If neither of the above conditions are met, then staging or 

another equivalent means is to be provided for the survey of 

the under deck areas. 


1.6.9 Where soft or semi-hard coatings have been 
applied, safe access is to be provided for the Surveyor to verify 
the effectiveness of the coating and to carry out an assess- 
ment of the conditions of internal structures which may include 
spot removal of the coating. When safe access cannot be 
provided, the soft or semi-hard coating is to be removed. 


1.6.10 An oxygen-meter, breathing apparatus, lifeline, 
riding belts with rope and hook and whistles together with 
instructions and guidelines on their use are to be made 
available during the survey. For oil tankers and chemical 
tankers, an explosimeter is to be provided. A safety checklist 
is also to be provided. 


1.6.11 Rescue and emergency response equipment: if 
breathing apparatus and/or other equipment is used as 
‘rescue and emergency response equipment’, it is 
recommended that the equipment be suitable for the 
configuration of the space being surveyed. 


1.6.12 For ships assigned the notation ESP, the owner is 
to respond to a Survey Planning Questionnaire and to prepare 
a Survey Programme, see 6.3, 7.3 and 8.3. In such cases, 
the following requirements are applicable: 
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The Survey Planning Questionnaire is to be submitted to 
LR prior to the preparation of a Survey Programme. The 
response to the Questionnaire is to include information 
on access provisions for close-up Surveys and thickness 
measurements; cargo history; the results of inspections 
carried out by the Owner; a list of reports of Port State 
Control Inspection containing hull structural deficiencies; 
a list of Safety Management System non-conformities 
related to hull maintenance and details of the thickness 
measurement company. 
The Survey Programme is to be submitted prior to the 
commencement of any part of the Intermediate Survey 
on ships over 10 years of age and Special Survey. This is 
to be in a written format and submitted to LR at least six 
months in advance of the survey. The Survey Programme 
at Intermediate Survey may consist of the Survey 
Programme agreed for the previous Special Survey 
supplemented by the Executive Hull Summary of that 
Special Survey and later relevant survey reports. The 
survey will not commence until a Survey Programme has 
been agreed. 
The Survey Programme is to be worked out taking into 
account any amendments to the survey requirements 
implemented after the previous Special Survey. 
Further information on the Survey Planning Questionnaire 
and Survey Programme can be found in the ESP 
guidance booklets that have been prepared by LR and 
are available on the ClassDirect Live website. 
Prior to the commencement of any part of the 
Intermediate Survey and Special Survey, a survey 
planning meeting is to be held between the attending 
Surveyor(s), the Owner’s representative in attendance, 
the thickness measurement company operator repre- 
sentative (as applicable) and the Master of the ship or an 
appropriately qualified representative appointed by the 
Master or Owner for the purpose of ascertaining that all 
the arrangements envisaged in the Survey Programme 
are in place, so as to ensure the safe and efficient 
conduct of the survey to be carried out. The following is 
an indicative list of items that are to be addressed in the 
meeting: 

(i) | Schedule of the ship (i.e., the voyage, docking and 

undocking manoeuvres, periods alongside, cargo 

and ballast operations, etc.). 

(ii) Provisions and arrangements for thickness 

measurements (i.e., access, cleaning/de-scaling, 

illumination, ventilation, personal safety). 

(ii) | Extent of the thickness measurements. 

(iv) Permissible diminution levels. 

(v) Extent of close-up survey and thickness measure- 
ment considering the coating condition and 
suspect areas/areas of substantial corrosion. 

(vi) Execution of thickness measurements. 

(vii) Taking representative readings in general and 
where uneven corrosion/pitting is found. 

(viii) Mapping of areas of substantial corrosion. 

(ix) Communication between attending surveyor(s), 
the thickness measurement company operator(s) 
and Owner’s representative(s) concerning findings. 

Proper preparation and close co-operation between the 

attending Surveyor(s) and the Owner’s representative on 

board prior to and during the survey are an essential part 
in the safe and efficient conduct of the survey. During the 
survey on board safety meetings are to be held regularly. 


Part 1, Chapter 3 


Section 7 


1.7 Thickness measurement at surveys 


1.7.1 This Section is applicable to the thickness measure- 
ment of the hull structure where required by Sections 2, 3, 5, 
6, 7, 8 and 9. 


1.7.2 Prior to the commencement of the Intermediate 
Survey and Special Survey, a meeting is to be held between 
the attending Surveyor(s), the Owner’s representative in atten- 
dance, the thickness measurement company representative 
and the Master of the ship or an appropriately qualified 
representative appointed by the Master or Owner, so as to 
ensure the safe and efficient conduct of the survey and 
thickness measurements to be carried out. 


1.7.3 Thickness measurements are normally to be taken 
by means of ultrasonic test equipment and are to be carried 
out by a firm approved in accordance with LR’s Approval for 
Thickness Measurement of Hull Structure. For non-ESP ships 
less than 500 gross tons and all fishing vessels, a suitably 
qualified exclusive Surveyor (where available) may carry out 
thickness measurements. On all other occasions, an 
approved firm is to carry out the thickness measurements. 


1.7.4 The Surveyor may require to measure the thickness 
of the material in any portion of the structure where signs of 
wastage are evident or wastage is normally found. Any parts 
of the structure which are found defective or excessively 
reduced in scantlings are to be made good by materials of 
the approved scantlings and quality. Attention is to be given to 
the structure in way of discontinuities. If a corrosion control 
(cc) notation, as defined in the Register Book, is assigned, 
surfaces are to be re-coated as necessary. 


1.7.5 Thickness measurements are to be witnessed by 
the Surveyor. This requires the Surveyor is to be on board, 
while the measurements are carried out, to the extent 
necessary to control the process. This also applies to 
thickness measurements carried out while the ship is at sea. 


1.7.6 The Surveyor may extend the scope of thickness 
measurement if deemed necessary. 


LLL Where it is required as part of the survey to carry 
out thickness measurements for the structural areas subject 
to Close-up Survey, then these measurements are to be 
carried out simultaneously with the Close-up Survey. 


1.7.8 Thickness measurements are to be taken in the 
forward and aft areas of all plates. Where plates cross 
ballast/cargo tank boundaries separate measurements for the 
area of plating in way of each type of tank are to be reported. 
In all cases the measurements are to represent the average 
of multiple measurements taken on each plate and/or 
stiffener. Where measured plates are renewed, the thick- 
nesses of adjacent plates in the same strake are to be 
reported. 


1.7.9 A report is to be prepared by the approved firm or 
surveyor carrying out the thickness measurements. The report 
is to give the location of measurement, the thickness 
measured as well as the corresponding original thickness. The 
report is to give the date when measurement was carried out, 
the type of measuring equipment, names of personnel and 
their qualifications and is to be signed by the operator. 
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1.7.10 The thickness measurement report is to be verified 
and signed by the Surveyor and countersigned by an 
authorising Surveyor. 


1.7.11 Inall cases the extent of the thickness measurements 
is to be sufficient to represent the actual average condition. 


1.8 Repairs 


1.8.1 Any damage in association with wastage over the 
allowable limit (including buckling, grooving, detachment or 
fracture), or extensive areas of wastage over the allowable 
limits, which affects or, in the opinion of the Surveyor, will 
affect the ship’s structural, watertight or weathertight integrity, 
is to be promptly and thoroughly repaired. Areas to be 
considered include, (where fitted): 

e side shell frames, their end attachments and adjacent 
shell plating; 

deck structure and deck plating; 

bottom structure and bottom plating; 

side structure and side plating; 

inner bottom structure and inner bottom plating; 

inner side structure and inner side plating; 

watertight or oiltight bulkheads; 

hatch covers and hatch coamings; 

the weld connection between air pipes and deck plating; 
air pipe heads installed on the exposed decks; 
ventilators, including closing devices. 

For locations where adequate repair facilities are not available, 
consideration may be given to allow the ship to proceed 
directly to a repair facility. This may require discharging the 
cargo and/or temporary repairs for the intended voyage. 


1.8.2 Additionally, when a survey results in the identifica- 
tion of structural defects or corrosion, either of which, in the 
opinion of the Surveyor, will impair the ship’s fitness for 
continued service, remedial measures are to be implemented 
before the ship continues in service. 


1.8.3 Where the damage found on structure mentioned 
in 1.8.1 is isolated and of a localised nature which does not 
affect the ship's structural integrity, consideration may be 
given by the Surveyor to allow an appropriate temporary 
repair to restore watertight or weathertight integrity and 
impose a Condition of Class with a specific time limi 


a Section 2 
Annual Surveys - Hull and 
machinery requirements 


2.1 General 


2.1.1 Annual Surveys are to be held concurrently with 
statutory annual or other relevant statutory surveys, wherever 
practicable. 


2.1.2 At Annual Surveys, the Surveyor is to examine the 
ship and machinery, so far as necessary and practicable, in 
order to be satisfied as to their general condition. 
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2.1.3 For additional requirements for ships for liquefied 
gases, see Section 9. 


2.1.4 For ships which are required by International 
Convention to comply with the International Safety 
Management Code (ISM Code), the Surveyor is to review the 
overall effectiveness of the Code onboard ship. This is to be 
undertaken regardless of the organisation issuing the Safety 
Management Certificate (SMC). 


2.1.5 For ships assigned the notation ‘laid-up’, in lieu of 
the normal Annual Survey requirements a general examina- 
tion of the hull and machinery is to be carried out. 


2.2 Annual Surveys 


2.2.1 The survey is to include: 

(a) An examination for the purpose of ensuring, as far as 
practicable, that the hull, hatch covers, hatch coamings, 
closing appliances, equipment and related piping are 
maintained in a satisfactory condition. 

b) Examination of weather decks, ship side plating above 
the waterline, hatch cover and coamings. 

c) Examination of watertight penetrations as far as 
practicable. 

d) Examination of the weld connection between air pipes, 
ventilators and deck plating. 

e) External examination of all air pipe heads installed on 
exposed decks. 

f) Examination of flame screens on air pipes to all bunker 


tanks. 

g) Examination of ventilators including closing devices, if 
any. 

h) The Surveyor is to be satisfied regarding the efficient 
condition of: 


° exposed casings, skylights, flush deck scuttles, 
deckhouses and companionways, superstruc- 
ture bulkheads, side, bow and stern doors, side 
scuttles and deadlights, chutes and other openings, 
together with all closing appliances. 

° scuppers and sanitary discharges (so far as 
practicable); valves on discharge lines (so far as 
practicable) and their controls; guard rails and 
bulwarks; freeing ports, gangways and life-lines; 
fittings and appliances for timber deck cargoes. 

° bilge level detection and alarm systems on ships 
assigned a UMS notation. 


2.2.2 The following requirements for hatch covers and 

coamings are applicable: 

(a) The Surveyor is to obtain confirmation that no un- 
approved changes have been made to the hatch covers, 
hatch coamings and their securing and sealing devices 
since the previous survey. 

(o) Where mechanically operated steel hatch covers are 
fitted, Surveyors are to confirm the satisfactory condition 
of: 

° hatch covers; 

. tightness devices of longitudinal, transverse and 
intermediate cross junctions (gaskets, gasket 
lips, compression bars, drainage channels); 

° clamping devices, retaining bars, cleating; 

° chain or rope pulleys; 
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(c) 


guides; 

guide rails and track wheels; 

stoppers, etc; 

wires, chains, gypsies, tensioning devices; 
hydraulic system essential to closing and securing; 
safety locks and retaining devices. 

Where portable hatch covers, wooden or steel pontoons 
are fitted, Surveyors are to confirm the satisfactory 
condition of: 

° wooden covers and portable beams, carriers or 
sockets for the portable beam, and their securing 
devices; 
steel pontoons; 
tarpaulins; 
cleats, battens and wedges; 
hatch securing bars and their securing devices; 
loading pads/bars and the side plate edge; 
guide plates and chocks; 
compression bars, drainage channels and drain 
pipes (if any). 

The Surveyor is to confirm the satisfactory condition of 
hatch coaming plating and their stiffeners, where 
applicable. 

The Surveyor is to carry out random checking of the 
satisfactory operation of mechanically operated hatch 
covers including: 


° stowage and securing in open condition, 
° proper fit and efficiency of sealing in closed 
condition, 


° operational testing of hydraulic and power 
components, wires, chains and link drives. 
Where considered necessary by the Surveyor, the 
effectiveness of sealing arrangements may be proved by 
hose or chalk testing supplemented by dimensional 

measurements of seal compressing components. 

For general dry cargo ships the survey is to include a 
close-up survey of the hatch covers, hatch coaming and 
stiffeners. 

For bulk carriers the following requirements are also 
applicable: 

(i) The survey is to include a close-up survey of the 
hatch covers, hatch coaming and stiffeners. 

(i) | A thorough survey of cargo hatch covers and 
coamings is only possible by their examination in 
an open and closed position, including verification 
of the proper opening and closing operation. As 
such, the hatch cover sets located in the forward 
25 per cent of the ship's length and at least one 
other additional set are to be surveyed open, 
closed and in operation to the full extent on each 
direction in accordance with (e) above. When 
selecting hatch cover sets it should be ensured 
that all sets are subject to survey at least once in 
every five-year Special Survey period. The 
closing of the covers is to include the fastening of 
all peripheral and cross joint cleats or other 
securing devices, with particular attention to be 
paid to the condition of the hatch covers located 
in the forward 25 per cent of the ship's length, 
where sea loads are normally greatest. 

(ii) If there are indications of difficulty in operating 
and securing hatch covers, then additional sets 
are to be tested in operation at the discretion of 
the Surveyor. 
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(iv) | Where the cargo hatch securing system does not 
function properly, repairs are to be carried out 
under the supervision of the Surveyor. 

(v) | Surveyors are to survey the sealing arrangements 
of perimeter and cross joints (gaskets for condi- 
tion of permanent deformation, flexible seals on 
combination carriers, gasket lips, compression 
bars, drainage channels and non-return valves). 


2.2.3 The Surveyor is to confirm that, where required, an 
approved loading instrument together with its operation manual 
is available on board, see Pt 3, Ch 4,8. The operation of the 
loading instrument is to be verified in accordance with LR’s 
certification procedure. 


2.2.4 The anchoring and mooring equipment is to be 
examined so far as practicable. 


2.2.5 The watertight doors in watertight bulkheads, their 
indicators and alarms, are to be examined and tested (locally 
and remotely), together with an examination of watertight 
bulkhead penetrations, so far as practicable. 


2.2.6 The Surveyor is to examine and test in operation all 
main and auxiliary steering arrangements including their 
associated equipment and control systems, and verify that 
log book entries have been made in accordance with statutory 
requirements where applicable. 


2.27 The Surveyor is to be satisfied regarding the free- 
board marks on the ship’s side. 


2.2.8 The Surveyor is to generally inspect the machinery 
and boiler spaces, with particular attention being given to the 
propulsion system, auxiliary machinery and to the existence 
of any fire and explosion hazards. Emergency escape routes 
are to be checked to ensure that they are free of obstruction. 


2.2.9 The means of communication between the navigating 
bridge and the machinery control positions, as well as the bridge 
and the alternative steering position, if fitted, are to be tested. 


2.2.10 The bilge pumping systems for each watertight 
compartment, including bilge wells, extended spindles, self- 
closing drain cocks, valves fitted with rod gearing or other 
remote operation, pumps and level alarms, where fitted, are to 
be examined and operated as far as practicable and all 
confirmed to be satisfactory. Any hand pumps provided are 
to be included. 


2.2.11 Piping systems containing oil fuel, lubricating oil or 
other flammable liquids are to be generally examined and 
operated as far as practicable, with particular attention being 
paid to tightness, fire precaution arrangements, flexible hoses 
and sounding arrangements. 


2.2.12 The Surveyor is to be satisfied regarding the 
condition of non-metallic joints in piping systems which 
penetrate the hull, where both the penetration and the non- 
metallic joint are below the deepest load waterline. 
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2.2.13 The main propulsion, essential auxiliary and emer- 
gency generators including safety arrangements, controls and 
foundations are to be generally examined. Surveyors are to 
confirm that Periodical Surveys of engines have been carried 
out as required by the Rules and that safety devices have 
been tested. 


2.2.14 The boilers, other pressure vessels and their 
appurtenances, including foundations, controls, high pressure 
and waste steam piping and insulation and gauges, are to be 
generally examined. Surveyors should confirm that Periodical 
Surveys of boilers and other pressure vessels have been 
carried out as required by the Rules. 


2.2.15 For boilers, the safety devices are to be tested, and 
the safety valves are to be operated using the relieving 
devices. For exhaust gas heated economisers/boilers, the 
safety valves are to be tested at sea by the Chief Engineer 
and details recorded in the log book. 


2.2.16 The operation and maintenance records, repair 
history and feed water chemistry records of boilers are to be 
examined. 


2.2.17 For other pressure vessels, the safety devices are 
to be examined. 


2.2.18 — The electrical equipment and cabling forming the 
main and emergency electrical installations are to be generally 
examined under operating conditions so far as practicable. 
The satisfactory operation of the main and emergency 
sources of power and electrical services essential for safety in 
an emergency is to be verified; where the sources of power 
are automatically controlled they should be tested in the 
automatic mode. Bonding straps for the control of static 
electricity and earthing arrangements are to be examined 
where fitted. 


2.2.19 The electrical installation in areas which may 
contain flammable gas or vapour and/or combustible dust is 
to be examined in order to verify that it is in good condition 
and has been properly maintained. 


2.2.20 For main propulsion, essential auxiliary and 
emergency machinery control engineering systems, a general 
examination of the equipment and arrangements is to be 
carried out. Records of modifications are to be made 
available for review by the attending Surveyor. The documen- 
tation required by Pt 6, Ch 1, including configuration 
management, are to be reviewed following system modifica- 
tions to confirm compliance with applicable Rules. Satisfactory 
operation of the safety devices and control systems is to be 
verified. For ships having UMS or CCS notation, a general 
examination of the control engineering equipment required for 
these notations is also to be carried out. 


2.2.21 For ships fitted with an electronically controlled 
engine for main propulsion, essential auxiliary or emergency 
power purposes the following is to be carried out to the 
satisfaction of the Surveyor: 

(a) Verification of evidence of satisfactory operation of the 
engine and where possible this is to include a running 
test under load. 

(b) Verification of satisfactory operation of the safety devices 
and control, alarm and monitoring systems. 


Part 1, Chapter 3 


Section 2 


(c) Verification that any changes to the software or control, 
alarm, monitoring and safety systems that affect the 
operation of the engine have been assessed by LR and 
are under configuration management control 


2.2.22 Dead ship starting arrangements for bringing 
machinery into operation without external aid are to be tested 
to the Surveyor’s satisfaction. 


2.2.23 On ships fitted with a dynamic positioning system, 
the control system and associated machinery items are to be 
generally examined and tested to demonstrate that they are 
in good working order. 


2.2.24 For ships to which a PM or PMC notation has 
been assigned in accordance with Pt 7, Ch 8,1.2.1(b), the 
thruster assisted positional mooring system, control system 
and associated machinery items are to be generally examined 
and tested under operating conditions to an approved Test 
Schedule. 


2.2.25 For ships fitted with positional mooring equipment 
in accordance with Pt 7, Ch 8, a schedule or rota of moorings 
to be examined at Annual Survey should be agreed for 
component parts of the positional moorings. 


2.2.26 For ships having an OPS notation assigned, a 
General Examination of on-shore power supply arrangements 
is to be carried out in accordance with Pt 7, Ch 13. 


2.2.27 For ships to which Pt 6, Ch 4 applies, the arrange- 
ments for fire protection, detection and extinction are to be 
examined and are to include: 

a) Verification, so far as practicable, that no significant 

changes have been made to the arrangement of 

structural fire protection. 

b) Verification of the operation of manual and/or automatic 

doors where fitted. 

c) Verification that fire-control plans are properly posted. 

d) Examination, so far as possible, and testing as feasible, 

of the fire and/or smoke detection and alarm system(s). 

e) Examination of fire main system, and confirmation that 
each fire pump, including the emergency fire pump can 
be operated separately so that the two required power- 
ful jets of water can be produced simultaneously from 
different hydrants. 

(f) Verification that fire-hoses, nozzles, applicators and 
spanners are in good working condition and situated at 
their respective locations. 

(g) Examination of fixed fire-fighting systems controls, 
piping, instructions and marking, checking for evidence 
of proper maintenance and servicing, including date of 
last systems tests. 

(h) Verification that all portable and semi-portable fire- 
extinguishers are in their stowed positions, checking for 
evidence of proper maintenance and servicing, conducting 
random checks for evidence of discharged containers. 

(i) Verification, so far as practicable, that the remote control 
for stopping fans and machinery and shutting-off fuel 
supplies in machinery spaces and, where fitted, the 
remote controls for stopping fans in accommodation 
spaces and the means of cutting off power to the galley 
are in good working order. 
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(k) Examination of the closing arrangements of ventilators, 
funnel annular spaces, skylights, doorways and tunnels, 
where applicable. 

() Verification that the firemen’s outfits are complete and in 
good condition. 


2.2.28 The examination of salt-water ballast tanks is to be 

carried out as follows: 

(a) Salt-water ballast tanks, other than double bottom 
ballast tanks, on all ships (excluding oil tankers and 
chemical tankers) where it has been identified at a previ- 
ous Special Survey or Intermediate Survey that: 

(i) A hard protective coating has not been applied 
from the time of construction; or 

(i) A soft or semi-hard coating has been applied; or 

(ii) A hard protective coating is found to be in POOR 
condition, as defined in 1.5, and the hard protective 
coating is not repaired to the satisfaction of the 
Surveyor. 
If the conditions listed above are applicable to 
double bottom ballast tanks, then these tanks 
may be subject to examination at the Annual 
Survey at the discretion of the Surveyor. 

(b) Salt-water ballast tanks on oil tankers (including ore/oil 
and ore/bulk/oil ships) and chemical tankers where it has 
been identified at a previous Special Survey or 
Intermediate Survey that: 

(i) A hard protective coating has not been applied 
from the time of construction; or 

(i) A soft or semi-hard coating has been applied; or 

(iii) | The hard protective coating is found to be in less 
than GOOD condition, as defined in 1.5, and the 
hard protective coating is not repaired to the 
satisfaction of the Surveyor. 

(c) The examination of the salt-water ballast tanks, in accor- 
dance with the above, is to include thickness 
measurements to confirm the condition of the hull 
structure. 


2.2.29 The Surveyor is to carry out an examination and 
thickness measurement of structure identified at the previous 
Special Survey or Intermediate Survey as having substantial 
corrosion, as defined in 1.5. This requirement does not apply 
to cargo tanks of oil tankers and chemical tankers. The extent 
of thickness measurements is to be in accordance with the 
appropriate Tables in Sections 5, 6, 7 or 8, as applicable, to 
determine the full extent of the corrosion pattern. The survey 
will not be considered complete until these additional thick- 
ness measurements have been carried out. For cargo holds 
and ballast tanks of bulk carriers built in accordance with the 
IACS Common Structural Rules (CSR), the annual thickness 
measurement may be dispensed with where a protective 
coating has been applied in accordance with the coating 
manufacturer’s requirements and is maintained in good condi- 
tion. Steel renewal requirements have been separately 
determined according to date of contract for construction for: 
(a) cargo hold hatch covers and coamings under IACS UR 
S21 and UR S21A; and 
(b) bulk carriers’ corrugated transverse watertight hold bulk- 
heads under IACS UR S18. 
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Where the gauged thickness is within the range thet + 0,5 mm 
and thet + 1,0 mm, a coating (applied in accordance with 
coating manufacturer’s requirements) or annual gauging may 
be adopted as an alternative to steel renewal. See 5.6.7, 
6.7.5 and 7.7.4. 


2.2.30 For oil tankers (including ore/bulk/oil ships and 
ore/oil ships), in addition to the applicable requirements of 
2.2.1 to 2.2.29, the following are to be dealt with where 
applicable: 

(a) Examination of cargo tank openings including gaskets, 
covers, coamings and screens. 

(o) Examination of cargo tank venting arrangements 

including secondary means of venting, or over/under 
pressure alarms where fitted, with associated pressure/ 
vacuum valves and flame screens. 

(c) Examination of flame screens on vents to all bunker, oily 
ballast and oily slop tanks and void spaces, so far as 
practicable. 

(d) Examination of cargo, crude oil washing, bunker, ballast 
and vent piping systems together with flame arrestors 
and pressure/vacuum valves, as applicable above the 
upper deck within the cargo tank area, including vent 
masts and headers. 

(e) Verification that no potential sources of ignition such as 
loose gear, excessive products in the bilges, excessive 
vapours, combustible materials, etc., are present in or 
near the cargo pump room and that access ladders are 
in good condition. 

(f) Examination of cargo pump rooms and pipe tunnels 
(where fitted) and examination of all pump room bulk- 
heads for signs of leakage or fractures and, in particular, 
the sealing arrangements of all penetrations in these 
bulkheads. 

(g) Verification that the pump room ventilation system is 
operational, ducting intact, dampers operational and 
screens are clean. 

(h) For ships to which Pt 6, Ch 4 applies, the external 
examination of the piping and cut-out valves of cargo 
tank and cargo pump room fixed fire-fighting system. 

(j) | For ships to which Pt 6, Ch 4 applies, verification that 
the deck foam system and deck sprinkler system are in 
good operating condition. 

(k) Examination of the condition of all piping systems in the 
cargo pump room so far as practicable. 

() Examination, so far as practicable, of cargo, bilge, 
ballast and stripping pumps for excessive gland seal 
leakage, verification of proper operation of electrical and 
mechanical remote operating and shutdown devices 
and operation of pump room bilge system, and checking 
that pump foundations are intact. 

(m) Verification that installed pressure gauges on cargo 
discharge lines and level indicator systems are 
operational. 

(n) Verification that at least one portable instrument for 
measuring flammable vapour concentrations is available, 
together with a sufficient set of spares and a suitable 
means of calibration. 

(o) Examination of any inert gas system, see 2.2.32. 
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(po) For ballast tanks, in areas where substantial corrosion, 
as defined in 1.5, has been noted then additional 
measurements are to be carried out in accordance with 
Tables 3.7.7 to 3.7.15, as applicable. The survey will not 
be considered complete until these additional thickness 
measurements have been carried out. 

(q) Verification that any special arrangements made for bow 
or stern loading and unloading are in good condition. 


2.2.31 For chemical tankers, in addition to the applica- 
ble requirements of 2.2.1 to 2.2.30, the following are to be 
dealt with, where applicable: 

a) Examination of gauging devices, high level alarms and 
valves associated with overflow control. 

b) Verification that any devices provided for measuring the 

temperature of the cargo and any associated alarms are 

satisfactory. 

c) Examination of the cargo heating/cooling system 

sampling arrangements where fitted. 

d) Verification that wheelhouse doors and windows, side 

scuttles and windows in superstructure and deckhouse 

ends facing the cargo area are in good condition. 

e) Verification that pump discharge pressure gauges fitted 
outside the cargo pump rooms are satisfactory. 

f) Verification that pumps, valves and pipelines are 
identified and distinctively marked. 

g) Verification that the remote operation of the cargo pump 
room bilge system is satisfactory. 

h) Verification that cargo pump room rescue arrangements 
are in order. 

() Verification that removable pipe lengths or other 
approved equipment necessary for cargo separation are 
available, and satisfactory. 

k) Verification that the ventilation system including 
portable equipment, if any, of all spaces in the cargo 
area is operational. 

l) Verification that arrangements are made for sufficient 
inert/padding/drying gas to be carried to compensate 
for normal losses and that means are provided for 
monitoring of ullage spaces. 

(m) Verification that arrangements are made for sufficient 
medium to be carried where drying agents are used on 
air inlets to cargo tanks. 

(n) Verification that suitable protective clothing is available 
for crew engaged in loading and discharging operations 
and that suitable storage is maintained. 

(o) Verification that the requisite safety equipment and 
associated breathing apparatus with requisite air 
supplies and emergency escape respiratory and eye 
protection, if required, are in good condition and are 
properly stowed. 

(p) Verification that medical first aid equipment including 
stretchers and oxygen resuscitation is in good condition 
and that satisfactory arrangements are made for 
antidotes for cargoes actually carried to be on board. 

(qa) Verification that decontamination arrangements are 
operational. 

(r) Verification that the requisite gas detection instruments 
are on board and that satisfactory arrangements are 
made for the supply of any required vapour detection 
tubes. 

(s) Verification that the cargo sample stowage arrangements 
are in good condition. 

(t) Verification that, if applicable, the provisions made for 
chemicals which have special requirements listed in 
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Chapter 17 of the Rules and Regulations for the 
Construction and Classification of Ships for the Carriage 
of Liquid Chemicals in Bulk are in order. 

(u) For ballast tanks, in areas where substantial corrosion, 
as defined in 1.5, has been noted then additional 
measurements are to be carried out in accordance with 
Tables 3.8.5, 3.8.6, 3.8.7 and 3.8.8. The survey will not 
be considered complete until these additional thickness 
measurements have been carried out. 


2.2.32 For inert gas systems, where fitted, the following 

are to be dealt with: 

(a) External examination of the condition of piping including 
vent piping above the upper deck in the cargo tank area 
and overboard discharges through the shell so far as 
practicable, together with components for signs of 
corrosion or gas leakage/effluent leakage. 

(o) Verification of the proper operation of both inert gas 
blowers. 

(c) Checking the scrubber room ventilation system. 

(d) Checking, so far as practicable, of the deck water seal 
for automatic filling and draining and checking for 
presence of water carry-over. Checking the operation of 
the non-return valve. 

(e) Testing of all remotely operated or automatically 
controlled valves including the flue gas isolating valve(s). 

(f) | Checking the interlocking features of soot blowers. 

(g) Checking that the gas pressure regulating valve 
automatically closes when the inert gas blowers are 
secured. 

(h) Checking, so far as practicable, the following alarms and 
safety devices of the inert gas system using simulated 
conditions where necessary: 

(i) high oxygen content of gas in the inert gas main; 

(ii) low gas pressure in the inert gas main; 

(iii low pressure in the supply to the deck water seal; 

(iv) | high temperature of gas in the inert gas main; 

(v) low water pressure to the scrubber; 

(vi) accuracy of portable and fixed oxygen measuring 

equipment by means of calibration gas. 


2.2.33 For bulk carriers, in addition to the applicable 

requirements of 2.2.1 to 2.2.29, the following are to be dealt 

with, where applicable: 

(a) Examination of cargo holds in accordance with 
Table 3.2.1 is required. 

(b) Where substantial corrosion, as defined in 1.5, has been 
noted then additional measurements are to be carried 
out in accordance with Tables 3.6.5, 3.6.6, 3.6.7, 3.6.8, 
3.6.9 and 3.6.10. The survey will not be considered 
complete until these additional thickness measurements 
have been carried out. 

For cargo holds and ballast tanks of bulk carriers built in 

accordance with the IACS Common Structural Rules (CSR), 

the annual thickness measurement may be dispensed with 

where a protective coating has been applied in accordance 

with the coating manufacturer’s requirements and is main- 

tained in good condition. Steel renewal requirements have 

been separately determined according to date of contract for 

construction for: 

(c) cargo hold hatch covers and coamings under [ACS UR 
$21; and 

(d) corrugated transverse watertight hold bulkheads under 
IACS UR S18. 
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Where the gauged thickness is within the range thet + 0,5 mm 
and taet + 1,0 mm, a coating (applied in accordance with 
coating manufacturer’s requirements) or annual gauging may 
be adopted as an alternative to steel renewal. See 5.6.7 and 
6.7.5. 

(e) For ships fitted with water level detectors in cargo holds, 

ballast tanks forward of the collision bulkhead and any dry or 

void space which extends forward of the foremost cargo hold, 
an examination and a test, at random, of the water ingress 
detection systems and of their alarms is to be carried out. 

(f) For ships fitted with a means for draining and pumping 
ballast tanks forward of the collision bulkhead and the 
bilges of dry spaces, any part of which extends forward 
of the foremost cargo hold, an examination and a test of 
the draining and pumping systems, including their 
controls, is to be carried out. 

(g) Examination of bunker and vent piping systems, including 
ventilators. 


2.2.34 For general dry cargo ships, in addition to the 
applicable requirements of 2.2.1 to 2.2.29, the following are 
required for ships over 10 years of age: 

(a) Overall survey of one forward and one after cargo hold 
and their associated ‘tween deck spaces. 

(b) When considered necessary by the Surveyor, thickness 
measurement is to be carried out. If the results of thick- 
ness measurement indicate substantial corrosion, the 
extent of thickness measurement is to be in accordance 
with Table 3.5.6 in Section 5. The survey will not be 
considered complete until these additional thickness 
measurements have been carried out. Steel renewal 
requirements have been separately determined according 
to date of contract for construction for cargo hold hatch 
covers and coamings under IACS UR S21A. Where the 
gauged thickness is within the range thet + 0,5 mm and 


Table 3.2.1 Bulk carriers - Annual Surveys 


Ships less than 10 years old 


Ships between 10 and 15 years old 


Part 1, Chapter 3 


Section 2 


thet + 1,0 mm, a coating (applied in accordance with coating 
manufacturer’s requirements) or annual gauging may be 
adopted as an alternative to steel renewal. See 5.6.7. 


2.2.35 For general dry cargo ships, in addition to the 
applicable requirements of 2.2.1 to 2.2.29, the following are 
required for ships over 15 years of age: 

(a) Overall survey of all cargo holds and ‘tween deck spaces. 

(b) Close-up Survey of at least 25 per cent of shell frames, 
including their end attachments and adjacent shell 
plating in a forward lower cargo hold and one other 
selected lower cargo hold. Close-up Survey is to include 
the lower one third length of the shell frames. 

(c) Where the survey reveals the need for remedial 
measures, then the survey is to be extended to include 
the Close-up Survey of all shell frames and adjacent shell 
plating in those cargo holds and associated ‘tween deck 
spaces, as well as a Close-up Survey of sufficient extent 
of all remaining cargo holds and ‘tween deck spaces. 

(d) Where the protective coatings in cargo holds are found 
in GOOD condition, as defined in 1.5, the extent of 
Close-up Survey may be specially considered. 

(e) When considered necessary by the Surveyor, thickness 
measurement is to be carried out. If the results of thick- 
ness measurement indicate substantial corrosion, the 
extent of thickness measurement is to be in accordance 
with Table 3.5.6 in Section 5. The survey will not be 
considered complete until these additional thickness 
measurements have been carried out. Steel renewal 
requirements have been separately determined accord- 
ing to date of contract for construction for cargo hold 
hatch covers and coamings under IACS UR S21A. 
Where the gauged thickness is within the range 
thet + 0,5 mm and thet + 1,0 mm, a coating (applied in 
accordance with coating manufacturer’s requirements) 


Ships greater than 15 years old 


An Overall Survey of the forward cargo hold 


ships 


Overall Survey of 
and an aft cargo hold on single skin ships i) all cargo holds on single skin 


Overall Survey of all cargo holds 
Close-up Survey of at least 25 per cent 
of the cargo hold side shell frames, their 
lower end attachments and adjacent 


See Note 1 ii) two selected cargo holds on 


double skin ships 

Close-up Survey of at least 25 per cent 
of the cargo hold side shell frames, 
heir lower end attachments and 
adjacent shell plating in the forward 
cargo hold on single skin ships. 
Examination of all piping and 


shell plating in the forward cargo hold 
and one other selected cargo hold 
on single skin ships 

Examination of all piping and 
penetrations in cargo holds including 
overboard piping. 

See Notes 2, 3, 4 and 5. 


penetrations in cargo holds including 
overboard piping. 
See Notes 2, 3, 4 and 5. 


NOTES 

The requirements in this Table apply to both single skin and double skin ships, unless stated otherwise. 
Where the Survey reveals the need for remedial measures, then the Survey is to be extended to include all cargo holds. 
Close-up Survey is required within the area of the lower one-third of the length of the cargo hold side shell frames. 
Where the Survey reveals the need for remedial measures, the Survey is to be extended to include a Close-up Survey of all of the cargo hold 
side shell frames and adjacent shell plating of that cargo hold, as well as a Close-up Survey of sufficient extent of all remaining cargo holds. 
When considered necessary by the Surveyor, thickness measurement is to be carried out. If the results of thickness measurement 
indicate substantial corrosion, the extent of thickness measurement is to be in accordance with Section 6, Tables 3.6.5, 3.6.6, 3.6.7, 
3.6.8, 3.6.9 and 3.6.10 as applicable. The survey will not be considered complete until these additional thickness measurements have 
been carried out. 
Where protective coatings are found in GOOD condition, as defined in 1.5, the extent of the Close-up Survey may be specially 
considered. When considered necessary by the Surveyor, thickness measurement is to be carried out. However, prior to any coating or 
recoating of cargo holds, scantlings are to be confirmed by thickness measurement with the Surveyor in attendance. 
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or annual gauging may be adopted as an alternative to 
steel renewal. See 5.6.7. 


2.2.36  Forship-borne barges where surveys are permitted 
in accordance with Pt 1, Ch 2,3.5.7, see Section 3. 


2.2.37 For roll on-roll off ships (i.e., those that utilise a 
loading ramp which enables wheeled vehicles to be rolled on 
and rolled off the ship), in addition to the requirements of 
2.2.1, the requirements of Section 22 are to be complied with, 
as applicable. For ships other than roll on-roll off ships, fitted 
with bow doors, inner doors, side doors and stern doors, in 
addition to the requirements of 2.2.1, the following are to be 
satisfactorily dealt with, as applicable: 

a) Verification of the freedom of movement of doors, and 
operation of their power units. 

b) Examination of the door structure and surrounding ship 
structure. 

c) Examination of the door sealing arrangements including 
gaskets and retaining bars. 

d) Examination of the door cleating, locking and securing 
arrangements. 

e) Examination of the door hinging arrangements. 

f) Verification of the local and/or remote control of the 
securing devices/cleats. 

g) Examination of all equipment associated with the 
opening, closing and securing of the door, e.g., wire 
ropes, chains, sheaves, rollers, guides, shackles, etc. 

h) Verification of the tightness of the doors. 

() | Examination and testing of remote control panels and 
associated indicator lights, closed circuit television 
systems, water leakage indicator lights and alarm systems. 

k) Examination of the required notice boards and 
verification of log entries. 

l) Verification of the satisfactory testing of the bilge 
systems for the space between the inner and outer bow 
doors and of the vehicle deck. 

m) Verification that the approved Operation and Maintenance 
Manual is on board and satisfactorily maintained. 


2.2.38 For navigational arrangements for periodic one 
man watch and integrated bridge systems, Annual Surveys 
are to be carried out in accordance with the approved test 
schedule as required by Pt 7, Ch 9,1.2.1 to ascertain that the 
equipment and arrangements required for the applicable class 
notation(s) are being maintained in good working order. At the 
time of the survey, relevant statutory certificates may be 
accepted as evidence of satisfactory operation. 


2.2.39 For liquefied gas ships, see also Section 9. 


2.2.40 The Surveyor is to examine the fixed cargo securing 
fittings as far as necessary and practicable in order to be 
satisfied as to their general condition, see Pt 3, Ch 14,10. 


2.2.41 Where the special features notation CCSA (certi- 
fied container securing arrangements) is assigned, the 
Surveyor is to examine the securing arrangements including 
loose fittings so far as necessary and practicable in order to 
be satisfied as to their general condition, see Pt 3, Ch 14,10. 


Part 1, Chapter 3 


Sections 2 & 3 


2.2.42 The Surveyor is to confirm that, for container ships 
which have the special features notation BoxMax, the 
onboard lashing program, together with its operation manual, 
is available on board, see Pt 3, Ch 4,8. The operation of the 
program is to be verified in accordance with LR’s certification 
procedure. 


2.2.43 For single hold general dry cargo ships, other than 
bulk carriers, fitted with water level detectors in the cargo 
hold, an examination and a test, at random, of the water 
ingress detection system and alarms are to be carried out. 


lii] Section 3 
Intermediate Surveys - Hull and 
machinery requirements 


3.1 General 


3.1.1 Intermediate Surveys are to be held concurrently 
with statutory annual or other relevant statutory surveys 
wherever practicable. 


3.2 Intermediate Surveys 


3.2.1 The requirements of Section 2 are to be complied 
with so far as applicable. 


3.2.2 A general examination of salt-water ballast tanks is 
to be carried out as required by 3.2.6 and 3.2.7. For ships 
other than oil tankers and chemical tankers, if such examina- 
tions reveal no visible structural defects then the examination 
may be limited to a verification that the protective coating 
remains in GOOD or FAIR condition as defined in 1.5. 


3.2.3 In application of 3.2.12, 3.2.15 and 3.2.17 
respectively for oil tankers (including ore/oil and ore/bulk/oil 
ships), chemical tankers and bulk carriers over 15 years of 
age a survey in dry-dock is to be a part of the Intermediate 
Survey. The overall and close-up surveys and thickness 
measurements, as applicable, of the lower portions of cargo 
tanks/holds and water ballast tanks are to be surveyed in 
accordance with the applicable requirements for Intermediate 
Surveys, if not already surveyed. 


3.2.4 For oil tankers (including ore/oil and ore/bulk/oil 
ships) and chemical tankers, the condition of the corrosion 
prevention system identified during the Survey may result in 
the salt-water ballast tanks being subject to further examina- 
tion at Annual Surveys, in accordance with 2.2.28. 


3.2.5 For salt-water ballast tanks on those ships not 
listed in 3.2.4, the condition of the corrosion prevention 
system identified during the Survey may result in the tanks 
being subject to further examination at Annual Surveys, in 
accordance with 2.2.28. For double bottom ballast tanks, the 
examination at Annual Surveys will be at the discretion of the 
Surveyor. 
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3.2.6 For ships over 5 years of age and up to 10 years of 
age, representative salt-water ballast tanks are to be examined. 
In addition to this, the following requirements are applicable: 

(a) For general dry cargo ships, an Overall Survey of 
representative salt-water ballast tanks, as selected by 
the Surveyor is to be carried out. 

(b) For bulk carriers, an Overall Survey of representative 
salt-water ballast tanks, as selected by the Surveyor is to 
be carried out. The selected tanks are to include the fore 
peak tank, aft peak tank and a number of other tanks, 
taking into account the total number and type of ballast 
tanks. 

(c) For single hull oil tankers (including ore/oil and 
ore/bulk/oil ships), an examination of all salt-water ballast 
tanks is to be carried out. Where considered necessary 
by the Surveyor, thickness measurement and testing are 
to be carried out to ensure the structural integrity 
remains effective. 

(d) For double hull oil tankers and chemical tankers, an 
Overall Survey of representative salt-water ballast tanks, 
as selected by the Surveyor is to be carried out. If the 
survey reveals no visible defects, the examination may 
be limited to a verification that the hard protective 
coating remains in GOOD condition, as defined in 1.5. 

(e) Where a hard protective coating is found to be in POOR 
condition, as defined in 1.5, where a soft or semi-hard 
coating has been applied, where a protective coating was 
not applied from the time of construction or other defects 
are found, the survey is to be extended to other ballast 
tanks of the same type. 


3.2.7 For all ships over 10 years of age, the following are 

required: 

(a) All salt-water ballast tanks are to be examined. 

(b) The anchors are to be partially lowered and raised using 
the windlass. 


3.2.8 The Surveyor is to carry out an examination and 
thickness measurement of structure identified at the previous 
Special Survey as having substantial corrosion, see also 
Sections 5, 6, 7 and 8. In addition, for double hull oil tankers 
built in accordance with the IACS Common Structural Rules 
(CSR), the identified substantial corrosion areas are required 
to be examined and additional thickness measurements are 
to be carried out in accordance with Tables 3.7.11 to 3.7.15. 


3.2.9 For all ships, the electrical generating sets are to be 
examined under working conditions to verify compliance with 
Pt 6, Ch 2,2.2. 


Part 1, Chapter 3 


Section 3 


3.2.10 In addition to the foregoing, in the case of all oil 
tankers (including ore/oil and ore/bulk/oil ships) the following 
are to be dealt with where applicable: 

(a) An examination of cargo, crude oil washing, bunker, 
ballast, steam and vent piping on the weather decks, as 
well as vent masts and headers. If upon examination there 
is any doubt as to the condition of the piping, the piping 
may be required to be pressure tested, gauged, or both. 

(b) A general examination within the zones and spaces 
deemed as hazardous, such as cargo pump rooms and 
spaces adjacent to and zones above cargo tanks, for 
defective and non-certified safe-type electrical equip- 
ment, improperly installed, defective and dead-end 
wiring. An electrical insulation resistance test of the 
circuits terminating in, or passing through, the hazardous 
zones and spaces is to be carried out. If the ship is not 
in a gas free condition the results of previously recorded 
test readings may be accepted. 


3.2.11 For oil tankers (including ore/oil and ore/bulk/oil 
ships), in addition to 3.2.10, the following are required for 
ships over 10 years of age: 

(a) A survey to the same extent as the previous Special 
Survey (applicable only to ESP surveys, see 7.1.2). 

(b) Pressure testing of cargo and ballast tanks and the 
requirements for the longitudinal strength evaluation (see 
7.7.8) are to be carried out if deemed necessary by the 
attending Surveyor. 


3.2.12 For chemical tankers, in addition to the applicable 
requirements of 3.2.1 to 3.2.9 the following are to be dealt 
with where applicable: 

(a) Examination of vent line drainage arrangements. 

(b) Verification that the cargo heating/cooling system is in 
good condition. 

(c) Verification that the ship’s cargo hoses are approved and 
in good condition. 

(d) Verification that, where applicable, pipelines and indepen- 
dent cargo tanks are electrically bonded to the hull. 

(e) An examination of cargo, cargo washing, bunker, ballast, 
steam and vent piping on the weather decks, as well as 
vent masts and headers. If upon examination there is 
any doubt as to the condition of the piping, the piping 
may require to be pressure tested, gauged or both. 

(f) A General Examination within the zones and spaces 
deemed as hazardous, such as cargo pump rooms and 
paces adjacent to and zones above cargo tanks, for 
defective and non-certified safe-type electrical equip- 
ment, improperly installed, defective and dead-end 
wiring. An electrical insulation resistance test of the 
circuits terminating in, or passing through, the hazardous 
zones and spaces is to be carried out. If the ship is not 
in a gas free condition the results of previously recorded 
test readings may be accepted. 


3.2.13. For chemical tankers, in addition to 3.2.12, the 

following are required for ships over 10 years of age: 

(a) A survey to the same extent as the previous Special 
Survey (applicable only to ESP surveys, see 8.1.2). 

(b) Pressure testing of cargo and ballast tanks is to be 
carried out if deemed necessary by the attending 
Surveyor. 
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3.2.14 For bulk carriers, in addition to the applicable 
requirements of 3.2.1 to 3.2.9, the following are to be dealt 
with on ships over five years of age: 
(a) Overall Survey, Close-up Survey and thickness measure- 
ments of cargo holds in accordance with Table 3.3.1. 
(o) For ore carriers, in addition to the requirements of 3.2.7, 
the examination of salt-water ballast tanks is to include 
the following: 
(i) All web frame rings in one ballast wing tank. 
(ii) One deck transverse in each remaining ballast 


wing tank. 

(iii) | Both transverse bulkheads in one ballast wing 
tank. 

(iv) | One transverse bulkhead in each remaining ballast 
wing tank. 


(c) Steel renewal requirements have been separately deter- 
mined according to date of contract for construction for: 
(i) | cargo hold hatch covers and coamings under IACS 

UR S21; and 
(ii) | corrugated transverse watertight hold bulkheads 
under IACS UR S18. 
Where the gauged thickness is within the range 
thet + 0,5 mm and tre + 1,0 mm, a coating (applied in 
accordance with coating manufacturer’s requirements) 
or annual gauging may be adopted as an alternative to 
steel renewal. See 5.6.7 and 6.7.5. 

(d) For bulk carriers built in accordance with the IACS 
Common Structural Rules (CSR), the areas identified with 
substantial corrosion in cargo holds and ballast tanks may 
be either: 

(i) protected by coating applied in accordance with 
the coating manufacturer’s requirements and 
examined at Annual Surveys to confirm the coat- 
ing in way is still in GOOD condition, or 
alternatively; 

(ii) subject to thickness measurement at Annual 
Surveys. 


Table 3.3.1 Bulk carriers - Intermediate Surveys 


Ships between 5 and 10 years old 


Ships between 10 and 15 years old 


Part 1, Chapter 3 


Section 3 


3.2.15 For bulk carriers, in addition to the applicable 

requirements of 3.2.1 to 3.2.9, the following is required for 

ships over 10 years of age: 

(a) A survey to the same extent as the previous special 
Survey (applicable to ESP surveys, see 6.1.2). 

(o) Pressure testing of all tanks and the internal examination 
of fuel oil tanks are to be carried out if deemed necessary 
by the Surveyor. 


3.2.16 For ships over 10 years old of age (other than dry 
cargo ships, general dry cargo ships, ships assigned ESP 
Notation and ships for liquefied gases), in addition to the 
applicable requirements of 3.2.1 to 3.2.8, an Overall Survey of 
selected cargo spaces is to be carried out. 


3.2.17 For dry cargo ships over 15 years old (other than 
bulk carriers and general dry cargo ships), in addition to the 
applicable requirements of 3.2.1 to 3.2.8, an Overall Survey of 
selected cargo holds is to be carried out. 


3.2.18 For general dry cargo ships, in addition to the 

applicable requirements of 3.2.1 to 3.2.9, the following is 

required for ships over 5 years of age: 

(a) An overall survey of one forward and one after cargo 
hold and their associated ‘tween deck spaces. 


3.2.19 For general dry cargo ships, in addition to the 

applicable requirements of 3.2.1 to 3.2.9, the following are 

required for ships over 10 years of age: 

(a) An overall survey of all cargo holds and ‘tween deck 
spaces. 


Ships greater than 15 years old 


(a) Overall Survey of all cargo holds, see 
Notes 1, 2, 3 and 4 

(b) Close-up Survey to establish the 
condition of at least 25 per cent of the 
cargo hold side shell frames including 
their upper and lower end attachments, 
adjacent shell plating and the transverse 
bulkheads in the forward cargo hold and 
one other selected cargo hold on single 
skin hips, see Notes 1, 3 and 4. 


A survey to the same extent as the previous 
Special Survey (applicable only to ESP 
surveys, see 6.1.2), see Note 3. 


A survey to the same extent as the previous 
Special Survey (applicable only to ESP 
surveys, see 6.1.2), see Note 3. 


NOTES 


The requirements in this Table apply to both single skin and double skin ships, unless stated otherwise. 
: For single skin ships, where considered necessary by the Surveyor as a result of the Overall and Close-up Survey, the Survey is to be 
extended to include a Close-up Survey of all of the side shell frames and adjacent shell plating of that cargo hold, as well as a Close-up 


Survey of sufficient extent of all remaining cargo holds. 


For double skin ships, where considered necessary by the Surveyor as a result of the Overall Survey, the Survey is to be extended to 
include a Close-up Survey of those areas of structure in cargo holds selected by the Surveyor. 

Thickness measurement is to be carried out of sufficient extent to determine the level of corrosion of those areas subject to Close-up 
Survey. If the results of thickness measurement indicate substantial corrosion, the extent of thickness measurement is to be in 
accordance with Section 6, Tables 3.6.5 to 3.6.10 as applicable. The survey will not be considered complete until these additional 


thickness measurements have been carried out. 


For ships between 5 and 10 years old where hard protective coatings in cargo holds are found to be in GOOD condition, as defined in 
1.5, the extent of Close-up Survey and thickness measurement may be specially considered but not dispensed with in its entirety. Prior 
to any coating or recoating of cargo holds, scantlings are to be confirmed by thickness measurement with the Surveyor in attendance. 
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(b) Where considered necessary by the Surveyor, thickness 
measurement is to be carried out. If the results of 
thickness measurement indicate substantial corrosion, 
the extent of thickness measurement is to be in accor- 
dance with Table 3.5.6 in Section 5. The survey will not 
be considered complete until these additional thickness 
measurements have been carried out. Steel renewal 
requirements have been separately determined according 
to date of contract for construction for cargo hold hatch 
covers and coamings under IACS UR S21A. Where the 
gauged thickness is within the range thet + 0,5 mm and 
thet + 1,0 mm, a coating (applied in accordance with 
coating manufacturer’s requirements) or annual gauging 
may be adopted as an alternative to steel renewal. See 
5.6.7. 


3.2.20 For general dry cargo ships, in addition to the 
applicable requirements of 3.2.1 to 3.2.9, the following are 
required for ships over 15 years of age: 

(a) A survey to the same extent as the previous special 
Survey (applicable only to surveys of the hull structure 
and piping systems in way of the cargo holds, 
cofferdams, pipe tunnels and void spaces within the 
cargo area and all salt water ballast tanks). 

(b) Tank testing, survey of automatic air pipe heads and 
internal examination of fuel oil, lubricating oil and fresh 
water tanks are to be carried out if deemed necessary 
by the Surveyor. 


3.2.21 For ship-borne barges, where Intermediate 
Surveys are permitted as an alternative to Annual Surveys and 
Docking Surveys, all the hatch covers are to be hose tested at 
every survey. The external surfaces of the barges are to be 
surveyed at these surveys. 


3.2.22 For liquefied gas ships, see Section 9. 


a Section 4 
Docking Surveys and In-water 
Surveys - Hull and machinery 
requirements 


4.1 General 


4.1.1 At Docking Surveys or In-water Surveys the 
Surveyor is to examine the ship and machinery, so far as 
necessary and practicable, in order to be satisfied as to the 
general condition. 


4.1.2 For oil tankers (including ore/oil and ore/bulk/oil 
ships), chemical tankers and bulk carriers over 15 years of 
age the intermediate docking between Special Surveys is to 
be held in dry-dock. Further, this survey is to be held as part 
of the Intermediate Survey. 


Part 1, Chapter 3 


Sections 3 & 4 


4.2 Docking Surveys 


4.2.1 Where a ship is in dry-dock or on a slipway it is to 
be placed on blocks of sufficient height, and proper staging is 
to be erected as may be necessary, for the examination of the 
shell including bottom and bow plating, keel, stern, stern- 
frame and rudder. The rudder is to be lifted for examination 
of the pintles if considered necessary by the Surveyor. 


4.2.2 The shell plating is to be examined for excessive 
corrosion, deterioration due to chafing or contact with the 
ground and for undue unfairness or buckling. Special 
attention is to be given to the connection between the bilge 
strakes and the bilge keels. 


4.2.3 The clearances in the rudder bearings are to be 
measured. Where applicable, pressure testing of the rudder 
may be required if deemed necessary by the Surveyor. 


4.2.4 The sea connections and overboard discharge 
valves and cocks and their attachments to the hull are to be 
examined. 


4.2.5 The propeller, sternbush and sea connection 
fastenings and the gratings at the sea inlets are to be examined. 


4.2.6 The clearance in the sternoush and the efficiency 
of the oil glands are to be ascertained. 


4.2.7 When chain cables are ranged, the anchors and 
cables are to be examined by the Surveyor, see also 5.3.13, 
5.3.14, 5.3.16 and Table 3.5.1. 


4.2.8 For electrical equipment survey requirements of oil 
tankers five years old and over, see 14.3. 


4.2.9 Where the antifouling system is changed completely, 
or partial repair is carried out affecting 25 per cent or more of 
the antifouling system, the coating specification and antifouling 
system is to be examined by the Surveyor in accordance with 
IMO Antifouling System Convention. 


4.3 In-water Surveys 


4.3.1 The Committee will accept an In-water Survey in 
lieu of the intermediate docking between Special Surveys 
required in a five year period on ships other than those 
covered in 4.1.2 and where an *IWS notation is assigned, see 
Ch 2,2.3.11. 


4.3.2 The Committee may accept an In-water Survey in 
lieu of the intermediate docking between Special Surveys 
required in a five year period on ships where suitable 
protection is applied to the underwater portion of the hull. If 
requested, and providing that there is suitable access for the 
taking of rudder pintle and bush clearances and for verifying 
the security of pintles in their sockets while the vessel is 
afloat,an *IWS notation may be assigned on satisfactory 
completion of the Survey, provided that the applicable require- 
ments of LR’s Rules and Regulations are complied with, see 
also Ch 2,2.3.11. 
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4.3.3 The In-water Survey is to provide the information 
normally obtained from the Docking Survey. 


4.3.4 When there is no access, special consideration 
shall be given to ascertaining rudder bearing clearances and 
sternbush clearances based on a review of the operating 
history, on board testing and stern bearing oil analysis. These 
considerations are to be included in the proposals. In-water 
Surveys which are to be submitted in advance of the survey 
being required, so that satisfactory arrangements can be 
agreed with LR. 


4.3.5 The In-water Survey is to be carried out at an 
agreed geographical location under the surveillance of a 
Surveyor to LR, with the ship at a suitable draught in sheltered 
waters and with weak tidal streams and currents. The 
in-water visibility and the cleanliness of the hull below the 
waterline is to be clear enough to permit a meaningful 
examination which allows the Surveyor and diver to determine 
the condition of the plating, appendages and the welding. The 
Surveyor is to be satisfied that the method of pictorial presen- 
tation is satisfactory. There is to be good two-way 
communication between the Surveyor and the diver. 


4.3.6 Prior to commencing the In-water Survey, the 
equipment and procedures for both observing and reporting 
the survey are to be agreed between the Owners, the 
Surveyor and the diving firm 


4.3.7 The In-water Survey is to be carried out by a 
qualified diver employed by a firm approved by LR. 


4.3.8 If the In-water Survey reveals damage or deteriora- 
tion that requires early attention, the Surveyor may require that 
the ship be dry-docked in order that a fuller survey can be 
undertaken and the necessary work carried out. 


4.3.9 Where a vessel has an *IWS notation, the conditions 
of the high resistant paint is to be confirmed at each dry- 
docking in order that the *IWS notation can be maintained. 


4.3.10 Some National Administrations may have require- 
ments additional to those of 4.3.1 to 4.3.9. 


a Section 5 
Special Survey - General - Hull 
requirements 


5.1 General 


5:1:1 The survey is to be of sufficient extent to ensure 
that the hull and related piping are in satisfactory condition 
and are fit for the intended purpose for the new period of 
class of five years to be assigned, subject to proper 
maintenance and operation and to periodical surveys being 
carried out as required by the Regulations. 


5.1.2 The requirements of Section 2 are to be complied 
with as applicable for all ships. 


Part 1, Chapter 3 


Sections 4 & 5 


5.1.3 Additional requirements for general dry cargo 
ships are given in this Section; dry bulk cargo ships bulk 
carriers in Section 6; oil tankers (including ore/oil ships and 
ore/bulk/oil ships) in Section 7; chemical tankers in Section 8; 
ships for liquefied gases in Section 9. 


5.1.4 A Docking Survey in accordance with the require- 
ments of Section 4 is to be carried out as part of the Special 
Survey. 


5.1.5 During the Docking Survey, for general dry cargo 
ships, oil tankers (including ore/oil ships and ore/bulk/oil 
ships), chemical tankers and bulk carriers, the overall and 
close-up surveys and thickness measurements, as applica- 
ble, of the lower portions of the cargo spaces and ballast 
tanks are to be carried out as required, if not already 
surveyed. 


9.456: For ships assigned the notation ‘laid-up’, an 
Underwater Examination (UWE) and general examination of 
hull and machinery is to be carried out in lieu of the normal 
Special Survey requirements. 


5.1.7 For roll on-roll off ships (i.e., those fitted with a 
loading ramp which enables wheeled vehicles to be rolled on 
and rolled off the ship), in addition to the requirements of this 
Section, the requirements of Section 22 are to be complied 
with, as applicable. 


5.2 Preparation 


5.2.1 The ship is to be prepared for Overall Survey in 
accordance with the requirements of Table 3.5.1. The prepa- 
ration should be of sufficient extent to facilitate an examination 
to ascertain any significant corrosion, deformation, fractures, 
damages and other structural deterioration. 


5.3 Examination and testing 


5.3.1 All spaces within the hull and superstructure are to 
be examined. 


5.3.2 The requirements for tank internal examination are 
given in Table 3.5.2. 


5.3.3 For oil tankers (including ore/oil and ore/bulk/oil 
ships) and chemical tankers, the condition of the corrosion 
prevention system, where provided, is to be examined in 
cargo tanks and salt-water ballast tanks. When considered 
necessary by the Surveyor, thickness measurements are to 
be carried out. The condition of the corrosion prevention 
system identified during the Survey may result in the salt- 
water ballast tanks being subject to further examination at 
Annual Surveys, in accordance with 2.2.28. 
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Table 3.5.1 Survey preparation 


Special Survey | 
(Ships 5 years old) 


Special Survey II 
(Ships 10 years old) 


Special Survey Ill 
(Ships 15 years old) 


(1) The holds, ‘tween decks, peaks, deep In addition to the requirements for Special In addition to the requirements for Special 
tanks, engine and boiler spaces, and Survey I, the following are to be complied Survey Il the following are to be complied 
other spaces, are to be cleared and with: with: 


cleaned as necessary, and the bilges and 


(1) A sufficient amount of ceiling in the holds (1) Ceiling in holds is to be removed in order 


limbers all fore and aft are to be cleaned 
and prepared for examination. Platform 
plates in engine and boiler spaces are to 
be lifted as may be necessary for the 
examination of the structure below. 
Where necessary, close and spar ceiling, 
lining and pipe casings are to be removed 
for examination of the structure 


In ships having a single bottom, a sufficient 
amount of close ceiling is to be lifted all 
fore and aft on each side from the bottom 
and bilges to permit the structure below to 
be examined 


n ships having a double bottom, a sufficient 
amount of ceiling is to be removed from 
the bilges and inner bottom to enable the 
condition of the plating to be ascertained. 
f it is found that the plating is clean and in 
good condition, and free from rust, the 
removal of the remainder of ceiling may be 
dispensed with. The Surveyor may waive 
he removal of heavy reinforced 
compositions if there is no evidence of 
leakages, cracking or other faults in the 


and other spaces is to be removed from 
the bilges and inner bottom to enable the 
condition of the structure in the bilges, the 
inner bottom plating, pillar feet, and the 
bottom plating of bulkheads and tunnel 
sides to be examined. If the Surveyor 
deems it necessary, the whole of the ceiling 
is to be removed 


In ships having a single bottom, the limber 
boards and ceiling equal to not less than 
three strakes, all fore and aft on each side 
are to be removed, one such strake being 
taken from the bilges. Where the ceiling is 
fitted in hatches, the whole of the hatches 
nd at least one strake of ceiling in the 
ilges are to be removed. If the Surveyor 
leems it necessary the whole of the ceiling 
nd limber boards are to be removed 


he chain locker is to be cleaned internally. 
he chain cables are to be ranged for 
inspection. The anchors are to be 
cleaned and placed in an accessible 
position for inspection 


o ascertain that the steelwork is in good 
condition, free from rust and coated. If 
he Surveyor is satisfied, after removal of 
portions of the ceiling then it need not all 
be removed 


Portions of wood sheathing, or other 
covering, on steel decks are to be 
removed, as considered necessary by 
he Surveyor, in order to ascertain the 
condition of the plating 


All subsequent Special Surveys 


composition 


Casings, ceilings or linings and loose 
insulation, where fitted, are to be removed 
for examination of plating and framing, as 
required by the Surveyor. Compositions 
on plating are to be examined and 
sounded, but need not be disturbed if 
found to be adhering satisfactorily to the 
plating. Where structural defects are 
identified, any applied composition is to 
be locally removed to enable further 
examination of the plating and adjacent 
frames, as required by the Surveyor 


(5) The steelwork is to be exposed and 
cleaned and rust removed as may be 
required for its proper examination by the 
Surveyor 


(6) All tanks are to be cleaned as necessary 
to permit examination, where this is 
required by Table 3.5.2 


(7) Casings or covers of air, sounding, steam 
and other pipes, spar ceiling and lining in 
way of the side scuttles are to be 
removed, as required by the Surveyor 


5.3.4 For those ships not listed in 5.3.3, the condition of 
the corrosion prevention system, where provided, in salt-water 
ballast tanks is to be examined. When considered necessary 
by the Surveyor, thickness measurements are to be carried 
out. The condition of the corrosion prevention system identi- 
fied during the Survey may result in the salt-water ballast 
tanks being subject to further examination at Annual Surveys, 
in accordance with 2.2.28. For double bottom ballast tanks, 
the examination at Annual Surveys will be at the discretion of 
the Surveyor. 


In addition to the requirements for Special 
Survey Ill the following are to be complied 
with: 


(1) In refrigerated cargo spaces, sufficient 
insulation is to be removed in each of the 
chambers to enable the Surveyor to be 
satisfied as to the condition of the steel 
structure, and to enable the thickness of 
the structure to be ascertained as required 
by 5.6 


5.3.5 Double bottom, deep, ballast, peak and other 
tanks, including cargo holds assigned also for the carriage of 
salt water ballast, are to be tested with a head of liquid to the 
top of air pipes or to near the top of hatches for ballast/cargo 
holds. Boundaries of oil fuel, lubricating oil and fresh water 
tanks are to be tested with a head of liquid to the highest 
point that liquid will rise to under service conditions. Tank test- 
ing of oil fuel, lubricating oil and fresh water tanks may be 
specially considered based upon a satisfactory external 
examination of the tank boundaries, and a confirmation from 
the Master stating that the pressure testing has been carried 
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Table 3.5.2 Tank internal examination requirements 


Special Survey II 
(Ships 10 years old) 


Special Survey | 


Tank (Ships 5 years old) 


Part 1, Chapter 3 


Section 5 


Special Survey III 
(Ships 15 years old) 


Special Survey IV and subsequent 
(Ships 20 years old and over) 


Peaks All tanks All tanks 


Salt water ballast, All tanks All tanks 


see Note 5 


None 


Lubricating oil 


Fresh water No One tank 
Oil fuel - in way of 
(i) Engine Room No 
(ii) Cargo Area No 


None 
One tank 


All tanks All tanks 


All tanks All tanks 


None One tank 


All tanks All tanks 


One tank 
Two tanks, Note 3 


One tank 
50% of tanks — Notes 3 and 4 


NOTES 

. The above requirements apply to integral tanks only. 

. Where a selected number of tanks are examined, then different 
tanks are to be examined at each Special Survey on a rotational 
basis. 

. To include one deep tank, if any. 


out according to the requirements with satisfactory results. 
Surveyors may extend the testing as deemed necessary. 
For oil tankers (including ore/oil and ore/bulk/oil ships) and 
chemical tankers, the minimum requirements for cargo tank 
testing are to be in accordance with Sections 7.5 and 8.5, as 
applicable. 


5.3.6 Where repairs are effected to the shell plating or 
bulkheads, any tanks in way are to be tested to the Surveyor’s 
satisfaction on completion of these repairs. 


5.3.7 On ship-borne barges, in lieu of water testing, 
tanks and cofferdams may be air tested. 


5.3.8 In cases where the inner surface of the bottom 
plating is covered with cement, asphalt, or other composition, 
the removal of this covering may be dispensed with, provided 
that it is inspected, tested by beating or chipping, and found 
sound and adhering satisfactorily to the steel. 


5.3.9 All decks, casings and superstructures are to be 
examined. 
5.3.10 | Wood decks or sheathing are to be examined. If 


decay or rot is found or the wood is excessively worn, the 
wood is to be renewed. When a wood deck, laid on stringers 
and ties, has worn by 15 mm or more, it is to be renewed. 
Attention is to be given to the condition of the plating under 
wood decks, sheathing or other deck covering. If it is found 
that such coverings are broken, or are not adhering closely to 
the plating, sections are to be removed as necessary to 
ascertain the condition of the plating, see also 1.2.1. 


5.3.11 Mechanically-operated hatch covers are to be 
tested to confirm satisfactory operation including stowage; 
and securing in open condition; proper fit and efficiency of 
sealing in closed conditions; operational testing of hydraulic 
and power components, wires, chains and link drives. The 
effectiveness of sealing arrangements of all hatch covers is to 
be checked by carrying out hose testing or equivalent. 


4. Where 50% of tanks are to be examined, a minimum of two tanks 
are required to be examined depending upon the overall number 
of tanks. 

5. The requirements for Salt-water ballast tanks are applicable to 
Bilge water, Sewage and Grey water tanks. 


5.3.12 |The masts and standing rigging are to be examined. 
5.3.13 The anchors are to be examined. If the chain cables 
are ranged they are to be examined. If any length of chain 
cable is found to be reduced in mean diameter at its most 
worn part by 12 per cent or more from its nominal diameter, 
it is to be renewed. The windlass is to be examined. For 
equipment forming part of a positional mooring system, 
see 5.3.16. 


5.3.14 The chain cables are to be ranged and examined 
on all ships over five years old. 


5.3.15 The Surveyor is to be satisfied that there are 
suitable mooring ropes when these are a Rule requirement. 


5.3.16 On ships fitted with positional mooring equipment 
in accordance with Pt 7, Ch 8, or wire rope anchor cables in 
accordance with Pt 3, Ch 13,7, the anchors are to be cleaned 
and examined. Wire rope anchor cables are to be examined. 
If cables are found to contain broken, badly corroded or 
birdcaging wires they are to be renewed. Chain cables are to 
be ranged and examined. If any length of chain cable is found 
to be reduced in mean diameter at its most worn part by 
12 per cent or more from its nominal diameter it is to be 
renewed. The windlass(es) or winches are to be examined. 


5.3.17 The hand pumps, suctions, watertight doors, air 
and sounding pipes are to be examined. In addition, the 
Surveyor is to internally and externally examine air pipe heads 
in accordance with the requirements of Table 3.5.7. 


5.3.18 The Surveyor is to be satisfied as to the efficient 

condition of the following: 

(a) For ships to which Pt 6, Ch 4 applies, means of escape 
from crew and passenger spaces, and spaces in which 
crew are normally employed. 

(o) Helm indicator, protection of aft steering wheel and gear. 
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5.3.19 Where the special features notation CCSA 
(certified container securing arrangements) is assigned, 
the Surveyor is to be satisfied as to the efficient condition 
of: 

(a) Cell guide structure including the connections between 
vertical cell guides and cross ties. 

(o) Cell guide entry devices. 

c) Portable frameworks or other forms of structural restraints. 

(d) Fittings attached to the ship structure, with special 

attention to any signs of leakage in way of tanks or deck 
and shell plating. 

(e) End connecting pieces for lashings, twist locks and other 
loose fittings, which are to be examined and 
verified with the Register. 

(f| All lashings, rods, wire ropes, and chains, together with 
turn buckles and other tightening devices, which are to 
be examined and verified with the Register. 

(g) Lashing wire ropes, which are to be renewed where more 
than five per cent of the wires are broken, worn or 
corroded in any length of 10 diameters of the wire rope. 

(h) Chains, which are to be renewed where worn or damaged. 

Where renewals are required, the new item is to be of approved 

type and manufacture. Where test certificates are not available, 

the item is to be tested in accordance with Pt 3, Ch 14,3. 


5.3.20 All bilge and ballast piping systems are to be 
examined and operationally tested to working pressure, to the 
satisfaction of the Surveyor, to ensure that tightness and 
condition remain satisfactory. 


5.3.21 For engine room and machinery space fire dampers 

the following is applicable: 

(a) At Special Survey |, Surveyors are to select and internally 
examine one engine room fire damper and one machinery 
space fire damper. Where considered necessary by the 
Surveyor as a result of the examinations, the extent of 
examinations may be extended to include other fire 
dampers. 

(b) At each subsequent Special Survey, all engine room and 
machinery space fire dampers are to be internally 
examined by the Surveyor. 

NOTE 

The examination of fire dampers may be specially considered 

by the Surveyor where there is satisfactory documented 

evidence of their replacement within the previous five years. 


5.3.22 In refrigerated cargo spaces, the condition of the 
coating and structure behind the insulation is to be examined 
at representative locations. Surveyors may limit the 
examination to the verification that the protective coating 
remains effective and that there are no visible structural 
defects. Where POOR coating condition is found, or structural 
defects are identified, then sufficient insulation is to be 
removed in each of the chambers in order to assess the 
condition of the remaining structure, as deemed necessary by 
the Surveyor. 
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Additionally, where indents, scratches or other defects are 
identified during the survey of the shell plating from the 
outside, insulations in way are to be removed to enable further 
examination of the plating and adjacent frames, as required 
by the Surveyor 


5.4 Overall Survey 


5.4.1 The following requirements are applicable to 
general dry cargo ships. 


5.4.2 All cargo holds, salt-water ballast tanks including 
double bottom tanks, pipe tunnels, cofferdams and void 
spaces bounding cargo holds, decks and outer hull are to be 
examined, and this is to be supplemented by Close-up Survey, 
thickness measurement and testing as deemed necessary, to 
ensure that the structural integrity remains effective. 


5.4.3 The examination is to be sufficient to ascertain 
substantial corrosion, significant deformation, fractures, 
damages or other structural deterioration and, if deemed 
necessary by the Surveyor, suitable non-destructive examina- 
tion may be required. 


5.4.4 All piping systems within the tanks and spaces 
indicated in 5.4.2 are to be examined and operationally tested 
to working pressure to the satisfaction of the Surveyor, to 
ensure that conditions remain satisfactory. 


5.4.5 Where the salt-water ballast tanks have been 
converted to void spaces, the survey extent is to be specially 
considered based upon salt-water ballast tank requirements. 


5.4.6 For single hold general dry cargo ships, other than 
bulk carriers, fitted with water level detectors in the cargo hold, 
an examination and a test of the water ingress 
detection system and alarms are to be carried out. 


5.5 Close-up Survey 


5.5.1 The following requirements are applicable to 
general dry cargo ships. 


5.5.2 The minimum requirements for Close-up Survey are 
given in Table 3.5.4. The Close-up Survey may be extended, 
as deemed necessary by the Surveyor, after taking into 
account the maintenance of the spaces under survey, the 
condition of the corrosion prevention system and where 
spaces have structural arrangements or details which have 
suffered defects in similar spaces or on similar ships 
according to available information. 


5.5.3 For areas in tanks and cargo holds where coatings 
are found to be in GOOD condition, as defined in 1.5, the 
extent of Close-up Surveys may be specially considered. 


5.6 Thickness measurement 
5.6.1 The general minimum requirements for thickness 


measurement are given in Table 3.5.3. For general dry cargo 
ships, the minimum requirements for thickness measurement 
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Table 3.5.3 Thickness measurement - General 


Special Survey | 
(Ships 5 years old) 


Special Survey III 
(Ships 15 years old) 


Part 1, Chapter 3 


Section 5 


Special Survey IV and subsequent 
(Ships 20 years old and over) 


(1) Critical areas, as required by the 
Surveyor 


and 4 


Special Survey II 
(Ships 10 years old) 


(1) Within 0,5L amidships; and 5 
1 transverse section of deck plating in 
way of a cargo space 


(2) Critical areas, as required by the 
Surveyor 


Within 0,5L amidships; 
2 transverse sections in way of two 
different cargo spaces, see Notes 2, 3 


All cargo hold hatch covers and coamings 
(plating and stiffeners) 


All transverse webs with associated 
plating and longitudinals, and the 
transverse bulkhead complete in the fore 
peak tank and aft peak tank, see Notes 3 


Critical areas, as required by the Surveyor 


Within 0,5L amidships; 

a minimum of 3 transverse sections in 
way of cargo spaces, see Notes 2, 3 
and 4 


All cargo hold hatch covers and 
coamings (plating and stiffeners) 


All exposed main deck plating over full 
length of ship 


All wind and water strakes over the full 
length of the ship, port and starboard. 


Representative exposed superstructure 
deck plating (i.e. poop, bridge and 
orecastle deck) 


Lowest strake and strakes in way of 
‘tween deck of all transverse bulkheads 
in cargo spaces together with internals 
in way, see Note 3 


All transverse webs with associated 
plating and longitudinals, and the 
transverse bulkhead complete in the 
fore peak tank and aft peak tank, see 
Notes 3 and 5 


All keel plates over the full length of the 
ship. Also additional bottom plates in 
way of cofferdams, machinery space 
and aft end of tanks 


Plating of seachests. Also side shell 
plating in way of overboard discharges, 
as considered necessary by the Surveyor 


Critical areas, as required by the 
Surveyor 


NOTES 


Thickness measurement locations are to be selected to provide the best representative sampling of areas likely to be most exposed to 
corrosion, considering cargo and ballast history and arrangement, and condition of protective coatings. 
A transverse section is to include all longitudinal members such as plating, longitudinals and girders at the deck, sides, bottom, inner 


bottom, hopper side and longitudinal bulkheads, where fitted. 


Where the protective coating is in GOOD condition, then the extent of thickness measurements of internals may be specially considered, but 


not dispensed with in its entirety, at the discretion of the Surveyor. 


For ships having length L less than 100 m: 


(a) the number of transverse sections required at Special Survey Ill may be reduced to one; 
(b) the number of transverse sections required at Special Survey IV and subsequent surveys may be reduced to two; 
(c) at Special Survey Ill, thickness measurements of exposed deck plating within 0,5L amidships may be required. 


Transverse bulkhead complete including stiffening system. 


The requirements for thickness measurement for bulk carriers, oil tankers (including ore/oil and ore/bulk/oil ships), chemical tankers and 
ships for liquefied gases are given in Sections 6, 7, 8 and 9 respectively. 


are given in Table 3.5.5. The Surveyor may extend the thick- 
ness measurements as deemed necessary. 


5.6.2 Thickness measurements may be carried out in 
association with the fourth Annual Survey. 


5.6.3 In areas where substantial corrosion, as defined in 
1.5, has been noted, then additional measurements are to be 
carried out, as applicable, in accordance with Table 3.5.6 to 
determine the full extent of the corrosion pattern. The survey 
will not be considered complete until these additional 
thickness measurements have been carried out. 


5.6.4 Where substantial corrosion is identified and not 
rectified, this will be subject to examination and thickness 
measurement at Annual and Intermediate Surveys. 


5.6.5 Where considered necessary by the Surveyor, thick- 
ness measurements are to be carried out in way of 
critical areas. These include areas considered prone to rapid 
wastage. 


5.6.6 Where required by LR, a check of the buckling 
capacity of the upper deck is to be carried out for tankers 
having a length greater than 90 m. 


5.6.7 Steel evaluation of hatch covers on exposed decks 
and hatch coamings and closing arrangements of cargo holds 
on ships with contract for construction on or after 
1 July 2012 is to be in accordance with IACS UR S21A. 
Further information is provided in the LR document Thickness 
Measurement and Close-Up Survey Guidance. 
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Table 3.5.4 Close-up Survey - General dry cargo ships 


Special Survey IV 
and subsequent 
(Ships 20 years old and over) 


Special Survey | Special Survey II Special Survey III 
(Ships 5 years old) (Ships 10 years old) (Ships 15 years old) 


(1) Selected shell frames in one (1) Selected shell frames in all All shell frames in the forward | shell frames in all cargo 
forward and one aft cargo cargo holds and ‘tween deck lower cargo hold and 25% of holds and ‘tween deck 
hold and associated ‘tween spaces. shell frames in each remaining spaces, including their end 
deck spaces. One transverse bulkhead in cargo hold and ‘tween deck attachments and adjacent 

s 


(2) One selected cargo hold each cargo hold, including spaces, including their end hell plating. 


transverse bulkhead. stiffening system. attachments and adjacent A 
b 


shell plating. | cargo hold transverse 


ulkheads, including stiffening 
All cargo hold transverse system. 

bulkheads, including stiffening A 
system. 


(3) All cargo hold hatch covers Forward and aft transverse 
and coamings (plating and bulkhead in one side ballast 
stiffeners). tank, including stiffening 

system. 


| transverse bulkheads in 
ballast tanks, including 

All transverse bulkheads in stiffening system. 

ballast tanks, including A 
stiffening system. 


One transverse web with 
associated plating and | transverse webs with 
framing in two representative associated plating and 
water ballast tanks of each All transverse webs with framing in each water ballast 
type (i.e. topside, hopper associated plating and tank. 


side, side tank or double framing in each water ballast A 
bottom tank). tank. 


| cargo hold hatch covers 
and coamings (plating and 
All cargo hold hatch covers All cargo hold hatch covers stiffeners). 

and coamings (plating and and coamings (plating and A 
stiffeners). stiffeners). 


| deck plating and 
underdeck structure inside 
Selected areas of all deck All deck plating and the line of hatch openings 
plating and underdeck underdeck structure inside between cargo hold hatches. 
structure inside the line of the line of hatch openings A 
hatch openings between between cargo hold hatches. 
cargo hold hatches. 


| areas of inner bottom 
plating. 
All areas of inner bottom 
(7) Selected areas of inner plating. 

bottom plating. 


NOTES 
1. Close-up survey of cargo hold transverse bulkheads to be carried out at the following areas: 
(i) Immediately above the inner bottom and immediately above the ‘tween decks, as applicable. 
(ii) | Mid-height of the bulkhead for holds without ‘tween decks. 
(iii) Immediately below the main deck plating and ‘tween deck plating. 
Ballast tank includes peak tanks. 


5.6.8 Steel renewal is required where the gauged 
thickness is less than thet + 0,5 mm. For definition of thet see 
Pt 4, Ch 7,12.1.2. 


5.6.9 Where the gauged thickness is within the range 
thet + 0,5 mm and the + 1,0 mm, a coating (applied in 
accordance with coating manufacturer’s requirements) or 
annual gauging may be adopted as an alternative to steel 
renewal. 
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Table 3.5.5 Thickness measurement - General dry cargo ships 


Special Survey | Special Survey III 
(Ships 5 years old) (Ships 15 years old) 


Special Survey IV 
and subsequent 
(Ships 20 years old and over) 


Critical areas, as required by the Within 0,5L amidships; (1) Within 0,5L amidships; 


Surveyor. 2 transverse sections in way of two 
different cargo spaces, see Notes 2, 3 
and 4. 


Measurements for the general assessment 
and recording of corrosion pattern of 
those structural members subject to 
Close-up Survey in accordance with 

Table 3.5.4, see Note 5. 


Within the cargo length area; 

(i) Each deck plate outside the line of 
cargo hatch openings. 

(ii) All wind and water strakes. 


Special Survey Il 
(Ships 10 years old) 


Within 0,5L amidships; 
1 transverse section of deck plating in 
way of a cargo space. 


Measurements for the general 
assessment and recording of corrosion 
pattern of those structural members 
subject to Close-up Survey in 
accordance with Table 3.5.4, see Note 5. Selected wind and water strakes outside 


Critical areas, as required by the Hae Cargo lenguitaled: 


Surveyor. All cargo hold hatch covers and coamings 
(plating and stiffeners). 


All transverse webs with associated 
plating and longitudinals, and the 
transverse bulkhead complete in the fore 
peak tank and aft peak tank, see Notes 3 
and 6. 


Critical areas, as required by the Surveyor 


a 


a minimum of 3 transverse sections, 
see Notes 2, 3 and 4. 


(2) Measurements for the general assessment 


and recording of corrosion pattern of 
those structural members subject to 
Close-up Survey in accordance with 
Table 3.5.4, see Note 5. 


Within the cargo length area; 

(i) Each deck plate outside the line of 

cargo hatch openings. 

(ii) Each bottom plate, including turn of 

bilge. 

(iii) Duct keel or pipe tunnel plating and 
internals. 


All wind and water strakes over the full 
length of the ship, port and starboard. 


All cargo hold hatch covers and 
coamings (plating and stiffeners). 


Remaining exposed main deck plates not 
considered in item (3) and representative 

exposed superstructure deck plating (i.e., 
poop, bridge and forecastle deck). 


(7) Lowest strake and strakes in way of 


‘tween decks of all transverse bulkheads 
in cargo spaces together with internals in 
way, see Note 3. 


All transverse webs with associated plating 
and longitudinals, and the transverse 
bulkhead complete in the fore peak tank 
and aft peak tank, see Notes 3 and 6. 


All keel plates over the full length of the 
ship. Also additional bottom plates in way 
of cofferdams, machinery spaces and aft 
end of tanks. 


0) Plating of seachests. Also side shell 
plating in way of overboard discharges, 
as considered necessary by the Surveyor. 


1) Critical areas, as required by the Surveyor. 


NOTES 
Thickness measurement locations are to be selected to provide the best representative samp 
corrosion, considering cargo and ballast history and arrangement, and condition of protective 
A transverse section is to include all longitudinal members such as plating, longitudinals and g 
bottom, hopper side and longitudinal bulkheads, where fitted. 
Where the protective coating is in GOOD condition, then the extent of thickness measuremen 
but not dispensed with in its entirety, at the discretion of the Surveyor. 
For ships having length L less than 100 m: 
(a) the number of transverse sections required at Special Survey Ill may be reduced to one. 
(b) the number of transverse sections required at Special Survey IV and subsequent surveys 


ing of areas likely to be most exposed to 
coatings. 
irders at deck, sides, bottom, inner 


s of internals may be specially considered, 


may be reduced to two. 


For areas in cargo holds and salt-water ballast tanks subject to Close-up Survey, the thickness measurements may be dispensed with 
provided the Surveyor is satisfied with the Close-up Survey examination, that there is no structural diminution and the protective coating 


remains effective. 
Transverse bulkhead complete including stiffening system. 
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Table 3.5.6 Thickness measurement - Additional requirements in way of structure identified with substantial 
corrosion 


Structural member Extent of measurement Pattern of measurement 


Plating Suspect areas and adjacent plates 5 point pattern over 1 m2 


Stiffeners Suspect areas 3 measurements each in line across web 
and flange 


Table 3.5.7 Air pipe head internal examination requirements (applicable for automatic air pipe heads installed 
on exposed decks of all ships except passenger ships) 


Special Survey | Special Survey II Special Survey III 
(Ships 5 years old) (Ships 10 years old) (Ships 15 years old) and subsequent 


Two air pipe heads (one port and one All air pipe heads on exposed decks All air pipe heads on exposed decks. 
starboard) on exposed decks in the in the forward 0,25L. See Notes 1 to 6 
forward 0,25L. See Notes 1 to 5 See Notes 1 to 5 


Two air pipe heads (one port and one At least 20% of air pipe heads on 
starboard) on the exposed decks, exposed decks, serving spaces aft of 
serving spaces aft of 0,25L. 0,25L. See Notes 1 to 5 

See Notes 1 to 5 


NOTES 
Air pipe heads serving ballast tanks are to be selected where available. 
The Surveyor is to select which air pipe heads are to be examined. 
Where considered necessary by the Surveyor as a result of the examinations, the extent of examinations may be extended to include other 
air pipe heads on exposed decks. 
Where the inner parts of air pipe head cannot be properly examined due to its design, it is to be removed in order to allow an internal 
examination. 
Particular attention is to be given to the condition of the zinc coating in heads constructed from galvanised steel. 
Exemption may be considered for air pipe heads where there is documented evidence of their replacement within the previous five years. 


(o) Supporting documentation consisting of: 
(i) Main structural plans of cargo holds and ballast 
; tanks (for ships built in accordance with the IACS 
i Section 6 Common Structural Rules (CSR), these plans are 
Special Survey - Bulk carriers - to include for each structural element, both the 
Hull requirements as-built and the renewal thickness. Any thickness 
for voluntary addition is also to be clearly 
indicated on the plans. The midship section plan 
to be supplied on board the ship is to include the 
minimum allowable hull girder sectional properties 
for the hold transverse section in all cargo holds). 

(ii) Previous repair history. 


6.1 General 


6.1.1 The requirements of Sections 2, 4 and 5 are to be 
complied with as applicable. 


6.1.2 In order to maintain and/or assign the ESP (i) Cargo and ballast history. l 
notation, the following requirements apply to the surveys of (iv) Records of inspections by ship’s personnel with 
the hull structure and piping systems in way of the cargo reference to structural deterioration in general, 
holds, cofferdam, pipe tunnels, void spaces, topside tanks leakages in bulkheads and piping and the 
and double bottom tanks in way of the cargo hold area and condition of the corrosion prevention systems, if 
all salt-water ballast tanks. any. 


(v) — Any other Information that may help to identify 
critical structural areas and/or suspect areas 


6.2 Documentation requiring inspection. 
(vi) Survey Programme as required by 6.3. 
6.2.1 The Owner is to obtain, supply and maintain The complete documentation in 6.2.1 is to be readily 
documentation on board as follows: available for examination by the Surveyor and should be used 
(a) A survey file comprising reports of structural surveys, as a basis for survey. 
thickness measurement and executive hull summary in 
accordance with the 2011 ESP Code. 6.2.2 The documentation is to be kept on board for the 


lifetime of the ship. 
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6.3 Planning for survey 


6.3.1 A Survey Programme is to be submitted by the 
Owner and is to include the proposals for survey, including the 
means of providing access for Close-up Survey, thickness 
measurement and tank testing and should take account of the 
information detailed in 6.2.1. 


6.3.2 Prior to the development of the Survey Programme, 
a Survey Planning Questionnaire is to be completed and 
submitted by the Owner, see 1.6.12. 


6.4 Overall Survey 


6.4.1 All cargo holds, salt-water ballast tanks including 
double bottom tanks, pipe tunnels, cofferdams and void 
spaces bounding cargo holds, decks and outer hull are to be 
examined, and this examination is to be supplemented by 
Close-up Survey, thickness measurement and testing as appli- 
cable, to ensure that the structural integrity remains effective. 


6.4.2 The examination is to be sufficient to ascertain 
substantial corrosion, significant deformation, fractures, 
damages or other structural deterioration and, if deemed 
necessary by the Surveyor, suitable non-destructive 
examination may be required. 


6.4.3 Where substantial corrosion, as defined in 1.5, is 
identified and is not rectified, this will be subject to re- 
examination at Annual and Intermediate Surveys. 


6.4.4 All piping systems within the tanks and spaces 
indicated in 6.4.1 are to be examined and tested under working 
conditions to ensure that the conditions remain satisfactory. 


6.4.5 The extent of survey of combined salt-water ballast 
cargo holds is to be evaluated based on the records of ballast 
history, the extent and condition of the corrosion protection 
system provided, and the extent of structural diminution 
(corrosion). 


6.4.6 Where salt-water ballast tanks have been converted 
to void spaces the survey extent is to be based upon salt- 
water ballast tank requirements. 


6.4.7 Where provided, in association with a corrosion 
control (c.c.) notation as defined in the Register Book, the 
condition of the protective coating or corrosion prevention 
system is to be examined. 


6.4.8 For ships fitted with water level detectors in cargo 
holds, ballast tanks forward of the collision bulkhead and any 
dry or void space which extends forward of the foremost 
cargo hold, an examination and a test of the water ingress 
detection systems and of their alarms is to be carried out. 


6.4.9 For ships fitted with a means for draining and 
pumping ballast tanks forward of the collision bulkhead and 
the bilges of dry spaces, any part of which extends forward of 
the foremost cargo hold, an examination and a test of the 
draining and pumping systems including their controls is to be 
carried out. 


Part 1, Chapter 3 


Section 6 


6.5 Testing 


6.5.1 The minimum requirements for tank testing, as 
applicable, are given in 5.3.5. Where required, the Surveyor 
may extend the tank testing if deemed necessary. 


6.6 Close-up Survey 


6.6.1 The minimum requirements for Close-up Survey are 
given in Tables 3.6.1, 3.6.2 and 3.6.3 as applicable. 


6.6.2 The Close-up Survey may be extended, as deemed 
necessary by the Surveyor, after taking into account the 
maintenance of the spaces under survey, the condition of the 
corrosion prevention system and where spaces have 
structural arrangements or details which have suffered defects 
in similar spaces or on similar ships according to available 
information. 


6.6.3 For areas in tanks and cargo holds where coatings 
are found to be in GOOD condition, as defined in 1.5, the 
extent of Close-up Surveys may be specially considered. 


6.7 Thickness measurement 


6.7.1 The minimum requirements for thickness measure- 
ments are given in Table 3.6.4, see a/so 5.6. For ships built in 
accordance with the IACS Common Structural Rules (CSR), 
the number and locations of measurements are detailed in the 
LR document Thickness Measurement and Close-Up Survey 
Guidance. 


6.7.2 In areas where substantial corrosion, as defined in 
1.5, has been noted then additional measurements are to be 
carried out, as applicable, in accordance with Tables 3.6.5, 
3.6.6, 3.6.7, 3.6.8, 3.6.9 and 3.6.10 to determine the full 
extent of the corrosion pattern. The survey will not be 
considered complete until these additional thickness measure- 
ments have been carried out. For bulk carriers built in 
accordance with the IACS Common Structural Rules (CSR), 
the areas identified with substantial corrosion may be either: 
(a) protected by coating applied in accordance with the 
coating manufacturer’s requirements and examined at 
Annual Surveys to confirm the coating in way is still in 
GOOD condition, or alternatively; 
(b) subject to thickness measurement at Annual Surveys. 


6.7.3 Thickness measurement is required to determine 
both general and local levels of corrosion in salt-water ballast 
tanks and in the shell frames and their end attachments in all 
cargo holds. Thickness measurements are also to be carried 
out to determine the corrosion levels on the transverse bulk- 
head plating. 
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Table 3.6.1 Close-up Survey - Single skin bulk carriers 


Special Survey | 
(Ships 5 years old) 


Special Survey II 
(Ships 10 years old) 


Special Survey Ill 
(Ships 15 years old) 


Special Survey IV 
(Ships 20 years old and over) 


> 


25% of shell frames and their | (1a) For bulk carriers with a | shell frames in the forward | (1) All shell frames in all cargo 


end attachments in the 
forward cargo hold at 
representative positions. 


deadweight less than 100,000 
tonnes, all shell frames in the 


frames in each of the 
remaining cargo holds, 
including their end 
attachments and adjacent shell 
plating. 


(1b) For bulk carriers with a 


Selected shell frames and 
their end attachments in 
remaining cargo holds. 


1 transverse web with 
associated plating and 
ongitudinals in 2 
representative water ballast 
anks of each type (i.e. 
opside or hopper side tank). 


than 100,000 tonnes, all shell 
frames in the forward cargo 
hold and 50% of frames in 
each of the remaining cargo 
holds, including their end 
attachments and adjacent 
shell plating. 


2 selected cargo hold 
ransverse bulkheads, 
including internal structure of 
upper and lower stools, where 
itted. This is to include the 
aft bulkhead of the forward 
hold. 


1 transverse web with 
associated plating and 
longitudinals in each water 
ballast tank. 


All cargo hold hatch covers 
and coamings (plating and 


stiffeners). Forward and aft transverse 


bulkhead in 1 side ballast tank, 
including stiffening system. 


All cargo hold transverse 
bulkheads including internal 
structure of upper and lower 
ools, where fitted. 


| cargo hold hatch covers 
nd coamings (plating and 
iffeners). 


| deck plating and underdeck 
structure inside line of hatch 
openings between all cargo 
hold hatches. 


forward cargo hold and 25% of 


deadweight equal to or greater 


nd one other selected cargo 
old and 50% of frames in 
ach of the remaining cargo 
olds, including their end 
tachments and adjacent 
hell plating. 


ao ,OoD®” 


> 


| transverse webs with 
associated plating and 
longitudinals in each water 
ballast tank. 


All transverse bulkheads in 
allast tanks, including 
iffening system. 


O 


| cargo hold transverse 
ulkheads, including internal 
ructure of upper and lower 
ools, where fitted. 


| cargo hold hatch covers 
nd coamings (plating and 
iffeners). 


QO > HHOD v 


> 


| deck plating and 
underdeck structure inside 


holds, including their end 
attachments and adjacent 
shell plating. 


All transverse webs with 
associated plating and 
longitudinals in each water 
ballast tank. 


All transverse bulkheads in 
ballast tanks, including 
iffening system. 


S 

All cargo hold transverse 
bulkheads, including internal 
structure of upper and lower 
ools, where fitted. 


| cargo hold hatch covers 
nd coamings (plating and 
iffeners). 


| deck plating and 
underdeck structure inside 
line of hatch openings 
between all cargo hold 
hatches. 


line of hatch openings 
between all cargo hold 
hatches. 


NOTES 


The requirements in this Table apply to all single skin bulk carriers unless stated otherwise. 


1. Ballast tank includes peak tanks. 


2. Close-up Survey of transverse bulkheads to be carried out at four levels: 


Level (a) 
lower stool. 
Level (b) 
the line of the shedder plates. 
Level (c) About mid-height of the bulkhead. 


Level (d) 


Immediately above the inner bottom and immediately above the line of gussets (if fitted) and shedders for ships without 


Immediately above and below the lower stool shelf plate (for those ships fitted with lower stools), and immediately above 


Immediately below the upper deck plating and immediately adjacent to the upper wing tank and immediately below the 


upper stool shelf plate for those ships fitted with upper stools, or immediately below the topside tanks. 


6.7.4 Single skin bulk carriers contracted for construction 
prior to 1 July 1998 are to undergo a re-assessment and 
evaluation of their cargo hold shell frames in accordance with 
the Provisional Rules for Existing Ships. The number of shell 
frames to be measured is equivalent to number of shell frames 
subject to Close-up Survey (see Table 3.6.1), with represen- 
tative measurements to be taken at specific areas for each 
frame. The extent of thickness measurement may be specially 
considered, but not dispensed with in its entirety, by the 
Surveyor, provided the structural members indicate no thick- 
ness diminution with respect to the Rule thickness and the 
coating is found in ‘as-new’ condition (i.e., without breakdown 
or rusting). Repairs to shell frames are to be based upon the 
minimum thickness values shown in the evaluation records. 


6.7.5 For bulk carriers built in accordance with the IACS 
Common Structural Rules (CSR), the ship’s longitudinal 
strength is to be evaluated by using the thickness of structural 
members measured, renewed and reinforced, as appropriate, 
during the Special Surveys carried out after the ship reaches 
15 years of age (or during the Special Survey No. 3, if this is 
carried out before the ship reaches 15 years) in accordance 
with the criteria for longitudinal strength of the ship’s hull girder 
for CSR bulk carriers specified in Chapter 13 of CSR. For 
further details refer to the LR document Thickness 
Measurement and Close-Up Survey Guidance. 
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Table 3.6.2 


Special Survey | 
(Ships 5 years old) 


Special Survey II 
(Ships 10 years old) 


Close-up Survey - Double skin bulk carriers (excluding ore carriers) 


Special Survey III 
(Ships 15 years old) 


Part 1, Chapter 3 


Section 6 


Special Survey IV 


(Ships 20 years old and over) 


(1) 


1 transverse web with 
associated plating and 
longitudinals in 2 
representative water ballast 
tanks of each type. This is 
to include the foremost 
topside and double side 
ballast tanks on either side 


2 selected cargo hold 
transverse bulkheads 
including internal structure 
of upper and lower stools, 
where fitted 


All cargo hold hatch covers 
and coamings (plating and 
stiffeners) 


1 transverse web with 
associated plating and 
longitudinals in each water 
ballast tank 


Forward and aft transverse 
bulkheads, including 
stiffening system, in one 
complete double side 
ballast tank on one side of 
the ship (i.e., port or 
starboard), see Note 1 


25% of ordinary transverse 
web frames in the foremost 
double side tanks 


One transverse bulkhead in 
each cargo hold including 
internal structure of upper 
and lower stools, where 
fitted 


All cargo hold hatch covers 
and coamings (plating and 
stiffeners) 


All deck plating and under- 
deck structure inside line of 
hatch openings between all 
cargo hold hatches 


All transverse webs with 
associated plating and 
longitudinals in each water 
ballast tank 


All transverse bulkheads in 
ballast tanks, including 
stiffening system 


25% of ordinary transverse 
web frames in all double 
side tanks 


All cargo hold transverse 
bulkheads including 
internal structure of upper 
and lower stools, where 
fitted 


All cargo hold hatch covers 
and coamings (plating and 
stiffeners) 


All deck plating and under- 
deck structure inside line of 
hatch openings between all 
cargo hold hatches 


(1) 


All transverse webs with 
associated plating and 
longitudinals in each water 
ballast tank 


All transverse bulkheads in 
ballast tanks, including 
stiffening system 


All ordinary transverse web 
frames in all double side 
tanks 


All cargo hold transverse 
bulkheads including 
internal structure of upper 
and lower stools, where 
fitted 


All cargo hold hatch covers 
and coamings (plating and 
stiffeners) 


All deck plating and under- 
deck structure inside line of 
hatch openings between all 
cargo hold hatches 


NOTES 
1. Complete ballast tank means topside tank, hopper tank, double bottom tank and double side tank, even if these are separate. 
2. Ballast Tank includes peak tanks. 
3. Close-up survey of transverse bulkheads to be carried out at four levels: 


Level (a) 
out lower stool. 
Level (b) 
above the line of the shedder plates. 
Level (c) About mid-height of the bulkhead. 


Level (d) 


Immediately above the inner bottom and immediately above the line of gussets (if fitted) and shedders for ships with 


Immediately above and below the lower stool shelf plate (for those ships fitted with lower stools), and immediately 


Immediately below the upper deck plating and immediately adjacent to the upper wing tank and immediately below 


the upper stool shelf plate for those ships fitted with upper stools, or immediately below the topside tanks. 


6.7.6 Steel renewal evaluation of corrugated transverse 
watertight bulkheads on bulk carriers of 150 m in length and 
above, intending to carry solid bulk cargoes having a density 
of 1,0 t/m3 with contract for construction on or after 1 July 
1998 is to be in accordance with IACS UR S18. These 
requirements are not applicable to bulk carriers with class 
notation ESN Hold 1 and ESN - All Holds, or ships built in 
accordance with the IACS Common Structural Rules (CSR). 
Further information is provided in the LR document Thickness 
Measurement and Close-Up Survey Guidance. 


6.7.7 Steel renewal is required where the gauged 
thickness is less than thet + 0,5 mm. For definition of the, see 
Pt 4, Ch 7,10.4.10. 


6.7.8 Where the gauged thickness is within the range 
thet + 0,5 mm and taet + 1,0 mm, a coating (applied in 
accordance with coating manufacturer’s requirements) or 
annual gauging may be adopted as an alternative to steel 
renewal. 


6.7.9 Hatch covers of cargo holds’ steel renewal 
evaluation of bulk carriers with contract for construction on or 
after 1 July 1998 is to be in accordance with IACS UR S21. 
These requirements are not applicable to ships built in 
accordance with the IACS Common Structural Rules (CSR). 
Further information is provided in the LR document Thickness 
Measurement and Close-Up Survey Guidance. 
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Table 3.6.3 Close-up Survey - Ore carriers 


Special Survey | 
(Ships 5 years old) 


Special Survey Il 
(Ships 10 years old) 


Special Survey III 
(Ships 15 years old) 


Special Survey IV 
(Ships 20 years old and over) 


(1) 1 web frame ring complete 
including adjacent structural 
members in a water ballast 
wing tank. 


1 transverse bulkhead lower 
part including girder system 
and adjacent structural 
members in a ballast tank. 


2 selected cargo hold 
transverse bulkheads, 
including internal structure of 
upper and lower stools where 
fitted, see Note 2. 


All cargo hold hatch covers 
and coamings (plating and 
stiffeners). 


All web frame rings complete 
including adjacent structural 
members in a water ballast 
wing tank. 


1 deck transverse including 
adjacent structural members 
in each remaining water ballast 
tank. 


Forward and aft transverse 
bulkheads including girder 
system and adjacent structural 
members in a ballast wing 
tank. 


1 transverse bulkhead lower 
part including girder system 
and adjacent structural 
members in each remaining 
ballast tank. 


1 transverse bulkhead in each 
cargo hold, including internal 
structure of upper and lower 
stools where fitted, see Note 
2. 


All cargo hold hatch covers 
and coamings (plating and 
stiffeners). 


All deck plating and under 
deck structure inside line of 
hatch openings between all 
cargo hold hatches. 


All web frame rings complete 
including adjacent structural 
members in each water ballast 
tank. 


All transverse bulkheads 
including girder system and 
adjacent structural members in 
each ballast tank. 


1 web frame ring complete 

including adjacent structural 
members in each wing void 
space. 


Additional web frame rings 
including adjacent structural 
members in void spaces as 
deemed necessary by the 
Surveyor. 


All cargo hold transverse 
bulkheads, including internal 
structure of upper and lower 
stools where fitted, see Note 2. 


All cargo hold hatch covers and 
coamings (plating and 
stiffeners). 


All deck plating and under deck 
structure inside line of hatch 
openings between all cargo 
hold hatches 


(1) All web frame rings complete 
including adjacent structural 
members in each water 
ballast tank. 


All transverse bulkheads 
including girder system and 
adjacent structural members 
in each ballast tank. 


1 web frame ring complete 

including adjacent structural 
members in each wing void 
space. 


Additional web frame rings 
including adjacent structural 
members in void spaces as 
deemed necessary by the 
Surveyor. 


All cargo hold transverse 
bulkheads, including internal 
structure of upper and lower 
stools where fitted, see Note 
2 


All cargo hold hatch covers 
and coamings (plating and 
stiffeners). 


All deck plating and under 
deck structure inside line of 
hatch openings between all 
cargo hold hatches. 


NOTES 


1. Ballast tank includes peak tanks. 
2. Close-up Survey of transverse bulkheads to be carried out at four levels: 
Immediately above the inner bottom and immediately above the line of gussets (if fitted) and shedders for ships without 


Level (a) 
lower stool. 
Level (b) 


the line of the shedder plates. 


Level (c) 
Level (d) 


About mid-height of the bulkhead. 
Immediately below the upper deck plating and immediately adjacent to the upper wing tank and immediately below the 


Immediately above and below the lower stool shelf plate (for those ships fitted with lower stools), and immediately above 


upper stool shelf plate for those ships fitted with upper stools, or immediately below the topside tanks. 


6.7.10 Steel renewal is 


required where the gauged 


6.7.12 


Steel renewal evaluation of hatch covers and hatch 


thickness is less than tye + 0,5 mm. For definition of thet see 
Pt 4, Ch 7,12.1.2. 


6.7.11 | Where the gauged thickness is within the range 
thet + 0,5 mm and the + 1,0 mm, a coating (applied in 
accordance with coating manufacturer's requirements) or 
annual gauging may be adopted as an alternative to steel 
renewal. 


coamings of cargo holds on bulk carriers and ore carriers 
with contract for construction on or after 1 January 2004 is to 
be in accordance with IACS UR S21. These requirements are 
not applicable to ships built in accordance with the IACS 
Common Structural Rules (CSR). Further information is 
provided in the LR document Thickness Measurement and 


Close-Up Survey Guidance. 
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Table 3.6.4 


Special Survey | 
(Ships 5 years old) 


Special Survey III 
(Ships 15 years old) 


Part 1, Chapter 3 


Section 6 


Thickness measurement - Single skin and double skin bulk carriers 


Special Survey IV and subsequent 
(Ships 20 years old and over) 


Measurement, for general assessment 
and recording of corrosion pattern, of 
those structural members subject to 
Close-up Survey in accordance with 
Table 3.6.1, Table 3.6.2 or Table 3.6.3. 


Critical areas, as required by the 
Surveyor. 


Special Survey Il 
(Ships 10 years old) 


Within the cargo length area: 
(a) 2 sections of deck plating outside line 
of cargo hatch openings. 


Measurement, for general assessment 
and recording of corrosion pattern, of 
those structural members subject to 
Close-up Survey in accordance with 
Table 3.6.1, Table 3.6.2 or Table 3.6.3. 


Wind and water strakes in way of the 
transverse sections considered in 
item (1). 


Selected wind and water strakes outside 
the cargo length area. 


Cargo hold shell frames on single skin 
ships, see Note 5. 


Critical areas, as required by the 
Surveyor. 


Within the cargo length area: 

(a) Each deck plate outside line of cargo 
hatch openings. 

(b) 2 transverse sections, outside line of 
cargo hatch openings. (A minimum of 
1 of the above transverse sections is 
to be within 0,5L amidships). 


Measurement, for general assessment 
and recording of corrosion pattern, of 
those structural members subject to 
Close-up Survey in accordance with 
Table 3.6.1, Table 3.6.2 or Table 3.6.3. 


All wind and water strakes within the 
cargo length area. 


Selected wind and water strakes outside 
the cargo length area. 


All cargo hatch covers and coamings 
(plating and stiffeners). 


All transverse webs with associated 
plating and longitudinals, and the 
transverse bulkhead complete in the fore 
peak tank and aft peak tank, see Notes 1 
and 3. 


The aft bulkhead of the forward cargo 
hold on single skin ships, see Note 4. 


Cargo hold shell frames on single skin 
ships, see Note 5. 


Critical areas, as required by the Surveyor. 


) 


9) 


Within the cargo length area: 

(a) Each deck plate outside line of cargo 
hatch openings. 

(b) 3 transverse sections, outside line of 
cargo hatch openings. (A minimum 
of 2 of the above transverse sections 
is to be within 0,5L amidships). 

(c) Each bottom plate. 


Measurement, for general assessment 
and recording of corrosion pattern, of 
those structural members subject to 
Close-up Survey in accordance with 
Table 3.6.1, Table 3.6.2 or Table 3.6.3. 


All wind and water strakes over the full 
length of the ship, port and starboard. 


All cargo hatch covers and coamings 
(plating and stiffeners). 


Remaining exposed main deck plates not 
considered in item (1) and representative 

exposed superstructure deck plating (i.e. 

poop, bridge and forecastle deck). 


All transverse webs with associated plating 
and longitudinals, and the transverse 
bulkhead complete in the fore peak tank 
and aft peak tank, see Notes 1 and 3. 


All keel plates outside the cargo length 
area. Also additional bottom plates in 
way of cofferdams. Machinery space 
and aft end of tanks. 


Plating of seachests. Also side shell 
plating in way of overboard discharges, 
as considered necessary by the Surveyor. 


The aft bulkhead of the forward cargo 
hold on single skin ships, see Note 4. 


10) Cargo hold shell frames on single skin 


ships, see Note 5. 


11) Critical areas, as required by the Surveyor. 


NOTES 


The requirements in this table apply to both single skin and double skin ships unless stated otherwise. 
Ns 


6.7.13 


For areas in spaces where coatings are found to be in GOOD condition, as defined in 1.5, the extent of thickness measurement may be 
specially considered, but not dispensed with in its entirety. Prior to any coating or re-coating of cargo holds, scantlings are to be 
confirmed by thickness measurement with the Surveyor in attendance. 
Transverse sections should be chosen where the largest reductions are likely to occur, or as revealed by deck plating measurement. 
Transverse bulkhead complete including stiffening system. 
For ships assigned notations ESN Hold No1 and ESN All Holds, the corrugated part of the aft transverse bulkhead of the forward 
cargo hold is to be subject to thickness measurement. This is to include each vertical corrugation at its lower and middle level including 
shedder plates and gusset plates, where applicable. 
Single skin bulk carriers contracted for construction prior to 1 July 1998 are to undergo a re-assessment of their cargo hold shell frames 
in accordance with the Provisional Rules for Existing Ships. The number of shell frames to be measured is equivalent to the number of 
shell frames subject to Close-up survey (see Table 3.6.1), with representative measurements to be taken at specific areas for each 


frame. 


Steel renewal is 


required where the gauged 


thickness is less than thet + 0,5 mm. For definition of the, see 
Pt 4, Ch 7,12.1.2. 


6.7.14 


Where the gauged thickness is within the range 


there + 0,5 mm and thet + 1,0 mm, a coating (applied in 
accordance with coating manufacturer’s requirements) or 
annual gauging may be adopted as an alternative to steel 
renewal. 
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Table 3.6.5 Thickness measurement - Single skin bulk carriers - Shell plating and stiffening, with substantial corrosion 


Structural member 


Extent of measurement 


Pattern of measurement 


(1) Bottom and side shell plating 


(2) Botton/side shell longitudinals 


(3) Side shell frames 


Table 3.6.6 


Structural member 


Suspect plate, plus four adjacent plates 
Minimum of three longitudinals in way of 


suspect areas 


Suspect frame and each adjacent 


Extent of measurement 


5 point pattern for each panel between 
longitudinals 


3 measurements in line across web and 
3 measurements on flange 


At each end and mid-span: 
(a) 5 point pattern on both web and flange 
(b) 5 point pattern within 25 mm of welded 
attachment to both side shell and hopper 
sloping plate 


Thickness measurement - Single skin bulk carriers - Double bottom and hopper structure, with 
substantial corrosion 


Pattern of measurement 


(1) Inner bottom plating 


(2) Inner bottom longitudinals 


(3) Transverse floors and longitudinal girders 


(4) Watertight floors and girders 


(5) Transverse web frames 


Table 3.6.7 


Suspect plate plus all immediately adjacent 
plates 
Three longitudinals in way of plates measured 


Suspect plates 


(a) lower 1/3 of tank 
(b) upper 2/3 of tank 


Suspect plate 


holds, with substantial corrosion 


Structural member 


Extent of measurement 


5 point pattern for each panel between 
longitudinals over 1 m length 


3 measurements in line across web and 
3 measurements on flange 


5 point pattern over approximately 1 m2 of 
plating 


(a) 5 point pattern over 1 m2 of plating 
(b) 5 point pattern alternate plates over 1 m2 
of plating 


5 point pattern over 1 m2 of plating 


Thickness measurement - Single skin and double skin bulk carriers - Transverse bulkheads in cargo 


Pattern of measurement 


(1) Lower stool 


(2) Transverse bulkhead 


Transverse band within 25 mm of welded 
connection to inner-bottom 


Transverse band within 25 mm of welded 
connection to shelf plate 


Transverse band immediately above lower 
stool shelf plate 


Transverse band at approximately mid- 
height 


Transverse band at part of bulkhead 
adjacent to upper deck or below upper 
stool shelf plate (for those ships fitted with 
upper stools) 


a) 5 point pattern between stiffeners over 
1 m length 
b) as above 


a) 5 point pattern over 1 m length 


b) 5 point pattern over 1 m2 of plating 


c) 5 point pattern over 1 m2? of plating 
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Table 3.6.8 


Part 1, Chapter 3 


Section 6 


Thickness measurement - Single skin and double skin bulk carriers - Deck structure including cross 


strips, main cargo hatchways, hatch covers, coamings and topside tanks, with substantial corrosion 


Structural member 


(1) Cross deck strip plating 


(2) Underdeck stiffeners 


(3) Hatch covers 


(4) Hatch coamings 


(5) Topside salt water ballast tanks 


(6) Main deck plating 


(7) Main deck longitudinals 


(8) Web frames/transverses 


Table 3.6.9 


Extent of measurement 


Suspect cross deck strip plating 


a) Transverse members 
b) Longitudinal member 


a) Each side and end plate 3 locations 


( 
( 
( 
( 


b) Top plate, 3 longitudinal bands — 2 on 
outboard strakes and 1 on centreline strake 


Each side and end of coaming, one upper 
and one lower band 


(a) Watertight transverse bulkheads 
i) lower 1/3 of bulkhead 

ii) upper 2/3 of bulkhead 

iii) stiffeners 


(b) Swash transverse bulkheads 
i) lower 1/3 of bulkhead 
ii) upper 2/3 of bulkhead 
iii) stiffeners 


representative bays of the topside 
loping plate 

i) lower 1/3 of tank 

ii) upper 2/3 of tank 


(d) suspect longitudinals and adjacent 
longitudinals 


Suspect plates and 4 immediately adjacent 
plates 


Minimum of 3 longitudinals where plating 
measured 


Suspect plates 


with substantial corrosion 


Structural member 


Extent of measurement 


Pattern of measurement 


5 point pattern between underdeck stiffeners 
over 1 m length 


a) 5 point pattern at each end and mid-span 
b) 5 point pattern on both web and flange 


a) 5 point pattern at each location 


b) 5 point measurement at each band 


5 point measurement at each band 


m2 of plating 
m2 of plating 
m length 


5 point pattern over 
i) 5 point pattern over 1 
ii) 5 point pattern over 1 


5 point pattern over 1 
ii) 5 point pattern over 1 
ii) 5 point pattern over 


m2 of plating 
m2 of plating 
m length 


5 point pattern over 1 m? of plating 
ii) 5 point pattern over 1 m? of plating 


5 point pattern both web and flange over 1 m 
length 


5 point pattern over 1 m2 of plating 


5 point pattern on both web and flange over 
1 m length 


5 point pattern over 1 m2 of plating 


Thickness measurement - Double skin bulk carriers - Bottom, inner bottom and hopper structure, 


Pattern of measurement 


Bottom, inner bottom and hopper 
structure plating 


Bottom, inner bottom and hopper 
structure longitudinals 


Bottom girders, including watertight 
girders 


Bottom floors, including watertight 
floors 


Hopper structure web frame ring 


Hopper structure transverse watertight 
bulkhead or swash bulkhead 


(7) Panel stiffening 


Minimum of 3 bays across double 
bottom tank, including aft bay 
Measurements around and under all 
suction bell mouths 


Minimum of 3 longitudinals in each bay 
where bottom plating measured 


At fore and aft watertight floors and in centre 
of tanks 


3 floors in the bays where bottom plating 
measured, with measurements at both ends 
and middle 


3 floors in bays where bottom plating 
measured 


a) lower 1/3 of bulkhead 
b) upper 2/3 of bulkhead 
c) stiffeners (minimum of 3) 


Where applicable 


5 point pattern for each panel between 
longitudinals and floors 


3 measurements in line across flange and 
3 measurements on the vertical web 


Vertical line of single measurements on 
girder plating with 1 measurement between 
each panel stiffener, or a minimum of 

3 measurements 


5 point pattern over 2 m2 area 


5 point pattern over 1 m2 of plating and 
single measurements on flange 


(a) 5 point pattern over 1 m2 of plating 

(b) 5 point pattern over 2 m2 of plating 

( For web, 5 point pattern over span 
(2 measurements across web at each 
end and 1 at centre of span). For 
flange, single measurements at each 
end and centre of span 


Single measurements 
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Table 3.6.10 Thickness measurement - Double skin bulk carriers - Double side space structure (including 
wing void spaces of ore carriers), with substantial corrosion 


Structural member 


Extent of measurement 


Pattern of measurement 


Side shell and inner plating: 
i) | Upper strake and strakes in way (i) 
of horizontal girders 


Side shell and inner side transverse 
rames/longitudinals on: 

i) Upper strake (i) 
same 3 bays 


Transverse frames/longitudinals — 


Vertical web and transverse bulkheads: 
(i) | Strakes in way of horizontal (i) 


(ii) | Other strakes (ii) 


Horizontal girders 
3 bays 


Panel stiffening Where applicable 


Plating between each pair of transverse 
frames/longitudinals in a minimum of 

3 bays along the tank 

ii) All other strakes (ii) Plating between every third pair of 
longitudinals in same 3 bays 


Each transverse frame/longitudinal in 


All other strakes (i) | Every third transverse frame/ 
longitudinal in same 3 bays 


Minimum of 3 at top, middle and bottom of 
brackets tank in same 3 bays 


inimum of 2 webs and both (i) 
girders ransverse bulkheads 

inimum of 2 webs and both (ii) | 2 measurements between each pair of 
ransverse bulkheads 


Plating on each girder in a minimum of 


a Section 7 
Special Survey - Oil tankers 
(including ore/oil ships and 
ore/bulk/oil ships) - Hull 
requirements 


7.1 General 


7.1.1 The requirements of Sections 2, 4 and 5 are to be 
complied with as applicable. 


7.1.2 In order to maintain and/or assign the ESP notation, 
the following requirements apply to the surveys of the hull 
structure and piping systems in way of the cargo tanks/cargo 
holds, pump rooms, cofferdam, pipe tunnels, void spaces, 
double bottom tanks, etc., in way of the cargo tank area and 
all salt-water ballast tanks. 


7.2 Documentation 


7.2.1 The Owner is to obtain, supply and maintain docu- 

mentation on board as follows: 

(a) A survey file comprising reports of structural surveys, 
thickness measurement and executive hull summary in 
accordance with the 2011 ESP Code. 


Single measurement 


Single measurement 


3 measurements across web and 
1 measurement on flange 
3 measurements across web and 
1 measurement on flange 


5 point pattern over area of bracket 


5 point pattern over approx. 2 m2 area 


vertical stiffeners 


2 measurements between each pair of 
longitudinal girder stiffeners 


Single measurements 


(o) Supporting documentation consisting of: 

(i) Main structural plans of cargo tanks/cargo holds 
and ballast tanks (for ships built in accordance 
with IACS Common Structural Rules (CSR), these 
plans are to include for each structural element, 
both the as-built and the renewal thickness. Any 
thickness for voluntary addition is also to be 
clearly indicated on the plans. The midship 
section plan to be supplied on board the ship is 
to include the minimum allowable hull girder 
sectional properties for the tank transverse 
section in all cargo tanks). 

(ii) Previous repair history. 

(iii) | Cargo and ballast history. 

(iv) Records of inspections by ship’s personnel with 
reference to structural deterioration in general, 
leakages in bulkheads and piping and the 
condition of the corrosion prevention systems, if 
any. 

(v) Extent of use of inert gas plant and tank cleaning 
procedures. 

(vi) Any other information that may help to identify 
critical structural areas and/or suspect areas 
requiring inspection. 

(vii) Survey Programme as required by 7.3. 

The complete documentation in 7.2.1 is to be readily available 
for examination by the Surveyor and should be used as a 
basis for survey. 


7.2.2 The documentation is to be kept on board for the 
lifetime of the ship. 
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7.3 Planning for survey 


7.3.1 A Survey Programme is to be submitted by the 
Owner and is to include the proposals for survey, including the 
means of providing access for Close-up Survey, thickness 
measurement and tank testing and should take account of the 
information detailed in 7.2.1. 


7.3.2 Prior to the development of the Survey Programme 
a Survey Planning Questionnaire is to be completed and 
submitted by the Owner, see 1.6.12. 


7.4 Overall Survey 


7.4.1 All cargo tanks/cargo holds, and salt-water ballast 
tanks including double bottom tanks, pump rooms, pipe 
tunnels, cofferdams and void spaces bounding cargo 
tanks/cargo holds, deck and outer hull are to be examined, 
and this examination is to be supplemented by Close-up 
Survey, thickness measurement and testing as applicable, to 
ensure that the structural integrity remains effective. 


7.4.2 The examination is to be sufficient to ascertain 
substantial corrosion, significant deformation, fractures, 
damages or other structural deterioration and, if deemed 
necessary by the Surveyor, suitable non-destructive 
examination may be required. 


7.4.3 Where substantial corrosion, as defined in 1.5, is 
identified and is not rectified, this will be subject to 
re-examination at Annual and/or Intermediate Surveys. In the 
case of salt-water ballast tanks and combined tanks for the 
carriage of salt-water ballast and cargo oil, the examination 
will be required at Annual Survey and Intermediate Survey. In 
the case of cargo oil tanks the examination will be required at 
Intermediate Surveys. 


7.4.4 All cargo piping on deck, including Crude Oil 
Washing (COW) piping, and cargo and ballast piping within 
those spaces indicated in 7.4.1 are to be examined and tested 
under working conditions to ensure that tightness and condi- 
tion remain satisfactory. Special attention is to be given to 
ballast piping in cargo tanks and any cargo piping in ballast 
tanks and void spaces. 


7.4.5 Where salt-water ballast tanks have been converted 
to void spaces the survey extent is to be based upon salt- 
water ballast tank requirements. 


7.4.6 Where provided, in association with a corrosion 
control (c.c.) notation as defined in the Register Book, the 
condition of the protective coating or corrosion prevention 
system of cargo tanks is to be examined. 


7.4.7 The attachment to the structure and condition of 
anodes in tanks are to be examined. 


Part 1, Chapter 3 


Section 7 


7.4.8 Where fitted, the strums of the cargo suction pipes 
are to be removed or lifted to facilitate examination of the shell 
plating and bulkheads in the vicinity, unless other means for 
visual inspection of these parts are provided. 


7.5 Testing 


7.5.1 The minimum ballast tank testing requirements are 
given in Table 3.7.1 and, where required, the Surveyor may 
extend the tank testing if deemed necessary. The remaining 
requirements for tank testing, as applicable, are given in 5.3.5. 


7.5.2 The minimum cargo tank testing requirements are 
given in Table 3.7.1; boundaries of cargo tanks are to be 
tested to the highest point that liquid will rise to under service 
conditions. 

Cargo tank testing carried out by the ship’s crew under the 

direction of the Master may be accepted by the Surveyor 

provided the following conditions are complied with: 

(a) A tank testing procedure has been submitted by the 
Owner and reviewed by LR prior to the testing being 
carried out. 

(o) There is no record of leakage, distortion or substantial 
corrosion that would affect the structural integrity of the 
tank. 

(c) The tank testing has been satisfactorily carried out within 
the special survey window not more than 3 months prior 
to the date of the survey on which the overall or close- 
up survey is completed. 

(d) The satisfactory results of the testing are recorded in the 
ship’s logbook. 

(e) The internal and external condition of the tanks and 
associated structure is found satisfactory by the Surveyor 
at the time of the overall and close-up survey. 


7.6 Close-up Survey 


7.6.1 The minimum requirements for Close-up Survey are 
given in Table 3.7.2 (Single hull oil tankers), Table 3.7.3 (Double 
hull oil tankers), Table 3.7.4 (Ore/oil ships) and 
Table 3.7.5 (Ore/bulk/oil ships). 


7.6.2 The Surveyor may extend the Close-up Survey, if 

deemed necessary, taking into account the maintenance of 

the tanks under survey, the condition of the corrosion 

prevention system, and the following: 

(a) Structural arrangements or details which have suffered 
defects in similar spaces or on similar ships. 

(b) Spaces which have structures approved with reduced 
scantlings in association with an approved corrosion 
control system (c.c.). 


7.6.3 For areas in tanks where coatings are found to be in 
GOOD condition, as defined in 1.5, the extent of Close-up 
Surveys may be specially considered. 
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Table 3.7.1 
ships 


Special Survey | 
(Ships 5 years old) 


Part 1, Chapter 3 


Section 7 


Tank testing requirements — Single hull and double hull oil tankers, ore/oil ships and ore/bulk/oil 


Special Survey II and subsequent 
(Ships 10 years old and over) 


All ballast tank boundaries 


Cargo tank boundaries facing ballast tanks, void spaces, pipe 
tunnels, pump rooms or cofferdams 


All ballast tank boundaries 


All cargo tank bulkheads 


Table 3.7.2 Close-up Survey - Single hull oil tankers 


Special Survey | 
(Ships 5 years old) 


Special Survey Il 
(Ships 10 years old) 


Special Survey III 
(Ships 15 years old) 


Special Survey IV 
(Ships 20 years old and over) 


(1) One web frame ring — in a 
wing ballast tank, if any, or a 
cargo wing tank used primarily 
for water ballast, see Note 1 


(1) All web frame rings — in a wing 
ballast tank, if any, or a cargo 
wing tank used primarily for 
water ballast, see Note 1 


(2) One deck transverse — ina 
cargo tank, see Note 2 


(2) One deck transverse, 
see Notes 2 and 8: 
(a) in each of the remaining 
ballast tanks, if any 
(b) in a cargo wing tank 
(c) in 2 cargo centre tanks 


(3) One transverse bulkhead, 
see Note 4: 
(a) ina ballast tank 
(b) in acargo wing tank 
(c) in a cargo centre tank (3) Both transverse bulkheads — 
in a wing ballast tank, if any, or 
a cargo wing tank used 
primarily for water ballast, 
see Note 3 


(4) One transverse bulkhead, 
see Note 4: 
(a) in each remaining ballast 
tank 
(b) in a cargo wing tank 
(c) in 2 cargo centre tanks 


(1) All web frame rings, 
see Note 1: 
(a) in all ballast tanks 
(b) in acargo wing tank 


(1) As Special Survey Ill 


(2) Additional transverse areas if 
deemed necessary by the 
Surveyor 

(2) A minimum of 30% of all web 
frame rings in each remaining 
cargo wing tank, see Notes 1 
and 8 


(3) All transverse bulkheads — in 
all cargo and ballast tanks, 
see Note 3 


(4) A minimum of 30% of deck 
and bottom transverses in 
each cargo centre tank, see 
Notes 5 and 8. 


(5) As considered necessary by 
the Surveyor, see Note 6 


NOTES 
. Complete transverse web frame ring including adjacent 
structural members. 
. Deck transverse including adjacent deck structural members. 
. Transverse bulkhead complete, including girder system and 
adjacent members, and adjacent longitudinal bulkhead structure. 
. Transverse bulkhead lower part including girder system and 
adjacent structural members. 


7.7 Thickness measurement 

7.7.1 The minimum requirements for thickness measure- 
ments are given in Table 3.7.6 (Single and double hull oil 
tankers, including ore/oil ships and ore/bulk/oil ships), see also 
5.6. For ships built in accordance with the IACS Common 
Structural Rules (CSR), the number and locations of measure- 
ments are detailed in the LR document Thickness 
Measurement and Close-Up Survey Guidance. 


7.7.2 In areas where substantial corrosion, as defined in 
1.5, has been noted then additional measurements are to be 
carried out, as applicable, in accordance with Tables 3.7.7, 
3.7.8, 3.7.9, 3.7.10, 3.7.11, 3.7.12, 3.7.13, 3.7.14 and 3.7.15 
to determine the full extent of the corrosion pattern. The 
survey will not be considered complete until these 
additional thickness measurements have been carried out. For 
double hull oil tankers built in accordance with the IACS 
Common Structural Rules (CSR), the identified substantial 


. Deck and bottom transverse including adjacent structural 
members. 

. Additional complete transverse web frame ring. 

. Ballast tank includes peak tanks. 

. Within the mid 0,5 length of the tank. The 30% is to be rounded 
up to the next whole number of structural items. 


corrosion areas are required to be examined and additional 
thickness measurements are to be carried out at Annual and 
Intermediate Surveys. 


7.7.3 For oil tankers (including ore/oil and ore/bulk/oil 
ships) of 130 m in length and upwards (as defined by the 
International Convention on Load Lines in force), the ship’s 
longitudinal strength is to be evaluated by using the thickness 
of structural members measured, renewed and reinforced as 
appropriate, during the Special Surveys carried out after the 
ship reaches 10 years of age. 


7.7.4 Steel renewal evaluation of hatch covers and hatch 
coamings of cargo holds on combination carriers with 
contract for construction on or after 1 January 2004 is to be 
in accordance with IACS UR S21. These requirements are 
not applicable to ships built in accordance with the IACS 
Common Structural Rules (CSR). Further information is 
provided in the LR document Thickness Measurement and 
Close-Up Survey Guidance. 
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Table 3.7.3 Close-up Survey - Double hull oil tankers 


Special Survey | 
(Ships 5 years old) 


Special Survey Il 
(Ships 10 years old) 


Special Survey III 
(Ships 15 years old) 


Special Survey IV 


(Ships 20 years old and over) 


One web frame ring in a 
complete ballast tank, see 
Notes 1 and 3 


One deck transverse in a 
cargo tank, see Notes 4 
and 12 


One transverse bulkhead in a 
complete ballast tank, see 
Notes 1 and 6 


One transverse bulkhead in a 


All web frame rings in a 
complete ballast tank, see 
Notes 1 and 3 


The knuckle area and the 
upper part (approx. 5 m) of 
one web frame ring in each 
remaining ballast tank, see 
Note 8 


One deck transverse in two 
cargo tanks, see Note 4 


All web frame rings in all 
ballast tanks, see Note 3 


All web frame rings in a cargo 
tank, see Note 9 


One web frame ring in each 
remaining cargo tank, see 
Note 9 


All transverse bulkheads — in 
all cargo and ballast tanks, 
see Notes 5 and 6 


(1) As Special Survey III 


(2) Additional transverse areas if 
deemed necessary by the 
Surveyor, see Note 10 


One transverse bulkhead in 
each complete ballast tank, 
see Notes 1 and 6 


cargo centre tank, see 
Notes 2 and 7 


One transverse bulkhead in a 
cargo wing tank, see Note 7 


As considered necessary by 
the Surveyor, see Note 10 


One transverse bulkhead in 
two cargo centre tanks, see 
Notes 2 and 7 


One transverse bulkhead in a 


cargo wing tank, see Note 7 


NOTES 

1. Complete ballast tank means double bottom tank plus the . Transverse bulkhead complete in ballast tanks, including girder 
double side tank and the double deck tank, as applicable, system and adjacent structural members including longitudinal 
even if these are separate. bulkheads, girders in double bottom tanks, inner bottom 
Where there are no centre tanks, the transverse bulkheads in plating, hopper side, connecting brackets. 
wing tanks are to be subject to Close-up Survey. . Transverse bulkhead lower part in cargo tanks, including girder 
Web frame ring in a ballast tank includes the vertical web in system, adjacent structural members (including longitudinal 
side tank, hopper web in hopper tank, floor in double bottom bulkheads) and internal structure of lower stool, where fitted. 
tank and deck transverse in a double deck tank and adjacent . The knuckle area and the upper part (approximately 5 m), 
structural members. In peak tanks a web frame means a including adjacent structural members. Knuckle area is the 
complete transverse web frame, including adjacent structural area of the web frame around the connections of the sloping 
members. hopper plating to the inner hull bulkhead and the inner bottom 
Deck transverse including adjacent deck structural members plating, up to 2 m from the corners both on the bulkhead and 
(or external structure on deck in way of the tank, where the double bottom. 
applicable). Web frame ring in cargo tank includes deck transverse, 
Transverse bulkhead complete in cargo tanks, including girder longitudinal bulkhead vertical girder and cross ties, where 
system, adjacent structural members (including longitudinal fitted, and adjacent structural members. 
bulkheads) and internal structure of lower and upper stools, Additional complete transverse web frame ring. 
where fitted. Ballast tanks include peak tanks. 

Within the mid 0,5 length of the tank. 


7.7.5 Steel renewal is required where the gauged 
thickness is less than tye + 0,5 mm. For definition of thet, see 
Pt 4, Ch 7,12.1.2. 


7.7.6 Where the gauged thickness is within the range 
tret + 0,5 mm and tet + 1,0 mm, a coating (applied in 
accordance with coating manufacturer’s requirements) or 
annual gauging may be adopted as an alternative to steel 
renewal. 
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Table 3.7.4 Close-up Survey - Ore/oil ships 


Special Survey | 
(Ships 5 years old) 


Special Survey II 
(Ships 10 years old) 


Special Survey Ill 
(Ships 15 years old) 


Part 1, Chapter 3 


Section 7 


Special Survey IV 
(Ships 20 years old and over) 


(1) One web frame ring - ina 
wing ballast tank, if any, or a 
cargo wing tank used 
primarily for water ballast, 
see Note 1 


All web frame rings — ina 
wing ballast tank, if any, or a 
cargo wing tank used 
primarily for water ballast, 
see Note 1 


One deck transverse — in a 
cargo tank, see Note 2 


One deck transverse, 

see Notes 2 and 6: 

(a) in each of the remaining 
ballast tanks, if any 

(b) in a cargo wing tank 

(c) in 2 cargo centre tanks 


One transverse bulkhead, 
see Note 4: 

(a) in a ballast tank 

(b) in a cargo wing tank 
(c) in a cargo centre tank Both transverse bulkheads — 
in a wing ballast tank, if any, 
or a cargo wing tank used 
primarily for water ballast, 
see Note 3 


One transverse bulkhead, 

see Note 4: 

(a) in each remaining ballast 
tank 

(b) in a cargo wing tank 

(c) in 2 cargo centre tanks 


Selected cargo hold hatch 
covers and coamings (plating 
and stiffeners) 


Selected areas of deck plating 
inside line of hatch openings 
between cargo hold hatches 


All web frame rings, 
see Note 1: 

(a) in all ballast tanks 
(b) in a cargo wing tank 


One web frame ring — in each 
remaining cargo wing tank, 
see Notes 1 and 6 


One deck transverse — in 
each cargo centre tank, 
see Notes 2 and 6 


All transverse bulkheads- in 
all cargo and ballast tanks, 
see Note 3 


All cargo hold hatch covers 
and coamings (plating and 
stiffeners) 


All deck plating inside line of 
hatch coamings between 
cargo hold hatches 


As considered necessary by 
the Surveyor, see Note 5 


(1) As Special Survey Ill 


(2) Additional transverse areas if 
deemed necessary by the 
Surveyor 


NOTES 

1. Complete transverse web frame ring including adjacent 
structural members. 

2. Deck transverse including adjacent deck structural members. 

3. Transverse bulkhead complete, including girder system and 
adjacent members, and adjacent longitudinal bulkhead structure. 


. Transverse bulkhead lower part including girder system and 
adjacent structural members. 

. Additional complete transverse web frame ring. 

. Within the mid 0,5 length of the tank. 
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Table 3.7.5 Close-up Survey - Ore/bulk/oil ships 


Special Survey | Special Survey Il Special Survey Ill Special Survey IV 
(Ships 5 years old) (Ships 10 years old) (Ships 15 years old) (Ships 20 years old and over) 


25% of shell frames and their 25% of shell frames including All shell frames in the forward | (1) All shell frames including their 
end attachments in the their end attachments and cargo hold and 25% of end attachments and 
forward cargo hold at adjacent shell plating in all frames in remaining cargo adjacent shell plating in all 
representative positions cargo holds holds, including their end cargo holds 

h attachments and adjacent 


Selected frames and their end 1 transverse web wi : All transverse webs with 
shell plating 


attachments in remaining associated plating and associated plating and 
cargo holds longitudinals in each water All transverse webs with longitudinals in each water 
ballast tank (i.e., topside, associated plating and ballast tank (i.e., topside, 
associated plating and hopper side or side tank) longitudinals in each water hopper side or side tank) 


longitudinals in 2 Forward and aft transverse ballast tank (.e., topside, All transverse bulkheads in 
representative water ballast bulkhead in 1 side ballast hopper side or side tank) ballast tanks, including 
tanks of each tank, including stiffening All transverse bulkheads in stiffening system 

(i.e., topside, hopper side or system allast tanks, including A 

side tank) iffening system b 


1 transverse web with 


O 


cargo hold transverse 
ulkheads including internal 
| cargo hold transverse structure of upper and lower 
ulkheads including internal stools, where fitted 

ructure of upper and lower A 

ools, where fitted 


1 transverse bulkhead in each 
2 selected cargo hold cargo hold including internal 
transverse bulkheads structure of upper and lower 
including internal structure of stools where fitted. This is to 
upper and lower stools where include the aft bulkhead in the 
fitted. This is to include the forward cargo hold 

aft bulkhead in the forward 
cargo hold 


cargo hold hatch covers 


bDAHTD 9v 


and coamings (plating and 
stiffeners) 


| cargo hold hatch covers 
nd coamings (plating and A 
iffeners) 


Selected cargo hold hatch 
covers and coamings (plating 
and stiffeners) 


deck plating inside line of 
hatch openings between 

| deck plating inside line of cargo hold hatches 
Selected areas of deck plating hatch openings between 
inside line of hatch openings cargo hold hatches 
between cargo hold hatches 


no 


NOTES 
1. Ballast tank includes peak tanks. 
2. Close-up Survey of transverse bulkheads to be carried out at four levels: 
Level (a) Immediately above the inner bottom and immediately above the line of gussets (if fitted) and shedders for ships without 
lower stool. 
Level (b) Immediately above and below the lower stool shelf plate (for those ships fitted with lower stools), and immediately above 
the line of the shedder plates. 
Level (c) About mid-height of the bulkhead. 
Level (d) Immediately below the upper deck plating and immediately adjacent to the upper wing tank and immediately below the 
upper stool shelf plate for those ships fitted with upper stools, or immediately below the topside tanks. 
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Table 3.7.6 Thickness measurement - Single hull and double hull oil tankers, ore/oil ships and ore/bulk/oil ships 


Special Survey | 
(Ships 5 years old) 


Special Survey Ill 
(Ships 15 years old) 


Special Survey IV 
(Ships 20 years old and over) 


1 section of deck plating for the full 
beam of the ship within 0,5L amidships 
in way of a ballast tank, if any, or a cargo 
tank used primarily for water ballast. 


Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.7.2, 
Table 3.7.3, Table 3.7.4 or Table 3.7.5. 


Critical areas, as required by the 
Surveyor. 


Special Survey II 
(Ships 10 years old) 


Within the cargo area: 
(a) Each deck plate. 
(b) 1 transverse section, see Note 6. 


Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.7.2, 
Table 3.7.3, Table 3.7.4 or Table 3.7.5. 


Selected wind and water strakes outside 
the cargo area. 


Critical areas, as required by the 
Surveyor. 


(1) Within the cargo area: 
(a) Each deck plate. 
(b) 2 transverse sections, see Note 6. 


(2) Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.7.2, 
Table 3.7.3, Table 3.7.4 or Table 3.7.5. 


Selected wind and water strakes outside 
the cargo area. 


All wind and water strakes within the 
cargo area. 


All cargo hold hatch covers and coamings 
(plating and stiffeners), see Note 5. 


All transverse webs with associated 
plating and longitudinals, and the 
transverse bulkhead complete in the fore 
peak tank and aft peak tank, see Notes 1 
and 4. 


(7) Critical areas, as required by the Surveyor. 


Within the cargo area: 

(a) Each deck plate. 

(b) 3 transverse sections, see Note 6. 
(c) Each bottom plate. 


Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.7.2, 
Table 3.7.3, Table 3.7.4 or Table 3.7.5. 


All wind and water strakes over the full 
length of the ship, port and starboard . 


All cargo hold hatch covers and coamings 
(plating and stiffeners), see Note 5. 


Remaining exposed main deck plating 
not considered in item (1) and 
representative exposed superstructure 
deck plating (i.e. poop, bridge and 
forecastle deck). 


All transverse webs with associated 
plating and longitudinals, and the trans- 
verse bulkhead complete in the fore peak 
tank and aft peak tank, see Notes 1 and 4. 


All keel plates outside the cargo tank 
length. Also additional bottom plates in 
way of cofferdams, machinery space and 
aft end of tanks. 


(8) Plating of seachests. Also side shell 
plating in way of overboard discharges, 
as considered necessary by the Surveyor. 


(9) Critical areas, as required by the Surveyor. 


NOTES 


1. For areas in tanks where coatings are found to be in GOOD condition, as defined in 1.5, the extent of thickness measurements may be 
specially considered, but not dispensed with in its entirety. 
Transverse sections should be chosen where the largest reductions are likely to occur, or as revealed by deck plating measurements. 
Where two or three transverse sections are required to be measured, at least one is to include a ballast tank within 0,5L amidships. 
Transverse bulkhead complete including stiffening system. 
All cargo hold hatch covers and coamings, where fitted, are to be measured on ore/oil and ore/bulk/oil ships. 

For oil tankers (including ore/oil and ore/bulk/oil ships), with length = 130 m and over 10 years of age, the longitudinal strength is to be 
evaluated. In such cases, a minimum of three transverse sections are to be measured within 0,5L amidships. 


Table 3.7.7 


structure with substantial corrosion 


Structural member 


Extent of measurement 


Thickness measurement - Single hull oil tankers, ore/oil ships and ore/bulk/oil ships - Bottom 


Pattern of measurement 


Bottom plating 


Bottom longitudinals 


Bottom girders and brackets 


Bottom transverse webs 


Panel stiffening 


Minimum of 3 bays across tank, including 
aft bay 

Measurement around and under all suction 
strums 


Minimum of 3 longitudinals in each bay where 
bottom plating measured 


At fore and aft transverse bulkhead, bracket 
toes and in centre of tanks 


3 webs in bays where bottom plating 
measured, with measurements at middle 
and both ends 


Where applicable 


5 point pattern for each panel between 
longitudinals and webs 


3 measurements in line across flange and 
3 measurements on vertical web 


Vertical line of single measurements on web 
plating with 1 measurement between each 
panel stiffener, or a minimum of 3 
measurements. 2 measurements across 
face flat. 5 point pattern on 
girder/bulkhead brackets 


5 point pattern over 2 m? area. Single 
measurements on face flat 


Single measurements 


38 


LLOyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Periodical Survey Regulations 


Table 3.7.8 


structure with substantial corrosion 


Structural member 


Deck plating 


Deck longitudinals 


Deck girders and brackets 


Deck transverse webs 


Panel stiffening 


Table 3.7.9 


Extent of measurement 


2 bands across tank 
Minimum of 3 longitudinals in each of 2 bays 


At fore and aft transverse bulkhead, bracket 
toes and in centre of tanks 


Minimum of 2 webs with measurement at both 
ends and middle of span 


Where applicable 


longitudinal bulkheads with substantial corrosion 


Structural member 


Extent of measurement 


Part 1, Chapter 3 


Section 7 


Thickness measurement - Single hull oil tankers, ore/oil ships and ore/bulk/oil ships - Deck 


Pattern of measurement 


Minimum of 3 measurements per plate per 
band 


3 measurements in line vertically on webs and 
2 measurements on flange (if fitted) 


Vertical line of single measurements on web 
plating with 1 measurement between each 
panel stiffener, or a minimum of 
3 measurements. 2 measurements 
across face flat. 5 point pattern on 
girder/bulkhead brackets 


5 point pattern over 2 m2 area. Single 
measurements on face flat 


Single measurements 


Thickness measurement - Single hull oil tankers, ore/oil ships and ore/bulk/oil ships - Shell and 


Pattern of measurement 


Deckhead and bottom strakes and 
strakes in way of stringer platforms 


All other strakes 
Longitudinals — deckhead and bottom 
strakes 


Longitudinals — all others 


Longitudinals — bracket 


Web frames and cross ties 


Table 3.7.10 


Plating between each pair of longitudinals in a 
minimum of 3 bays 


Plating between every 3rd pair of longitudinals 
in same 3 bays 


Each longitudinal in same 3 bays 


Every third longitudinal in same 3 bays 


inimum of 3 at top, middle and bottom of 
tank in same 3 bays 


3 webs with minimum of 3 locations on each 
web, including in way of cross tie 
connections 


bulkheads and swash bulkheads with substantial corrosion 


Structural member 


Extent of measurement 


Single measurement 
Single measurement 


3 measurements across web and 
1 measurement on flange 


3 measurements across web and 
1 measurement on flange 


5 point pattern over area of bracket 


5 point pattern over 2 m? area, plus single 
measurements on web frame and cross 
tie face flats 


Thickness measurement - Single hull oil tankers, ore/oil ships and ore/bulk/oil ships - Transverse 


Pattern of measurement 


Deckhead and bottom strakes in way of 
stringer platforms 


All other strakes 


Strakes in corrugated bulkheads 


Stiffeners 


Brackets 
Deep webs and girders 


Stringer platforms 


Plating between pair of stiffeners at 3 
locations: 
approx. 1/4, 1/2 and 3/4 width of tank 


ing between pair of stiffeners at middle 
location 


ing for each change of scantling at centre 
of panel and at flange or fabricated 
connection 


inimum of 3 typical stiffeners 


Minimum of 3 at top, middle and bottom of 
tank 


Measurements at toe of bracket and at centre 
of span 


All stringers with measurements at middle and 
both ends 


5 point pattern between stiffeners over 
1 m length 


Single measurement 


5 point pattern over 1 m2 of plating 


For web, 5 point pattern over span between 
bracket connections (2 measurements 
across web at each bracket connection 
and one at centre of span). For flange, 
single measurements at each bracket toe 
and at centre of span 


5 point pattern over area of bracket 


For web, 5 point pattern over 1 m area. 
3 measurements across face flat 


5 point pattern over 1 m? area plus single 
measurements near bracket toes and on 
face flats 
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Table 3.7.11 Thickness measurement - Double hull oil tankers - Bottom, inner bottom and hopper structure with 


substantial corrosion 


Structural member Extent of measurement Pattern of measurement 


(1) Bottom, inner bottom and hopper plating 


(2) Bottom, inner bottom and hopper 
longitudinals 


Bottom girders, including watertight 
girders 


Bottom floors, including watertight floors 


Hopper web frame ring 


Hopper transverse watertight bulkhead or 
swash bulkhead 


Panel stiffening 


Table 3.7.12 


Structural member 


Minimum of 3 bays across double bottom 
tank, including aft bay. Measurement around 
and under all suction strums 


Minimum of 3 longitudinals in each bay where 
bottom plating measured 


At the fore and aft watertight floors and in 
centre of tanks 


3 floors in bays where bottom plating 
measured, with measurements at both ends 
and middle 


3 floors in bays where bottom plating 
measured 


() Lower 1/3 of bulkhead 
(i) Upper 2/3 of bulkhead 
(iii) Stiffeners (minimum of 3) 


Where applicable 


Extent of measurement 


5 point pattern for each panel between 
longitudinals and floors 


3 measurements in line across flange and 
3 measurements on vertical web 


Vertical line of single measurements on girder 
plating with 1 measurement between each 
panel stiffener, or a minimum of 

3 measurements 


5 point pattern over 2 m? area 


5 point pattern over 1 m2 of plating. Single 
measurements on flange 


() 5 point pattern over 1 m2 of plating. 

(i) 5 point pattern over 2 m2 of plating. 

(iii) For web, 5 point pattern over span 
(2 measurements across web at each end 
and 1 at centre of span). For flange, single 
measurement at each end and centre of 
span. 


Single measurements 


Thickness measurement - Double hull oil tankers - Deck structure with substantial corrosion 


Pattern of measurement 


Deck plating 


Deck longitudinals 


Deck girders and brackets (usually in 
cargo tanks only) 


Deck transverse webs 


Vertical web and transverse bulkhead in 
wing ballast tank (two metres from deck) 


Panel stiffening 


2 transverse bands across tank 


Every 3rd longitudinal in each of 2 bands with 
a minimum of 1 longitudinal 


At the fore and aft transverse bulkhead, 
bracket toes and in centre of tanks 


Minimum of 2 webs, with measurements at 
both ends and middle of span 


Minimum of 2 webs, and both transverse 
bulkheads 


Where applicable 


Minimum of 3 measurements per plate per 
band 


3 measurements in line vertically on webs and 
2 measurements on flange (if fitted) 


Vertical line of single measurements on web 
plating with 1 measurement between each 
panel stiffener, or a minimum of 

3 measurements. 2 measurements across 
flange. 5 point pattern on girder / bulkhead 
brackets 


5 point pattern over 1 m? area. Single 
measurements on the flange 


5 point pattern over 1 m? area 


Single measurements 
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Extent of measurement 


Part 1, Chapter 3 


Section 7 


Thickness measurement - Double hull oil tankers - Wing ballast tank structure with substantial 


Pattern of measurement 


Table 3.7.14 


ide shell and longitudinal bulkhead 
ating: 

Upper strake and strakes in way of 
horizontal girders 

ii) All other strakes 


ide shell and longitudinal bulkhead 
ngitudinals on: 
Upper strake 


ii) All other strakes 


Longitudinals — brackets 


Vertical web and transverse bulkheads 
excluding deckhead area): 
i) Strakes in way of horizontal girders 


ii) Other strakes 


Horizontal girders 


Panel stiffening 


Plating between each pair of longitudinals 
in a minimum of 3 bays (along the tank) 
Plating between every 3rd pair of 
longitudinals on same 3 bays 


Each longitudinal in same 3 bays 


(ii) Every 3rd longitudinal in same 3 bays 


Minimum of 3 at top, middle and bottom of 
tank in same 3 bays 


Minimum of 2 webs and both transverse 
bulkheads 

(ii) Minimum of 2 webs and both transverse 
bulkheads 


Plating on each girder in a minimum of 3 bays 


Where applicable 


with substantial corrosion 


Structural member 


Extent of measurement 


Single measurements 


Single measurements 


3 measurements across web and 
1 measurement on flange 
3 measurements across web and 
1 measurement on flange 


5 point pattern over area of bracket 


(i) 5 point pattern over approximately 2 m2 
area 

(ii) 2 measurements between each pair of 
vertical stiffeners 


2 measurements between each pair of 
longitudinal girder stiffeners 


Single measurements 


Thickness measurement - Double hull oil tankers - Longitudinal bulkhead structure in cargo tanks 


Pattern of measurement 


Deckhead and bottom strakes, and 
strakes in way of horizontal stringers on 
transverse bulkheads 


All other strakes 

Longitudinals on deckhead and bottom 
strakes 

All other longitudinals 


Longitudinals — brackets 


Web frames and cross ties 


Lower end brackets (opposite side of web 
frame) 


Plating between each pair of longitudinals in a 
minimum of 3 bays 


Plating between every 3rd pair of longitudinals 
in same 3 bays 


Each longitudinal in same 3 bays 


Every 3rd longitudinal in same 3 bays 


Minimum of 3 at top, middle and bottom of 
tank in same 3 bays 


3 webs with minimum of 3 locations on each 
web, including in way of cross tie connections 


Minimum of 3 brackets 


Single measurement 


Single measurement 


3 measurements across web and 
1 measurement on flange 


3 measurements across web and 
1 measurement on flange 


5 point pattern over area of bracket 


5 point pattern over approximately 2 m2 area 
of webs, plus single measurements on flanges 
of web frames and cross ties 


5 point pattern over approximately 2 m2 area 
of brackets, plus single measurements on 
bracket flanges 
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Table 3.7.15 Thickness measurement - Double hull oil tankers - Transverse watertight and swash bulkhead 


structure in cargo tanks with substantial corrosion 
Pattern of measurement 


Structural member Extent of measurement 


Transverse band within 25 mm of welded 
connection to inner bottom/deck plating 
Transverse band within 25 mm of welded 
connection to shelf plate 


Upper and lower stool, where fitted 5 point pattern between stiffeners over 1m 


length 


strakes in way of horizontal stringers 
of tank 


location 


Stiffeners 


Brackets 
tank 
Horizontal stringers 
and middle 


a Section 8 
Special Survey - Chemical tankers - 
Hull requirements 


8.1 General 


8.1.1 The requirements of Sections 2, 4 and 5 are to be 
complied with as applicable. 


8.1.2 In order to maintain and/or assign the ESP 
notation, the following requirements apply to the surveys of 
the hull structure and piping systems in way of the cargo 
tanks, pump rooms, cofferdam, pipe tunnels, void spaces, 
double bottom tanks, etc., in way of the cargo tank area and 
all salt-water ballast tanks. 


8.2 Documentation 


8.2.1 The Owner is to obtain, supply and maintain docu- 

mentation on board as follows: 

(a) A survey file comprising reports of structural surveys, 
thickness measurement and executive hull summary in 
accordance with the 2011 ESP Code. 

(o) Supporting documentation consisting of: 

(i) Main structural plans of cargo tanks and ballast 
tanks. 

(ii) Previous repair history. 

(iii) Cargo and ballast history 


Deckhead and bottom strakes, and Plating between pair of stiffeners at 3 
locations; approximately 1/4, 1/2 and 3/4 width 


All other strakes Plating between pair of stiffeners at middle 


Strakes in corrugated bulkheads Plating for each change of scantling at centre 
of panel and at flange of fabricated connection 


inimum of 3 typical stiffeners 


Minimum of 3 at top, middle and bottom of 


All stringers with measurements at both ends 


5 point pattern between stiffeners over 1 m 
length 


Single measurement 


5 point pattern over approximately 1 m2 of 
plating 


For web, 5 point pattern over span between 
bracket connections (2 measurements across 
web at each bracket connection and 1 at 
centre of span). For flange, single 
measurement at bracket toe and at centre of 
span 


5 point pattern over area of bracket 


5 point pattern over 1 m? area, plus single 
measurements near bracket toes and on 
flanges 


(iv) | Records of inspections by ship’s personnel with 
reference to structural deterioration in general, 
leakages in bulkheads and piping and the condition 
of the corrosion prevention systems, if any. 

(v) Extent of use of inert gas plant and tank cleaning 
procedures. 

(vi) Any other information that may help to identify 
critical structural areas and/or suspect areas 
requiring inspection. 

(vii) Survey Programme as required by 8.3. 

The complete documentation in 8.2.1 is to be readily 
available for examination by the Surveyor and should be used 
as a basis for survey. 


8.2.2 The documentation is to be kept on board for the 
lifetime of the ship. 


8.3 Planning for survey 


8.3.1 A Survey Programme is to be submitted by the 
Owner and is to include the proposals for survey, including the 
means of providing access for Close-up Survey, thickness 
measurement tank testing and should take account of the 
information detailed in 8.2.1. 


8.3.2 Prior to the development of the Survey Programme 
a Survey Planning Questionnaire is to be completed and 
! submitted by the Owner, see 1.6.12. 
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8.4 Overall Survey 

8.4.1 All cargo tanks and salt-water ballast tanks including 
double bottom tanks, pump rooms, pipe tunnels, cofferdams 
and void spaces bounding cargo tanks, deck and outer hull 
are to be examined, and this examination is to be supple- 
mented by Close-up Survey, thickness measurement and 
testing as applicable, to ensure that the structural integrity 
remains effective. 


8.4.2 The examination is to be sufficient to ascertain 
substantial corrosion, significant deformation, fractures, 
damages or other structural deterioration and, if deemed 
necessary by the Surveyor, suitable non-destructive examination 
may be required. 


8.4.3 Where substantial corrosion, as defined in 1.5, is 
identified and is not rectified, this will be subject to re- 
examination at Annual and/or Intermediate Surveys. In the 
case of salt-water ballast tanks the examination will be 
required at Annual Survey and Intermediate Survey. In the case 
of cargo tanks the examination will be required at Intermediate 
Surveys. 


8.4.4 All cargo piping on deck, and cargo and ballast 
piping, within those spaces indicated in 8.4.1 are to be 
examined and tested under working conditions to ensure that 
tightness and condition remain satisfactory. Special attention 
is to be given to ballast piping in cargo tanks and any cargo 
piping in ballast tanks and void spaces. 


8.4.5 The survey of stainless steel tanks may be carried 
out as an Overall Survey supplemented by Close-up Survey 
as deemed necessary by the Surveyor. 


8.4.6 Where salt-water ballast tanks have been converted 
to void spaces the survey extent is to be based upon salt- 
water ballast tank requirements. 


8.4.7 Where provided, in association with a corrosion 
control (c.c.) notation as defined in the Register Book, the 
condition of the protective coating or corrosion prevention 
system of cargo tanks is to be examined. 


8.4.8 The attachment to the structure and condition of 
anodes in tanks are to be examined. 


8.4.9 Where fitted, the strums of the cargo suction pipes 
are to be removed or lifted to facilitate examination of the shell 
plating and bulkheads in the vicinity, unless other means for 
visual inspection of these parts are provided 


Table 3.8.1 


Special Survey | 
(Ships 5 years old) 


Part 1, Chapter 3 


Section 8 


8.5 Testing 

8.5.1 The minimum ballast tank testing requirements are 
given in Table 3.8.1 and, where required, the Surveyor may 
extend the tank testing if deemed necessary. Other arrange- 
ments for cargo tank testing will be considered on application. 
The remaining requirements for tank testing, as applicable, are 
given in 5.3.5 


8.5.2 The minimum cargo tank testing requirements are 
given in Table 3.8.1, boundaries of cargo tanks are to be 
tested to the highest point that liquid will rise to under service 
conditions. Other arrangements for cargo tank testing will be 
considered on application. 

Cargo tank testing carried out by the ship’s crew under the 
direction of the Master may be accepted by the Surveyor 
provided the following conditions are complied with: 

(a) A tank testing procedure has been submitted by the 
Owner and reviewed by LR prior to the testing being 
carried out. 

There is no record of leakage, distortion or substantial 
corrosion that would affect the structural integrity of the 
tank. 

The tank testing has been satisfactorily carried out within 
the special survey window not more than 3 months prior 
to the date of the survey on which the overall or close- 
up survey is completed. 

The satisfactory results of the testing are recorded in the 
ship’s logbook. 

The internal and external condition of the tanks and 
associated structure is found satisfactory by the Surveyor 
at the time of the overall and close-up survey. 


(b) 


8.6 Close-up Survey 

8.6.1 The minimum requirements for Close-up Survey are 
given in Table 3.8.2 (Single hull chemical tankers) and 
Table 3.8.3 (Double hull chemical tankers). 


8.6.2 The Surveyor may extend the Close-up Survey, if 
deemed necessary, taking into account the maintenance of 
the tanks under survey, the condition of the corrosion 
prevention system, and the following: 


(a) Structural arrangements or details which have suffered 
defects in similar spaces or on similar ships. 

(b) Spaces which have structures approved with reduced 
scantlings in association with an approved corrosion 
control system (c.c.). 

8.6.3 For areas in tanks where coatings are found to be in 


GOOD condition, as defined in 1.5, the extent of Close-up 
Surveys may be specially considered. 


Tank testing requirements - Chemical tankers 


Special Survey II and subsequent 
(Ships 10 years old and over) 


All ballast tank boundaries 


Cargo tank boundaries facing ballast tanks, void spaces, pipe 
tunnels, pump rooms or cofferdams 


All ballast tank boundaries 


All cargo tank bulkheads 
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Table 3.8.2 Close-up Survey - Single hull chemical tankers 


Special Survey | Special Survey Il Special Survey III Special Survey IV 
(Ships 5 years old) (Ships 10 years old) (Ships 15 years old) (Ships 20 years old and over) 


(1) One web frame ring in a All web frame rings in a ballast All web frame rings in all (1) As Special Survey Ill 
ballast wing tank, see Note 1 wing tank or double bottom ballast tanks, see Note 1 
ballast tank, see Note 1 Al 


(2) Additional transverse areas if 
(2) One deck transverse in a web frame rings in a cargo deemed necessary by the 
cargo tank or on deck, see One deck transverse in each wing tank, see Note 1 Surveyor 
Note 2 remaining ballast tank or on 


deck, see Note 2 One web frame ring in each 


(3) One transverse bulkhead in a emaining cargo tank, see 
ballast tank, see Note 3 One deck transverse in a Note 1 

cargo wing tank or on deck, Al 

see Note 2 


transverse bulkheads — in 
all cargo and ballast tanks, 
One deck transverse in two see Notes 4 

cargo centre tanks or on deck, 
see Note 2 


(4) One transverse bulkhead in a 
cargo wing tank, see Note 3 


(5) One transverse bulkhead in a 
cargo centre tank, see 
Notes 3 and 5 
Both transverse bulkheads in a 
ballast wing tank, see Note 4 


One transverse bulkhead in 
remaining ballast tank, see 
Note 3 


One transverse bulkhead in a 
cargo wing tank, see Note 3 


One transverse bulkhead in 
two cargo centre tanks, see 
Notes 3 and 5 


NOTES 
. Complete transverse web frame ring including adjacent structural members. 
. Deck transverse including adjacent deck structural members (or external structure on deck in way of the tank). 
. Transverse bulkhead lower part including girder system and adjacent structural members. 
. Transverse bulkhead complete, including girder system and adjacent members, and adjacent longitudinal bulkhead structure. 
. Where there are no centre tanks, the transverse bulkheads in wing tanks are to be subject to Close-up Survey. 
. Ballast tank includes peak tanks. 


8.7 Thickness measurement 


8.7.1 The minimum requirements for thickness measure- 
ments are given in Table 3.8.4, see also 5.6. 


8.7.2 In areas where substantial corrosion, as defined in 
1.5, has been noted, then additional measurements are to be 
carried out, as applicable, in accordance with Tables 3.8.5, 
3.8.6, 3.8.7 and 3.8.8 to determine the full extent of the corro- 
sion pattern. The survey will not be considered complete until 
these additional thickness measurements have been carried out. 


8.8 Ships over 10 years old 


8.8.1 Selected steel cargo pipes outside cargo tanks and 

ballast pipes passing through cargo tanks are to be: 

(a) Thickness measured at random or selected pipe lengths 
to be opened for internal inspection. 

(o) Pressure tested to the maximum working pressure. 

NOTE 

Special attention is to be given to cargo/slop discharge piping 

through ballast tanks and void spaces. 
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Table 3.8.3 


Special Survey | 
(Ships 5 years old) 


Special Survey II 
(Ships 10 years old) 


Close-up Survey - Double hull chemical tankers 


Special Survey III 
(Ships 15 years old) 


Part 1, Chapter 3 


Section 8 


Special Survey IV 
(Ships 20 years old and over) 


ne web frame ring ina 


ne deck transverse in a 
cargo tank or on deck, see 
Note 2 


One transverse bulkhead in a 
ballast tank, see Note 5 


One transverse bulkhead in a 
cargo wing tank, see Note 3 


One transverse bulkhead in a 
cargo centre tank, see 
Notes 3 and 8 


(1) All web frame rings in a ballast 
wing tank or ballast double 
hull tank, see Notes 1 and 9 


(2) The knuckle area and the 
upper part (approx. 3 m) of 
one web frame ring in each 
remaining ballast tank, see 
Note 6 


(3) One deck transverse in two 
cargo tanks, see Note 2 


(4) One transverse bulkhead in 
each ballast tank, see Note 5 


(5) One transverse bulkhead in a 
cargo wing tank, see Note 3 


(6) One transverse bulkhead in 
two cargo centre tanks, see 
Notes 3 and 8 


(1) All web frame rings in all 
ballast tanks, see Note 1 


(2) All web frame rings in a cargo 
wing tank, see Note 7 


(3) One web frame ring in each 
remaining cargo tank, see 
Note 7 


(4) All transverse bulkheads - in 
all cargo and ballast tanks, 
see 4 and 5 


(1) As Special Survey III 


(2) Additional transverse areas if 
deemed necessary by the 
Surveyor 


NOTES 


Web frame ring in a ballast tank includes the vertical web in side tank, hopper web in hopper tank, floor in double bottom tank and deck 
transverse in a double deck tank (where fitted) and adjacent structural members. In peak tanks, a web frame means a complete 


transverse web frame ring, including adjacent structural members. 


Deck transverse including adjacent deck structural members (or external structure on deck in way of the tank), where applicable. 
Transverse bulkhead lower part in cargo tanks including girder system and adjacent structural members (including longitudinal bulkheads) 
and internal structure of lower stools, where fitted. 
Transverse bulkhead complete in cargo tanks, including girder system, adjacent structural members (including longitudinal bulkheads) 
and internal structure of lower and upper stools, where fitted. 
Transverse bulkhead complete in ballast tanks, including girder system and adjacent structural members including longitudinal bulkheads, 
girders in double bottom tanks, inner bottom plating, hopper side, connecting brackets. 
The knuckle area and the upper part (approximately 3 m), including adjacent structural members. Knuckle area is the area of the web 
frame around the connections of the sloping hopper plating to the inner hull bulkhead and the inner bottom plating, up to 2 m from the 
corners both on the bulkhead and the double bottom. 
Web frame ring in a cargo tank includes deck transverse, longitudinal bulkhead vertical girder and cross ties, where fitted, and adjacent 


structural members. 


Where there are no centre tanks, the transverse bulkheads in wing tanks are to be subject to Close-up Survey. 
Double hull tank includes double bottom and side tank even though these tanks may be separate. 
Ballast tank includes peak tanks. 
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Table 3.8.4 


Special Survey | 
(Ships 5 years old) 


Special Survey Ill 
(Ships 15 years old) 


Thickness measurement - Single and double hull chemical tankers 


Special Survey IV 
(Ships 20 years old and over) 


1 section of deck plating for the full 
beam of the ship within 0,5L amidships 
(in way of a ballast tank, if any) 


Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.8.2 or 
3.8.3 


Critical areas, as required by the 
Surveyor 


Special Survey II 
(Ships 10 years old) 


Within the cargo area: 
(a) Each deck plate 
(b) 1 transverse section 


Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.8.2 or 
3.8.3 


Selected wind and water strakes outside 
the cargo area 


Critical areas, as required by the 
Surveyor 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


Within the cargo area: 
(a) Each deck plate 
(b) 2 transverse sections 


Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.8.2 or 
3.8.3 


Selected wind and water strakes outside 
the cargo area 


All wind and water strakes within the 
cargo area 


All transverse webs with associated 
plating and longitudinals, and the 
transverse bulkhead complete in the fore 
peak tank and aft peak tank, see Notes 1 
and 4 


Critical areas, as required by the Surveyor 


Within the cargo area: 
(a) Each deck plate 

(b) 3 transverse sections 
(c) Each bottom plate 


Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.8.2 or 
3.8.3 


All wind and water strakes over the full 
length of the ship, port and starboard 


Remaining exposed main deck plating not 
considered in item (1) and representative 
exposed superstructure deck plating (i.e., 
poop, bridge and forecastle deck) 


All transverse webs with associated 
plating and longitudinals, and the 
transverse bulkhead complete in the fore 
peak tank and aft peak tank, see Notes 1 
and 4 


All keel plates outside the cargo tank 
length. Also additional bottom plates in 
way of cofferdams, machinery space and 
aft end of tanks 


Plating of seachests. Also side shell 
plating in way of overboard discharges, 
as considered necessary by the Surveyor 


Critical areas, as required by the 
Surveyor 


NOTES 
For areas in tanks where coatings are found to be in GOOD condition, as defined in 1.5, the extent of thickness measurements may be 
specially considered, but not dispensed with in its entirety. 


1. 


2 
3. 
4. Transverse bulkhead complete including stiffening system. 


. Transverse sections should be chosen where the largest reductions are likely to occur, or as revealed by deck plating measurements. 


Where two or three transverse sections are required to be measured, at least one is to include a ballast tank within 0,5L amidships. 
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Table 3.8.5 Thickness measurement - Single and double hull chemical tankers — Bottom, inner bottom and 


hopper structure with substantial corrosion 


Structural member 


Extent of measurement 


Pattern of measurement 


Bottom, inner bottom and hopper plating 


Bottom, inner bottom and hopper 
longitudinals 


Bottom girders, including watertight 
girders 


Bottom floors, including watertight floors 


Hopper web frame ring 


Hopper transverse watertight bulkhead or 
swash bulkhead 


Panel stiffening 


Table 3.8.6 
substantial corrosion 


Structural member 


Minimum of 3 bays across double bottom 
tank, including aft bay. Measurement 
around and under all suction strums 


Minimum of 3 longitudinals in each bay where 
bottom plating measured 


At the fore and aft watertight floors and in 
centre of tanks 


3 floors in bays where bottom plating 
measured, with measurements at both 
ends and middle 


3 floors in bays where bottom plating 
measured 


(i) Lower 1/3 of bulkhead 
(i) Upper 2/3 of bulkhead 
(iii) Stiffeners (minimum of 3) 


Where applicable 


Extent of measurement 


5 point pattern for each panel between 
longitudinals and floors 


3 measurements in line across flange and 3 
measurements on vertical web 


Vertical line of single measurements on girder 
plating with 1 measurement between each 
panel stiffener, or a minimum of 
3 measurements. 2 measurements 
across face flat (if fitted) 


5 point pattern over 2 m2 area 


5 point pattern over 1 m2 of plating. Single 
measurements on flange 


5 point pattern over 1 m2 of plating 
5 point pattern over 2 m2 of plating 


For web, 5 point pattern over span 

(2 measurements across web at each end 
and 1 at centre of span). For flange, single 
measurement at each end and centre of 
span 


Single measurements 


Thickness measurement - Single and double hull chemical tankers - Deck structure with 


Pattern of measurement 


Deck plating 
Deck longitudinals 


Deck girders and brackets 


Deck transverse webs 


Vertical web and transverse bulkhead in 
wing ballast tank (2 m from deck) — for 
double hull chemical tankers 


Panel stiffening 


2 transverse bands across tank 


Every 3rd longitudinal in each of 2 bands with 
a minimum of 1 longitudinal 


At the fore and aft transverse bulkhead, 
bracket toes and in centre of tanks 


Minimum of 2 webs, with measurements at 
both ends and middle of span 


Minimum of 2 webs, and both transverse 
bulkheads 


Where applicable 


Minimum of 3 measurements per plate per 
band 


3 measurements in line vertically on webs and 
2 measurements on flange (if fitted) 


Vertical line of single measurements on web 
plating with 1 measurement between each 
panel stiffener, or a minimum of 
3 measurements. 2 measurements across 
flange. 5 point pattern on girder/bulkhead 
brackets 


5 point pattern over 1 m2 area. Single 
measurements on the flange 


5 point pattern over 1 m2 area 


Single measurements 
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Table 3.8.7 Thickness measurement - Single and double hull chemical tankers - Side shell and longitudinal 


bulkheads with substantial corrosion 


Structural member 


Extent of measurement 


Pattern of measurement 


Side shell and longitudinal bulkhead 

plating: 

(i) Top and bottom strakes, and strakes 
in way of horizontal girders 


(ii) All other strakes 


Side shell and longitudinal bulkhead 
longitudinals on: 
(i) Top and bottom strakes 


(ii) All other strakes 
Longitudinals — brackets 


Vertical web and transverse bulkheads of 
double side tanks (excluding deckhead 
area): 

(i) Strakes in way of horizontal girders 


(ii) Other strakes 


Web frames and cross ties for other tanks 
than double side tanks 


Horizontal girders 


Panel stiffening 


Table 3.8.8 


(i) Plating between each pair of longitudinals 
in a minimum of 3 bays (along the tank) 


(ii) Plating between every 3rd pair of 
longitudinals on same 3 bays 


Each longitudinal in same 3 bays 
Every 3rd longitudinal in same 3 bays 


Minimum of 3 at top, middle and bottom of 
ank in same 3 bays 


(i) Minimum of 2 webs and both transverse 
bulkheads 


(ii) Minimum of 2 webs and both transverse 
bulkheads 


3 webs with minimum of 3 locations on each 
web, including in way of cross tie 
connections and lower end bracket 


Plating on each girder in a minimum of 3 bays 


Where applicable 


bulkheads and swash bulkheads with substantial corrosion 


Structural member 


Extent of measurement 


(i) Single measurements 


(ii) Single measurements 


3 measurements across web and 
1 measurement on flange 


3 measurements across web and 
1 measurement on flange 


5 point pattern over area of bracket 


(i) 5 point pattern over approximately 2 m2 
area 


(ii) 2 measurements between each pair of 
vertical stiffeners 


5 point pattern over approximately 2 m? area 
of webs, plus single measurements on 
flanges of web frame and cross ties 


2 measurements between each pair of 
longitudinal girder stiffeners 


Single measurements 


Thickness measurement - Single and double hull chemical tankers - Transverse watertight 


Pattern of measurement 


Upper and lower stool, where fitted 


Top and bottom strakes, and strakes in 
way of horizontal stringers 


All other strakes 


Strakes in corrugated bulkheads 


Stiffeners 


Brackets 


Horizontal stringers 


Deep webs and girders 


Transverse band within 25 mm of welded 
connection to inner bottom/deck plating 
Transverse band within 25 mm of welded 
connection to shelf plate 


ating between pair of stiffeners at 
3 locations; approximately 1/4, 1/2 and 3/4 
width of tank 


ating between pair of stiffeners at middle 
location 


ating for each change of scantling at centre 
of panel and at flange of fabricated 
connection 


Minimum of 3 typical stiffeners 


Minimum of 3 at top, middle and bottom of 
tank 


All stringers with measurements at both ends 
and middle 


Measurements at toe of bracket and centre of 
span 


5 point pattern between stiffeners over 1 m 
length 


5 point pattern between stiffeners over 1 m 
length 


Single measurement 


5 point pattern over approximately 1 m2 of 
plating 


For web, 5 point pattern over span between 
bracket connections (2 measurements 
across web at each bracket connection 
and 1 at centre of span). For flange, 
single measurement at bracket toe and at 
centre of span 


5 point pattern over area of bracket 


5 point pattern over 1 m? area, plus single 
measurements near bracket toes and on 
flanges 


For webs, 5 point pattern over 1 m? area. 
3 measurements across face flat 


48 


LLOyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Periodical Survey Regulations 


E Section 9 
Ships for liquefied gases 


9.1 General 


9.1.1 The requirements of Sections 2 to 7 are to be 
complied with, as applicable. 


9.1.2 Prior to the inspection of cargo tanks, surrounding 
spaces, associated piping, fittings and equipment, etc., the 
respective items are to be cleaned and thoroughly cleared of 
gas. Every precaution is to be taken to ensure safety during 
inspection. 


9.1.3 The following documentation, as applicable, is to be 

available on board the ship: 

(a) Relevant instruction and information material such as 
cargo handling plans, filling limit information, cooling 
down procedures, etc. 


(b) A copy of the IGC Code. 
(c) Test records of secondary barrier. 
(d) Loading and stability information, including damage 


stability. 


9.1.4 For requirements of Special Survey for electrical 
equipment, see Section 14. 


9.2 Annual Surveys - Basic requirements 


9.2.1 The Annual Survey is preferably to be carried out 
during a loading or discharging operation. Access to cargo 
tanks or inerted hold spaces, necessitating gas freeing/ 
aerating will normally not be necessary unless required by the 
Regulations. 


9.2.2 The ship’s log and operational records for the cargo 
containment system covering the period from the previous 
survey are to be examined. Any malfunction of the system 
entered in the log is to be investigated, the cause ascertained, 
and that part of the system at fault is to be found or placed in 
good order. 


9.2.3 Instrumentation and safety systems are to be 

surveyed as follows: 

(a) The instrumentation of the cargo installations with 
regard to pressure, temperature and liquid level is to be 
verified in good working order by one or more of the 
following methods: 


(i) Visual external examination. 

(ii) Comparing of read outs from different indicators. 

(iii) Consideration of read outs with regard to the 
actual cargo and/or actual conditions. 

(iv) Examination of maintenance records with 


reference to cargo plant instrumentation main- 
tenance manual. 
(v) Verification of calibration status of the measuring 
instruments. 
(b) The low level, high level, and overfill alarms are to be 
examined and tested to ascertain that they are in 
working order. 
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(c) The alarms associated with the following are to be 
tested as applicable: 


vi) Secondary barrier temperature. 

vii) Cargo Hold or Interbarrier bilge level detection. 

(d) Control devices for the cargo containment systems 
and cargo handling equipment, together with any 
associated shutdown and/or interlock, are to be 
checked under simulated working conditions and, if 
necessary, recalibrated. Such safety systems include 
but are not limited to: 

(i) Cargo tank overfill protection including cargo 
pump, compressor and other cargo machinery 
automatic shutdown. 

(ii) Cargo pump, compressor and other cargo 
machinery shutdown on low cargo tank pressure 
or cargo tank and interbarrier/nold space 
differential pressure. 

(iii) Cargo pump automatic shutdown on low level 
or current; 

(e) The emergency shutdown system is to be tested, 
without flow in the pipe lines, to verify that the system 
will cause the cargo pumps, compressors and other 
cargo machinery, as applicable, to stop. 

A Consideration will be given to the acceptance of 
simulated tests, provided that they are carried out at 
the cargo temperature, or comprehensive main- 
tenance records, including details of tests held, in 
accordance with the cargo plant instrumentation 
maintenance manual. 


(i) Cargo tank high and low pressure. 
(ii) Cargo tank temperature. 

(iii) Cargo hold pressure. 

(iv) Interbarrier space pressure. 

(v) Inner hull temperature. 

( 

( 


9.2.4 Cargo gas leakage detection systems are to be 
examined and tested to ascertain that they are in working 
order and calibrated using sample gas. 


9.2.5 Inert gas/dry air installations including the means for 
prevention of backflow of cargo vapour to gas-safe spaces 
are to be verified as being in satisfactory operating condition. 


9.2.6 Ventilation systems and air locks in working spaces 
are to be checked for satisfactory operation. 


9.2.7 Cargo pipeline, valves and fittings are to be 
generally examined, with special reference to expansion 
bellows, supports and vapour seals on insulated pipes. It is to 
be verified that all accessible cargo piping systems are 
electrically bonded to the hull. 


9.2.8 Portable and/or fixed drip trays, or insulation for 
deck protection in the event of cargo leakage, are to be 
examined for condition. 
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9.2.9 The means for accomplishing gas tightness of the 
wheelhouse doors and windows is to be examined. All 
windows and side-scuttles within the area required to be of 
the fixed type (non-opening) are to be examined for gas tight- 
ness. The closing devices for all air intakes and openings into 
accommodation spaces, service spaces, machinery spaces, 
control stations and approved openings in superstructures 
and deckhouses facing the cargo area or bow and stern load- 
ing/unloading arrangements are to be examined. For ships 
carrying toxic gases such devices should be capable of being 
operated from inside the space. 


9.2.10 Venting systems, including protection screens if 
provided, for the cargo tanks, inter-barrier spaces and hold 
spaces are to be visually examined externally. It is to be 
verified that the cargo tank relief valves are sealed and that 
the certificate for the relief valves opening/closing pressures is 
on board the ship. 


9.2.11 Mechanical ventilation fans in gas hazardous zones 
and spaces are to be visually examined. Adequate spare 
parts should be carried for each type of fan installed. 


9.2.12 Electrical equipment, cables and supports in gas 
hazardous zones and spaces shall be examined as far as 
practicable. Alarms and safety systems associated with 
pressurised lighting systems and any safety device associated 
with non-safe type electrical equipment that is protected by 
air-locks are to be verified. 


9.2.13 Heating arrangements, if fitted, for cofferdams and 
other spaces shall be verified in good working order. 


9.2.14 All accessible gas-tight bulkhead penetrations 
including gas-tight shaft sealings are to be visually examined. 


9.2.15 The sealing arrangements for tanks or tank domes 
penetrating decks or tank covers are to be externally 
examined. 


9.2.16 The survey is to consist of an examination for the 
purpose of ensuring, as far as practicable, that the hull and 
piping are maintained in a satisfactory condition. 

(a) The examination of the hull and piping is to include the 


following: 
° hull plating and closing appliances as far as can 
be seen 


° watertight penetrations as far as practicable 

° weather decks 

° flame screens on vents to all bunker tanks 

° bunker and vent piping systems 

(b) The examination of the cargo pump rooms and compressor 
rooms and, as far as practicable, pipe tunnels if fitted is 
to include the following: 

° all pump room and compressor room bulkheads 
for signs of leakage or fractures and, in particular, 
the sealing arrangements of all penetrations of 
pump room and compressor room bulkheads 

° condition of all piping systems (for cargo piping 
systems, see 9.2.7). 


9.2.17 The Surveyor is to carry out an examination and 
thickness measurement of structure identified at the previous 
Special Survey or Intermediate Survey as having substantial 
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corrosion, as defined in 1.5. The extent of thickness measure- 
ments is to be increased in accordance with Table 3.9.4 to 
determine the full extent of the corrosion pattern. The survey 
will not be considered complete until these additional 
thickness measurements have been carried out. 


9.3 Annual Surveys - Reliquefaction/refrigeration 
equipment 


9.3.1 Where reliquefaction or refrigeration equipment for 
cargo temperature and pressure control is fitted, the following 
are to be examined, so far as practicable: 

(a) The machinery under working conditions. 

(bo) The shells of all pressure vessels in the system, 
externally. Insulation need not be removed for this 
examination, but any deterioration of insulation or 
evidence of dampness which could lead to external 
corrosion of the vessels or their connections, is to be 
investigated. 

(c) Primary refrigerant gas and liquid pipes, cargo vapour and 
liquid condensate pipes and condenser cooling water 
pipes. Insulation need not be removed, but any deteriora- 
tion or evidence of dampness is to be investigated. 

(d) The reliquefaction/refrigeration plant spare gear. 


9.3.2 Reference should be made to the Special Survey 
requirements for guidance on Continuous Survey arrangements. 


9.4 Annual Surveys - Methane burning equipment 
and other equipment components 


9.4.1 The following components are to be generally 

examined externally. If insulation is fitted, this need not be 

removed, but any deterioration of insulation, or evidence of 

dampness which could lead to external corrosion of the 

vessels or their connections, is to be investigated: 

(a) Heat exchangers and pressure vessels for use with 
methane burning in boilers or machinery. 

(o) Cargo heaters, vaporisers, masthead heaters and other 
miscellaneous pressure vessels. 


9.4.2 Controls and interlocks are to be checked. 


9.4.3 Alarm systems are to be checked to ascertain that 
they are in working order. 


9.4.4 Exhaust fans and/or pressurising system for gas 
trunking are to be tested. 


9.5 Annual Surveys - Cargo containment systems 


9.5.1 Where the insulation arrangement is such that the 
insulation cannot be examined, the surrounding structures of 
wing tanks, double bottom tanks and cofferdams are to be 
examined for cold spots, prior to the survey. This examination 
is to be held at a convenient cargo discharge operation with 
the cargo tanks loaded at approximately the minimum 
notation temperature. 
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9.5.2 On application by the Owner, consideration will be 
given to the cold spot examination, where applicable, being 
carried out by the ship’s staff. 


9.5.3 When tests are required after repairs, independent 
cargo tanks, other than independent tanks Type C, are to be 
tested by hydraulic or hydropneumatic means as appropriate. 
Test heads and pressures should be as defined in Ch 4,10 of 
the Rules and Regulations for the Construction and 
Classification of Ships for the Carriage of Liquefied Gases in 
Bulk. Cargo tanks of the membrane or semi-membrane type 
are to be tested by means of a detectable gas in the inter- 
barrier spaces and discolouring paint on the weld seams of 
the cargo tanks wall, or other suitable means. Independent 
cargo tanks of Type C are to be tested hydraulically at 
1,25 times the approved maximum vapour pressure. 


9.5.4 For membrane containment systems, the Surveyor 
is to receive confirmation from the Master that the nitrogen 
control system for insulation and inter-barrier spaces is 
operating normally. 


9.6 Intermediate Surveys 


9.6.1 The Intermediate Survey intends to supplement the 
Annual Survey by testing cargo handling installations with 
related automatic control, alarm and safety systems for 
correct functioning. The Intermediate Survey is preferably to 
be carried out with the ship in a gas-free condition. The extent 
of the testing required for the Intermediate Survey will normally 
be such that the survey cannot be carried out during a 
loading or discharging operation. 


9.6.2 In addition to the requirements for Annual Survey 
and the requirements of 3.2.1 to 3.2.8, the following are to be 
dealt with as applicable: 

(a) Examination of means for draining the vent piping system. 

(o) Verification that pipelines and cargo tanks are 
electrically bonded to the hull. 

(c) Verification that the heating arrangements, if any, for steel 
structures are satisfactory. 

(d) Where required by the manufacturer’s maintenance 
instructions, cargo tank and inter-barrier space pressure 
and vacuum relief valve settings are to be checked and 
adjusted as required. Cargo tank pressure relief valve 
harbour settings are also to be checked, if applicable. 
Cargo tank pressure relief valves are to lift at a pressure 
not more than the percentage given below, above the 
maximum vapour pressure for which the tanks have been 
approved. 

° For O to 1,5 bar (0 to 1,5 kgf/cm2), 10 per cent. 

° For 1,5 to 3,0 bar (1,5 to 3,0 kgf/cm2), 6 per cent. 

° For pressures exceeding 3,0 bar (3,0 kgf/cm2), 
3 per cent. 

° Valves may be removed from the tanks for the 
purpose of checking. 

(e) A General Examination within the zones and spaces 
deemed as hazardous such as cargo compressor rooms 
and spaces adjacent to and zones above cargo areas, 
for defective and non-certified safe-type electrical equip- 
ment, improperly installed, defective and dead wiring. An 
electrical insulation resistance test of the circuits 
terminating in, or passing through the hazardous zones 
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and spaces, is to be carried out. If the ship is not in a gas 
free condition the results of previously recorded test read- 
ings may be accepted. 


9.6.3. For ships over 5 years of age and up to 10 years of 
age, an overall survey of representative ballast tanks is to be 
carried out. Where a hard protective coating is found to be in 
POOR condition, as defined in 1.5, where a soft or semi-hard 
coating has been applied or where a protective coating was 
not applied from the time of construction, the survey is to be 
extended to other ballast tanks of the same type. 


9.6.4 For ships over 10 years of age, an overall survey of 

all ballast tanks is to be carried out. 

(a) If such examinations reveal no visible structural defects, 
the examination may be limited to verification that the 
corrosion prevention system remains in GOOD or FAIR 
condition. 

(o) The condition of the corrosion prevention system 
identified during the Survey may result in the tanks being 
subject to further examination at Annual Surveys, in 
accordance with 2.2.28. For independent double bottom 
ballast tanks, the examination at Annual Surveys will be 
at the discretion of the Surveyor. 


9.6.5 The minimum requirements for Close-up Survey are 
given in Table 3.9.1. 


9.7 Special Survey | (ships five years old) - 
General requirements 


9.7.1 The requirements of 9.1 to 9.6 are to be complied 
with. 


9.7.2 The requirements for Close-up Survey and 
thickness measurement are given in 9.12 and 9.13. 


9.7.3 All cargo tanks are to be examined internally, also 
externally so far as practicable, particular attention being paid 
to the plating in way of supports of securing arrangements, 
tower structures, seatings and pipe connections, also to 
sealing arrangements in way of the deck penetrations. 
Provided that the structural examination is satisfactory, that 
the gas leakage monitoring systems have been found to be 
operating satisfactorily and that the voyage records have not 
shown any abnormal operation, cargo tanks do not require to 
be hydraulically tested. The primary membranes of ‘Gas 
Transport’ design should be examined with the primary 
insulation space under a vacuum of at least -500 mbar gauge. 
For ‘Moss Type’ LNG cargo tanks, the Structural Transition 
Joints (STJ) are to be examined at the port, starboard, forward 
and aft locations. Insulation is to be removed as required. 
Non-destructive testing may be required where considered 
necessary. 

For membrane containment systems with corrugated primary 
barriers, in view of the sloshing loads experienced in service, 
measurements should be taken inside the cargo tanks of 
deformations of the primary barrier corrugations in order to 
assess the condition of the containment system in accordance 
with the system designer’s procedures as approved by LR. 
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Table 3.9.1 


Ships between 10 and 15 years old 
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Ships for liquefied gases - Intermediate Surveys 


Ships greater than 15 years old 


ose-up survey of all web frames and both transverse bulkheads 
in a representative ballast tank, see Note 2 and 3. 


lose-up survey of the upper part of one web frame in one other 
presentative ballast tank. 


ose-up survey of one transverse bulkhead in one other 
presentative ballast tank, see Note 3. 


(1) Close-up survey of all web frames and both transverse bulkheads 
in a two representative ballast tanks, see Notes 2 and 3. 


NOTES 
1. 


Ballast tanks include topside, double hull side, double bottom, hopper side, or any combined arrangement of the aforementioned, and peak 


tanks where fitted. 


. Complete transverse web frame including adjacent structural members. 
. Transverse bulkhead complete, including girder system and adjacent structural members and adjacent longitudinal bulkhead structure. 
. For areas in tanks where coatings are found to be in GOOD condition, as defined in 1.5, the extent of Close-up Survey may be specially 


considered. 


. The Surveyor may extend the Close-up Survey, if deemed necessary, taking into account the maintenance of the tanks under survey, the 
condition of the corrosion prevention system, the structural arrangements or details which have suffered defects in similar spaces or on 
similar ships and tanks having structures approved with reduced scantlings. 

. For ships having independent cargo tanks of Type C, with a midship section similar to that of a general cargo ship, the extent of Close-up 


Survey may be specially considered. 


9.7.4 The non-destructive testing of cargo tanks is to be 

carried out as follows: 

(a) Non-destructive testing is to supplement cargo tank 
inspection with special attention to be given to the 
integrity of the main structural members, tank shell 
and highly stressed parts, including welded 
connections as deemed necessary by the Surveyor. 
The following items are, inter alia, considered as highly 
stressed parts: 

(i) Cargo tanks supports and _anti-rolling/anti- 
pitching devices; 

(ii) Web frames or stiffening rings; 

(iii) Swash bulkhead boundaries; 

(iv) Dome and stump connections to tank shell; 

(v) Foundations for pumps, towers, ladders, etc.; 

(vi) Pipe connections. 

(b) For independent tanks of Type B, the extent of non- 
destructive testing shall be as given in the programme 
specially prepared for the cargo tank design. 

(c) Independent cargo tanks of Type C are to be 
subjected to non-destructive testing of the plating in 
way of supports and also at selected lengths of 
welds. Where such testing raises doubt as to the 
structural integrity, a hydraulic test should be carried 
out at 1,25 times the approved maximum vapour 
pressure. Alternatively, consideration will be given to 
pneumatic testing under special circumstances, 
provided full details are submitted for approval. 

(d) At each alternate Special Survey (i.e., SSII, SSIV and 
so on), all independent cargo tanks of Type C are to 
be either: 

(i) Hydraulically or hydro-pneumatically tested to 
1,25 times MARVS, followed by non-destructive 
testing in accordance with paragraph (a) above, 
or, 

(ii) Subjected to a thorough, planned, non- 
destructive testing. This testing is to becarried 
out in accordance with a programme specially 
prepared for the tank design. If a special 
programme does not exist, the following 
applies: 


e cargo tank supports and anti-rolling/anti-pitch- 
ing devices; 

° stiffening rings; 

° Y-connections between tank shell and a longi- 


tudinal bulkhead of bi-lobe tanks; 


e swash bulkhead boundaries; 

e dome and sump connections to the tank shell; 
e foundations for pumps, towers, ladders etc.; 
e pipe connections. 


At least 10 per cent of the length of the welded connections 
in each of the above mentioned areas is to be tested. This 
testing is to be carried out internally and externally as 
applicable. Insulation is to be removed as necessary for the 
required non-destructive testing. 


9.7.5 Deck mounted cargo storage tanks are to be 
examined in the same manner as main cargo tanks. 


9.7.6 For membrane containment systems, a tightness 
test of the primary and secondary barrier shall be carried out 
in accordance with the system designer’s procedures and 
acceptance criteria as approved by LR. Low differential pres- 
sure tests may be used for monitoring the cargo containment 
system performance, but are not considered an acceptable 
test for the tightness of the secondary barrier. For membrane 
containment systems with glued secondary barriers, if the 
designer’s threshold values are exceeded, an investigation is to 
be undertaken and additional testing such as thermographic 
or acoustic emissions testing should be carried out. 


9.7.7 Where a cargo tank or the hull structure is 
insulated and the insulation is accessible, the insulation should 
be examined externally, together with any vapour or protective 
barrier, and sections removed for examination, if considered 
necessary by the Surveyor. Special attention should be given to 
insulation in way of chocks, supports and keys. Portions of the 
insulation are also to be removed, if required by the Surveyor, 
to enable the condition of the plating to be ascertained. Where 
the insulation is not accessible, see 9.5.1. 
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9.7.8 Cargo tank internal pipes and fittings are to be 
examined, and all valves and cocks in direct communication 
with the interiors of the tanks are to be opened out for 
inspection and the connection pipes are to be examined 
internally, so far as practicable. 


9.7.9 Relief valves are to be surveyed as follows: 

(a) The pressure relief valves for the cargo tanks are to be 
opened for examination, adjusted, function tested, 
and sealed. If the cargo tanks are equipped with relief 
valves with non-metallic membranes in the main or 
pilot valves, such non-metallic membranes are to be 
replaced. 

(b) Pressure relief valves are subsequently to be adjusted 
to lift at a pressure in accordance with 9.6.2(d). Relief 
valve harbour settings are to be checked, if applicable. 
Valves may be removed from the shell for the purpose 
of making this adjustment under pressure of air or 
other suitable gas. 

(c) Where a proper record of continuous overhaul and 
retesting of individually identifiable relief valves is 
maintained, consideration will be given to acceptance 
on the basis of opening, internal examination, and 
testing of a representative sampling of valves, including 
each size and type of liquefied gas or vapour relief 
valve in use, provided there is logbook evidence that 
the remaining valves have been overhauled and tested 
since crediting of the previous Special Survey. 

(d) Relief valves on cargo gas and liquid pipelines are to 
have their pressure settings checked. The valves may 
be removed from the pipelines for this purpose. At the 
Surveyor’s discretion a sample of each size and type 
of valve may be opened for examination and testing. 


9.7.10 All cargo pumps, cargo booster pumps and cargo 
vapour pumps are to be opened out for examination. If 
requested by the Owner, these items may be examined on a 
Continuous Survey basis, provided the interval between 
examination of each item does not exceed five years. Pumping 
systems for inter-barrier spaces are to be checked and verified 
to be in good working order. 


9.7.11 Piping for cargo and process systems including 
valves, actuators and compensators are to be opened for 
examination. Insulation may need to be removed, as deemed 
necessary, to ascertain the condition of the piping. If any doubt 
exists regarding the integrity of the piping based upon visual 
examination then, where deemed necessary by the Surveyor, 
a pressure test at 1,25 times MARVS for the pipeline is to be 
carried out. The complete piping systems are to be tested for 
leaks after re-assembly. 


9.7.12 Equipment for the production of inert gas is to be 
examined and shown to be operating satisfactorily within the 
gas specification limits. Pipelines, valves, etc., for the 
distribution of the inert gas are to be generally examined. 
Pressure vessels for the storage of inert gas are to be 
examined internally and externally and the securing arrange- 
ments are to be specially examined. Pressure relief valves are 
to be demonstrated to be in good working order. Liquid nitrogen 
storage vessels are to be examined, so far as practicable, and 
all control equipment, alarms and safety devices are to be 
verified as operational. 
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9.7.13  Gastight bulkhead shaft seals are to be opened out 
so that the sealing arrangements may be checked. 


9.7.14 Sea connections associated with the cargo 
handling equipment are to be opened out when the ship is in 
dry-dock. 


9.7.15 The arrangements for discharging the cargo 
overboard in an emergency are to be checked. 


9.8 Special Survey | (ships five years old) - 
Reliquefaction/refrigeration equipment 


9.8.1 Each reciprocating compressor is to be opened out. 
Cylinder bores, pistons, piston rods, connecting rods, valves 
and seats, glands, relief devices, suction filters and lubricat- 
ing arrangements are to be examined. Crankshafts are to be 
examined, but crankcase glands and the lower half of main 
bearings need not be exposed if the Surveyor is satisfied with 
the alignment and wear. 


9.8.2 Where other than reciprocating-type compressors 
are fitted, or where there is a program of replacement instead 
of surveys on board, alternative survey arrangements will be 
considered. Each case will be given individual consideration. 


9.8.3 The water end covers of condensers are to be 
removed for examination of the tubes, tubeplates and covers. 


9.8.4 Refrigerant condenser cooling water pumps, including 
standby pump(s) which may be used on other services, are to 
be opened out for examination. 


9.8.5 Where a pressure vessel is insulated, sufficient 
insulation is to be removed, especially in way of connections 
and supports, to enable the vessel’s condition to be 
ascertained. 


9.8.6 Insulated pipes are to have sufficient insulation 
removed to enable their condition to be ascertained. Vapour 
seals are to be specially examined for their condition. 


9.8.7 The Surveyor is to satisfy himself that all pressure 
relief valves and/or safety discs throughout the system are in 
good order. No attempt, however, is to be made to test 
primary refrigerant pressure relief valves on board ship. 


9.8.8 The items covered by 9.8.1 to 9.8.4 may, at the 
request of the Owner, be examined on a Continuous Survey 
basis provided the interval between examination of each item 
does not exceed five years. 


9.9 Special Survey I (ships five years old) - 
Methane burning equipment 


9.9.1 Where methane is used as fuel for main propulsion 
purposes, the associated compressors and heat exchangers 
are to be opened out and examined as for reliquefaction/ 
refrigeration equipment. The steam side of steam heaters is 
to be hydraulically tested to 1,5 times the design pressure. 
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9.9.2 Methane gas pipe trunks or casings are to be 
generally examined and the exhaust or inerting arrangements 
for these trunks are to be verified. 


9.9.3 All alarms associated with the methane burning 


systems are to be verified. 


9.10 Special Survey II and Special Surveys 
thereafter (ships 10 years old and over) 


9.10.1 The requirements of 9.1 to 9.9 are to be complied 
with. 
9.10.2 Water cooled condensers in which the primary 


refrigerant is in contact with the shell are to have the end 
covers removed and the shell pneumatically tested to a 
pressure equal to the designed working pressure. 


9.10.3 All other pressure vessels in the reliquefaction/ 
refrigeration system, methane burning system and other 
handling systems are to be pneumatically tested to a 
pressure equal to the designed working pressure. 


9.10.4 The requirements for Close-up Survey and thick- 


ness measurement are given in 9.12 and 9.13. 


9.11 Special Survey III and Special Surveys 
thereafter (ships 15 years old and over) 


9.11.1. The requirements of 9.1 to 9.10 are to be complied 
with. 
9.11.2 For independent tanks of Type B, the Owner is to 


submit proposals for the extent of non-destructive testing of 
the cargo tanks well in advance of the Special Survey. 


Table 3.9.2 


Special Survey | 
(Ships 5 years old) 


Special Survey II 
(Ships 10 years old) 


Close-up Survey - Ships for liquified gases 
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9.12 Close-up Survey 


9.12.1. The minimum requirements for Close-up Survey are 
given in Table 3.9.2. 


9.12.2 The Surveyor may extend the Close-up Survey, if 
deemed necessary, taking into account the maintenance of 
the tanks under survey, the condition of the corrosion 
prevention system and the structural arrangements or details 
which have suffered defects in similar spaces or on similar 
ships and tanks having structures approved with reduced 
scantlings. 


9.12.3 For areas in tanks where coatings are found to be in 
GOOD condition, as defined in 1.5, the extent of Close-up 
Survey may be specially considered. 


9.13 Thickness measurement 


9.13.1 | The minimum requirements for thickness measure- 
ment are given in Table 3.9.3. 


9.13.2 In areas where substantial corrosion, as defined in 
1.5, has been noted, then additional measurements are to be 
carried out in accordance with Table 3.9.4 to determine the 
full extent of the corrosion pattern. The survey will not be 
considered complete until these additional thickness measure- 
ments have been carried out. 


Special Survey III 
(Ships 15 years old) 


Special Survey IV 
(Ships 20 years old and over) 


(1) One web frame in: (1) All web frames in either a 
a topside ballast tank topside ballast tank or a 
ae double hull side ballast tank, 
a hopper side ballast see Notes 2 and 5. 
tank 


a double hull side 
ballast tank 
See Note 2. 


(2) One transverse bulkhead in a 
ballast tank, see Note 4. 


One web frame in each 
remaining ballast tank, see 
Note 2. 


One transverse bulkhead in 
each ballast tank, see Note 3. 


All web frames in all ballast 
tanks, see Note 2. 


All web frames in all ballast 
tanks, see Note 2. 
All transverse bulkheads in all 


ballast tanks, see Note 3. All transverse bulkheads in all 


ballast tanks, see Note 3. 


NOTES 


1. Ballast tanks include topside, double hull side, double bottom, hopper side, or any combined arrangement of the aforementioned, and 


peak tanks where fitted. 


. Complete transverse web frame ring including adjacent structural members. 


Transverse bulkhead complete, including girder system and adjacent structural members and adjacent longitudinal bulkhead structure. 


. If topside tanks and double hull side tanks are not fitted, then another ballast tank is to be selected. 


2 
3. 
4. Transverse bulkhead lower part including girder system and adjacent structural members. 
5 
6 


. For ships having independent cargo tanks of Type C, with a midship section similar to that of a general cargo ship, the extent of Close-up 
Survey may be specially considered. 
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Table 3.9.3 


Special Survey | 
(Ships 5 years old) 


Thickness measurement - Ships for liquefied gases 


Special Survey III 
(Ships 15 years old) 


Part 1, Chapter 3 


Section 9 


Special Survey IV and subsequent 
(Ships 20 years old and over) 


1 section of deck plating for the full 
beam of the ship within 0,5L amidships 
in way of a ballast tank, if any 


Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to close-up 
survey in accordance with Table 3.9.2 


Critical areas, as required by the 
Surveyor 


Special Survey II 
(Ships 10 years old) 


Within the cargo area: 
(a) Each deck plate 
(b) 1 transverse section 


Measurements for general assessment 


and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.9.2 


Selected wind and water strakes outside 
the cargo area 


Critical areas, as required by the 
Surveyor 


Within the cargo area: 
(a) Each deck plate 
(b) 2 transverse sections 


Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.9.2 


Selected wind and water strakes outside 
the cargo area 


All wind and water strakes within the 
cargo area 


All transverse webs with associated 
plating and longitudinals, and the 
transverse bulkhead complete in the fore 
peak tank and aft peak tank, see Notes 1 
and 4 


Critical areas, as required by the Surveyor 


Within the cargo area: 

(a) Each deck plate 

(b) 3 transverse sections 

(c) Each bottom plate 

(d) Duct keel plating and internals 


Measurements for general assessment 
and recording of corrosion pattern of the 
structural members subject to Close-up 
Survey in accordance with Table 3.9.2 


All wind and water strakes over the full 
length of the ship, port and starboard 


Remaining exposed main deck plating not 
considered in item (1) and representative 
exposed superstructure deck plating (i.e., 
poop, bridge and forecastle deck) 


All transverse webs with associated 
plating and longitudinals, and the 
transverse bulkhead complete in the fore 
peak tank and aft peak tank, see Notes 1 
and 4 


| keel plates outside the cargo tank 
ngth. Also additional bottom plates in 
ay of cofferdams, machinery space and 
ft end of tanks 


ating of seachests. Also side shell 
plating in way of overboard discharges, 
as considered necessary by the Surveyor 


Critical areas, as required by the 
Surveyor 


NOTES 
For areas in tanks where coatings are found to be in GOOD condition, as defined in 1.5, the extent of thickness measurements may be 
specially considered, but not dispensed with in its entirety. 


1. 


Table 3.9.4 


measurement for general assessment and recording of the corrosion pattern. 


structure is to be carried out as considered necessary by the Surveyor. 


Structural member 


Extent of measurement 


. Transverse sections should be chosen where the largest reductions are likely to occur, or as revealed by deck plating measurements. 
. Where two or three transverse sections are required to be measured, at least one is to include a ballast tank within 0,5L amidships. 

. Transverse bulkhead complete including stiffening system. 
. Where considered necessary by the Surveyor, the inner bottom plating and adjacent tank supports are to be subject to thickness 


. For those ships designated to carry light oils in the independent cargo tanks, thickness measurement of the independent cargo tank 


Thickness measurement - Ships for liquefied gases - Structural areas with substantial corrosion 


Pattern of measurement 


Plating Suspect area and adjacent plates 


5 point pattern over 1 m2 of plating 


Stiffeners 


Suspect area 


3 measurements each in line across web and 
flange 
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a Section 10 
Dredgers, hopper dredgers, sand 
carriers, hopper barges and 
reclamation craft 


10.1 General 


10.1.1 The requirements of this Section are to be complied 
with, as applicable, in addition to the survey requirements of 
Sections 2, 3, 4 and 5. Where surveys are required on dredging 
or hopper equipment such as gantries, bottom doors and their 
operating gear, positioning spuds and suction pipe attachments 
or split hull devices such as actuating and locking devices, 
these will be limited to the extent considered necessary by the 
Surveyor to satisfy himself that their condition or malfunction 
will not adversely affect the ship’s structure. 


10.1.2 Where applicable, the Docking Survey is to include 
the examination of hopper doors and their fittings, and of 
hopper valves. 


10.2 Special Surveys 


10.2.1. On ships up to 10 years old (Special Survey | and Il): 

(a) Hoppers are to be cleared and cleaned as necessary 
and examined. 

(bo) Where applicable, hopper doors or valves are to be 
opened and closed, so far as practicable, but keel 
blocks need not normally be moved specially to permit 
this to be done. 

(c) The integrity of hopper overflows and diluting water inlet 
and distribution structures is to be confirmed. Weir 
valves and sluices are to be tested to ensure proper 
operation, particular attention being paid to the lower 
weir when weirs are fitted at more than one level. 

(d) Attention is to be given to shell plating in way of hopper 
overflows. 

(e) The attachment to the ship’s structure of all main items 
of dredging equipment, including gantries, ‘A’ frames, 
spud control gear supports and items provided to 
facilitate separation of split hulls including hinge pin 
gudgeons, anchorages for rams and locking devices, is 
to be carefully examined to ensure that no fracture is 
present. 


10.2.2 On ships 15 years old and over (Special Survey Ill 

and subsequent Special Surveys): 

(a) Attention is to be given by the Surveyor to the structure 
in way of dredging pumps. 

(b) Hopper doors, valves and items provided to facilitate 
separation of split hulls are to be checked for proper 
operation, and their hinges, control gear and other 
fittings are to be examined for wear or distortion. All 
seals and weardown strips are to be replaced if neces- 
sary, but a watertight seal is not normally required. 
Attention is to be paid to areas likely to be suffering from 
excessive erosion. 

(c) Those items of dredging gear and equipment whose 
efficiency is not part of classification but whose failure or 
malfunctioning is, nevertheless, likely to adversely affect 
the ship’s structure, are to be examined to ensure that 
the structural integrity of the ship is maintained. 


Part 1, Chapter 3 


Sections 10 & 11 


a Section 11 
Machinery surveys - General 
requirements 


11.1 Annual, Intermediate and Docking Surveys 


17.1.1. For Annual, Intermediate and Docking Surveys, see 
Sections 2, 3 and 4. 


11.1.2 For ships assigned the notation ‘laid-up’, a general 
examination of the machinery is to be carried out in lieu of the 
normal Annual Survey requirements. 


11.2 Complete Surveys 


11.2.1. While the ship is in dry-dock, all openings to the 
sea in the machinery spaces and pump-rooms, together with 
the valves, cocks and the fastenings with which these are 
connected to the hull, are to be examined. 


11.2.2 All shafts (except screwshafts and tube shafts, for 
which special arrangements are detailed in Section 17), thrust 
block and all bearings are to be examined. The lower halves 
of bearings need not be exposed if alignment and wear are 
found to be acceptable. 


17.2.3. An examination is to be made of all reduction gears 
complete with all wheels, pinions, shafts, bearings and gear 
teeth, thrust bearings and incorporated clutch arrangements. 


11.2.4 The following auxiliaries and components are also 

to be examined: 

(a) Auxiliary engines, auxiliary air compressors with their 
intercoolers, filters and/or oil separators and safety 
devices, and all pumps and components used for essen- 
tial services. 

(o) Steering machinery. 

(c) Windlass and associated driving equipment, where 
fitted. 

(d) Evaporators (other than those of vacuum type) and their 
safety valves, which should be seen in operation under 
steam. 

(e) The holding down bolts and chocks of main and auxil- 
iary engines, gearcases, thrust blocks and intermediate 
shaft bearings. 


11.2.5 Allair receivers for essential services, together with 
their mountings, valves and safety devices, are to be cleaned 
internally and examined internally and externally. If internal 
examination of the air receivers is not practicable, they are to 
be tested hydraulically to 1,3 times the working pressure. 


11.2.6 The valves, cocks and strainers of the bilge system, 
including bilge injection, are to be opened up as considered 
necessary by the Surveyor and, together with pipes, are to be 
examined and tested under working conditions. The oil fuel, 
feed, lubricating oil and cooling water systems, as well as the 
ballast connections and blanking arrangements to deep tanks 
which may carry liquid or dry cargoes, together with all 
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pressure filters, heaters and coolers used for essential 
services, are to be opened up and examined or tested, as 
considered necessary by the Surveyor. All safety devices for 
the foregoing items are to be examined. 


11.2.7 Water ingress detection arrangements fitted on 
single hold cargo ships having length less than 80 m and bulk 
carriers and flooding detection systems fitted on passenger 
ships are to be tested to demonstrate that they are in good 
working order. Alternatively, this testing may be conducted 
during the required ull Special Survey space examinations, 
see also 5.3. 


11.2.8 Fuel tanks which do not form part of the ship’s 
structure are to be examined and, if considered necessary by 
the Surveyor, they are to be tested to the pressure specified 
for new tanks. The tanks need not be examined internally at 
the first survey if they are found satisfactory on external 
inspection. The mountings, fittings and remote controls of all 
oil fuel tanks are to be examined, so far as practicable. 


11.2.9 Where remote and/or automatic controls are fitted 
for essential machinery, they are to be tested to demonstrate 
that they are in good working order. 


11.2.10 For ships fitted with a dynamic positioning system, 
the control system and associated machinery items are to be 
examined and tested under operating conditions to an 
approved Test Schedule. 


11.2.11 In addition to the above, detailed requirements for 
steam and gas turbines and steam engines, oil engines, 
electrical installations and boilers are given in Sections 12, 13, 
14 and 15 respectively. In certain instances, upon application 
by the Owner or where indicated by the maker’s servicing 
recommendations, the Committee will give consideration to 
the circumstances where deviation from these detailed 
requirements is warranted, taking account of design, 
appropriate indicating equipment (e.g., vibration indicators) 
and operational records. 


a Section 12 
Turbines and steam engines - 
Detailed requirements 


12.1 Complete Surveys 


12.1.1. The requirements of Section 11 are to be complied 
with. 


12.1.2 The working parts of the main engine and attached 
pumps, and of auxiliary machinery used for essential services, 
are to be opened out and examined, including: 

(a) For reciprocating engines: 


° Bulkhead stop valves and manoeuvring valves. 
° Cylinders. 
° Pistons, piston rods, connecting rods, crossheads 
and guides. 
° Valves and valve gear. 
Crankshaft. 


Part 1, Chapter 3 


Sections 11, 12 & 13 


(o) For turbine machinery: 
° Blading and rotors. 
° Flexible couplings. 
° Casings. 


12.1.3 In gas turbines and free piston gas generators, the 
following parts are also to be opened out and examined: 
Impellers or blading. 

Rotors and casings of the air compressors. 
Combustion chambers and burners. 

Intercoolers and heat exchangers. 

Gas and air piping, and fittings. 

Starting and reversing arrangements. 


12.1.4 Where gas turbines operate in conjunction with free 
piston gas generators, the following parts of the latter are to 
be opened out and examined: 

° Gas and air compressor cylinders and pistons. 
Compressor end covers. 

Valves and valve gear. 

Fuel pumps and fittings. 

Synchronising and control gear. 

Cooling system. 

Explosion relief devices. 

Gas and air piping. 

Receivers and valves, including by-pass arrangements. 


12.1.5 Condensers, steam reheaters, desuperheaters 
which are not incorporated in the boilers, and any other 
appliances used for essential services, are to be examined to 
the satisfaction of the Surveyor and, if it is considered 
necessary, they are to be tested. 


12.1.6 The manoeuvring of the engines is to be tested 
under working conditions. 


12.1.7 Exhaust steam turbines supplying power for main 
propulsion purposes in conjunction with reciprocating engines 
together with their gearing and appliances, steam compressors 
or electrical machinery, are to be examined, so far as 
practicable. Where cone connections to internal gear shafts 
are fitted, the coned ends are to be examined, so far as 
practicable. 


12.1.8 In ships having essential auxiliary machinery driven 
by oil engines, the prime movers of these auxiliaries are to be 
examined as detailed in Section 13. 


E Section 13 
Oil engines - Detailed 
requirements 


13.1 Complete Surveys 


13.1.1 The requirements of Section 11 are to be complied 
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13.1.2 The following parts are to be opened out and 
examined: 

e Cylinders and covers. 

e Pistons, piston rods, connecting rods, crossheads and 
guides. 

Valves and valve gear. 

Crankshafts and all bearings. 

Crankcases, bedplates and entablatures. 

Crankcase door fastenings, explosion relief devices and 
scavenge relief devices. 

Scavenge pumps, scavenge blowers, superchargers 
and their associated coolers. 

Air compressors and their intercoolers. 

Filters and/or separators and safety devices. 

Fuel pumps and fittings. 

Camshaft drives and balancer units. 

Vibration dampers or detuners. 

Flexible couplings and clutches. 

Reverse gears. 

Attached pumps and cooling arrangements. 


13.1.3 Selected pipes in the starting air system are to be 
removed for internal examination and are to be hammer 
tested. If any appreciable amount of lubricating oil is found in 
the pipes, the starting air system is to be thoroughly cleaned 
internally by steaming out, or other suitable means. Some of 
the pipes selected are to be those adjacent to the starting air 
valves at the cylinders and to the discharges from the air 
compressors. 


13.1.4 The electric ignition system, if fitted, is to be exam- 
ined and tested. 


13.1.5 | The manoeuvring of engines is to be tested under 
working conditions. Initial starting arrangements are to be 
tested. 


13.1.6 Where steam is used for essential purposes, the 
condensing plant, feed pumps and oil fuel burning plant are to 
be examined and the steam pipes examined and tested as 
detailed in Section 16. 


a Section 14 
Electrical equipment 


14.1 Annual and Intermediate Surveys 


14.1.1. The electrical contacts of air circuit-breakers are to 
be visually inspected and maintained in accordance with the 
manufacturer's recommendations by suitably qualified and 
trained personnel. Appropriate maintenance records are to 
be made available to the attending Surveyor on request. 


14.1.2 The requirements of 2.2 and 3.2 are to be complied 
with as far as applicable. 


Part 1, Chapter 3 
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14.2 Complete Surveys 


14.2.1 An electrical insulation resistance test is to be 
made on the electrical equipment and cables. The installation 
may be sub-divided, or equipment which may be damaged 
disconnected, for the purpose of this test. 


14.2.2 The fittings on the main and emergency switch- 
board, section boards and distribution boards are to be 
examined and over-current protective devices and fuses 
inspected to verify that they provide suitable protection for 
their respective circuits. 


14.2.3 Generator circuit-breakers are to be tested, so far 
as practicable, to verify that protective devices including 
preference tripping relays, if fitted, operate satisfactorily. 


14.2.4 Air circuit-breakers for essential or emergency 
services and rated at 800 A and above are to be surveyed to 
ensure that the manufacturer’s recommended number of 
switching options has not been exceeded. See Pt 6, Ch 
2,/.3.6. Where a breaker is not fitted with an automatic 
counter, a written record is to be kept. 


14.2.5 The electric cables are to be examined, so far as 
practicable, without undue disturbance of fixtures or casings, 
unless opening up is considered necessary as a result of 
observation or of the tests required by 14.2.1. 


14.2.6 The generator prime movers are to be surveyed as 
required by Sections 12 and 13 and the governing of the 
engines tested. The motors concerned with essential services 
together with associated control and switch gear are to be 
examined and, if considered necessary, are to be operated, 
so far as practicable, under working conditions. All generators 
and steering gear motors are to be examined and are to be 
operated under working conditions, though not necessarily 
under full load or simultaneously. 


14.2.7 Where transformers associated with supplies to 
essential services are liquid-immersed, the Owner is to 
arrange for samples of the liquid to be taken and tested for 
dissolved gases, breakdown voltage, acidity and moisture by 
a competent testing authority, in accordance with the equipment 
manufacturer’s requirements, and a certificate giving the test 
results is to be made available to the Surveyor on request. 


14.2.8 Navigation light indicators are to be tried under 
working conditions, and correct operation on the failure of 
supply or failure of navigation lights is to be verified. 


14.2.9 |The emergency sources of electrical power, their 
automatic arrangements and associated circuits are to be tested. 


14.2.10 Emergency lighting, transitional emergency light- 
ing, supplementary emergency lighting, general emergency 
alarm and public address systems are to be tested as far as 
practicable. 


14.2.11 Where the ship is electrically propelled, the 
propulsion motors, generators, propulsion transformers, 
propulsion conversion equipment, cables, harmonic filters, 
neutral earthing resistors, dynamic braking resistors and all 
ancillary electrical equipment that forms part of the propul- 
sion drive and control system, exciters and ventilating plant 
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(including coolers) associated therewith are to be surveyed, 
and the insulation resistance to earth is to be tested. Special 
attention is to be given to windings, commutators and slip-rings. 
Where practicable, the low voltage and high voltage windings 
of cast resin propulsion transformers are to be subjected to 
boroscopic inspection, to assess the physical condition of 
their insulation and for signs of mechanical and thermal 
damage. The operation of protective gear and alarm devices 
is to be checked, so far as practicable. Insulating oil, if used, 
is to be tested in accordance with 14.2.7. Interlocks intended 
to prevent unsafe operations or unauthorised access are to 
be checked to verify that they are functioning correctly. 
Emergency overspeed governors are to be tested. 


14.2.12 A General Examination of the electrical equipment in 
areas which may contain flammable gas or vapour and/or 
combustible dust is to be made to ensure that the integrity of the 
safe-type electrical equipment has not been impaired owing to 
corrosion, missing bolts, etc., and that there is not an excessive 
build-up of dust on or in dust protected electrical equipment. 
Cable runs are to be examined for sheath and armouring defects, 
where practicable, and to ensure that the means of supporting 
the cables are in good order. Tests are to be carried out to 
demonstrate the effectiveness of bonding straps for the control of 
static electricity. Alarms and interlocks associated with 
pressurised equipment or spaces are to be tested for correct 
operation. 


14.2.13 For ships having an OPS notation assigned, the 
on-shore power supply arrangements are to be examined and 
functionally tested whilst connected to an external electrical 
power supply in accordance with approved test schedules 
(see Pt 7, Ch 13) during the Complete Surveys of machinery 
or, where it is not practical to provide the facilities and opera- 
tions for testing during the required Surveys of other 
machinery items, within 12 months of the due date of the 
Complete Surveys of machinery. 


14.3 Docking Surveys 

14.3.1. For tankers five years old and over, 14.2.12 is to be 
complied with. In addition, an electrical insulation resistance 
test of the circuits terminating in, or passing through, the 
hazardous zones and spaces is to be carried out. 


a Section 15 


Boilers 
15.1 Frequency of surveys 
15.1.1 All boilers, economisers, steam receivers, steam 


heated steam generators, thermal oil and hot water units 
intended for essential services, together with boilers used 
exclusively for non-essential services having a working 
pressure exceeding 3,5 bar and a heating surface exceeding 
4,5 m2 are to be surveyed internally. There is to be a minimum 
of two internal examinations during each five-year Special 
Survey cycle. The interval between any two such examinations 
is not to exceed 36 months. A general external examination is 
to be carried out at the time of the Annual Survey. 


Part 1, Chapter 3 
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15.1.2 Consideration may be given in exceptional circum- 
stances to an extension of the internal examination of the 
boiler not exceeding three months beyond the due date. The 
extension may be granted after the following is satisfactorily 
carried out: 
(a) External examination of the boiler 
(b) Examination and operational test of the boiler safety 
valve relieving gear (easing gear) 
(c) Operational tests of the boiler protective devices 
(d) Review of the following records since the previous Boiler 
Survey: 
e Operation 
e Maintenance 
e Repair history 
e Feedwater chemistry 
In this context ‘exceptional circumstances’ means unavail- 
ability of repair facilities, essential materials, equipment or 
spare parts, or delays incurred by action taken to avoid severe 
weather conditions. 


15.1.3 An external survey of boilers including tests of 
safety and protective devices, and tests of safety valves using 
their relieving gear, is to be carried out annually within the 
range dates of the Annual Survey of the ship. For exhaust gas 
heated economisers, the safety valves are to be tested by the 
Chief Engineer at sea within the range dates of the Annual 
Survey. This test is to be recorded in the log book and 
reviewed by the attending Surveyor prior to crediting the 
Annual Survey. 


15.2 Scope of surveys 

15.2.1 At the surveys described in 15.1, the boilers, super- 
heaters, economisers and air heaters are to be examined 
internally on the water-steam side and the fire side. Where 
considered necessary, the pressure parts are to be tested by 
hydraulic pressure and the thicknesses of plates and tubes 
and sises of stays are to be ascertained to determine a safe 
working pressure. The safety valves and principal mountings 
on boilers, superheaters and economisers are to be 
examined and opened up as necessary by the Surveyor. The 
adjustment of safety valves is to be verified during each boiler 
internal survey. Boiler safety valves and their relieving gear are 
to be examined and tested to verify their satisfactory 
operation. Safety valves are to be set under steam to a 
pressure not greater than the approved design pressures of 
the respective parts. As a working tolerance, the setting is 
acceptable, provided that the valves lift at not more than 
103 per cent of the approved design pressure. However, for 
exhaust gas heated economisers, if steam cannot be raised in 
port, the safety valves may be set by the Chief Engineer at 
sea, and the results recorded in the log book and reviewed 
by the attending Surveyor. The following records since the 
previous Boiler Survey are to be reviewed as part of the 
survey: 

° Operation 

° Maintenance 

° Repair history 

e — Feedwater chemistry. 
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The remaining mountings are to be examined externally and, 
if considered necessary by the Surveyor, are to be opened up 
for internal examination. Collision chocks, rolling stays and 
boiler stools are to be examined and maintained in an efficient 
condition. 


15.2.2 In addition to the foregoing, in exhaust gas heated 
economisers of the shell type, all accessible welded joints are 
to be subjected to a visual examination in order to identify any 
evidence of cracking. Non-destructive testing may be required 
for this purpose and may be requested by the Surveyor. 


15.2.3 In fired boilers employing forced circulation, the 
pumps used for this service are to be opened and examined at 
each Boiler Survey. 


15.2.4 The oil fuel burning system is to be examined under 
working conditions and a General Examination made of fuel 
tank valves, pipes, deck control gear and oil discharge pipes 
between pumps and burners. 


15.2.5 At each survey of a cylindrical boiler which is fitted 
with smoke tube superheaters, the saturated steam pipes are 
to be examined as detailed in Section 16. 


15.2.6 At the annual General Examination referred to in 
15.1.1 the requirements of 2.2.14 to 2.2.16 are to be 
complied with. 


a Section 16 
Steam pipes 


16.1 Frequency of surveys 


16.1.1 Saturated steam pipes, as well as superheated 
steam pipes where the temperature of the steam at the super- 
heater outlet is not over 450°C, are to be surveyed 
10 years from the date of build (or installation) and thereafter at 
five-yearly intervals. 


16.1.2 | Superheated steam pipes where the temperature of 
the steam at the superheater outlet is over 450°C are to be 
surveyed five years from the date of build (or installation) and 
thereafter at five-yearly intervals. 


16.1.3 At 10 years from the date of build (or installation) 
and thereafter at five-yearly intervals, all copper or copper alloy 
steam pipes over 76 mm external diameter supplying steam 
for essential services at sea, are to be hydraulically tested to 
twice the working pressure. 


16.2 Scope of surveys 


16.2.1 At each survey, a selected number of main steam 
pipes, also of auxiliary steam pipes, which: 

(a) are over 76 mm external diameter, 

(b) supply steam for essential services at sea, and 

(c) have bolted joints, 

are to be removed for internal examination and are to be 
hydraulically tested to 1,5 times the working pressure. If these 
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selected pipes are found satisfactory in all respects, the 
remainder need not be tested. So far as practicable, the pipes 
are to be selected for examination and hydraulic test in 
rotation, so that in the course of surveys all sections of the 
pipeline will be tested. 


16.2.2 Where main and/or auxiliary steam pipes of the 
category described in 16.2.1(a) and (b) have welded joints 
between the lengths of pipe and/or between pipes and valves, 
the lagging in way of the welds is to be removed, and the 
welds examined and, if considered necessary by the Surveyor, 
crack detected. Pipe ranges having welded joints are to be 
hydraulically tested to 1,5 times the working 
pressure. Where lengths having ordinary bolted joints are fitted 
in such pipe ranges and can be readily disconnected, they are 
to be removed for internal examination and 
hydraulically tested to 1,5 times the working pressure. 


16.2.3. Where, on cylindrical boilers having smoke tube 
superheaters, the saturated steam pipes adjoining the 
saturated steam headers are situated partly in the boiler 
smoke boxes, all such pipes adjoining and cross-connecting 
these headers in the smoke boxes are, at the surveys required 
by 16.1, to be included in the pipes selected for examination 
and testing, as defined in 16.2.1. Where the saturated steam 
pipes inside the smoke boxes consist of steel castings of 
substantial construction, these requirements need only be 
applied to a sample casting. Where steel castings are not 
fitted, the Surveyor is to satisfy himself of the condition of the 
ends of the saturated steam pipes in the smoke boxes at each 
Boiler Survey and, if he considers it necessary, a sample pipe 
is to be removed for examination. 


16.2.4 At the surveys specified in 16.1.3, any of the copper 
or copper alloy pipes, such as those having 
expansion or other bends, which may be subject to bending 
and/or vibration, as well as closing lengths adjacent to steam- 
driven machinery, are to be annealed before being tested. 


16.2.5 Where it is inconvenient for the Owner to fulfil all the 
requirements of a Steam Pipe Survey at its due date, the 
Committee will be prepared to consider postponement of the 
survey, either wholly or in part. 


8 Section 17 
Screwshafts, tube shafts and 
propellers 


17.1 Frequency of surveys 


17.1.1. Shafts with keyed propeller attachments and fitted 
with continuous liners or approved oil glands, or made of 
approved corrosion resistant materials, are to be surveyed at 
intervals of five years when the keyway complies fully with the 
present Rules. 


17.1.2 Shafts having keyless-type propeller attachments 
are to be surveyed at intervals of five years, provided that they 
are fitted with approved oil glands or are made of approved 
corrosion resistant materials. 
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17.1.3 Shafts having solid coupling flanges at the after end 
are to be surveyed at intervals of five years, provided that they 
are fitted with approved oil glands or are made of approved 
corrosion resistant materials. 


17.1.4 All other shafts not covered by 17.1.1 to 17.1.3 are 
to be surveyed at intervals of 21/2 years. 


17.1.5 Controllable pitch propellers for main propulsion 
purposes are to be surveyed at the same intervals as the 
screwshaft. 


17.1.6 Directional propeller and podded propulsion units 
for main propulsion purposes are to be surveyed at intervals 
not exceeding five years. 


17.1.7 Water jet units for main propulsion purposes are to 
be surveyed at intervals not exceeding five years, provided 
that the impeller shafts are made of approved corrosion 
resistant material or have approved equivalent arrangements. 


17.1.8 Dynamic positioning and/or thruster-assisted 
mooring and athwartship thrust propellers and shaftings are 
to be surveyed at intervals not exceeding five years. 


17.2 Normal surveys 


17.2.1 All screwshafts are to be withdrawn for examination 
by LR’s Surveyors at the intervals prescribed in 17.1.1 to 
17.1.4. The after end of the cylindrical part of the shaft and 
forward one-third of the shaft cone, or fillet of the flange, are to 
be examined by a magnetic particle crack detection method. 
In the case of a keyed propeller attachment, at least the 
forward one-third of the shaft cone is to be examined with the 
key removed. Weardown is to be measured and the 
sterntube bearings, oil glands, propellers and fastenings are 
to be examined. Controllable pitch propellers, where fitted, are 
to be opened up and the working parts examined, together 
with the control gear. 


17.2.2 Directional propeller and podded propulsion units, 
inclusive of the propellers, shafts, gearing, controlgear and the 
primary electrical components including any control and 
protection devices, are to be dismantled if considered necessary 
and generally examined as far as practicable. 


17.2.3 Water jet units, including the impeller, casing, shaft, 
shaft seal, shaft bearing, inlet and outlet channels, steering 
nozzle, reversing arrangements, and controlgear are to be 
generally examined so far as practicable. 


17.2.4 Dynamic positioning and/or thruster-assisted 
mooring and athwartship thrust propellers are to be generally 
examined so far as possible in dry dock and tested under 
working conditions afloat for satisfactory operation. All acces- 
sible parts, including sealing, locking and bearing faces, and 
any other moving parts are to be examined. Non-destructive 
examination is to be carried out as considered necessary by 
the Surveyor on blade/fin roots. Consideration may be given to 
condition monitoring schemes for determining the condition 
of the unit. 
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17.2.5 Podded propulsion unit screwshaft roller bearings 
are to be renewed when the calculated life at the maximum 
continuous rating no longer exceeds the survey interval. See 
Pt 5, Ch 9,6.3.7. 


17.2.6 Stationary supporting structure and any erosion 
protection inserts or doublers are to be examined in way of 
any propulsion devices. 


17.3 Screwshaft Condition Monitoring (SCM) 


17.3.1. Where oil lubricated shafts with approved oil glands 
are fitted or where water lubricated sternbush bearings are 
fitted, and the Owner has complied with the requirements of 
17.3.2 or 17.3.3, the ShioRight descriptive note SCM 
(Screwshaft Condition Monitoring) may be entered in column 6 
of the Register Book. 


17.3.2 Oil lubricated bearings: 

(a) Lubricating oil analysis is to be carried out regularly at 
intervals not exceeding six months. The lubricating oil 
analysis documentation is to be available on board. Each 
analysis is to include the following minimum parameters: 
e water content, 

° chloride content, 
° bearing material and metal particles content, 
e oil ageing (resistance to oxidation). 

b) Oil samples are to be taken under service conditions and 
are to be representative of the oil within the sterntube. 

c) Oil consumption is to be recorded. 

d) Bearing temperatures are to be recorded (two tempera- 
ture sensors or other approved arrangements are to be 
provided). 

e) Facilities are to be provided for measurement of bearing 
weardown. 

f} Oil glands are to be capable of being replaced without 
withdrawal of the screwshaft. 


17.3.3 Water lubricated bearings: 

(a) Ameans of monitoring and recording variations in the 
flow rate of lubricating water using two independent 
sensors is to be provided. 

(o) A means of monitoring and recording variation in the 
shaft power transmission is to be provided. 

(c) Amaximum permitted weardown of the sternbush is to 
be established and approved wear monitoring equipment 
is to be fitted. The weardown allowance is to include both 
the absolute maximum allowable weardown and the 
weardown at which it is recommended to carry out an 
inspection and = maintenance. An alignment 
analysis considering both the newly installed clearance 
and the proposed absolute maximum allowable wear- 
down, demonstrating that the system will operate 
satisfactorily within these two limits, is to be submitted 
and approved. 

(d) For open loop systems the manufacturer is to submit 
information regarding the required standard of lubricat- 
ing water filtration and lubricating water filters or 
separators are to be fitted which are able to achieve this 
requirement: 
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e The lubricating water supply is to be fitted with 
continuous water sediment measuring or turbidity 
monitoring equipment. The results are to be 
recorded and retained on board and made 
available to LR on request, alternatively, there is to 
be a LR approved extractive sampling and testing 
procedure with the records held on board and 
made available to LR on request. 

Records of cleaning and replacement of lubrication 

filters/separators are to be maintained on board. The 

pumping and water filtration system is to be considered 
part of the continuous survey cycle and is to be subject 
to a Periodical Survey. 

(e) Where a closed cycle water system is used, the pumping 
and water filtration systems are to be considered part of 
the continuous survey cycle and are to be subject to a 
Periodical Survey. Water analysis is to be carried out 
regularly at intervals not exceeding six months. Samples 
are to be taken under service conditions and are to be 
representative of the water circulating within the stern- 
tube. Analysis results are to be retained on board and 
made available to LR on request. The analysis is to 
include the following parameters: 

(i) Chloride content. 

(ii) | Bearing material and metal particles content. 

(f, The shaft is to either be constructed of corrosion resis- 
tant material or protected with a corrosion resistant 
protective liner or coating approved by LR. Where a 
protective liner or coating is used, this is to meet the 
requirements of Pt 5, Ch 6,3.9 and a means of assessing 
the condition of this liner is to be submitted and 
approved. 

(g) Glands are to be capable of being replaced without with- 
drawal of the screwshaft. 

(h) There is to be a shaft starting/clutch engagement block 
to inhibit starting the shaft until lubricating water flow has 
been established. This is to only act as a starting block; 
for lubricating water flow alarm see Table 3.17.1. 

(i) | Alternative arrangements are subject to specialcon- 
sieation.The means of monitoring and recording 
lubricating water flow and shaft power variation are to be 
submitted for approval. 


Table 3.17.1 Alarm and safeguard for water 


lubricated bearings 


Item Note 


After the shaft start 


Lubricating water flow 


17.3.4 For maintenance of the descriptive note SCM, the 
records of all data collected in 17.3.2 and 17.3.3 are to be 
retained on board and audited by LR annually. 


17.3.5 Where the requirements for the descriptive note 
SCM have been complied with, the screwshaft need not be 
withdrawn at surveys as required by 17.2.1, provided all 
condition monitoring data are found to be within permissible 
limits and all exposed areas of the shaft are examined by a 
magnetic particle crack detection method or an alternative 
approved means for shafts with a protective liner or coating 
(17.3.3(). The remaining requirements of 17.2.1 are to be 
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complied with. Where the Attending Surveyor considers that 
the data presented is not sufficient to determine the condition 
of the shaft, the shaft may be required to be withdrawn in 
accordance with 17.2.1. For water lubricated bearings, the 
screwshaft is to be withdrawn for examination, as 17.2.1, 
when the ship reaches 18 years from the date of build or the 
third Special Survey, whichever comes first. 


17.4 Modified Survey 


17.4.1 A Modified Survey may be accepted at alternate 
five-yearly surveys for shafts described in 17.1.1, provided that 
they are fitted with oil lubricated bearings and approved oi 
glands, and also for those in 17.1.2 and 17.1.3. 


17.4.2 The Modified Survey is to consist of the partia 
withdrawal of the shaft, sufficient to ascertain the condition of 
the stern bearing and shaft in way. For keyless propellers or 
shafts with a solid flange connection to the propeller, a visua 
examination to confirm the good condition of the sealing 
arrangements is to be made. The oil glands are to be 
capable of being replaced without removal of the propeller. 
The forward bearing and all accessible parts, including the 
propeller connection to the shaft, are to be examined as far 
as possible. Wear down is to be measured and found 
satisfactory. Where a controllable pitch propeller is fitted, at 
least one of the blades is to be dismantled complete for exam- 
ination of the working parts and the control gear. 


17.4.3 For keyed propellers, the after end of the cylindrical 
part of the shaft and forward one-third of the shaft cone is to 
be examined by a magnetic particle crack detection method, 
for which dismantling of the propeller and removal of the key 
will be required. 


17.4.4 Where the requirements for the descriptive note 
SCM have been complied with as described in 17.3.1 and all 
data are found to be within permissible limits, partial withdrawal 
of the shaft will not be required. Where doubt exists regarding 
any of the above findings, the shaft is to be withdrawn to permit 
an entire examination. 


17.5 Partial Survey 


17.5.1 For shafts where the Modified Survey is applicable, 
upon application by the Owner, the Committee will be 
prepared to give consideration to postponement of the survey 
for a maximum period of half the specified cycle provided a 
Partial Survey is held. 


17.5.2 The Partial Survey is to consist of the propeller 
being backed off in any keyed shaft and the top half of the 
cone examined by an efficient crack detection method for 
which removal of the key will be required. On ships less than 
15 years old, propellers with keyless connections to the 
screwshaft are not required to be backed off. Exposed areas 
of screwshaft, oil gland and seals are to be examined and 
dealt with as necessary. Weardown is to be measured 
recorded and reviewed at each screwshaft survey and found 
satisfactory. Propeller and fastenings are to be examined. 
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17.5.3 The Committee will be prepared to give consideration 
to the circumstances of any special case upon application by 
the Owner. 


a Section 18 
Inert gas systems 


18.1 Frequency of surveys 


18.1.1 Inert gas systems installed on board ships intended 
for the carriage of oil or liquid chemicals in bulk are to be 
surveyed annually in accordance with the requirements of 
2.2.82. A Special Survey of the inert gas system, in 
accordance with the requirements of 18.2, is to be held at 
intervals not exceeding five years. 


18.2 Scope of surveys 


18.2.1 | At each Special Survey of the inert gas system, the 
inert gas generator, scrubber and blower are to be opened out 
as considered necessary and examined. Gas distribution lines 
and shut-off valves, including soot blower interlocking devices 
are to be examined as considered necessary. The deck seal 
and non-return valve are to be examined. Cooling water 
systems including the effluent piping and overboard discharge 
from the scrubbers are to be examined. All 
automatic shut-down devices and alarms are to be tested. 
The complete installation is to be tested under working 
conditions on completion of survey. 


18.2.2 When, at the request of an Owner, it has been 
agreed by the Committee that the Complete Survey of the 
inert gas systems may be carried out on the Continuous 
Survey basis, the various items of machinery are to be opened 
for survey in rotation, so far as practicable, to ensure that the 
interval between consecutive examinations of each item will 
not exceed five years. In general, approximately one-fifth of 
the machinery is to be examined each year. 


18.2.3 If any examination during Continuous Survey reveals 
defects, further parts are to be opened up and 
examined as considered necessary by the Surveyors, and the 
defects are to be made good to their satisfaction. 


18.2.4 See 9.7.11 for inert gas systems on ships for 
liquefied gases. 


| Section 19 
Classification of ships not built 
under survey 


19.1 General 
19.1.1 When classification is desired for a ship not built 


under the supervision of LR’s Surveyors, application should 
be made to the Committee in writing. 
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19.1.2 Periodical Surveys of such ships, when classed, are 
subsequently to be held as in the case of ships built under survey. 


19.1.3 Where classification is desired for a ship which is 
classed by another recognised Society, special consideration 
will be given to the scope of the survey. 


19.2 Hull and equipment 


19.2.1. Plans showing the main scantlings and arrange- 
ments of the actual ship, together with any proposed 
alterations, are to be submitted for approval. These should 
comprise plans of the midship section, longitudinal section 
and decks, and such other plans as may be requested. If 
plans cannot be obtained or prepared by the Owner, facilities 
are to be given for LR’s Surveyor to obtain the necessary infor- 
mation from the ship. 


19.2.2 Particulars of the process of manufacture and the 
testing of the material of construction are to be supplied. 


19.2.3 In all cases, the full requirements of Sections 5, 6, 7, 
8, 9 and 10 are to be carried out as applicable. Ships of recent 
construction will receive special consideration. 


19.2.4 During the survey, the Surveyors are to satisfy them- 
selves regarding the workmanship and verify the approved 
scantlings and arrangements. For this purpose, and in order to 
ascertain the amount of any deterioration, parts of the struc- 
ture will require to be gauged as necessary. Full particulars of 
the anchors, chain cables and equipment are to be submit- 
ted. For ships to which Pt 6, Ch 4 applies, fire protection, 
detection and extinction are to be in accordance with that 
Chapter. Loading instruments, where required, are to be in 
accordance with the Rules, see Pt 3, Ch 4,8 as 
applicable. 


19.2.5 When the full survey requirements indicated in 
19.2.3 and 19.2.4 cannot be completed at one time, the 
Committee may consider granting an interim record for a 
limited period. The conditions regarding the completion of the 
survey will depend on the merits of each particular case, which 
should be submitted for consideration. 


19.3 Machinery 


19.3.1 To facilitate the survey, plans of the following items 

(plans of piping are to be diagrammatic), together with the 

particulars of the materials used in the construction of the boil- 

ers, air receivers and important forgings, are to be furnished: 

e General pumping arrangements, including air and sound- 
ing pipes (Shipbuilder’s plan). 

e — Pumping arrangements at the forward and after ends of 
oil tankers and drainage of cofferdams and pump rooms. 

e General arrangement of cargo piping in tanks and on 
deck of oil tankers. 

e Piping arrangements for cargo oil (F.P. 60°C or above, 
closed cup test). 

Bilge, ballast and oil fuel pumping arrangements in the 
machinery space, including the capacities of the pumps 
on bilge service. 

° Arrangement and dimensions of main steam pipes. 
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e Arrangement of oil fuel pipes and fittings at settling and 
service tanks. 

e — Arrangement of oil fuel piping in connection with oil 
burning installations. 

e Oil fuel and cargo oil overflow systems, where these are 
fitted. 

e Arrangement of boiler feed systems. 

e Oil fuel settling, service and other oil fuel tanks not 
forming part of the ship’s structure. 

° Boilers, superheaters and economisers. 

e Air receivers. 

° Crank, thrust, intermediate and screw shafting. 

e Clutch and reversing gear with methods of control. 

e — Reduction gearing. 

° Propeller (including spare propeller if supplied). 

e Electrical circuits. 

e Arrangement of compressed air systems for main and 
auxiliary services. 

e = Arrangement of lubricating oil systems. 

e Arrangement of flammable liquids used for power 
transmission, control and heating systems. 

e Arrangement of cooling water systems for main and 
auxiliary services. 

e General arrangement of cargo tank vents. The plan is to 
indicate the type and position of the vent outlets from any 
superstructure, erection, air intake, etc. Ventilation 
arrangements of cargo and/or ballast pump rooms and 
other enclosed spaces which contain cargo handling 
equipment. 


19.3.2 Plans additional to those detailed in 19.3.1 are not 
to be submitted unless the machinery is of a novel or special 
character affecting classification. 


19.3.3 Where remote and/or automatic controls are fitted 
to propulsion machinery and essential auxiliaries, a description 
of the scheme is to be submitted. 


19.3.4. For new ships and ships which have been in service 
less than two years, calculations of the torsional 
vibration characteristics of the propelling machinery are to be 
submitted for consideration, as required for ships constructed 
under Special Survey. For older ships, the circumstances will 
be specially considered in relation to their service record and 
type of machinery installed. Where calculations are not submit- 
ted, the Committee may require that the machinery certificate 
be endorsed to this effect. When desired by the Owner, the 
calculations and investigation of the torsional vibration char- 
acteristics of the machinery may be carried out by LR upon 
special request. 


19.3.5 The main and auxiliary machinery, feed pipes, 
compressed air pipes and boilers are to be examined as 
required at Complete Surveys. Working pressures are to be 
determined from the actual scantlings in accordance with the 
Rules. 
19.3.6 The screwshaft is to be drawn and examined. 
19.3.7 The steam pipes are to be examined and tested as 
required by Section 16. 
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19.3.8 The bilge, ballast and oil fuel pumping arrangements 
are to be examined and amended, as necessary, to comply 
with the Rules. 


19.3.9 Oil burning installations are to be examined as 
required at Complete Surveys and found, or modified, to 
comply with the requirements of the Rules; they are also to be 
tested under working conditions. 


19.3.10 The electrical equipment is to be examined as 
required at Complete Surveys. 


19.38.11 Where an inert gas system is fitted on ships 
intended for the carriage of oil in bulk having a flashpoint not 
exceeding 60°C, the requirements of Pt 5, Ch 15,7, apply. 


19.3.12 The whole of the machinery, including essential 
controls, is to be tried under working conditions to the 
Surveyor’s satisfaction. 


19.3.13 First entry reports are to be prepared by the 
Surveyors. 


19.4 Refrigerated cargoes 


19.4.1 When classification is desired for an installation not 
constructed under the supervision of LR’s Surveyors, 
application is to be made to the Committee in writing. 


19.4.2 Full particulars and plans are to be forwarded for 
consideration, together with the particulars of the materials of 
the crankshafts, pressure vessels and pressure piping. The 
requirements of Pt 6, Ch 3,1 and Ch 3,4 are to be used for 
guidance in regard to the information required. 


19.4.3. A special examination is to be made at least to the 
extent required for subsequent Special Surveys, see 20.3. 


19.4.4 | The thickness and material of the insulation, the 
particulars of the frames, beams, stiffeners and other 
steelwork within the insulation, the air coolers and/or cham- 
ber grid piping, the compressors, evaporators and 
condensers are to be verified so far as practicable. 


19.4.5 The installation is to conform to the requirements of 
the relevant Sections of Pt 6, Ch 3. 


19.4.6 Acceptance tests are to be carried out in 
accordance with the requirements of Pt 6, Ch 3,5. 
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a Section 20 
Refrigerated cargo installations 


20.1 Annual Surveys 


20.1.1 The Surveyors are to examine the machinery under 
working conditions as soon as practicable after a ship’s arrival 
at a port of discharge before the cargo is unloaded. An 
examination of the refrigerated cargo installation log book (or 
other records) is to be made and any breakdowns or malfunc- 
tions of the plant during the previous twelve months are to be 
noted and reported to the Committee. 


20.1.2 A General Examination of the refrigerating plant is 
to be carried out, and satisfactory operation of safety devices, 
controls and thermometry is to be verified. Insulated cargo 
spaces are to be inspected, and the condition of insulation, 
lining, scuppers, hatches, coolers, air ducting and air refresh- 
ing arrangements are to be checked. The Surveyors may 
request opening out of suspected items, or recommend repair 
or renewal of defective items, as a result of inspection. 


20.1.3 A General Examination is to be made of electrical 
motors driving refrigerant compressors, pumps and fans, 
together with their control gear and cables. Random tests for 
insulation resistance are to be made on the cables, 
switchgear, motors, etc., and this resistance is to be not less 
than 1 MQ between individual conductors and between those 
conductors and earth. The installation may be subdivided for 
the purpose of this test, and the Surveyor may at his 
discretion accept the results of tests carried out by a 
competent member of staff or contractor. 


20.1.4 A survey book or other permanent record is to be 
kept on board the ship to show the date of examination of the 
various parts. This is to be available to the Surveyor at all 
times, and is to be signed by the Surveyor on the occasion of 
each survey. 


20.2 Special Surveys 


20.2.1 At the first Special Survey, the examinations outlined 
below are to be carried out. Where there is a programme of 
replacement instead of maintenance on board, alternative 
survey arrangements will be considered. Each case will be 
given individual consideration. 


20.2.2 Detailed internal examination of each reciprocating 
compressor, opened up for inspection of cylinders, pistons, 
connection rods, valves, seats, glands, relief devices, filters, 
lubrication and crankshaft. 


20.2.3 For screw-type compressors, the period before 
opening up may be extended to six years or 25 000 running 
hours, whichever is the earlier. Examination should be made 
of rotors, clearances, gearing, etc. 


20.2.4 Refrigerant condenser cooling water pumps, including 
standby pump(s) which may be used on other services, are to 
be opened up and their working parts exposed. 


20.2.5 Primary and secondary refrigerant pumps are to be 
opened up and their working parts exposed. 
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20.2.6 The water end covers of condensers are to be 
removed for examination of the tubes, tubeplates and covers. 


20.2.7 |In the case of pressure vessels covered by 
insulation, any evidence of dampness or deterioration of the 
insulation which could lead to external corrosion of the vessels 
or their connections is to be investigated. 


20.2.8 Sufficient insulation is to be stripped from insulated 
pressure vessels to allow the condition of the vessels and their 
connections to be ascertained. Care is to be taken that in 
replacement of the insulation, the vapour sealing of the outer 
covering is made good. 


20.2.9 Sufficient insulation is to be stripped from pipes 
carrying the refrigerant at various points of the system both 
outside and inside the insulated chambers to permit the 
condition of the pipes to be ascertained. Sections of piping 
exposed are to include locations where lengths of piping have 
been connected by screwed couplings or butt welding. Care 
is to be taken that when ungalvanised portions of the piping in 
way of joints have been exposed, they are to be suitably 
coated and taped, after pressure testing, to prevent corrosion. 
On replacement of the insulation, the vapour sealing of the 
outer covering is to be made good. 


20.2.10 A General Examination is to be made of all pressure 
relief valves and/or safety discs throughout the refrigerating 
plant to ensure that they are in good order and covered by 
current certification. However, no attempt is to be made to test 
primary refrigerant pressure relief on board ship.Relief valves 
are to be removed, overhauled and recalibrated every five 
years or in accordance with the manufacturer’s recommenda- 
tions, whichever is sooner. 


20.2.11 Sea connections to refrigerant condenser cooling 
water pumps are to be opened up on the occasion of the hull 
and/or main machinery Special Survey. 


20.2.12 The electric motors driving refrigerant compressors, 
pumps and fans, together with their control gear and cables, 
are to have their insulation resistance tested and this is to be 
not less than 1 MQ between individual conductors and 
between those conductors and earth. The installation may be 
subdivided to any desired extent by opening switches, 
removing fuses or disconnecting appliances for the purpose 
of this test. 


20.2.13 All automatic controls, alarms and safety systems 
are to be tested and correct operation confirmed. 


20.2.14 Sufficient air ducting and insulation lining is to be 
stripped from the cargo spaces or chamber’s overhead and 
vertical surfaces to allow the condition of the insulation, 
insulation linings, grounds, supports, hangers and fixtures 
which support the insulation, grids, meat rails, etc., to be 
ascertained. Care is to be taken that on replacement, the 
ducts and linings are sealed against air blowing into the 
insulation, or against moisture ingress from refrigerated cell or 
space atmosphere. 


20.2.15 Sufficient tank top insulation is to be stripped to 
allow the condition of the grounds and inner insulation lining to 
be ascertained. 
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20.2.16 Due consideration is to be given to the type of 
insulation used in the cargo spaces and chambers when 
determining the amount of insulation lining to be removed. 
Where organic foam insulants have been used, including panel 
systems or foamed in situ, or other insulants in slab form, the 
removal of panels or linings is to be at the Surveyor’s discre- 
tion. 


20.2.17 Under normal circumstances, the condition of the 
cargo space and chamber insulation, grounds, etc., can be 
ascertained when the Special Survey of the ship’s steel 
structure is being held. 


20.2.18 Arrangements made for defrosting air coolers, and for 
draining condensate from trays below coolers, are to be 
examined to ascertain that they are in working order. Trace 
heating elements around drain pipes should be specially 
examined. 


20.2.19 Any air refreshing arrangements are to be 
examined. 


20.3 Subsequent Special Survey 


20.3.1 A subsequent Special Survey is to be held 
approximately five years from the date of the previous Special 
Survey. Where a Continuous Survey procedure has been 
agreed, the interval between consecutive examinations of 
each item should not exceed five years. 


20.3.2 In addition to the requirements for the first Special 
Survey as detailed in 20.2 and 20.3.3 to 20.3.5 are to be 
complied with. 


20.3.3  ‘Shell-and-tube’ condensers and evaporators 
(secondary refrigerant coolers) in which the primary refrigerant 
is in the shell, are to have the shell pneumatically tested with 
the refrigerant, or air, or a mixture of inert gas and refrigerant 
(with the end covers removed) at pressures as stated in 
Pt 6, Ch 3,2.5.5. 


20.3.4 — Shell-and-tube evaporators (secondary refrigerant 
coolers) in which the secondary refrigerant is in the shell are 
to have the shell hydraulically tested (with the end covers 
removed) to 1,5 times the design pressure, but in no case less 
than 2,9 bar g. After refitting the end covers, the primary refrig- 
erant side is to be pneumatically tested as stated in 20.3.3, 
and an examination made as far as practicable for gas leakage 
in the shell with the secondary refrigerant connection 
removed. 


20.3.5 Heat exchangers used for cooling refrigerant liquid 
by the suction return gas to a compressor are not subject to 
internal corrosion, and would normally require to be specially 
examined internally only if leakage is suspected between high 
and low pressure sides. This type of heat exchanger, together 
with others using brine or water, are to be examined and 
tested at the discretion of the Surveyor according to the 
design of such equipment. 
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20.4 Loading Port Survey 


20.4.1 | When a Loading Port Certificate is required by the 
Owner or his representative, a survey as detailed in 20.4.2 to 
20.4.7 is to be carried out at the loading port. The certificate 
is not in respect of the cargo to be loaded or the manner in 
which it is to be stowed. 


20.4.2 The refrigerating installation is to be examined under 
working conditions, and the temperatures in the cargo 
chambers are to be noted. 


20.4.3 A General Examination of the generating plant 
supplying electric power to the refrigerated cargo installation is 
to be carried out to confirm that it complies with Pt 6, 
Ch 3,6.1. 


20.4.4 The refrigerated cargo spaces and chambers are to 
be examined in an empty state to ascertain that they are clean 
and free from odour which may adversely affect the cargo to 
be loaded, that the air cooler coils and cooling grids and their 
connections are free from leakage, that cargo battens, where 
fixed to the vertical surfaces, are in good order, that cargo 
gratings or dunnage battens (see Pt 6, Ch 3) are available as 
necessary for the floors or decks, and that no damage has 
been sustained to the insulation or its lining prior to the 
loading of the refrigerated cargo. Any indications of defective 
insulation not considered to warrant immediate attention are to 
be noted and specially reported. 


20.4.5 All scuppers and bilge suctions draining insulated 
spaces are to be examined to ensure that they are in good 
working order, and that any liquid seals are primed. 


20.4.6 Ifthe ship loads at more than one port, one survey 
only at the first loading port will be required, provided that it 
includes the examination of all soaces or chambers which are 
to be used for refrigerated cargo during the voyage, and that 
general cargo is not subsequently carried in any of the spaces 
or chambers prior to loading the refrigerated cargo. 


20.4.7 In the case of ships engaged on voyages of less 
than two months’ duration, a Loading Port Certificate will be 
considered as valid for two months, provided that the cargoes 
carried are of such a nature as not to damage the insulation or 
appliances in the insulated chambers, nor to affect, by taint or 
mould, the refrigerated cargoes loaded during that period. For 
longer voyages, the certificate is valid for only one cargo from 
the loading port(s) to the discharge port(s). 


20.4.8 — If there is no LR Surveyor available at the loading 
port(s), or if none is obtainable from a port within a reasonable 
distance, the Committee will accept the report of a survey held 
at the loading port by two competent engineers of the ship. 


20.5 Refrigerating plant on ships not classed 
with LR 
20.5.1 |In the case of refrigerating installations being 


constructed under Special Survey on ships not intended to be 
classed with LR, the installation is to comply with the 
applicable requirements of Pt 6, Ch 3. 
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20.5.2 The generator engines and electrical equipment, 
which supply power to the refrigerating installations are to be 
constructed in accordance with the requirements of the 
Classification Society concerned and the installation is also to 
comply with the requirements of Pt 6, Ch 3,6.1.2. Such a plant 
is to be examined generally and under working conditions by 
the Surveyors. 


a Section 21 
Controlled atmosphere systems 


21.1 Retention of class 


21.1.1 It is a prerequisite of the CA notation that the 
refrigeration installation on board already conforms to a 
*Lloyd’s RMC notation, see Ch 2,2.6.1. 


21.1.2 For the retention of Class, the CA systems are to be 
submitted for Periodical Surveys by LR’s Surveyors as 
specified in 21.2 and 21.3. 


21.2 Annual Surveys 


21.2.1 Annual Surveys are to be carried out from the date 
of the Initial Classification Survey to verify that the CA system 
remains satisfactory. 


21.2.2 The complete CA installation is to be visually 

examined and tested for the following main aspects: 

(a) CA zone sealing arrangements including cleats and 
hinges, pressure/vacuum (P/V) valves, door locks, 
ventilation of adjacent spaces, warning notices. 

(b) CA zones to be individually tested for airtightness to the 
design pressure. Testing by ship’s staff, within one month 
prior to the survey may be accepted, based on a written 
report by the Master subject to visual inspection 
confirming the airtightness. 

c) Operation and performance testing of the gas supply 
equipment, including controls, alarms, interlocks, safety 
devices. 

d) Ventilation arrangements including fans. 

e) Electrical supply arrangements. 

f) Gas analysers and analysing equipment and calibration. 

9) RH sensors and calibrations. 

h) Permanent and portable gas monitoring, calibration and 
personnel safety equipment. 

() Witnessing of the air leakage. 

k) Voyage logs, records of CA zone airtightness and 
calibration of instruments. 

l) Verification that an Operating and Safety Manual is on 
board, is complete and that the responsible officers have 
countersigned to confirm that they are familiar with its 
contents. 


21.2.3. On satisfactory completion of this survey, a new 
Annual Survey ‘AS’, with date, will be assigned. 
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21.3 Special Surveys 


21.3.1 Special Surveys are to be carried out at intervals of 
five years from the date of the Initial Classification Survey to 
verify that all machinery, CA zones and safety arrangements 
remain satisfactory. On request from Owners, all surveyable 
items may be examined on a continuous basis. With this 
option, 20 per cent of all items are to be presented for survey 
annually. 


21.3.2 Each CA zone is to be subjected to an airtightness 
test. 
21.3.3 The extent of dismantling is to be at the LR 


Surveyor’s discretion, but is to be sufficient for the Surveyor 
to be satisfied as to the condition of the installation. 


21.3.4 On satisfactory completion of this survey, a new 
Special Survey ‘SS’, or ‘RMC CS’ with date, will be assigned. 


a Section 22 
Bow, inner, side shell and stern 
doors on Ro-Ro ships 


22.1 General 


22.1.1 The requirements of Sections 2 to 5 are to be 
complied with, as applicable. 


22.1.2 The requirements in this Section are applicable to 
the survey of bow, inner, side shell and stern doors on roll on- 
roll off passenger (Ro-Pax) ships and roll on-roll off (Ro-Ro) 
cargo ships. 


22.1.8 Annual Survey and Special Survey of bow, inner, 
side shell and stern doors are to include examinations, tests 
and checks to a sufficient extent in order to verify that they are 
in satisfactory condition, remain in compliance with 
applicable requirements, and are subject to proper maintenance 
and operation in accordance with the Operation and 
Maintenance Manual (OMM) or manufacturer’s recommenda- 
tions. 


22.2 Definitions 


22.2.1 For the application of the requirements in this 
Section, a Ro-Ro ship is a ship that utilises a loading ramp to 
enable wheeled vehicles to be rolled on and rolled off the ship. 


22.2.2 A Ro-Pax ship is a passenger ship with Ro-Ro 
spaces or special category spaces. 


22.2.3. Ro-Ro spaces are those that extend over a 
substantial length or the entire length of the ship, and are not 
normally sub-divided. These spaces can be loaded and 
unloaded (normally in a horizontal direction) with motor 
vehicles with fuel in their tanks for their own propulsion and/or 
goods (either packaged or in bulk, in rail or road cars 
(including tankers), trailers, containers, pallets, demountable 
tanks or in other stowage units or receptacles). 
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22.2.4 Special category spaces are enclosed vehicle 
spaces (above or below the bulkhead deck) that vehicles can 
be driven on to and from, and that can be accessed by 
passengers. Special category spaces may be accommodated 
on more than one deck, provided that the total overall clear 
height for vehicles does not exceed 10 m. 


22.2.5 Securing devices are used to keep the door 
closed by preventing it from rotating about its hinges. 


22.2.6 Supporting devices are used to transmit external 
or internal loads from the door to a securing device and from 
the securing device to the ship’s structure, or a device other 
than a securing device, such as a hinge, stopper or other fixed 
device, that transmits loads from the door to the ship’s 
structure. 


22.2.7 A locking device is used to lock a securing device 
in the closed position. 


22.2.8 A Close-up Survey is defined in 1.5. 


22.3 Annual Surveys 


22.3.1 The survey is to consist of an examination to verify, 
as far as is practicable, that the bow, inner, side shell and stern 
doors are maintained in a satisfactory condition. 


22.3.2 — The Surveyor is to obtain confirmation that no unap- 
proved changes have been made to the bow, inner, side shell 
and stern doors since the last survey. 


22.3.3 Where applicable, Surveyors are to verify that the 
Operation and Maintenance Manual (OMM), including any 
revisions, is available on board. It is to be verified that 
documented operating procedures for closing and securing 
the doors are kept on board and posted at the appropriate 
place(s). The Surveyor is to apply particular attention to the 
register of inspections and its contents (contained within the 
OMM) as a basis for the survey. 


22.3.4 An examination of the bow, inner, side shell and 
stern doors is to be carried out, with particular attention to be 
applied to the following: 

(a) The structural arrangement of doors, including plating, 
secondary stiffeners, primary structure, hinging arms and 
weld connections; 

(b) Shell structure surrounding the opening of the doors and 
the securing, supporting and locking devices, including 
shell plating, secondary stiffeners, primary structure and 
associated weld connections; 

(c) Hinges and bearings, thrust bearings; 

(d) Hull and door side supports for securing, supporting an 
locking devices. 

NOTE 

If a crack is identified, an examination by non-destructive 

testing is to be carried out in the surrounding area and for 

similar items, as considered necessary by the Surveyor. 


E 


22.3.5 A Close-up Survey of the securing, supporting and 
locking devices is to be carried out. As a minimum, the Close- 
up Survey is to include the following: 
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(a) Cylinder securing pins, supporting brackets, back-up 
brackets (where fitted) and their weld connections; 

(o) Hinge pins, supporting brackets, back-up brackets 
(where fitted) and their weld connections; 

(c) Locking hooks, securing pins, supporting brackets, 
back-up brackets (where fitted) and their weld connec- 
tions; 

(d) Locking pins, supporting brackets, back-up brackets 
(where fitted) and their weld connections; 

(e) Locating and stopper devices and their weld connec- 
tions. 


22.3.6 The clearances of hinges, bearings and thrust 
bearings are to be measured where no dismantling is required. 
If the function test is not satisfactory, dismantling may be 
required to measure the clearances. If dismantling is carried 
out, a visual examination of hinge pins and bearings, together 
with non-destructive testing of the hinge pin, is to be carried 
out. The clearances of the securing, supporting and locking 
devices are to be measured, where indicated in the Operation 
and Maintenance Manual (OMM). 


22.3.7 An examination of the sealing arrangements, including 
packing material/rubber gaskets, retaining bars or channels 
and associated weld connections, is to be carried out. 


22.3.8 An examination of the drainage arrangements, 
including bilge wells and drain pipes, where fitted, is to be 
carried out. A test of the bilge system between the inner and 
outer doors is to be carried out. 


22.3.9 A function test of doors is to be carried out. The 
Surveyor is to check the satisfactory operation of the bow, 
inner, side shell and stern doors during a complete opening 
and closing operation including, as applicable: 

(a) Proper working of the hinging arms and hinges; 

(b) Proper engagement of the thrust bearings; 

(c) Device for locking the door in the open position; 

(d) Securing, supporting and locking devices; 

(e) Proper sequence of the interlock system for the opening/ 

closing system and the securing and locking devices; 

(f, | Mechanical lock of the securing devices; 

(g) Proper locking of hydraulic securing devices in the event 
of a loss of the hydraulic fluid, according to the proce- 
dure contained in the Operation and Maintenance 
Manual (OMM); 

(h) Correct indication of open/closed position of doors and 
securing/locking devices at navigation bridge and other 
control stations; 

(j) Isolation of the hydraulic securing/locking devices from 
other hydraulic systems; 

(k) Confirmation that the operating panels are inaccessible 
to unauthorised persons; 

() Verification that a notice plate giving instructions to the 
effect that all securing devices are to be closed and 
locked before leaving harbour is placed at each operating 
panel and supplemented by warning indicator lights; 

(m) Examination of electrical equipment for opening, closing 
and securing the doors. 


22.3.10 A function test of the indicator system is to be 
carried out. The Surveyor is to check the satisfactory opera- 
tion of the indicator system, where fitted, including the 
following, as applicable: 
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(a) Proper visible indication and audible alarm on the 
navigation bridge panel, according to the selected 
function ‘harbour/sea voyage’ and on the operating 
panel; 

(b) Lamp test function on both panels; 

(c) Verification that it is not possible to turn off the indicator 
light on both panels; 

(d) Verification of fail safe performance, according to the 
procedure contained in the Operation and Maintenance 
Manual (OMM); 

(e) Confirmation that power supply for the indicator system 
is supplied by the emergency source or other secure 
power supply and is independent of the power supply for 
operating the doors; 

(f) | Proper condition of sensors and protection from water, 
ice formation and mechanical damage. 


22.3.11 A test of the water leakage detection system, where 
fitted, is to be carried out. The test is to include verification of 
a proper audible alarm on the navigation bridge panel and on 
the engine control room panel, according to the procedure 
contained in the Operation and Maintenance Manual (OMM). 


22.3.12 A test of the television surveillance system, where 
fitted, is to be carried out. The test is to include verification of 
a proper indication on the navigation bridge monitor and on 
the engine control room monitor. 


22.3.13 A hose test, or equivalent, is to be carried out. If the 
results of the visual examination and function test are satis- 
factory, the tightness test need not be carried out unless 
considered necessary by the Surveyor. 


22.3.14 Following the visual examinations and function 


tests, non-destructive testing and thickness measurements 
may be required as considered necessary by the Surveyor. 


22.4 Special Surveys 


22.4.1 The requirements of 22.3 are to be complied with 
as applicable. 
22.4.2 The securing, supporting and locking devices, 


including their weld connections, are to be subjected to non- 
destructive testing and thickness measurement to the extent 
considered necessary by the Surveyor. The maximum 
allowable diminution is 15 per cent of the as-built thickness. 


22.4.3 The effectiveness of the sealing arrangements is to 
be verified by carrying out a hose test, or equivalent. 


22.4.4 The clearances of hinges, bearings and thrust 
bearings are to be measured. Unless otherwise specified in 
the Operation and Maintenance Manual (OMM), or by the 
manufacturer’s recommendation, the measurement of 
clearances may be limited to representative bearings where 
dismantling is needed in order to measure the clearances. If 
dismantling is carried out, a visual examination of hinge pins 
and bearings, together with non-destructive testing of the 
hinge pin, is to be carried out. 
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22.4.5 Thenon-return valves of the drainage system are to 
be dismantled and examined. 
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6 References 


m Section 1 


Scope 
1.1 General 
1.1.1 Materials used for the construction, conversion, 


modification or repair of ships, other marine structures and 
associated machinery which are classed or are intended for 
classification by Lloyd’s Register (hereinafter refered to as LR), 
are to be manufactured, tested and inspected in accordance 
with these Rules. 


1.1.2 Wrought, cast and extruded materials are to 
comply with the requirements of Chapters 1 and 2, and the 
appropriate specific requirements of Chapters 3 to 9 of these 
Rules. Mooring and anchoring equipment is to comply with 
the requirements of Chapters 1 and 2, and the appropriate 
specific requirements of Chapter 10. Manufacturers of these 
materials must be approved by LR according to the require- 
ments in Sections 2 or 3. Only those materials within a 
manufacturer's scope of approval may be used. 


1.1.3 Welding consumables are to comply with the 
requirements of Chapter 11 of these Rules. 


1.1.4 Where welding is used for the construction, 
conversion, modification or repair of ships, other marine 
structures and associated machinery which are classed or are 
intended for classification by LR, welding qualifications and 
tests shall be performed according to Chapter 12 of these 
Rules. All welding shall be performed according to Chapter 
13 of these Rules. 


7.1.5 Plastics materials are to comply with the require- 
ments of Chapter 14 of these Rules. 


1.1.6 The materials and components which are to 
comply with these requirements for the purposes of classifi- 
cation are defined in the relevant Rules dealing with design 
and construction. 


E Section 2 
Approval and survey requirements 


2.1 Approval and survey requirements - General 


2.1.1 Marine materials manufactured in accordance with 
Chapters 3 to 10 of these Rules are to be made at works 
which have been approved by LR for the type and grade of 
product being supplied. 


2.1.2 Materials manufactured in accordance with 
Chapters 3 to 10 of these Rules are to be manufactured, 
tested and inspected under Survey according to the require- 
ments of one of the following two schemes: 
(a) The Materials Survey Scheme, see 2.3. 
(b) The Materials Quality Scheme, see 2.4. 


2.1.3 For the purposes of survey, LR Surveyors are to be 
allowed access to all relevant parts of the works, and are to 
be provided with the necessary facilities and information to 
enable them to verify that the manufacture is being carried out 
in accordance with the approved procedures. Facilities are 
also to be provided for the selection of test material, the 
witnessing of mechanical tests and the examination of 
materials, as required by these Rules. 


2.1.4 Where a production process, testing or examina- 
tion of materials is sub-contracted, this must be with the 
approval of LR. Surveyors are to be allowed access to the 
sub-contractor’s premises in order to conduct Surveys 
according to the requirements of these Rules. 


2.1.5 Products manufactured in accordance with 
Chapters 11 and 14 are to be approved in accordance with 
the requirements therein. For these materials, approval is 
given for a specific product on a type approval basis, rather 
than the approved manufacturer/survey arrangements applied 
to materials covered by Chapters 3 to 10. 


2.2 LR Approval - General 


2.2.1 Unless specifically stated in other Chapters of these 
Rules, all LR approvals apply to materials used in applications 
intended for marine service, as described in 1.1. 


2.2.2 The procedures for application for approval of 
manufacturers and products, the details of the information to 
be supplied by the manufacturer, and the test programme to 
be conducted on the products are given in the appropriate 
book of LR’s Materials and Qualification Procedures for Ships 
(MQPS). This is published in the CD Live section of LR’s web 
site at http://Awww.lrorg. 
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2.2.3 LR publishes lists of approved manufacturers and 

approved products. The lists are published in the CD Live 

section of LR’s website, http://www.lr.org. 

The lists are as follows: 

e List of Approved Manufacturers of Materials. 

e Approved Welding Consumables for Use in Ship 
Construction. 

e Lists of Paints, Resins, Reinforcements and Associated 
Materials. 

° Lists of Approved Anchors. 


2.2.4 For initial LR approval as an Approved Manufacturer 
for a particular material, the manufacturer is required to 
demonstrate to the satisfaction of LR, that the necessary 
manufacturing and testing facilities are available, and are 
supervised by suitably qualified personnel. A specified 
programme of tests is to be carried out under the supervision 
of LR Surveyors, and the results are to be to the satisfaction 
of LR. 


2.2.5 If the results of the initial assessment of the 
manufacturer, and the test programme are considered 
satisfactory, the manufacturer will be added to the list of 
approved manufacturers of materials, and a certificate of 
approval will be issued to the manufacturer by LR, showing 
the scope of materials and grades covered by the approval. 
Initial approval will generally be under the Materials Survey 
Scheme, see 2.3. 


2.2.6 Approved manufacturers who meet the entry 
requirements, may apply for approval under the Materials 
Quality Scheme, see 2.4. 


2.2.7 When a manufacturer has more than one works, 
the manufacturer’s approval shall only be valid for the works 
where the test programme was conducted. 


2.2.8 It is the manufacturer’s responsibility to advise LR of 
all changes to the manufacturing process parameters that 
may affect the application of the material, prior to the adoption 
of the changes in production. Additional approval tests may 
be required to maintain the approval. 


2.2.9 Maintenance of approval is dependent on the 
manufacturer continuing to meet the requirements of the 
applicable sections of these Rules. 


2.2.10 Where it is considered that an approved manufac- 
turer is not maintaining its responsibilities to comply with 
these Rules, the approval may be suspended by LR until such 
time that agreed corrective and preventive actions are 
considered to have been satisfactorily carried out. If 
considered necessary, LR may require that the normal level 
of testing and inspection is increased. 


2.2.11 In all instances, LR will reduce the scope of, or 
withdraw approval from, a manufacturer where it becomes 
apparent that the manufacturer is unable to maintain 
compliance with these Rules, or the scope of approval. 


2.2.12 Where a manufacturer disagrees with any decisions 
made with regard to LR approval, they may appeal in writing 
to LR. 


2.2.13 Any documents, data or other information received 
as part of the approval process, will be treated as strictly 
confidential, and will not be disclosed to any third party, 
without the manufacturer’s prior written consent. 


2.2.14 The approved works will be subject to a periodic 
inspection of all relevant parts of the works, at intervals not 
exceeding three years. The procedure for this periodic 
inspection is given in Book B of LR’s Materials and 
Qualification Procedures for Ships (MQPS). This periodic 
inspection is in addition to the regular visits made according 
to 2.3.7. 


2.3 Materials Survey Scheme 


2.3.1 Materials according to Chapters 3 to 10 of these 
Rules and produced under the Materials Survey Scheme will 
be subject to Direct Survey by an LR Surveyor. The scheme 
requires the Surveyor to survey and certify all materials 
according to the requirements of these Rules. 


2.3.2 Approved manufacturers are to request a survey of 
the material by an LR Surveyor, when required. Manufacturers 
must provide the Surveyor with details of the order, 
specification and any special conditions additional to the 
requirements of these Rules. 


2.3.3 All mechanical tests required by these Rules are to 
be witnessed. The Surveyor may allow part of this task to be 
carried out by a member of the works staff by prior written 
agreement. 


2.3.4 Before final acceptance, all materials are to be 
submitted to the specified tests and examinations under 
conditions acceptable to the Surveyor. The results are to 
comply with the Rules, and all materials are to be to the 
satisfaction of the Surveyor. 


2.3.5 The specified tests and examinations are to be 
carried out prior to the despatch of finished materials from the 
manufacturer’s works. Where materials are supplied in the 
rough or unfinished condition, as many as possible of the 
specified tests are to be carried out by the manufacturer, and 
any tests or examinations that are not completed are to be 
carried out under survey at a subsequent stage of manufacture. 


2.3.6 In the event of any material proving unsatisfactory 
during subsequent working, machining or fabrication, such 
material is to be rejected, notwithstanding any previous 
certification. 


2.3.7 In addition to witnessing test results, the Surveyor 
is responsible for ensuring that the manufacturing process, 
inspection, testing, identification and certification are properly 
conducted. As part of the Materials Survey Scheme, regular 
visits will be made to all relevant parts of the works to check 
for compliance against the requirements of these Rules, and 
to ensure that the manufacturer is maintaining the capability 
to consistently produce approved materials. 


2.3.8 The Surveyor, when satisfied that the material fully 
meets the requirements of these Rules, will certify the material 
in accordance with Section 3 and the appropriate Chapter of 
these Rules. 
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2.4 Materials Quality Scheme 


2.4.1 The manufacturer may apply to be approved under 

the Materials Quality Scheme, where the following require- 

ments are met: 

(a) The manufacturer has been approved by LR for a 
minimum of three years and continues to maintain their 
LR works approval according to 2.2.14; and 

(o) The manufacturer has a quality management system, 
which has been certified as meeting the requirements of 
ISO 9001 by a certification body recognised by LR, 
which is one accredited by a member of the International 
Accreditation Forum; and 

(c) The manufacturer has a satisfactory history of quality 
performance in the manufacture and supply of LR 
approved materials. 


2.4.2 Special consideration may be given to manufacturers 
who have not been approved under the Materials Survey 
Scheme, and may be considered onto the Materials Quality 
Scheme providing: 

(a) They have a quality management system, which has 
been certified as meeting the requirements of ISO 9001 
by a certification body recognised by LR, which is one 
accredited by a member of the International Accreditation 
Forum. 

(b) They can demonstrate a history of satisfactory supply of 
materials, which LR deems to be equivalent to those for 
which approval under the Materials Quality Scheme is 
requested. 

In this case, the initial assessment of the manufacturer will 

include the product testing regime, as required for initial 

approval under the Materials Survey Scheme, see 2.2.4. 


2.4.3 The Scheme is based on a Scheme Certification 

Schedule, made between LR and each individual 

manufacturer. The schedule will stipulate: 

(a) The scope of approved products covered by the 
approval. 

(b) The process route applied by the manufacturer for each 
approved product. 

(c) The arrangements for LR scheme, audits, including 
scope, frequency, schedule, etc. 

(d) Agreed procedures for certification of approved 
materials. 

(e) Information to be supplied periodically to LR by the 
manufacturer. 

(f) | Procedures for the use of the scheme mark. 


2.4.4 The contents of the Scheme Certification Schedule 
are to remain confidential between LR and the manufacturer. 


2.4.5 The Materials Quality Scheme is based on a 

technical audit approach, and is designed to complement the 

quality management systems audits performed to ISO 9001. 

The role of the Surveyor in scheme audits is to: 

(a) Verify that the quality management system is being 
maintained and audited to the requirements of 


ISO 9001. 

(o) Verify that the requirements of these Rules are being 
implemented. 

(c) Verify that the requirements of this Scheme are being 
implemented. 


(d) Perform Scheme audits, which focus on the technical 
aspects of the product realisation process, particularly 
with regard to Rule requirements. 

(e) Perform witness testing as required. 

(f) Verify the data supplied to LR periodically by the 
manufacturer, as part of the Scheme requirements. 


2.4.6 The Materials Quality Scheme may be applied to 
any approved manufacturer who meets the eligibility require- 
ments, and who applies to be approved under the scheme. If 
approved under the scheme, the manufacturer’s name will 
appear on the List of Approved Manufacturers published by 
LR, with an indication that they are approved under this 
scheme. 


2.4.7 The scheme is available to manufacturers producing 
approved materials according to Chapters 3 to 10 of these 
Rules. 


2.4.8 The procedures for application for approval for the 
Materials Quality Scheme are given in Book M of LR’s 
Materials and Qualification Procedures for Ships (MQPS). 


2.4.9 Where LR is satisfied that the manufacturer meets 
all of the requirements of the Scheme, and that it is 
appropriate for the products being manufactured, a Scheme 
Certification Schedule will be issued, which must be signed 
by an authorised representative of the manufacturer. 


2.4.10 Once the Scheme Certification Schedule has been 
signed by both parties, LR will issue the manufacturer with a 
certificate of approval according to the Materials Quality 
Scheme. 


2.4.11 Maintenance of approval will be according to the 
Scheme Certification Schedule, agreed between LR and the 
manufacturer, and these Rules. 


2.4.12 Itis the responsibility of the attending Surveyor, to 
perform regular Scheme audits at the manufacturer’s works 
in accordance with the Scheme Certification Schedule, and 
the requirements of these Rules. 


2.4.13 It is not the intention to repeat the audit according 
to ISO 9001, conducted by the recognised certification body. 
The Surveyor is, however, to be satisfied that these audits are 
being conducted effectively. Where appropriate, the Surveyor 
may conduct a partial audit to ISO 9001 to verify this. 


2.4.14 Witness tests may be conducted as part of the 
Scheme audit. This will involve the selection of material, and 
the witness of sampling and testing according to the require- 
ments of the appropriate chapter of these Rules. Such 
witness testing may be on LR grades, or materials which the 
Surveyor deems to be equivalent (for the purposes of audit 
testing only). 


2.4.15 Once every three years, a full assessment of 
scheme compliance will be conducted by a Surveyor who is 
not the regular attending Surveyor. This assessment is in 
addition to the periodic inspection requirement made 
according to 2.2.14. 
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2.4.16 — In the event of any change, which means that the 
manufacturer no longer meets the requirements for the 
Materials Quality Scheme (for example the loss of ISO 9001 
approval), the Scheme certificate of approval will be revoked. 
The manufacturer will revert to the Materials Survey Scheme, 
and will be subject to survey according to that scheme. 


|_| Section 3 
Certification of materials 


3.1 General 


SARN] All materials subject to these Rules are to be 
supplied with appropriate certification, as required by the 
relevant requirements of these Rules. This will normally be a 
LR certificate or a manufacturer’s certificate validated by LR, 
although a manufacturer’s certificate may be accepted where 
allowed by the relevant requirements of these Rules. 


3.1.2 Manufacturers approved under the Materials 
Quality Scheme are licensed to apply the scheme mark to 
manufacturer’s certificates according to the requirements of 
the scheme, see 2.4. 


3.1.3 The following certificate types are to be used, (a) 

and (b) for the Materials Survey Scheme, and (d) for the 

Materials Quality Scheme: 

(a) LR Certificate 
This type of certificate is issued by LR based on the 
results of testing and inspection being satisfactorily 
carried out in accordance with the requirements of these 
Rules. 

(o) Manufacturer’s certificate validated by LR 
A manufacturer’s certificate, validated by LR on the basis 
of inspection and testing carried out by the manufacturer 
and which is in accordance with the requirements of 
these Rules, may be accepted. In this case, the 
certificate will include the following statement: 
“We hereby certify, that the material has been made by 
an approved process and satisfactorily tested in 
accordance with the Rules of Lloyd’s Register.” 

(c) Manufacturer’s certificate 
This type of certificate is issued by the manufacturer, 
based on the results of testing and inspection being 
satisfactorily carried out in accordance with the 
requirements of these Rules, or the applicable National 
or International standard. The certificate is to be 
validated by the manufacturer’s authorised representa- 
tive, independent of the manufacturing department. The 
certificate will contain a declaration that the products are 
in compliance with the requirements of these Rules or 
the applicable National or International standard. 

(d) Manufacturer’s certificate issued under the Materials 
Quality Scheme 
Where a manufacturer is approved according to the 
Materials Quality Scheme, they will issue manufacturer’s 
certificates bearing the scheme mark. The certificates 
must also bear the following statement: 
“This certificate is issued under the arrangements 
authorised by Lloyd’s Register (operating group) in 
accordance with the requirements of the Materials 
Quality Scheme and scheme number MQS ........ ‘ 


3.1.4 Where these Rules allow for the issue of a manu- 
facturer’s certificate for materials, either validated by an LR 
Surveyor, or bearing the Materials Quality Scheme mark, the 
manufacturer is to ensure that a copy of the certificate is 
supplied to LR. 


3.2 Materials Survey Scheme 


3.2.1 The requirements for certification of materials 
according to the Materials Survey Scheme, are established 
by the relevant requirements of these Rules. 


3.2.2 The manufacturer is to supply the surveyor with any 
additional customer order requirements that are in addition to 
the requirements of these Rules, when the request for the 
issue or validation of the certificate is made. 


3.3 Materials Quality Scheme 


3.3.1 Part of the certification schedule, will include an 
agreement for the manufacturer, to apply the scheme mark 
to manufacturer’s certificates, relating to approved products 
within the scope of approval of the manufacturer. 


3.3.2 The use of the scheme mark is governed by the 

following: 

(a) The use of the scheme mark is not transferable. It is only 
to be used in conjunction with the manufacturer and 
works name and location shown on the certificate of 
approval. 

(b) The scheme mark must be applied to all manufacturers’ 

certificates relating to approved materials produced 

under the Scheme. 

(c) Inno circumstances is the scheme mark to be applied to 

test certificates relating to non-approved products. 

(d) The scheme mark is not to be used in any way which 

may imply approval for products which are not covered 

within the manufacturer’s scope of approval. 

(e) Where a manufacturer is removed or suspended from the 
scheme, use of the scheme mark must cease immediately. 


3.3.3 The certificate as given in 3.1.3(d) is to be validated 
by an authorised representative of the manufacturer. The size 
and position of the scheme mark and statement on the 
manufacturer’s certificate must be agreed by LR. 


3.3.4 Where manufacturers are approved under this 
scheme, the manufacturer’s certificate, issued according to 
these requirements, fully meets the materials certification 
requirements of these Rules. 


3.4 Electronic certification 


3.4.1 Where these Rules allow the issue of manufacturers’ 

test certificates, under either the Materials Survey Scheme or 

the Materials Quality Scheme, these may be issued in 

electronic format provided that: 

(a) All tests and inspections have been satisfactorily 
completed, according to the requirements of these 
Rules. 
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(bo) Procedures are in place to ensure that electronic 
certificates are only issued, according to the require- 
ments of these Rules. 

(c) The certification system is subject to regular inspection 
by the attending Surveyor. 

(d) A copy of the electronic certificate is supplied to LR. This 
copy will be deemed to be the original of the test 
certificate. 


3.4.2 In addition to the requirements of 3.4.1, for items 
certified under the Materials Survey Scheme, the LR office 
stamp and Surveyor’s name may be applied electronically. This 
is only allowed where the Surveyor has access to the results of 
the relevant tests and inspections, and is able to authorise by 
access to the electronic system, the application of the LR office 
stamp and Surveyor’s name on the test certificate. The name of 
the authorising Surveyor is to be the name included on the 
certificate. The authorisation may be conducted electronically 
either at the manufacturers’ works, or remotely by the Surveyor. 


3.4.3 If the LR office stamp and name are being applied 
electronically according to 3.4.2, then the manufacturer is to 
ensure that the Surveyor is provided with all relevant informa- 
tion regarding the customer order, when the request for 
authorisation is made. 


a Section 4 
General requirements for 


manufacture 
4.1 General 
4.1.1 The following definitions are applicable to these 
Rules: 
Item: A single forging, casting, plate, tube or other 
rolled product as delivered. 
Piece: The rolled product from a single slab or billet or 


from a single ingot if this is rolled directly into 
plates, strip, sections or bars. 

Batch: A number of similar items or pieces presented 

as a group for acceptance testing. 

Flat product of a width over 150 mm, up to and 

including 1250 mm and thickness generally 

over 4 mm. Edges are square cut, i.e., hot 
rolled on the four sides. Supplied in lengths, 
not coils. 

Plate/sheet: Flat rolled product whereby the edges are 
allowed to deform freely. Supplied flat and 
generally in square or rectangular shapes with 
a width of 600 mm or over, but other shapes 
may also apply. 


Wide flat: 


4.1.2 Where a manufacturer purchases semi-finished 
products (e.g., slabs) for the purpose of re-processing (e.g., 
rolling), the manufacturer is to ensure that the materials are 
from an LR approved manufacturer, and manufactured within 
the scope of approval of that manufacturer. The aim of 
chemical analysis, dimensions, surface and internal quality 
checks are to be agreed between the manufacturer and 
purchaser. The semi-finished materials must be supplied with 
appropriate certification, according to these Rules. 


4.1.3 It is the responsibility of the manufacturer, to ensure 
compliance with all relevant aspects of these Rules. All 
deviations are to be recorded as non-compliances, and 
brought to the attention of the Surveyor, along with corrective 
actions taken. Failure to do this is considered to render the 
material as not complying with these Rules. 


4.1.4 The manufacturer is to maintain all test and inspection 
records required by these Rules for at least seven years. 
Records are to be made available to LR on request. 


4.1.5 Where material is produced which does not meet 
all aspects of these Rules, the manufacturer may apply to LR 
for a concession to certify the material as approved. LR will 
consider each application on a case-by-case basis, although 
concession will only normally be granted in exceptional 
circumstances. If the concession is granted, a formal written 
numbered concession will be issued to the manufacturer. The 
concession number must be applied to the approval certificate, 
whether it is an LR certificate or a validated manufacturer’s 
certificate. 


4.2 Chemical composition 


4.2.1 The ladle analysis used for certification purposes is 
to be determined after all alloying elements have been added 
and sufficient time allowed for such additions to equalise 
throughout the ladle. 


4.2.2 The method of taking samples is to ensure that the 
reported analysis is representative of the cast. In addition, the 
manufacturer must determine and certify the chemical 
composition of every heat of material. 


4.2.3 Where more than one sample is taken, the method 
of averaging for the final certificate result and the determination 
of acceptable variations in composition are to be agreed with 
the Surveyor. 


4.2.4 The chemical composition of ladle samples is to be 
determined by the manufacturer in an adequately equipped 
and competently staffed laboratory. The manufacturer’s 
analysis will be accepted, but may be subject to occasional 
independent checks if required by the Surveyor. 


4.2.5 The analysis is to include the content of all the 
elements detailed in the relevant Sections of the Rules and, 
where appropriate, the National or International Standard 
applied. 


4.2.6 At the discretion of the Surveyors, a check 
chemical analysis of suitable samples from products may also 
be required. These samples are to be taken from the material 
used for mechanical tests but, where this is not practicable, 
an alternative procedure for obtaining a representative sample 
is to be agreed with the manufacturer. For product samples, 
the permissible limits of deviation from the specified ladle 
analysis are to be in accordance with an appropriate 
International or National Standard specification. 
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4.3 Heat treatment 


4.3.1 Materials are to be supplied in the condition 
specified in, or permitted by, the relevant Chapters of these 
Rules. 


4.3.2 Heat treatment is to be carried out in properly 
constructed furnaces, which are efficiently maintained and 
have adequate means for control and recording of 
temperature. The furnace dimensions are to be such as to 
allow the whole item to be uniformly heated to the necessary 
temperature. In the case of very large components, which 
require heat treatment, alternative methods will be specially 
considered. 


4.3.3 The manufacturer is to maintain the records, 
including the temperature charts of all heat treatments, for at 
least seven years. 


4.4 Test material 


4.4.1 Sufficient test material is to be provided for the 
preparation of the test specimen detailed in the specific 
requirements. It is, however, in the interests of manufacturers 
to provide additional material for any re-tests which may be 
necessary, as insufficient or unacceptable test material may 
be a cause for rejection. 


4.4.2 The test material is to be representative of the item 
or batch and is not to be separated until all the specified heat 
treatment has been completed, except where provision for an 
alternative procedure is made in subsequent Chapters of 
these Rules. 


4.4.3 All test material is to be selected by the Surveyor 
or an authorised deputy and identified by suitable markings 
which are to be maintained during the preparation of the test 
specimens. 


4.5 Mechanical tests 


4.5.1 The dimensions, number and direction of test 
specimens are to be in accordance with the requirements of 
Chapter 2 and the specific requirements for the product. 


4.5.2 Where Charpy impact tests are required, a set of 
three test specimens is to be prepared and the average 
energy value is to comply with the requirements of 
subsequent Chapters. One individual value may be less than 
the required average value, provided that it is not less than 
70 per cent of that value. 


4.5.3 In the Rules, mechanical properties are specified in 
SI units, but alternative units may be used for acceptance 
testing. In such cases, the specified values are to be 
converted in accordance with the appropriate conversions 
given in Table 1.4.1. It is preferred that test results be 
reported in SI units, but alternative units may be used 
provided that the test certificate gives, in the same units, the 
equivalent specification values. 


Table 1.4.1 Conversions from SI units to metric 


and Imperial units 


1 N/mm? or MPa 
1 N/mm? or MPa 0,0647 tonf/in2 
1 N/mm2 or MPa 0,145 x 108 Ibf/in2 


J = 0,102 kgf m 
1J = 0,738 ft Ibs 


9,81 N/mm? or MPa 
15,4 N/mm2 or MPa 
6,89 x 10-3 N/mm2 or MPa 


1 kgf m 2 9,81 J 
1 ft lof = 1,36 J 


0,102 kgf/mm? 


kgf/mm? 
1 tonf/in2 
1 Ibf/in2 


4.6 Re-test procedures 


4.6.1 Re-test procedures are to be in accordance with 
the requirements of Ch 2,1.4. 


4.7 Rectification of defective material 


4.7.1 Small surface imperfections may be removed by 
mechanical means provided that, after such treatment, the 
dimensions are acceptable, the area is proved free from 
defects and the rectification has been completed in 
accordance with any applicable requirements of subsequent 
Chapters of these Rules and to the satisfaction of the 
Surveyor. 


4.7.2 The repair of defects by welding, can be accepted 
only when permitted by the appropriate specific requirements 
and provided that the agreement of the Surveyor is obtained 
before the work is commenced. When a repair has been 
agreed, it is necessary in all cases to prove by suitable 
methods of non-destructive examination that the defects have 
been completely removed before welding is commenced. 
Welding procedures and inspection on completion of the 
repair, are to be in accordance with the appropriate specific 
require-ments and are to be to the satisfaction of the Surveyor. 


4.7.3 Manufacturers wishing to carry out welding work 
must have at their disposal the necessary workshops, lifting 
gear, welding equipment, pre-heating, and where necessary 
annealing facilities and testing devices, as well as certified 
welders and supervisors to enable them to perform the work 
properly. Proof shall be furnished to the Surveyor that these 
conditions are satisfied before welding work begins. 


4.8 Identification of materials 


4.8.1 The manufacturer is to adopt a system of 
identification, which will enable all finished materials to be 
traced to the original cast, and the Surveyors are to be given 
full facilities for tracing the material when required. When any 
item has been identified by the personal mark of a Surveyor, 
or his deputy, this is not to be removed until an acceptable 
new identification mark has been made by a Surveyor. Failure 
to comply with this condition will render the item liable to 
rejection. 
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4.8.2 Before any item is finally accepted, it is to be clearly 
marked by the manufacturer in at least one place with the 
particulars detailed in the appropriate specific requirements. 


4.8.3 Where hard stamps such as the LR brand stamp 
are issued to manufacturers to carry out the stamping on 
behalf of LR, the procedure for issue, maintenance and use 
of stamps is to be agreed in writing. 


4.8.4 Hard stamping is to be used except where this 
may be detrimental to the material, in which case stencilling, 
painting or electric etching is to be used. Paints used to 
identify alloy steels are to be free from lead, copper, zinc or 
tin, i.e., the dried film is not to contain any of these elements 
in quantities of more than 250 ppm. 


4.8.5 Where a number of identical items are securely 
fastened together in bundles, the manufacturer need only 
brand the top item of each bundle. Alternatively, a durable 
label giving the required particulars may be attached to each 
bundle. 


E Section 5 
Non-destructive examination 


5.1 General NDE requirements 


TiSi: Prior to the final acceptance of materials, surface 
inspection and verification of dimensions, non-destructive 
examination is to be carried out in accordance with the 
requirements detailed in this Section and subsequent Chapters 
of these Rules. 


5.1.2 It is the manufacturer’s responsibility for maintaining 
the required tolerances and making the necessary measure- 
ments. Periodic surveys by the Surveyor do not absolve the 
manufacturer from this responsibility. 


5:1:3 When there is visible evidence to doubt the 
soundness of any material or component, such as flaws in test 
specimens or suspicious surface marks, the manufacturer is 
expected to prove the quality of the material by a suitable 
method. 


5.1.4 Acceptance criteria are detailed in subsequent 
Chapters of these Rules. Alternative specifications may be 
submitted for consideration, provided they demonstrate 
equivalence to these Rules. 


5.2 Personnel qualifications 


5.2.1 The shipyard, fabricator or manufacturer is to 
ensure that personnel carrying out non-destructive 
examination or interpreting the results of non-destructive 
examination are qualified to the appropriate level of a 
nationally recognised scheme such as ISO 9712, PCN, 
ACCP or SNT-TC-1A. Level 1 personnel are not permitted to 
interpret results to Codes or Standards. 


5.2.2 When certification of personnel is made on an in-house 
basis under a scheme such as SNI-TC-1A, practical 
examinations are to be relevant to material, product type, 
joint configuration, material thickness and acceptance criteria 
of items inspected for Classification purposes. 


5.2.3 Personnel qualifications of NDE operators are to be 
randomly checked by the Surveyor. 


5.3 Non-destructive examination methods 


5.3.1 Non-destructive examination methods are to comply 
with the relevant requirements of these Rules. 


5.4 Non-destructive examination procedures 


5.4.1 All non-destructive examinations are to be carried 
out to a procedure that is representative of the item under 
inspection. As a minimum the procedures are to be in 
accordance with the following: 

(a) Procedures are to identify the component to be 
examined, the NDE method, equipment to be used and 
the full extent of the examinations including any test 
restrictions. 

(b) Procedures are to specify the qualification and 
certification requirements of the inspection personnel to 
be employed. 

(c) Procedures are to state the degree of surface 
preparation required and the methods of preparation to 
be used before the examinations are made. 

(d) Procedures are to state the reference standards for 
testing and the acceptance criteria to be applied to the 
results of the inspections. 

(e) Procedures are to include the requirement for 
components to be positively identified and for a datum 
system or marking system to be applied to ensure 
repeatability of inspections. 

(f Procedures are to identify any requirements for 
increasing the extent of applied NDE where defects have 
been found during spot examination. 

(g) Procedures are to identify reporting requirements. 

(h) Procedures are to be reviewed by the Surveyor to ensure 
they are appropriate for the product type. 

(i) Procedures for radiography are to specify the 
acceptable optical density within the area of interest on 
the radiograph. 

(k) The minimum optical density within the area of interest 
on a radiograph is to be equal to or greater than 2,0 for 
gamma ray and 1,8 for X-ray. A maximum density of 
4,0 is acceptable. 

() Procedures are to include the method and requirements 
for equipment calibrations and functional checks. 

(m) Procedures are to be approved by an operator qualified 
to a minimum of Level Ill in accordance with a 
recognised standard. 

(n) The Surveyor will review procedures for compliance with 
this Section. 
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5.4.2 The shipyard, fabricator or manufacturer may submit 
other Codes or Standards for consideration by LR, providing 
they are equivalent to these Rules. Where no agreed 
acceptance standard is in place, the acceptance levels 
contained in the subsequent Chapters of these Rules are to 
apply. 


5.4.3 In the event that proposed acceptance criteria are 
not considered to be equivalent to these Rules, the criteria 
may be submitted for special consideration. 


5.5 Non-destructive examination reports 


5.5.1 NDE reports are to include all information required 

to identify how the examination was executed and are to 

include the following information where appropriate: 

(a) Date of test. 

(b) Name and qualification of operator with signatures of the 
operator. 

(c) Details of the component identification, description of 
test location and volume examined. 

(d) Heat treatment status. 

(e) Weld type, procedure and configuration. 

(f) Surface condition. 

(g) Test procedure. 

(h) Equipment used. 

(i) | Test results with a map or record of reportable and/or 

reject indications, giving location, dimensions and 

nature of indications. 

(k) Reference to acceptance criteria and evaluation in 

accordance to these criteria. 

() | Material type and thickness. 

(m) Calibration. 


iz Section 6 


References 
6.1 General 
6.1.1 The locations of National and International 


Standards referenced in these Rules are shown in Table 1.6.1. 


Table 1.6.1 


List of National and International 


Standards (see continuation) 


Rule reference 


Standard 


Chapter 1 — General 
Requirements 


SO 9001: 2008 
SNT-TC-1A:2012 
SO 9712:2012 


Chapter 2 — Testing 
Procedures for Metallic 
Materials 


SO 6892-1: 2009 
SO 185: 2005 
SO 2566-1: 1999 
SO 148-1: 2009 
SO 7500-1: 2004 
SO 6506-1: 2006 
SO 6506-2: 2006 
SO 6506-3: 2006 
SO 6507-1: 2006 
SO 6507-2: 2006 
SO 6507-3: 2006 
SO 6508-1: 2006 
ASTM E28-Rev C (2012) 


Chapter 3 — Rolled Steel 
Plates, Strip, Sections and 
Bars 


EN 10160: 1999 

ASTM AS78-07 

ASTM E112-Rev C (2012) 
SO 7452:2002 

ASTM E208-06 

ASTM E381-01 (2006) 
ASTM A255-2010 


Chapter 4 — Steel Castings 


ASTM G48-11 
ISO 1161: 1984/Amendment 1: 2007 


Chapter 5 — Steel Forgings 


ASTM E112-12 
ASTM G48-11 


Chapter 8 — Aluminium Alloys 


ASTM G66-99 (2005)e1 
ASTM G67-04 


Chapter 9 - Copper Alloys 


Chapter 10 — Equipment for 
Mooring and Anchoring 


ASTM E272-2010 
EN 1057: 2006 +A1: 2010 


ISO 1704: 2008 

ISO 1834: 1999 

ISO 4565: 1986 
ASTM E112-2010 
ASTM E381-01 (2006) 
ASTM A255-2010 


Chapter 11 — Approval of 
Welding Consumables 


SO 3690: 2000 
SO 10042: 2005 
ASTM G48-11 


Chapter 12 — Welding 
Qualifications 


SO 6947: 2011 
SO 5817: 2007 
SO 6520-1: 2007 
SO 6507-1: 2005 
SO 10042: 2005 
ASTM G48-11 

SO 25239-3: 2011 
SO 25239-4: 2011 


Chapter 13 — Requirements 
for Welded Construction 


SO 9712/Cor1: 2006 
SO 6520-1: 2007 
SNT TC-1A-201 1 
AWS D3.6M:2010 
SO 10042: 2005 

SO 25239-5: 2011 


LLOYD'S REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


General Requirements 


Chapter 1 


Section 6 


Table 1.6.1 List of National and International 
Standards (conclusion) 


Rule reference 


Standard 


Chapter 14 — Plastics 
Materials 


ISO 527-2: 2012 

ISO 178: 2010 

ISO 62: 2008 

ISO 75-2: 2004 

ISO 604: 2002 

ISO 527-4: 1997 

ISO 14125: 1998/ amd1:2011 
ISO 14130: 1997/ corr1:2003 
ISO 1172: 1996 

ISO 1922- 2012 

M C273/C273M-11 

TM C3893/C393M-1 1 

845- 2006 

TM C297/C297M-04 
844-2007 

1922-2001 

180-2000 

TM D2583-07 

BS 2782-10 Method 1001: 1977 
ISO 175: 2010 

BS 1088-1: 2003 

BS 1088-2: 2003 
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Section 

1 General requirements for testing 

2 Tensile tests 

3 Impact tests 

4 Ductility tests for pipes and tubes 

5 Embrittlement tests 

6 Crack tip opening displacement tests 
7 Bend tests 

8 Hardness testing 

9 Corrosion tests 


a Section 1 
General requirements for testing 


1.1 Preparation of test specimens 


fetat The requirements specified below detail all the 
tests that may be applied to metallic materials. The specific 
tests and the test specimen types required for each material 
type, grade and product type are detailed in the subsequent 
Chapter of these Rules. 


1.1.2 Where test material is cut from products by 
shearing or flame cutting, a reasonable margin is required to 
allow sufficient material to be removed from the cut edges 
during machining of the test specimens. 


1.1.3 Test specimens are to be prepared in such a 
manner that they are not subjected to any significant work 
hardening, cold straining or heating during straightening or 
machining. 


1.1.4 Test samples are not to be removed from the 
material they represent until heat treatment is complete. For 
castings in cases where test samples are separately cast, the 
castings and samples are to be heat treated together. 


1.1.5 Dimensional tolerances are to comply with a 
relevant ISO specification. 


1.2 Testing machines 


1.2.1 All tests are to be carried out by competent 
personnel. Testing machines are to be maintained in a 
satisfactory and accurate condition and are to be recalibrated 
at approximately annual intervals. This calibration is to be 
carried out by organisations of standing that have been 
approved or recognised by a National Authority and are to be 
to the satisfaction of the Surveyor. A record of all calibrations 
is to be kept available in the test house. 


Chapter 2 


Section 1 


1.2.2 Tensile testing machine load cells are to be 
calibrated with an accuracy of + one per cent in accordance 
with ISO 7500-1 or another recognised National Standard. 


1.2.3 Impact tests are to be carried out on Charpy 
V-notch machines calibrated to ISO 148 or ASTM E23 
dependent on the testing machine type. The testing 
machines are to be calibrated using either a direct or indirect 
method. Other National Standards equivalent to ISO 148 may 
be considered. 


1.2.4 Hardness testing machines, together with their 
associated measuring microscopes, are to be directly and 
indirectly calibrated to ISO 6506-2, 6507-2 or equivalent 
standards applicable to the type of hardness test. Other 
National Standards equivalent to ISO 6507-2 and 6506-2 
standards may be considered. Routine hardness checks with 
standard hardness blocks calibrated to ISO 6506-3 or 
ISO 6507-3 or equivalent are to be carried out at a frequency 
which demonstrates calibration consistency. 


1.3 Discarding of test specimens 


1.3.1 If a test specimen fails because of faulty preparation 
or incorrect operation of the testing machine it may be 
discarded and replaced by a new test specimen prepared 
from material adjacent to the original test. 


1.3.2 In addition to the discarding of test specimens as 
indicated in 1.3.1, a tensile test specimen may also be 
discarded when the specified minimum elongation is not 
obtained and the distance between the fracture and the 
nearest gauge mark is less than one-quarter of the gauge 
length. 


1.4 Re-testing procedures 


1.4.1 Where the result of any test, other than an impact 
test, does not comply with the requirements, two additional 
tests of the same type are to be made from the same test 
sample, or if sufficient material is not available, a further 
representative sample taken from the item under test. For 
acceptance of the material, satisfactory results are to be 
obtained from both of these additional tests. 


1.4.2 Where the result of any test taken from a weld 
procedure approval test, other than an impact test, does not 
comply with the requirements, two additional tests of the 
same type are to be made from the same weld test assembly. 
Where insufficient original welded assembly is available, a new 
assembly is to be prepared using the same conditions as the 
original test weld. For acceptance, satisfactory results are to 
be obtained from both of these additional tests. 
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1.4.3 Where the result of any test taken from a welding 
consumable approval test, other than an impact test, does 
not comply with the requirements, two additional tests of the 
same type are to be made from the same weld test assembly. 
Where insufficient original welded assembly is available, a new 
assembly is to be prepared using welding consumables from 
the same batch. If the new assembly is made with the same 
procedure (particularly the same number of runs) as the 
original assembly, only the duplicate re-test specimens need 
be prepared and tested. For acceptance of a weld 
consumable batch, satisfactory results are to be obtained 
from both of these additional tests. 


1.4.4 Where the results from a set of three impact test 
specimens do not comply with the requirements, an 
additional set of three impact test specimens may be tested 
provided that, of the original set tested, not more than two 
individual values are less than the required average value and, 
of these, not more than one is less than 70 per cent of this 
average value. The results obtained are to be combined with 
the original results to form a new average which, for accep- 
tance, is to be not less than the required average value. 
Additionally, for these combined results, not more than two 
individual values are to be less than the required average 
value and, of these, not more than one is to be less than 
70 per cent of this average value. 


1:4.5 The additional tests detailed in 1.4.1 and 1.4.2 are, 
where possible, to be made on material adjacent to the 
original samples. For castings, where insufficient material 
remains in the original test samples, the additional test may 
be made on other test samples representative of the castings. 
See also 1.3 for discarding of test specimens. 


1.4.6 When unsatisfactory results are obtained from tests 
representative of a batch of material, the item or piece from 
which the tests were taken is to be rejected. The remainder of 
the material in the batch may be accepted provided that two 
further items or pieces are selected and tested with 
satisfactory results. If the tests from one or both or these 
additional items or pieces give unsatisfactory results, the 
batch is to be rejected. 


1.4.7 When a batch of material is rejected, the remaining 
items or pieces in the batch may be resubmitted individually 
for test, and those which give satisfactory results may be 
accepted. 


1.4.8 At the option of the manufacturer, rejected material 
may be resubmitted as another grade and may then be 
accepted, provided that the test results comply with the 
appropriate requirements. 


1.4.9 When material which is intended to be supplied in 
the ‘as-rolled’ or ‘hot-finished’ condition fails test, it may be 
suitably heat treated and resubmitted for test. Similarly, 
materials supplied in the heat treated condition may be reheat 
treated and resubmitted for test. Unless otherwise agreed by 
the Surveyor, such reheat treatment is to be limited to one 
repeat of the final heat treatment cycle. 
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Ei Section 2 
Tensile tests 


2.1 Dimensions of test specimens 


2.1.1 Proportional test specimens with a gauge length 
L, of 5,65450 or 5d, where S, is the cross-sectional area, d 
the diameter and L, the parallel test length, have been 
adopted as the standard form of test specimen, and in 
subsequent Chapters in these Rules the minimum percentage 
elongation values are given for test specimens of these 
proportions. 


2.1.2 The gauge length is to be greater than 20 mm and 
may be rounded off to the nearest 5 mm provided that the 
difference between the adjusted gauge length and the 
calculated one is less than 10 per cent of the calculated 
gauge length. 


2.1.3 For forgings and castings (excluding those in grey 
cast iron) proportional test specimens of circular cross- 
section are to be machined to the dimensions shown in 
Fig. 2.2.1. 


Lo = 70mm 


Le = approx. 77mm 


NOTE: For nodular cast iron and materials with a specified 
elongation less than 10%, R > 20mm 


Fig. 2.2.1 
Test specimen dimensions for forgings and 
castings - I 


2.1.4 For hot rolled bars and similar products, the test 
specimens are to be as in Fig. 2.2.1, except that for small 
sizes they may consist of a suitable length of bar or other 
product tested in the full cross-section. 


2.1.5 As an alternative to 2.1.3 and 2.1.4, proportional or 
non-proportional test specimens of other dimensions may be 
used, subject to any requirements for minimum cross- 
sectional area given in subsequent Chapters of these Rules. 
Where the size of proportional test soecimens is other than 
as shown in Fig. 2.2.1, the general dimensions are to conform 
with Fig. 2.2.2. 
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Lo = approx. Lo +d 


>| 


NOTE: For nodular cast iron and materials with a specified 
elongation less than 10%, R 2 1,5d 


Fig. 2.2.2 
Test specimen dimensions for forgings and 
castings - II and aluminium alloys 


2.1.6 For plates, strip and sections, the test specimens 
are to be machined to the dimensions shown in Fig. 2.2.3 or 
Fig. 2.2.4. Where the capacity of the available testing machine 
is insufficient to allow the use of a test specimen of full 
thickness, this may be reduced by machining one of the rolled 
surfaces. Alternatively, for materials over 40 mm thick, test 
specimens of circular cross-section machined to the 
dimensions shown in Fig. 2.2.1 may be used. The axes of 
these test specimens are to be located at approximately one 
quarter of the thickness from one of the rolled surfaces. 


R 225 mm 


5,65/50 


Approximately 7,65./S5 


a = thickness of material 
Fig. 2.2.3 


Test specimen dimensions for plates, strip and 
sections - I and aluminium alloys 


200 mm 


Approx. 212,5 mm 


a = thickness of material 


Fig. 2.2.4 
Test specimen dimensions for plates, strip and 
sections - II 
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2.1.7 As an alternative to 2.1.6, test specimens with a 
width of other than 25 mm may be used subject to any 
requirements for minimum cross-sectional area given in 
subsequent Chapters of these Rules. A ratio of width/ 
thickness of 8:1 should not be exceeded. 


2.1.8 For pipes and tubes, the test specimens may consist 
of a suitable length tested in full cross-section with the ends 
plugged. The gauge length is to be 5,654fS, or 50 mm, and 
the length of the test specimen between the grips or plugs, 
whichever is the smaller, is to be not less than the gauge length 
plus D, where D is the external diameter. Alternatively, test 
specimens may be prepared from strips cut longitudinally and 
machined to the dimensions shown in Fig. 2.2.5 or Fig. 2.2.6. 
The parallel test length is not to be flattened, but the enlarged 
ends may be flattened for gripping in the testing machine. 
The cross-sectional area of this type of test specimen is to be 
calculated from: 


Sọ = ab 
where 
S, = cross-sectional area 


a average radial thickness 

b = average width 
Test specimens of circular cross-section may also be used 
provided that the wall thickness is sufficient to allow the 
machining of such specimens to the dimensions shown in 
Fig. 2.2.1, with their axes located at the mid-wall thickness. 


b=12mmmin. 
Approximately 


5,65./So + 2b 


Fig. 2.2.5 
Test specimen dimensions for pipes and tubes - I 


R 2 10 mm 
b=12 mm min. 


Test specimen dimensions for pipes and tubes - IT 


2.1.9 For wire, the test specimen may consist of a suitable 
length tested in full cross-section. The gauge length is to be 
200 mm and the parallel test length 250 mm. 
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2.1.10 For grey iron castings, the test specimens are to be 
machined to the dimensions shown in Fig. 2.2.7 or Fig. 2.2.8. 


R 2 25 mm 


Fig. 2.2.7 
Test specimen dimensions for grey iron castings - I 


EE a 


Lo = 55 mm (parallel) 


Fig. 2.2.8 
Test specimen dimensions for grey iron castings - II 


2.1.11 For aluminium alloy plates and sections of thick- 
ness, a, less than or equal to 12,5 mm; the dimensions of 
rectangular cross-sectioned test specimens are to be as 
shown in Fig. 2.2.3. The rectangular cross-sectioned test 
specimen surfaces should remain as rolled/extruded. Where 
the thickness, a, is greater than 12,5 mm the test specimens 
are to be of round type as shown in Fig. 2.2.2. 


2.1.12 Deposited weld metal tensile test specimens are to 
be machined to the dimensions shown in Fig. 2.2.9, and may 
be heated to a temperature not exceeding 250°C for a period 
not exceeding 16 hours for hydrogen removal, prior to 
testing. 


2.1.13 Butt weld tensile test specimens are to be 
machined to the dimensions shown in Fig. 2.2.10. For 
thicknesses of more than 2 mm, the test width is to be 
25 mm. For thicknesses less than 2 mm, the test width is to 
be reduced to 12 mm. The upper and lower surfaces of the 
weld are to be filed, ground or machined flush with the 
surface of the plate. 
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Gauge length 50 mm 
| 


To suit grips 
12 mm min. 


10mm 


Parallel length 55 mm 


Fig. 2.2.9 
Test specimen for deposited weld metal tensile 


suit grips 


Parallel test length 
—> = width of weld + 
60 mm 


Fig. 2.2.10 Test specimen for butt weld 


2.1.14  Through-thickness tensile test specimens may be, 
at the option of the steelmaker, either plain test soecimens or 
test specimens with welded extensions in accordance with a 
Recognised Standard. The extension pieces are to be of steel 
with a tensile strength exceeding that of the plate to be tested 
and may be attached to the plate surfaces by manual, 
resistance or friction welding carried out in such a way as to 
ensure a minimal heat affected zone. 


2.1.15 Tolerances on tensile specimen dimensions are to 
be in accordance with ISO 6892-1 or another Recognised 
Standard as appropriate. 


2.2 Definition of yield stress for steel 


2.2.1 The yield phenomenon is not exhibited by all the 
steels detailed in these Rules but, except for austenitic and 
duplex stainless steels, the term ‘yield stress’ is used 
throughout when requirements are specified for acceptance 
testing at ambient temperature. For the purposes of the 
Rules, the terms ‘yield stress’ and ‘yield strength’ are to be 
regarded as synonymous. 


LLOYD'S REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


Testing Procedures for Metallic Materials 


2.2.2 Where reference is made to ‘yield stress’ in the 
requirements for carbon, carbon-manganese and alloy steel 
products and in the requirements for the approval of welding 
consumables, either the upper yield stress or, where this is not 
clearly exhibited, the 0,2 per cent proof stress or the 0,5 per 
cent proof stress under load is to be determined. In cases of 
dispute, the 0,2 per cent proof stress is to be determined. 


2.2.8 For austenitic and duplex stainless steel products 
and welding consumables, both the 0,2 and the 1,0 per cent 
proof stresses are to be determined. 


2.3 Procedure for testing at ambient temperature 


2.3.1 Except as provided in 2.3.5, the elastic stress rate 
for the determination of the upper yield for steels and copper 
alloys is to be between 6 and 60 N/mm? per second and 
between 2 and 20 N/mm2 per second for aluminium. After 
reaching the yield or proof load, the straining rate may be 
increased to a maximum of 0,008s~! for the determination of 
the tensile strength. 


2.3.2 For steel, the upper yield stress is to be calculated 

from: 

(a) the value of stress measured at the commencement of 
plastic deformation, or 

(o) ona load/extension diagram using the value of stress 
measured at the first peak obtained during yielding even 
when the peak is equal to or less than any subsequent 
peaks observed during plastic deformation at yield. 


2.3.3 When a well defined yield point cannot be obtained, 
the 0,2 or 1,0 per cent proof stress (non-proportional 
elongation) is to be determined from an accurate load/ 
extension diagram by drawing a line parallel to the straight 
elastic portion and a distance from it where the amount 
represents 0,2 or 1,0 per cent of the extensometer gauge 
length. The point of intersection of this line with the plastic 
portion of the diagram represents the proof load, from which 
the 0,2 or 1,0 per cent proof stress can be calculated. 


2.3.4 For stainless steels, the 1,0 per cent proof stress 
and/or 0,2 per cent proof stress is specified as required by 
the relevant Chapters in these Rules. 


2.3.5 For the determination of the tensile strength of flake 
graphite cast iron, the stress rate is not to exceed 10 N/mm? 
per second. 


2.3.6 A measured elongation value is to be regarded as 
valid only if the fracture occurs within the gauge length and at 
least the following distances from the gauge marks: 

Round test specimen: 1,25d 

Flat test specimen: a plus width of specimen 
The measurement is valid irrespective of the position of the 
fracture, if the percentage elongation after fracture reaches at 
least the specified value, and this is to be stated in the test 
report. 
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2.4 Equivalent elongations 


2.4.1 When a gauge length other than 5,654/S,_ is used, 
the equivalent percentage elongation value is to be calculated 
using the following formula: 


A Ja Eg p 


2 WS 
where 
Arg = actual measured percentage elongation of test 
specimen 
S, = actual cross-sectional area of test specimen 


Lo = actual gauge length of test piece 
A = equivalent percentage elongation for a test specimen 
with a gauge length of 5,654/S, . 


2.4.2 Alternatively, where a number of test specimens of 
similar material and dimensions are involved, the actual 
percentage elongation values may be recorded, provided that 
the equivalent specified minimum elongation value appropriate 
for the test specimen dimensions is calculated from the 
formula in 2.4.1 and is recorded on the test certificate. 


2.4.3 For proportional test specimens having a gauge 
length other than 5,654/S, , the equivalent elongation may 
be calculated using the following factors (d is the diameter of 
the test specimen): 


Actual gauge Factor for equivalent 


length elongation on 5,654/S, 
4S, x 0,870 
8,16/S, x 1,158 
11,34/S, x 1,317 
4d x 0,916 
8d x 1,207 


2.4.4 For non-proportional test specimens with gauge 
lengths of 50 mm and 200 mm, the equivalent elongation 
values tabulated in ISO 2566 are to apply. 


2.4.5 The above conversions are reliable only for carbon, 
carbon-manganese and low alloy steels with a tensile strength 
not exceeding 700 N/mm? in the hot rolled, annealed, 
normalised, or normalised and tempered condition. 


2.4.6 For alloy steels in the quenched and tempered 
condition, the following conversions may be used for propor- 
tional test specimens with a gauge length of 44/S, : 

Actual percentage Equivalent elongation 


elongation on 44/S, on 5,654/S, 
17 


22 

20 15 
18 13 
17 12 
16 12 
15 11 
14 10 
12 8 
10 7 
8 5 
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2.4.7 Any proposals to use conversion factors for equiva- 

lent elongation values for the following materials are to be 

agreed with the Surveyors: 

(a) Carbon, carbon-manganese and alloy steels in the 
normalised or normalised and tempered condition with a 
tensile strength exceeding 700 N/mm. 


(b) Cold-worked steels. 

(c) Austenitic stainless steels. 

(d) Non-ferrous alloys. 

2.5 Procedure for testing at elevated 


temperatures 


2.5.1 The test specimens used for the determination of 
lower yield or 0,2 per cent proof stress at elevated tempera- 
tures are to have an extensometer gauge length of not less 
than 50 mm and a cross-sectional area of not less than 
65 mm2. Where, however, this is precluded by the dimensions 
of the product or by the test equipment available, the test 
specimen is to be of the largest practicable dimensions. 


2.5.2 The heating apparatus is to be such that the 
temperature of the specimen during testing does not deviate 
from that specified by more than +5°C. 


2.5.3 The straining rate when approaching the lower yield 
or proof load is to be controlled within the range 0,1 to 
0,3 per cent of the extensometer gauge length per minute. 


2.5.4 The time intervals used for estimation of strain rate 
from measurements of strain are not to exceed 6 seconds. 


a Section 3 
Impact tests 


3.1 Dimensions of test specimens 


3.1.1 Impact tests are to be of the Charpy V-notch type. 
The test specimens are to be machined to the dimensions 
and tolerances given in Table 2.3.1 and are to be carefully 
checked for dimensional accuracy. 


3.1.2 For material under 10 mm in thickness, the largest 
possible size of standard subsidiary Charpy V-notch test 
specimen is to be prepared with the notch cut on the narrow 
face. Generally, impact tests are not required when the 
thickness of the material is less than 6 mm. 


3.2 Testing procedures 
3.2.1 All impact tests are to be carried out on Charpy 


machines approved by Lloyd’s Register (hereinafter referred 
as LR) and having a striking energy of not less than 150 J. 


Chapter 2 
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Table 2.3.1 Dimensions and tolerances for Charpy 


V-notch impact test specimens 
Tolerance 


Dimension Nominal 


Length, in mm 55 +0,60 
Height, in mm, see Note 1 10 +0,075 
Width, in mm, see Note 1 
— standard specimen +0,11 
— standard subsidiary 
specimen +0,11 
— standard subsidiary 
specimen +0,06 
Angle of notch +2° 
Height below notch, in mm +0,075 
Root radius, in mm +0,025 
Distance of plane of symmetry of 
notch from ends of test piece, in mm 
see Note 1 +0,42, 
see Note 2 
Angle between plane of symmetry of 
notch and longitudinal axis of test 
piece 
Angle between adjacent longitudinal 
faces of test piece 


[Z Treo 


NOTES 


1. The test piece is to have a surface roughness better than Ra 5 
um except for the ends. 

2. For machines with automatic positioning of the test piece the 
tolerance is to be taken as +0,165 mm. 


3.2.2 Charpy V-notch impact tests may be carried out at 
ambient or lower temperatures in accordance with the specific 
requirements given in subsequent Chapters of these Rules. 
Where the test temperature is other than ambient, the tempera- 
ture of the test specimen is to be controlled to within +2°C for 
sufficient time to ensure uniformity throughout the cross-section 
of the test specimen, and suitable precautions are to be taken 
to prevent any significant change in temperature during the actual 
test. In cases of dispute, ambient temperature is to be 
considered as 18°C to 25°C. 


3.2.3 For acceptance, the average energy value for a set 
of three impact tests must be equal to or greater than the 
appropriate specified minimum average value. Additionally, 
only one individual value may be less than the required 
average value but not less than 70 per cent of this average 
value. 


3.2.4 Where standard subsidiary Charpy V-notch test 
specimens are necessary, the minimum energy values 
required are to be reduced as follows: 
Specimen 10 x 7,5 mm: 5/6 of tabulated energy. 
Specimen 10 x 5 mm: 2/3 of tabulated energy. 


3.2.5 When reporting results, the specimen dimensions 
and the units used for expressing the energy absorbed 
(Joules) and the testing temperature are to be clearly stated. 
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a Section 4 
Ductility tests for pipes and tubes 


4.1 Bend tests 


4.1.1 The test specimens are to be cut as circumferential 
strips of full wall thickness and with a width of not less than 
40 mm. For thick walled pipes, the thickness of the test 
specimens may be reduced to 20 mm by machining. The 
edges of the specimens may be rounded to a radius of 1,6 mm. 


4.1.2 Testing is to be carried out at ambient temperature, 
and the specimens are to be doubled over a former whose 
diameter is to be in accordance with the specific requirements 
for the material. For submerged arc welded tube the test 
piece is to be bent with the root of the weld in tension. For 
other tubes, the test piece is to be bent in the original 
direction of curvature. In all cases, the welds are to be in the 
middle of the test specimen. The test is considered to be 
satisfactory if, after bending, the specimens are free from 
cracks and laminations. Small cracks at the edges of the test 
specimens are to be disregarded. 


4.2 Flattening tests 


4.2.1 Ring test specimens are to be cut with the ends 
perpendicular to the axis of the pipe or tube. The length of the 
specimen is to be equal to 1,5 times the external diameter of 
the pipe or tube, but is to be not less than 10 mm or greater 
than 100 mm. Alternatively, the length of the test specimen 
may be 40 mm irrespective of the external diameter. 


4.2.2 Testing is to be carried out at ambient temperature 
and is to consist of flattening the specimens in a direction 
perpendicular to the longitudinal axis of the pipe. Flattening is 
to be carried out between two plain parallel and rigid platens 
which extend over both the full length and the width after 
flattening of the test specimen. Flattening is to be continued 
until the distance between the platens, measured under load, 
is not greater than the value given by the formula: 


H =- t (1 9 
C +p 
where 


H = distance between plates, in mm 

= specified thickness of the pipe, in mm 

specified outside diameter, in mm 

a constant dependent on the steel type and 
detailed in the specific requirements 

After flattening, the specimens are to be free from cracks or 
other flaws. Small cracks at the ends of the test specimens 
may be disregarded. 


t 
D 
C 


4.2.3 For welded pipes or tubes, the weld is to be placed 
at 90° to the direction of flattening. 


4.3 Drift expanding tests 
4.3.1 The test specimens are to be cut with the ends 


perpendicular to the axis of the tube. The edges of the end 
to be tested may be rounded by filing. 
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4.3.2 For metallic tubes, the length of the specimen is to 
be at least 1,5 times the external diameter of the tube except 
when a mandrel with an included angle of 30° is used, in 
which case the length of the specimen is to be twice the 
external diameter of the tube. In all cases the length of section 
remaining cylindrical after test is not be less than 0,5 times 
the external diameter. 


4.3.3 Testing is to be carried out at ambient temperature 
and is to consist of expanding the end of the tube 
symmetrically by means of a hardened conical steel mandrel 
having a total included angle of 30°, 45° or 60°, see Fig. 2.4.1. 
The mandrel is to be forced into the test specimen at a rate 
not exceeding 50 mm/min until the percentage increase in the 
outside diameter of the end of the test specimen is not less 
than the value given in the specific requirements for boiler and 
superheater tubes, see Chapter 6. The mandrel is to be 
lubricated, but there is to be no rotation of the tube or mandrel 
during the test. The expanded portion of the tube is to be free 
from cracks or other flaws. 


30°, 45° or 60° 


Fig. 2.4.1 Drift expanding test 


4.4 Flanging tests 


4.4.1 The test specimens are to be cut with the ends 
perpendicular to the axis of the tube. The length of the 
specimens is to be at least equal to the external diameter of 
the tube and such that after testing the portion that remains 
cylindrical is not less than half the external diameter. The 
edges of the end to be tested may be rounded by filing. 


4.4.2 Testing is to be carried out at ambient temperature 
and is to consist of flanging the end of the tube symmetrically 
by means of hardened conical steel mandrels. The rate of 
flanging is not to exceed 50 mm/min. 
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4.4.3 The first stage of flanging is to be carried out with a 
conical angled mandrel having an included angle of approxi- 
mately 90°, see Fig. 2.4.2(a). The completion of the test is 
achieved with a second forming tool as shown in Fig. 2.4.2(b). 
The mandrels are to be lubricated and there is to be no 
rotation of the tube or mandrels during the test. The test is to 
continue until the drifted portion has formed a flange 
perpendicular to the axis of the test specimens. The percentage 
increase in the external diameter of the end of the specimens 
is to be not less than the value given in the specific require- 
ments for boiler and superheater tubes, see Chapter 6. The 
cylindrical and flanged portion of the tube is to be free from 
cracks or other flaws. 


(b) 


Fig. 2.4.2 Flanging test 


is) Section 5 
Embrittlement tests 


5.1 Temper embrittlement tests 


5.1.1 The test material is to be heat treated in accordance 

with the specification except that after tempering: 

(a) half the material is to be water quenched; 

(b) the other half is to be cooled from the tempering temper- 
ature to 300°C at a rate not exceeding 10°C per minute. 


5.12 Impact tests in accordance with Section 3 are to 
be made on the material in each condition at temperatures 
over a range wide enough to establish the upper and lower 
shelf energies and temperatures, tests being made at no less 
than three intermediate temperatures. 


5.1.3 A set of three specimens is to be tested at each 
temperature. The results are to be plotted separately for each 
condition, in the form illustrated in Fig. 2.5.1. In addition, the 
test temperatures, proportions of crystallinity and absorbed 
energies for all the specimens tested are to be reported. 
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Fig. 2.5.1 Idealised transition curve 


5.1.4 The transition temperature for each condition is to 
be taken as the mid-temperature of the fracture transition 
zone. The difference between the two transition temperatures 
is to be reported. 


5.2 Strain age embrittlement tests 


5.2.1 The test material is to be heat treated in accordance 
with the specification and then subjected to five per cent 
strain. Half of the test material is then to be heated to 250°C 
and held for one hour. 


522 Impact tests in accordance with 5.1.2 are to be 
made in both the strained and unstrained conditions. 


5.2.3 The tests are to comply with 5.1.3. 


5.2.4 The test results are treated in accordance with 
5.1.4. 


5.3 Hydrogen embrittlement tests 


5.3.1 Two specimens are to be tested. The specimens 
are to be of a diameter of 20 mm. Where this is not 
practicable a diameter of 14 mm may be accepted. 


5.3.2 One specimen is to be tested within a maximum of 
3 hours after machining. Where the specimen diameter is 
14 mm, the time limit is 1,5 hours. Alternatively, the specimen 
may be cooled to -60°C immediately after machining and 
kept at that temperature for a maximum period of 5 days 
before being tested. 


5.3.3 The other specimen is to be tested after baking at 
250°C for 4 hours. Where the specimen diameter is 14 mm 
the baking time is to be 2 hours. 
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5.3.4 A strain rate not exceeding 0,0003s71 is to be used 
during the entire test, until fracture occurs. 


5.3.5 Tensile strength, elongation and reduction of area 
are to be reported. 


5.3.6 The ratio Z,/Z5 is to be reported, where Z4 is the 
reduction in area without baking and Z, the reduction in area 
after baking. 


a Section 6 
Crack tip opening displacement 


tests 
6.1 Dimensions of test specimens 
6.1.1 Unless agreed otherwise, tests are to be made on 


specimens of the full section thickness and which conform to 
a nationally agreed standard. 


6.1.2 Normally the specimens are to be rectangular with 
the main dimensions as indicated in Fig. 2.6.1 and are to be 
tested in three point bending. 


2,1W min. L 2,1W min. | 


thickness 

width =2B 

effective crack length = 0,45W to 0,55W 
loading span =4W 


Fig. 2.6.1 
Outline dimensions of the preferred specimen 


6.1.3 A subsidiary specimen as in Fig. 2.6.2 may be used 
by agreement. 


6.1.4 In each case the notch is to be positioned at the 
centre of the loading span; its root radius is not to exceed 
0,10 mm. The notch is to be extended by the generation of a 
fatigue crack to give an effective crack length of the 
dimension a. For this purpose, the fatigue stress ratio, R4, is 
to be within the range O to 0,1 and the fatigue intensity is not 
to exceed 0,636, B'/2 where g, is the 0,2 per cent proof 
stress at the test temperature. 
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thickness 

width =B 

effective crack length (to be agreed between the 
purchaser and manufacturer) 

loading span =4W 


Fig. 2.6.2 
Outline dimensions of the subsidiary specimen 


6.2 Test equipment 


6.2.1 Whenever possible, tests are to be made using 
machines operating under displacement control. The type of 
control is to be recorded. 


6.2.2 The test equipment is to be calibrated annually. 


6.2.3 The crack opening displacement gauge is to have 
an accuracy of at least one per cent. It is to be calibrated at 
least once every day of testing and at intervals of no more 
than 10 tests. It should be demonstrated that the calibration 
is satisfactory for the test conditions. 


6.3 Testing procedures 


6.3.1 Tests are to be made in a recognised test house in 
accordance with a nationally accepted standard. 


6.3.2 Unless otherwise agreed, all tests on unwelded 
wrought material are to be made on specimens taken 
transverse to the principal working direction and are to be 
through-thickness notched. 


6.3.3 Where tests are made on weld material, the fatigue 
crack should be arranged to sample the maximum amount of 
unrefined weld metal. 


6.3.4 Where tests are made on the Heat Affected Zone 
(H.A.Z.) of a weld, a K or single bevel weld preparation is 
recommended. The region of lowest fracture toughness in the 
Heat Affected Zone should be identified for the particular steel 
and weld procedure by means of preliminary tests. The 
fatigue crack is to be accurately positioned to sample as high 
a proportion of this critical region as possible and after testing 
has been completed, the specimen is to be sectioned to 
check that this has been achieved. Sufficient tests should be 
made to ensure that the critical region has been sampled in at 
least three specimens. 


6.3.5 At least three valid tests are to be made for each 
material condition. Invalid tests are to be disregarded and the 
tests repeated. 
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6.3.6 Local pre-compression of the test specimen ahead 
of the notch is acceptable in order to provide an acceptably 
even fatigue crack front. 


6.3.7 The temperature of the test piece is to be measured 
to within +2°C over the range minus 196°C to +200°C and to 
within +5°C outside this range. The temperature should be 
measured at a point on the specimen not farther than 2 mm 
away from the crack tip. 


6.4 Validity requirements 


6.4.1 The test is to be regarded as invalid if: 

(a) the fatigue crack front is not in a single plane; 

(b) any part of the fatigue crack surface lies in a plane 
whose angle with the plane of the notch exceeds 10°; 

(c) the length of any part of the fatigue crack is less than 
0,025W or 1,25 mm, whichever is the greater; 

(d) the difference between the maximum and minimum 
lengths of the fatigue crack exceeds 0,1W; 

(e) the difference between any two of the lengths of the 
fatigue crack at 0,25B, 0,5B and 0,75B exceeds 0,05W. 


6.4.2 In addition, for tests on welds and Heat Affected 

Zones (H.A.Z.), the following criteria are to be complied with: 

(a) Weld metal. The fatigue crack front shall not extend 
outside the weld metal deposit and 80 per cent should 
be within 2 mm of the fusion line. 

(b) Grain coarsened H.A.Z.. The fatigue crack should be 
within 0,5 mm of the fusion line and should sample all of 
the grain coarsened H.A.Z. present. However, if fusion 
line irregularities prevent this, a sample including as much 
grain coarsened H.A.Z. as possible may be accepted. 

(c) Subcritical/intercritical H.A.Z. boundary. The fatigue crack 
is to sample the boundary between the subcritical and 
intercritical regions of the H.A.Z. However, if fusion line 
irregularities prevent this, a sample including as much 
relevant microstructure as possible may be accepted. 


6.5 Test reports 


6.5.1 The test report is to include: 

(a) details of the material, its condition and size; 

b) the thickness and width of the test specimen; 

c) the fatigue pre-cracking conditions; 

d) the test temperature and environment; 

(e) the test machine control system and rate of change of 
displacement or load; 

(f) crack length measurements; 

(g) force/displacement records, preferably in the form of an 
autographic record; 

(h) the critical crack opening displacement; 

(i) a photograph of the fracture; 

(k) any observation on the fracture surface. 
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Bend tests 
7.1 Dimensions of test specimens 
TAN Flat bend test specimens are to be of rectangular 


cross-section with dimensions as defined in Fig. 2.7.1. 


(11a) or (9a + D) 


1-2 mm 


Fig. 2.7.1 Bend test specimen 


7.1.2 For plates, sections and strip the dimensions shall 
be full thickness and width 30 mm. Where the rolled 
thickness exceeds 25 mm the compression face may be 
reduced to 25 mm. 


7.1.3 For forgings, castings and semi-finished products 
the thickness shall be 20 mm and width 25 mm. 


7.1.4 Butt weld face and root bend test specimens are 
to be 30 mm in width and of the full plate thickness. Where 
the thickness exceeds 25 mm, two side bend test specimens 
may be tested in place of the face and root specimens 
specified. The side bend specimens should be 10 mm 
minimum thickness. The upper and lower surfaces of the weld 
are to be filed, ground or machined flush with the surface of 
the plate. 


FAD: The edges on the tension side of bend samples are 
to be rounded to a radius of 1 to 2 mm. 
7.2 Testing procedures 


7.2.1 The bend sample is plastically deformed by plunging 
a mandrel between two fixed points as shown in Fig. 2.7.2. 


T22 For aluminium welds a guided bend is required to 
ensure even deformation as shown in Fig. 2.7.3. 


7.2.3 Bend tests are to be conducted at ambient temper- 
ature at the highest convenient rate of bending (but not 
impact). 


10 
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thickness of bend sample 
radius of roller 
outside diameter of former 


Fig. 2.7.2 Bend test 


a = plate tickness 
D = mandrel diameter 
R = former radius 


Wd 


Fig. 2.7.3 Guide bend test for aluminium 


a Section 8 
Hardness testing 


8.1 Dimensions of test specimens 
8.1.1 Test pieces must be held rigidly in relation to the 


indenter and located such that the surface to be tested is at 
right angles to the axis of the indenter. 
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8.1.2 The surface finish of the test piece is to be such as 
to be able to measure the indent accurately. 


8.2 Testing procedure 
8.2.1 Hardness testing is to be carried out according to 


ISO 6506-1, ISO 6507-1 or equivalent for the type of 
hardness test. 


=] Section 9 
Corrosion tests 


9.1 Intergranular corrosion test 


9.1.1 For all products other than pipes, the material for 
the test specimens is to be taken adjacent to that for the 
tensile test and is to be machined to suitable dimensions for 
either a round or rectangular section bend test. The diameter 
or thickness is to be not more than 12 mm, and the total 
surface area is to be between 1500 mm? and 3500 mm2. 


9.1.2 For pipes with an outside diameter not exceeding 
40 mm, the test specimens are to consist of a full cross- 
section. For larger pipes, the test specimens are to be cut as 
circumferential strips of full wall thickness and having a width 
of not less than 12,5 mm. In both cases the total surface area 
is to be between 1500 mm? and 3500 mm2. 


9.1.3 Specimens are to be heated to a temperature of 

700 + 10°C for 30 minutes, followed by rapid cooling in water. 

They are then to be placed on a bed of copper turnings (50 g 

per litre of test solution) and immersed for 15 to 24 hours ina 

boiling solution of the following composition: 

° 100 g of hydrated copper sulphate granules (CuSO4. 
5H20) 

° 184 g (100 ml) sulphuric acid (density 1,84 g/ml) added 
dropwise to distilled water to make 1 litre of solution. 

Precautions are to be taken during boiling to prevent 

concentration of the solution by evaporation. 


9.1.4 After immersion, the full cross-section test 
specimens from pipes are to be subjected to a flattening test 
in accordance with Ch 2,4.2. All other test specimens are to 
be bent, at ambient temperature, through 90° over a former 
with a diameter equal to twice the diameter or thickness of 
the test specimen. 


9.1.5 After flattening or bending, the test specimens are 
to be free from cracks on the outer, convex surface. 
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Section 
1 General requirements 
2 Normal strength steels for ship and other 


structural applications 


3 Higher strength steels for ship and other 
structural applications 


4 Steels for boilers and pressure vessels 

5 Steels for machinery fabrications 

6 Ferritic steels for low temperature service 

7 Austenitic and duplex stainless steels 

8 Plates with specified through thickness 
properties 

9 Bars for welded chain cables 


10 High strength quenched and tempered steels 
for welded structures 


a Section 7 
General requirements 


1.1 Scope 


lT This Section gives the general requirements for hot 
rolled plates and sections intended for use in the construction 
of ships, other marine structures, machinery, boilers and 
pressure vessels. 


1.1.2 This Chapter is not applicable to hot rolled bars 
intended for the manufacture of bolts, plain shafts, etc., by 
machining operations only. Where used for this purpose, hot 
rolled bars are to comply with the requirements of Chapter 5. 


1.1.3 Plate and strip which is hot coiled after rolling and 
subsequently uncoiled, cold flattened and cut to the required 
dimensions are also subject to the appropriate requirements 
of this Chapter. 


1.1.4 Plates, strip, sections and bars are to be manufac- 
tured and tested in accordance with the requirements of 
Chapters 1 and 2, the general requirements of this Section 
and the appropriate specific requirements given in Sections 2 
to 10. 


1.1.5 As an alternative to 1.1.4, materials which comply 
with National or proprietary specifications may be accepted, 
provided that these specifications give equivalence to the 
requirements of this Chapter or are approved for a specific 
application. Particular attention is to be taken of the minimum 
required under thickness tolerance, see 1.6. Generally, survey 
and certification of such materials are to be carried out in 
accordance with the requirements of Chapter 1. 


Chapter 3 


Section 1 


1.1.6 Steels intended for high heat input welding above 
50 kJ/cm are to be specially approved. Approval will be 
indicated on the manufacturer’s approval certificate by adding 
a high heat input welding notation to the grade approved, e.g., 
EH36-W300, indicating approval up to 300 kJ/cm. 


1.2 Steel with guaranteed through thickness 
properties - ‘Z’ grade steel 


1:2:1 When plate material, intended for welded construction, 
will be subject to significant strains in a direction perpendicular 
to the rolled surfaces, it is recommended that consideration be 
given to the use of special plate material with specified through 
thickness properties, ‘Z’ grade steel. These strains are usually 
associated with thermal contraction and restraint during 
welding, particularly for full penetration ‘T’-butt welds, but may 
also be associated with loads applied in service or during 
construction. Where these strains are of sufficient magnitude, 
lamellar tearing may occur. Requirements for ‘Z’ grade plate 
material are detailed in Section 8. It is the responsibility of the 
fabricator to make provision for the use of this material. 


1.2.2 Steels intended to have guaranteed through 
thickness properties will include the supplementary suffix Z25 
or Z35 in the designation, for example: LR DH36 Z35. 


1.3 Corrosion resistant steels for cargo oil tanks 
of crude oil tankers 


1.3.1 This sub-Section refers to normal and higher 
strength steels that have approved enhanced corrosion 
resistance properties intended for application in the internal 
cargo oil tanks of crude oil tankers. 


1.3.2 The additional approval procedures for these steels 
include specific corrosion tests, see Ch 1,2.2. 


1.3.3 Normal and higher strength corrosion resistant 
steels are to be manufactured, tested and certified in accor- 
dance with the applicable requirements of Section 2 or 
Section 3 and the requirements detailed in this sub-Section. 


1.3.4 Corrosion resistant steels for cargo oil tanks are 
primarily intended to apply to steel plates, wide flats and 
sections up to 50 mm thick and to bars up to 50 mm in 
diameter. 


1.3.5 Corrosion resistant steels for cargo oil tanks are to 
be identified with one of the following supplementary suffixes, 
RCU, RCB or ROW in the designation, for example, LR DH36 
RCB. These suffixes relate to the area of the tank for which 
approval testing has been obtained: 

RCU, for lower surface of strength deck and surrounding 

structures; 

RCB, for upper surface of inner bottom plating and 

surrounding structures; 

RCW, for both strength deck and inner bottom plating. 


1.3.6 Corrosion resistant steels are not to be used in 
applications other than those specified in 1.3.1. 
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1.3.7 The weldability of corrosion resistant steels is 
similar to conventional normal and higher strength steels. 
Therefore the welding requirements specified in Chapters 11 
to 13 are to be adhered with the exception that each 
corrosion resistant steel is approved with a specified brand of 
welding consumable and associated welding process. 


1.3.8 Each manufacturers approval certificate for 
corrosion resistant steels will state the steel grade and area 
of application designation, specified chemical composition 
range including additive and/or controlling element percent- 
ages to improve corrosion resistance, and brand of welding 
consumables and welding process used for approval. 


1.4 Manufacture 


1.4.1 All materials are to be manufactured at works which 
have been approved by Lloyd’s Register (hereinafter referred 
to as ‘LR’) for the type and grade of steel which is being 
supplied and for the relevant steel-making and processing 
route. 


1.4.2 Steel is to be cast in metal ingot moulds or by the 
continuous casting process. The size of the ingot, billet or slab 
is to be proportional to the dimensions of the final product 
such that the reduction ratio is normally to be at least 3 to 1. 
Sufficient discard is to be taken to ensure soundness in the 
portion used for further processing. 


1.4.3 The cast analysis to be used for certification 
purposes is to be determined after all alloying additions have 
been carried out and sufficient time allowed for such an 
addition to homogenise. 


1.4.4 Material may be supplied either as-rolled, normalised, 
normalising rolled, or thermomechanically controlled rolled. 
The following definitions apply: 

(a) As-rolled (AR) refers to rolling of steel at high tempera- 
ture followed by air cooling. The rolling and finishing 
temperatures are typically in the austenite recrystallisa- 
tion region and above the normalising temperature. The 
strength and toughness properties of steel produced by 
this process are generally less than those of steel heat 
treated, after rolling, or steel produced by advanced 
processes. 

(b) Normalising (N) refers to an additional heating cycle of 
rolled steel above the critical temperature, Ag3, and in 
the lower end of the austenite recrystallisation region 
followed by air cooling. The process improves the 
mechanical properties of as-rolled steel by refining the 
grain size. 

(c) Normalising rolling (NR), also Known as controlled rolling, 
is a rolling procedure in which the final deformation is 
carried out in the normalising temperature range, resulting 
in a material condition generally equivalent to that 
obtained by normalising. 

(d) Thermomechanically controlled rolling (TM) is a procedure 
which involves the strict control of both the steel temper- 
ature and the rolling reduction. Generally a high 
proportion of the rolling reduction is carried out close to 
the A, temperature and may involve the rolling in the dual 
phase temperature region. Unlike normalising rolling the 
properties conferred by TM (TMCP) cannot be repro- 
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duced by subsequent normalising or other heat treat- 
ment. The use of accelerated cooling on completion of 
TM may also be accepted subject to the special approval 
by LR. 

(e) Accelerated Cooling, (AcC) is a process which aims to 
improve mechanical properties by controlled cooling with 
rates higher than air cooling immediately after the final TM 
operation. Direct quenching is excluded from accelerated 
cooling. The material properties conferred by TM and 
AcC cannot be reproduced by subsequent normalising 
or other austenitising heat treatment. 

(f) Quenching and Tempering (QT),is a heat treatment 
process in which steel is heated to an appropriate 
temperature above the A3 and then cooled with an 
appropriate coolant for the purpose of hardening the 
microstructure, followed by tempering, a process in 
which the steel is re-heated to an appropriate tempera- 
ture, not higher than the A, to restore the toughness 
properties by improving the microstructure. 


1.4.5 Where material is being produced by a normalising 
rolling or a thermomechanically controlled process (T.M.) an 
additional program of tests for approval is to be carried out 
under the supervision of the Surveyors and the results are to 
be to the satisfaction of LR. 


1.4.6 Weldable high strength steels may be supplied in 
the quenched and tempered condition for other marine 
structures, see Section 10. 


1.5 Quality of materials 


1.5.1 Surface and internal imperfections not prejudicial to 
the proper application of the steel are not, except by special 
agreement, to be grounds for rejection. Where necessary, 
suitable methods of non-destructive examination may be 
used for the detection of harmful surface and internal defects. 
The extent of this examination, together with an appropriate 
acceptance standard, is to be agreed between the purchaser, 
steelmaker and Surveyor and is to be included in the 
manufacturing specification. 


1.6 Dimensional tolerances 


1.6.1 The tolerances on thickness of a given product are 

defined as: 

(a) Minus tolerance is the lower limit of the acceptable range 
below the nominal thickness. 

(b) Plus tolerance is the upper limit of the acceptable range 
above the nominal thickness. 

Nominal thickness is defined by the purchaser at the time of 

enquiry and order. 


1.6.2 The average thickness of a product or products is 
defined as the arithmetic mean of the measurements made 
in accordance with the requirements in 1.6.11. 
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7.6.3 For materials of nominal thickness 5 mm and more 
intended for hull structural purposes as detailed in 
Sections 2, 3 and 10, the minus tolerance on thickness of 
plates, strip and wide flats is 0,3 mm, irrespective of nominal 
thickness. For wide flats, this applies only where the width is 
greater than or equal to 600 mm. The average thickness of a 
product or products is not to be less than the nominal 
thickness. For thicknesses below 5 mm, the thickness 
tolerances are to be specially agreed. Plus tolerance is to be 
in accordance with a National or International Standard. 


1.6.4 Class C of ISO 7452 may be applied in lieu of 1.6.3. 
Where this standard is applied, both the requirements in 
1.6.11 and the portion of the footnote of Table B.2 in 
ISO 7542, that reads; ‘Also a minus side of thickness of 
0,3 mm is permitted,’ are not applicable. Additionally, if 
ISO 7452 is applied, the steel mill is to ensure that the number 
of measurements and measurement distribution is appropriate 
to establish that the plates produced are greater than or equal 
to the specified nominal thickness. 


1.6.5 The minus tolerance on bars and sections (except 
for wide flats with a width > 600 mm) is to be in accordance 
with the requirements of a recognised National or International 
Standard. 


1.6.6 The Shipbuilder and Owner may agree in individual 
cases whether they wish to specify a more stringent minus 
tolerance than that given in this Chapter. 


1.6.7 The minus tolerances for plates and wide flats 
intended for machinery structures are given in Section 5. 


1.6.8 For materials intended for applications as detailed 
in Sections 4 and 6, no minus tolerance is permitted in the 
thickness of plates and strip. The minus tolerances on 
sections are to comply with the requirements of a recognised 
National or International Standard. 


1.6.9 For the materials detailed in Section 7, the minus 
tolerance of material intended for use in the construction of 
cargo tanks is not to exceed 0,3 mm. For other applications, 
no minus tolerance is permitted in the thickness of plates and 
strip. 


7.6.10 Dimensional tolerances for material detailed in 
Section 9 are given in Table 3.9.3. 


1.6.17 The average thickness and thickness tolerance is 
to be measured at locations of a product or products as 
defined below: 

(a) An automated method or manual method may be 
applied to the thickness measurements. The procedure 
and the records of measurements are to be made 
available to the Surveyor and copies provided on 
request. 

(b) At least two lines among Line 1, Line 2 or Line 3, as 
shown in Fig. 3.1.1, are to be selected for the thickness 
measurements and at least three points on each 
selected line as shown in Fig. 3.1.1 are to be selected 
for thickness measurement on each piece rolled from a 
single slab or ingot. If more than three points are taken 
on each line, then the number of points shall be equal 
on each line. 
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—+— Rolling direction 


O Thickness measurement point 


Fig. 3.1.1 Location of thickness measuring points 


(c) For automated methods, the measuring points at sides 
are to be located not less than 10 mm but not greater 
than 300 mm from the transverse or longitudinal edges 
of the product. 

(d) For manual methods, the measuring points at sides are 
to be located not less than 10 mm but not greater than 
100 mm from the transverse or longitudinal edges of the 
product. 

(e) Additional measurements may be requested by the 
Surveyor. 


1.6.12 Local surface depressions resulting from imperfec- 
tions and ground areas resulting from the elimination of 
defects may be disregarded provided that they are in 
accordance with the requirements of a recognised National 
or International Standard. 


1.6.13 Tolerances relating to length, width, flatness and 
plus thickness are to comply with a National or International 
Standard. 


1.6.14 The responsibility for maintaining the required 
tolerances and making the necessary measurements rests 
with the manufacturer. Occasional checking by the Surveyor 
does not absolve the manufacturer from this responsibility. 


1.6.15 — The Shipbuilder is responsible for the storage and 
maintenance of product(s) delivered with acceptable surface 
conditions. 


1.7 Heat treatment 


Tek Acceptable conditions of supply are specified in 
subsequent Sections of this Chapter. 


1.7.2 The manufacturer is to carry out any heat treatment 
which may be necessary to prevent hydrogen cracking or to 
make the material in a safe condition for transit. The Surveyor 
is to be advised of any heat treatment proposed. 


1.7.3 Where material is manufactured using a thermo- 
mechanically controlled process consideration must be given 
to the possibility of consequent reduction in mechanical 
properties if it is subjected to heating for forming or stress 
relieving or is welded using a high heat input. 
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1.8 Test material and mechanical tests 


1.8.1 Depending on the type of product, provision is 
made in subsequent Sections of this Chapter for the testing of 
individual items or for batch testing. Where the latter is 
permitted, all materials in a batch presented for acceptance 
tests are to be of the same product form, (e.g., plates, flats, 
sections, etc.), from the same cast and in the same condition 
of supply. 


1.8.2 The test samples are to be fully representative of 
the material and, where appropriate, are not to be cut from 
the material until heat treatment has been completed. The test 
specimens are not to be separately heat treated in any way. 


1.8.3 The test material is to be taken from the thickest 
piece in each batch, see Ch 1,4.1. 


1.8.4 Test material is to be taken from the following 

positions: 

(a) At the square cut end of plates and flats greater than 
600 mm wide, approximately one-quarter width from an 
edge, see Fig. 3.1.2(a). 

(b) For flats 600 mm or less in width, bulb flats and other 
solid sections, at approximately one-third of the width 
from an edge, see Fig. 3.1.2(b), (c) and (d). Alternatively, 
in the case of channels, beams or bulb angles, at 
approximately one-quarter of the width from the 
centreline of the web, see Fig. 3.1.2(c). 

(c) For rectangular hollow sections, at approximately the 
centre of any side, see Fig. 3.1.2(e). For circular hollow 
sections, at any position on the periphery. 

(d) For bars intended for purposes as detailed in Sections 2, 
3, 5 and 9, at approximately one-third of the radius or 
half-diagonal from the outer surface, see Fig. 3.1.2(f). 
For smaller bars, the position of the test material is to be 
as close as is possible to the above. 

(e) For bars intended for the applications detailed in 
Sections 4, 6 and 7 at approximately 12,5 mm below the 
surface. For bars up to 25 mm diameter, the test 
specimens may be machined coaxially. 

(f) For plates and flats with thicknesses in excess of 
40 mm, full thickness specimens may be prepared, but 
when instead a machined round specimen is used then 
the axis is to be located at a position lying one-quarter of 
the product thickness from the surface as shown in 
Fig. 3.1.2(g). 


1.8.5 Tensile test specimens and impact test specimens, 
where required for the type and grade of product being 
supplied, are to be prepared from each item or batch of 
material submitted for acceptance. 


1.8.6 Where the finished width of plates and flats is 
greater than 600 mm, the tensile test soecimens are to be cut 
with their principal axes perpendicular to the final direction of 
rolling. For all other rolled products, the principal axes are to 
be parallel to the final direction of rolling. 


1.8.7 The tensile test specimens are to be machined to 
the dimensions detailed in Ch 2,2.1.6 and 2.1.7. 
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1.8.8 Impact test specimens are to be cut with their 
principal axes either parallel (longitudinal test) or perpendicular 
(transverse test) to the final direction of rolling, as required by 
subsequent Sections of this Chapter. Where both longitudinal 
and transverse impact properties are shown for a particular 
grade, only the longitudinal test is required to be carried out, 
unless otherwise specified by the purchase order or 
subsequent Sections of this Chapter. However, for plates and 
wide flats, by certifying that the product meets the requirements 
of the Rules, the manufacturer guarantees that the acceptance 
values will be met if tested in the transverse direction. The 
Surveyor may request testing in this direction to confirm 
conformity. 


1.8.9 Impact test specimens are to be of the Charpy 
V-notch type, machined to the dimensions detailed in 
Chapter 2. They are to be taken from a position within 2 mm 
of one of the rolled surfaces, except that for plates and 
sections over 40 mm thick, the axes of the test specimens 
are to be at one-quarter of the thickness from one of the rolled 
surfaces. For bars and other similar products the axes of the 
test specimens are to be as specified in 1.8.4(d). 


1.8.10 Standard test specimens 10 mm square are to be 
used, except where the thickness of the material does not 
allow this size of test specimen to be prepared. In such cases 
the largest possible size of subsidiary test specimen, in accor- 
dance with Table 2.3.1 is to be prepared, with the notch cut 
on the narrow face. Alternatively, for material of suitable 
thickness, the rolled surfaces may be retained so that the test 
specimen width will be the full thickness of the material. In 
such cases the tolerances for width given in Table 2.3.1 in 
Chapter 2 are not applicable. The notch is to be cut in a face 
of the test specimen which was originally perpendicular to the 
rolled surface. The position of the notch is to be not nearer 
than 25 mm to a flame-cut or sheared edge. 


1.8.11 Impact tests are not required when the nominal 
material thickness is less than 6 mm. 


1.8.12 The test procedures used for all tensile and impact 
tests are to be in accordance with the requirements of 
Chapter 2. 


1.9 Visual and non-destructive examination 


1.9.1 Surface inspection and verification of dimensions 
are the responsibility of the steelmaker and are to be carried 
out on all material prior to despatch. Acceptance by the 
Surveyors of material later found to be defective shall not 
absolve the steelmaker from this responsibility. 


1.9.2 With the exception of ‘Z’ grade plate material (see 
Section 8) and bars for offshore mooring cable (see 
Section 9), the non-destructive examination of materials is not 
required for acceptance purposes, see also 1.5.1. However, 
manufacturers are expected to employ suitable methods of 
non-destructive examination for the general maintenance of 
quality standards. 
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Square cut end 


Discard 
(a) Plates and flats (c) Channels and beams 


4 radius => 


(d) Bulb flats (e) Hollow rectangular sections (f) Rounds 


2665/20 


(g) Plates and flats with thickness exceeding 40 mm 


Fig. 3.1.2 Position of test material 
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1.10 Rectification of defects 


1.10.1 For materials intended for structural purposes as 
detailed in Sections 2, 3 and 5, surface defects may be 
removed by local grinding provided that: 

(a) the thickness is in no place reduced to less than 93 per 
cent of the nominal thickness, but in no case by more 
than 3 mm, 

(o) each single ground area does not exceed 0,25 m2, 

(c) the total area of local grinding does not exceed two per 
cent of the total surface, 

(d) the ground areas have smooth transitions to the 
surrounding surface. 

Where necessary, the entire surface may be ground to a 
maximum depth as given by the underthickness tolerances 
of the product. The extent of such rectification is to be agreed 
in each case with the Surveyors and is to be carried out under 
their supervision, unless otherwise agreed. They may request 
that complete removal of the defect is proven by suitable non- 
destructive examination of the affected area. 


1.10.2 Surface defects which cannot be dealt with as in 
1.10.1 may be repaired by chipping or grinding followed by 
welding, subject to the Surveyor’s consent and under his 
supervision, provided that: 

(a) after removal of the defect and before welding, the 
thickness of the item is in no place reduced by more 

than 20 per cent, 

(o) each single weld does not exceed 0,125 m2, 

(c) the total area of welding does not exceed two per cent 
of the surface of the side involved, 

(d) the distance between any two welds is not less than 

their average width, 

(e) the welds are of reasonable size and made with an 

excess layer of beads which is then ground smooth to 

the surface level, 

(f elimination of the defect is proven by suitable non- 
destructive examination of the affected area, 

(g) welding is carried out by an approved procedure and by 
competent operators using approved electrodes and the 
repaired area is ground smooth to the correct nominal 
thickness, 

(h) when requested by the Surveyor, the item is normalised 
or otherwise suitably heat treated after welding and 
grinding, and 

(j) at the discretion of the Surveyor, the repaired area is 
proven free from defects by suitable non-destructive 
examination. 


7.70.3 For materials intended for applications as detailed 
in Sections 4, 6 and 7, surface defects may be removed by 
grinding in accordance with 1.10.1, except that when the 
thickness is reduced below that given in the approved plans, 
acceptance will be subject to special consideration. Weld 
repairs may also be carried out generally in accordance with 
1.10.2, except that in all cases suitable heat treatment after 
welding and non-destructive testing of the repaired areas is 
required. The fabricator is to be advised regarding the 
position and extent of all repairs. 


Chapter 3 


Section 1 


1.10.4 For plates which have been produced by a T.M. 
process or by normalising rolling, repair by welding will be 
approved by the Surveyor only after procedure tests have 
shown that the mechanical properties have not been 
impaired. 


1.10.5 Cracks, shells, sand patches and sharp edged 
seams are always considered defects which would impair the 
end use of the product and which require rejection or repair 
irrespective of their size and number. The same applies to 
other imperfections exceeding the acceptable limits. 


1.11 Identification of materials 


1.11.1 Every finished item is to be clearly marked by the 
manufacturer in at least one place with LR’s brand R and the 


following particulars: 

(a) The manufacturer’s name or trade mark. 

(bo) The grade of steel. The designations given in sub- 
sequent Sections of this Chapter may be preceded by 
the letters ‘LR’ in order to fully describe the grade, 
e.g. LRA, LR 490FG. LR LT-FH40, LR 316L, etc. 

(c) When the material complies with the requirements of 
Section 8, the grade is to include the suffix Z25 or Z35, 
e.g., LR AH36 Z35. 

(d) Identification number and/or initials which will enable the 
full history of the item to be traced. 

(e) If required by the purchaser, his order number or other 
identification mark. 

The above particulars, but excluding the manufacturer’s name 

or trade mark where this is embossed on finished products, 

are to be encircled with paint or otherwise marked so as to 
be easily recognisable. 


1.11.2 Where a number of light materials are securely 
fastened together in bundles, the manufacturer may brand 
only the top piece of each bundle or, alternatively, a firmly 
fastened durable label containing the identification may be 
attached to each bundle. 


1.11.3. In the event of any material bearing LR’s brand 
failing to comply with the test requirements, the brand is to be 
unmistakably defaced, see also Ch 1,4.8. 


1.12 Certification of materials 


7.12.1. Unless a LR certificate is specified in other parts of 

the Rules, a manufacturer’s certificate validated by LR is to be 

issued (see Ch 1,3.1) and is to include the following particulars: 

(a) Purchaser’s name and order number. 

(b) If known, the contract number for which the material is 
intended. 

(c) Address to which material is dispatched. 

(d) Name of steelworks. 

(e) Description and dimensions of the material. 

(f) | Specification or grade of the steel. 

(g) Identification number of piece, including test specimen 
number where appropriate. 

(h) Cast number and chemical composition of ladle 
samples. 
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i) | Mechanical test results (not required on shipping 
statements). 
(k) Condition of supply. 


1.12.2 Before the test certificates are signed by the 
Surveyor, the steelmaker is required to provide a written 
declaration stating that the material has been made by an 
approved process, and that it has been subjected to and has 
withstood satisfactorily the required tests in the presence of 
the Surveyor, or an authorised deputy. The following form of 
declaration will be accepted if stamped or printed on each 
test certificate with the name of the steelworks and signed by 
an authorised representative of the manufacturer: 

‘We hereby certify that the material has been made by 

an approved process and satisfactorily tested in 

accordance with the Rules of Lloyd’s Register’. 


1.12.3 When steel is not produced at the works at which it 
is rolled, a certificate is to be supplied by the steelmaker 
stating the process of manufacture, the cast number and the 
chemical composition of ladle samples. The works at which 
the steel was produced must be approved by LR. 


1.12.4 | The manufacturer of coiled plate is required to issue 
a certificate which clearly identifies the material as coil. The 
certificate issued should include the words; ‘Coils covered by 
this certificate require further processing at a works approved 
by Lloyd’s Register before being certified as plate in accor- 
dance with the Rules of Lloyd’s Register’ in addition to the 
requirements of 1.12.2. 


1.12.5 The supplier of plate cut from coil is required to issue 
a certificate which clearly identifies the product as finished 
plate meeting the requirements of the Rules in accordance 
with 1.12.2. 


1.12.6 The form of certificates produced by computer 
systems is to be agreed with the Surveyor. 


Chapter 3 
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2.2 Manufacture and chemical composition 


2.2.1 The method of deoxidation and the chemical 
composition of ladle samples are to comply with the require- 
ments given in Table 3.2.1. 


2.2.2 Small variations from the chemical compositions 
given in Table 3.2.1 may be allowed for Grade E steel in 
thicknesses exceeding 50 mm or when any Grade of steel is 
supplied in a thermo-mechanically controlled processed 
condition, provided that these variations are documented and 
approved in advance. 


2.2.8 The manufacturer’s declared analysis will be 
accepted subject to occasional checks if required by the 
Surveyors. 


2.2.4 For plate supplied from coil, the chemical analysis 
can be transposed from the certificate of the coil manufacture 
onto the re-processor’s certificate. 


2.3 Condition of supply 


2.3.1 All materials are to be supplied in a condition 
complying with the requirements given in Table 3.2.2. Where 
alternative conditions are permitted these are at the option of 
the steelmaker, unless otherwise expressly stated in the order 
for the material, but a steelmaker is to supply materials only in 
those conditions for which he has been approved by LR. 


2.3.2 Where normalising rolling and thermomechanically 
controlled rolling (T.M.) processes are used, it is the manu- 
facturer’s responsibility to ensure that the programmed rolling 
schedules are adhered to. Where deviation from the 
programmed rolling schedule occurs, the manufacturer must 
ensure that each affected piece is tested and that the local 
Surveyor is informed. 


2.3.8 If a steel product supplied in the T.M. condition is 


a Section 2 
Normal strength steels for ship 
and other structural applications 


2.1 Scope 


2.1.1 The requirements of this Section are primarily 
intended to apply to steel plates and wide flats not exceeding 
100 mm in thickness and sections and bars not exceeding 
50 mm in thickness in Grades A, B, D and E. For greater 
thicknesses, variations in the requirements may be permitted 
or required for particular applications. 


2.1.2 Additional approval tests may be required to verify 
the suitability for forming and welding of Grade E plate 
exceeding 50 mm in thickness. 


to be subjected to heating for forming or stress relieving or is 
to be welded by a high energy input process, consideration 
must be given to the possibility of a consequent reduction in 
mechanical properties. 


2.4 Mechanical tests 


2.4.1 The results of all tensile tests and the average 
energy value from each set of three impact tests are to 
comply with the appropriate requirements given in Table 3.2.3 
except where enhanced by the requirements of this Section. 
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Table 3.2.1 Chemical composition and deoxidation practice 


A B D 


Fort< 50mm: Fort < 50mm: For t < 25mm: 
Any method (for rimmed Any method except Killed 
steel, see Note 1) rimmed steel Killed and fine 
Deoxidation grain treated 
For t > 50 mm: For t > 50 mm: For t > 25 mm: with aluminium 
Killed Killed Killed and fine grain 
treated with aluminium 


Chemical composition % 
(see Note 5) 


Carbon 0,21 max. (see Note 2) 0,21 max. 0,21 max. 0,18 max. 

Manganese 2,5 x C% min. 0,80 min. (see Note 3) 0,60 min. 0,70 min. 

Silicon 0,50 max. 0,35 max. 0,10 - 0,35 0,10 - 0,35 

Sulphur 0,035 max. 0,035 max. 0,035 max. 0,035 max. 

Phosphorus 0,035 max. 0,035 max. 0,035 max. 0,035 max. 

Aluminium — — 0,015 min. (see Note 4) 0,015 min. (see Note 4) 
(acid soluble) 


Carbon + 1/6 of the manganese content is not to exceed 0,40% 


NOTES 

J; For Grade A, rimmed steel may only be accepted for sections up to a maximum thickness of 12,5 mm, provided that it is stated on the 
test certificates or shipping statements to be rimmed steel. 

2. The maximum carbon content for Grade A steel may be increased to 0,23% for sections. 

. Where Grade B is impact tested the minimum manganese content may be reduced to 0,60%. 

4. The total aluminium content may be determined instead of the acid soluble content. In such cases the total aluminium content is to be 
not less than 0,020%. 
Where additions of any other elements are made as part of the steel-making practice, the content is to be recorded. 


Table 3.2.2 Condition of supply 2.4.2 With the exception given in 2.4.4, one tensile test is 
to be made for each batch presented unless the mass of 

Thickness, mm Conditions of supply finished material is greater than 50 tonnes, in which case one 

test is to be made from a different piece from each 50 tonnes 

<50 (see or fraction thereof. Additional tests are to be made for every 


variation of 10 mm in the thickness or diameter of products 
from the same cast. For sections, the thickness to be 
<35 (see considered is the thickness of the product at the point at 
which samples are taken for mechanical tests. A piece is to 


>50 <100 (see 


>35 <100 (see be regarded as the rolled product from a single slab or billet, 
<100 (see or from a single ingot if this is rolled directly into plates, strip, 
sections or bars. 

normalised 
NR normalising rolled 2.4.3 For Grades A and B where plate is supplied from 
EM themomeenaniçalyreontiolgdroled coil, results of the tensile test can be transposed from the 
NOTES certificate of the coil manufacture onto the certificate issued by 
1. ‘Any’ includes as-rolled, normalised, normalising rolled and the re-processor. If the coil mass exceeds 50 tonnes, testing 
thermomechanically controlled-rolled. will additionally be required from two locations representing the 
2. Plates, wide flats, sections and bars may be supplied in the start and end of the coil. For Grades D and E, the mechanical 


as-rolled condition, subject to special approval from LR. 

3. Sections in Grade D steel may be supplied in thicknesses $ Sen 
greater than 35 mm in the as-rolled condition provided that dance with the frequency specified in the Rules. 
satisfactory results are consistently obtained from 


Charpy V-notch impact tests. 2.4.4 For plates of thickness exceeding 50 mm in 


properties must be sampled from the de-coiled plate in accor- 


Sections in Grade E steel may be supplied in the as-rolled 
and normalising rolled conditions provided that satisfactory 
results are consistently obtained from Charpy V-notch 
impact tests. 


Grade E steel, one tensile test is to be made on each piece. 
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Table 3.2.3 Mechanical properties for acceptance purposes 


Charpy V-notch impact test 
adarei Elongation on (see Notes 3, 4, 5, 6 and 7) 
N/mm? 


minimum 


Tensile strength 
N/mm? 5,65VS, 
% minimum 


Average energy J minimum 
Thickness 
mm Longitudinal Transverse 


(see Note 3) 


<50 27 20 
>50 <70 34 24 
>70 <100 41 27 


400 - 520 22 
(see Note 1) (see Note 2) 


Impact tests are to be made on the various grades at the following temperatures: A grade not required 
B grade 0°C 
D grade -20°C 


E grade -40°C 


NOTES 

1. For sections in Grade A, the upper limit of the tensile strength range may be exceeded at the discretion of the Surveyor. 

2. For full thickness tensile test specimens with a width of 25 mm and a gauge length of 200 mm (see Fig. 2.2.4 in Chapter 2), the 
minimum elongation is to be: 


Thickness mm >5 >10 >15 >20 >25 >30 >35 
<5 <10 <15 <20 <25 <30 <35 <50 


Elongation % | 14 16 17 18 19 20 21 22 


Tests are to be taken in the longitudinal direction. Normally, transverse test specimens are not required. Transverse test results for 


plates and wide flats are to be garenteed by the supplier. 
See 2.4.5 and 2.4.6. 

See 2.4.7. 

See 1.8.11. 

See 2.4.14. 


2.4.5 For Grade A steel, Charpy V-notch impact tests are 
not required when the thickness does not exceed 50 mm, or 
up to 100 mm thick if the material is supplied in either the 
normalised or thermo-mechanically controlled-rolled condition 
and has been fine grain treated. However, the manufacturer 
should confirm, by way of regular in-house checks, that the 
material will meet a requirement of 27 J at +20°C. The results 
of these checks shall be reported to the Surveyor. The 
frequency of these checks should as a minimum be every 
250 tonnes. 


2.4.6 When Grade A steel is supplied in a thickness 
greater than 50 mm and either, in the normalising rolled 
condition, or when special approval has been given to supply 
in the as-rolled condition, a set of three impact test specimens 
is to be tested from each batch of 50 tonnes or fraction 
thereof. 


2.4.7 Impact tests are not required for Grade B steel of 
25 mm or less in thickness. However, the manufacturer is to 
confirm, by way of regular in-house tests, and on occasional 
material selected by the Surveyor, that the material meets the 
requirement in Table 3.2.3. The results of the tests are to be 
reported to the Surveyor. The frequency of the in-house 
checks are to be, as a minimum, one set of three impact test 
specimens for every 250 tonnes. 


2.4.8 For Grade B steels of thicknesses above 25 mm, 
supplied in the as-rolled or normalising rolled condition, one 
set of three impact test specimens is to be made from the 
thickest item in each batch presented. If the mass of finished 
material is greater than 25 tonnes, one extra set of tests is to 
be made from a different piece from each 25 tonnes or 
fraction thereof. 


2.4.9 For Grade B steels of thicknesses above 25 mm, 
supplied in the furnace normalised or thermomechanically 
controlled-rolled condition, one set of three impact test 
specimens is to be made from the thickest item in each batch 
presented. If the mass of finished material is greater than 
50 tonnes, one extra set of tests is to be made from a 
different piece from each 50 tonnes or fraction thereof. 


2.4.10 For Grade D steels supplied in the as-rolled or 
normalising rolled condition, one set of three impact test 
specimens is to be made from the thickest item in each batch 
presented. If the mass of finished material is greater than 
25 tonnes, one extra set of tests is to be made from a 
different piece from each 25 tonnes or fraction thereof. 


2.4.11 For Grade D steels, supplied in the furnace 
normalised or thermomechanically controlled-rolled condition, 
one set of three impact test specimens is to be made from the 
thickest item in each batch presented. If the mass of finished 
material is greater than 50 tonnes, one extra set of tests is to 
be made from a different piece from each 50 tonnes or fraction 
thereof. 
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2.4.12 For plates in Grade E steel, one set of three impact 
test specimens is to be made from each piece. For bars and 
sections in Grade E steel, one set of three test specimens is 
to be made from each 25 tonnes or fraction thereof. When, 
subject to the special approval of LR, sections are supplied 
in the as-rolled or normalising rolled conditions, one set of 
impact tests is to be taken from each batch of 15 tonnes or 
fraction thereof. 


2.4.13 The results of all tensile tests and the average 
energy values from each set of three impact tests are to 
comply with the appropriate requirements given in Table 3.2.3. 
For impact tests, one individual value may be less than the 
required average value provided that it is not less than 70 per 
cent of this average value. See Ch 1,4.6 for re-test procedures. 


2.4.14 For batch tested Grade B and D steel plates 
supplied in a condition other than furnace normalised, with a 
thickness equal to, or greater than 25 mm and 12 mm 
respectively, and where the average value of one set of tests 
is less than 40 J, two further items from the same batch are to 
be selected and tested. If these fail to achieve an average of 
40 J on either set, each individual piece of the heat is to be 
tested. The plates are acceptable provided they meet the 
requirements of Table 3.2.3. Additional testing is not required 
where the manufacturer can demonstrate to the satisfaction 
of the Surveyor that the plate was rolled outside the limits of 
the programmed rolling schedule. In this instance the plate 
should be rejected, see also 2.3.2. 


2.4.15 | Where standard subsidiary Charpy V-notch test 
specimens are necessary, see Ch 2,3.2.4. 


2.5 Identification of materials 


2.5.1 The particulars detailed in 1.11 are to be marked 
on all materials which have been accepted. Where a number 
of light materials are bundled, the bundle is to be identified in 
accordance with 1.11.2. 


2.6 Certification of materials 


2.6.1 At least two copies of each test certificate are to be 
provided. They are to be of the type and give the information 
detailed in 1.12 and, additionally, are to indicate if sections in 
Grade A steel of rimming quality have been supplied. As a 
minimum, the chemical composition is to include the contents 
of any grain refining elements used and the residual elements, 
as detailed in Table 3.2.1. 


a Section 3 
Higher strength steels for ship 
and other structural applications 


3.1 Scope 


3.1.1 Provision is made for material to be supplied in four 
strength levels, 27S, 32, 36 and 40. 


Chapter 3 


Sections 2 & 3 


3.1.2 Provisions for material supplied in H47 strength 
grades are specifically intended for hatch comings and deck 
structure of container ships. 


3.1.3 The required notch toughness is designated by 
subdividing the strength levels into Grades AH, DH, EH and 
FH. 


3.1.4 For the designation to fully identify a steel and its 
properties the appropriate grade letters should precede the 
strength level number, e.g. AH32 or FH40. 


3.1.5 The requirements of this Section are primarily 
intended to apply to plates, wide flats, sections and bars not 
exceeding the thickness limits given in Table 3.3.1. For greater 
thicknesses, variations in the requirements may be permitted 
or required for particular applications but a reduction of the 
required impact energy is not allowed. 


Table 3.3.1 Maximum thickness limits 


Maximum thickness 
mm 

Steel designation 

Plates and} Sections 

wide flats | and bars 


AH 27S DH 27S EH 27S 
AH 32 DH 32 EH 32 
AH 36 DH 36 EH 36 
AH 40 DH 40 EH40 


(see Note 2) EH 47 Not 
applicable 


NOTES 
1... Where the thickness exceeds 50 mm, the steel must initially 
be approved by way of a Nil Ductility Test, in accordance 
with ASTM E208, to show adequate crack arrest properties. 
The Nil Ductility Test Temperature is to be agreed for the 
thickness approved to ensure the crack arrest temperature 
is below the minimum design temperature. Where the thick- 
ness exceeds 70 mm and the material is used specifically 
as a crack arrest plate, the material must be specially 
approved with a crack arrest fracture toughness 

Kca > 6000 N/mm1:5, 

Minimum thickness for H47 strength level is 50 mm, 

see 3.1.2. 


3.1.6 It should be noted that the fatigue strength of 
weldments in steels of high strength levels may not be greater 
than those of steels of lower strength levels. 


3.2 Alternative specifications 


3.2.1 Steels differing from the requirements of this 
Section in respect of chemical composition, deoxidation 
practice, condition of supply or mechanical properties may be 
accepted subject to special approval by LR. Such steels are 
to be given a special designation, see 3.7.2. 
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Section 3 
3.3 Manufacture 3.4.3 The cold cracking susceptibility, Poem, may be used 
instead of the carbon equivalent for evaluating weldability, in 
3.3.1 All the grades of steel are to be in the killed and fine which case the following formula is to be used for calculating 
grain treated condition. the Pom from the ladle analysis: 
p c Si Mn+Cr+Cu Ni Mo V 5B 
om "20°" 20: 60 1510" 
3.4 Chemical composition 


The maximum allowable Pom is to be agreed with LR and is to 
be included in the manufacturing specification and reported 


3.4.1 The chemical compositions of ladle samples for all a 
on the certificate. 


grades of steel are to comply with the requirements given in 
Table 3.3.2. The requirements for H47 strength grade steels 


are given in Table 3.3.3. 3.4.4 The cold cracking susceptibility, Pom, is to have a 


maximum value of 0,22 per cent for steels of H47 strength 


3.4.2 The carbon equivalent is to be calculated from the grade. 
ladle analysis using the formula given below and is not to 
exceed the maximum value agreed between the fabricator 
and the steelmaker when the steel is ordered. 


3.4.5 Small deviations in chemical composition from that 
given in Table 3.3.2 for plates exceeding 50 mm in thickness 


Mn Cr+Mo+V Ni+Cu in Grades EH36, EH40, FH36 and FH40 may be approved 
Carbon equivalent = C + 6 + 5 tna 5 provided that these deviations are documented and approved 
in advance. 
For TM steels, the agreed carbon equivalent is not to exceed 
the values given in Table 3.3.4. 3.4.6 Where the grain refining elements Niobium, 


Titanium and Vanadium are used either singly or in combina- 
tion, the chemical composition is to be specifically approved 
for each Grade in combination with the rolling procedure to 
be used. 


Table 3.3.2 Chemical composition 


Grades AH, DH, EH 


Carbon % max. 0,18 
Manganese % 0,9 — 1,60 (see Note 1) 
Silicon % max. 0,50 
Phosphorus % max. 0,035 
Sulphur % max. 0,035 


Grain refining elements 
(see Note 2) 


Aluminium 
(acid soluble) % 0,015 min. (see Note 3) 
Niobium % 0,02 - 0,05 
Vanadium % 0,05 - 0,10 
Titanium % 0,02 max. 


Total (Nb + V + Ti) % 0,12 max. 
(see Note 5) 


Residual elements 


Nickel % max. 0,80 
Copper % max. 0,35 
Chromium % max. 0,20 
Molybdenum % max. 0,08 
Nitrogen % max. 0,009 (0,012 max. 
if Al is present) 


NOTES 
1. For AH grade steels in all strength levels and thicknesses up to 12,5 mm, the specified minimum manganese content is 0,70%. 

The steel is to contain aluminium, niobium, vanadium or other suitable grain refining elements, either singly or in any combination. 
When used singly, the steel is to contain the specified minimum content of the grain refining element. When used in combination, the 
specified minimum content of each element is not applicable. 

The total aluminium content may be determined instead of the acid soluble content. In such cases the total aluminium content is to be 
not less than 0,020%. 

Alloying elements other than those listed above are to be included in the approved manufacturing specification. 

The grain refining elements are to be in accordance with the approved specification. 
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Table 3.3.3 Chemical composition for Grade 


EH 47 


Chemical element 


Manganese 


Silicon 


Phosphorus 


Sulphur 


Nickel 


Chromium 0,25 


Molybdenum 0,080 


Grain refining elements (see Note 1) 


Aluminium (acid soluble) 0,015 min (see Note 2) 


Residual elements 
Copper 0,35 


NOTES 
1. The grain refining elements niobium, vanadium and titanium 
are to be in accordance with the approved specification. 

2. — The total aluminium content may be determined instead of 
the acid soluble content. In these cases the total aluminium 
content is to be not less than 0,020%. 


3.4.7 When any grade is supplied in an approved 
thermomechanically controlled processed condition, variations 
in the specified chemical composition may be considered, 
provided that these variations are documented and approved 
in advance. 


3.4.8 For plate supplied from coil, the chemical analysis 
can be transposed from the certificate of the coil manufacture 
onto the re-processor’s certificate. 


3.5 Condition of supply 

3.5.1 All materials are to be supplied in a condition 
complying with the requirements given in Table 3.3.5 or 
Table 3.3.6. Where alternative conditions are permitted, these 
are at the option of the steelmaker, unless otherwise expressly 
stated in the order for the material. 


Table 3.3.4 
supplied in the TM condition 


Chapter 3 


Section 3 


3.5.2 Where normalising rolling and thermomechanically 
controlled rolling (T.M.) processes are used, it is the 
manufacturer’s responsibility to ensure that the programmed 
rolling schedules are adhered to. Where deviation from the 
programmed rolling schedule occurs, the manufacturer must 
ensure that each affected piece is tested and that the local 
Surveyor is informed. 


3.5.3 The use of precipitation hardening steels is not 
acceptable, except where such hardening is incidental to the 
use of grain refining elements. 


3.6 Mechanical tests 

3.6.1 The results of all tensile tests and the average 
energy value from each set of three Charpy V-notch impact 
tests are to comply with the appropriate requirements given in 
Table 3.3.7 except where enhanced by the requirements of 
this Section. 


3.6.2 For steels in the as-rolled, normalised, normalising 
rolled or T.M. conditions, one tensile test is to be made for 
each batch of 50 tonnes or fraction thereof. Additional tests 
are to be made for every variation of 10 mm in the thickness 
or diameter of products from the same cast. 


3.6.3 Where plate is supplied from coil, both the tensile 
tests and the Charpy V-notch tests are to be taken from the 
de-coiled plate in accordance with the frequency specified for 
the Grade as required by this Section. 


3.6.4 For steels in the quenched and tempered condition 
a tensile test is to be made on each plate as heat treated. For 
continuously heat treated plates, one tensile test is to be 
made for each 50 tonnes or fraction thereof from a single 
cast. Additional tests are to be made for every variation of 
10 mm in the thickness of the products from a single cast. 
The tensile test specimens are to be taken with their axes 
transverse to the main direction of rolling. 


Carbon equivalent requirements for higher tensile strength steels up to 100 mm in thickness when 


Carbon Equivalent, max. (%) 


Grade 


50 < t< 100 


FH 27S 
FH 32 
FH 36 
FH 40 


DH 27S 
DH 32 
DH 36 
DH 40 


EH 27S 
EH 32 
EH 36 
EH 40 
EH 47 


0,40 


Not applicable (see Table 3.3.1) 


0,38 
0,38 
0,40 
0,42 
0,49 


thickness, in mm. 
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Table 3.3.5 


Grain refining practice Thickness range 
(see Note 1) mm 


Chapter 3 


Section 3 


Conditions of supply for plates and wide flats 


Conditions of supply 
(see Note 2) 


Alor < 20 


oe >20 < 100 


R 


(see Note 3) 


Nb or V or <12 
Al + (Nb or V) or SIRS 


Al + (Ti) + (Nb or V) >12,5 < 100 


< 12,5 
Any practice >12,5 < 50 


>50 < 100 


Alor <20 


Abell >20 < 100 


(see Note 4) 


Nb or V or < 12,5 
Al + (Nb or V) or 


Al + (Ti) + (Nb or V) >12,5 < 100 


< 50 


Any practi >50 < 100 


Z2Z2/2 2)/2 2)/2 2 Nla 2/2 2 


Any practi < 100 


Any practi < 100 


Any practi 


< 50 


Not applicable 


Any practice 
>50 <100 


NOTES 


Grain refining elements used singly or in any combination, require specific approval from Materials and NDE Department, London office. 


AR = as-rolled 
TM = thermomechanically controlled-rolled 


N = furnace normalised 
QT = quenched and tempered 


NR = normalising rolled 


Material up to 35 mm thick may be supplied in the as-rolled condition provided that prior approval has been obtained from LR. 
Material up to 25 mm thick may be supplied in the as-rolled condition provided that prior approval has been obtained from LR. 


3.6.5 For products in the AH and DH grades, at least one 
set of three impact tests is to be made on the thickest piece 
in each batch of 50 tonnes when supplied in either the 
normalised or thermomechanically controlled condition. When 
the products are supplied in the as-rolled or normalising rolled 
conditions a set of impact test specimens is to be taken from 
a different piece from each 25 tonnes or fraction thereof. 
When supplied in the quenched and tempered condition, a 
set of impact tests is to be made on each length as heat 
treated. Test specimens from the quenched and tempered 
plates are to have their axes transverse to the main rolling 
direction. 


3.6.6 For plates and wide flats in the EH and FH grades 
supplied in the normalised or thermomechanically controlled 
conditions, one set of impact tests is to be made on each 
piece. For plates supplied in the quenched and tempered 
condition a set of impact tests is to be made on each length 
as heat treated. Test specimens from the quenched and 
tempered plates are to have their axes transverse to the main 
rolling direction. 


3.6.7 For plates and wide flats in H47 strength grade, 
one set of impact tests is to be made on each piece. 


3.6.8 For sections and bars in the EH and FH grades 
supplied in the normalised or thermomechanically controlled 
conditions, one set of impact tests is to be made on the thickest 
piece in a batch not exceeding 25 tonnes. For sections 
supplied in the as-rolled or normalising rolled conditions the 
batch size is not to exceed 15 tonnes. 
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Table 3.3.6 


Grain refining practice Thickness range 
(see Note 1) mm 


Conditions of supply for sections and bars 


Chapter 3 


Section 3 


Conditions of supply 
(see Note 2) 


Alor <20 


Al + Ti 
>20 <50 


(see Note 3) 


Nb or V or <12,5 
Al + Nb or Al + V or 


Al + (Ti) + (Nb or V) >12,5 <50 


(see Note 3) 


‘ <12,5 
Any practice 


>12,5 <50 


Al or <20 


Al + Ti 
>20 <50 


(see Note 3) 


Nb or V or <12,5 
Al + Nb or Al + V or 


Al + (Ti) + (Nb or V) 


>12,5 <50 


(see Note 3) 


Any practice 
ny practi 


ny practi 


FH 27S 
FH 32 , 
FH 36 ny prac 

FH 40 


(see Notes 3 
and 4) 


(see Note 4) 


NOTES 


Grain refining elements used singly or in any combination require specific approval from Materials and NDE Department, London Office. 


N = furnace normalised NR 
TM = thermomechanically controlled-rolled QT 


= normalising rolled 
= quenched and tempered 


Subject to the special approval of LR, sections may be supplied in the as-rolled condition provided satisfactory results are consistently 


obtained from Charpy V-notch impact tests. 


Subject to the special approval of LR, sections may be supplied in the NR condition. 


3.6.9 For batch tested plates in a condition other than 
furnace normalised, with a thickness equal to 12 mm or 
greater, and where the average value of one set of tests is less 
than 50 J, two further items from the same batch are to be 
selected and tested. If these fail to achieve an average of 
50 J on either set, each individual piece of the heat is to be 
tested. The plates are acceptable provided they meet the 
requirements of Table 3.3.7. Additional testing is not required 
where the manufacturer can demonstrate to the satisfaction 
of the Surveyor that the plate was rolled outside the limits of 
the programmed rolling schedule. In this instance the plate 
should be rejected, see also 3.5.2. 


3.6.10 | Where standard subsidiary impact specimens are 
necessary, see Ch 2,3.2.4. 


3.7 Identification of materials 


3.7.1 The particulars detailed in 1.11 are to be marked 
on all materials which have been accepted and, for ease of 
recognition, are to be encircled or otherwise marked with 
paint. Where a number of light products are bundled, the 
bundle is to be identified in accordance with 1.11.2. 


3.7.2 Steels which have been specially approved and 
which differ from the requirements of this Section are to have 
the letter ‘S’ after the agreed identification mark. 


3.8 Certification of materials 


3.8.1 At least two copies of each test certificate are to be 
provided. They are to be of the type and give the information 
detailed in 1.12 and, additionally, are to state the specified 
maximum carbon equivalent. As a minimum, the chemical 
composition is to include the contents of any grain refining 
elements used and of the residual elements. 


3.8.2 For steels which have been specially approved, the 
agreed identification mark, the specified minimum yield stress 
and, if applicable, the contents of alloying elements are 
additionally to be stated on the test certificate or shipping 
statement. 


3.8.3 The steelmaker is to provide the Surveyor with a 
written declaration as detailed in 1.12.2. 
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Section 3 


Table 3.3.7 Mechanical properties for acceptance purposes (see Note 1) (continued) 


Charpy V-notch impact tests (see Notes 3, 4 and 5) 


Elongation 


Tensile Average energy 


Grades 
(see Note 3) 


Strength 
N/mm 


on 5,65 4S9 


% min. 
(see Note 2) 


J minimum 


t<50 mm 


50<t< 


70mm 


70<t< 100mm 


Longitudinal 


Transverse 


Longitudinal 


Transverse 


Longitudinal 


Transverse 


400 - 530 


440 - 570 


490 - 630 


510 - 650 


55 
(see Note 8) 


37 
(see Note 8) 


570-720 


64 


(see Note 8) 


42 
(see Note 8) 


Impact tests are to be made on the various grades at the following temperatures: 


AH grades 0°C 
DH grades -20°C 
EH grades -40°C 
FH grades -60°C 
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Table 3.3.7 


NOTES 
The requirements for products thicker than those detailed in the 
For full thickness tensile test specimens with a width of 25 mm a 
minimum elongation is to be: 


Chapter 3 


Sections 3 & 4 


Mechanical properties for acceptance purposes (conclusion) 


able are subject to agreement, see 3.1.4. 
nd a gauge length of 200 mm, see Fig. 2.2.4 in Chapter 2, the 


Thickness mm 


Strength levels 

278, 32 17 

Elongation 
% 


Strength level 


36 13 16 


Strength level 


40 12 14 15 16 17 


18 


21 22 


To be 
specially 
agreed 


20 21 


19 20 


Subject to special approval by LR, the minimum tens 


tensile strength ratio does not exceed 0,89. For plates with a thickness <12 mm, the yield 


ile strength may be reduced to 470 N/mm2, for grades AH36, DH36, EH36 and 


FH36, in the TM condition when micro-alloying elements Nb, Ti or V are used singly and not in combination and provided the yield to 


o tensile strength ratio is to be specially considered. 


Tests are to be taken in the longitudinal direction. Normally, transverse test specimens are not required. Transverse test results for plates and wide 


flats are to be guaranteed by the supplier. 
See 1.8.11 
See 3.6.9. 


For steel of H47 strength grade, the yield to tensile strength ratio is not to exceed 0,94. 
The Charpy V-notch impact energy for crack arrest steels of grade EH40, FH40 and EH47 intended for longitudinal strength members in| 


container ships in thickness between 85 mm and 100 mm are to 


be: 


85<t < 100mm 
Grade 


Longitudinal Transverse 


AH40 
DH40 
EH40 
FH40 
EH47 


75 J 50 J 


E Section 4 
Steels for boilers and pressure 
vessels 

4.1 Scope 

4.1.1 Provision is made in this Section for carbon, 


carbon-manganese and alloy steels intended for use in the 
construction of boilers and pressure vessels. In addition to 
specifying mechanical properties at ambient temperature for 
the purposes of acceptance testing, these requirements also 
give details of appropriate mechanical properties at elevated 
temperatures which may be used for design purposes. 


4.1.2 Where it is proposed to use a carbon or carbon- 
manganese steel with a specified minimum tensile strength 
intermediate to those given in this Section, corresponding 
minimum values for the yield stress, elongation and mechanical 
properties at elevated temperatures may be obtained by 
interpolation. 


4.1.3 Carbon and carbon-manganese steels with a 
specified minimum tensile strength of greater than 490 N/mm2 
but not exceeding 520 N/mm? may be accepted, provided that 
details of the proposed specification are submitted for approval. 


4.1.4 Where it is proposed to use alloy steels other than 
as given in this Section, details of the specification are to be 
submitted for approval. In such cases the specified minimum 
tensile strength is not to exceed 600 N/mm. 


4.1.5 Materials intended for use in the construction of the 
cargo tanks and process pressure vessels storage tanks for 
liquefied gases and for other low temperature applications are 
to comply with the requirements of Section 6 or 7, as 
appropriate. 


4.2 Manufacture and chemical composition 

4.2.1 The method of deoxidation and the chemical 
composition of ladle samples are to comply with the appropriate 
requirements of Table 3.4.1. 
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Section 4 


Table 3.4.1 Chemical composition and deoxidation practice 


Grade of steel Deoxidation Chemical composition % 


Carbon and carbon-manganese 


Mn Residual elements 
stols esidual eleme! 


360 AR Any method 0,40 - 1,20 
410 AR except 0,40 - 1,30 
460 AR rimmed stee! 0,80 - 1,50 


360 0,35 max. 0,40 - 1,20 


410 Any method 0,50 - 1,30 
except 


0,035 max. 


rimmed steel 0,25 max. 


460 0,40 max. 0,80 — 1,40 
0,20 0,30 max. 


(see Note 1) ; 0,10 max. 
490 Killed 0,10 - 0,50 0,90 — 1,60 0,30 max. 


0,70 max. 
360 FG 0,17 0,40 - 1,20 


410 FG 0,20 0,50 - 1,30 
Killed fine 0,035 max. (see Note 
460 FG grained 0,20 0,40 max. 0,80 - 1,50 2) 

490 FG (see Note 1) | 0,10-0,50 | 0,90-1,60 
510 FG 0,22 


Alloy steel C Si Cr Mo Residual elements 


13Cr Mo 45 0,10-0,18 |0,15-0,35 0,70-1,30 | 0,40-0,60 Cu 0,30 max. 


11Cr Mo 910 0,08-0,18 |0,15-0,50 2,00-2,50 | 0,90-1,10 Ni 0,30 max. 


NOTES 
1. For thicknesses greater than 30 mm, carbon 0,22% max. Niobium, vanadium or other suitable grain refining elements may 
2. Aluminium (acid soluble) 0,015% min. or be used either in place of or in addition to aluminium. 

Aluminium (total) 0,018% min. 3. Aluminium (acid soluble or total) 0,020% max. 


4.2.2 For plate supplied from coil, the chemical analysis Table 3.4.2 Condition of supply 
may be transposed from the certificate of the coil manufacture 
onto the re-processor’s certificate. Grade of steel Condition of supply 
Carbon and As-rolled 
carbon-manga Maximum thickness or diameter is 40 mm 
4.3 Heat treatment 360 AR to 460 
4.3.1 All materials are to be supplied in a condition EREA Normalised or normalsed roed 
complying with the requirements given in Table 3.4.2 except 360 to 490 
that, when agreed, material intended for hot forming may be 


supplied in the as-rolled condition. Carbon and ised or normalised rolled 
carbon-manganese 
360 FG to 510 FG 


13Cr Mo 45 Normalised and tempered 


11Cr Mo 910 Normalised and tempered 
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4.4 Mechanical tests 


4.4.1 For plates, a tensile test specimen is to be taken 
from one end of each piece when the mass does not exceed 
5 tonnes and the length does not exceed 15 m. When either 
of these limits is exceeded, tensile test specimens are to be 
taken from both ends of each piece. A piece is to be regarded 
as the rolled product from a single slab or from a single ingot 
if this is rolled directly into plates. 


4.4.2 For strip, tensile test specimens are to be taken 
from both ends of each coil. 


4.4.3 Sections and bars are to be presented for accep- 
tance test in batches containing not more than 50 lengths, as 
supplied. The material in each batch is to be of the same 
section size, from the same cast and in the same condition 
of supply. One tensile test specimen is to be taken from material 
representative of each batch, except that additional tests are 
to be taken when the mass of a batch exceeds 10 tonnes. 


4.4.4 Where plates are required for hot forming and it has 
been agreed that the heat treatment will be carried out by the 
fabricator, the tests at the steelworks are to be made on 
material which has been cut from the plates and given a 
normalising and tempering heat treatment in a manner 
simulating the treatment which will be applied to the plates. 


4.4.5 If required by the Surveyors or by the fabricator, test 
material may be given a simulated stress relieving heat 
treatment prior to the preparation of the test specimens. This 
has to be stated on the order together with agreed details of 
the simulated heat treatment and the mechanical properties 
which can be accepted. 


4.4.6 The results of all tensile tests are to comply with the 
appropriate requirements given in Tables 3.4.3 to 3.4.5. 


Table 3.4.3 Mechanical properties for acceptance 
purposes: carbon and carbon- 


manganese steels - As-rolled 


Yield Tensile 
Grade of | Thickness stress strength 
steel mm N/mm? N/mm2 
minimum 


Elongation 


on 5,654 So 


% minimum 


360 AR 190 360-480 24 


410 AR < 215 410-530 22 


460 AR 


460-580 21 


4.4.7 Where plate is supplied from coil, the tensile tests 
are to be taken from the de-coiled plate in accordance with 
the frequency specified for the Grade as required by this 
Section. 


4.4.8 All test specimens are to be taken in the transverse 
direction unless otherwise agreed. 


Chapter 3 


Section 4 


4.4.9 When material will be subject to strains in a through 
thickness direction, it is recommended that it should have 
specified through thickness properties in accordance with the 
requirements of Section 8. 


4.5 Identification of materials 


4.5.1 The particulars detailed in 1.11 are to be marked 
on all materials which have been accepted. 


4.6 Certification of materials 


4.6.1 At least two copies of each test certificate are to be 
provided. They are to be of the type and to give the informa- 
tion detailed in 1.12 and, additionally, are to state the specified 
maximum carbon equivalent. As a minimum, chemical 
composition is to include the content of any grain refining 
elements used and of the residual elements, as detailed in 
Table 3.4.1. 


4.7 Mechanical properties for design purposes 


4.7.1 Nominal values for the minimum lower yield or 
0,2 per cent proof stress at temperatures of 50°C and higher 
are given in Tables 3.4.6 to 3.4.8. 


4.7.2 These values are intended for design purposes 
only, and verification is not required except for materials 
complying with National or proprietary specifications where 
the elevated temperature properties used for design purposes 
are higher than given in Tables 3.4.6 to 3.4.8. 


4.7.3 In such cases, at least one tensile test at the 
proposed design or other agreed temperature is to be made 
on material from each cast. Where materials of more than one 
thickness are supplied from one cast, the thickest material is to 
be tested. The test specimens are to be prepared from material 
adjacent to that used for tests at ambient temperature. The 
axis of the test specimens, is to be between mid and quarter 
thickness of the material and the test specimens are to be 
machined to dimensions in accordance with the requirements 
of Chapter 2. The test procedure is also to be as detailed in 
Chapter 2, and the results are to comply with the requirements 
of the National or proprietary specifications. 


4.7.4 As an alternative to 4.7.3, a manufacturer may 
carry out an agreed comprehensive test program for a stated 
grade of steel to demonstrate that the specified minimum 
mechanical properties at elevated temperatures can be 
consistently obtained. This test program is to be carried out 
under supervision of the Surveyors, and the results submit- 
ted for assessment and approval. When a manufacturer is 
approved on this basis, tensile tests at elevated temperatures 
are not required for acceptance purposes but, at the 
discretion of the Surveyors, occasional check tests of this 
type may be requested. 


4.7.5 Values for the estimated average stress to rupture 
in 100 000 hours are given in Table 3.4.9 and may be used 
for design purposes. 


18 


LLOYD'S REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


Rolled Steel Plates, Strip, Sections and Bars Chapter 3 


Section 4 
Table 3.4.4 Mechanical properties for acceptance Table 3.4.6 Mechanical properties for design 
purposes: carbon and carbon- purposes (see 4.7.1) : carbon and 
manganese steels - Normalised or carbon-manganese steels - As-rolled 


normalised rolled 
Design temperature °C (see Note) 


Thickness | Yield stress | Tensile Elongation 
Grade of mm N/mm2 strength |o0n5,65./S5 
steel (see Note) minimum N/mm2 % minimum 


Grade of | Thickness | 50 100 150 200 250 300 350 
steel mm 


Nominal minimum lower 
yield or 0,2% proof stress N/mm? 


>3 <16 205 
0 195 360 — 480 
3 185 


360 AR 154 153 152 145 128 108 102 


235 410 AR < 40 186 183 181 174 155 134 127 


225 410 - 530 
215 


460 AR 218 213 210 203 182 161 153 


NOTE 


285 Maximum permissible design temperature is 350°C. 


255 
245 


305 
275 
265 


235 
215 360 — 480 
195 


265 
245 410 - 530 
235 


295 
285 
275 


315 
315 
>40< 305 


>3 <16 355 
510 FG >16 <40 345 510 - 650 
>40 <63 335 


NOTE 
For thicknesses greater than 63 mm, the minimum values for 
yield stress may be reduced by 1% for each 5 mm increment in 
thickness over 63 mm. The minimum elongation values may also 
be reduced one unit, for all thicknesses over 63 mm. For 
thicknesses over 100 mm, the above values are to be agreed. 


Table 3.4.5 Mechanical properties for acceptance 
purposes: alloy steels - Normalised 
and tempered 


Yield Elongation 
Grade of Thickness stress Tensile | on 5,65456 

steel mm N/mm2 | strength | % minimum 
(see Note) | minimum | N/mm? 


13Cr Mo45 <63 305 470-620 20 


11Cr Mo910 <16 275 
>16 <63 265 480-630 18 


NOTE 
For thicknesses greater than 63 mm, the minimum values for 
yield stress may be reduced by 1% for each 5 mm increment in 
hickness over 63 mm. The minimum elongation values may 
also be reduced one unit, e.g., for all thicknesses over 63 mm. 
For thicknesses over 100 mm, the above values are to be 
agreed. 
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Section 4 
Table 3.4.7 Mechanical properties for design purposes (see 4.7.1): carbon and carbon-manganese steels 


— Normalised or controlled-rolled 


Design temperature °C 


Thickness 
Grade of es 150 200 250 300 350 


ste (see Note) 


Nominal minimum lower yield or 0,2% proof stress N/mm? 


>3 <16 172 168 150 124 
>16 <40 169 162 144 124 
>40 <63 158 152 141 124 


>3 <16 201 180 150 
>16 <40 191 171 150 
>40 <63 181 168 150 


>3 <16 | 235 210 176 
>16 <40 220 198 176 
>40 <63 210 194 176 


>3 <16 255 228 192 
>16 <40 | | 237 214 192 
>40 <63 | | 227 210 192 


>3 <16 165 145 127 
>16 <40 164 145 127 
>40 <63 159 145 127 


>3 <16 | 194 152 
>16 <40 192 171 152 
>40 <63 222 188 171 152 


>3 <16 276 | 223 177 
>16 <40 271 | 220 198 177 
>40 <63 262 217 198 177 


>3 <16 297 240 213 192 
>16 <40 293 237 213 192 
>40 <63 286 234 213 192 


510 FG >3 <63 313 255 235 215 


NOTE 
For thicknesses greater than 63 mm, the values for lower yield or 0,2% proof stress are to be reduced by 1% for each 5 mm increment in 
thickness up to 100 mm. For thicknesses over 100 mm, the values are to be agreed and verified by test. 


Table 3.4.8 Mechanical properties for design purposes (see 4.7.1): alloy steels - Normalised and tempered 


Design temperature °C 


Thickness 
Grade of steel mm 200 300 350 400 450 500 


(see Note) 


Nominal minimum lower yield or 0,2% proof stress N/mm? 


13CrMo 45 248 216 203 199 194 188 


11CrMo 910 233 219 212 207 194 180 


NOTE 
For thicknesses greater than 63 mm, the values for lower yield or 0,2% proof stress are to be reduced by 1% for each 5 mm increment in 
thickness up to 100 mm. For thicknesses over 100 mm, the values are to be agreed and verified by test. 
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Table 3.4.9 Mechanical properties for design 
purposes (see 4.7.5): estimated 
average values for stress to rupture in 


100 000 hours (units N/mm) 


Grades of steel 


Carbon and 
carbon-manganese 


Temperature Low alloy 


360FG | 360 490 
410FG | 410 490FG 
460FG | 460 510FG 


13CrMo | 11CrMo 
45 910 


E Section 5 
Steels for machinery fabrications 


5.1 General 


5.1.1 Steel plates, sections or bars intended for use in 

the construction of major components of welded machinery 

structures, such as bedplates, crankcases, frames and 
entablatures, are to comply with one of the following 
alternatives: 

(a) Any grade of normal strength structural steel as detailed 
in Section 2. 

(o) Any grade of higher tensile structural steel as detailed in 
Section 3. 

(c) Any grade of carbon-manganese boiler or pressure 
vessel steel as detailed in Section 4, except that for this 
application batch testing is acceptable. The size of a 
batch and the number of tensile tests are to be as 
detailed in Section 2. 


5.1.2 The minus tolerances for products for machinery 
structures are to be in accordance with Table 3.5.1. 


Chapter 3 


Sections 4,5 & 6 


Table 3.5.1 Under thickness tolerances 


Nominal thickness, t (mm) 


Minus tolerance (mm) 


5<t<8 -0,4 
8<t<15 -0,5 
15<t<25 -0,6 
25<t<40 -0,8 

t>40 -1,0 


5.2 Certification of materials 


5.2.1 At least two copies of each test certificate are to be 
provided. They are to be of the type and give the information 
detailed in 1.12 and, additionally, are to state the specified 
maximum carbon equivalent. As a minimum, chemical 
composition is to include the contents of any grain refining 
elements used and of the residual elements. 


m Section 6 
Ferritic steels for low temperature 
service 


6.1 Scope 


6.1.1 This Section gives specific requirements for 
carbon-manganese and nickel alloy steels intended for use in 
the construction of cargo tanks, storage tanks and process 
pressure vessels for liquefied gases. 


6.1.2 The requirements of this Section are also applicable 
for other types of pressure vessels where the use of steels 
with guaranteed impact properties at low temperatures is 
required. 


6.1.3 Provision is made for plates and sections up to 
40 mm thick. 


6.1.4 Steels with alternative chemical compositions or 
mechanical properties or in a different supply condition may 
be given special consideration. 


6.2 Manufacture and chemical composition 


6.2.1 All steels are to be in the killed and fine grain treated 
condition. 


6.2.2 The chemical compositions of caroon-manganese 
steels are to comply with the appropriate requirements for 
Grades AH, DH, EH and FH strength levels 27S, 32, 36 and 
40, see Table 3.3.2. For the uses defined in 6.1.1 and 6.1.2, 
however, these grades are to be designated LT-AH, LT-DH, 
LT-EH and LT-FH respectively. 


6.2.3 The chemical compositions of nickel alloy steels are 
to comply with the appropriate requirements of Table 3.6.1. 
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Table 3.6.1 


Grade of steel i Mn Ni 


Chemical compositions of nickel alloy steels 


Chapter 3 


Section 6 


Residual elements Aluminium 


11/2 Ni 0,30-1,50 | 1,30- 1,7 


31/2 Ni 3,20 - 3,80 


0,10 - 0,35 
0,30 — 0,90 


SNi 4,70 - 5,30 


6.2.4 For plate supplied from coil, the chemical analysis 
may be transposed from the certificate of the coil manufacture 
onto the re-processor’s certificate. 


6.3 Heat treatment 


6.3.1 All materials are to be supplied in a condition 
complying with the requirements given in Table 3.6.2. 


Table 3.6.2 Supply conditions 


Plates Sections and bars 


N TM 


Normalised (see Note) 
T.M.C.P. 
Quenched and tempered 


LT-FH 


11/2 Ni 
Normalised (see Note) 

31/2 Ni Normalised and tempered 
Quenched and tempered 
5Ni 


9Ni Double normalised and tempered 
Quenched and tempered 


NOTE 
Where the term ‘Normalised’ is used it does not include 
normalising rolling. 


6.4 Mechanical tests 


6.4.1 For plates, tensile test specimens are to be taken 
from both ends of each piece. A piece is to be regarded as 
the rolled product from a single slab or from a single ingot if 
this is rolled directly into plates. 


6.4.2 For strips, tensile test specimens are to be taken 
from both ends of each coil. 


8,50 — 10,0 


Total 0,020% 


Cr 0,25 max. min. 
Cu 0,35 max. 
Mo 0,08 max. 


Total 0,60 max. Acid soluble 


0,015% min. 


6.4.3 Sections and bars are to be presented for accep- 
tance test in batches containing not more than 50 lengths, as 
supplied. The material in each batch is to be of the same 
section size, from the same cast and in the same condition 
of supply. One tensile test specimen is to be taken from 
material representative of each batch, except that additional 
tests are to be taken when the mass of a batch exceeds 
10 tonnes. 


6.4.4 One set of three Charpy V-notch impact test 
specimens is to be taken for each tensile test specimen 
required. 


6.4.5 For plates, these impact test specimens are to be 
cut with the principal axis perpendicular to the final direction 
of rolling. For sections, the impact test specimens are to be 
taken longitudinally. 


6.4.6 The results of all tensile tests are to comply with the 
appropriate requirements given in Table 3.6.3. The ratio 
between the yield stress and the tensile strength is not to 
exceed 0,9 for normalised and TM steels and 0,94 for 
QT steels. 


6.4.7 The average value for the three impact tests is to 
comply with the appropriate requirements given in 
Table 3.6.3. One individual value may be less than the 
required value provided that it is not less than 70 per cent of 
this average value. See Ch 2,1.4 for re-test procedures. 


6.4.8 Where standard subsidiary impact specimens are 
necessary, see Ch 2,3.2.4. 


6.4.9 Where plate is supplied from coil, both the tensile 
tests and the Charpy V-notch tests are to be taken from the 
de-coiled plate in accordance with the frequency specified for 
the Grade as required by this Section. 


6.5 Identification of materials 


6.5.1 The particulars detailed in 1.11 are to be marked 
on all materials which have been accepted. 
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Section 6 


Table 3.6.3 Mechanical properties for acceptance purposes (see Note 1) 


Grade of 
steel 


Yield 
stress 
N/mm2 
min. 


Tensile 
strength 
N/mm2 


Elongation 


on 5,65 So 
% min. 


Charpy V-notch impact tests (see Note 3) 


Test temp. 
°C 


Impact 
energy 


265 
315 
355 
390 


400 — 530 
440 — 590 
490 - 620 
510 — 650 


22 
22 
21 
20 


265 
315 
355 
390 


400 - 530 
440 — 590 
490 - 620 
510 — 650 


22 
22 
21 
20 


265 
315 
355 
390 


400 - 530 
440 - 590 
490 - 620 
510 - 650 


22 
22 
21 
20 


LT-FH 


265 
315 
355 
390 


400 - 530 
440 — 590 
490 - 620 
510 — 650 


22 
22 
21 
20 


11/2 Ni 
31/2 Ni 
5Ni 


9Ni 


275 


285 


390 


490 


490 - 640 


450 - 610 


540 - 740 


640 - 790 


22 


21 


21 


18 


-95 


-110 


-196 


Plates — 
transverse tests 


Average 
energy 27 J min 


Sections and bars — 
longitudinal tests 


Average 
energy 41 J min 


NOTES 
1. These requirements are applicable to products not exceeding 40 mm in thickness. The requirements for thicker products are subject 
to agreement. 
2. The minimum design temperatures at which plates of different thicknesses in the above grades may be used are given in Fig. 3.6.1 and 
Fig. 3.6.2. Consideration will be given to the use of thicknesses greater than those in the Tables or to the use of design temperatures 
below -165°C. 
Impact tests are not required on thicknesses less than 6 mm. 


Minimum design temperature ( °C) 


20 25 
Thickness in mm 


Fig. 3.6.1 


Minimum design temperatures for 


carbon-manganese grades 


Minimum design temperature ( °C) 


Thickness in mm 


Fig. 3.6.2 


Minimum design temperatures for nickel grades 
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6.6 Certification of materials 


6.6.1 At least two copies of each test certificate are to be 
provided. They are to be of the type and give the information 
detailed in 1.12 together with general details of the heat 
treatment. As a minimum, chemical composition is to include 
the contents of any grain refining elements used and of the 
residual elements as detailed in Tables 3.3.2 or 3.6.1. 


a Section 7 
Austenitic and duplex stainless 


steels 
7.1 Scope 
Ald Provision is made in this Section for rolled 


products in austenitic and duplex (austenite plus ferrite) 
stainless steels intended for use in the construction of cargo 
tanks, storage tanks and process pressure vessels for 
chemicals and liquefied gases. 


7.1.2 Austenitic stainless steels are suitable for 
applications where the lowest design temperature is not lower 
than -165°C. 


L168 Austenitic stainless steels are also suitable for 
service at elevated temperatures, and for such applications 
the proposed specification should contain, in addition to the 
requirements of 7.1.6, minimum values for 0,2 and 1,0 per 
cent proof stresses at the design temperature. 


Table 3.7.1 Chemical composition 


Chapter 3 


Sections 6 & 7 


7.1.4 Duplex stainless steels are suitable for applications 
where the lowest design temperature is above 0°C. Any 
requirement to use duplex stainless steels below 0°C will be 
subject to special consideration. 


LAS, Duplex stainless steels are also suitable for service 
at temperatures up to 300°C, and for such applications the 
proposed specification should include, in addition to the 
requirements of 7.1.6, a minimum value for 0,2 per cent proof 
stress at the design temperature. 


7.1.6 A specification giving details of the chemical 
composition, heat treatment and mechanical properties, 
including, for the austenitic grades, both the 0,2 and 1,0 per 
cent proof stresses, is to be submitted for consideration and 


approval. 
7.2 Chemical composition 
7.2.1 The chemical composition of ladle samples is to 


comply with the requirements given in Table 3.7.1. 


7.2.2 


7.3 


7.3.1 


Chemical composi 


Consideration will be given to the use of steels 
whose compositions are outside the scope of Table 3.7.1. 


Heat treatment 


All materials are to be supplied in the solution 
treated condition. 


ion % (see Note) 


Type and grade 
of steel 


Cr 


Ni 


Austenitic 
304 L 
304 LN 
316L 
316 LN 
317 L 
317 LN 
321 
347 


17,0—20,0 
17,0— 20,0 
16,0— 18,5 
16,0— 18,5 
18,0—20,0 
18,0—20,0 
17,0— 19,0 
17,0— 19,0 


8,0— 13,0 
8,0— 12,0 
10,0— 15,0 
10,0— 14,5 
11,0—15,0 
12,5—15,0 
9,0— 12,0 
9,0— 13,0 


5xC<Ti<0,7 
10xC<Nb< 1,0 


Duplex 
UNS S 31803 0,03 1,0 2,0 0,03 0,02 
UNS S 32750 0,03 | 0,80 1,2 | 0,035} 0,02 


21,0—23,0 
24,0—26,0 


0,08—0,20 
0,24—0,32 


Cu 0,50 max. 


NOTE 
All figures are a maximum value except where a range is shown. 
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Table 3.7.2 


0,2% Proof stress 
(N/mm2) minimum 


Type and 
grade of steel 


(N/mm2) 


1% Proof stress 
minimum 


Chapter 3 


Section 7 


Mechanical properties for acceptance purposes 


Elongation on 5,654 So 
% minimum 


Tensile strength 
(N/mam2) minimum 


Austenitic 
304L 
304LN 
316L 
316LN 
317L 
317LN 
321 
347 


170 
205 
170 
205 
205 
240 
205 
205 


MONMNN PY 
SH AS 


N 
© - 
QUO O OLT O Qro 


NN 
aAA 


N 


485 
515 
485 
515 
515 
550 
515 
515 


BR B 


Pe Pe 


NS NS 
OOOC0CO0O0C0 


Duplex 
UNS S 31803 
UNS S 32750 


450 
550 


7.4 Mechanical tests 
7.4.1 Tensile test specimens are to be taken in accordance 
with the appropriate requirements of 4.4 and 6.4.1. 


7.4.2 For the duplex grades, one set of three Charpy 
V-notch impact test specimens machined from the longitudinal 
direction for each tensile test is to be tested at -20°C. The aver- 
age energy value of the three specimens is to be not less than 
41 Joules. 


7.4.3 Unless otherwise agreed, impact tests are not 
required from the austenitic grades of steel given in this Section. 


7.4.4 Where standard subsidiary Charpy V-notch test 
specimens are necessary, see Ch 2,3.2.4. 


7.4.5 The results of all tensile tests are to comply with the 
requirements of Table 3.7.2 or the approved specification. 


7.5 Metallographic examination for sigma phase 
7.5.1 The microstructure of all grades listed in Table 3.7.1 
are to be examined metallographically at x400 magnification to 
demonstrate that sigma phase remains below 0,1 per cent of 
the observable area at a frequency of one per heat. 


7.6 Intergranular corrosion tests 

7.6.1 For certain specific applications such as storage 
tanks for chemicals, it may be necessary to demonstrate that 
the material used is not susceptible to intergranular corrosion 
resulting from grain boundary precipitation of chromium-rich 
carbides. 


7.6.2 When required, one test of this type is to be carried 
out for each tensile test. The material for the test is to be taken 
adjacent to that for the tensile test. 


7.6.3 Unless otherwise agreed or required for a particular 
chemical cargo, the testing procedure is to be as given in 7.6.4, 
see Ch 2,9. 


620 
795 


7.6.4 Wherever practical, exposed cut edges should be 
avoided. However, where any such edges are to remain after 
fabrication is completed, it is to be shown by an appropriate test, 
that the corrosion resistance is adequate for the cargoes 
expected to be encountered. 


7.7 Clad plates 

TTA, Carbon or carbon-manganese steel plates, clad on 
one or both surfaces with a suitable grade of austenitic 
or duplex stainless steel, may be used for the construction of 
cargo or storage tanks for chemicals. 


Le The carbon or carbon-manganese steel base plates 
are to comply with the requirements of Section 4, and the 
austenitic cladding material generally with the requirements of 
this Section. 


Ta. The process of manufacture is to be specially 
approved and may be either by roll cladding, or by explosive 
bonding. 


7.7.4 Where the use of clad materials is proposed, the 
material specification is to be submitted for consideration, 
together with details of the extent, and the acceptance 
standards for non-destructive examination. 


7.8 Identification of materials 
7:8:1 The particulars detailed in 1.11 are to be marked on all 
materials which have been accepted. 


7.9 Certification of materials 

7.9.1 At least two copies of each test certificate are to be 
provided. They are to be of the type and give the information 
detailed in 1.12 and, where applicable, the results obtained from 
intercrystalline corrosion tests, and, additionally, are to state the 
specified maximum carbon equivalent. As a minimum, chemical 
composition is to include the contents of any grain refining 
elements used and of the residual elements, as detailed in Table 
3.7.1. 
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| Section 8 
Plates with specified through 
thickness properties 


8.1 Scope 


8.1.1 Provision is made in this Section for ‘Z’ grade plate 
and wide flat material with improved ductility in the through 
thickness or ‘Z’ direction, see Fig. 3.8.1. The use of this 
material is recommended for certain types of welded 
structures (see 1.2) in order to minimise the possibility of 
lamellar tearing either during fabrication or erection. 


Through thickness direction 'Z' 


Principal rolling (longitudinal) 


irection 'L' 


Transverse direction 'T' 


eA 


Fig. 3.8.1 Schematic of testing directions 


8.1.2 Through thickness properties are characterised by 
specified values for reduction of area in a through thickness 
tensile test. 


8.1.3 Provision is made for two grades 225 and Z35. For 
normal ship applications the 225 grade is applicable, whilst 
the Z35 grade is for more severe applications. 


8.1.4 This ‘Z’ grade material is to comply with the 
requirements of Sections 2, 3, 4, 5 and 6 as appropriate, and 
the additional requirements of this Section. 


8.1.5 The test procedure detailed in this Section may also 
be used to demonstrate that no unacceptable amount of 
banding of any detrimental phase, such as sigma is present, 
see 7.5. 


8.2 Manufacture 


8.2.1 All plates and wide flats are to be manufactured at 
works, which have been approved by LR for this quality of 
material. 


8.2.2 It is recommended that the steel should be 
efficiently vacuum de-gassed. The sulphur content is not to 
exceed 0,008 per cent. 


8.2.3 Consideration will be given to proposals for 
alternative methods of improving through thickness properties. 


Chapter 3 


Section 8 


8.3 Test material 


8.3.1 Unless otherwise agreed, through thickness tensile 
tests are only required for plate materials where the thickness 
exceeds 15 mm for carbon and alloy steels, or 10 mm in the 
case of austenitic and duplex stainless steels. 


8.3.2 For plates and wide flats, one test sample is to be 
taken close to the longitudinal centreline from one end of each 
rolled piece representing the batch, see Table 3.8.1 and 
Fig. 3.8.2. The test sample must be large enough to accom- 
modate the preparation of 6 specimens. 3 test specimens are 
to be prepared while the rest of the sample remains for possi- 
ble retest. 


Table 3.8.1 Batch size dependent on product and 


sulphur content 
Product 


S > 0,005% S < 0,005% 


Plates Each piece (parent aximum 50 t of 
plate) products of the 
same cast, 
hickness and heat 
reatment 


Wide flats of 
nominal thickness 
<25 mm 


Maximum 10 t of 
products of the 
same cast, 
thickness and heat 
treatment 


aximum 50 t of 
products of the 
same cast, 
hickness and heat 
reatment 


Wide flats of 
nominal thickness 
> 25 Mm 


Maximum 20 t of 
products of the 
same cast, 
thickness and heat 
treatment 


aximum 50 t of 
products of the 
same cast, 
hickness and heat 
reatment 


Principal rolling direction Test sample 


| Central line of product 


Test specimens 


Fig. 3.8.2 
Plate and wide flat sampling position 


8.3.3 The dimensions of the test specimens are to be in 
accordance with Ch 2,2.1.12. 


8.3.4 Alternatively, test sampling may be carried out in 
accordance with an accepted National or International 
Standard. 
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8.4 Mechanical tests 


8.4.1 The three through thickness tensile test specimens 
are to be tested at ambient temperature, and for acceptance 
are to give a minimum average reduction of area value of not 
less than that shown in Table 3.8.2. Only one individual value 
may be below the minimum average, but should not be less 
than the minimum individual value shown for the appropriate 
grade. 


Table 3.8.2 Reduction of area acceptance values 


Grade 


Minimum average 


Minimum individual 


8.4.2 If the average value fails to comply with 8.4.1, three 
additional tests may be made on specimens from the same 
test sample. The results of these tests are to be added to 
those previously obtained to form a new average, which for 
acceptance is to be not less than 25 per cent for grade Z25 
or 35 per cent for grade Z35. No individual results in the 
re-test shall be below 25 per cent for grade Z25 or 35 per 
cent for grade 235, see Fig. 3.8.3. 


Result where 
re-test is 
permitted 


F F $ i 


Acceptable 
result 


Acceptable 
re-test 


0000 
Minimum 
average 


OO 


Minimum | 
individual | 
| 


O = Individual result Å = average result 


Fig. 3.8.3 
Diagram showing acceptance/rejection 
and re-test criteria 


6.4.3 Where batch testing is permitted, and failure after 
re-test occurs, the tested piece is to be rejected. Each 
remaining piece in the batch may be individually tested and 
accepted, based on satisfactory results. 


8.4.4 If the fracture of a test specimen occurs in the weld 
or in the heat affected zone the test is to be regarded as 
invalid and is to be repeated on a new test specimen. 


8.5 Non-destructive examination 


8.5.1 All ‘Z’ grade plates are to be ultrasonically tested in 
the final supply condition with a probe frequency of 3-5 MHz. 
The testing is to be performed in accordance with and in 
compliance with either EN 10160 Level S1/E1 or ASTM A 578 
Level C. 


Chapter 3 


Sections 8 & 9 


8.6 Identification of materials 


8.6.1 Products which comply with the requirements of 
this Section are to have the notation 225 or Z35 added to the 
steel grade designation. 


8.7 Certification of materials 


8.7.1 The following information is required to be included 

on the certificate in addition to the appropriate steel grade 

requirements: 

(a) Through thickness reduction in area (%), individual 
results and average. 

(o) Steel grade with Z25 or Z35 notation. 


8.7.2 Steel grade requirements are to comply with 
Sections 1 to 7. 


Bw Section 9 
Bars for welded chain cables 


9.1 Scope 


9.1.1 Provision is made in this Section for rolled steel 
bars intended for the manufacture of three Grades (U1, U2 
and U3) of stud link chain cable for the anchoring and 
mooring of ships and five Grades (R3, R3S, R4, R4S and R5) 
of offshore mooring cable. 


9.1.2 For the ship grades, U1, U2 and U3, approval will 
permit the supply of bars of the appropriate grades and size 
to any chain cable manufacturer. 


9.1.3 For the offshore grades, R3, R3S, R4, R4S and R5, 
approval is confined to bar to be supplied to a nominated 
chain manufacturer and will be given only after successful 
testing of a completed chain. Separate approvals are required 
if bar is to be supplied to more than one cable manufacturer. 
Approval of a higher grade does not cover approval of a lower 
grade, as all grades must be individually approved. 


9.1.4 For all grades, approval is normally given for 
diameters of bars no greater than those of the bars used in 
procedure tests. 


9.2 Manufacture 


9.2.1 All grades of bar material are to be made from killed 
steel, and all grades of bar material except for Grade U1 chain 
cables are to be fine grained. For Grades R4S and Rd the 
austenite grain size is to be 6 or finer, in accordance with 
ASTM E112. 


9.2.2 The bars are to be made to a specification 
approved by LR which should include the manufacturing 
procedure, deoxidation practice, heat treatment and mechan- 
ical properties. 
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9.2.3 The rolling reduction ratio of bars for Grades R3, 
R35, R4, R4S and R5 must be at least 5:1. 


9.3 Chemical composition 


9.3.1 For Grades U1, U2 and U3 the chemical composi- 
tion should be generally within the limits given in Table 3.9.1. 


9.3.2 For Grades R3, R3S, R4, R4S and R5 the chemical 
composition is to comply with an approved specification, see 
9.2.2. 


9.3.3 For Grades R4, R4S and R5 chain cable the steel 
should contain a minimum of 0,2 per cent molybdenum. The 
reported composition is to include the contents of antimony, 
arsenic, tin, copper, nitrogen, aluminium and titanium. 


9.3.4 For Grades R4S and R5 the steel used must be 
vacuum degassed. 


9.4 Heat treatment 


9.4.1 Unless stipulated otherwise, the bars are to be 
supplied in the as-rolled condition, but the supplier is to be 
advised by the chain manufacturer of the heat treatment to 
be used for the completed chain in order that the mechanical 
test specimens may be tested in the condition of heat treat- 
ment used for the chain. 


9.4.2 For Grades U1 and U2, the samples selected from 
each batch may be tested either in the as-rolled condition, or 
after heat treatment where the chain is to be used in the heat 
treated condition, in full cross-section and in a manner simu- 
lating the heat treatment applied to the finished cable. 


9.4.3 For Grades U3, R3, R3S, R4, R4S and R5 the 
sample is to be tested after heat treatment as detailed in 
9.4.2. 


Chapter 3 


Section 9 


9.5 Embrittlement tests 


9.5.1 For Grades R3, R3S, R4, R4S and R5 the bar 
manufacturer is to provide evidence that the material is not 
susceptible to strain ageing, or to temper brittleness under 
the conditions of manufacture of the chain. The results of the 
relevant tests are to be reported to LR at the approval stage. 
Approval will be restricted to the specified steel composition 
and if later this is altered then re-approval will be required. 
Temper brittleness testing may be waived, if the chain is to be 
quenched after tempering. 


9.5.2 Each heat of steel bars of grades R3S, R4, R4S and 
R5 is to be tested for hydrogen embrittlement (see Ch 2,5.3). 
In the case of continuous casting, test samples representing 
both the beginning and the end of the heat are to be taken. In 
the case of ingot casting, test samples representing two 
different ingots are to be taken. 


9.5.3 Each sample is to be heat treated in a manner 
simulating the heat treatment of the finished chain. From each 
sample, two specimens are to be prepared from the mid- 
diameter of the bar and tested in accordance with Ch 2,5.3. 


9.5.4 The ratio Z4/Z is to be greater than or equal to 
0,85, where Z4 is the reduction in area without baking and Z5 
the reduction in area after baking. 


9.5.5 If the requirement is not met, the material is to be 
subjected to a hydrogen degassing treatment which is subject 
to approval by LR. Further tests are to be performed after 
degassing. 


9.6 Mechanical tests 


9.6.1 Bars of the same nominal diameter are to be 
presented for test in batches of 50 tonnes or fraction thereof 
from the same cast. A suitable length from one bar in each 
batch is to be selected for test purposes. Test pieces are to 
be taken from the positions as shown in Fig. 3.9.1. 


9.6.2 For all grades, one tensile test is to be taken from 
each sample length selected. Additionally, for Grades U3, R3, 
R3S, R4, R4S and R5 material, one set of three Charpy 
V-notch impact test specimens is to be prepared. Impact 
tests are also required for Grade U2 when the chain is to be 
supplied in as-welded condition. 


Table 3.9.1 Chemical composition of killed steel bars 


Chemical composition % 


Si Al 


0,15-0,35 | 0,40 min. - 


0,15-0,55 | 1,60 max. 0,02 min. 
see Note 1 


0,065 max. 0,05 0,10 
see Note 2 | see Note 2 see Note 2 


0,15-0,35 | 1,90 max. 


NOTES 
1. Aluminium may be partly replaced by other grain refining elements. 
2. To obtain fine grain steel, at least one of these grain refining elements must be present in sufficient amount. 
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Specimen for notched bar 
impact test 


Test 
specimen 


r = specimen radius 


Fig. 3.9.1 Sampling of steel bars 


9.6.3 The results of all tensile and, where applicable, 
impact tests are to be in accordance with the appropriate 
requirements of Table 3.9.2. 


Table 3.9.2 Mechanical properties 


Chapter 3 


Section 9 


9.6.4 Failure to meet the requirements will result in the 
rejection of a batch of material, unless it is clearly attributed to 
improper simulated heat treatment. This is to be confirmed to 
be to the satisfaction of LR, and further heat treatment and 
testing will be required prior to acceptance. 


9.7 Structure and hardenability tests 


9.7.1 For Grades R4S and R5, the following tests are to 

be carried out on each heat: 

(a) Assessment and quantification of the level of non-metallic 
micro inclusion. These must be acceptable for the final 
product. 

(o) Macro etching on a representative sample, in accor- 
dance with ASTM E381 or equivalent. This must be free 
from any injurious segregation or porosity. 

(c) Jominy hardenability tests in accordance with ASTM 
A255 or equivalent. 


9.8 Dimensional tolerances 


9.8.1 The tolerances on diameter and ovality of the bar 
are to be in accordance with Table 3.9.3. 


Charpy V-notch impact tests 


Reduction 


Yield stress 
N/mm2 
minimum 


Tensile strength 
N/mm? 


Elongation 
on 5,65 {So % 
minimum 


of area 
% 
minimum 


Test 
temperature 
°C 


Average 
energy 
J 


minimum 


Average energy 
flash weld 
J 
minimum 


R4 


Grade R4S 
(see Note 4) 


Grade R5 
(see Note 4) 


370-490 


490-690 


690 mini 


ote 3 


860 minimum 
see Note 3 


960 minimum 
see Note 3) 


1000 minimum 
see Note 3) 


25 
22 


NOTES 


1. Impact tests may be waived when the chain cable is to be supplied in one of the heat treated conditions given in Table 10.2.3. 
2. Testing may be carried out at either 0°C or -20°C, at the option of LR. 

3. The ratio of yield strength to tensile strength should not exceed 0,92. 

4. The maximum hardness for R4S is to be HB330, and for R5 is to be HB340. 
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Table 3.9.3 Dimensional tolerance of bar stock 


Tolerance on 
roundness 


(dmax F Onin) 
mm 


Nominal Tolerance on 
diameter diameter 
mm mm 


—0/+1,0 0,60 
+1,0 0,60 
+1,2 0,80 
1,10 
1,50 
1,95 
2,25 


3,00 


4,00 


9.9 Non-destructive examination 


9.9.1 For the grades U1, U2 and U3 all bars are to be 
free from internal and surface defects that might impair proper 
workability, use and strength. Subject to agreement by the 
Surveyor, surface defects may be removed by grinding 
provided the acceptable tolerances are not exceeded. 


9.9.2 For the R3, R3S, R4, R4S and R5 grades all bars 
are to be inspected by a magnetic particle or eddy current 
method, and are also to be subjected to ultrasonic 
examination. 


9.9.3 All non-destructive examination is to be carried out 
in accordance with approved procedures, in accordance with 
Ch 1,5. 


9.9.4 All non-destructive examination operators are to be 
qualified in the method of non-destructive examination, to a 
minimum of Level Il in accordance with a recognised 
standard. 


9.9.5 The bars are to be free from pipes, cracks, flakes, 
and injurious surface defects such as seams, laps, and rolled- 
in mill scale. Longitudinal discontinuities may be removed by 
blending to a smooth contour provided that their depth is not 
greater than 1 per cent of the bar diameter, and that the 
required diameter tolerances are not compromised. The 
contour radiuses are to be a minimum of four times the 
excavation depth. 


9.9.6 The frequency of non-destructive testing may be 
reduced at the discretion of LR, provided statistical evidence 
is available that the required quality is achieved consistently. 


9.10 Identification 

9.10.1 Each bar is to be identified in accordance with 1.10 
and, in addition, is to be marked with the appropriate grade of 
chain cable. 
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9.11 Certification of materials 

9.11.1 Each consignment of bars is to be accompanied by 
a certificate of a type and in accordance with 1.12, but with 
the addition of the grade of chain cable, the rolling reduction 
ratio, the results of the hydrogen embrittlement, micro inclusion, 
macro etch and hardenability tests, where required by each 
grade. 


m Section 10 
High strength quenched and 
tempered steels for welded 


structures 
10.1 Scope 
10.1.7 Provision is made in this Section for weldable high 


strength quenched and tempered steel plates and wide flats 
up to 70 mm thick. However, special consideration will be 
given to thicknesses up to 50 mm supplied in the TM rolled 
condition. 


10.1.2 Plates and wide flats exceeding 70 mm in thickness 
as well as other product forms may also be supplied in 
accordance with the requirements of this Section, provided 
that the prior agreement of LR is obtained. 


10.1.3. The steels may be supplied in six strength levels 
with minimum yield stresses of 420, 460, 500, 550, 620 and 
690 N/mm? respectively. 


10.1.4 | Each strength level is sub-divided into four grades 
AH, DH, EH and FH, differing essentially in the required levels 
of notch toughness. 


10.1.5 For the designation to fully identify a steel and its 
properties, the appropriate grade letter should precede the 
strength level number, e.g., EH 42. 


10.1.6 Steels differing in strength level, mechanical 
properties and chemical composition from those detailed in 
this Section may be supplied, subject to special approval from 
LR. Such steels are to have the letter ‘S’ after the agreed 
identification mark. 


10.2 Manufacture and chemical composition 

10.2.1 The steels are to be fully killed and fine grain 
treated. 

10.2.2 The chemical composition is to comply with the 


requirements of the approved manufacturing specification and 
the limits set in Table 3.10.1. 
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Table 3.10.1 Chemical composition 


Carbon % max 
anganese % max 
Silicon % max 
Phosphorus % max 


Sulphur % max 


Nitrogen % max 


Grain refining elements 
(see Note 1) 


Aluminium (acid soluble) 

% min (see Note 2) 0,015 
Niobium % 0,02—0,05 
Vanadium % 0,03—0,10 


Titanium % max 0,02 


Total (Nb + V + Ti) % max 0,12 


NOTES 

1. The steel is to contain aluminium, niobium, vanadium or other 
uitable grain refining elements, either singly or in any combi- 
ation. When used singly, the content is to be within the limits 
iven in the Table. When used in combination, these limits are 
ot applicable but the proportions of the grain refining ele- 
ments are to be in accordance with the approved 
manufacturing specification. 

he total aluminium content may be determined instead of the 
acid soluble content. In such cases the total aluminium con- 
tent is not to be less than 0,020%. 

Alloying elements and residual elements other than those listed 
in the Table (e.g., Ni, Cr, Cu, Mo and B) are to be included in 
the approved manufacturing specification. 


10.2.3. The cold cracking susceptibility, Pom, may be used 
as an alternative to the carbon equivalent for evaluating 
weldability. It is to be calculated from the ladle analysis using 
the following formula: 

Si Mn+Cr+Cu Ni Mo V 


Pan 05 30.) a a 0" 


5B 


The maximum allowable Pom is to be agreed with LR and is to 
be included in the approved manufacturing specification. 


10.3 Mechanical properties 


10.3.1 At least one tensile test piece and one set of three 
Charpy V-notch impact tests specimens are to be taken from 
each piece as heat treated. 


10.3.2 For continuously heat treated products, one tensile 
test piece and a set of three impact test specimens are to be 
taken from each plate as heat treated. 
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10.3.3 For plates and wide flats with widths exceeding 
600 mm, the tensile and impact test specimens are to be 
taken with their axes transverse to the final direction of rolling. 
For other products, the impact test specimens are to be taken 
in the longitudinal direction but the tensile test specimens may 
be taken in either the longitudinal or transverse direction as 
agreed with LR. 


10.3.4 The results of all tests are to comply with the 
appropriate requirements of Table 3.10.2. 


10.3.5 Where standard subsidiary impact test specimens 
are necessary, see Ch 2,3.2.4. 


10.4 Identification of materials 


10.4.1. The particulars detailed in 1.11 are to be marked on 
each piece which has been accepted and, for ease of 
recognition, are to be encircled or otherwise marked with paint. 


10.5 Certification of materials 


10.5.1 At least two copies of each test certificate are to 
be provided. They are to be of the type and give the informa- 
tion detailed in 1.12 and, additionally, are to state the specified 
maximum carbon equivalent. As a minimum, chemical compo- 
sition is to include the contents of any grain refining elements 
used and of the residual elements as detailed in Table 3.10.1. 
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Table 3.10.2 


Yield stress 
N/mm2 
min. 
(see Note 1) 


Tensile strength 


N/mm2 


Mechanical properties for acceptance purposes 


Elongation on 


5,654 S9 
% minimum 
(see Note 2) 
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Charpy V-notch impact tests (see Note 4) 


Transverse Longitudinal 


Test 
temperature 


°C 


Average energy 
J minimum 


Transverse Longitudinal 


AH 42 
DH 42 
EH 42 
FH 42 


530 — 680 


20 


0 
-20 
-40 
-60 


AH 46 
DH 46 
EH 46 
FH 46 


570 — 720 


(0) 
-20 
—40 
-60 


AH 50 
DH 50 
EH 50 
FH 50 


610-770 


0 
-20 
-40 
-60 


AH 55 
DH 55 
EH 55 
FH 55 


670 - 830 


(0) 
-20 
—40 
-60 


AH 62 
DH 62 
EH 62 
FH 62 


720 — 890 


o 
-20 
—40 
-60 


AH 69 
DH 69 
EH 69 
FH 69 


770 — 940 


(0) 
-20 
—40 
-60 


NOTES 


1. Where a distinct yield stress indication is not obtainable during tensile testing the 0,2% proof stress is applicable. 
2. For full thickness tensile test specimens with a width of 25 mm and a gauge length of 200 mm (see Fig. 2.2.4 in Chapter 2) the minimum 


elongation is to be: 


Thickness mm 


>10 
<15 


Strength levels 
42 
Elongation 46 

% 50 and 55 
62 
69 


These values apply to transverse specimens. 


2%. 


Where the use of longitudinal specimens has been agreed, the values are to be increased by 


The ratio of yield strength to tensile strength should not exceed 0,94. 
Impact tests are not required on thicknesses less than 6 mm. 
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Section 

1 General requirements 

2 Castings for ship and other structural 
applications 

3 Castings for machinery construction 

4 Castings for crankshafts 

5 Castings for propellers 

6 Castings for boilers, pressure vessels and 


piping systems 


7 Ferritic steel castings for low temperature 
service 

8 Stainless steel castings 

9 Steel castings for container corner fittings 


a Section 7 
General requirements 


1.1 Scope 


1.1.1 This Section gives the general requirements for 
steel castings intended for use in the construction of ships, 
other marine structures, machinery, boilers, pressure vessels 
and piping systems. 


1.7.2 Where required by the relevant Rules dealing with 
design and construction, castings are to be manufactured 
and tested in accordance with Chapters 1 and 2, together 
with the general requirements given in this Section and the 
appropriate specific requirements given in Sections 2 to 9. 


1.1.3 As an alternative to 1.1.2, castings which comply 
with National or proprietary specifications may be accepted 
provided that these specifications give reasonable equiva- 
lence to the requirements of this Chapter or alternatively are 
approved for a specific application. Generally, survey and 
certification are to be carried out in accordance with the 
requirements of Chapter 1. 


1.1.4 Where small castings are produced in large quantities, 
or where castings of the same type are produced in regular 
quantities, alternative survey procedures, in accordance with 
Ch 1,2.4 may be adopted. 


1.2 Manufacture 
1.2.1 Castings are to be made at foundries approved by 


LR. The steel used is to be manufactured by a process 
approved by Lloyd’s Register (hereinafter referred to as ‘LR’). 
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1.2.2 All flame cutting, scarfing or arc-air gouging to 
remove surplus metal is to be undertaken in accordance with 
recognised good practice and is to be carried out before the 
final heat treatment. Preheating is to be employed where 
necessitated by the chemical composition and/or thickness of 
the casting. The affected areas are to be either machined or 
ground smooth for a depth of about 2 mm unless it has been 
shown that the material has not been damaged by the cutting 
process. Special examination will be required to find any 
cracking in way of the cut surfaces. 


1.2.3 Where two or more castings are joined by welding 
to form a composite item, details of the proposed welding 
procedure are to be submitted for approval. Welding approval 
procedure tests will be required, see also the requirements 
of 1.9. 


1.3 Quality of castings 


1.3.1 All castings are to be free from surface or internal 
defects which would be prejudicial to their proper application 
in service. The surface finish is to be in accordance with good 
practice and any specific requirements of the approved 
specification. 


1.3.2 The surfaces are not to be hammered, peened or 
treated in any way which may obscure defects. 


1.3.3 The locations of all chaplets are to be noted and to 
be subject to close visual inspection (and when necessary 
ultrasonic examination) to ensure complete fusion. 


1.4 Chemical composition 


1.4.1 All castings are to be made from killed steel. The 
chemical composition of the ladle sample is to be within the 
limits given in the relevant Section of this Chapter. Where 
general overall limits are specified, the chemical composition 
is to be appropriate for the type of steel, dimensions and 
required mechanical properties of the castings. 


1.4.2 Except where otherwise specified, suitable grain 
refining elements may be used at the discretion of the 
manufacturer. The content of such elements is to be reported 
in the ladle analysis. 


1.5 Heat treatment 


1.5.1 All castings are to be heat treated in accordance 
with the requirements given in the relevant Section of this 
Chapter. 
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1.5.2 Heat treatment is to be carried out in a properly 
constructed furnace which is efficiently maintained and has 
adequate means of temperature control. The furnace 
dimensions are to be such as to allow the steel castings to be 
uniformly heated to the necessary temperature. Sufficient 
thermocouples are to be connected to the steel castings to 
show that their temperature is adequately uniform and the 
temperatures are to be recorded throughout the heat treatment. 
Alternative procedures are to be approved by LR, Materials and 
NDE department. Copies of these records are to be presented 
to the Surveyor together with a sketch showing the positions at 
which the temperature measurements were carried out. The 
records are to identify the furnace that was used and give details 
of the individual steel castings, the heat treatment temperature 
and time at temperature and the date. The Surveyor is to 
examine the charts and confirm the details on the certificate. In 
the case of very large components which require heat treatment, 
alternative methods will be specially considered. 


1.5.3 If a casting is locally reheated, or any straightening 
operation is performed after the final heat treatment, a 
subsequent stress relieving heat treatment may be required 
in order to avoid the possibility of harmful residual stresses. 


1.6 Test material and test specimens 


1.6.1 Test material sufficient for the tests specified in 
Sections 2 to 9 and for possible re-test purposes is to be 
provided for each casting. The test samples are to be either 
integrally cast or gated to the casting and are to have a 
thickness of not less than 30 mm. 


1.6.2 The test samples are not to be detached from the 
casting until the heat treatment specified in 1.5.1 has been 
completed and they have been properly identified. 


1.6.3 As an alternative to 1.6.1 and 1.6.2, where a 
number of small castings of about the same size, each of 
which is under 1000 kg in mass, are made from one cast and 
heat treated in the same furnace charge, a batch testing 
procedure may be adopted, using separately cast test 
samples of suitable dimensions. The test samples are to be 
properly identified and heat treated together with the castings 
which they represent. At least one test sample is to be 
provided for each batch of castings. 


1.6.4 The test specimens are to be prepared in accor- 
dance with the requirements of Chapter 2. Tensile test 
specimens are to have a cross-sectional area of not less than 
150 mm2. 


1.6.5 Re-test procedures are to be in accordance with 
Ch 2,1.4. 


1.7 Visual and non-destructive examination 


1.7.1 This Section gives the general requirements for 
non-destructive examination of steel castings. As an alterna- 
tive, castings may be examined in accordance with a National 
Specification, provided it gives reasonable equivalence to 
these Rules. 
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1.7.2 All castings are to be cleaned and adequately 
prepared for inspection. Suitable methods include pickling, 
caustic cleaning, wire brushing, local grinding, shot or sand 
blasting. 


1.7.3 The surfaces are not to be hammered, peened or 
treated in any way which may obscure defects. 


1.7.4 Unless otherwise agreed, the accuracy and 
verification of dimensions are the responsibility of the manu- 
facturer. 


1.7.5 All castings are to be presented to the Surveyor for 
visual examination. Where applicable, this is to include the 
examination of internal surfaces. Castings are to be subject to 
magnetic particle examination or dye penetrant inspection (for 
austenitic stainless steel castings, see Section 8) in 
accordance with 1.7.9, unless more specific requirements for 
non-destructive examination are included in subsequent 
Sections of this Chapter, other parts of the Rules or the agreed 


specification. 


1.7.6 Where specified or required by the Rules non- 
destructive examination is to be carried out before 
acceptance. All tests are to be in accordance with the require- 
ments of Ch 1,5. 


BAL The manufacturer is to provide the Surveyor with a 
signed report confirming that non-destructive examination has 
been carried out and that such inspection has not revealed 
any significant defects. 


1.7.8 Where magnetic particle examination is specified or 
required, this is to be carried out using a suspension of 
magnetic particles in a suitable fluid. The dry powder method 
is not acceptable for the final inspection. Prods are not 
permitted on finished machined surfaces. 


bef: Where required, magnetic particle or dye penetrant 

testing is to be carried out by the manufacturer whenever 

appropriate and also when the castings are in the finished 

condition. The tests are to be made in the presence of the 

Surveyor unless otherwise specially agreed. The castings are 

to be examined in the following areas: 

(a) Atall accessible fillets and changes of section. 

(b) At positions where surplus metal has been removed by 
flame cutting, scarfing or arc-air gouging. 

(c) In way of fabrication weld preparations, for a distance 
not less than 50 mm form the edge. 

(d) In way of welds. 

(e) In way of chaplets. 

(f| At other positions agreed with the Surveyor to include 
areas which may be subjected to high stress in service. 


1.7.10 Where required by subsequent Sections or by the 

agreed specification, ultrasonic examination is to be carried 

out by the manufacturer, but Surveyors may request to be 

present in order to verify that the examination is carried out in 

accordance with the agreed procedure. This examination is 

to be carried out in the following areas: 

(a) At positions which may be subjected to high stresses in 
service, as agreed with the Surveyor. 

(b) In way of fabrication weld preparations, for a distance 
not less than 50 mm form the edge. 
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(c) At positions where subsequent machining may expose 
filamentary shrinkage or other defects (e.g., bolt holes, 
bearing bores). 

(d) In way of welding. 

e) In way of riser positions. 

(f At positions where experience shows that significant 
internal defects may occur: these are to be agreed 
between the manufacturer and the Surveyor. 


1.7.11 Radiographic examination, where required, is to be 
carried out by the manufacturer in areas generally as indicated 
for ultrasonic examination in 1.7.10. All radiographs are to be 
submitted to the Surveyor for examination and acceptance. 
The radiographic technique and acceptance standards are to 
be to the satisfaction of the Surveyor and in accordance with 
any requirements of the approved specification. 


1.7.12 In the event of any casting proving to be defective 
during subsequent machining or testing it is to be rejected 
notwithstanding any previous certification. 


1.7.13 The general acceptance criteria given in 2.5.2 are 
to be applied where no specific acceptance criteria are stated 
in the subsequent Sections of this Chapter. 


1.8 Pressure testing 


1.8.1 Where required by the relevant Rules, castings are 
to be pressure tested in the final machined condition before final 
acceptance. These tests are to be carried out in the presence 
of the Surveyors and are to be to their satisfaction. 


1.9 Rectification and dressing of castings 


1.9.1 When unacceptable defects are found in a casting, 
these are to be removed by machining or chipping. Flame- 
scarfing or arc-air gouging may also be used provided that 
preheating is employed when necessary and that the surfaces 
of the resulting excavation are subsequently ground smooth. 
Complete elimination of the defective material is to be proven 
by adequate non-destructive examination. Shallow grooves or 
excavations resulting from the removal of defects may, at the 
discretion of the Surveyor, be accepted provided that they will 
cause no appreciable reduction in the strength of the 
castings and that they are suitably blended by grinding. 
Complete elimination of the defective material is to be verified 
by magnetic particle or dye penetrant testing. 


1.9.2 Where flame scarfing or arc-air gouging is used, the 
requirements detailed in 1.2.2 are to apply. 


1.9.3 Grinding wheels for use on austenitic stainless 
steels are to be of an iron-free type and shall have been used 
only on stainless steels. 


1.9.4 All proposals to repair a defective casting by welding 
are to be submitted to the Surveyor before this work is 
commenced. The Surveyor is to satisfy himself that the 
number, position and size of the defects are such that the 
casting can be effectively repaired. 
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1.9.5 A statement and/or sketch detailing the extent and 
position of all welds is to be prepared by the manufacturer. 
Copies of these sketches are to be submitted to LR, and 
copies are to be attached to the certificates for the castings. 


1.9.6 All welding is to be carried out by an approved 
welder and in accordance with an approved welding 
procedure which includes the features referred to in 1.9.6 to 
1.9.13. 


1.9.7 Where welding is required, a grain refining heat 
treatment is to be given to the whole casting prior to carrying 
out welding unless agreed otherwise with the Surveyor. Grain 
refining heat treatment requires heating above the upper 
critical temperature. 


1.9.8 Any excavations are to be of suitable shape to 
allow good access for welding and, after final preparation for 
welding, are to be re-examined by suitable non-destructive 
testing methods to ensure that all defective material has been 
eliminated. 


1:9.9 All castings in alloy steels other than austenitic and 
duplex stainless steels are to be suitably preheated prior to 
welding. Castings in caroon-manganese steels may also be 
required to be preheated, depending on their chemical 
composition, the dimensions, configuration and positions of 
the welds. 


1.9.10 Welding is to be carried out under cover, in positions 
free from draughts and adverse weather conditions. As far as 
possible, all welding is to be carried out in the downhand (flat) 
position. 


1.9.11. The welding consumables used are to be of an 
appropriate composition, giving a weld deposit with mechanical 
properties similar and in no way inferior to those of the parent 
castings. The use of low hydrogen type welding consumables 
is preferred. Welding procedure tests are to be carried out by 
the manufacturer to demonstrate that satisfactory mechanical 
properties can be obtained after heat treatment as detailed in 
1.9.12, and the results of these tests are to be presented to 
the Surveyor. 


1.9.12 After welding is completed, the castings are to be 
given the heat treatment specified in Sections 2 to 9, or a 
stress relieving heat treatment at a temperature of not less 
than 550°C. The type of heat treatment required will be 
dependent on the chemical composition of the casting and 
the dimensions, positions and nature of the repairs. 


1.9.13 Special consideration may be given to a local stress 
relieving heat treatment. where both the welded area is small 
and machining of the casting has reached an advanced 
stage, prior agreement is to be obtained from LR in writing. 
The welding procedure is to be such that residual stresses are 
minimised. 
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1.9.14 Oncompletion of heat treatment, all welds and 
adjacent material are to be ground smooth and examined by 
magnetic particle, or liquid penetrant testing, ultrasonic or 
radiographic examination. The Surveyor is to attend at these 
inspections, to witness the results of magnetic particle or 
liquid penetrant examination and to examine any radiographs. 
Satisfactory results are to be obtained from all forms of non- 
destructive examination used.The acceptance criteria for the 
NDE of welds are to be in accordance with subsequent 
Sections of this Chapter or where these do not exist, 
Tables 13.2.4 to 13.2.6 in Chapter 13, as appropriate. 


1.9.15 | Where no welding has been made on a casting, the 
manufacturer is to provide the Surveyor with a written 
statement that this is the case. 


1.9.16 The foundry is to maintain full records detailing the 
weld procedure, heat treatment and the extent and location of 
all welds made to each casting. These records are to be 
available for review by the Surveyor, and copies of individual 
records are to be supplied to the Surveyor on request. 


1.9.17 For rectification of defective steel castings for 
crankshafts, see 4.7. 


1.10 Identification of castings 


7.70.1. The manufacturer is to adopt a system of identifi- 
cation, which will enable all finished castings to be traced to 
the original cast, and the Surveyor is to be given full facilities 
to trace the castings when required. 


1.10.2 Before acceptance, all castings which have been 

tested and inspected with satisfactory results are to be clearly 

marked by the manufacturer with the following particulars: 

(a) Identification number, cast number or other marking 
which will enable the full history of the casting to be 
traced. 

(b) Manufacturer’s name or trade mark. 

(c) LR or Lloyd's Register and the abbreviated name of LR’s 
local office. 

(d) Personal stamp of Surveyor responsible for inspection. 

e) Test pressure, where applicable. 

Date of final inspection. 


So 


1.10.3. Where small castings are manufactured in large 
numbers, modified arrangements for identification may be 
specially agreed with the Surveyor. 


1.11 Certification of materials 


1.11.1 A LR certificate is to be issued, see Ch 1,3.1. 
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1.11.2 The manufacturer is to provide the Surveyor with a 

written statement giving the following particulars for each 

casting or batch of castings which has been accepted: 

(a) Purchaser’s name and order number. 

(b) Description of castings and steel grade. 

(c) Identification number. 

(d) Steel-making process, cast number, chemical analysis 
of ladle samples and, in the case of the Special grade 
(see Section 2), the chemical analysis of the product or 
test bar. 

(e) General details of heat treatment including the tempera- 
ture and time at temperature. 

(f, Results of mechanical tests. 

(g) Test pressure, where applicable. 


1.11.3 Where applicable, the manufacturer is to provide a 
signed report regarding non-destructive examination as 
required by 1.7.7 together with a statement and/or sketch 
detailing the extent and position of all weld repairs made to 
each casting as required by 1.9.5 or the statement detailed 
in 1.9.15. 


a Section 2 
Castings for ship and other 
structural applications 


2.1 Scope 


2AT The requirements for caroon-manganese steel 
castings, intended for ship and other structural applications 
where the design and acceptance tests are related to 
mechanical properties at ambient temperature, are given in 
this Section. 


2.1.2 Provision is made for two quality grades, Normal 
and Special. 


2.1.3 Where it is proposed to use carbon-manganese 
steels of higher specified minimum tensile strength than 
required by 2.4.3, or alloy steels, particulars of the chemical 
composition, mechanical properties and heat treatment are 
to be submitted for approval. 


2.2 Chemical composition 


2.2.1 The chemical composition of ladle samples is to 
comply with Table 4.2.1. 


2.2.2 For the Special grade, the product of the aluminium 
and nitrogen contents is to comply with the following formula: 
(% Alacid sol X % N) 10° < 60 


2.2.3 For the Special grade, a check chemical analysis 
on the product or a test bar is mandatory. The check analysis 
on the product or test bar is to comply with the requirements 
of Table 4.2.1. 
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Table 4.2.1 Chemical composition 


Quality grade Normal 


Special (see Note 3) 


Carbon 0,23% max. 
Silicon 0,60% max. 
Manganese 0,70-1,60% 
Sulphur 0,040% max. 
Phosphorus 0,040% max. 
Aluminium — — 
(acid soluble) 
Residual elements: 
Copper 0,30% max. 
Chromium 0,30% max. 
Nickel 0,40% max. 
Molybdenum 0,15% max. 
Total 0,80% max. 


0,23% max. 
0,60% max. 
0,70-1,60% 
0,035% max. 
0,035% max. 
0,015-0,080% 
(see Notes 1 and 2) 


0,30% max. 
0,30% max. 
0,40% max. 
0,15% max. 
0,80% max. 


NOTES 
The total aluminium content may be determined instead of 
the acid soluble content, in which case the total aluminium 
content is to be 0,020-0,10%. 
Grain refining elements other than aluminium may be used 
subject to special agreement with LR. 
For the Special grade, the nitrogen content is to be determined. 


2.3 Heat treatment 


2.3.1 Castings are to be supplied: 

(a) fully annealed; or 

(b) normalised; or 

(c) normalised and tempered at a temperature of not less 
than 550°C; or 

(d) quenched and tempered at a temperature of not less 
than 550°C. 


2.3.2 For larger castings where a coarse of microstruc- 
ture may be present in heavier thickness, a double austenising 
heat treatment may be required to ensure adequate grain 
refinement. A coarse microstructure will be indicated by an 
increased attenuation of approxiamtely 30 dB/m at 2 MHz 
during ultrasonic examination. 


2.3.3 Following weld repair and or the attachment of 
handling brackets, all castings are to be subject to post weld 
heat treatment at a temperature of not less than 550°C before 
delivery. 


2.4 Mechanical tests 


2.4.1 At least one tensile test is to be made on material 
representing each casting or batch of castings. 


2.4.2 Where the casting is of complex design, or where 
the finished mass exceeds 10 tonnes, two test samples are to 
be provided. Where large castings are made from two or more 
casts which are not mixed in a ladle prior to pouring, two or 
more test samples are required corresponding to the number of 
casts involved. These are to be integrally cast at locations as 
widely separated as possible. 


Chapter 4 


Section 2 


2.4.3 The results of these tests are to comply with the 
following requirements: 
Yield stress 
Tensile strength 
Elongation on 5,654/S, 


Reduction of area 


200 N/mm? min. 
400 N/mm? min. 


25% min. 
40% min. 


2.4.4 A set of three Charpy V-notch impact test 
specimens is to be provided with each casting in the Special 
grade. These may be taken from a small extension of the 
thickest part of the casting or from a block cast integrally with 
the casting and having dimensions representative of the 
largest section thickness of the casting. These are to be 
tested in accordance with Chapter 2 and are to have an 
average energy of not less than 27J at 0°C. 


2.5 Non-destructive examination 


2.5.1 Castings used in ship construction for the 
sternframe, rudder and propeller shaft supports are to be 
examined by ultrasonic and magnetic particle methods in 
accordance with 1.7. The type and extent of non-destructive 
examination of castings for other structural applications are 
to be specially agreed by the Surveyor. 


2.5.2 The extent and methods of non-destructive 
examination to be applied to typical hull steel castings are 
shown in Figs. 4.2.1 to 4.2.6 in addition to the areas 
specified in 1.7.9 and 1.7.10. 


2.5.3 Acceptance levels for Visual Inspection are to be 

taken as follows: 

(a) No cracks or hot tears are permitted. 

(b) Castings are to be free of other injurious indications to 
the satisfaction of the Surveyor. 

(c) Additional magnetic particle, dye penetrant or ultrasonic 
testing may be required for a more detailed evaluation of 
surface irregularities at the request of the Surveyor. 
These examinations are in addition to those required by 
2.6. 
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Location of non-destructive examination 

1. All surfaces: Visual examination 

2. Location indicated with (000): Magnetic particle and 
Ultrasonic testing 


Fig. 4.2.1 Extent of non-destructive evaluation for stern frame castings 


Location of non-destructive examination 
All surfaces: Visual examination 
Magnetic particle and ultrasonic testing 


Fig. 4.2.2 Extent of non-destructive evaluation for rudder stock castings 
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Location of non-destructive examination 

1. All surfaces: Visual examination 

2. Location indicated with (000): Magnetic particle and 
ultrasonic testing 

3. Location indicated with (~~): Ultrasonic testing 


Fig. 4.2.3 
Extent of non-destructive evaluation for stern 
boss castings 


Location of non-destructive examination 
1. All surfaces: 
2. Location indicated with (000): 


Visual examination 
Magnetic particle and 
Ultrasonic testing 

8. Location indicated with (~~): Ultrasonic testing 
Fig. 4.2.4 
Extent of non-destructive evaluation for rudder 
hanging castings 


Location of non-destructive examination 


1. All surfaces: 


2. Location indicated with (000): 


8. Location indicated with (~~): 


Visual examination 
Magnetic particle and 
Ultrasonic testing 

Ultrasonic testing 


Fig. 4.2.5 Extent of non-destructive evaluation for rudder (upper part) castings 
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Location of non-destructive examinati 
1. All surfaces: 
2. Location indicated with (000): 


Visual examination 
Magnetic particle and 
Ultrasonic testing 


3. Location indicated with (ww): Ultrasonic testing 


Fig. 4.2.6 
Extent of non-destructive evaluation for rudder 
(lower part) castings 


2.6 Acceptance levels for surface crack detection 


2.6.1 The following definitions apply to indications 
associated with magnetic particle and dye penetrant 
inspection: 

(a) Linear indication. An indication in which the length is at 
least three times the width. 

(b) Non-linear indication. An indication of circular or elliptical 
shape with a length less than three times the width. 

(c) Aligned indication. Three or more indications in a line, 
separated by 2 mm or less, edge-to-edge. 

(d) Open indication. An indication visible after removal of 
the magnetic particles, or that can be detected by the 
use of contrast dye penetrant. 

(e) Non-open indication. An indication that is not visually 
detectable after removal of the magnetic particles, or that 
cannot be detected by the use of contrast dye penetrant. 


Table 4.2.2 


Maximum number of 


Type o 
indication yP 


Quality level 


indication 
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(f Relevant indication. An indication that is caused by a 
condition or type of discontinuity that requires evaluation. 
Only indications which have any dimension greater than 
1,5 mm are to be considered relevant. 


2.6.2 For the purpose of evaluating indications, the 
surface is to be divided into reference band length of 150 mm 
for level MT1/PT1 and into reference areas of 225 cm2 for 
level MT2/PT2. The band length and/or area is to be taken in 
the most unfavourable location, relative to the indications 
being evaluated. 


2.6.3 The following quality levels recommended for 

magnetic particle testing (MT) and/or dye penetrant testing 

(PT) are; 

(a) Level MT1/PT1 — fabrication weld preparation areas. 

(b) Level MT2/PT2 — other locations indicated on Figs. 4.2.1 
to 4.2.6. 

The acceptance criteria are shown in Table 4.2.2. Cracks and 

hot tears are not acceptable. 


2.6.4 Acceptance criteria for ultrasonic testing are shown 
in Table 4.2.3 as UT1 and UT2. Discontinuities within the 
examined zones interpreted to be cracks or hot tears, are not 
acceptable. 


2.6.5 Level UT1 is applicable to the following: 

(a) Fabrication weld preparations for a distance of 50 mm. 

(b) 50mm depth from the final machined surface including 
boltholes. 

(c) Fillet radii to a depth of 50 mm and within a distance of 
50 mm from the radius end. 

(d) Castings subject to cyclic bending stresses, e.g., rudder 
horn, rudder castings and rudder stocks, the outer one 
third of thickness in the zones shown in Figs. 4.2.1 to 
4.2.6. 


2.6.6 Level UT2 is applicable to the following: 

(a) For locations which are not specified in 2.6.5, nominated 
for ultrasonic testing in Figs. 4.2.1 to 4.2.6 or on the 
inspection plan. 

(b) Positions outside locations nominated for level UT1 
examination where feeders and gates have been 
removed. 

(c) Castings subject to cyclic bending stresses, at the 
central one third of thickness in the zones shown in 
Figs. 4.2.1 to 4.2.6. 


Acceptance criteria for surface inspection evaluation 


Maximum dimension of 
single indication, mm 
(see Note 2) 


Maximum number 
each type 


4 in 150 mm length Li 
Al 


Non-linear 


4, see Note 1 5 
4, see Note 1 3 
4, see Note 1 3 


20 in 22500 mm? area L 


MT2/PT: 


Non-Linear 10 


Al 


6 
6 


NOTES 
1. Minimum of 30 mm between relevant indications. 
In weld repairs, the maximum dimension is 2 mm. 
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Table 4.2.3 


Allowable disc shape according 
to the Distance-Gain Size 
(DGS), mm 


Quality level 


Chapter 4 


Sections 2 & 3 


Ultrasonic acceptance criteria for marine steel castings 


Maximum number of 
indications to be registered, 
see Note 1 


Allowable length of linear 
indications, mm, see Note 2 


T1 >6 


(0) 


T2 12-15 
>15 


5 
0 


NOTES 
li. Grouped in an area measuring 300 x 300 mm. 
2. Measured on the scanning surface. 


2.6.7 Ultrasonic acceptance criteria for casting areas not 
nominated in Figs. 4.2.1 to 4.2.6 will be subject to special 
consideration, based on the anticipated stress levels and the 
type, size and position of the discontinuity. 


2.6.8 Parts which are welded are to be examined by the 
same method as at the initial inspection as well as by 
additional methods as required by the Surveyor. 


a Section 3 
Castings for machinery 
construction 


3.1 Scope 


3.1.1 This Section gives the material requirements for 
carbon-manganese steel castings intended for use in machinery 
construction and which are not within the scope of Sections 
4to7. 


3.1.2 Where it is proposed to use steels of higher carbon 
content than is indicated in 3.2.1, or alloy steels, particulars of 
the chemical composition, mechanical properties and heat 
treatment are to be submitted for approval. 


3.1.3 The manufacture or repair of cast steel connecting 
rods is not permitted, except where the manufacturing and 
quality control procedures have been approved by LR. For 
approval purposes, tests are to be carried out at the place of 
manufacture using the proposed process to demonstrate that 
the castings are sound. Tests are to be carried out to confirm 
that the appropriate mechanical properties are attained within 
the casting, including areas where weld repairs have been 
performed. Any changes to manufacturing, repair and 
quality control procedures are to be submitted to LR for 
approval, see also Ch 1,2.2. 


3.2 Chemical composition 


3.2.1 The chemical composition of ladle samples is to 
comply with the following limits, except as specified in 3.2.2: 


Carbon 0,40% max. 
Silicon 0,60% max. 
Manganese 0,50-1,60% 
Sulphur 0,040% max. 
Phosphorus 0,040% max. 
Residual elements: 
Copper 0,30% max. 
Chromium 0,30% max. 
Nickel 0,40% max. 
Molybdenum 0,15% max. 


Total 0,80% max. 


3.2.2 Castings which are intended for parts of a welded 
fabrication are to be of weldable quality with a carbon content 
generally not exceeding 0,23 per cent. 


3.2.3 Proposals to use steels with higher carbon content, 
or alloy steels, for welded construction will be subject to 
special consideration. 


3.3 Heat treatment 


3.3.1 Castings are to be supplied: 

(a) fully annealed; or 

(0) normalised; or 

(c) normalised and tempered at a temperature of not less 
than 550°C; or 

(d) quenched and tempered at a temperature of not less 
than 550°C. 


3.3.2 Engine bedplate castings, turbine castings and any 
other castings where dimensional stability and freedom from 
internal stresses are important, are to be given a stress relief 
heat treatment. This is to be at a temperature not lower than 
550°C, followed by furnace cooling to 300°C or lower. 
Alternatively, full annealing may be used provided that the 
castings are furnace cooled to 300°C or lower. 


3.4 Mechanical tests 


3.4.1 At least one tensile test is to be made on material 
representing each casting or batch of castings. 
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3.4.2 Where the casting is of complex design, or where 
the finished mass exceeds 10 tonnes, two test samples are to 
be provided. Where large castings are made from two or 
more casts which are not mixed in a ladle prior to pouring, 
two or more test samples are required corresponding to the 
number of casts involved. The test samples are to be 
integrally cast at locations as widely separated as possible. 


3.4.3 Table 4.3.1 gives the minimum requirements for 
yield stress, elongation and reduction of area corresponding 
to different strength levels, but it is not intended that these 
should necessarily be regarded as specific grades. 
Intermediate levels of minimum tensile strength may be 
specified, in which case minimum values for yield stress, 
elongation and reduction of area may be obtained by 
interpolation. 


Table 4.3.1 Mechanical properties for acceptance 
purposes: carbon and carbon- 
manganese steel castings for 


machinery construction 


Tensile Yield stress 
strength N/mm? 
/mm2 minimum 


Elongation Reduction 
on 5,654/S, of area 
% minimum % minimum 


400-550 200 25 40 
440-590 220 22 30 
480-630 240 20 27 
520-670 260 18 25 
560-710 300 15 20 
600-750 320 13 20 


3.4.4 Castings may be supplied to any specified 
minimum tensile strength selected within the general limits 
detailed in Table 4.3.1. 


3.4.5 The results of all tensile tests are to comply with the 
requirements of Table 4.3.1 appropriate to the specified 
minimum tensile strength. 


3.4.6 For alloy steel castings and carbon-manganese 
steel castings containing more than 0,40 per cent carbon, the 
results of all mechanical tests are to comply with an approved 
specification. 


3.4.7 When a casting, or a batch of castings, has failed 
to meet the mechanical test requirements, it may be re-heat 
treated and re-submitted for acceptance tests but this may 
not be carried out more than twice, see Ch 1,4.6. 


3.5 Non-destructive examination 


3.5.1 All piston crowns and cylinder covers are to be 
examined by ultrasonic testing. In addition, where these 
castings are intended for engines having a bore size larger 
than 400 mm, they are to be examined by magnetic particle 
or dye penetrant testing in accordance with 1.7. 


3.5.2 Engine bedplate castings are to be examined by 
ultrasonic and magnetic particle or dye penetrant testing in 
accordance with 1.7. 


Chapter 4 
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3.5.3 Turbine castings are to be examined by magnetic 
particle or dye penetrant testing in accordance with 1.7. In 
addition, an ultrasonic or radiographic examination is to be 
made in way of fabrication weld preparations. 


3.5.4 Other castings are to be examined by non-destruc- 
tive methods where specified. 


a Section 4 
Castings for crankshafts 


41 Scope 


4.1.1 This Section gives the requirements for carbon and 
carbon-manganese steel castings for semi-built crankshafts. 


4.1.2 Where it is proposed to use steels of higher carbon 
content than is indicated in 4.3.1, or alloy steels, particulars of 
the chemical composition, mechanical properties and heat 
treatment are to be submitted for approval. For alloy steels, 
the specified minimum tensile strength is not to exceed 
700 N/mm2. 


4.2 Manufacture 

4.2.1 The method of producing combined web and pin 
castings is to be approved. For this purpose, tests to demon- 
strate the soundness of the casting and the properties at 
important locations may be required. 


4.3 Chemical composition 


4.3.1 The chemical composition of ladle samples is to 
comply with the following limits: 


Carbon 0,40% max. (but see 4.7.4(c)) 
Silicon 0,60% max. 
Manganese 0,50-1,60% 
Sulphur 0,040% max. 
Phosphorus 0,040% max. 
Residual elements: 
Copper 0,30% max. 
Chromium 0,30% max. 
Nickel 0,40% max. 
Molybdenum 0,15% max. 
Total 0,80% max. 
4.4 Heat treatment 


4.4.1 Castings are to be supplied either: 

(a) fully annealed and cooled in the furnace to a tempera- 
ture of 300°C or lower; or 

(b) normalised and tempered at a temperature of not less 
than 550°C, and cooled in the furnace to a temperature 
of 300°C or lower. 
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4.5 Mechanical tests 


4.5.1 Proposals for the number of tests and the location 
of test material on the casting are to be submitted by the 
manufacturer. 


4.5.2 Not less than one tensile test and three impact tests 
are to be made on material representing each casting. The 
impact tests are to be carried out at ambient temperature. 


4.5.3 Table 4.4.1 gives the minimum requirements for 
yield stress and elongation corresponding to different strength 
levels, and it is not intended that these should necessarily be 
regarded as specific grades. The strength levels have been 
given in multiples of 40 N/mm? to facilitate interpolation for 
intermediate values of specified minimum tensile strength. 


Table 4.4.1 Mechanical properties for acceptance 
purposes: carbon-manganese steel 


castings for crankshafts 


Charpy 
V-notch 
on Reduction impact 
5,654 S9 of area tests 
% % average 
minimum energy 
J minimum 
(see Note) 


Elongation 


Tensile Yield 
strength stress 
N/mm? N/mm? 


minimum minimum 


400-550 
440-590 
480-630 
520-670 
550-700 


NOTE 
Impact tests are to be made at ambient temperature. 


4.5.4 Castings may be supplied to any specified 
minimum tensile strength selected within the general limits 
detailed in Table 4.4.1. 


4.5.5 The results of all tests are to comply with the 
requirements of Table 4.4.1 appropriate to the specified 
minimum tensile strength. For the impact tests, one individual 
value may be less than the required average value provided 
that it is not less than 70 per cent of this average value. See 
Ch 1,4.6 for re-test procedures. 


4.6 Non-destructive examination 


4.6.1 Magnetic particle examination is to be carried out 
over all surfaces in accordance with Fig. 4.4.1. 


4.6.2 Each casting is to be examined by ultrasonic 
testing, and the extent of examination and defect acceptance 
criteria, using the DGS (Distance Gain Size) technique, are to 
be as shown in Fig. 4.4.2. Alternative ultrasonic procedures 
may be submitted for approval. 
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4.7 Rectification of defective castings 


4.7.1 The requirements of 1.9 apply, except where 
amended by this Section. 


4.7.2 Where castings have shallow surface defects, 
consideration is first to be given to removing such defects by 
grinding and blending or by machining the surface where 
there is excess metal on the Rule dimension. 


4.7.3 Subject to prior agreement and submission of the 
detailed welding procedure for approval by LR, welding may 
be carried out prior to the final austenitising heat treatment. 


4.7.4 Approval for welding will not be given in the following 

circumstances: 

(a) For the rectification of repetitive defects caused by 
improper foundry technique or practice. 

(b) For the building up by welding of surfaces or large 
shallow depressions. 

(c) Where the carbon content of the steel exceeds 0,30 per 
cent. 

(d) Where the carbon equivalent of the steel, given by 

Mn Cr+Mo+V Ni+Cu 


C+ 5 + 5 + 15 exceeds 0,65 per cent. 

4.7.5 Provided that the Surveyors are satisfied that welding 

is justified, they may also authorise welding to the surfaces of 

crankwebs, following the final austenitising heat treatment, 
within the following limits: 

(a) In general, the volume of the largest groove which is to 
be welded is not to exceed 3,2t cm3, where t is the web 
axial thickness, in cm. The total volume of all grooves 
which are to be welded is not to exceed 9,6t cm3 per 
crankweb. 

(b) The welds do not extend within the cross-hatched zones 
marked on Fig. 4.4.3 for semi-built crank throws. 

(c) Larger welds on balance weights may be permitted at 
the discretion of the Surveyor, provided that such repairs 
are wholly contained within the balance weight and do 
not affect the strength of the crankweb. 


4.7.6 Subsequent to the final austenitising heat treat- 
ment, welding may be authorised in the surface of the bore 
for the journal (or pin) within the following limits: 

(a) In general, the welds are to be not less than 125 mm 
apart. 

(b) The welds are not to be located within circumferential 

t 

5 
position within the inner 120° arc of the bores, as cross- 
hatched on Fig. 4.4.3. 

(c) The volume of the largest weld is to be not more than 
1,1t cm3, where t is the web axial thickness at the bore, 
in cm, and not more than three welds are to be made in 
any one bore surface. 


bands of from the edges of the bores, nor at any 


4.7.7 After all defective material has been removed from 
a region, and this has been proven in the presence of the 
Surveyor by magnetic particle inspection or other suitable 
method, the excavation is to be suitably shaped to allow good 
access for welding. 
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Chapter 4 


Section 4 


Section A-A 


Section B-B 


8=90 a=0,l1d b=0,1d c=0,05D e=L/4 


d = pin diameter 


D = journal diameter 5291/06 


Zone 1 : Any actual defects with one dimension of 0,5 mm or more are not acceptable 


Zone 2 : Any actual defects with one dimension of 2 mm or more are not acceptable 


[| Zone 3 : Any actual defects with one dimension of 5 mm or more are not acceptable 


Zone 4 : Any actual defects with one dimension of 10 mm or more are not acceptable 


Fig. 4.4.1 Magnetic particle inspection acceptance levels 


4.7.8 At the discretion of the Surveyor, the size of a 
groove may be increased beyond the limiting sizes given in 
4.7.5 or 4.7.6, if the removal of further metal will facilitate 
welding. 


4.7.9 Welding is to be carried out by approved welders 
using approved procedures. The welds are to be made by an 
electric arc process using low hydrogen type consumables 
which will produce a deposited metal that is not inferior in 
properties to the parent metal. 


4.7.10 All castings are to be given a preliminary refining 
heat treatment prior to the commencement of welding. Before 
welding, the material is to be preheated in accordance with 
the qualified procedure. Where possible, preheating is to be 
carried out in a furnace. The preheat temperature is to be 
maintained until welding is completed, and preferably until the 
casting is placed in the furnace for post-weld heat treatment. 


4.7.11 Where welding is carried out after the final austeni- 
tising heat treatments, a post-weld stress relieving heat 
treatment is to be applied at a temperature of not less than 
600°C, see also 1.5.2. 


4.7.12 Welds are to be dressed smooth by grinding. The 
surfaces of the welds and adjacent parent steel are to be 
proven by magnetic particle and, where appropriate, ultra- 
sonic inspection, see 1.9.15 and 1.9.14. 
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B lees 
Section A-A Section B-B 


a=0,ld b=0,05D c=L/6 


d= Pin diameter D = Journal diameter 5291/07 


C Zone 1 : Max. allowable flaw size equivalent to a flat bottomed diameter 3 mm hole 


CA Zone 2 : Max. allowable flaw size equivalent to a flat bottomed diameter 6 mm hole 


Fig. 4.4.2 Ultrasonic examination acceptance levels 


E Section 5 
Castings for propellers 


5.1 Scope 


Na 
Ss 


5.1.1 This Section gives the requirements for steel 
castings for one-piece propellers and separately cast blades 
and hubs for fixed pitch and controllable pitch propellers 
(CPP). These include contra-rotating propellers, azipods and 
azimuth thrusters. The requirements for copper alloy 
LL propellers, blades and hubs are given in Ch 9,1. 


IERS 
12922% 


5.1.2 These castings are to be manufactured and tested 
in accordance with the appropriate requirements of Chapters 1 
and 2 and Ch 4,1 as well as the requirements of this Section. 


5.1.3 Full details of the manufacturer’s specification are 
to be submitted for approval. These should include the chemical 
composition, heat treatment, mechanical properties, micro- 
structure and repair procedures. 


Areas of semi-built crank throws to which weld 
repairs are not permitted 


5.1.4 Special requirements are given for castings which 
are intended for ice service in Table 4.5.2. 
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5.2 Chemical composition 


5.2.1 The chemical composition of ladle samples is to 
comply with the approved specification, see 5.1.3. 


5.2.2 Typical cast steel propeller alloys are given in 
Table 4.5.1. 


5.3 Heat treatment 


5.3.1 Martensitic stainless steel castings are to be 
austenitised, quenched and tempered in accordance with the 
approved specification, see 5.1.3. 


5.3.2 Austenitic stainless steel castings are to be solution 
treated in accordance with the approved specification, see 
5.153: 


5.4 Mechanical tests 


5.4.1 The test material is to be cast integral with the boss 
of propeller castings, or with the flange of separately cast 
propeller blades. Alternatively, the test material may be 
attached on blades in an area between 0,5 and 0,6R, where 
R is the radius of the propeller. 


5.4.2 The test material is not to be removed from the 
casting until final heat treatment has been carried out. Removal 
is to be by non-thermal procedures. 


Table 4.5.1 


Alloy type C Max. (%) Mn Max. (%) 


Chapter 4 


Section 5 


5.4.3 At least one tensile test and for the martensitic 
stainless steel grades one set of three Charpy V-notch impact 
tests are to be made on material representing each casting. 
The results are to comply with the requirements of Table 4.5.2 
or the approved specification. 


5.4.4 As an alternative to 5.4.3, where a number of small 
propeller castings of about the same size, and less than 1 m 
in diameter, are made from one cast and heat treated together 
in the same furnace, a batch testing procedure may be 
adopted using separately cast test samples of suitable 
dimensions. At least one set of mechanical tests is to be 
provided for each multiple of five castings in the batch. 


5.4.5 Separately cast test bars may be used subject to 
prior approval of the Surveyor. Test bars must be cast from 
the same heat, or heats, and must also be heat treated with 
castings they represent. 


5.5 Non-destructive examination 
5.5.1 On completion of machining and grinding, the 
whole surface of each casting is to be examined in 


accordance with Ch 9,1.8. 


3.9.2 When appropriate, magnetic particle inspection 
may be used in lieu of liquid penetrant testing. 


5.5.3 Castings are to be free from cracks and hot tears. 


Typical chemical composition for steel propeller castings 


Cr (%) Mo Max. (%) (see Note) Ni (%) 


Martensitic (12Cr 1Ni) 0,15 2,0 


Martensitic (13Cr 4Ni) 0,06 2,0 


Martensitic (16Cr SNi) 0,06 2,0 


Austenitic (19Cr 11Ni) 0,12 1,6 


11,5-17,0 Max. 2,0 


11,5-17,0 3,5-5,0 
15,0-17,5 3,5-6,0 


16,0-21,0 8,0-13,0 


OTE 


Table 4.5.2 


Yield stress or, Tensile strength 
0,2% proof stress minimum 
minimum, N/mm2 N/mm? 


Alloy type 


Minimum values are to be in accordance with the agreed specification or recognised National or International Standards. 


Typical mechanical properties for steel propeller castings 


Charpy V-notch 
impact tests 
J minimum (see 
Notes 1 and 2) 


Elongation on 
5,65 {So 
% minimum 


Reduction of 
area % minimum 


Martensitic (12Cr 1Ni 440 590 
Martensitic (13Cr 4Ni 550 750 


Martensitic (16Cr SNi 540 760 


Austenitic (19Cr 11Ni 


180 (see Note 3) 440 


30 20 
35 30 
35 30 


40 


OTES 


When a general service notation Ice Class 1AS, 1A, 1B or 1C is required, the tests are to be made at -10°C. 
For general service or where the notation Ice Class 1D is required, the tests are to be made at 0°C. 


Rp1,0 value is 205 N/mm?. 
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5.6 Rectification of defective castings 


5.6.1 The rectification of defective castings is to be 
undertaken in accordance with 1.9 and the following 
paragraphs. 


5.6.2 Removal of defective material is to be by mechanical 
means, e.g., by grinding, chipping or milling. The resultant 
grooves are to be blended into the surrounding surface so as 
to avoid any sharp contours. 


5.6.3 Grinding in severity zone A may be carried out to 
an extent that maintains the blade thickness. Repair by welding 
is generally not permitted in zone A and will only be allowed 
after special consideration. 


5.6.4 Defects in severity zone B that are not deeper than 
t/40 mm (t is the minimum local thickness according to the 
Rules) or 2 mm, whichever is the greater, are to be removed 
by grinding. Those defects that are deeper may be repaired 
by welding subject to prior approval of the Surveyor. 


5.6.5 Repair welding is generally permitted in severity 
zone C. 


5.6.6 Welds having an area of less than 5 cm? are to be 
avoided. The maximum surface area of repairs is to be in 
accordance with Table 9.1.4 in Chapter 9. 


5.6.7 Welding is to be in accordance with the approved 
specification, see 5.1.3. 


5.6.8 After weld repair, the propeller or blade is to be heat 
treated in such fashion as will minimise the residual stresses. 
For martensitic stainless steels, this will involve full heat 
treatment as specified in the approved specification. 


5.6.9 LR reserves the right to restrict the amount of repair 
work accepted from a manufacturer when it appears that 
repetitive defects are the result of improper foundry 
techniques or practices. 


5.6.10 All welds are to be inspected by the appropriate 
NDE method, see 1.7. 


5.7 Identification 


5.7.1 Castings are to be clearly marked by the manufac- 

turer in accordance with the requirements of Chapter 1. The 

following details are to be shown on all castings which have 

been accepted: 

a) Identification mark which will enable the full history of the 
item to be traced. 

b) Type of steel, this should include or allow identification 
of the chromium and nickel contents. 

c) LR or Lloyd’s Register and the abbreviated name of 
Lloyd’s Register’s local office. 

d) Personal stamp of Surveyor responsible for the final 
inspection. 

e) LR certificate number. 

f) Skew angle, if in excess of 25°. 

g) Ice class symbol, where applicable. 

h) Date of final inspection. 


Chapter 4 


Sections 5 & 6 


5.8 Certification of materials 


5.8.1 In addition to the requirements in Ch 4,1.11, the 
manufacturer is to provide the Surveyor with a written state- 
ment giving the following particulars for each casting: 


(a) Description of casting with drawing number. 

(o) Diameter, number of blades, pitch, direction of turning. 
(c) Skew angle, if in excess of 25°. 

(d) Final mass. 

(e) Vessel identification, where known. 


E Section 6 
Castings for boilers, pressure 
vessels and piping systems 


6.1 Scope 


6.1.1 This Section gives the requirements for carbon- 
manganese and alloy steel castings for boilers, pressure 
vessels and piping systems for use at temperatures not lower 
than 0°C. 


6.1.2 Where it is proposed to use alloy steels other than 
as given in this Section, details of the specification are to be 
submitted for approval. In such cases, the specified minimum 
tensile strength is not to exceed 600 N/mm2. 


6.1.3 Castings which comply with these requirements are 
acceptable for liquefied gas piping systems where the design 
temperature is not lower than 0°C. Where the design temper- 
ature is lower than 0°C, and for other applications where 
guaranteed impact properties at low temperatures are 
required, the castings are to comply with the requirements of 
Section 7 or 8. 


6.2 Chemical composition 


6.2.1 The chemical composition of ladle samples is to 
comply with the limits specified in Table 4.6.1. 


6.3 Heat treatment 


6.3.1 Castings are to be supplied: 
(a) fully annealed; or 

(b) normalised; or 

(c) normalised and tempered; or 

(d) quenched and tempered. 


6.4 Mechanical tests 


6.4.1 A tensile test is to be made on material representing 
each casting, unless a batch testing procedure has been 
agreed, see 1.6. 


6.4.2 The tensile test is to be carried out at ambient 
temperature, and unless agreed otherwise with the Surveyor, 
the results are to comply with the requirements of Table 4.6.2. 
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Section 6 


Table 4.6.1 Chemical composition of steel castings for boilers, pressure vessels and piping systems 


Chemical composition % 


Type of steel 
Residual elements 


Cr 0,30 max. 
Mo 0,15 max. 
0,50-1,20 Cu 0,30 max. 
Ni 0,40 max. 


Carbon-manganese 


Total 0,80 max. 


Residual elements 


Mo Cr Cu Ni 


1/2 Mo 0,50-1,00 0,45-0,65 0,30 0,30 0,40 


max. max. max. 


1 Cr 1/2 Mo 0,50-0,80 1,00-1,50 | 0,45-0,65 0,30 | 0,40 


max. max. 


2 1/4 Cri Mo 0,18 0,40-0,70 2,00-2,75 | 0,90-1,20 0,30 0,4 


max. 


1/2 Cr 1/2 Mo 1⁄4 V | 0,10-0,15 0,40-0,70 0,30-0,50 | 0,40-0,60 | 0,22-0,30 0,30 


max. 


Table 4.6.2 Mechanical properties for acceptance purposes: steel castings for boilers, pressure vessels and 


piping systems 


Yield stress Tensile 
minimum strength 
N/mm2 N/mm2 


Elongation Reduction 
on 5,654/So of area 
% minimum % minimum 


Type of steel 


Carbon-manganese 275 485-655 22 25 


1/2Mo 260 460-590 18 30 


1Cr1/2Mo 280 480-630 17 20 


21/4 Cr1 Mo 325 


540-630 17 20 


1/2Cr1/2Mo1/4V 295 510-660 17 20 


6.4.3 Where it is proposed to use a caroon-manganese 6.6 Mechanical properties for design purposes 
steel with a specified minimum tensile strength intermediate to 
those given in this Section, corresponding minimum values 6.6.1 Nominal values for the minimum lower yield or 


for the yield stress, elongation and reduction of area may be 
obtained by interpolation. 


6.4.4 Carbon-manganese steels with a specified 
minimum tensile strength of greater than 490 N/mm2, but not 
exceeding 520 N/mm2, may be accepted provided that 
details of the proposed specification are submitted for 
approval. 


6.5 Non-destructive examination 


6.5.1 The non-destructive examination of castings is to 
be carried out in accordance with the appropriate require- 
ments of 1.7.7 to 1.7.11 and additionally as agreed between 
the manufacturer, purchaser and Surveyor. 


0,2 per cent proof stress at temperatures of 100°C and higher 
are given in Table 4.6.3. These values are intended for design 
purposes only, and verification is not required except for 
materials complying with National or proprietary specifications 
where the elevated temperature properties used for design 
purposes are higher than those given in Table 4.6.3. 


6.6.2 In such cases, at least one tensile test at the 
proposed design or other agreed temperature is to be made 
on each casting or each batch of castings. The test specimen 
is to be taken from material adjacent to that used for tests at 
ambient temperature, and the test procedure is to be in 
accordance with the requirements of Chapter 2. The results of 
all tests are to comply with the requirements of the National or 
proprietary specification. 


6.6.3 Values for the estimated average stress to rupture 
in 100 000 hours are given in Table 4.6.4 and may be used 
for design purposes. 
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Sections 6 & 7 


Table 4.6.3 Mechanical properties for design purposes (see 6.6.1) 


Nominal minimum lower yield or 0,2% proof stress N/mm? 


Type of steel 
si Temperature °C 


200 250 300 350 400 450 


Carbon-manganese 201 163 152 


1/2Mo 226 186 169 


1Cr1/2Mo 212 196 184 


21/4Cr1 Mo 305 290 273 


1/2Cr1/2Mo1/4V 244 230 214 


Table 4.6.4 Mechanical properties for design 7.2 Chemical composition 
purposes (see 6.6.3): estimated 
average stresses to rupture in 7.2.1 The chemical composition of ladle samples is to 
100,000 hours (N/mm?) comply with the limits specified in Table 4.7.1. Carbon- 


manganese steels are to be made by fine grain practice. 
Type of steel 


Temperature 
1/⁄2Mo 1Cr1/2Mo 21/4Cr1Mo 1/2Cr1/2Mo1/4V 
7.3 Heat treatment 
308 
276 7.3.1 Castings are to be supplied: 
249 (a) normalised; or 


(b) normalised and tempered; or 
(c) quenched and tempered. 


7.4 Mechanical tests 
7.4.1 One tensile test and one set of three Charpy 


V-notch impact test specimens are to be prepared from 
material representing each casting or batch of castings. 


7.4.2 The tensile test is to be carried out at ambient 
temperature, and the results are to comply with the 
appropriate requirements given in Table 4.7.2. 


7.4.3 The average value for impact test specimens is to 


, comply with the appropriate requirements given in Table 4.7.2. 

m Section 7 One individual value may be less than the required average 

Ferritic steel castings for low value provided that it is not less than 70 per cent of this 

temperature service average value. See Ch 2,1.4 for re-test procedure. 
7.1 Scope 

7.5 Non-destructive examination 

“ita This Section gives the requirements for castings in 
carbon-manganese and nickel alloy steels, intended for use 7.5.1 The non-destructive examination of castings is to 
in liquefied gas piping systems where the design temperature be carried out in accordance with the appropriate require- 
is lower than 0°C, and for other applications where guaran- ments of 1.7.7 to 1.7.11 and additionally agreed between the 
teed impact properties at low temperatures are required. manufacturer, purchaser and Surveyor. 


7.1.2 Where it is proposed to use alternative steels, 
particulars of the specified chemical composition, mechanical 
properties and heat treatment are to be submitted for 
approval. 


LLOYD'S REGISTER 17 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


Steel Castings Chapter 4 


Sections 7 & 8 


Table 4.7.1 Chemical composition of ferritic steel castings for low temperature service 


Chemical composition % 


Type of steel i S i Residual 
elements 
max. 


Carbon-manganese 0,70-1,60 0,80 max. Cr 0,25 
Cu 0,30 


21/4Ni 0,50-0,80 2,00-3,00 Mo 0,15 
V 0,03 
Total 0,60 


31/2Ni 0,50-0,80 3,00-4,00 


Table 4.7.2 Mechanical properties for acceptance purposes: ferritic steel castings for low temperature service 


Charpy V-notch impact test 


Yield stress Tensile Elongation Reduction 
Type of steel N/mm2 strength on 5,65 al So or area Test Average 
minimum N/mm? % minimum % minimum temperature energy 
°C J minimum 


Carbon-manganese 400 200 400-550 25 
430 215 430-580 23 -60 27 


460 230 460-610 22 (see Note) 


21/4Ni 490 275 490-640 20 -70 34 


31/2Ni 490 275 490-640 20 -95 34 


NOTE 
The test temperature for caroon-manganese steels may be 5°C below the design temperature if the latter is above -55°C, with a maximum test 
temperature of —20°C. 


8.2 Chemical composition 


; 8.2.1 The chemical composition of ladle samples is to 
i Section 8 comply with the requirements given in Table 4.8.1. 


Stainless steel castings 


8.1 Scope 8.3 Heat treatment 
8.3.1 Austenitic stainless steel castings are to be solution 
treated, at a temperature of not less than 1000°C and cooled 
rapidly in water. 


8.1.1 This Section gives the requirements for castings in 
austenitic and duplex stainless steels for machinery, marine 
structures, piping systems in ships for liquefied gases, and in 


bulk chemical tankers. : l , 
8.3.2 Duplex stainless steels castings are to be solution 


treated at a temperature of not less that 1100°C and cooled 


8.1.2 Austenitic stainless steels castings are suitable for N, 
rapidly in water. 


applications where the lowest design temperature is not lower 


than -165°C. 
8.1.3 Duplex stainless steels castings are suitable for 8.4 Mechanical tests 
applications where the lowest design temperature is above : i 
8.4.1 One tensile test specimen is to be prepared from 


0°C. Any requirement to use duplex stainless steels castings 


below 0°C will be subject to special consideration. material representing each casting or batch of castings. In 


addition, where the castings are intended for liquefied gas 
applications, where the design temperature is lower than 
—55°C, one set of three Charpy V-notch impact test specimens 
is to be prepared. 


8.1.4 Where it is proposed to use alternative steels, 
particulars of the specified chemical composition, mechanical 
properties and heat treatment are to be submitted for 


approval. : ; , ; 
8.4.2 The tensile test is to be carried out at ambient 


temperature, and the results are to comply with the require- 
ments given in Table 4.8.2. 
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Table 4.8.1 


Type of 


Chemical composition of stainless steel castings 


Chemical composition % 


Chapter 4 


Section 8 


steel 


S 


P 


Others 


Austenitic 


304L 


304 


316L 


316 


0,20-1,5 


317 


347 
(see Note 1) 


0,50-2,0 


17,0-21,0 


Duplex 


UNSJ 
92205 
(see Note 3) 


21,0-23,0 


0,15-0,20 
Cu 1,00 


NOTES 


1. When guaranteed impact values at low temperature are not required, the maximum carbon content may be 0,08% and the maximum 


niobium may be 1,00%. 


. Where a single value is shown (and not a range of values), the value is to be taken as maximum. 


Table 4.8.2 


Type of steel 


2 
3. The grade UNS J 92205 is the cast equivalent of UNS S 31803. 


Mechanical properties for acceptance purposes: stainless steel castings 


Tensile strength 
N/mm? 


minimum 


1,0% proof stress 
N/mm? 
minimum 


Elongation 


on 5,65459 


% minimum 


Reduction 
of area 
% minimum 


Charpy V-notch impact tests 


Test 


temperature 
°C 


Average 
energy 
J minimum 


Austenitic 


304L 


304 


316L 


316 


317 


347 


Duplex 


UNS J 92205 
(see Note) 


NOTE 


The grade UNS J 92205 is the cast equivalent of UNS S 31803. 


6.4.3 


The average value for impact test specimens is to 8.5 


comply with the appropriate requirements given in Table 4.8.2. 


One individual value may be less than the required average 
value, provided that it is not less than 70 per cent of this 


average value. See Ch 2,1.4 for re-test procedures. 


6.5.1 


Corrosion tests 


Where corrosive conditions are anticipated in 
service, for grades 304, 316 and 317, intergranular corrosion 


tests are required in accordance with Ch 2,8.1. Such tests 
may also be required for grades 304L, 316L and 347. 
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8.5.2 Where corrosive conditions are anticipated in 
service, for duplex stainless grades pitting corrosion tests are 
required in accordance with ASTM G48 Method C. For duplex 
stainless steel grade UNS J 92205 the test temperature is to 
be 20°C. Following the test, no pitting corrosion is to be 
observed at 20x magnification. The use of a weight loss 
method may be accepted subject to special consideration. 


8.6 Non-destructive examination 


8.6.1 The non-destructive examination of castings is to 
be carried out in accordance with the appropriate require- 
ments of 1.7.7 to 1.7.11 and additionally agreed between the 
manufacturer, purchaser and Surveyor. 


a Section 9 
Steel castings for container 
corner fittings 


9.1 General 


9.1.1 This Section gives the requirements for cast steel 
corner fittings used in the fabrication of freight and tank 
containers. The fittings are also to comply with the require- 
ments of the latest edition of International Standard ISO 1161. 


9.1.2 The castings are to be made in foundries approved 
by LR. These foundries are also to be specially approved for 
the manufacture of container corner castings. In order to 
comply with these requirements, the manufacturer is required 
to verify that the casting soundness, mechanical properties, 
weldability and dimensional tolerances required by this 
Section and the manufacturing specification are met. 


9.1.3 Castings may be released on the basis of an LR 
survey or, alternatively, the manufacturer may be approved by 
means of a Quality Assurance Scheme as detailed in Ch 1,2. 


9.2 Chemical composition 
9.2.1 Chemical analysis is to be carried out on each cast. 
Table 4.9.1 


Chapter 4 


Sections 8 & 9 


9.2.2 The chemical composition of the ladle samples is 
to comply with the limits given in Table 4.9.1. 


9.2.3 The carbon equivalent: 
Mn Cr+Mo+V Ni+Cu 


O, 
eq = Ct + 5 + 15 (%) 


must not exceed 0,45 per cent. 


C 


9.3 Heat treatment 


9.3.1 Castings are to be supplied either: 

(a) normalised; or 

(b) water or oil quenched and tempered at a temperature of 
not less than 550°C. 


9.4 Mechanical tests 

9.4.1 At least one tensile test is to be made on each 
batch of castings, using separately cast test bars which are to 
be from the same cast and heat treatment lot as the 


castings they represent. 


9.4.2 The results of the tensile tests are to comply with 


the following: 
Yield stress 220 N/mm? min. 
Tensile strength 430-600 N/mm2 
Elongation on So 25% min. 
Reduction of area 40% min. 

9.4.3 Impact tests are not required on all casts, but may 


be required on a random basis at the discretion of the 
Surveyor. 


9.4.4 When required, the impact test specimens are to 
be tested in accordance with Ch 1,4.5 and Ch 2,3.2. In 
general, tests are to be made at a temperature of -20°C and 
the minimum average energy obtained is to be 27J. 


9.5 Non-destructive examination 


9.5.1 Ultrasonic or radiographic testing is to be carried 
out, in accordance with 1.7.10 or 1.7.11 respectively, on at 
least one casting from each cast or from every 400 castings, 
whichever is the lesser. 


Chemical composition of steel castings for container corner fittings 


Chemical composition % 


Al 
acid soluble | Cr + Ni + Cu + Mo 
min. 
(See Notes) 


NOTES 


0,015 


1. The total aluminium content may be determined instead of the acid soluble content. In such cases, the total aluminium content is to be 


not less than 0,02%. 


2. Aluminium may be replaced partly or totally by other grain refining elements as stated in the approved specification. 
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Section 9 


9.6 Repair of defects 


9.6.1 Minor defects may be removed by grinding provided 
that the allowable minus tolerance is not exceeded. 


9.6.2 Defects which exceed the allowable minus 

tolerance may be removed by grinding or chipping followed 

by welding, provided the weld depth does not exceed 

40 per cent of the wall thickness and that the following 

requirements are met: 

a) welding is not to be carried out in the as-cast condition; 
the grain structure has to be refined by heat treatment, 

b) the casting is to be preheated to 80-100°C, 

c) welding is to be performed only by qualified welders in 
accordance with a qualified welding procedure, 

d) all welded castings are to be post-weld heat treated at a 
temperature not less than 550°C, 

e) the welded areas are to be ground or machined flush 
with the adjacent surface and inspected by magnetic 
particle or dye penetrant examination as appropriate. 


9.7 Identification 


9.7.1 Each casting is to be clearly marked by the 

manufacturer with at least the following: 

(a) manufacturer’s name or trade mark, 

(b) cast number or identification number which will enable 
the full history of the casting to be traced. 


9.7.2 Where the casting has been inspected and found 
acceptable it is to be marked with the Surveyor’s personal 
stamp. 


9.7.3 The markings may be stamped or cast on the inner 
surface of the casting. 


9.8 Certification of materials 


9.8.1 For each consignment an LR certificate, see 
Ch 1,3.1, is to be issued for castings made under LR survey 
or alternatively a manufacturer’s certificate is to be issued 
containing at least the following: 

(a) Purchaser’s name and order number. 

(b) Grade of steel. 

(c) Drawing and/or specification number. 

(d) Cast number and chemical composition. 

(e) Details of the heat treatment. 

(f} Number and weight of the castings. 

(g) Results of inspections and mechanical tests. 

See Ch 1,3.1, for manufacturers approved under a Quality 
Assurance Scheme. 
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Section 

1 General requirements 

2 Forgings for ship and other structural 
applications 

3 Forgings for shafting and machinery 

4 Forgings for crankshafts 

5 Forgings for gearing 

6 Forgings for turbines 

7 Forgings for boilers, pressure vessels and 


piping systems 


8 Ferritic steel forgings for low temperature 
service 
9 Stainless steel forgings 


a Section 7 
General requirements 


1.1 Scope 


Tea. This Section gives the general requirements for 
steel forgings intended for use in the construction of ships, 
other marine structures, machinery, boilers, pressure vessels 
and piping systems. These requirements are also applicable 
to rolled slabs and billets used as a substitute for forgings and 
to rolled bars used for the manufacture (by machining 
operations only) of shafts, bolts, studs and other components 
of similar shape. 


1.1.2 When required by the relevant Rules dealing with 
design and construction, forgings are to be manufactured and 
tested in accordance with Chapters 1 and 2, together with 
the general requirements given in this Section and the 
appropriate specific requirements given in Sections 2 to 9. 


1.1.3 As an alternative to 1.1.2, steel forgings which 
comply with National or proprietary specifications, may be 
accepted provided that these specifications give reasonable 
equivalence to the requirements of this Chapter, or alternatively 
are approved for a specific application. Generally, survey and 
certification are to be carried out in accordance with the 
requirements of Chapter 1. 


1.1.4 Normalised forgings with mass up to 1000 kg each 
may be batch tested. A batch is to consist of forgings of 
similar shape and dimensions, made from the same steel- 
making heat, heat treated together and with a total mass not 
exceeding 6 tonnes. 


I9 Quenched and tempered forgings with mass up to 
500 kg each may be batch tested. A batch is to consist of 
forgings of similar shape and dimensions, made from the 
same steel-making heat, heat treated together in the same 
furnace and with a total mass not exceeding 3 tonnes. 


Chapter 5 


Section 1 


1.1.6 A batch testing procedure may also be used for 
hot rolled bars, see 3.4.3. 


1.1.7 Where small forgings are produced in large 
quantities, or where forgings of the same type are produced 
in regular quantities, alternative survey procedures in accor- 
dance with Ch 1,2.4 may be adopted. 


1.2 Manufacture 


1.2.1 Forgings are to be made at works which have been 
approved by Lloyd’s Register (hereinafter referred to as LR). 
The steel used, is to be manufactured in accordance with the 
requirements of Ch 3,1.4. 


1.2.2 When forgings are made directly from ingots, or 
from blooms or billets forged from ingots, the ingots are to be 
cast in chill moulds with the larger cross-section uppermost 
and with efficient feeder heads. 


7.2.3 Adequate top and bottom discards are to be made 
to ensure freedom from piping and harmful segregations in 
the finished forgings. 


1.2.4 The forgings are to be gradually and uniformly hot 
worked and are to be formed as closely as possible to the 
finished shape and size. The plastic deformation is to be such 
as to ensure soundness, uniformity of structure and satisfactory 
mechanical properties after heat treatment. 


1.2.5 For certain components, such as crankshafts, where 
grain flow is required in the most favourable direction, having 
regard to the mode of stressing in service, the proposed 
method of manufacture may require special approval by LR. In 
such cases, tests may be required to demonstrate that a 
satisfactory structure and grain flow are obtained. 


1.2.6 The reduction ratio (reduction of area expressed as 
a ratio) is to be calculated with reference to the average cross- 
sectional area of the ingot or continuously cast material, 
where appropriate. Where an ingot is initially upset, this 
reference area may be taken as the average cross-sectional 
area after this operation. 


1.2.7 For components forged directly from ingots or from 
forged blooms or billets, and in which the fibre deformation is 
mainly longitudinal, the reduction ratio is not to be less than 3:1. 


1.2.8 For forgings made from rolled billets, or where fibre 
deformation has taken place in more than one direction, the 
reduction ratio is not to be less than 4:1. 


1.2.9 Where rolled bars are used as a substitute for 
forgings and the requirements of 1.2.2 are not complied with, 
the reduction ratio is to be not less than 6:1. 


1.2.10 | Where the length of any section of a shaft forging is 
less than its diameter (e.g., a collar), the reduction ratio is to be 
not less than half that given in 1.2.7, 1.2.8 or 1.2.9 respectively. 
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1.2.11. Disc type forgings, such as gear wheels, are to be 
made by upsetting, and the thickness of any part of the disc 
is to be not more than one-half of the length of the billet from 
which it was formed, provided that this billet has received an 
initial forging reduction of not less than 1,5:1. Where the piece 
used has been cut directly from an ingot, or where the billet 
has received an initial reduction of less than 1,5:1, the 
thickness of any part of the disc is to be not more than one- 
third of the length of the original piece. 


1.2.12 Rings and other types of hollow forgings are to be 
made from pieces cut from ingots or billets and which have 
been suitably punched, bored or trepanned prior to expanding 
or hollow forging. Alternatively, pieces from hollow cast ingots 
may be used. The wall thickness of the forging is to be not 
more than one-half of the thickness of the prepared hollow 
piece from which it was formed. Where this is not practicable, 
the forging procedure is to be such as to ensure that 
adequate work is given to the piece prior to punching, etc. 
This may be either longitudinal or upset working of not less 
than 2:1. 


1.2.13 The shaping of forgings or rolled slabs and billets 
by flame cutting, scarfing or arc-air gouging is to be under- 
taken in accordance with recognised good practice and, 
unless otherwise approved, is to be carried out before the final 
heat treatment. Preheating is to be employed where 
necessitated by the composition and/or thickness of the steel. 
For certain components, subsequent machining of all flame 
cut surfaces may be required, see 4.2.4. 


1.2.14 | Where two or more forgings are joined by welding 
to form a composite component, details of the proposed 
welding procedure are to be submitted for approval. Welding 
approval procedure tests may be required. 


1.3 Quality 


1.3.1 All forgings are to be free from surface or internal 
defects which would be prejudicial to their proper application 
in service. 


1.4 Chemical composition 


1.4.1 All forgings are to be made from killed steels, and 
the chemical composition of ladle samples is to comply with 
the requirements detailed in subsequent Sections in this 
Chapter. Where general overall limits are specified, the 
chemical composition selected is to be appropriate for the 
type of steel, dimensions and required mechanical properties 
of the forgings being manufactured. 


1.4.2 Except where otherwise specified, suitable grain 
refining elements such as aluminium, niobium or vanadium 
may be used at the discretion of the manufacturer. The 
content of such elements is to be reported in the ladle 
analysis. 
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1.4.3 For alloy steel forgings, the chemical composition 
of ladle samples is to generally comply with the following 
overall limits and the requirements of the approved specifica- 
tions: 


Carbon 0,45% max. 
Silicon 0,45% max. 
Manganese 0,30% min. 
Sulphur 0,035% max. 
Phosphorus 0,035% max. 
Copper 0,30% max. 


And at least one of the following elements is to comply with 
the minimum content: 


Chromium 0,40% min. 
Molybdenum 0,15% min. 
Nickel 0,40% min. 


r- 


The contents of all alloying elements and significant impurities 
detailed in the specification are to be reported. 


1.5 Heat treatment 


1.5.1 At an appropriate stage of manufacture, after 
completion of all hot working operations, forgings are to be 
suitably heat treated to refine the grain structure and to obtain 
the required mechanical properties. Acceptable heat 
treatment procedures are to be such as to avoid the formation 
of hair-line cracks and are detailed in Sections 2 to 9. 


192 Heat treatment is to be carried out in a properly 
constructed furnace which is efficiently maintained and has 
adequate means of temperature control. The furnace dimen- 
sions are to be such as to allow all the steel forgings to be 
uniformly heated to the necessary temperature. In the case 
of very large forgings, alternative methods of heat treatment 
will be specially considered. Sufficient thermocouples are to 
be connected to the steel forging(s) in the furnace to show 
that the temperature is adequately uniform and the tempera- 
tures are to be recorded throughout the heat treatment. 
Copies of these records are to be presented to the Surveyor 
together with a sketch showing the positions at which the 
temperature measurements were carried out. The records are 
to identify the furnace that was used and give details of the 
steel-making heat, the heat treatment temperature, time at 
temperature and the date. The Surveyor is to examine the 
charts and confirm the details on the certificate. Alternative 
procedures are to be approved by LR’s Materials and NDE 
Department. 


1.5.3 Where forgings are to be quenched and tempered 
and cannot be hot worked close to size and shape, they are 
to be suitably rough machined or flame cut prior to being 
subjected to this treatment. 


1.5.4 If for any reason a forging is subsequently heated 
for further hot working, the forging is to be reheat treated. 


1.5.5 If any straightening operation is performed after the 
final heat treatment, consideration should be given to a 
subsequent stress relieving heat treatment in order to avoid 
the possibility of harmful residual stresses. 
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1.5.6 Where it is intended to surface harden forgings, full 
details of the proposed procedure and specification are to be 
submitted for approval. For the purposes of this approval, the 
manufacturer will be required to demonstrate by tests that the 
proposed procedure gives a uniform surface layer of the 
required hardness and depth and that it does not impair the 
soundness and properties of the steel. 


1.5.7 Where induction hardening or nitriding is to be 
carried out after machining, forgings are to be heat treated at 
an appropriate stage to a condition suitable for this 
subsequent surface hardening. 


1.5.8 Where carburising is to be carried out after machining, 
forgings are to be heat treated at an appropriate stage 
(generally either by full annealing or by normalising and 
tempering) to a condition suitable for subsequent machining 
and carburising. 


1.5.9 The forge is to maintain records of heat treatment 
identifying the furnace used, furnace charge, thermocouple 
location, date, temperature and time at temperature. The 
records are to be presented to the Surveyor on request. 


1.6 Test material 


1.6.1 Test material, sufficient for the required tests and 
for possible re-test purposes, is to be provided with a cross- 
sectional area of not less than that part of the forging which it 
represents. This test material is to be integral with each 
forging, except in the case of small forgings which are batch 
tested, see 1.6.4. 


1.6.2 Where a forging is subsequently divided into a 
number of components, all of which are heat treated together 
in the same furnace, for test purposes this may be regarded 
as one forging and the number of tests required is to be 
related to the total length and mass of the original multiple 
forging, see 2.4.2. 


1.6.3 Except for components which are to be carburised, 
test material is not to be cut from a forging until the heat 
treatment detailed in Sections 2 to 9 has been completed. 
The testing procedure for components which are to be 
carburised is to be in accordance with the details given in 
Section 5. 


1.6.4 Where a number of small forgings of about the 
same size are made from one cast and heat treated together 
in the same furnace, batch testing procedures (see 1.1.4) may 
be adopted using one of the forgings for test purposes, or 
alternatively using separately forged test samples. These test 
samples are to have a forging reduction similar to that used 
for the forgings which they represent. They are to be properly 
identified and heat treated together with the forgings. 


1.7 Mechanical tests 


1.7.1 Specimens for mechanical tests are to be prepared 
as required by Sections 2 to 9. 
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1.7.2 Test specimens are normally to be cut with their 
axes mainly parallel (longitudinal test) or mainly tangential 
(tangential test) to the principal axial direction of each product. 


1.7.3 Unless otherwise agreed, the longitudinal axis of 

the test specimens is to be positioned as follows: 

(a) for thickness or diameter < 50 mm, the axis is to be at 
the mid-thickness or the centre of the cross-section; 

(b) for thickness or diameter > 50 mm, the axis is to be at 
one quarter thickness (mid-radius) or 80 mm, whichever 
is less, below any heat treated surface; 

Test pieces shall be taken in such a way that no part of the 

gauge length is machined from material closer than 12,5 mm 

to any heat treated surface. For impact testing, this require- 

ment is to apply to the complete test piece. 


1.7.4 Tensile test specimens are to be machined to the 
dimensions detailed in Chapter 2. Where this is precluded by 
the dimensions of the forging, the test specimen is to be of 
the largest practicable cross-sectional area. 


1.7.5 Impact test specimens are to be prepared in 
accordance with the requirements of Chapter 2. 


1.7.6 The procedures used for the tensile and impact 
tests are to be in accordance with the requirements of 
Chapter 2. 


1.7.7 Hardness tests, preferably of the Brinell type, are to 
be carried out when specified in subsequent Sections in this 
Chapter. 


1.8 Visual and non-destructive examination 


1.8.1 Before acceptance, all forgings are to be presented 
to the Surveyor for visual examination. Where applicable, this 
is to include the examination of internal surfaces and bores. 


1.8.2 Forgings are to be examined in the condition for 
final delivery. Surfaces are to be clean and free from dirt, 
grease, paint, etc. Black forgings are to be suitably descaled 
by either shotblasting or flame descaling methods. 


1.8.3 All forgings are to be free of cracks, crack-like 
indications, laps, seams, folds, or other injurious indications. 
At the request of the Surveyor, additional magnetic particle, 
dye penetrant and ultrasonic testing may be required for a 
more detailed evaluation of surface irregularities. 


1.8.4 When specified in subsequent Sections in this 
Chapter, or by an approved procedure for welding composite 
components, see 1.2.14, appropriate non-destructive 
examination is also to be carried out before acceptance. All 
tests are to be carried out in accordance with the 
requirements of Ch 1,5. 
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1.8.5 Magnetic particle and dye penetrant testing is to be 
carried out when the forgings are in the finished machined 
condition, see also Ch 1,2.3.5. For magnetic particle testing, 
attention is to be paid to the contact between the forging and 
the clamping devices of stationary magnetisation benches in 
order to avoid local overheating or burning damage on its 
surface. Prods are not permitted on finished machined items. 
Unless otherwise agreed, these tests are to be carried out in 
the presence of the Surveyor. 


1.8.6 The following definitions apply to indications asso- 

ciated with magnetic particle and dye penetrant inspection: 

(a) Linear indication. An indication in which the length is at 
least three times the width. 

(b) Nonlinear indication. An indication of circular or 
elliptical shape with a length less than three times the 
width. 

(c) Aligned indication. Three or more indications in a line, 
separated by 2 mm or less edge-to-edge. 

(d) Open indication. An indication visible after removal of 
the magnetic particles or that can be detected by the 
use of contrast dye penetrant. 

(e) Non-open indication. An indication that is not visually 
detectable after removal of the magnetic particles or that 
cannot be detected by the use of contrast dye penetrant. 

(f, Relevant indication. An indication that is caused by a 
condition or type of discontinuity that requires evalua- 
tion. Only indications which have any dimension greater 
than 1,5 mm are to be considered relevant. 


LOL Acceptance standards for defects found by visual 
or non destructive examinations are to be in accordance with 
any specific requirements of the approved plan, and with 
equivalence to any additional requirements of this Chapter. In 
all cases they are to be to the satisfaction of the Surveyor. 


1.8.8 Where required, ultrasonic examination is to be 
carried out after the forgings have been machined to a 
condition suitable for this type of examination and after the 
final heat treatment. Both radial and axial scanning are to be 
carried out where appropriate for the shape and the 
dimensions of the forgings being examined. Scanning is to 
take into account near surface examination. Unless otherwise 
agreed, examinations are to be carried out by the 
manufacturer, although Surveyors may request to be present 
in order to verify that the examination is being carried out in 
accordance with the agreed procedure. 


1.8.9 If the forging is supplied in the black condition for 
machining at a separate works, the manufacturer is to ensure 
that a suitable ultrasonic examination is carried out to verify 
the internal quality of the forging. 


1.8.10 Inthe circumstance detailed in either 1.8.8 or 1.8.9, 
the manufacturer is to provide the Surveyor with a signed 
report confirming that ultrasonic examination has been carried 
out and that such inspection has not revealed any significant 
internal defects. 


1.8.11 Unless otherwise agreed, the accuracy and 
verification of dimensions are the responsibility of the 
manufacturer. 
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1.8.12 Inthe event of any forging proving defective during 
subsequent machining or testing, it is to be rejected notwith- 
standing any previous certification. 


1.8.13 When required by the conditions of approval for 
surface hardened forgings (see 1.5.6) additional test samples 
are to be processed at the same time as the forgings which 
they represent. These test samples are subsequently to be 
sectioned in order to determine the hardness, shape and 
depth of the locally hardened zone and which are to comply 
with the requirements of the approved specification. 


1.9 Rectification of defects 


1.9.1 Small surface imperfections may be removed by 
grinding or by chipping and grinding. Complete elimination of 
these imperfections is to be proved by magnetic particle or 
dye penetrant examination (as appropriate to the material). At 
the discretion of the Surveyor, the resulting shallow grooves or 
depressions can be accepted, provided that they are blended 
by grinding. 


1.9.2 Repairs by welding are not generally permitted, but 
special consideration will be given to such repairs where they 
are of a minor nature and in areas of low working stresses. In 
such cases, full details of the proposed repair and subsequent 
inspection procedures are to be submitted for review by the 
Surveyors prior to the commencement of the proposed 
rectification. A report and/or sketch detailing the extent and 
location of all repairs, together with details of the post-weld 
heat treatment and non-destructive examination are to be 
provided for record purposes and are to be attached to the 
certificate. 


1.9.3 Repair welding is not permitted for crankshafts or 
similar rotating components. 


1.9.4 Where fabrication welding is involved, see 1.2.14, 
any repair of defects is to be carried out in accordance with 
the approved welding procedure. 


1.9.5 The forging manufacturer is to maintain records of 
repairs and subsequent inspections traceable to each forging. 
The records are to be presented to the Surveyor on request. 


1.9.6 Non-open indications evaluated as segregation are 
acceptable. 


1.10 Identification 


1.10.1 The manufacturer is to adopt a system of identifi- 
cation, which will enable all finished forgings to be traced to 
the original cast, forging process and heat treatment batch, 
and the Surveyor is to be given full facilities for so tracing the 
castings when required. 
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1.10.2 Forgings are to be clearly marked by the manufac- 
turer in accordance with the requirements of Chapter 1. The 
following details are to be shown on all forgings which have 
been accepted: 

a) Identification number, cast number or other marking 
which will enable the full history of the forging to be 
traced. 

b) LR or Lloyd’s Register and the abbreviated name of LR’s 
local office. 

c) Personal stamp of Surveyor responsible for inspection. 

d) Test pressure, where applicable. 

e) Date of final inspection. 


1.10.3 Modified arrangements for the identification of small 
forgings manufactured in large numbers, as with closed-die 
forgings may be agreed with the Surveyor. 


1.11 Certification of materials 
1.11.1 ALR certificate is to be issued, see Ch 1,3.1. 


7.11.2 |The manufacturer is to provide the Surveyor with a 
written statement giving the following particulars for each 
forging or batch of forgings which has been accepted: 
a) Purchaser’s name and order number. 
b) Description of forgings and steel quality. 
c) Identification number. 
d) Steel-making process, cast number and chemical 
analysis of ladle samples. 
) General details of heat treatment. 
Results of mechanical tests. 
) Test pressure, where applicable. 


Q >o 


1.11.3 As a minimum, the chemical composition of ladle 
samples is to include the content of all the elements detailed 
in the specific requirements. 


1.11.4 Where applicable, the manufacturer is also to 
provide a signed report regarding ultrasonic examination as 
required by 1.8.8, a report of magnetic particle inspection and 
a statement and/or sketch detailing all repairs by welding as 
required by 1.9.2. 


7.11.5 | When steel is not produced at the works at which it 
is forged, a certificate is to be supplied by the steelmaker 
stating the process of manufacture, cast number and the 
chemical composition of ladle samples. The works at which 
the steel was produced is to have been approved by LR, see 
1.4.3. 


a Section 2 
Forgings for ship and other 
structural applications 


2.1 Scope 
2.1.1 This Section gives the specific requirements for 


carbon-manganese steel forgings intended for ship and other 
structural applications such as rudder stocks, pintles, etc. 
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2.1.2 Where it is proposed to use an alloy steel, particu- 
lars of the chemical composition, mechanical properties and 
heat treatment are to be submitted for approval, see 1.4.3. 


2.2 Chemical composition 


2.2.1 For forgings to which structural items are to be 
attached by welding or which are intended for parts of a 
fabricated component, or are to be weld cladded or may be 
subject to weld repair in service, the chemical composition of 
ladle samples is to comply with the following: 

Carbon 0,23% max. 

Silicon 0,45% max. 

Manganese 0,30-1,50% but not less than 3 times the 

actual carbon content for components which are not 

given a post-weld heat treatment 


Sulphur 0,035% max. 
Phosphorus 0,035% max. 
Residual elements: 
Copper 0,30% max. 
Chromium 0,30% max. 
Molybdenum 0,15% max. 
Nickel 0,40% max. 
Total 0,85% max. 


For samples from forgings, the carbon content is not to 
exceed 0,26 per cent. 


2.2.2 It is recommended that forgings for rudder stocks, 
pintles and rudder coupling bolts comply with 2.2.1 in order to 
obtain satisfactory weldability for any future repairs by welding 
in service. 


2.2.3 For forgings not intended for welding the carbon 
content may be 0,65 per cent max., see 3.2.1. 


2.3 Heat treatment 


2.3.1 Carbon-manganese steel forgings are to be: 

(a) fully annealed; or 

(o) normalised; or 

(c) normalised and tempered at a temperature of not less 
than 550°C. 

(d) quenched and tempered. 


2.3.2 Alloy steel forgings are to be quenched and then 
tempered at a temperature of not less than 550°C. 
Alternatively, they may be supplied in the normalised and 
tempered condition, in which case the specified mechanical 
properties are to be agreed by LR. 


2.4 Mechanical tests 


2.4.1 At least one tensile specimen is to be taken from 
each forging or batch of forgings. 


2.4.2 Where a forging exceeds both 4 tonnes in mass 
and 3 m in length, tensile test specimens are to be taken from 
each end. These limits refer to the ‘as forged’ mass and 
length but exclude the test material. 
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2.4.3 Unless otherwise agreed between the manufac- 2.5 Non-destructive examination 

turer and the Surveyor, the test specimens are to be cut ina 

longitudinal direction. 2.5.1 Surface inspections are to be carried out by visual 
examination and magnetic particle testing (or dye penetrant 

2.4.4 The results of all tensile tests are to comply with the testing where appropriate). 

requirements given in Table 5.2.1 appropriate to the specified 

minimum tensile strength. Forgings may be supplied to any 2.5.2 Surface inspections are to be carried out in the 

specified minimum tensile strength within the general limits zones | and Il as indicated in Fig. 5.2.1. 

given in Table 5.2.1, and intermediate values may be obtained 

by interpolation. See 2.4.6 for rudder stocks, pintles, and 2.5.3 For the purpose of evaluating indications, the 

rudder coupling keys and bolts. surface is to be divided into reference areas of 225 cm2. The 
area is to be taken in the most unfavourable location relative to 

2.4.5 For large forgings, where tensile tests are taken the indication being evaluated. 

from each end, the variation in tensile strength is not to 

exceed 70 N/mm. 2.5.4 The allowable number and size of indications in the 
reference area is given in Table 5.2.2. 

2.4.6 For rudder stocks, pintles, and rudder coupling 

keys and bolts, the minimum specified yield strength is not to 2.5.5 Volumetric inspection is to be carried out by 

be less than 200 N/mm2, see Table 13.2.4 in Pt 3, Ch 13. ultrasonic testing using the contact method. 

2.4.7 Impact tests are required for rudder stocks to be 2.5.6 Ultrasonic testing is to be carried out on rudder 

fitted to vessels which have an ice class notation. The tests stocks having a finished diameter of 200 mm or greater. 

are to be carried out at minus 10°C and the average energy 

value is to be not less than 27J. 2.5.7 Ultrasonic testing is to be carried out in the zones | 


to Ill as indicated in Fig. 5.2.2. Areas may be upgraded to a 
higher zone at the discretion of the Surveyor. 


Table 5.2.1 Mechanical properties for ship and other structural applications 


Yield stress Tensile i ; A ; 
Elongation on 5,654 S min. % Reduction of area min. % 
Steel type N/mm? strength I ” ° i 


minimum N/mm2 Long. : Long. Tang. 


180 360-480 28 50 35 
200 400-520 26 50 35 
220 440-560 24 
235 470-590 23 
240 480-600 22 
C and C-Mn 260 520-640 21 


i 


50 35 
45 35 
45 30 
45 30 
40 27 
40 27 
40 27 
35 24 
35 24 
35 24 
50 35 
50 35 
50 35 


È 


i 


i 


i 


280 560-680 20 
300 600-750 18 
320 640-790 17 
340 680-830 16 
360 720-870 15 
380 760-910 14 
350 550-570 20 
400 600-750 18 
450 650-800 17 


i 


i 


i 


i 


i 


i 


1 


1 
NO} OO] R/O] =] PM] PM] OO] R}/ |] N} o 


Table 5.2.2 Steel forgings surface inspection 


Maximum number of Maximum number Maximum dimension, 


Inspection zone indications Type of indication each type 


Linear 0, see Note 
Non-linear 3 
Aligned 0, see Note 


Linear 3, see Note 
Non-linear 7 
Aligned 3, see Note 


NOTE 
Linear or aligned indications are not permitted on bolts, which receive a direct fluctuating load, e.g., main bearing bolts, connecting rod bolts, 
crosshead bearing bolts and cylinder cover bolts. 
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3 x shaft dia. L 


3 x shaft dia. 
| h 


Welded areas are to be treated as Zone | 
(0) Type B 


(c) Type C 


Fig. 5.2.1 Inspection zones for magnetic particle/dye penetrant testing on rudder stocks 


2.5.8 Ultrasonic acceptance criteria are shown in 
Table 5.3.4, alternatively see Ch 1,5. 
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360° radial 180° radial 


Zone ll Zone Ill 


Scanning direction for Type A and Type B 


3 x shaft dia. 
Senos ese =e 


L: length of the tapered portion 


(a) Type A 


3 x shaft dia. 


Special consideration is given to the welded areas 


(0) Type B 


Lower part 


axial 
80° radial 


1 
Dise CX axial 


Upper part 


Scanning direction 
for Type C 


NOTE 
Axial scan from end face also required for Type A and Type B 


Fig. 5.2.2 Inspection zones for ultrasonic testing on rudder stocks 
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a Section 3 
Forgings for shafting and 


machinery 
3.1 Scope 
3.1.1 Detailed in this Section are the requirements for 


carbon-manganese steel forgings for shafting and other items 
of machinery which are not within the scope of Sections 4 
to 8. 


3.1.2 Where it is proposed to use alloy steel forgings, 
particulars of the chemical composition, mechanical 
properties and heat treatment are to be submitted for 
approval. For main propulsion shafting in alloy steels, the 
specified minimum tensile strength is not to exceed 
800 N/mm? (800-950 N/mm? acceptance range) and for 
other forgings is not to exceed 1100 N/mm? (1100- 
1300 N/mm? acceptance range). 


3.2 Chemical composition 
3.2.1 The chemical composition of ladle samples for 


carbon and carbon-manganese steels is to comply with the 
following overall limits: 


Carbon 0,65% max. 
Silicon 0,45% max. 
Manganese 0,30-1,50% 
Sulphur 0,035% max. 
Phosphorus 0,035% max. 
Residual elements: 
Copper 0,30% max. 
Chromium 0,30% max. 
Molybdenum 0,15% max. 
Nickel 0,40% max. 
Total 0,85% max. 


3.2.2 For alloy steels, see 1.4.3. 


3.2.3 For forgings to which structural items are to be 
attached by welding, or which are intended for parts of a 
fabricated component, are to be of weldable quality, see 
2.2. 


3.3 Heat treatment 


3.3.1 Forgings are to be: 

(a) fully annealed; or 

(o) normalised; or 

(c) normalised and tempered; or 

(d) quenched and tempered. 

The tempering temperature is to be not less than 550°C. 


3.4 Mechanical tests 
3.4.1 At least one tensile test is to be made on each 


forging, or each batch of forgings. Impact tests are not 
required except on screwshafts for ice service, see 3.4.12. 


Chapter 5 


Section 3 


3.4.2 Where a forging exceeds both 4 tonnes in mass 
and 3 m in length, a tensile test is to be taken from each end. 
These limits refer to the ‘as forged’ mass and length but 
exclude the test material. 


3.4.3 A batch testing procedure may be used for hot 
rolled bars not exceeding 250 mm diameter, which are 
intended for the manufacture (by machining operations only) 
of straight shafting, bolts, studs and other machinery 
components of similar shape. A batch is to consist of either: 
(a) material from the same piece provided that where this is 
cut into individual lengths, these are all heat treated 
together in the same furnace; or 
(b) bars of the same diameter and cast, heat treated 
together in the same furnace and with a total mass not 
exceeding 2,5 tonnes. 


3.4.4 The test specimens are to be taken in the 
longitudinal direction but, at the discretion of the manufac- 


turer and if agreed by the Surveyor, alternative directions or 
positions as shown in Figs. 5.3.1 to 5.3.3 may be used. 


Longitudinal 


Tangential 


Fig. 5.3.1 
Directions and positions of test specimens 


Longitudinal 


(through bolt hole) Longitudinal 


A 


Tangential 


Fig. 5.3.2 
Directions and positions of test specimens 


3.4.5 For caroon-manganese steels, Table 5.3.1 gives 
the minimum requirements for yield stress, elongation and 
reduction of area, corresponding to different strength levels, 
but it is not intended that these should necessarily be 
regarded as specific grades. Intermediate values for other 
specified minimum tensile strengths should be calculated by 
interpolation. 
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3.4.6 Forgings may be supplied to any specified 
Tangential minimum tensile strength selected within the general limits 
detailed in Table 5.3.1, except that for main propulsion 
shafting forgings the specified minimum tensile strength is to 
be not less than 400 N/mm? (400-520 N/mm? acceptance 
range) and not greater than 600 N/mm? (600-750 N/mm2 
acceptance range) see shaded area of Table 5.3.1. 


3.4.7 The results of all tensile tests are to comply with the 
requirements given in Table 5.3.1 appropriate to the specified 
Tangential Longitudinal minimum tensile strength. 


Fig. 5.3.3 3.4.8 The minimum requirements for yield stress, elon- 
Directions and positions of test specimens gation and reduction of area, corresponding to different 
strength levels in alloy steel forgings are given in Table 5.3.2. 


Table 5.3.1 Mechanical properties for acceptance purposes: carbon and carbon-manganese steel forgings for 
machinery and shafting 


Tensile strength N/mm? | Yield stress N/mm? Elongation on 5,65/Sq min.% Reduction of area min. % 


Tang. 


360-480 180 35 
400-520 200 35 
440-560 220 
470-590 235 
480-600 240 
520-640 260 
560-680 280 
600-750 300 
640-790 320 
680-830 340 
700-850 2 350 
720-870 2 360 
760-910 2 380 
NOTES 
1. For main propulsion shafting forgings, the specified minimum tensile strength is to be between 400 and 600 N/mm? (shaded area of 
Table) see 3.4.6. 
2. Where the specified minimum tensile strength exceeds 700 N/mm2, forgings are to be supplied only in the quenched and tempered 
condition. 


Table 5.3.2 Mechanical properties for acceptance purposes: alloy steel forgings for machinery and shafting 


Elongation on 5,654/S, min.% Reduction of area min. % 
Tensile strength N/mm2_ | Yield stress N/mm? 


Long. Tang. 


600-750 420 
650--800 450 
700-850 480 
750-900 530 
800-950 580 


Pare are a ee are 


=- NNUA OONO 


850-1000 630 
900-1100 690 
950-1150 750 
1000-1200 810 
1050-1250 870 
1100-1300 930 


oe a aoe 


i 


NOTE 
For main propulsion shafting forgings, the minimum specified tensile strength is not to exceed 800 N/mm?, see 3.4.9 (shaded area of Table). 
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3.4.9 Forgings in alloy steels may be supplied to any 
specified minimum tensile strength selected within the general 
limits detailed in Table 5.3.2, and minimum yield stress, 
elongation and reduction of area, obtained by interpolation, 
except that for main propulsion shafting forgings the 
specified minimum tensile strength is not to exceed 
800 N/mm? (800-950 N/mm? acceptance range) see shaded 
area of Table 5.3.2. 


3.4.10 The results of all tensile tests are to comply with the 
requirements given in Table 5.3.2 appropriate to the specified 
minimum tensile strength. 


3.4.11. Where more than one tensile test is taken from a 
forging, the variation in tensile strength is not to exceed the 
following: 


Specified minimum Difference in 
tensile strength tensile strength 
N/mm? N/mm? 

<600 70 

>600 < 900 100 

>900 120 


3.4.12 For screwshafts intended for ships with the 
notation Ice Class 1AS or 1A and where the connection 
between the propeller and the screwshaft is by means of a 
key, a set of three Charpy V-notch impact tests (longitudinal 
test) is to be made on material from the propeller end of each 
shaft. The tests are to be carried out at -10°C and the 
average energy value is to be not less than 20 J. 


3.5 Non-destructive examination 


3.5.1 Magnetic particle or dye penetrant testing (where 
appropriate) is to be carried out on forgings for main propul- 
sion shafting (including propeller shafts, intermediate shafts, 
and thrust shafts with minimum diameter not less than 
100 mm), on all connecting rod forgings and on the following 
components when they are intended for engines having a 
bore diameter larger than 400 mm: 
Cylinder covers 
Piston crowns 
Piston rods 
Tie rods 
Gear wheels for camshaft drives 
Bolts and studs for: 
Cylinder covers 
Crossheads 
Main bearings 
Connecting rod bearings 
Propeller blade fastening bolts 
Crankpin bolts 
Tie rod bolts 
Additionally, bolts for engine bore diameters of 
less than 400 mm but having a minimum diame- 
ter 50 mm or greater (which are subjected to 
dynamic stress), are also to be subjected to 
surface examinations. 


Chapter 5 


Section 3 


3.5.2 The areas to be tested by magnetic particle or dye 
penetrate testing are shown in Fig. 5.3.4 and Fig. 5.3.5. Areas 
of other components not shown in these figures are to be 
agreed with the Surveyor. For tie rods, only threaded portions 
and the adjacent material over a length equal to that of the 
thread need be tested. 


3.5.3 Surface inspection acceptance criteria are to be in 
accordance with 2.5. Other acceptance criteria may be 
applied, providing they meet these minimum criteria, and are 
to the satisfaction of the Surveyor. 


3.5.4 Ultrasonic testing is to be carried out in accordance 

with 2.5 on the following items: 

(a) Shafts having a finished diameter of 200 mm or larger 
when intended for main propulsion or other essential 
services. 

(b) All piston crowns and cylinder covers. 

(c) Piston rods and connecting rods for engines having a 
bore diameter greater than 400 mm. 

The areas to be tested are shown in Fig. 5.3.6 and Fig. 5.3.7. 

Areas of other components not shown in these drawings are 

to be agreed with the Surveyor. 


3.5.5 Ultrasonic acceptance criteria are shown in 
Table 5.3.3. Other acceptance criteria may be applied, 
providing they meet these minimum criteria, and are to the 
satisfaction of the Surveyor. 
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(a) Propeller shaft 


(b) Intermediate shaft 


(c) Thrust shaft 


NOTE 
For propeller shaft, intermediate shafts and thrust shafts, all areas with stress raisers such as radial holes, 
slots and key ways are to be treated as Zone l. 


Fig. 5.3.4 Zones for magnetic particle/dye penetrant testing on machinery components 
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Y 
II 
i 
i 
ni 


NOTE 


Thread, holes and their circumstances are to be L: Length of thread 
treated as Zone | 


(a) Connecting rod (o) Piston rod 


(c) Cross head 


) k 


IE 


| 
L: Length of thread 


(d) Bolt 


Fig. 5.3.5 Zones for magnetic particle/dye penetrant testing on machinery components 
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axial 


| 360° radial N radial 
| | 


Zone ll Zone Ill 


a 250 mm 


(a) Propeller shaft 


fetes 


(b) Intermediate shaft 


(c) Thrust shaft 


NOTES 

1. For hollow shafts, 360° radial scanning applies to Zone III 

2. Circumferences of the bolt holes in the flanges are to be treated as Zone Il 
3. Axial scan from end face also required 


Fig. 5.3.6 Zones for ultrasonic testing on shafts 
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axial 


180° radial radial 


S 


Zone Ill 


Scanning direction 


L: length o 


thread 


(a) Connecting rod (b) Piston rod 


Cross head 


NOTE 
Axial scan from end face also required 


Fig. 5.3.7 Zones for ultrasonic testing on machinery components 
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Table 5.3.3 


Type of forging 


Acceptance criteria for ultrasonic testing 


Chapter 5 


Sections 3 & 4 


Allowable disc shape 
according to Distance Allowable length of 
Gain Size (DGS), indication, 
see Note 1, mm 
mm see Note 2 


Propeller shaft 
Intermediate shaft 


Thrust shaft 
Rudder stock 


Outer 
Inner 


Connecting rod 
Piston rod 


NOTES 


Ay Outer part means the part beyond one third of the shaft radius from the centre. The inner part means the remaining core area. 
2. For accumulations of two or more isolated indications which are subjected to registration, the minimum distance between two 
neighbouring indications is to be at least the length of the larger indication. 


a Section 4 
Forgings for crankshafts 


41 Scope 


4.1.1 The specific requirements for solid forged 
crankshafts and forgings for use in the construction of fully 
built and semi-built crankshafts are detailed in this Section. 


4.1.2 Where it is proposed to use alloy steel forgings, 
particulars of the chemical composition (see 1.4.3), heat 
treatment and mechanical properties are to be submitted for 
approval. The specified minimum tensile strength is not to 
exceed 1000 N/mm? (1000-1200 N/mm? acceptance range). 


4.2 Manufacture 


4.2.1 For closed die and continuous grain flow 
crankshafts forgings, where an allowance is given for design 
purposes, full details of the proposed method of manufacture 
are to be submitted for approval. In such cases, tests will be 
required to demonstrate that a satisfactory structure and grain 
flow are obtained. The number and positions of test 
specimens are to be agreed with LR. 


4.2.2 For the manufacture of welded crankshafts, 
approval is required for the welding procedure. 


4.2.3 For combined crankweb and pin forgings, the 
proposed method of forging is to be submitted for approval. 
It is recommended that these forgings be made by a folding 
method. Other methods which can be shown to produce 
sound forgings with satisfactory mechanical properties will be 
considered, but where the gapping method is used for cranks 
having a pin diameter exceeding 510 mm this will only be 
accepted provided that an upsetting operation is included in 
the manufacturing sequence. In general, the amount of work 
during the upsetting operation is to be such that the reduction 
in the original length of the ingot (after discard) or bloom is not 
less than 50 per cent. 


4.2.4 Where crankwebs are flame cut from forged or 
rolled slabs, the procedure used is to be in accordance with 
1.2.13, and additionally, unless specially agreed, a depth of 
at least 7,5 mm is to be removed by machining from all 
flame-cut surfaces. 


4.3 Chemical composition 


4.3.1 The chemical composition of ladle samples is to 
comply with 3.2.1 for carbon and carbon-manganese steels 
and 1.4.3 for alloy steels. 


4.3.2 For alloy steel forgings which are to be nitrided, the 
phosphorus or sulphur contents are not to exceed 0,02 per 
cent. 


4.4 Heat treatment 
4.4.1 For forgings in all types of steels, heat treatment is 
to be either: 


(a) normalising and tempering, or 

(b) quenching and tempering. 

The temperature used for tempering is to be not less than 
550°C. 
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4.4.2 Where it is proposed to surface harden crankshaft 
forgings by nitriding or induction hardening, full details of the 
proposed procedure are to be submitted as required by 1.5.6. 


4.5 Mechanical tests 


4.5.1 At least one tensile test specimen is to be taken 
from each forging. 


4.5.2 For solid forged crankshafts, tests are to be taken 
in the longitudinal direction from the coupling end of each 
forging (test position A in Fig. 5.4.1). Where the mass, as heat 
treated but excluding test material, exceeds 3 tonnes, a 
second set of tests is to be taken from the end opposite the 
coupling, in addition (test position B in Fig. 5.4.1). Where the 
crankthrows are formed by machining or flame cutting, the 
second set of tests is to be taken in a tangential direction from 
material removed from the crankthrow at the end opposite the 
coupling (test position C in Fig. 5.4.1).For continuous grain 
flow (CGF) crankshaft forgings, where insufficient material 
exists for a second longitudinal test, the second set of tests 
may be taken in a tangential direction from the crankthrow 
(test position C in Fig. 5.4.2). 


Test position B 
Test position A (longitudinal) 


(longitudinal) 


| 
| 
| 
| 
= 


3108/01 


Test position C 


Coupling end (tangential) 


Fig. 5.4.1 Solid forged crankshaft 


Test position A 
(longitudinal) 


Chapter 5 


Section 4 


4.5.3 The number and position of test specimens from 
combined crankweb and pin forgings are to be in accordance 
with the requirements of the approved method of manufac- 
ture. 


4.5.4 For other crankshaft forgings, tests are to be taken 
as detailed in Section 3, except that for crankwebs the test 
specimens are to be cut in a tangential direction. 


4.5.5 As an alternative to 4.5.2, small solid forged 
crankshafts may be batch tested in accordance with 1.6.4, 
provided that, in addition, hardness tests are carried out on 
each forging. 


4.5.6 Tables 5.4.1 to 5.4.3 give the minimum require- 
ments for yield stress and elongation corresponding to 
different strength levels, but it is not intended that these 
should necessarily be regarded as specific grades. The 
strength levels have been given in multiples of 40 N/mm2, or 
50 N/mm? in the case of alloy steels, to facilitate interpolation 
for intermediate values of specified minimum tensile strength. 


Table 5.4.1 Mechanical properties for acceptance 
purposes: carbon-manganese steel 


forgings for crankshafts 


Elongation 
on 5,654f So Hardness 
% minimum Brinell 


f Yield stress 
Tensile strength N/mm2 


2 a 
/mm minimum 


Long. Tang. 


400-520 200 26 
440-560 220 24 
480-600 240 22 
520-640 260 21 
560-680 280 20 
600-750 300 18 
640-790 320 17 
680-830 340 16 
720-870 350 15 
760-910 380 14 


Intermediate values may be obtained by interpolation. 


110-150 
125-160 
135-175 
150-185 
160-200 
175-215 
185-230 
200-240 
210-250 
225-265 


i 


i 


i 


e 


1 
@-+-NMNNWAOOD CO 


i 


Test position C 
(tangential) 


Test position B 
(longitudinal) 


Fig. 5.4.2 CGF Crankshaft 
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Table 5.4.2 Mechanical properties for acceptance 
purposes: alloy steel forgings for 
crankshafts - Normalised and 


tempered 


Elongation 
on 5,654 So Hardness 
% minimum Brinell 


Tensile strength Yield stress 


N/mm? N/mm? 
minimum 


Long. Tang. 


600-750 330 18 14 
650-800 355 17 13 
700-850 380 16 12 
750-900 405 15 11 215-260 
800-950 430 14 10 235-275 


Intermediate values may be obtained by interpolation. 


175-215 
190-235 
205-245 


Table 5.4.3 Mechanical properties for acceptance 
purposes: alloy steel forgings for 
crankshafts - Quenched and 


tempered 


Yield stress Elongation 
N/mm? on 5,654 So Hardness 
% minimum Brinell 


Tensile strength 
N/mm2 minimum 


Long. Tang. 


600-750 420 14 
650-800 450 13 
700-850 480 12 
750-900 530 11 
800-950 590 10 
850-1000 640 9 
900-1100 690 
950-1150 750 
1000-1200 810 


175-215 
190-235 
205-245 
215-260 
235-275 
245-290 
260-320 
275-340 
290-365 


Intermediate values may be obtained by interpolation. 


4.5.7 Forgings may be supplied to any specified minimum 
tensile strength selected within the general limits detailed in 
Tables 5.4.1 to 5.4.3. 


4.5.8 The results of all tensile tests are to comply with the 
requirements of Table 5.4.1, 5.4.2 or 5.4.3 appropriate to the 
specified minimum tensile strength. 


4.5.9 Where more than one tensile test is taken from a 
forging, the variation in tensile strength is not to exceed the 
following: 


Specified minimum Difference in 
tensile strength tensile strength 
N/mm2 N/mm2 

<600 70 

>600 <900 100 

2900 120 


Chapter 5 


Section 4 


4.5.10 For small crankshaft forgings which have been 
batch tested, the hardness values are to be not less than 
those given in Tables 5.4.1 to 5.4.3, as appropriate. The 
variation in hardness in each batch is to comply with the 


following: 
Specified minimum tensile Difference in hardness 
strength (N/mm2) (Brinell number) 
<600 not more than 25 
2600 <900 not more than 35 
2900 not more than 42 
4.6 Non-destructive examination 
4.6.1 Magnetic particle or dye penetrant testing as 


detailed in 1.8.5 and 2.5 is to be carried out on all forgings 
for crankshafts. Where applicable, this is to include all 
surfaces which have been flame-cut, but not subsequently 
machined during manufacture. Particular attention is to be 
given to the testing of the pins, journals and associated fillet 
radii of solid forged crankshafts and to the pins and fillet radii 
of combined web and pin forgings. The extent of testing is 
shown in Fig. 5.4.3. 


4.6.2 The manufacturer is to carry out an ultrasonic 
examination of all forgings as detailed in 1.8.8 and 2.5, except 
that for closed-die forgings this examination may, subject to 
approval, be confined to the initial production and to 
subsequent occasional checks. The extent of ultrasonic 
testing is shown in Fig. 5.4.4. 


4.6.3 Surface inspection acceptance criteria are to be in 
accordance with 2.5 and with Table 5.4.4. Other acceptance 
criteria may be applied, providing they meet these minimum 
criteria, and is to the satisfaction of the Surveyor. 


4.6.4 Ultrasonic acceptance criteria are shown in Table 5.4.5. 
Other acceptance criteria may be applied, providing they 
meet these minimum criteria, and is to the satisfaction of the 
Surveyor. 
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Section B-B 


Section A-A a Section B-B 


Semi built-up crankshaft 


NOTES 
1. Where the crankpin or journal has oil holes, the circumferential surfaces of the oil are to 
be treated as Zone |, (see the figure on the right) 


2. Inthe above figures: T 
6 = 60° 
b = 0,05d (: circumferential surfaces of shrinkage fit) 
2qb 


where 

r : fillet radius 

d : journal diameter 
dentification of the Zones: 
: Zone | 

: Zone Il 


a 
db 


db: Oil hole bore diameter 


Fig. 5.4.3 Zones for magnetic particle/dye penetrant testing on crankshafts 


LLOYD'S REGISTER 19 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


Steel Forgings Chapter 5 


Section 4 


Scanning direction 


As Be 
al le} el a a 


gills 


Section A-A A= Sectio 


(a) Solid crankshaft 


Section A-A B= Section B-B 


(b) Semi built-up crankshaft 


NOTES 
1. In the above figures: 
a = 0,1d or 25 mm, whichever is greater 
b =0,05d or 25 mm, whichever is greater (: circumstances of shrinkage fit) 
where 
d : pin or journal diameter 
The mid third area of crank pins and/or journals within a raduis of 0,25d 
between the webs may generally be coordinated to Zone ll 
dentification of the Zones: 
: Zone | 
: Zone II 
: Zone Ill 


Fig. 5.4.4 Zones for ultrasonic testing on crankshafts 
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Table 5.4.4 Surface inspection acceptance for crankshaft forgings - Allowable number and size of indications in 


a reference area of 225 cm2 


Maximum dimension of 
single indication, mm 


Maximum number 
each type 


Maximum number of 


Inspection zone indication indication 


inear 


Critical fillet area 


| 
mportant fillet area 


igned 


(0) 
inear (0) 
(0) 


ll 
Journal surfaces 


Table 5.4.5 


Type of forging 


Ultrasonic acceptance criteria for crankshafts 


Allowable disc shape 
according to Distance 
Gain Size (DGS), 


Allowable length of 
indication, 
mm see Note 


mm 


Crank shaft 


d<2,0 
d<3,0 


d<4,0 


NOTE 


For accumulations of two or more isolated indications which are subjected to registration, the minimum distance between two neighbouring 
indications is to be at least the length of the larger indication. This applies to the distance in axial direction as to the distance in depth. 
Isolated indications with less distance are to be determined as one single indication. 


a Section 5 
Forgings for gearing 


5.1 Scope 


5.1.1 Provision is made in this Section for carbon- 
manganese and alloy steel forgings intended for use in the 
construction of gearing for main propulsion and for driving 
electric generators. 


5.1.2 Gear wheel and rim forgings with a specified 
minimum tensile strength not exceeding 760 N/mm2 
(760-910 N/mm? acceptance range) may be made in carbon- 
manganese steel. Gear wheel or rim forgings where the 
specified minimum tensile strength is in excess of 760 N/mm2, 
and all pinion or pinion sleeve forgings, are to be made in a 
suitable alloy steel. Specifications for alloy steel components 
and for quill shafts, giving chemical composition, heat 
treatment and mechanical properties, are to be submitted for 
approval. 


5.7.3 Forgings for flexible couplings, quill shafts and gear 
wheel shafts are to comply with the requirements of 
Section 3. 


5.1.4 Manufacturers’ test certificates for forgings may be 
accepted where the transmitted power does not exceed 
220 kW (800 shp) for main propulsion and 100 kW (150 shp) 
for auxiliary drives. 


5.2 Manufacture 


5.2.1 All forgings are to be made with sufficient material 
to allow an adequate machining allowance on all surfaces for 
the removal of unsound or decarburised material. 


5.2.2 The hardenability of the forged material is to be 
checked at random intervals using an end quench test 
complying with a National or International Standard. 


5.2.3 The grain size is to be checked on a random basis 
in accordance with the testing and reporting procedures of 
ASTM E 112, or an equivalent National Standard, and is to be 
within the range 5 to 8. 


5.2.4 The microstructure of the hardened case is to be 
mainly martensite, with a maximum content of 15 per cent of 
retained austenite. 


5.3 Chemical composition 
5.3.1 The chemical composition of ladle samples is to 


comply with 3.2.1. for carbon and carbon-manganese steels 
and 1.4.3 for alloy steels. 
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5.4 Heat treatment 


5.4.1 Except as provided in 5.4.4 and 5.4.5, forgings 
may be either normalised and tempered or quenched and 
tempered in accordance with the approved specification. The 
tempering temperature is to be not less than 550°C. 


5.4.2 Where forgings are machined prior to heat treat- 
ment, the allowance left for final machining is to be sufficient 
to remove the decarburised surface material, taking into 
account any bending or distortion which may occur. 


5.4.3 When the teeth of a pinion or gear wheel are to be 
surface hardened, i.e, carburised, nitrided or induction 
hardened, the proposed specification together with details of 
the process and practice are to be submitted for approval. 
For purposes of initial approval, the gear manufacturer is 
required to demonstrate by test that the surface hardening of 
the teeth is uniform and of the required depth and that it does 
not impair the soundness and quality of the steel. 


5.4.4 Where induction hardening of nitriding is to be 
carried out after machining of the gear teeth, the forgings are 
to be heat treated at an appropriate stage to a condition 
suitable for this subsequent surface hardening. 


5.4.5 Forgings for gears which are to be carburised after 
final machining are to be supplied in either the fully annealed 
or the normalised and tempered condition, suitable for subse- 
quent machining and carburising. 


5.5 Mechanical tests for through hardened, 
induction hardened or nitrided forgings 


5.5.1 At least one tensile test specimen is to be taken 

from each forging in carbon or carbon-manganese steel, and 

at least one tensile test specimen from forgings in alloy steel. 

Sufficient test material is to be provided for this purpose and 

the test specimens are to be taken as follows: 

(a) For pinion forgings where the finished diameter of the 
toothed portion exceeds 200 mm, tests are to be taken 
in a tangential direction and adjacent to the toothed 
portion (test position B in Fig. 5.5.1). Where the dimen- 
sions preclude the preparation of tests from this position, 
tests in a tangential direction are to be taken from the 
end of the journal (test position C in Fig. 5.5.1). If, 
however, the journal diameter is 200 mm or less, tests 
are to be taken in a longitudinal direction (test position A 
in Fig. 5.5.1). Where the finished length of the toothed 
portion exceeds 1250 mm, tests are to be taken from 
each end. 

(b) For small pinion forgings where the finished diameter of 
the toothed portion is 200 mm or less, tests are to be 
taken in a longitudinal direction (test position A in 
Fig. 5.5.1). 

(c) For gear wheel forgings, tests are to be taken in a 
tangential direction (from one of the test positions B in 
Fig. 5.5.2). 

(d) For gear wheel rim forgings, tests are to be taken in a 
tangential direction (from one of the test positions A in 
Fig. 5.5.3). Where the finished diameter exceeds 2500 mm 
or the mass (as heat treated but excluding test material) 
exceeds 3 tonnes, tests are to be taken from two 


Chapter 5 


Section 5 


diametrically opposite positions (test positions A in 
Fig. 5.5.3). 

For pinion sleeve forgings, tests are to be taken ina 
tangential direction (from one of the test positions C in 
Fig. 5.5.4). Where the finished length exceeds 1250 mm, 
tests are to be taken from each end. 


Test position B 
(tangential) 


Test position B 
(tangential) 


Test position A 
(longitudinal) 


Test position C 
(tangential) 


L length of toothed portion, in metres 
D diameter of toothed portion, in metres 
d journal diameter, in metres 


Fig. 5.5.1 Test positions for forgings for gearing 


Test position B (tangential) 


Fig. 5.5.2 Test position B 


Test position A (tangential) 


F 


Test position A (tangential) 


Fig. 5.5.3 Test position A 
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Test position C 
(tangential) 


Test position C 
(tangential) 


Fig. 5.5.4 Test position C 


592 As an alternative to 5.5.1, small forgings may be 
batch tested in accordance with 1.6.4 provided that, in 
addition, hardness tests are carried out on each forging. 


5.5.3 Tables 5.5.1 to 5.5.3 give the minimum require- 
ments for yield stress and elongation corresponding to 
different strength levels, but it is not intended that these 
should necessarily be regarded as specific grades. The 
strength levels have been given in multiples of 40 N/mm2, or 
50 N/mm? in the case of alloy steels, to facilitate interpolation 
for intermediate values of specified minimum tensile strength. 


Table 5.5.1 Mechanical properties for acceptance 
purposes: carbon-manganese steels 


for gear wheel and rim forgings 


Yield Elongation on 


stress 5,654 So Hardness 
N/mm? % minimum Brinell 


minimum | Rims Wheels 


400-520 200 26 
440-560 220 24 
480-600 240 22 
520-640 260 21 
560-680 280 20 
600-750 300 18 
640-790 320 17 
680-830 340 16 
720-870 360 15 
760- 910 380 14 


Tensile strength 
N/mm? 
(see Note) 


110-150 
125-160 
135-175 
150-185 
160-200 
175-215 
185-230 
200-240 
210-250 
225-265 


Intermediate values may be obtained by interpolation. 


NOTE 

When the specified minimum tensile strength exceeds 
700 N/mm forgings are to be supplied only in the quenched 
and tempered condition. 


5.5.4 Forgings may be supplied to any specified 
minimum tensile strength selected within the general limits 
detailed in Tables 5.5.1 to 5.5.3. 


5.5.5 The results of all tensile tests are to comply with the 
requirements of Table 5.5.1, 5.5.2 or 5.5.3, appropriate to the 
specified minimum tensile strength. Unless otherwise agreed, 
the specified minimum tensile strength is to be not less than 
800 N/mm? (800-950 N/mm? acceptance range) for induction 
hardened or nitrided gear forgings. 
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Table 5.5.2 Mechanical properties for acceptance 
purposes: alloy steel gear wheel and 
rim forgings - Normalised and 


tempered 


Yield Elongation on 

Tensile strength stress 5,65 So Hardness 
N/mm? N/mm? % minimum Brinell 

minimum 


ims | Wheels 


600-750 330 16 


175-215 
190-235 
205-245 
215-260 
235-275 
245-290 


650-800 355 15 
700-850 380 14 
750-900 405 13 
800-950 430 12 
850-1000 455 11 


Intermediate values may be obtained by interpolation. 


Table 5.5.3 Mechanical properties for acceptance 
purposes: alloy steel gear forgings - 


Quenched and tempered 


Yield Elongation on 
Tensile strength stress 5,65/ So Hardness 
N/mm? N/mm? % minimum Brinell 
(see Notes 1 minimum 
and 2) (see Note 2) 


. 


600-750 420 
650-800 450 
700-850 480 
750-900 530 
800-950 590 
850-1000 640 
900-1050 690 
950-1100 750 
1000-1150 810 
1050-1200 870 


175-215 
190-235 
205-245 
215-260 
235-275 
245-290 
260-310 
275-330 
290-340 
310-365 


ee 


1 


E ea th 


re 


1 
+-MNNWWOK OO NO 


Column A is applicable to tests from gear rims and to longitudinal 
tests from pinions. 

Column B is applicable to tests from gear wheels and to tangen- 
tial tests from pinions. 

Column C is applicable to tests from pinion sleeves. 


Intermediate values may be obtained by interpolation. 


NOTES 

1. For gear wheel and rim forgings the specified minimum tensile 
strength is not to exceed 850 N/mm. 

2. For carburised gear forgings the requirements for minimum 
yield stress and maximum tensile strength are not applicable. 


5.5.6 Where more than one tensile test is taken from a 
forging, the variation in tensile strength is not to exceed the 
following: 


Specified minimum Difference in 
tensile strength tensile strength 
N/mm? N/mm? 

<600 70 

>600 <900 100 

>900 120 
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5.5.7 Hardness tests are to be carried out on all forgings 
after completion of heat treatment and prior to machining the 
gear teeth. The hardness is to be determined at four positions 
equally soaced around the circumference of the surface where 
teeth will subsequently be cut. Where the finished diameter 
of the toothed portion exceeds 2500 mm, the number of test 
positions is to be increased to eight. Where the width of a 
gear wheel rim forging exceeds 1250 mm, the hardness is to 
be determined at eight positions at each end of the forging. 


5.5.8 For small gear forgings which are batch tested, at 
least one hardness test is to be carried out on each forging. 


5.5.9 The results of all hardness tests are to comply with 
the appropriate requirements of Tables 5.5.1 to 5.5.3. The 
difference between the highest and lowest values on any one 
forging is not to exceed the following: 

Specified minimum Difference in hardness 


tensile strength (Brinell number) 
(N/mmz?) 

<600 25 

2600 <900 35 

2900 42 


5.5.10 On nitrided or induction hardened components, 
hardness tests are also to be made on the teeth when surface 
hardening and grinding have been completed. The results are 
to comply with the approved specification. 


5.6 Mechanical tests for carburised forgings 


5.6.1 Sufficient test material is to be provided for prelim- 
inary tests at the forge and for final tests after completion of 
carburising. For this purpose, duplicate sets of test material 
are to be taken from positions as detailed in 5.5.1, except 
that, irrespective of the dimensions or mass of the forging, 
tests are required from one position only, and in the case of 
forgings with integral journals are to be cut in a longitudinal 
direction. The test material which is to be used for measure- 
ments of case depth, hardness, grain size and residual 
austenite as well as mechanical properties is to be machined 


7 D ; . 
to a coupon of diameter of g or 30 mm, whichever is less, 


where D is the finished diameter of the toothed portion. 


5.6.2 For small forgings, where a system of batch 
testing is adopted, the test material may be prepared from 
surplus steel from the same cast provided that the forging 
reduction approximates to that of the actual gear forgings. 
The test samples are to be correctly identified and heat 
treated with the forgings they represent. 


5.6.3 For preliminary tests at the forge, one set of test 
material is to be given a blank carburising and heat treatment cycle 
simulating that which will be subsequently applied to the forgings. 


5.6.4 For final acceptance tests, the second set of test 
material is to be blank carburised and heat treated together 
with the forgings which it represents. 


Chapter 5 


Sections 5 & 6 


5.6.5 At the discretion of the forgemaster or gear 
manufacturer, test samples of larger cross-section than in 
5.6.1 may be either carburised or blank carburised, but these 
are to be machined to the required diameter prior to the final 
quenching and stress relieving heat treatment. 


5.6.6 At least one tensile specimen is to be prepared from 
each sample of test material. 


5.6.7 Unless otherwise agreed, the specified minimum 
tensile strength is to be not less than 750 N/mm2, and the 
results of all tensile tests are to comply with the requirements 
given in Table 5.5.3. 


5.6.8 Where it is proposed to adopt alternatives to the 
requirements of 5.6.1 to 5.6.7, full details are to be submitted 
to the Surveyor for consideration. 


5.7 Non-destructive examination 


Or lad Magnetic particle or liquid penetrant testing is to be 
carried out on the teeth of all surface hardened forgings. This 
examination may also be requested on the finished machined 
teeth of through hardened gear forgings. 


5.7.2 The manufacturer is to carry out an ultrasonic 
examination of all forgings where the finished diameter of the 
surfaces, where teeth will be cut, is in excess of 200 mm, and 
is to provide the Surveyor with a signed statement that such 
inspection has not revealed any significant internal defects. 


5.7.3 On gear forgings where the teeth have been surface 
hardened, additional test pieces may be required to be 
processed with the forgings and subsequently sectioned to 
determine the depth of the hardened zone. These tests are to 
be carried out at the discretion of the Surveyor, and for 
induction or carburised gearing the depth of the hardened zone 
is to be in accordance with the approved specification. For 
nitrided gearing, the full depth of the hardened zone, (i.e., depth 
to core hardness), is to be not less than 0,5 mm and the 
hardness at a depth of 0,25 mm is to be not less than 500 HV. 


a Section 6 
Forgings for turbines 


6.1 Scope 


6.1.1 Provision is made in this Section for ferritic steel 
forgings for turbine rotors, discs and spindles, turbine-driven 
generator rotors and compressor rotors. 


6.1.2 Plans for rotor forgings are to state whether the 
rotor is intended for propulsion or auxiliary machinery and the 
shaft power of auxiliary turbines. In the case of a rotor which 
is to be tested for thermal stability, the maximum operating 
temperature and the proposed test temperature are also to 
be stated. 
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6.1.3 Specifications of alloy steel forgings giving the 
proposed chemical composition, heat treatment and mechanical 
properties are to be submitted for approval with the plans of 
the components. 


6.1.4 Where it is proposed to use rotors of welded 
construction, the compositions of the steels for the forgings 
are to be submitted for special consideration, together with 
details of the proposed welding procedure. Welding procedure 
tests may be required. 


6.2 Manufacture 


6.2.1 Forgings are to be manufactured in accordance 
with the requirements of Section 1, except that for rotors the 
forging reduction is to be not less than 2,5 to 1. Where an 
upsetting operation is included in the manufacturing proce- 
dure, the above requirement applies to the cross-sectional 
area of the upset bloom and not to that of the ingot. 


6.3 Chemical composition 


6.3.1 The chemical composition of ladle samples is to 
comply with 3.2.1 for carbon and carbon-manganese steels 
and 1.4.3 for alloy steels. 


6.4 Heat treatment 


6.4.1 Forgings are to be supplied in the heat treated 
condition, and the thermal treatment at all stages is to be 
such as to avoid the formation of hair-line cracks. At a 
suitable stage of manufacture, the forgings are to be reheated 
above the upper critical point to refine the grain, cooled in an 
approved manner and then tempered to produce the desired 
mechanical properties. 


6.4.2 Where forgings receive their main heat treatment 
before machining, they are to be stress relieved after rough 
machining. Forgings which are heat treated in the rough 
machined condition need not be stress relieved provided that 
they have been slowly cooled from the tempering tempera- 
ture. 


6.4.3 The tempering and stress relieving temperatures 
are to be not less than 550°C for carbon and carbon- 
manganese steels, and not less than 600°C for alloy steels. 
The holding times and subsequent cooling rates are to be 
such that the forging in its final condition is free from harmful 
residual stresses. 


6.4.4 Details of the proposed heat treatment for rotors of 
welded construction are to be submitted for approval. 


6.5 Mechanical tests 


6.5.1 At least one tensile test specimen, cut in a 
longitudinal direction, is to be taken from each rotor forging. 
For forgings exceeding both 3 tonnes in mass and 2000 mm 
in length, tests are to be taken from each end. 


Chapter 5 


Section 6 


6.5.2 For rotor forgings of all main propulsion machinery 
and of auxiliary turbines exceeding 1100 kW, tangential and, 
where the dimensions permit, radial tensile tests are to be 
taken from the end of the body corresponding to the top end 
of the ingot, see Fig. 5.6.1. 


Top end of ingot Test position A 


(longitudinal) 


Test position B 
(tangential) 


Test position C (radial) 


a 


L 


Fig. 5.6.1 Test positions for turbine rotor forgings 


6.5.3 For each turbine disc, at least one tensile test 
specimen is to be cut in a tangential direction from material 
at the hub, see Fig. 5.6.2. 


Test position B 
Dan 


Test position C 
(tangential at bore) 
l 


=f 


Test position C 
Test position B 


(tangential at bore) 
(tangential) ay 


ZZ 


Fig. 5.6.2 Test positions for turbine disc forgings 


6.5.4 For the tests required by 6.5.1 to 6.5.3, sufficient 
test material is to be left on each forging and is not to be 
removed until all heat treatment, including stress relieving, has 
been completed. In this connection, a thermal stability test 
does not form part of the heat treatment of a turbine forging. 
Any excess test material is not to be completely severed from 
a forging until all the mechanical tests have been completed 
with satisfactory results. 
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6.5.5 Tables 5.6.1 and 5.6.2 give the minimum require- 6.5.7 The results of all tensile tests are to comply with the 
ments for yield stress, elongation and reduction of area requirements of Table 5.6.1 or Table 5.6.2 appropriate to the 
corresponding to different strength levels, but it is not specified minimum tensile strength. For monobloc rotor 
intended that these should necessarily be regarded as forgings, the specified minimum tensile strength is not to 


specific grades. The strength levels have been given in exceed 800 N/mm2. 

multiples of 40 N/mm2, or 50 N/mm? for alloy steels, to 

facilitate interpolation for intermediate values of specified 

minimum tensile strength. 6.6 Non-destructive examination 


6.6.1 The end faces of the body of rotor forgings and the 


Table 5.6.1 Mechanical properties for end faces of the boss and the bore surface of each turbine 
acceptance purposes: carbon- disc are to be machined to a fine smooth finish for visual and 
manganese steel forgings for magnetic particle examination. 


turbines - Normalised and tempered 


6.6.2 The manufacturer is to carry out an ultrasonic 
Elongation Reduction examination of each forging and is to provide the Surveyor 
Tensile | Yield stress 5,65457 of area with a signed statement that such inspection has not revealed 


strength N/mm? % minimum % minimum any significant internal defects. 
N/mm? minimum 


A B C A C 


6.6.3 Rotor forgings for propulsion machinery and for 
400-520 200 26 22 18 50 35 auxiliary turbines exceeding 1100 kW are to be hollow bored 


ee 220 2421 17 © 35 for internal examination. The surface of the bore is to have a 
1307600 AN A E 30 fine smooth finish and is to be examined by means of an 
520-640 260 21 18 14 45 30 : : , ore 
560-680 280 20 417 13 40 25 optical instrument of suitable magnification. Where the bore 
600-720 300 18 15 12 40 25 size permits, magnetic particle examination is also to be 
carried out. These examinations are to be confirmed by the 
NOTES Surveyor. Alternatively, an approved method of ultrasonic 
Columns A are applicable to longitudinal tests from rotor and examination may be accepted instead of hollow boring. 
spindle forgings. Details of the proposed method of ultrasonic examination are 
Columns B are applicable to tangential tests from rotor forgings. to be submitted for special consideration. 
Columns C are applicable to radial tests from rotor forgings. 
Intermediate values may be obtained by interpolation. 
6.5.6 Forgings may be supplied to any specified 
minimum tensile strength selected within the general limits 
detailed in Table 5.6.1 or Table 5.6.2. 
Table 5.6.2 Mechanical properties for acceptance purposes: alloy steel forgings for turbines - Quenched and 


tempered or normalised and tempered 


Yield stress Yield stress Elongation on Reduction 
Tensile strength N/mm? minimum N/mm2 minimum 5,654) So of area 


N/mm? Normalised Quenched and % minimum %minimuM 
(see Note) and tempered tempered 


B B 


500 - 650 275 — 20 40 
550 - 700 300 = 18 40 
600 - 750 330 410 16 40 
650 — 800 355 450 15 40 


700 — 850 490 14 35 
750 — 900 530 13 35 


800 - 950 590 12 35 
850 - 1000 640 11 30 


900 - 1050 690 11 30 
950 -1100 750 10 30 
1000 - 1150 810 10 30 


NOTES 

Columns A are applicable to longitudinal tests from rotor and spindle forgings. 

Columns B are applicable to tangential tests from rotor and spindle forgings, and to tangential tests from discs — test position B in Fig. 5.6.2. 
Columns C are applicable to radial test from rotor forgings and to tangential tests from discs — test position C in Fig. 5.6.2. 

Intermediate values may be obtained by interpolation. 
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6.7 Thermal stability tests 


6.7.1 Thermal stability tests after heat treatment and rough 
machining of the turbine rotors, referred to in the relevant Rules 
dealing with design and construction, are to be undertaken in 
properly constructed furnaces, using accurate and reliable 
measuring equipment. Each test is to be carried out in 
accordance with the following recommended procedure: 

(a) Five bands are to be machined concentric with the axis of 
rotation. Two of these are to be reference bands and are to 
be positioned at or near the locations of the bearings. The 
remaining three bands are to be test bands located one as 
near as possible to the mid-length, and the other two near 
each end of the body. Where the length of a rotor is such 
that five bands cannot be provided, alternative proposals 
are to be submitted to the Surveyor for his approval. 

(b) Four positions, 90° apart, are to be stamped A, B, C and 
D on the coupling end of the rotor. 

(c) The whole of the body, and as much of the shaft at either 
end as will include the positions of the glands, is to be 
enclosed in the furnace. In the case of a rotor having an 
overhung astern wheel, the astern wheel is also to be 
enclosed in the furnace during the first test. 

(d) The rotor is to be rotated at a uniform and very low speed. 

(e) The deflections at all bands are to be recorded at the A, 
B, C and D positions. Initial cold readings are to be taken 
prior to heating. 

(f The rotor is to be heated uniformly and slowly. 
Temperatures are to be recorded continuously at the 
surface of the rotor and, if practicable, in the bore at the 
mid-length of the body. In no circumstances is the surface 
temperature to exceed the temperature at which the rotor 
was tempered. During heating, the rate of rise of temper- 
ature is to be such as to avoid excessive temperature 
gradients in the rotor. 

(g) The maximum or holding temperature is to be not less 
than 28°C above the maximum operating temperature of 
the rotor. For the purposes of the test, the holding period 
is to start when the rotor has attained a uniform and 
specified temperature. The rotor is to be held under the 
specified temperature conditions until not less than three 
consecutive hourly readings of deflections show the radial 
eccentricity to be constant within 0,006 mm on all test 
bands. 

(h) The turbine rotor is to be rotated during cooling until the 
temperature is not more than 100°C. The rate of cooling 
is to be such as to avoid excessive temperature gradients 
in the rotor. 

(i) Final cold readings are to be taken. 


6.7.2 The movements of the axis of the rotor in relation 
to the reference bands are to be determined from polar plots 
of the deflection readings. The radial movement of the shaft 
axis, as determined by the difference between the final hot 
and the final cold movements, is not to exceed 0,025 mm on 
any one band. As verification that test equipment and 
conditions are satisfactory, it is required that similar determi- 
nations of differences between initial cold and final cold 
movements do not exceed 0,025 mm on any one band. 
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6.7.3 If the results of the test on a rotor fail to meet either 
or both of the requirements in 6.7.2, the test may be repeated 
if requested by the maker and agreed by the Surveyor. In the 
case of a rotor failing to meet the requirements of a thermal 
stability test, the rotor is deemed unacceptable. Proposals for 
the rectification of thermal instability of a rough machined 
rotor are to be submitted for special consideration. 


a Section 7 
Forgings for boilers, pressure 
vessels and piping systems 


7.1 Scope 


7.1.1 Provision is made in this Section for carbon- 
manganese and low alloy steel forgings intended for use in 
the construction of boilers, pressure vessels and piping 
systems where the design temperature is not lower than 0°C. 


7.1.2 In addition to specifying mechanical properties at 
ambient temperature for the purposes of acceptance testing, 
these requirements give details of appropriate mechanical 
properties at elevated temperatures to be used for design 
purposes. 


7.1.3 Forgings used in the construction of equipment for 
the containment of liquefied gases are to comply with the 
requirements of Section 8, except for those used in piping 
systems, where the design temperature is not lower than 0°C. 
Forgings for other pressure vessels and piping systems, where 
the use of steels with guaranteed impact properties at low 
temperatures is required, are also to comply with Section 8. 


7.2 Chemical composition 

7.2.1 The chemical composition of ladle samples is to 
comply with the appropriate requirements of Table 5.7.1. 

7.3 Heat treatment 

7.3.1 Carbon-manganese steel forgings are to be 
normalised, normalised and tempered or quenched and 
tempered. 


7.3.2 Alloy steel forgings are to be normalised and 
tempered or quenched and tempered. 


7.3.3 No forging is to be fully heat treated more than twice. 


7.4 Mechanical tests 


7.4.1 Except as provided in 7.4.2 and 7.4.4, at least one 
tensile test is to be taken from each forging and, where the 
dimensions and shape allow, the test specimen is to be cut in 
the longitudinal direction. 
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Table 5.7.1 Chemical composition 


Chapter 5 


Section 7 


Tensile Chemical composition of ladle samples % 


Type of steel 


strength : 
N/mm2 Mn 


Al Residual elements 


410-530 
Carbon- 
manganese 


460-580 0,10-0,40 


490-610 


0,50-1,20 
0,80-1,40 


0,90-1,70 


Ni 0,40 max. 
Cr 0,25 max. 
Mo 0,10 max. 
Cu 0,30 max. 


Total 0,80 max. 


(See Notes 
1 and 3) 


Alloy steel 
1Cr1/2Mo 
21/4 Cr1Mo 


440-590 0,18 
490-640 0,15 


0,15-0,40 


0,40-0,70 


Cr Mo 


0,85-1,15 
2,0-2,5 


0,45-0,65 
0,90-1,20 


0,020 max. 
(See Note 2) 


NOTES 

1. Fine grained steels are to contain: 

aluminium (acid soluble) 0,015% min. or 
aluminium (total) 0,018% min. 

. For alloy steels, aluminium (acid soluble) 0,020% max. 


7.4.2 On seamless drums and headers which are initially 
forged with open ends, test material is to be provided at each 
end of each forging. Where forged with one solid end, test 
material is to be provided at the open end only. Except where 
the ends are to be subsequently closed by forging, the test 
material is not to be removed until heat treatment has been 
completed. Where the ends are to be closed, rings of test 
material are to be cut off prior to the closing operation and 
are to be heat treated with the finished forging. In all cases, 
the test specimens are to be cut in the circumferential 
direction. 


Table 5.7.2 


Diameter or 
equivalent 
thickness mm 


Type of steel N/mm? 


Yield stress 


The determination of the aluminium (total) content is acceptable provided the above value is not exceeded. 
iobium may be used as a grain refiner in place of aluminium, in which case the content is to be in the range 0,01% to 0,06%. 


7.4.3 Unless otherwise agreed, tensile test specimens 
are to be taken with their axis at approximately 12,5 mm 
below the surface of the forging. 


7.4.4 Small forgings may be batch tested in accordance 
with 1.6.4 provided that hardness tests are carried out on 
each forging. In such cases, the mass of each forging is not 
to exceed 1 tonne and that of the batch is not to exceed 
10 tonnes and the hardness values are to accord with 
Table 5.7.2. 


Mechanical properties for acceptance purposes 


Elongation 
on 5,6514 So 
% minimum 


Hardness 
Brinell 


Tensile strength 
/mm? 


<100 215 
<500 205 


Carbon-manganese <100 245 


not specifically >100 235 
fine grained 
265 


255 


410-530 20 110-155 


460-580 130-170 


490-610 140-180 


235 
220 
275 


Carbon-manganese, 
fine grained 255 


305 


>100 <250 280 


410-530 110-155 


460-580 130-170 


490-610 140-180 


Alloy steel 
1Cr1/2Mo 275 


21/4Cr1Mo 275 
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7.4.5 If required by the Surveyors or by the Fabricators, 
test material may be given a simulated stress relieving heat 
treatment prior to the preparation of the test specimens. This 
has to be stated on the order, together with agreed details of 
the simulated heat treatment and the mechanical properties 
which can be expected. 


7.4.6 Except as provided in 7.4.7, the results of all tensile 
tests are to comply with the requirements given in Table 5.7.2 
appropriate to the specified minimum tensile strength. 


7.4.7 Where tests are taken at a depth greater than 
12,5 mm from the surface or where they are taken in a 
transverse direction, the mechanical properties which can be 
expected are to be agreed. 


7.4.8 On seamless drums and headers where tests are 
taken from each end, the variation in tensile strength is not to 
exceed 70 N/mm. 


7.4.9 For small batch-tested forgings, the hardness 
values are to comply with the requirements of Table 5.7.2 
appropriate to the specified minimum tensile strength. If 
forgings of more than one thickness are to be supplied from 
one cast, then the test is to be made on the thickest forging. 


Table 5.7.3 


Diameter or 


H Tensile 
equivalent 


Mechanical properties for design purposes 


Chapter 5 


Section 7 


7.5 Non-destructive examination 
7.5.1 Non-destructive testing is to be carried out in 
accordance with the requirements of the approved forging 
drawing and specification, or as otherwise agreed between 
the manufacturer, purchaser and Surveyor. 


7.6 Pressure tests 
7.6.1 Where applicable, pressure tests are to be carried 
out in accordance with the requirements of the relevant Rules. 


7.7 Mechanical properties for design purposes 
7.7.1 Nominal values for the minimum lower yield or 
0,2 per cent proof stress at temperatures of 50°C and higher 
are given in Table 5.7.3. These values are intended for design 
purposes only, and verification is not required except for 
materials complying with National or proprietary specifications 
where the elevated temperature properties used for design 
purposes are higher than those given in Table 5.7.3. 


Nominal minimum lower yield or 0,2% proof stress N/mm? 


Type of steel strength 


thickness yee 


mm 100 


150 


Temperature °C 


200 250 300 350 


<100 192 


410-530 
>100 178 


Carbon-manganese <100 222 


not specifically 
fine grained 


460-580 
>100 206 


<100 240 


490-610 


>100 222 


188 


175 


218 


203 


236 


219 


181 168 150 142 


170 162 150 142 


210 194 176 168 


197 188 176 168 


227 210 192 183 


212 203 192 183 


<100 215 


410-530 


>100 200 


<100 251 


Carbon-manganese 460-580 


fine grained >100 233 


<100 272 


490-610 


>100 253 


204 


190 


236 


220 


256 


238 


188 171 152 144 


175 164 152 1% 


217 198 177 167 


202 190 177 167 


234 213 192 182 


218 205 192 182 


Alloy steel 
1Cr1/2Mo 410-560 


21/4Cr1Mo 490-640 


184 170 


224 
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7.7.2 Where verification is required, at least one tensile 
test at the proposed design or other agreed temperature is to 
be made on each forging or each batch of forgings. The test 
specimen is to be taken from material adjacent to that used 
for tests at ambient temperature, and the test procedure is to 
be in accordance with the requirements of Chapter 2. The 
results of all tests are to comply with the requirements of the 
National or proprietary specification. 


7.7.3 Values for the estimated average stress to rupture 
in 100 000 hours are given in Table 5.7.4 and may be used 
for design purposes. 


Table 5.7.4 Mechanical properties for design 
purposes: estimated average values 
for stress to rupture in 100 000 hours 


(units N/mm2) 


Grades of steel 


Temperature 
°C Carbon- 
manganese 


21/4 Cr 1Mo 


1 Cr 1⁄2 Mo 


227 
203 
179 
157 
136 


117 
100 
85 
73 
63 


Chapter 5 


Sections 7 & 8 


ai Section 8 
Ferritic steel forgings for low 
temperature service 


8.1 Scope 


8.1.1 The requirements for carbon-manganese and nickel 
steels suitable for low temperature service are detailed in this 
Section. They are applicable to all forgings used for the 
construction of cargo tanks, storage tanks and process 
pressure vessels for liquefied gases and, where the design 
temperature is less than 0°C, to forgings for the piping systems. 


8.1.2 The requirements are also applicable to forgings for 
other pressure vessels and pressure piping systems where 
the use of steels with guaranteed impact properties at low 
temperatures is required. 


8.1.3 In all cases, details of the proposed chemical 
composition, heat treatment and mechanical properties are 
to be submitted for approval. 


8.1.4 In addition to the steels in this Section, the 
austenitic stainless steels detailed in Section 9 may also be 
used for low temperature applications. 


8.2 Chemical composition 


8.2.1 The chemical composition of ladle samples is, in 
general, to comply with the requirements given in Table 5.8.1. 


8.3 Heat treatment 


8.3.1 Forgings are to be normalised, normalised and 
tempered or quenched and tempered in accordance with the 
approved specification. 


8.4 Mechanical tests 


8.4.1 At least one tensile and three Charpy V-notch 
impact test specimens are to be taken from each forging or 
each batch of forgings. Where the dimensions and shape 
allow, the test specimens are to be cut in a longitudinal direction. 


8.4.2 The impact tests are to be carried out at a 
temperature appropriate to the type of steel and for the 
proposed application. Where forgings are intended for ships 
for liquefied gases, the test temperature is to be in 
accordance with the requirements given in Table 3.6.3 in 
Chapter 3. 


8.4.3 The results of all tensile tests are to comply with the 
approved specification. 


8.4.4 The average energy values for impact tests are also 
to comply with the approved specification and generally with 
the requirements of Ch 3,6. One individual value may be less 
than the required average value provided that it is not less than 
70 per cent of this value. See Ch 2,1.4 for re-test procedures. 
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Table 5.8.1 Chemical composition of ferritic steel forgings 


Residual Grain refiners % 
Grade of steel elements % Al Other 

LT-AH (AH40) (See Note) 
LT-DH (DH40) 
LT-EH (EH40) . 3 ; . Cu 0,35 max. 
0,90-1,60 Cr 0,20 max. Nb 0,02 - 0,05 
Mo 0,08 max. V 0,03 -0,10 
LT-FH (FH40) 0,80 Ti 0,02 max. 

max. : Total 0,60 max. 


1 T/ONi 0,30-1,50 1,30-1,70 Total 
0,020 min. 


31/2Ni 3,20-3,80 Cu 0,35 max. Acid soluble 
Cr 0,25 max. 0,015 min. 
0,10 - 0,35 ; Mo 0,08 max. 
0,30-0,90 4,70-5,30 


Total 0,60 max. 


8,50-10,0 


NOTE 
The steel is to contain aluminium, niobium, vanadium or other suitable grain refining elements, either singly or in any combination. When used 
singly, the steel is to contain the specified minimum content of the grain refining element. When used in combination, the specified minimum 
content of each element is not applicable. 


8.5 Non-destructive examination 9.2 Chemical composition 

8.5.1 Non-destructive testing is to be carried out in 9.2.1 The chemical composition of ladle samples is to 
accordance with the requirements of the approved forging comply with the requirements given in Table 5.9.1. 

drawing and specification, or as otherwise agreed between 

the manufacturer, purchaser and Surveyor. 9.2.2 Consideration will be given to the use of steels 


whose compositions are outside the scope of Table 5.9.1. 


8.6 Pressure tests 
9.3 Heat treatment 

8.6.1 When applicable, pressure tests are to be carried 

out in accordance with the requirements of the relevant Rules. 9.3.1 All materials are to be supplied in the solution 
treated condition. 


9.4 Mechanical tests 


ii Section 9 


Stainless steel forgings 9.4.1 Tensile test specimens are to be taken in 
accordance with the appropriate requirements of 1.7. 


9.1 General , f 
9.4.2 The results of all tensile tests and impact tests are 
to comply with the requirements of Table 5.9.2 or the 


9.1.1 Forgings in austenitic and duplex stainless steels are PNN 
approved specification. 


acceptable for use in the construction of cargo tanks, storage 
tanks and piping systems for chemicals and liquefied gases. 
They may also be accepted for elevated temperature service in 
boilers. 


9.4.3 For austenitic stainless steel forgings, impact tests 
may be omitted subject to prior agreement with LR. 


9.1.2 Where it is proposed to use forgings in these types 
of steels, details of the chemical composition, heat treatment 
and mechanical properties are to be submitted for approval. 
These are to comply, in general, with the requirements of 
Ch 3,7 for austenitic steel plates. 
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Table 5.9.1 Chemical composition of stainless steel forgings 


Chemical composition % (see Note) 


Type of 
steel 


S 


Austenitic 


304L 18,0-20,0 8,0-13,0 


304 18,0-20,0 8,0-11,0 


316L 16,0-18,0 10,0-15,0 


316 16,0-18,0 10,0-14,0 


317 18,0-20,0 11,0-15,0 


347 17,0-20,0 9,0-13,0 


Duplex 


UNS S 
31803 


21,0-23,0 


UNS S 


32750 24,0-26,0 


NOTE 
Where a single value is shown (and not a range of values), the value is to be taken as maximum. 


Table 5.9.2 Mechanical properties for acceptance purposes: stainless steel forgings 


Charpy V-notch impact tests 
Reduction 


Type of steel 


Tensile strength 
N/mm? 


minimum 


1,0% proof stress 
N/mm2 
minimum 


Elongation 


on 5,65 4S9 


% minimum 


of area 
% minimum 


Test 


temperature 
°C 


Average 
energy 
J minimum 


Austenitic 


304L 


UNS S 31803 


UNS S 32750 
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| 9.5 Mechanical properties for design purposes 


| 9.5.1 Where austenitic stainless steel forgings are 
intended for service at elevated temperatures, the nominal 
values for the minimum one per cent proof stress at temper- 

| atures of 100°C and higher given in Table 5.9.3 may be used 
for design purposes. Verification of these values is not 
required except for material complying with a National or 
proprietary specification in which the elevated temperature 
properties proposed for design purposes are higher than 
those given in Table 5.9.3. 


| 9.6 Non-destructive examination 


| 9.6.1 Non-destructive examination is to be carried out in 
accordance with the requirements of the approved forging 
drawing and specification or as otherwise agreed between 
the manufacturer, purchaser and Surveyor. 


9.7 Corrosion tests 


9.7.1 Where corrosive conditions are anticipated in 
service, for grades 304, 316 and 317 intergranular corrosion 
tests are required in accordance with Ch 2,8.1. Such tests 
may also be required for grades 304L, 316L and 347. 


9.7.2 Where corrosive conditions are anticipated in 
service, for duplex stainless grades pitting corrosion tests are 
required in accordance with ASTM G48 Method C. For UNS 
S 31803 duplex stainless steels the test temperature is to be 
25°C. Following the test, no pitting corrosion is to be 
observed at 20x magnification. The use of a weight loss 
method may be accepted subject to special consideration. 


Table 5.9.3 Mechanical properties for design purposes: austenitic stainless steels 


Nominal 1% proof stress (N/mm2) at a temperature of 


250°C | 300°C | 350°C | 400°C | 450°C | 500°C 
128 122 116 110 108 106 


139 133 127 123 119 115 
180 172 166 161 152 


164 158 152 148 140 


172 166 162 159 155 
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Section 
1 General requirements 
2 Seamless pressure pipes 


3 Welded pressure pipes 


4 Ferritic steel pressure pipes for low temperature 
service 

5 Austenitic stainless steel pressure pipes 

6 Boiler and superheater tubes 


a Section 7 
General requirements 


1.1 Scope 


1.1.1 This Section gives the general requirements for 
boiler tubes, superheater tubes and pipes intended for use in 
the construction of boilers, pressure vessels and pressure 
piping systems. 


1.1.2 In addition to specifying mechanical properties for 
the purpose of acceptance testing, these requirements give 
details of appropriate mechanical properties at elevated 
temperatures to be used for design purposes. 


1.1.3 Except for pipes for Class Ill pressure systems (as 
defined in the relevant Rules), all pipes and tubes are to be 
manufactured and tested in accordance with the requirements 
of Chapters 1 and 2, the general requirements of this Section 
and the appropriate specific requirements given in Sections 2, 
3, 4,5 and 6. 


1.1.4 Steels intended for the piping systems for liquefied 
gases where the design temperature is less than 0°C are to 
comply with the specific requirements of Section 4 or 5. 


7.7.5 As an alternative to 1.1.3 and 1.1.4, pipes or tubes 
which comply with National or proprietary specifications may 
be accepted provided that these specifications give reason- 
able equivalence to the requirements of this Chapter or 
alternatively are approved for a specific application. Generally, 
survey and certification are to be carried out in accordance 
with the requirements of Chapter 1. 


1.1.6 At the discretion of the Surveyor, a modified 
testing procedure may be adopted for small quantities of 
materials. In such cases, these may be accepted on the 
manufacturer’s declared chemical composition and hardness 
tests or other evidence of satisfactory properties. 


1.1.7 Pipes for Class Ill pressure systems are to be 
manufactured and tested in accordance with the requirements 
of an acceptable National specification. The manufacturer’s 
test certificate will be acceptable and is to be provided for 
each consignment of material. Forge butt welded pipes are 
not acceptable for oil fuel systems, heating coils in oil tanks, 
primary refrigerant systems and other applications where the 
pressure exceeds 4,0 bar (4,1 kgf/cm2). 


1.2 Manufacture 


1.2.1 Pipes for Class | and Il pressure systems, boiler and 
superheater tubes are to be manufactured at works approved 
by Lloyd’s Register (hereinafter referred to as ‘LR’). The steel 
used is to be manufactured and cast in ingot moulds or by an 
approved continuous casting process as detailed in Ch 3,1.4. 


1.2.2 Unless a particular method is requested by the 
purchaser, pipes and tubes may be manufactured by any of 
the following methods: 

° Hot finished seamless. 

° Cold finished seamless. 

° Electric resistance or induction welded. 

° Cold finished electric resistance or induction welded. 

° Electric fusion welded. 


1.2.3 Care is to be taken during manufacture that the 
pipe or tube surfaces coming in contact with any non-ferrous 
metals or their compounds are not contaminated to such an 
extent as could prove harmful during subsequent fabrication 
and operation. 


1.3 Quality 

1.3.1 All pipes and tubes are to have a workmanlike finish 
and are to be clean and free from such surface and internal 
defects as can be established by the specified tests. 

1.3.2 All pipes and tubes are to be reasonably straight. 
The ends are to be cut nominally square with the axis of the 
pipe or tube, and are to be free from excessive burrs. 

1.4 Dimensional tolerances 

1.4.1 The tolerances on the wall thickness and diameter 
of pipes and tubes are to be in accordance with an accept- 
able National specification. 

1.5 Chemical composition 

1.5.1 The requirements for the chemical composition of 
ladle samples and acceptable methods of deoxidation are 
detailed in subsequent Sections in this Chapter. 


1.6 Heat treatment 


1.6.1 All pipes and tubes are to be supplied in the 
condition detailed in the relevant specific requirements. 


LLOYD'S REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


Steel Pipes and Tubes 


Chapter 6 


Section 7 


1.7 Test material 


1.7.1 Pipes and tubes are to be presented for test in 
batches. The size of a batch and the number of tests to be 
performed are dependent on the application. 


1.7.2 Where heat treatment has been carried out, a batch 
is to consist of pipes or tubes of the same size, manufactured 
from the same types of steel and subjected to the same 
finishing treatment in a continuous furnace, or heat treated 
together in the same batch type furnace. 


1.7.3 Where no heat treatment has been carried out, a 
batch is to consist of pipes or tubes of the same size 
manufactured by the same method from material of the same 
type of steel. 


1.7.4 For pipes for Class | pressure systems and boiler 
and superheater tubes, at least two per cent of the number 
of lengths in each batch is to be selected at random for the 
preparation of tests at ambient temperature. 


12455 For pipes for Class Il pressure systems, each batch 
is to contain not more than the number of lengths given in 
Table 6.1.1. Tests are to be carried out on at least one pipe 
selected at random from each batch or part thereof. 


Table 6.1.1 Batch sizes for pipes for Class II 


pressure systems 


Outside diameter mm Number in batch 


<323,9 200 pipes as made 


>323,9 100 pipes as made 


1.8 Dimensions of test specimens and test 
procedures 


1.8.1 The procedures for mechanical tests and the 
dimensions of the test specimens are to be in accordance 
with Chapter 2. 


1.9 Visual and non-destructive testing 


1.9.1 All pipes for Class | and II pressure systems, boiler 
and superheater tubes, are to be presented for visual 
examination and verification of dimensions. The manufacturer 
is to provide adequate lighting conditions to enable an internal 
and external examination of the pipes and tubes to be carried 
out. 


1.9.2 For welded pipes and tubes, the manufacturer is to 
employ suitable non-destructive methods for the quality 
control of the welds. It is preferred that this examination is 
carried out on a continuous basis. 


1.10 Hydraulic test 


1.10.1 Each pipe and tube is to be subjected to a 
hydraulic test at the manufacturer’s works. 


1.10.2 The hydraulic test pressure is to be determined 
from the following formula, except that the maximum test 
pressure need not exceed 140 bar (143 kgf/cm2): 
P = 20st ( _ 200st ) 
D D 


P = test pressure, in bar (kgf/cm?) 

D = nominal outside diameter, in mm 

t = nominal wall thickness, in mm 

s = 80 percent of the specified minimum yield stress, in 
N/mm? (kgf/mm2), for ferritic steels and 70 per cent 
of the specified minimum, 1,0 per cent proof stress, 
in N/mm2 (kgf/mmz2), for austenitic steels. These 
relate to the values specified for acceptance testing 
at ambient temperature. 


1.10.3. The test pressure is to be maintained for sufficient 
time to permit proof and inspection. Unless otherwise agreed, 
the manufacturer’s certificate of satisfactory hydraulic test will 
be accepted. Where it is proposed to adopt a test pressure 
other than that determined as in 1.10.2, the proposal will be 
subject to special consideration. 


1.10.4 Subject to special approval, either an ultrasonic or 
eddy current test can be accepted in lieu of the hydraulic test. 


1.11 Rectification of defects 


1.11.1 Surface imperfections may be removed by grinding 
provided that the thickness of the pipe or tube after dressing 
is not less than the required minimum thickness. The dressed 
area is to be blended into the contour of the tube. 


1.11.2 By agreement with the Surveyor, the repair of minor 
defects by welding can be accepted, subject to welding 
procedure tests which demonstrate acceptable properties 
appropriate for the grade of pipe to be repaired. Weld 
procedure tests are to be subjected to the same heat 
treatment as will be applied to the actual pipes after weld 
repair. 


1.11.3 The repaired area is to be tested by magnetic 
particle examination, or, for austenitic steels, by liquid 
penetrant examination on completion of welding, heat 
treatment and surface grinding. 


1.12 Identification 


1.12.1 Pipes and tubes are to be clearly marked by the 
manufacturer in accordance with the requirements of 
Chapter 1. The following details are to be shown on all 
materials which have been accepted: 

(a) LR or Lloyd’s Register. 

(o) Manufacturer’s name or trade mark. 

c) 

a) 


= 


Identification mark for the specification or grade of steel. 
Identification number and/or initials which will enable the 
full history of the item to be traced. 

(e) The personal stamp of the Surveyor responsible for the 
final inspection. 


= 
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1.12.2 Itis recommended that hard stamping be restricted 


to the end face, but it may be accepted in other positions in S 
accordance with National Standards and practices. 9 
S 
1.13 Certification of materials 7 
N 
1.13.1 Unless a LR certificate is specified in other parts of S 
the Rules, a manufacturer’s certificate validated by LR is to be 
issued, see Ch 1,3.1. S XIS IS 
S| 888 8 LESS 
1.13.2 The manufacturer is to provide LR with the E EE Suc? E ; 
following information: E QeEoQg eo a 8/4 8/8 
(a) Purchaser’s name and order number. E Soco o Sunred ea et 
(b) If known, the contract number for which the material is g oZ obo $ 9 o o 
intended. £ 202 Or ilies less 
(c) Address to which material is despatched. x l A a 
(d) Specification or the grade of material. 8 g 2 es 
(e) Description and dimensions. E 2 
(f) Identification number and/or initials. A = Tol 3 
(g) Cast number and chemical composition of ladle E 7 Y F 
samples. 5 © IS 18 
(h) Mechanical test results, and results of the intercrystalline S = 5 
corrosion tests where applicable. = 
j sae ro) QO O O 
(j) | Condition of supply. 2 op] a a 
(e) 
wii n P Š] 
1.13.3 . AS a minimum, the chemical composition stated on y 2| 9 Q Q Q 
the certificate is to include the content of all the elements É oj o lo] ro} lo] 
detailed in the specific requirements. Where rimming steel is g Sips S E S 
; i it © 
supplied, this is to be stated on the certificate. al 5 5 = 
38| 3 S&S |S |S 
1.13.4 When steel is not produced at the pipe or tube mill, Se 2 2 2 
a certificate is to be supplied by the steelmaker stating the Slee 5 = A 
process of manufacture, the cast number and the ladle j zS z lo lo 
analysis. o Ly} | l | | 
Q o|o e] a. (are 
a S| 5 š |o |S 
1.13.5 The steel manufacturer's works is to be approved g 
by LR. a 8 |B |8 
£ 3 L We Il 
a G o o o 
9 o 5 o 
: E€ 
a Section 2 g Sia 
i 2 © O O O 
Seamless pressure pipes 5 g see Ise? ea 
T [e) T 
3 & |o |S 
2.1 Scope 5 
o 55 |g 
5 2 5 
2.1.1 Provision is made in this Section for seamless a Ss |z 2 
pressure pipes in carbon, caroon-manganese and low alloy steels. Q x E 
(3) £ S 8 O 
T e) 
2.1.2 Where pipes are used for the manufacture of 2 
pressure vessel shells and headers, the requirements for £ g o 5 
forgings in Ch 5,7 are applicable where the wall thickness 5 5 ¢ ¢ 
exceeds 40 mm. 
ko o 2 g 
: ae = % TAE o |2 |2 
2.2 Manufacture and chemical composition S 5 S D 2 T S 
= O T 
2 g RSE 5 |= i 
221 Pipes are to be manufactured by a seamless 2 Z (©) = a = 
process and may be hot or cold finished. e 


2.2.2 The method of deoxidation and the chemical 
composition of ladle samples are to comply with the 
appropriate requirements given in Table 6.2.1. 
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2.3 Heat treatment 

2.3.1 Pipes are to be supplied in the condition given in 
Table 6.2.3. 

2.4 Mechanical tests 


2.4.1 All pipes are to be presented in batches as defined 
in Section 1. 


2.4.2 Each pressure pipe selected for test is to be 
subjected to tensile and flattening or bend tests. 


2.4.3 The results of all mechanical tests are to comply 
with the appropriate requirements given in Table 6.2.2. 


2.5 Mechanical properties for design 


2.5.1 Values for nominal minimum lower yield or 0,2 per 
cent proof stress at temperatures of 50°C and higher are 
given in Table 6.2.4 and are intended for design purposes 
only. Verification of these values is not required, except for 
materials complying with National or proprietary specification 
where the elevated temperature properties used for design 
are higher than those given in Table 6.2.4. 


2.5.2 In such cases, at least one tensile test at the 
proposed design or other agreed temperature is to be made 
on each cast. The test specimen is to be taken from material 
adjacent to that used for tests at ambient temperature and 
tested in accordance with the procedures given in Chapter 2. 
If tubes or pipes of more than one thickness are supplied from 
one cast, the test is to be made on the thickest tube or pipe. 


Table 6.2.2 
thickness 40 mm), see 2.1.2 


Yield stress 


Type of steel N/mm? 


Tensile strength 
N/mm2 on 5,654/ So 


Table 6.2.3 Heat treatment 


Type of steel Condition of supply 


Carbon and 
carbon-manganese 


Hot finished ot finished (see Note 1) 


ormalised (see Note 2) 
Cold finished ormalised (see Note 2) 


Alloy steel 


1Cr1/2Mo ormalised and tempered 


21/4Cr1Mo Grade 410 Fully annealed 
Grade 490 Normalised and tempered 
650—780°C 
Grade 490 Normalised and tempered 
650—750°C 


1/2Cr1/2Mo1/4V ormalised and tempered 


NOTES 

1. Provided that the finishing temperature is sufficiently high 
to soften the material. 

2. Normalised and tempered at the option of the manufacturer. 


2.5.3 As an alternative to 2.5.2, a manufacturer may carry 
out an agreed comprehensive test program for a stated grade 
of steel to demonstrate that the specified minimum 
mechanical properties at elevated temperatures can be 
consistently obtained. This test program is to be carried out 
under the supervision of the Surveyors, and the results 
submitted for assessment and approval. When a manufac- 
turer is approved on this basis, tensile tests at elevated 
temperatures are not required for acceptance purposes, but 
at the discretion of the Surveyors occasional check tests of 
this type may be requested. 


2.5.4 Values for the estimated average stress to rupture 
in 100 000 hours are given in Table 6.2.5 and may be used 
for design purposes. 


Mechanical properties for acceptance purposes: seamless pressure pipes (maximum wall 


Bend test 
diameter of former 
(t = thickness) 


Elongation Flattening 
test constant 


% minimum C 


Carbon and | 235 
carbon-manganese i 265 


195 320—440 25 0,10 
215 360—480 24 0,10 
410—530 22 0,08 
460—580 21 0,07 
285 490—610 21 0,07 


1Cr1/2Mo 14 275 


440—590 22 0,07 


21/4Cr1Mo | 275 


135 410—560 20 


490—640 16 


0,07 


1/2Cr1/2M01/4V | 275 


460—610 15 


NOTES 
1. Annealed condition. 
2. Normalised and tempered condition. 
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Table 6.2.4 Mechanical properties for design purposes: seamless pressure pipes 


Nominal minimum lower yield or 0,2% proof stress N/mm? 


Type of steel Grade Temperature °C 
300 350 


320 100 91 

Carbon and 360 122 111 
carbon- 410 149 137 
manganese 460 177 162 

490 | 193 177 


1Crt/2Mo 440 | 183 169 


410 80 76 
(see Note 1) 
490 
(see Note 2) 


1/2Cr1/2M01/4V 460 


NOTES 
1. Annealed condition. 
2. Normalised and tempered condition. 


21/2Cr1Mo 


Table 6.2.5 Mechanical properties for design purposes: seamless pressure pipes - Estimated values for stress 
to rupture in 100 000 hours (units N/mm?) 


Carbon and carbon-manganese 1Cr1/2Mo 21/4Cr1Mo 1/2Cr1/2M01/4V 


Grade Grade Grade Grade Grade Grade 
Temperature 320 460 440 410 490 460 
G 360 490 Annealed Normalised and 
410 tempered 
(see Note) 


380 171 = 
390 155 — 


400 
410 
420 
430 
440 


450 


460 
470 
480 
490 


500 
510 
520 
530 
540 


550 
560 
570 
580 


NOTE 
When the tempering temperature exceeds 750°C, the values for Grade 410 are to be used. 
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a Section 3 
Welded pressure pipes 


3.1 Scope 


3.1.1 Provision is made in this Section for welded 
pressure pipes in carbon, carbon-manganese and low alloy 
steels. 


3.2 Manufacture and chemical composition 


3.2.1 Pipes are to be manufactured by the electric 
resistance or induction welding process and, if required, may 
be subsequently hot reduced or cold finished. 


3.2.2 Where it is proposed to use other welding 
processes, details of the welding processes and procedures 
are to be submitted for review. 


3.2.3 In all cases, welding procedure tests are required. 
Test samples are to be subjected to the same heat treatment 
as the pipe. 


3.2.4 The method of deoxidation and the chemical 
composition of ladle samples are to comply with the 
appropriate requirements given in Table 6.3.1. 

3.3 Heat treatment 

3.3.1 Pipes are to be supplied in the heat treated 
condition given in Table 6.3.3. 


3.4 Mechanical tests 


3.4.1 All pipes are to be presented in batches as defined 
in Section 1. 


3.4.2 Each pressure pipe selected for test is to be 
subjected to tensile and flattening or bend tests. 


3.4.3 The results of all mechanical tests are to comply 
with the appropriate requirements given in Table 6.3.2. 


3.5 Mechanical properties for design 


3.5.1 The mechanical properties at elevated temperature 
for carbon and carbon-manganese steels in Grades 320 to 
460 and 1Crt/2Mo steel can be taken from the appropriate 
Tables in Section 2. 


Chemical composition of welded pressure pipes 


Table 6.3.1 


Residual elements 


0,30 max. 


Ni 


0,25 max. 
0,10 max. 


Cr 
Mo 


0,30 max. 


Cu 


0,70 max. 


Total 


<0,020 


0,03 


max. 


0,25 


0,45—0,65 


0,70—1,10 


0,30 


0,050 


0,040 


Chemical composition of ladle samples % 


0,050 


0,040 


0,30—0,70 


0,40—0,70 


0,10—0,35 


<0,16 


0,10—0,18 


Method of 
deoxidation 


Any method 


(see Note) 


Grade 


320 


410 


Type of steel 


Carbon and 


manganese 


1Cr1/2Mo 


For rimming steels, the carbon content may be increased to 0,19% max. 
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Table 6.3.2 


Yield stress 
Type of steel N/mm2 


Mechanical properties for acceptance purposes: welded pressure pipes 


Tensile Elongation Flattening 
strength on 5,654/ So test constant 
N/mm? % minimum C 


195 
Carbon and 215 
carbon-manganese 235 
265 


320 — 440 0,10 
360 — 480 0,10 
410 - 530 0,08 
460 - 580 0,07 


1Cr1/2Mo 275 


Table 6.3.3 Heat treatment: welded pressure pipes 


Type of steel Condition of supply 


Normalised 
(Normalised and tempered at 
the option of the manufacturer) 


Carbon and carbon- 
manganese, see Note 


1Cr1/2Mo Normalised and tempered 


NOTE 

Subject to special approval, electric resistance welded (ERW) 

pipes and tubes in grades 320 and 360 may be supplied without 

heat treatment for the following applications: 

(a) Class 2 piping systems, except for liquefied gases or other 
low temperature applications. 

(o) Class 3 piping systems. 


a Section 4 
Ferritic steel pressure pipes for 
low temperature service 


4.1 Scope 


4.1.1 Provision is made in this Section for carbon, 
carbon-manganese and nickel pipes intended for use in the 
piping arrangements for liquefied gases where the design 
temperature is less than 0°C. These requirements are also 
applicable for other types of pressure piping systems where 
the use of steels with guaranteed impact properties at low 
temperatures is required. 


4.2 Manufacture and chemical composition 


4.2.1 Carbon and carbon-manganese steel pipes are to 
be manufactured by a seamless, electric resistance or 
induction welding process. 


4.2.2 Nickel steel pipes are to be manufactured by a 
seamless process. 


4.2.3 Seamless pipes may be hot finished or cold finished. 
Welded pipes may be as-welded, hot finished or cold finished. 
The terms ‘hot finished’, ‘cold finished’ and ‘as-welded’ apply 
to the condition of the pipes before final heat treatment. 


440 - 590 0,07 


4.2.4 The method of deoxidation and the chemical 
composition of ladle samples are to comply with the 
appropriate requirements given in Table 6.4.1. 


4.3 Heat treatment 

4.3.1 Pipes are to be supplied in the condition given in 
Table 6.4.3. 

4.4 Mechanical tests 


4.4.1 All pipes are to be presented for test in batches as 
defined in Section 1 for Class 1 pressure piping systems, but 
in addition the material in each batch is to be from the same 
cast. 


4.4.2 At least two per cent of the number of lengths in 
each batch is to be selected at random for the preparation of 
tests. 


4.4.3 Each pressure pipe selected for test is to be 
subjected to tensile, flattening or bend test at room tempera- 
ture and, where the wall thickness is 6 mm or greater, an 
impact test at the test temperature specified in Table 6.4.2. 


4.4.4 The impact tests are to consist of a set of three 
Charpy V-notch test specimens cut in the longitudinal 
direction with the notch perpendicular to the original surface 
of the pipe. The dimensions of the test specimens are to be in 
accordance with the requirements of Chapter 2. 


4.4.5 The results of all tensile, flattening and bend tests 
are to comply with the appropriate values in Table 6.4.2. 


4.4.6 The average value for impact test specimens is to 
comply with the appropriate requirements of Table 6.4.2. One 
individual value may be less than the required average value 
provided that it is not less than 70 per cent of this value. See 
Ch 2,1.4.1 for re-test procedures. 
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Table 6.4.1 


Chemical composition 


Chemical composition o 


ladle sample % 


Method of 
deoxidation 


Si 


Mn 


Ni 


Algol 
see Note 


Residual 
elements 


Carbon- 
manganese 


31/2Ni 


9Ni 690 


Fully 
killed 


0,10—0,35 


0,40—1,00 


0,015 min. 


Cr 0,25 
Cu 0,30 


0,10—0,35 


0,60—1,40 


0,015 min. 


Mo 0,10 
Ni 0,30 


Total 0,70 


0,15—0,35 


0,30—0,90 


3,25—3,75 


Cr 0,25 
Cu 0,30 
Mo 0,10 


0,13 | 0,15—0,30 


0,30—0,90 


0,025 


0,020 


8,50—9,50 


Total 0,60 


NOTE 


Where a minimum Also of 0,015% is specified, the determination of the total aluminium is acceptable provided that the result is not less 


than 0,020%. 


Table 6.4.2 


Mechanical properties for acceptance purposes 


Charpy V-notch 


Type of steel 


Yield 
stress 
N/mm2 


Tensile 
strength 
N/mm2 


Elongation 


on 5,654 So 


% minimum 


Flattening 
test 
constant 


Bend test 


impac 


tests 


diameter of former 
(t = thickness) 


Test 


C 


temperature 
°C 


Average 
energy 
J minimum 


Carbon 


210 


360—480 24 


4t 


27 


Carbon- 
manganese 


235 
260 


410—530 
460—580 


22 


4t 


27 


31/2Ni 


245 


440—590 


9Ni 


510 


690—840 


For standard subsidiary impact test specimens, the minimum energy 


values are to be as follows: 


Required average energy 
value for standard 
10 mm x 10 mm 


Subsidiary 
10 mm x 7,5 mm 


Subsidiary 
10 MM x 5 mm 


Average 
energy 


Average 
energy 


27J 
34J 
41J 


Table 6.4.3 


Type of steel 


22J 
28J 
34J 


Conditi 


18J 
23J 
27J 


Heat treatment 


on of supply 


Carbon and 
carbon-manganese 


Hot fini 
Normal 
Norma 


shed 
ised 
ised and tempered 


31/2 Ni 


Norma 
Norma 


ised 
ised and tempered 


9Ni 


Double normalised and tempered 
Quenched and tempered 
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Section 5 


a Section 5 
Austenitic stainless steel pressure 
pipes 


5.1 Scope 


5.1.1 Provision is made in this Section for austenitic 
stainless steel pipes suitable for use in the construction of the 
piping systems for chemicals and for liquefied gases where 
the design temperature is not less than minus 165°C and for 
bulk chemical tankers. 


HA2 Austenitic stainless steels are also suitable for 
service at elevated temperatures. Where such applications are 
proposed, details of the chemical composition, heat treatment 


5.2.2 Welding is to be in a longitudinal direction, with or 
without the addition of filler metal. 


5.2.3 The chemical composition of the ladle samples is 
to comply with the appropriate requirements of Table 6.5.1. 


5.3 Heat treatment 


5.3.1 Pipes are generally to be supplied by the manufac- 
turer in the solution treated condition over their full length. 


5.3.2 Alternatively, seamless pipes may be direct quenched 
immediately after hot forming, while the temperature of the 
pipes is not less than the specified minimum solution treat- 
ment temperature. 


and mechanical properties are to be submitted for consider- 
ation and approval. 

5.4 Mechanical tests 
5.1.3 Where it is intended to supply seamless pipes in the 
direct quenched condition, a programme of tests for approval 
is to be carried out under the supervision of the Surveyors, 
and the results are to be to the satisfaction of LR, see 


5.4.1 All pipes are to be presented in batches as defined 
in Section 1 for Class | and II piping systems. 


Ch 1,2.2. 5.4.2 Each pipe selected for test is to be subjected to 
tensile and flattening or bend tests. 

5.2 Manufacture and chemical composition 5.4.3 The results of all mechanical tests are to comply 
with the appropriate requirements given in Table 6.5.2. 

5.21 Pipes are to be manufactured by a seamless or a 


continuous automatic electric fusion welding process. 


Table 6.5.1 Chemical composition 


Chemical composition of ladle sample % 


Type of steel 


Mo Ni Others 


304L 19,0 = 
316L | 18,5 2,0-3,0 


9,0 - 13,0 
11,0-14,5 


321 9,0 - 13,0 


9,0 - 13,0 


Table 6.5.2 Mechanical properties for acceptance purposes 


0,2% proof 
stress 
N/mm2 

(see Note) 


1,0% proof 
stress 
N/mm2 


Type of steel Grade 


Tensile 
strength 
N/mm2 


Elongation 


on 5,65V/ So 


% minimum 


Flattening 
test constant 
C 


Bend test 
diameter of former 
(t = thickness) 


304L 490 175 205 


490 — 690 


30 


0,09 


3t 


316L 490 185 215 


490 - 690 


30 


0,09 


3t 


321 510 195 235 


510-710 


30 


0,09 


347 510 205 245 


510-710 


30 


0,09 


NOTE 


The 0,2% proof stress values given for information purposes and unless otherwise agreed are not required to be verified by test. 
g 
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Sections 5 & 6 


5.5 Intergranular corrosion tests 


5.5.1 For materials used for piping systems for 
chemicals, intercrystalline corrosion tests are to be carried out 
on one per cent of the number of pipes in each batch, with a 
minimum of one pipe. 


5.5.2 For pipes with an outside diameter not exceeding 
40 mm, the test specimens are to consist of a full cross- 
section. For larger pipes, the test specimens are to be cut as 
circumferential strips of full wall thickness and having a width 
of not less than 12,5 mm. In both cases, the total surface area 
is to be between 15 and 35 cm2. 


5.5.3 Unless otherwise agreed or required for a particular 
chemical cargo, the testing procedure is to be in accordance 
with Ch 2,9. 


5.5.4 After immersion, the full cross-section test specimens 
are to be subjected to a flattening test in accordance with the 
requirements of Chapter 2. The strip test specimens are to be 
subjected to a bend test through 90° over a mandrel of 
diameter equal to twice the thickness of the test specimen. 


5.6 Fabricated pipework 


5.6.1 Fabricated pipework is to be produced from 
material manufactured in accordance with 5.2, 5.3, 5.4 and 
5.5. 


5.6.2 Welding is to be carried out in accordance with an 
approved and qualified procedure by suitably qualified 
welders. 


5.6.3 Fabricated pipework may be supplied in the 
as-welded condition without subsequent solution treatment 
provided that welding procedure tests have demonstrated 
satisfactory material properties including resistance to 
intercrystalline corrosion. 


5.6.4 In addition, butt welds are to be subjected to 5 per 
cent radiographic examination for Class |, and 2 per cent for 
Class II pipes. 


5.6.5 Fabricated pipework in the as-welded condition 
and intended for systems located on deck is to be protected 
by a suitable corrosion control coating. 


5.7 Certification of materials 


5.7.1 Each test certificate is to be of the type and give 
the information detailed in Ch 1,3.1 together with general 
details of heat treatment and, where applicable, the results 
obtained from intercrystalline corrosion tests. As a minimum, 
the chemical composition is to include the content of all the 
elements detailed in Table 6.5.1. 


a Section 6 
Boiler and superheater tubes 


6.1 Scope 


6.1.1 Provision is made in this Section for boiler and super- 
heater tubes in carbon, carbon-manganese and low alloy 
steels. 


6.1.2 Austenitic stainless steels may also be used for this 
type of service. Where such applications are proposed, details 
of the chemical composition, heat treatment and mechanical 
properties are to be submitted for consideration and approval. 


6.2 Manufacture and chemical composition 


6.2.1 Tubes are to be seamless or welded and are to be 
manufactured in accordance with the requirements of 
Sections 2 and 3, respectively. 


6.2.2 The method of deoxidation and the chemical 
composition of ladle samples are to comply with the require- 
ments given in Table 6.2.1 or 6.3.1, as appropriate. 


6.3 Heat treatment 


6.3.1 All tubes are to be supplied in accordance with the 
requirements given in Table 6.2.3 or 6.3.3 as appropriate, 
except that 1Crt/2Mo steel may be supplied in the normalised 
only condition when the carbon content does not exceed 
0,15 per cent. 


6.4 Mechanical tests 


6.4.1 Tubes are to be presented for test in batches as 
defined in Section 1. 


6.4.2 Each boiler and superheater tube selected for test 
is to be subjected to at least the following: 

(a) Tensile test. 

(o) Flattening or bending test. 

(c) Expanding or flanging test. 


6.4.3 The results of all mechanical tests are to comply 
with the appropriate requirements given in Table 6.6.1. 


6.5 Mechanical properties for design 


6.5.1 The mechanical properties at elevated temperature 
for carbon and carbon-manganese steels in Grades 320 to 
460, 1Cr'/2Mo and 21/4Cr1Mo steels can be taken from the 
appropriate Tables in Section 2. 


6.5.2 Where rimming steel is used, the design tempera- 
ture is limited to 400°C. 


10 
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Section 6 


Table 6.6.1 Mechanical properties for acceptance purposes: boiler and superheater tubes 


Drift expanding and 
flanging test 
minimum % increase in 


Yield Tensile Elongation Flattening Bend test outside diameta? 


Type of steel stress strength | on 5,654 S, | test constant diameter of former 
N/mm? N/mm? % minimum (t = thickness) _ _Inside diameter 


Ratio Outside diameter 


<0,6 >0,6<0,8 >0,8 


320 320-440 
360 360-480 
410 410-530 
460 460-580 


1Cr1/2M0o 440 440-590 


410 410-560 
(see Note 1) 
490 490-640 
(see Note 2) 


Carbon and 
carbon- 
manganese 


21/2Cr1Mo 


NOTES 
1. Annealed condition. 
2. Normalised and tempered condition. 
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Section 

1 General requirements 

2 Grey iron castings 

3 Spheroidal or nodular graphite iron castings 

4 Compacted or vermicular graphite iron castings 
5 Iron castings for crankshafts 


a Section 1 
General requirements 


1.1 Scope 


1.1.1 This Section gives the general requirements for grey 
(flake), soheroidal (nodular) graphite and compacted (vermic- 
ular) graphite iron castings intended for use in the construction 
of ships, other marine structures, machinery, boilers, pressure 
vessels and piping systems. 


eliz Where required by the relevant Rules dealing with 
design and construction, castings are to be manufactured 
and tested in accordance with Chapters 1 and 2, together 
with the requirements given in this Section and either 
Section 2 for grey iron castings, Section 3 for spheroidal 
graphite iron castings or Section 4 for compacted graphite iron 
castings. Castings for crankshafts are additionally to comply 
with the requirements detailed in Section 5. 


1.1.3 As an alternative to 1.1.2, castings which comply 
with National or proprietary specifications may be accepted, 
provided that these specifications give reasonable 
equivalence to the requirements of this Chapter or alterna- 
tively are approved for a specific application. Generally, survey 
and certification are to be carried out in accordance with the 
requirements of Chapter 1. 


1.1.4 Where small castings are produced in large 
quantities, or where castings of the same type are produced in 
regular quantities, alternative survey procedures, in accordance 
with Ch 1,2.2, may be adopted subject to approval by Lloyd’s 
Register (hereinafter referred to as ‘LR’). 


1.2 Manufacture 


1.2.1 Castings as designated in 1.1.2 are to be made at 
foundries approved by LR. 


1.2.2 Suitable mechanical methods are to be employed 
for the removal of surplus material from castings. Thermal 
cutting processes are not acceptable, except as a preliminary 
operation to mechanical methods. 


Chapter 7 


Section 1 


1.3 Quality of castings 


1.3.1 Castings are to be free from surface or internal 
defects which would be prejudicial to their proper application 
in service. The surface finish is to be in accordance with good 
practice and any specific requirements of the approved plan. 


1.4 Chemical composition 


1.4.1 The chemical composition of the iron used is left to 
the discretion of the manufacturer, who is to ensure that it is 
suitable to obtain the mechanical properties specified for the 
castings. 


1.5 Heat treatment 


1.5.1 Except as required by 1.5.2, castings may be 
supplied in either the as cast or heat treated condition. 


1.5.2 For some applications, such as elevated tempera- 
ture service, or where dimensional stability is important, 
castings may require to be given a suitable tempering or 
stress relieving heat treatment. This is to be carried out after 
any refining heat treatment and before machining. 


1.5.3 Where it is proposed to carry out local hardening of 
the surface of a casting, full details of the proposed procedure 
are to be submitted for approval. 


1.6 Test material 


1.6.1 At least one test sample is to be provided for each 
casting or batch of castings. For large castings, where more 
than one ladle of metal is used, one test sample is to be 
provided, from each ladle used. 


1.6.2 A batch testing procedure may be adopted for 
castings with a fettled mass of 1 tonne or less. All castings in 
a batch are to be of similar type and dimensions, and cast 
from the same ladle of metal. One test sample is to be 
provided for each multiple of two tonnes of fettled castings in 
the batch. 


1.6.3 Where separately cast test samples are used, they 
are to be cast in moulds made from the same type of material 
as used for the castings and are not to be stripped from the 
moulds until the temperature is below 500°C. 


1.6.4 All test samples are to be suitably marked to 
identify them with the castings which they represent. 


1.6.5 Where castings are supplied in the heat treated 
condition, the test samples are to be heat treated together 
with the castings which they represent. For cast-on test 
samples, the sample is not to be separated from the casting 
until after heat treatment. 
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1.7 Mechanical tests 


llet One tensile specimen is to be prepared from each 
test sample. The dimensions of the test specimens and the 
testing procedures used are to be in accordance with 
Chapter 2. 


1.7.2 The results of all tensile tests are to comply with the 
requirements given in Section 2, 3, 4 or 5, as appropriate. 


1.7.3 In the case of castings supplied in the as cast 
condition which initially do not meet the requirements of 1.7.2, 
the manufacturer, by agreement with the purchaser, has the 
right to heat treat the castings, together with the representative 
test samples, and re-submit them for acceptance. 


1.7.4 In the case of a batch of castings supplied in the 
heat treated condition which initially do not meet the require- 
ments of 1.7.2, the manufacturer has the right to re-heat treat 
the batch together with the representative test samples, and 
re-submit the castings for acceptance. The number of reheat 
treatments and retestings will be restricted to two. 


1.8 Visual and non-destructive examination 


1.8.1 All castings are to be cleaned and adequately 
prepared for examination. The surfaces are not to be 
hammered, peened or treated in any way which may obscure 
defects. 


1.8.2 The accuracy and verification of dimensions are the 
responsibility of the manufacturer, unless otherwise agreed. 


1.8.3 All castings are to be presented to the Surveyor for 
visual examination and this is to include the examination of 
internal surfaces where applicable. 


1.8.4 The non-destructive examination of castings is not 
required unless otherwise stated in the approved plan or 
where there is reason to suspect the soundness of the 
casting. 


1.8.5 In the event of any casting proving defective 
during subsequent machining or testing it is to be rejected 
notwithstanding any previous certification. 


1.9 Rectification of defective castings 


1.9.1 At the discretion of the Surveyor, small surface 
blemishes may be removed by local grinding. 


1.9.2 Subject to the prior approval of the Surveyor, 
castings containing local porosity may be rectified by vacuum 
impregnation with a suitable plastic filler, provided that the 
extent of the porosity is such that it does not adversely affect 
the strength of the casting. 


Chapter 7 


Section 1 


1.9.3 Repairs by welding are not permitted on grey cast 
iron castings or compacted graphite iron castings and generally 
not permitted for spheroidal or nodular graphite iron castings, 
but may be considered in special circumstances for 
spheroidal or nodular graphite iron castings. In such cases, 
full details of the proposed repair procedure are to be submit- 
ted for approval prior to the commencement of the proposed 
rectification. 


1.10 Pressure testing 


7.10.1 | When required by the relevant Rules, castings are 
to be pressure tested before final acceptance. These tests are 
to be carried out in the presence and to the satisfaction of the 
Surveyor. 


1.11 Identification of castings 


7.11.1. The manufacturer is to adopt a system of identifica- 
tion which will enable all finished castings to be traced to the 
original cast, and the Surveyor is to be given full facilities for 
tracing the castings when required. 


1.11.2 Before acceptance, all castings which have been 
tested and inspected with satisfactory results are to be clearly 
marked by the manufacturer with the following particulars: 

a) Type and grade of cast iron. 

b) Identification number, cast number or other marking 
which will enable the full history of the casting to be 
traced. 

c) Manufacturer’s name or trade mark. 

d) LR or Lloyd’s Register and the abbreviated name of LR’s 
local office. 

e) Personal stamp of Surveyor responsible for inspection. 

f) Test pressure, where applicable. 

g) Date of final inspection. 


7.11.38 Where small castings are manufactured in large 
numbers, modified arrangements for identification may be 
specially agreed with the Surveyor. 


1.12 Certification of materials 
1.12.1 ALR certificate is to be issued, see Ch 1,3.1. 


1.12.2 |The manufacturer is to provide the Surveyor with a 

written statement giving the following particulars for each 

casting or batch of castings which has been accepted: 

(a) Purchaser’s name and order number. 

(o) Description of castings and quality of cast iron. 

(c) Identification number. 

(d) General details of heat treatment, where applicable. 

(e) Results of mechanical tests. 

(f) Test pressure, where applicable. 

(g) When specially required, the chemical analysis of ladle 
samples. 
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1.12.3 Where applicable, the manufacturer is to provide a 
signed statement regarding non-destructive testing as 
required by 1.8, together with a statement and/or a sketch 
detailing the extent and position of all weld repairs made to 
each casting as required by 1.9. 


a Section 2 
Grey iron castings 


2.1 Scope 


2k This Section gives the specific requirements for 
grey cast iron castings. 


2.2 Test material 


2.2.1 Separately cast test samples in the form of 
cylindrical bars, 30 mm diameter and of a suitable length, are 
to be used unless otherwise agreed by LR. Test samples of 
other dimensions may be specially required for some 
components as may cast-on samples. In these circumstances, 
the tensile strength requirements are to be agreed. 


2.2.2 When two or more test samples are cast 
simultaneously in a single mould, the bars are to be at least 
50 mm apart. 


2.2.3 Test samples may be cast integrally when a casting 
is both more than 20 mm thick and its mass exceeds 200 kg, 
subject to agreement between the manufacturer and the 
purchaser. The type and location of the samples are to be 
such as to provide approximately the same cooling conditions 
as for the casting it represents and are also subject to 
agreement. 


2.2.4 For continuous melting of the same grade of cast 
iron in large tonnages the mass of a batch may be taken as 
the output of two hours of pouring. 


2.2.5 Where 2.2.4 applies and production is carefully 
monitored by systematic checking of the melting process by, 
for example, chill testing, chemical analysis or thermal 
analysis, test samples may be taken at longer intervals as 
agreed by the Surveyor. 


2.3 Mechanical tests 


2.3.1 Only the tensile strength is to be determined, and 
the results obtained from tests are to comply with the 
minimum value specified for the castings being supplied. 
Except for crankshaft castings (see Section 5), the specified 
tensile strength is to be not less than 200 N/mm? subject to 
any additional requirements of the relevant Rules. The 
fractured surfaces of all tensile test specimens are to be 
granular and entirely grey in appearance. 


Chapter 7 


Sections 1,2 & 3 


m Section 3 
Spheroidal or nodular graphite 
iron castings 


3.1 Scope 


3.1.1 This Section gives the specific requirements for 
spheroidal or nodular graphite iron castings. 


3.1.2 These requirements are generally applicable to 
castings intended for use at ambient temperatures. Additional 
requirements will be necessary when the castings are 
intended for service at either low or elevated temperatures. 
Impact test requirements are given for low temperature 
service in 3.4.2. 


3.2 Heat treatment 


3.2.1 The special qualities with 350 N/mm? and 
400 N/mm? nominal tensile strength and impact test are to 
undergo a ferritising heat treatment, see 3.4.2. 


3.3 Test material 


3.3.1 The test samples are to be as detailed in 
Figs. 7.3.1, 7.3.2 or 7.3.3 The dimensions of the test 
specimens and testing procedures used are to be in 
accordance with Chapter 2. Test samples of other dimensions 
may be specially required for some castings and these are to 
be agreed with the Surveyor. 


3.3.2 The test samples may be either gated to the 
casting or separately cast. 


3.3.3 Where separately cast test samples are used, they 
are to be taken towards the end of pouring of the castings. 


3.4 Mechanical tests 


3.4.1 The tensile strength and elongation are to 
be determined and are to comply with the requirements of 
Table 7.3.1. Minimum values for the 0,2 per cent proof stress 
are also included in this Table but are to be determined only if 
included in the specification. Typical ranges of hardness 
values are also given in Table 7.3.1 and are intended for 
information purposes. 


3.4.2 Impact tests may be required for some applications 
in which case the selection of the grade is to be confined to 
those listed in Table 7.3.2. These castings are to be given a 
ferritising heat treatment. The mechanical test results are to 
comply with Table 7.3.2. 


3.4.3 Castings may be supplied to any specified 
minimum tensile strength selected within the general limits 
detailed in Tables 7.3.1 and 7.3.2 but subject to any 
additional requirements of the relevant Rules. 
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Dimension Standard sample, Alternative samples when specially required, 
mm mm 


50 
90 
60 
150 


To suit testing machine 
Approximately 5 


z 


Fig. 7.3.1 Type A (U-type) test samples 


meo Standard sample, 3.5 Metallographic examination 

ae 3.5.1 Samples for metallographic examination are to be 

25 prepared for spheroidal or nodular graphite iron castings. 

90 These samples are to be representative of each ladle used 

40 and may conveniently be taken from the tensile test 

100 specimens. Alternative arrangements for the provision of 

To suit testing machine these samples may, however, be adopted subject to the 

Approximately 5 concurrence of the Surveyor. They are, however, to be taken 


7 towards the end of the pour. 


3.5.2 Examination of the samples is to show that at least 
90 per cent of the graphite is in a dispersed spheroidal or 
nodular form. Details of typical matrix structures are given in 
Table 7.3.1 and are intended for information purposes. 


ANY N 


Fig. 7.3.2 Type B (Double U-type) test samples 
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Dimension Standard sample, Alternative samples when specially required, 
mm mm 


25 50 
55 100 
40 50 
150 


To suit testing machine 


Minimum thickness of 
mould surrounding 
test sample 


1 1 ji 1 
U Z 


Fig. 7.3.3 Type C (Y-type) test samples 


Table 7.3.1 Mechanical properties for acceptance purposes: spheroidal or nodular graphite iron castings 


9 
Specified minimum 0,2% Diab! stress Elongation Typical hardness Typical structure 


tensile strength aes on 5,65 V So value HB of matrix 
N/mm2 ih % minimum (see 3.4.1) (see 3.5.2) 
minimum 
370 230 120 - 180 Ferrite 
400 250 140 - 200 Ferrite 


500 320 170 - 240 Ferrite/pearlite 

600 370 190 - 270 Pearlite/ferrite 

700 420 230 - 300 Pearlite 

800 480 250 - 350 Pearlite or tempered structure 


NOTE 
Proof stresses need only be determined if specifically requested. 
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Table 7.3.2 


Specified minimum 
tensile strength 
N/mm2 


0,2% proof stress 
minimum 
(see Note 1) 
N/mm2 


Mechanical properties: special qualities 


Elongation 
on 5,65 1/So 
minimum 
% 

(see Note 2) 


Typical hardness 
value 


Chapter 7 


Sections 3 & 4 


Charpy V-notch impact tests 


Test temperature °C 
(see Note 3) 


Average energy 
J minimum 
(see Note 4) 


110-170 


140 - 200 


NOTES 
1. Proof stresses need only be determined if specifically requested. 


In the case of integrally cast samples, the acceptable elongation may be taken as 2 percentage points less. 


value, but not less than the value shown in brackets. 
5. — Typical structure of the matrix is ferrite. 


a Section 4 
Compacted or vermicular graphite 
iron castings 


4.1 Scope 


4.1.1 This Section gives the specific requirements for 
compacted or vermicular graphite iron castings. 


4.1.2 These requirements are generally applicable to 
castings intended for use at ambient temperatures. 

4.2 Heat treatment 

4.2.1 Where castings do not meet the specified mechanical 
property requirements in the as-cast condition, a corrective 
heat treatment may be carried out. This is to be restricted to 
a single heat treatment and the test coupons must be heat 
treated with the castings. 


Table 7.4.1 


0,2% proof stress 


2. 
3. Tests need only be made at either of the temperatures listed, as appropriate. 
4. The average value measured on three Charpy V-notch specimens. One of the three values may be below the specified minimum average 


4.3 Test material 


4.3.1 The test samples are to be as detailed in Figs. 
7.3.1, 7.3.2 or 7.3.3. The dimensions of the test specimens 
and testing procedures used are to be in accordance with 
Chapter 2. Test samples of other dimensions may be specially 
agreed with the Surveyor. 


4.3.2 The test samples may be either gated to the casting 
or separately cast. 


4.4 Mechanical tests 


4.4.1 The tensile strength and elongation are to be deter- 
mined and are to comply with the requirements of Table 7.4.1. 
Minimum values for the 0,2 per cent proof stress are also 
included in this Table but are to be determined only if included 
in the specification. Typical ranges of hardness values are also 
given in Table 7.4.1 and are intended for information 
purposes. 


4.4.2 Castings may be supplied to any specified minimum 
tensile strength grade. 


Mechanical properties for acceptance purposes: compacted or vermicular graphite iron castings 


Specified minimum 
tensile strength 
N/mm2 


Elongation 
on 5,65 V So 
% minimum 


Typical hardness 
value HB 
(see 4.4.1) 


Typical structure 
of matrix 
(see 4.5.2) 


(see Note) 
N/mm2 
minimum 


300 210 
350 245 
400 280 
450 315 
500 350 


140 -210 
160 - 220 
180 - 240 
200 — 250 
220 — 260 


Ferrite 
Ferrite/pearlite 
Pearlite/ferrite 

Pearlite 
Fully pearlitic 


NOTE 
Proof stresses need only be determined if specifically requested. 
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4.5 Metallographic examination 


4.5.1 Samples for metallographic examination are to be 
prepared for compacted or vermicular graphite iron castings. 
These samples are to be representative of each ladle used 
and may conveniently be taken from the tensile test speci- 
mens. Alternative arrangements for the provision of these 
samples may, however, be adopted subject to the concur- 
rence of the Surveyor. They are, however, to be taken towards 
the end of the pour. 


4.5.2 Examination of the samples is to show that at least 
80 per cent of the graphite is in a dispersed, compacted or 
vermicular form. The remaining 20 per cent of the graphite 
may be in spheroidal forms. Details of typical matrix structures 
are given in Table 7.4.1 and are intended for information 
purposes. 


E Section 5 
Iron castings for crankshafts 


5.1 Scope 


5.1.1 This Section gives additional requirements for cast 
iron crankshafts intended for diesel engines and compressors. 
For both of these applications, details of the proposed 
specification are to be submitted for approval. 


5.1.2 Crankshaft castings in grey iron and compacted 
graphite iron are acceptable only for compressors, and the 
specified minimum tensile strength is to be not less than 300 
N/mm2. 


5.1.3 For crankshaft castings in spheroidal or nodular 
graphite iron, the specified minimum tensile strength is to be 
not less than 370 N/Mm2. 


5.2 Manufacture 


5.2.1 Details of the method of manufacture, including the 
arrangements proposed for the provision of test material, are 
to be submitted for approval. 


5.2.2 Tests to demonstrate the soundness of prototype 
castings and the mechanical properties at important locations 
will be required. 


5.3 Heat treatment 


5.3.1 In general, crankshaft castings other than those 
which are fully annealed, normalised or oil quenched and 
tempered, are to receive a suitable stress relief heat treatment 
before machining. 


Chapter 7 
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5.3.2 Where it is proposed to harden the surfaces of 
machined pins and/or journals of cast iron crankshafts, details 
of the process are to be submitted for approval. Before such 
a process is applied to a crankshaft it is to be demonstrated 
by procedure tests, and to the satisfaction of the Surveyor, 
that the process is suitably controlled and does not impair the 
strength or soundness of the material. 


5.4 Test material 


5.4.1 Unless otherwise approved, the dimensions of the 
test samples are to be such as to ensure that they have 
mechanical properties representative of those of the average 
section of the crankshaft casting. 


5.4.2 For large crankshaft castings, the test samples are 
to be cast integral with, or gated from, each casting. 


5.4.3 The batch testing procedure detailed in 1.6.2 may 
be adopted only where small and identical crankshaft 
castings are produced in quantity. Generally, the fettled mass 
of each casting in a batch is not to exceed 100 kg, and in 
addition to tensile tests, the hardness of each casting is to be 
determined. For this purpose, a small flat is to be ground on 
each crankshaft, and Brinell hardness tests are to be carried 
out. The results obtained from these tests are to comply with 
the approved specification. 


5.5 Non-destructive examination 

5:5:1 Cast crankshafts are to be subjected to a full 
magnetic particle or dye penetrant examination after final 
machining and completion of any surface hardening opera- 


tions. 


5.5.2 Particular attention is to be given to the testing of 
the pins, journals and associated fillet radii. 


5.5.3 Cracks and crack-like defects are not acceptable. 
Fillet radii are to be free from any indications. 

5.6 Rectification of defective castings 

5.6.1 Cast iron crankshafts are not to be repaired by 
welding, and blemishes are not to be plugged with a filler. 
5.7 Certification of materials 


5.7.1 The chemical composition of ladle samples is to be 
given in addition to the other particulars detailed in 1.12.2. 
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Section 

1 Plates, bars and sections 

2 Aluminium alloy rivets 

3 Aluminium alloy castings 

4 Aluminium/steel transition joints 


E Section 1 
Plates, bars and sections 


1.1 Scope 


Tetel This Section makes provision for aluminium alloy 
plates, bars and sections intended for use in the construction 
of ships and other marine structures and for cryogenic 
applications. 


T12 Except as provided in 1.1.4, all items are to be 
manufactured and tested in accordance with the appropriate 
requirements of Chapters 1 and 2 and those detailed in this 
Section. 


AS The thickness of plates, sections and bars 
described by these requirements will be in the range between 
3 and 50 mm. Plates and sections less than 3,0 mm thick 
may be manufactured and tested in accordance with the 
requirements of an acceptable national specification. 


1:14 Plates less than 3,0 mm thick and sections less 
than 40 mm x 40 mm x 3,0 mm may be manufactured and 
tested in accordance with the requirements of an acceptable 
National specification. 


1:1:5 Where the section thickness exceeds 50 mm, the 
requirements will be subject to special consideration. 


1.1.6 Materials intended for the construction of cargo 
tanks or storage for liquefied gases, and for other low 
temperature applications, are to be manufactured in the 
5083 alloy in the annealed condition. 


Ttaf As an alternative to 1.1.2 and 1.1.4, materials 
which comply with National or proprietary specifications may 
be accepted provided that these specifications give 
reasonable equivalence to the requirements of this Section 
and are approved for a specific application. Generally, survey 
and certification are to be carried out in accordance with the 
requirements of Chapter 1. 


1.2 Manufacture 


12:1 Aluminium alloys are to be manufactured at works 
approved by Lloyd’s Register (hereinafter referred to as ‘LR’). 
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12:2 The alloys may be cast either in ingot moulds or by 
an approved continuous casting process. Plates are to be 
formed by rolling and may be hot or cold finished. Bars and 
sections may be formed by extrusion, rolling or drawing. 


1.2.3 All melts are to be suitably degassed prior to casting 
such that the aim hydrogen content is less than 0,2 ml per 
100 g. 


1.3 Quality of materials 


7.3.1 Materials are to be free from surface or internal 
defects of such a nature as would be harmful in service. 


TZ The manufacturer is to verify the integrity of 
pressure welds of closed extrusion profiles in accordance with 
1.10. 


Table 8.1.1 Underthickness tolerances for rolled 


products for marine construction 


Nominal Underthickness tolerance for nominal width range, 
thickness mm 

range, 

mm <1500 


>1500 <2000 | >2000 <3500 


23,0 <4,0 0,10 0,15 0,15 
24,0 <8,0 0,20 0,20 0,25 


28,0 <12 0,25 0,25 0,25 


212 <20 0,35 0,40 0,50 
220 <50 0,45 0,50 0,65 


1.4 Dimensional tolerances 


1.4.1 Underthickness tolerances for rolled products for 
marine construction are given in Table 8.1.1. 


1.4.2 Underthickness tolerances for extruded products 
are to comply with an acceptable National or International 
Standard. 


1.4.3 There are to be no underthickness tolerances for 
materials for application in cryogenic process pressure 
vessels. 


1.4.4 Dimensional tolerances other than permitted 
underthicknesses are to comply with an acceptable National 
or International Standard. 


1.4.5 Verification of dimensions is the responsibility of the 
manufacturer. Acceptance by Surveyors of material which is 
later found to be defective does not absolve the manufacturer 
from this responsibility. 
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Table 8.1.2 


Element 


Copper 


Magnesium 


Silicon 


ron 


Manganese 


Zinc 


Chromium 


Titanium 


Chemical composition, percentage 


0,10 max. 
4,0—4,9 
0,40 max. 


0,40 max. 
0,40—1,00 


0,25 max. 
0,05—0,25 


0,15 max. 


0,20 max. 


4,0—5,2 


0,25 max. 
0,25 max. 


0,7—1,0 


0,40 max. 


0,25 max 


0,15 max. 


0,25 max. 
5,0—6,0 
0,45 max. 
0,50 max. 
0,6—1,2 


0,40—0,90 
0,25 max. 


0,20 max. 


0,10 max. 
3,5—4,5 
0,40 max. 
0,50 max. 
0,20—0,70 


0,25 max. 
0,05—0,25 


0,15 max. 


10 max. 
6—3,6 


0,40 max. 


0,40 max. 


0,50 max. 
(see Note 2) 


0,20 max. 


0,30 max. 
(see Note 2) 


0,15 max. 


0,10 max. 
4,7—5,5 
0,25 max. 
0,40 max. 
0,50—1,00 


0,25 max. 
0,05—0,20 


0,20 max. 


6005-A 
(see Note 1) 


0,30 max. 
0,40—0,70 
0,50—0,90 
0,35 max. 


0,50 max. 
(see Note 3) 


0,20 max. 


0,30 max. 
(see Note 3) 


0,10 max. 
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6061 
(see Note 1) 
0,15—0,40 
0,80—1,20 
0,40—0,80 

0,70 max. 


0,15 max. 


0,25 max. 
0,04—0,35 


0,15 max. 


Section 1 


0,10 max. 
0,60—1,20 
0,70—1,30 
0,50 max. 
0,40—1,00 


0,20 max. 
0,25 max. 


0,10 max. 


Zirconium 0,20 max. | 0,05—0,25 


Other elements: 


each 0,05 max. 


0,15 max. 


0,05 max. 
0,15 max. 


0,05 max. 


total 0,15 max. 


0,05 max. 
0,15 max. 


0,05 max. 


0,15 max. 


0,05 max. 
0,15 max. 


0,05 max. 
0,15 max. 


0,05 max. 
0,15 max. 


0,05 max. 
0,15 max. 


NOTES 


These alloys are not normally acceptable for application in direct contact with sea-water. 


Mn + Cr = 0,10 min., 0,60 max. 
Mn + Cr = 0,12 min., 0,50 max. 


1.5 Chemical composition 

1:5-1 Samples for chemical analysis are to be taken 
representative of each cast, or the equivalent where a 
continuous melting process is involved. 


1.5.2 The chemical composition of these samples is to 
comply with the requirements of Table 8.1.2. 


1.6 Heat treatment 
1.6.1 The Aluminium 5000 series alloys, capable of being 
strain hardened, are to be supplied in any of the following 
temper conditions: 

O annealed 


H111 annealed with slight strain hardening 

H112 strain hardened from working at elevated 
temperatures 

H116 strain hardened and with specified resistance 
to exfoliation corrosion for alloys where the 
magnesium content is 4 per cent or more 

H321 strain hardened and stabilised. 


1:6.2 The H116 temper is specially developed for use in 
a marine environment. 


1.6.3 The Aluminium 6000 series alloys, capable of being 
age hardened, are to be supplied in either of the following 
temper conditions: 

T5 hot worked and artificially aged 

T6 solution treated and artificially aged. 


1.7 Test material 

LAA Materials of the same product form, (i.e., plates, 
sections or bars) and thickness and from a single cast or 
equivalent, are to be presented for test in batches of not more 
than 2 tonnes, with the exceptions of those given in 1.7.2, 
1.7.3 and 1.7.4. 


l r2 For single plates or coils weighing more than 
2 tonnes, only one tensile specimen per plate or coil is to be 
taken. 


1.7.3 A tensile test specimen is required from each plate 
to be used in the construction of cargo tanks, secondary 
barriers and process pressure vessels with design 
temperatures below -55°C. 


1.7.4 Extrusions, bars and sections of less than 1 kg/m in 
nominal weight are to be tested in batches of 1 tonne. Where 
the nominal weight is greater than 5 kg/m, one tensile test is 
to be carried out for every three tonnes produced, or fractions 
thereof. 


1.7.5 If the material is supplied in the heat treated 
condition, each batch is to be treated together in the same 
furnace or subjected to the same finishing treatment when a 
continuous furnace is used. 


1.7.6 For plates over 300 mm in width, tensile test 
specimens are to be cut with their length transverse to the 
principal direction of rolling. For narrow plates and for sections 
and bars, the test specimens are to be cut in the longitudinal 
direction. Longitudinal tensile test specimens are accepted for 
the strain hardenable 5000 series alloys. 
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Section 7 
Table 8.1.3 Minimum mechanical properties for acceptance purposes of selected rolled aluminium alloy 
products 


0,2% proof stress Tensile strength 
Alloy and temper Thickness, t, ° R g Elongation 


as p m 
condition, see Note 3 mm N/mm2 N/mm2 4d, % 


5083-0 3 < t < 50 (see Note 2) 125 275-350 


5083-H111 3<t<50 125 275-350 


5083-H112 < 125 275 


5083-H116 215 305 


5083-H321 215-295 305-380 


5086-O 100 240-305 


5086-H111 3<t<50 100 240-305 


5086-H112 3<t<12,5 250 
12,5 <t <50 240 


5086-H116 275 10 (see Note 1) 


5059-O 330 24 


5059-H111 3<t<50 330 


5059-H116 3<t<20 370 
20 <t<50 360 


5059-H321 3<t<20 370 
20<t<50 360 


5383-0 3<t<50 290 
5383-H111 <t< 290 
5754-H111 80 190-240 
5383-H116 220 305 
5383-H321 220 305 


5456-O 6,3 130-205 290-365 


38<f<6, 
6,3<t<50 125-205 285-360 


3<t<30 230 315 
5456-H116 30 <t< 40 215 305 
40 <t<50 200 285 


3<t< 12,5 230-315 315-405 
5456-H321 12,5<t< 40 215-305 305-385 
40<t<50 200-295 285-370 


5754-O 3<t<50 80 190-240 


NOTES 
8% for thickness up to and including 6,3 mm. 
For application to liquefied natural gas carriers or liquefied natural gas tankers where thicknesses are in excess of 50 mm, the mechanical 
properties given in this table are, in general, to be complied with. 
The mechanical properties for the O and H111 tempers are the same for all alloys shown in this Table. However, they are separated in this 
Table as they are made using different manufacturing processes. 
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Table 8.1.4 
products 


0,2% proof stress 
Alloy and temper Thickness, t, ° p 


s p 
condition, see Note 2 mm N/mm2 


Tensile strength 
R Elongation 


N/mm2 4d, % 


Chapter 8 


Section 1 


Minimum mechanical properties for acceptance purposes of selected extruded aluminium alloy 


Elongation on 


5,654] So 50, % 


5083-O 3<t<50 110 


5083-H111 3<t<50 
5083-H112 3<t<50 
5086-O 3<t<50 
5086-H111 3<t<50 
5086-H112 3<t<50 
5059-H112 3<t<50 
5383-O 3<t<50 
5383-H111 3<t<50 
5383-H112 3<t<50 
6005A-T5 3<t<50 


6005A-T6 3<t<10 


10<t<50 


6061-T6 


6082-T5 


6082-T6 


270-350 


275 


270 


240-315 


250 


240 


330 


290 


290 


310 


260 


260 
250 


260 


270 


290 
310 


NOTES 


Ls The values are applicable for longitudinal and transverse tensile test specimens as well. 


2: The mechanical properties for the O and H111 tempers are the same for all alloys shown in this Table. However, they are separated in this 


1.LfF Longitudinal tensile test specimens from a plate are 
to be taken at 1/3 width from the longitudinal edge. 
Longitudinal tensile test specimens taken from extruded 
sections should be taken in the range from 1/3 to 1/2 of the 
distance from the edge to the centre of the thickest region of 
the section. 


1.8 Mechanical tests 


1.8.1 At least one tensile test specimen is to be prepared 
from each batch of material submitted for acceptance. 


1.8.2 Tensile test specimens are to be machined to the 
dimensions given in Fig. 2.2.3 in Chapter 2. Alternatively, 
machined proportional test specimens of circular cross- 
section in accordance with Fig. 2.2.2 in Chapter 2 may be 
used provided that the diameter is not less than 10 mm. 
Round bars may be tested in full section, or test specimens 
may be machined in accordance with the dimensions given 
in Fig. 2.2.2 in Chapter 2. 


Table as they are made using different manufacturing processes. 


1.8.3 The results of all tensile tests are to comply with the 
values given in Tables 8.1.3 and 8.1.4, as applicable. 


1.9 Corrosion tests 


1.9.1 Rolled 5000 series alloys of type 5083, 5383, 5059, 
5456 and 5086 in the H116 and H321 tempers intended for 
use in marine hull construction or in marine applications with 
frequent direct contact with seawater are to be corrosion 
tested with respect to exfoliation and intergranular corrosion 
resistance. 


1.9.2 The manufacturer is to establish the relationship 
between microstructure and resistance to corrosion when the 
above alloys are approved. A reference photomicrograph 
taken at 500x under the conditions specified in ASTM B928 
Section 9.4.1, is to be prepared for each of the alloy-tempers 
and thickness ranges relevant. The reference photographs 
are to be taken from samples which have exhibited no 
evidence of exfoliation corrosion and a pitting rating of PB or 
better, when subjected to the test described in ASTM G66 
(ASSET). The samples are also to have exhibited resistance to 
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intergranular corrosion at a mass loss no greater than 
15 mg/cm2, when subjected to the test described in 
ASTM G67 (NAMLT). Upon satisfactory establishment of the 
relationship between microstructure and resistance to 
corrosion, the master photomicrographs and the results of 
the corrosion tests are to be approved by LR. Production 
practices are not to be changed after approval of the 
reference micrographs. 


1.9.3 For batch acceptance of 5000 series alloys in the 
H116 and H321 tempers, metallographic examination of one 
sample selected from mid width at one end of a coil or 
random sheet or plate is to be carried out. The micro- 
structure of the sample is to be compared to the reference 
photomicrograph of acceptable material in the presence of 
the Surveyor. A longitudinal section perpendicular to the rolled 
surface is to be prepared for metallographic examination, under 
the conditions specified in ASTM B928 Section 9.6.1. If the 
microstructure shows evidence of continuous grain boundary 
network of aluminium-magnesium precipitate in excess of the 
reference photomicrographs of acceptable material, the 
batch is either to be rejected or tested for exfoliation 
corrosion resistance and intergranular corrosion resistance 
subject to the agreement of the Surveyor. The corrosion tests 
are to be in accordance with ASTM G66 and G67 or 
equivalent standards. Acceptance criteria are that the sample 
shall exhibit no evidence of exfoliation corrosion and a pitting 
rating of PB or better when test subjected to ASTM G66 
(ASSET) test, and the sample is to exhibit resistance to 
intergranular corrosion at a mass loss no greater than 
15 mg/cm? when subjected to ASTM G67 (NAMLT) test. If 
the results from testing satisfy the acceptance criteria stated 
in 1.9.2, the batch is accepted, otherwise it is to be rejected. 


1.9.4 As an alternative to metallographic examination, 
each batch may be tested for exfoliation corrosion resistance 
and intergranular corrosion resistance, in accordance with 
ASTM G66 and G67 under the conditions specified in ASTM 
B298, or equivalent standards. If this alternative is used, then 
the results of the test must satisfy the acceptance criteria 
stated in 1.9.2. 


1.9.5 Tempers that are corrosion tested in accordance 
with 1.9.3 are to be marked ‘M’ after the temper condition, 
e.g., 5083 H321 M. 


1.10 Pressure weld tests 


1.10.1 The integrity of pressure welds of closed profile 
extrusions is to be verified by examination of macrosections or 
drift expansion tests. 


1.10.2 Every closed profile extrusion is to be sampled, 
except where the closed profile extrusions are equal to or 
shorter than 6,0 m long, in which case a batch is to comprise 
five profiles. Every sample is to be tested at both ends after 
final heat treatment. 


7.10.3 Where verification is by examination of macro- 
sections, no indication of lack of fusion is permitted. 
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1.10.4 Where verification of fusion at pressure welds of 
closed profile extrusions is by drift expansion test, testing is to 
be generally in accordance with Ch 2,4.3. The minimum 
included angle of the mandrel is to be 60°, and the minimum 
specimen length, 50 mm. For acceptance, there is to be no 
failure by a clean split along the weld line. 


1.11 Visual and non-destructive examination 


1.11.1. | Surface inspection and verification of dimensions 
are the responsibility of the manufacturer, and acceptance by 
the Surveyors of material later found to be defective shall not 
absolve the manufacturer from this responsibility. 


1.11.2 In general, the non-destructive examination of 
materials is not required for acceptance purposes. 
Manufacturers are expected, however, to employ suitable 
methods of non-destructive examination for the general 
maintenance of quality standards. 


1.11.3 For applications where the non-destructive 
examination of materials is considered to be necessary, the 
extent of this examination, together with appropriate 
acceptance standards, are to be agreed between the 
purchaser, manufacturer and Surveyor. 


1.12 Rectification of defects 


1.12.1 Slight surface imperfections may be removed by 
mechanical means, provided that the prior agreement of the 
Surveyor is obtained, that the work is carried out to his 
satisfaction and that the final dimensions are acceptable. The 
repair of defects by welding is not allowed. 


1.13 Identification 


1.13.1 The manufacturer is to adopt a system of 
identification which will ensure that all finished material in a 
batch presented for test is of the same nominal chemical 
composition. 


1.13.2 Products are to be clearly marked by the manufac- 

turer in accordance with the requirements of Chapter 1. The 

following details are to be shown on all materials which have 

been accepted: 

(a) Manufacturer’s name or trade mark. 

(b) Alloy grade and temper condition. 

(c) Identification mark which will enable the full history of the 
item to be traced. 

(d) The stamp of the LR brand, R 


1.14 Certification of materials 


1.14.1 A manufacturer's certificate validated by LR is to be 
issued, see Ch 1,3.1. 
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1.14.2 Each test certificate is to include the following 

particulars: 

(a) Purchaser’s name and order number. 

(ob) Contract number. 

(c) Address to which material is to be despatched. 

(d) Description and dimensions. 

(e) Alloy grade and temper condition. 

(f) Identification mark which will enable the full history of the 
item to be traced. 

(g) Chemical composition. 

h) Mechanical test results (not required on shipping 

statement). 

(i) Details of temper condition and heat treatment, where 
applicable. 

(k) Corrosion test results (as applicable). 


1.14.3 Where the alloy is not produced at the works at 
which it is wrought, a certificate is to be supplied by the 
manufacturer of the alloy stating the cast number and 
chemical composition. The works at which the alloy was 
produced must be approved by LR. 


a Section 2 
Aluminium alloy rivets 


2.1 Scope 

2.1.1 Provision is made in this Section for aluminium alloy 
rivets intended for use in the construction of marine 
structures. 

2.1.2 They are to be manufactured and tested in 
accordance with the appropriate requirements of Section 1 
and those detailed in this Section. 

2.2 Chemical composition 

2.2.1 The chemical composition of bars used for the 


manufacture of rivets is to comply with the requirements of 
Table 8.2.1. 


Table 8.2.1 Chemical composition, percentage 


Element 5154A 6082 


0,10 max. 
0,6-1,2 
0,7-1,3 
0,50 max. 
0,4-1,0 
0,20 max. 
0,25 max. 
0,10 max. 
0,05 max. 
0,15 max. 
Remainder 


0,10 max. 
3,1-3,9 


Copper 
Magnesium 


Silicon 0,50 max. 
Iron 0,50 max. 
Manganese 


0,1 -0,5 
inc 0,20 max. 
hromium 0,25 max. 
itanium 0,20 max. 
ther elements: each 0,05 max. 
total 0,15 max. 
Remainder 


uminium 
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2.3 Heat treatment 

2.3.1 Rivets are to be supplied in the following condition: 
5154A - annealed 
6082 — solution treated. 

2.4 Test material 

2.4.1 Bars intended for the manufacture of rivets are to 


be presented for test in batches of not more than 250 kg. The 
material in each batch is to be the same diameter and 
nominal chemical composition. 


2.4.2 At least one test sample is to be selected from each 
batch and, prior to testing, is to be heat treated in full cross- 
section and in a manner simulating the heat treatment applied 
to the finished rivets. 


2.5 Mechanical tests 


2.5.1 At least one tensile and one dump test specimen 
are to be prepared from each test sample. 


2.5.2 The tensile test specimen may be either a suitable 
length of bar tested in full cross-section or a specimen 
machined to the dimensions given in Fig. 2.2.2 in Chapter 2. 


2.5.3 The dump test specimen is to consist of a section 
cut from the bar with the ends perpendicular to the axis. The 
length of this section is to be equal to the diameter of the bar. 


2.5.4 The results of tensile tests are to comply with the 


appropriate requirements of Table 8.2.2. 


Table 8.2.2 Mechanical properties for acceptance 


purposes 


Mechanical properties 5154A 


0,2% proof stress N/mm2 min. 90 


Tensile strength N/mm2 min. 220 
Elongation on 5,654 So % min. 18 


20:9 The dump test is to be carried out at ambient 
temperature and is to consist of compressing the specimen 
until the diameter is increased to 1,6 times the original 
diameter. After compression, the specimen is to be free from 
cracks. 


2.6 Tests from manufactured rivets 
2.6.1 At least three samples are to be selected from each 


consignment of manufactured rivets. Dump tests as detailed 
in 2.5 are to be carried out on each sample. 
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2.7 Identification 


2.7.1 Each package of manufactured rivets is to be 
identified with attached labels giving the following details: 

(a) Manufacturer’s name or trade mark. 

(b) Alloy grade. 

(c) Rivet size. 


2.8 Certification of materials 


2.8.1 A manufacturer’s certificate is to be issued 
(see Ch 1,3.1) and for each consignment of manufactured 
rivets is to include the following particulars: 

(a) Purchaser’s name and order number. 

(o) Description and dimensions. 

(c) Specification. 


E Section 3 
Aluminium alloy castings 


3.1 Scope 


3.1.1 Provision is made in this Section for aluminium alloy 
castings intended for use in the construction of ships, ships 
for liquid chemicals and other marine structures and liquefied 
gas piping systems where the design temperature is not lower 
than minus 165°C. These materials should not be used for 
piping systems outside cargo tanks except for short lengths of 
pipes attached to the cargo tanks in which case fire-resisting 
insulation should be provided. 


3.1.2 Castings are to be manufactured and tested in 
accordance with Chapters 1 and 2 and also with the 
requirements of this Section. 


3.1.3 As an alternative to 3.1.2, castings which comply 
with National or proprietary specifications may be accepted 
provided that these specifications give reasonable equiva- 
lence to the requirements of this Section or are approved for 
a specific application. Generally, survey and certification are 
to be carried out in accordance with the requirements of 
Chapter 1. 


3.2 Manufacture 

3.2.1 Castings are to be manufactured at foundries 
approved by LR. 

3.3 Quality of castings 

3.3.1 All castings are to be free from surface or internal 


defects which would be prejudicial to their proper application 
in service. 


Chapter 8 
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3.4 Chemical composition 


3.4.1 The chemical composition of a sample from each 
cast is to comply with the requirements given in Table 8.3.1. 
Suitable grain refining elements may be used at the discretion 
of the manufacturer. The content of such elements is to be 
reported in the ladle analysis. 


Table 8.3.1 Chemical composition, percentage 


Alloy Al-Mg 3 
Element 


Al-Si 12 A-Sit0Mg Al-Si7 
High purity 


0,1 max. 0,1 max. 0,1 max. 0,1 max. 
2,5—4,5 0,15—0,4 0,25—0,45 


Silicon 0,5 max. 11,0—13,5 9,0—11,0 6,5—7,5 


Copper 


0,1 max. 


Magnesium 


Iron 0,5 max. 0,7 max. 0,6 max. 0,2 max. 


Manganese 0,6 max. 0,5 max. 0,6 max. 0,1 max. 


Zinc 0,2 max. 0,1 max. 0,1 max. 0,1 max. 


Chromium 0,1 max. — — — 
0,2 max. 0,2 max. 


0,05 max. 0,05 max. 


0,2 max. 


0,05 max. 


Titanium 0,2 max. 


Others each 0,05 max. 


Total 0,15 max. 0,15max. 0,15max. 0,15 max. 


Aluminium Remainder Remainder Remainder Remainder 


3.4.2 Where it is proposed to use alloys not specified in 
Table 8.3.1, details of the chemical composition, heat 
treatment and mechanical properties are to be submitted for 
approval. 


3.4.3 When a cast is wholly prepared from ingots for 
which an analysis is already available, and provided that no 
significant alloy additions are made during melting, the ingot 
maker’s certified analysis can be accepted subject to 
occasional checks as required by the Surveyor. 


3.5 Heat treatment 


3.5.1 Castings are to be supplied in the following 
conditions: 
Grade Al-Mg 3 - 
Grade Al-Si 12 - 
Grade Al-Si 10 Mg 


as-manufactured 
as-manufactured 
as-manufactured or solution 
heat treated and precipitation 
hardened 

solution heat treated and 
precipitation hardened. 


Grade Al-Si7 Mg - 
(high purity) 


3.6 Mechanical tests 


3.6.1 At least one tensile specimen is to be tested from 
each cast and, where heat treatment is involved, for each heat 
treatment batch from each cast. Where continuous melting is 
employed, 500 kg of fettled castings may be regarded as a 
cast. 
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3.6.2 The test samples are to be separately cast in 
moulds made from the same type of material as used for the 
castings. These moulds should conform to National 
Standards. 


3.6.3 The method and procedures for the identification of 
the test specimens, and the castings they represent, are to 
be agreed with the Surveyor. The identification marks are to 
be maintained during the preparation of test specimens. 


3.6.4 Where castings are supplied in the heat treated 
condition, the test samples are to be heat treated together 
with the castings which they represent prior to testing. 


3.6.5 The results of all tensile tests are to comply with the 
appropriate requirements given in Table 8.3.2 and/or 
Table 8.3.3. 


Table 8.3.2 Minimum mechanical properties for 
acceptance purposes of sand-cast 
and investment cast reference test 
pieces 
Temper 


Tensile strength Elongation 


Alloy 


(see Note) N/mm? 


-Mg 3 150 
-Si 12 150 
-Si 10 Mg M 150 
-Si 10 Mg TF 220 
-Si 7 Mg TF 230 


OTE 

refers to as cast condition. 

F refers to solution heat treated and precipitation hardened 
condition. 


Table 8.3.3 Minimum mechanical properties for 
acceptance purposes of chill-cast 


reference test piece 


Temper Tensile strength 
(see Note) N/mm? 


150 
170 
170 
240 
250 


Elongation 


OTE 

refers to as cast condition. 

F refers to solution heat treated and precipitation hardened 
condition. 


3.6.6 Where the results of a test do not comply with the 
requirements, the re-test procedure detailed in Ch 2,1.4 is to 
be applied. Where castings are to be used in the heat treated 
condition, the re-test sample must have been heat treated 
together with the castings it represents. 


Chapter 8 
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3.7 Visual examination 


3.7.1 All castings are to be cleaned and adequately 
prepared for inspection. 


3.7.2 The accuracy and verification of dimensions are the 
responsibility of the manufacturer, unless otherwise agreed. 


37:3 Before acceptance, all castings are to be presented 
to the Surveyor for visual examination. 


3.8 Rectification of defective castings 


3.8.1 At the discretion of the Surveyor, small surface 
blemishes may be removed by local grinding. 


3.8.2 Where appropriate, repair by welding may be 
accepted at the discretion of the Surveyor. Such repair is to be 
made in accordance with an approved procedure. 


3.9 Pressure testing 


3.9.1 Where required by the relevant Rules, castings are 
to be pressure tested before final acceptance. Unless 
otherwise agreed, these tests are to be carried out in the 
presence and to the satisfaction of the Surveyor. 


3.10 Identification 


3.10.1 |The manufacturer is to adopt a system of identifica- 
tion which will enable all finished castings to be traced to the 
original cast and the Surveyor is to be given full facilities for 
tracing the casting when required. 


3.10.2 All castings which have been tested and inspected 

with satisfactory results are to be clearly marked with the 

following details: 

a) Identification number, cast number or other markings 
which will enable the full history of the casting to be traced. 

b) LR or Lloyd’s Register and the abbreviated name of LR’s 
local office. 

c) Personal stamp of the Surveyor responsible for the 
inspection. 

d) Test pressure where applicable. 

e) Date of final inspection. 


3.10.3. Where small castings are manufactured in large 
numbers, modified arrangements for identification may be 
specially agreed with the Surveyor. 


3.11 Certification of materials 


3.11.1 ALR certificate is to be issued (see Ch 1,3.1) giving 
the following particulars for each casting or batch of castings 
which have been accepted: 
a) Purchaser’s name and order number. 
) Description of castings and alloy type. 
) Identification number. 
) Ingot or cast analysis. 
e) General details of heat treatment, where applicable. 
f) Results of mechanical tests. 
g) Test pressure, where applicable. 
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a Section 4 
Aluminium/steel transition joints 


4.1 Scope 


4.1.1 Provision is made in this Section for explosion 
bonded composite aluminium/steel transition joints used for 
connecting aluminium structures to steel plating. 


4.1.2 Each individual application is to be separately 
approved as required by the relevant Rules dealing with 
design and construction. 


4.2 Manufacture 


4.2.1 Transition joints are to be manufactured by an 
approved producer in accordance with an approved 
specification which is to include the maximum temperature 
allowable at the interface during welding. 


4.2.2 The aluminium material is to comply with the 
requirements of Section 1 and the steel is to be of an 
appropriate grade complying with the requirements of Ch 3,2. 


4.2.3 Alternative materials which comply with International, 
National or proprietary specifications may be accepted 
provided that they give reasonable equivalence to the require- 
ments of 4.2.2 or are approved for a specific application. 


4.2.4 Intermediate layers between the aluminium and 
steel may be used, in which case the material of any such 
layer is to be specified by the manufacturer and is to be 
recorded in the approval certificate. Any such intermediate 
layer is then to be used in all production transition joints. 


4.3 Visual and non-destructive examination 


4.3.1 Each composite plate is to be subjected to 100 per 
cent visual and ultrasonic examination in accordance with a 
relevant National Standard to determine the extent of any 
unbonded areas. Unbonded areas are unacceptable and any 
such area plus 25 mm of surrounding sound material is to be 
discarded. 


4.4 Mechanical tests 


4.4.1 Two shear test specimens and two tensile test 
specimens are to be taken from each end of each composite 
plate for tests to be made on the bond strength. One shear 
and one tensile test specimen from each end are to be tested 
at ambient temperature after heating to the maximum 
allowable interface temperature, see 4.2.1; the other two 
specimens are to be tested without heat treatment. 


4.4.2 Shear tests may be made on a specimen as shown 
in Fig. 8.4.1 or an appropriate equivalent. Tensile tests may 
be made across the interface by welding extension pieces to 
each surface or by the ram method shown in Fig. 8.4.2 or by 
an appropriate alternative method. 


Chapter 8 


Section 4 


Test piece 


AG 


t + (0,10 to 0,15) 


Specimen and procedure for shear tests 


m~ Test 


specimen 


Fig. 8.4.2 Ram tensile test 


4.4.3 The shear and tensile strengths of all the test 
specimens are to comply with the requirements of the 
manufacturing specification. 
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4.4.4 If either the shear or tensile strength of the bond is 
less than the specified minimum but not less than 70 per cent 
of the specified minimum, two additional shear and two tensile 
test specimens from each end of the composite plate are to 
be tested and, in addition, bend tests as described in 4.4.6 
and Table 8.4.1 are to be made. 


Table 8.4.1 Bend tests on explosion bonded 


aluminium/steel composites 


Minimum 
bend, degrees 


Diameter 


Iygeof test of former 


Aluminium in tension 90 3T 
Steel in tension 90 3T 
Side bend 90 6T 


NOTE 
T is the total thickness of the composite plate. 


4.4.5 If either the shear or tensile strength of the bond is 
less than 70 per cent of the specified minimum the cause is 
to be investigated. After evaluation of the results of this 
investigation, LR will consider the extent of composite plate 
which is to be rejected. 


4.4.6 Bend tests, when required, are to be made under 
the following conditions, as listed in Table 8.4.1: 

(a) The aluminium plate is in tension. 

(b) The steel plate is in tension. 

(c) Aside bend is applied. 


4.5 Identification 


4.5.1 Each acceptable transition strip is to be clearly 

marked with the following particulars: 

(a) LR or Lloyd’s Register and the abbreviated name of 
LR’s local office. 

(b) Manufacturer’s name or trade mark. 

(c) Identification mark for the grade of aluminium. 

(d) Identification mark for the grade of steel. 

The particulars are to be stamped on the aluminium surface at 

one end of the strip. 
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4.6 Certification of materials 


4.6.1 A manufacturer’s certificate validated by LR is to be 

issued (see Ch 1,3.1) and as a minimum is to include the 

following particulars: 

a) Purchaser’s name and order number. 

b) The contract number for which the material is intended, 
if known. 

c) Address to which the material is dispatched. 

d) Description and dimensions of the material. 

e) Specifications or grades of both the aluminium alloy and 
the steel and any intermediate layer. 

f) Cast numbers of the steel and aluminium plates. 

g) Identification number of the composite plate. 

h) Mechanical test results (not required on shipping 
statement). 
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Section 

1 Castings for propellers 

2 Castings for valves, liners and bushes 
3 Tubes 


a Section 1 
Castings for propellers 


1.1 Scope 


1.1.1 This Section gives the requirements for copper alloy 
castings for one-piece propellers and separately cast blades 
and bosses for fixed pitch and controllable pitch propellers 
(CPP). These include contra-rotating propellers and propulsors 
fitted to podded drives and azimuth units. 


1.1.2 These castings are to be manufactured and tested 
in accordance with the appropriate requirements of Chapters 1 
and 2 and the specific requirements of this Section. 


1.1.3 As an alternative to 1.1.2, castings which comply 
with National or proprietary specifications may be accepted 
provided that these specifications give reasonable equiva- 
lence to the requirements of this Section or alternatively are 
approved for a specific application. 


1.1.4 The appropriate requirements of this Section may 
also be applied to the repair and inspection of propellers 
which have been damaged during service. 


1.1.5 Generally, survey and certification are to be carried 
out in accordance with the requirements of Chapter 1. 


Table 9.1.1 


Chapter 9 


Section 1 


1.2 Manufacture 


12:1. All castings are to be manufactured at foundries 
approved by Lloyd’s Register (hereinafter referred to as ‘LR’). 


1.2.2 The pouring is to be carried out into dried moulds 
using degassed liquid metal. The pouring is to avoid turbulent 
flow. Special devices and/or procedures are to be used to 
prevent slag flowing into the mould. 


1.3 Quality of castings 


1.3.1 All castings are to be free from surface or internal 
defects which would be prejudicial to their proper application 
in service. 


1.3.2 The removal and repair of defects are dealt with in 
1.9 and 1.10. 


1.4 Chemical composition 


1.4.1 The chemical compositions of samples from each 
melt are to comply with the manufacturing specification 
approved by LR and also with the overall limits given in 
Table 9.1.1. In addition to carrying out chemical analysis for 
the elements given in the Table, it is expected that manufac- 
turers will ensure that any harmful residual elements are within 
acceptable limits. 


1.4.2 The use of alloys whose chemical compositions are 
different from those detailed in Table 9.1.1 will be given special 
consideration by LR. 


1.4.3 The manufacturer is to maintain records of all 
chemical analyses, which are to be made available to the 
Surveyor so that he can satisfy himself that the chemical 
composition of each casting is within the specified limits. 


Chemical composition of propeller and propeller blade castings 


Chemical composition of ladle samples % 


Alloy designation 
Zn 


Pb Ni Fe Al 


Grade Cu 1 
anganese bronze 
(high tensile brass) 


Grade Cu 2 
Ni-manganese bronze 
(high tensile brass) 


Grade Cu 3 
Ni-aluminium bronze 


Grade Cu 4 


n-aluminium bronze 70-80 1,0 max. 6,0 max. 


0,5 max. 


0,05 max. 1,5-3,0 


0,5-2,5 0,5-3,0 


0,5-2,5 0,5-2,0 


3,0-6,0 
(see Note) 


2,0-6,0 
(see Note) 


7,0-11,0 


2,0-5,0 6,5-9,0 8,0-20,0 


NOTE 


For Naval ships, the nickel content is to be higher than the iron content. 
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1.4.4 When a melt is wholly prepared from ingots for 
which an analysis is already available, and provided that no 
significant alloy additions are made during melting, the ingot 
maker’s certified analysis can be accepted subject to 
occasional checks as required by the Surveyor. If any foundry 
returns are added to the melts, the ingot manufacturer’s 
chemical analyses are to be supplemented by frequent 
checks as required by the Surveyor. 


1.4.5 For alloys Grade Cu 1 and Cu 2, the zinc equiva- 
lent shall not exceed 45 per cent, and is to be calculated 
using the following formula: 
100 x %Cu 

100+A 


where A is the algebraic sum of the following: 
1x % Sn 
5x% Al 
—0,5 x % Mn 
-0,1 x % Fe 
-2,3 x % Ni 


zinc equivalent % = 100 - 


1.4.6 Samples for metallographic examination are to be 
prepared from the ends of test bars cast from every melt of 
Grade Cu 1 and Cu 2 alloys. The proportion of alpha-phase 
determined from the average of at least five counts is to be 
not less than 25 per cent. 


1.5 Heat treatment 


1.5.1 At the option of the manufacturer, castings may be 
supplied in the ‘as-cast’ or heat treated condition. However, if 
heat treatment is to be applied, full details are to be included 
in the manufacturing specification. 


1.5.2 If any welds are made in the propeller casting, 
stress relief heat treatment is required in order to minimise the 
residual stresses. Requirements concerning such heat 
treatment are given in 1.10. 


1.6 Test material 


1.6.1 Test samples are to be cast separately from each 
melt used for the manufacture of propeller or propeller blade 
castings. 


1.6.2 The test samples are to be of the keel block type, 
generally in accordance with the dimensions given in Fig. 9.1.1 
and are to be cast in moulds made from the same type of 
material as used for the castings. 


1.6.3 The method and procedures for the identification of 
the test specimens, and the castings they represent, are to 
be agreed with the Surveyor. The identification marks are to 
be transferred and maintained during the preparation of test 
specimens. 


1.6.4 Where castings are supplied in the heat treated 
condition, the test samples are to be heat treated together 
with the castings which they represent. 
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Fig. 9.1.1 Keel block type test sample 


1.7 Mechanical tests 


1.7.1 At least one tensile test soecimen representative of 
each cast is to be prepared. The dimensions of this test 
specimen are to be in accordance with Fig. 2.2.1 in Chapter 2. 


LZ. The results of all tensile tests are to comply with the 
requirements given in Table 9.1.2. 


1.7.3 The mechanical properties of alloys whose 
chemical compositions do not accord with Table 9.1.1 are to 
comply with a manufacturing specification approved by LR. 


Table 9.1.2 Mechanical properties for acceptance 
purposes: propeller and propeller 


blade castings 


0,2% proof Tensile 
stress strength 
N/mm2 N/mm2 
minimum minimum 


Elongation 
on 5,65VSo 


Alloy designation % minimum 


Grade Cu 1 
Manganese bronze 
(high tensile brass) 


Grade Cu 2 
Ni-manganese bronze 
(high tensile brass) 


Grade Cu 3 
Ni-aluminium bronze 


Grade Cu 4 
Mn-aluminium bronze 
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1.8 Inspection and non-destructive examination 


1.8.1 Propeller castings should be visually inspected at 
all stages of manufacture. The manufacturer is to draw any 
significant imperfections to the attention of the Surveyor. Such 
imperfections are to be verified in accordance with 1.9. 


1.8.2 All finished castings are to be subjected to a 
comprehensive visual examination by the Surveyor, including 
internal surfaces such as the bore and bolt holes. Where 
unauthorised weld repairs are suspected by the Surveyor, the 
area is to be etched (e.g., by iron chloride) for the purpose of 
confirmation. 


1.8.3 For the purpose of these requirements, the blades 
of propellers, including CPP blades, are divided into three 
severity Zones A, B and C as shown in Fig. 9.1.2 and detailed 
in 1.8.4 for blades having skew angles of 25° or less and 1.8.5 
for blades having skew angles of greater than 25°. 


Leading edge 


Pressure side Suction side 


(a) Blades with propeller skew angles of 25° or less 


Leading edge 


Pressure side Suction side 


(b) Blades with propeller skew angles of greater than 25° 


R = propeller radius 
Cr = chord length at radius r 


NOTE 
For a definition of skew angle, see the relevant Rules 


Fig. 9.1.2 Severity zones in all propeller blades 


1.8.4 Skew angles of 25° or less: 

e — Zone Ais the area on the pressure side of the blade from 
and including the root fillet to 0,4R and bounded by the 
trailing edge and by a line at a distance 0,15 times the 
chord length from the leading edge. 

e Zone B includes the areas inside 0,7R on both sides of 
the blade, excluding Zone A. 

e Zone C includes the areas outside 0,7R on both sides of 
the blade. 
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1.8.5 Skew angles of greater than 25°: 

e Zone A is the area on the pressure side of the blade 
bounded by, and including, the root fillet and a line 
running from the junction of the leading edge with the 
root fillet to the trailing edge at 0,9R and passing through 
the mid-point of the chord at 0,7R and a point situated at 
0,3 of the chord length from the leading edge at 0,4R. 

e — Zone A also includes the area along the trailing edge on 
the suction side of the blade from the root to 0,9R and 
with its inner boundary at 0,15 of the chord length 
tapering to meet the trailing edge at 0,9R. 

e Zone B constitutes the whole of the remainder of the 
blade surfaces. 


1.8.6 In propeller blades with continuously loaded tips 
(CLT), the whole of the tip plate and the adjoining blade to a 
distance of 100 mm is to be regarded as severity Zone B, see 
Fig. 9.1.3. For propellers with diameters less than 2 m, the 
width of this zone may be reduced to one tenth of the 
propeller radius. 


Tip plate 


Zone B (shaded) 


4875/04 


Fig. 9.1.3 
Severity Zone B at Continuously loaded blade tip 


1.8.7 In addition, the palm of a CPP blade is divided into 
severity Zones A and B as shown in Fig. 9.1.4. 


1.8.8 If a CPP blade has an integrally cast journal, the 
fillets of the journal and the adjoining material up to a distance 
of 20 mm from the fillet run-outs are to be regarded as Zone B, 
as indicated in Fig. 9.1.5. The remainder of the surface of the 
journal may be regarded as Zone C. 


1.8.9 Hubs of controllable pitch propellers are to contain 
a Zone A region at each blade port as shown in Fig. 9.1.6. 
The remainder may be regarded as Zone C. 
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Section b-b 


Secti 


Zone A 
(including 


N bore holes) 


Trailing 
edge N~ 
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Leading 


y edge 


4875/03 


A NN Zone A 


Zone B 


(see Section b-b) 


The surfaces of blades are to be divided into severity zones in accordance with Fig. 9.1.2 


Fig. 9.1.4 Severity zones for controllable pitch propeller blades 


4875/01 


The surfaces of the journal which are not shaded 
are to be regarded as severity Zone C 


Fig. 9.1.5 
Severity zones in integrally cast CPP blade journals 


Zone A 
(inside and 


1.8.10 


outside) 


1,2 xd 


4875/02 


(d4 and dy = diameters) 


Fig. 9.1.6 
Severity zones for controllable pitch propeller hub 


On completion of machining and grinding, the 


whole surface of each casting is to be subjected to a dye 


able to LR. 


penetrant inspection in accordance with a procedure accept- 
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1.8.11 All dye penetrant inspections on Zone A areas in 
the finished condition are to be made in the presence of the 
Surveyor. 


1.8.12 Dye penetrant inspections on Zones B and C are to 
be performed by the manufacturer and may be witnessed at 
the Surveyor’s request. 


7.8.13 The surface to be inspected shall be divided into 
reference areas of 100 cm?. The indications detected shall, 
with respect to their size and number, not exceed the values 
given in Table 9.1.3. The area shall be taken in the most 
unfavourable location relative to the indication being evaluated. 


1.8.14 Indications exceeding the acceptance standard in 
Table 9.1.3 shall be repaired in accordance with 1.9. 


1.8.15 All defects requiring repair by welding in new 
propeller castings are to be recorded on sketches showing 
their locations and dimensions. Copies of these sketches are 
to be presented to the Surveyor prior to repair. 


1.8.16 Where repairs have been made either by grinding 
or welding, the repaired areas are to be subjected to dye 
penetrant inspection in the presence of the Surveyor, 
regardless of their location. 


1.8.17 Where no welds have to be made on a casting, the 


manufacturer is to provide the Surveyor with a statement that 
this is the case. 


Table 9.1.3 Allowable number and size of dye penetran 


Severity Zones Max. total number of Type of 
indications (see 
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1.8.18 Where it is suspected that a casting contains 
internal defects, radiographic and/or ultrasonic examination 
may be required by the Surveyor. The acceptance criteria are 
to be agreed between the manufacturer and LR in accordance 
with a recognised standard. The standard ASTM E272-99 
(Severity Level 2) or equivalent is to be the radiographic accep- 
tance standard for copper alloy castings. Ultrasonic testing of 
Cu 1 and Cu 2 is not considered in these Rules. For Cu 3 and 
Cu 4, ultrasonic inspection of defects may be possible and is 
to comply with the requirements for steel castings. 


7.8.19 |The measurement of dimensional accuracy is the 
responsibility of the manufacturer but the report on 
dimensional inspection is to be presented to the Surveyor who 
may require checks to be made and to witness such checks. 


1.8.20 — Static balancing is to be carried out on all propellers 
in accordance with the approved plan. Dynamic balancing is 
necessary for propellers running above 500 rpm. 


1.9 Rectification of defective castings 


1.9.1 The rectification of defective propeller and propeller 
blade castings is to be carried out in accordance with the 
requirements given in 1.9.2 to 1.9.12. 


1:9:2 The rectification of small indications within the 
acceptance standard of Table 9.1.3 is not generally required 
except where they occur in closely spaced groups. 


t indications in a reference area of 100 cm? (see Note 1) 


Max. acceptable value for 
indications Max. number of each type ‘a’ or ‘T of indications 
Note 2) (see Notes 3 and 4) (mm) (see Note 2) 


Al 


Non-linear 
Linear 


igned 


Al 


Non-linear 
Linear 


igned 


Al 


Non-linear 
Linear 


igned 


NOTES 
1. The reference area is defined as an area of 0,1 m2, which may be 


square or rectangular, with the major dimension not exceeding 


250 mm. The area shall be taken in the most unfavourable location relative to the indication being evaluated. 


2. Non-linear, linear and aligned indications are defined as follows: 
a b | a 
KED <> 


a a) 
5 


non-linear aligned 
. Only indications that have any dimension greater than 1,5 mm shall be considered relevant. 
. Single non-linear indications less than 2 mm in Zone A and less than 3 mm in other zones may be disregarded. 


. The total number of non-linear indications may be increased to th 
linear or aligned indications. 


e maximum total number, or part thereof, represented by the absence of 
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1.9.3 Where, in the surface of the end face or bore of a 
propeller boss, local pores are present which do not themselves 
adversely affect the strength of the casting, they may be filled 
with a suitable plastic filler after the appropriate preparation of 
the defective area. The foundry is to maintain records and 
details of all castings which have been so rectified. 


1.9.4 Where unacceptable defects are found in a 
casting, they are to be removed by mechanical means, and 
the surfaces of the resulting depressions are subsequently to 
be ground smooth. Complete elimination of the defects is to 
be proved by adequate dye penetrant inspection. 


7.9.5 Shallow grooves or depressions resulting from the 
removal of defects may, at the discretion of the Surveyor, be 
accepted provided that they will cause no appreciable reduc- 
tion in the strength of the castings and that they are suitably 
blended by grinding. 


1.9.6 Welded repairs are to be undertaken only when 
they are considered to be necessary and approved by the 
Surveyor. In general, welds having an area less than 5 cm? are 
to be avoided. 


1.9.7 All weld repairs are to be carried out in accordance 
with qualified procedures by suitably qualified welders, and 
are to be completed to the satisfaction of the Surveyor. 
Records are to be made available to the Surveyor. 


1.9.8 Welding is generally not permitted in Zone A and 
will only be allowed after special consideration. 


1.9.9 Prior approval by the Surveyor is required for any 
welds in Zone B. Complete details of the repair procedure are 
to be submitted for each case. 


1.9.10 Repair by welding is allowed in Zone C provided 
that there is compliance with 1.9.6 and 1.9.7. 


1.9.11 The maximum area of any single repair and the 
maximum total area of repair in any one zone or region are 
given in Table 9.1.4. 


1.9.12 Where it is proposed to exceed the areas given in 
Table 9.1.4, the nature and extent of the repair work are to be 
approved by the Surveyor before commencement of the 
repair. 


1.10 Weld repair procedure 


1.10.1 Welding is to be carried out under cover in positions 
free from draughts and adverse weather conditions. 


1.10.2 The manufacturer is to submit a detailed welding 
procedure specification covering the weld preparation, welding 
parameters, filler metal, preheating, post-weld heat treatment 
and inspection procedures. 


1.10.3 Before welding is started, Welding Procedure 
Qualification tests are to be carried out and witnessed by the 
Surveyor. Each welder is to be qualified to carry out the 
proposed welding using the same process, consumable and 
position which are to be used for the repair. 
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Table 9.1.4 Permissible rectification of new 


propellers by welding 


Maximum total area 
of repairs 


Maximum individual 
area of repair 


Severity zone 
or region 


Zone A Weld repairs not generally permitted 


Defects that are not deeper than (t/40) mm or 
2 mm, whichever is greater, below the 
minimum local thickness are to be removed 
by grinding. Defects which are deeper than 
allowable for removal by grinding may be 
repaired by welding. 


200 cm? or 2% x S, 
whichever is the 
greater in combined 
60 cm2 or 0,6% x S Zones B and C but 
whichever is the not more than 
greater 100 cm? or 0,8% x S, 
whichever is the 
greater, in Zone B 
on the pressure side 


50 cm? or 5% x area 
of the region which- 
ever is the greater 


17 cm? or 1,5% area 
of the region which- 
ever is the greater 


Other regions 
(see Note) 


where t= minimum local thickness in mm 


D2 B 
N 


area of one side of a blade = 0,79 


finished diameter of propeller 
developed area ratio 
number of blades 


NOTE 
Other regions include: 
the bore; 
the forward and aft faces of the boss; 
the outer surface of the boss to the start of the blade root 
fillets; 
the inner face of a CPP blade palm; 
all surfaces of CPP nose cones; 
the surfaces of integral journals to CPP blades other than the 
fillets. 


1.10.4 Defects to be repaired by welding are to be removed 
completely by mechanical means (e.g. grinding, chipping or 
milling). Removal of defects in accordance with the require- 
ments for Zone A is to be demonstrated by dye penetrant 
inspection in the presence of the Surveyor. The excavation is to 
be prepared in a manner which will allow good fusion and is 
to be clean and dry. 


1.10.5 Metal arc welding with the electrodes or filler wire 
used in the procedure tests is to be used for all types of 
repairs. Welds should preferably be made in the downhand 
(flat) position. Where necessary, suitable preheat is to be 
applied before welding, and the preheat temperature is to be 
maintained until welding is completed. 


7.10.6 When flux coated electrodes are used they are to 
be dried immediately before use, in accordance with the 
manufacturer’s instructions. 


1.10.7 All slag, undercuts and other defects are to be 
removed before the subsequent run is deposited. 
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1.10.8 With the exception given in 1.10.9, all weld repairs in 
areas of solid propellers exposed to sea-water, and all repairs 
to separately cast blades, are to be stress relief heat treated. 


1.10.9 Stress relief heat treatment is not mandatory after 
welding Grade Cu 3 castings in Zone C unless a welding 
consumable susceptible to stress corrosion (e.g. complying 
with the composition range of Grade Cu 4) is used. All welds 
in Zones A and B however, must be stress relieved by heat 
treatment, regardless of alloy. 


7.10.10 Propeller and propeller blades are to be stress 
relieved within the following temperature ranges: 


alloy Grades Cu 1 and Cu2 350°C to 550°C 
alloy Grade Cu 3 450°C to 500°C 
alloy Grade Cu 4 450°C to 600°C 


Soaking times are to be in accordance with Table 9.1.5, and 
subsequent cooling from the soaking temperature is to be 
suitably controlled to minimise residual stresses and is not to 
exceed 50°C per hour until the temperature is below 200°C. 
Care should be taken to avoid heating castings in the 
Grade Cu 3 alloy at temperatures between 300° and 400°C 
for prolonged periods. 


Table 9.1.5 Soaking times for stress relief heat 


treatment of copper alloy propellers 


Alloy Grade Cut and Cu2 | Alloy Grade Cu3 and Cu4 


Stress relief 
temperature 
°C 


Hours per Maximum Hours per Maximum 

25mm of recommended} 25 mmof recommended 

thickness total time thickness total time 
hours hours 


(see Notes) 


350 
400 
450 
500 
550 
600 


NOTES 
1. Treatment at 550°C is not applicable to alloy Grade Cu3. 
2. Treatment at 600°C is only applicable to alloy Grade Cu4. 


1.10.11 Stress relief heat treatment is to be carried out, 
where possible, in furnaces having suitable atmosphere and 
temperature control. Sufficient thermocouples are to be 
attached to the casting to measure the temperature at 
positions of extremes of thickness. 


7.10.12 Asan alternative to 1.10.11, local stress relief heat 
treatment may be accepted, provided that the Surveyor is 
satisfied that the technique will be effective and that adequate 
precautions are taken to prevent the introduction of detrimental 
temperature gradients. Where local stress relief heat treatment 
iS approved, adequate temperature control is to be provided. 
The area of the propeller or blade adjacent to the repair is to be 
suitably monitored and insulated to ensure that the required 
temperature is maintained and that temperature gradients are 
moderate. Care should be taken to select the shape of an area 
to be heat treated which will minimise residual stresses. 
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1.10.13 On completion, welds are to be ground smooth for 
visual examination and dye penetrant inspection. Where a 
propeller or propeller blade is to be stress relief heat treated, 
a visual examination is to be made before heat treatment, and 
both visual and dye penetrant examinations are to be made 
after the stress relief heat treatment. Irrespective of location, 
all weld repairs are to be assessed according to Zone A in 
Table 9.1.3. 


1.10.14 The foundry is to maintain full records detailing the 
weld procedure, heat treatment and extent and location on 
drawings of repairs made to each casting. These records are 
to be available for review by the Surveyor, and copies of 
individual records are to be supplied to the Surveyor on request. 


1.10.15 LR reserves the right to restrict the amount of repair 
work accepted from a manufacturer when it appears that 
repetitive defects are the result of improper foundry 
techniques or practices. 


1.11 Identification 


1.11.1 Castings are to be clearly marked by the manufac- 

turer in accordance with the requirements of Chapter 1. The 

following details are to be shown on all castings which have 

been accepted: 

a) Identification mark which will enable the full history of the 
item to be traced. 

b) Alloy grade. 

c) LR or Lloyd’s Register and the abbreviated name of LR 
local office. 

d) Personal stamp of Surveyor responsible for the final 
inspection. 

e) Date of final inspection. 

f) Skew angle, if in excess of 25°. See Pt 5, Ch 7,1 of the 
Rules for Ships for the definition of skew angle. 


1.12 Certification of materials 


1.12.1 ALR certificate is to be issued for each propeller, 
see Ch 1,3.1. 


1.12.2 The manufacturer is to provide the Surveyor with 

the following particulars for each casting: 

a) Purchaser’s name and order number. 

b) Description of casting. 

c) Alloy designation and/or trade name. 

d) Identification number of casting. 

e) Cast identification number if different from (d). 

f) Details of heat treatment, where applicable. 

g) Skew angle, if in excess of 25°. See the relevant Rules 
for the definition of skew angle. 

h) Final weight of casting. 

() Results of non-destructive tests and details of test 
procedures. 

k) Proportion of alpha-structure for Cu1 and Cu2 alloys. 

) | Results of mechanical tests. 

m) A sketch showing the location and extent of welding 
repairs (if any). 
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Hi Section 2 
Castings for valves, liners and 
bushes 


2.1 Scope 


2.1.1 This Section makes provision for copper alloy 
castings for valves, liners, bushes and other fittings intended 
for use in the construction of ships, other marine structures, 
machinery and pressure piping systems. 


2.1.2 Castings are to be manufactured and tested in 
accordance with Chapters 1 and 2, and also with the 
requirements given in this Section. 


2.1.3 As an alternative to 2.1.2, castings which comply 
with National or proprietary specifications may be accepted 
provided that these specifications give reasonable equiva- 
lence to the requirements of this Section or alternatively are 
approved for a specific application. Generally, survey and 
certification are to be carried out in accordance with the 
requirements of Chapter 1. 


2.2 Manufacture 

2.2.1 Castings are to be manufactured at foundries 
approved by LR. 

2.3 Quality of castings 

2.3.1 All castings are to be free from surface or internal 
defects which would be prejudicial to their proper application 
in service. 

2.4 Chemical composition 

2.4.1 The chemical composition is to comply with the 
requirements of a National or International Standard and, 


where appropriate, with the limits for the principal elements 
of the preferred alloys listed in Tables 9.2.1 and 9.2.2. 


Table 9.2.1 


Alloy type Designation 


Cu Sn 
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2.4.2 With the exception given in 2.4.3, chemical analysis 
is required on each cast. 


2.4.3 Where a cast is wholly prepared from ingots for 
which an analysis is already available, and provided that no 
significant alloy additions are made during melting, the ingot 
maker's certified analysis can be accepted subject to occasional 
check tests as requested by the Surveyor. The frequency of 
these check tests should, as a minimum, be one in every ten 
casts. If one of these check analyses fails to comply with the 
specification, checks are to be made on the previous and 
subsequent melts. If one or both of these further analyses is 
unsatisfactory, chemical analysis is to be carried out on all 
further melts until the Surveyor is satisfied that a return can 
be made to the use of occasional check tests. 


2.5 Heat treatment 


2.5.1 Where required by the specification, castings may 
be supplied in either the ‘as-cast’ or heat treated condition. 


2.5.2 Where castings are supplied in a heat treated 
condition, the test samples are to be heat treated with the 
castings they represent prior to the preparation of the tensile 
test specimens. 


2.6 Test material 


2.6.1 Test material sufficient for the tests specified in 
2.6.4 and for possible re-test purposes is to be provided for 
each cast of material. 


2.6.2 The test material is to be separately cast into 
moulds made of the same material as that used for the 
castings they represent. 


2.6.3 For the alloys listed in Table 9.2.1, sand cast test 
bars are generally to be in accordance with Fig. 9.2.1. 


2.6.4 For the alloys listed in Table 9.2.2, keel block type 
test samples are to be in accordance with Fig. 9.1.1. 


Chemical compositions of long freezing range alloys: principal elements only 


Chemical composition Typical 


ae Pb Ni p applications 


Cu Sn11P 
Cu Sn12 


87,0 - 89,5 
85,0 - 88,5 


10,0-11,5 


Phosphor bronze 110-130 


0,05 max. 
0,50 max. 


0,25 max. 
0,7 max. 


0,5- 1,0 
0,60 max. 


Liners, bushes, 
valves and 
fittings 


0,10 max. 
2,0 max. 


Gunmetal n10 Zn2 Remainder | 9,5- 10,5 


1,75-2,79 


Liners, valves 


1,0 max. and fittings 


1,5 max. 


n5 Zn5 Pb5 
n7 Zn2 Pb3 
n7 Zn4 Pb7 
n6 Zn4 Pb2 


83,0 - 87,0 
85,0 — 89,0 
81,0 - 85,0 
86,0 - 90,0 


4,0 -6,0 
6,0 -8,0 
6,0 -8,0 
5,5-6,5 


Leaded gunmetal 


4,0 -6,0 
1,5-3,0 
2,0-5,0 
3,0 -5,0 


4,0-6,0 
2,5-3,5 
5,0-8,0 
1,0-2,0 


0,10 max. 
0,10 max. 
0,10 max. 
0,05 max. 


2,0 max. 
2,0 max. 
2,0 max. 
1,0 max. 


Bushes, valves 
and fittings 


n10 Pb10 
n5 Pb9 
n7 Pb15 
n5 Pb20 


78,0 — 82,0 
80,0 - 87,0 
74,0 — 80,0 
70,0 — 78,0 


9,0-11,0 
4,0 -6,0 
6,0 -8,0 
4,0- 6,0 


Leaded bronze 


8,0-11,0 
8,0 - 10,0 
13,0 - 17,0 
18,0 - 23,0 


0,10 max. 
0,10 max. 
0,10 max. 
0,10 max. 


2,0 max. 
2,0 max. 
0,5 - 2,0 
0,5-2,5 


2,0 max. 
2,0 max. 
2,0 max. 
2,0 max. 


Bushes 
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Table 9.2.2 Chemical compositions of short freezing range alloys: principal elements only 


Chemical composition Typical 


Alloy type Designati applications 


Cu i Cr Si 


Cu Ni30 Fe1 Mn1 64,5 min. 0,1 max. Flanges, 
Copper 30% | Cu Ni30 Fe1 Mn1 Nb Si | Remainder 0,3-0,7 valves 
nickel Cu Ni380 Cr2 Fe Mn Si | Remainder 0,15-0,50 and fittings 
(see Note 1) 


Copper 10% | Cu Ni10 Fe1 Mn1 84,5 min. 1,0 max.} 0,10 max. Flanges, 
nickel valves 
and fittings 


Aluminium 76,0-83,0 3,0 max. 8,5-10,5 | Bushes, 
bronze valves 
and fittings 


72,0-78,0 2,5 max. 10,0-12,0 


NOTES 
1. Normally alloy Cu Ni30 Cr2 Fe Mn Si contains 0,1 to 0,25% titanium and 0,05 to 0,15% zirconium. 
2. For Naval ships, the nickel content is to be higher than the iron content. 


55 mm dia. 


4888/04 


Fig. 9.2.1 Sand cast test bars for long freezing range alloys 


2.6.5 If it is proposed to use any other form of test bar, 2.7 Mechanical tests 
this is to be agreed in advance with the Surveyor. 

2.7.1 A tensile test specimen is to be prepared from each 
2.6.6 As an alternative, for liners and bushes, the test test sample. The dimensions of the specimens are to comply 
material may be taken from the ends of the castings. with Fig. 2.2.1 or Fig. 2.2.2 in Chapter 2. 


2.7.2 The results of all tests are to comply with the appro- 
priate requirements given in Tables 9.2.3 and 9.2.4. 
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Table 9.2.3 Mechanical properties of long freezing range alloys for acceptance purposes 


0,2% proof stress A i 
eam minimum Tensile strength Elongation on 5,65 4/ So 


Alloy type Designation (See Note 1) N/mm? minimum % minimum 


Sand Centrifugal Sand Centrifugal Sand Centrifugal 


Cu Sni1 P 130 170 250 330 
Phosphor bronze Cu Sni2 140 150 260 280 


Gunmetal Cu Sn10 Zn2 130 130 270 250 


Leaded gunmetal Cu Snd ZnS PbS 90 110 200 250 
Cu Sn7 Zn2 Pb3 130 130 230 260 
Cu Sn7 Zn4 Pb7 120 120 230 260 
Cu Sn6 Zn4 Pb2 110 110 220 240 


Cu Sn10 Pb10 80 110 180 220 
Leaded bronze Cu Sn5 Pb9 60 90 160 200 
Cu Sn7 Pb15 80 90 170 200 
Cu Sn5 Pb20 70 80 150 170 


NOTES 

1. The 0,2% proof stress values are given for information purposes only and, unless otherwise agreed, are not required to be verified by test. 

2. Castings may be supplied in the chill cast condition in which case the mechanical properties requirements are to be in accordance with a 
specification agreed by LR. 


Table 9.2.4 Mechanical properties of short freezing range alloys for acceptance purposes 


0,2% proof stress ; ; 
ee minimum Tensile strength Elongation on 5,65 V So 


Alloy type Designation (See Note 1) N/mm? minimum % minimum 


Sand Centrifugal Sand Centrifugal Sand Centrifugal 


Copper 30% Nickel Cu Ni30 Fe1 Mn1 120 120 340 
Cu Ni30 Fe1 Mn1 Nb Si 230 — 440 
Cu Ni30 Cr2 Fe Mn Si 250 440 


Copper 10% Nickel Cu Ni10 Fe1 Mn1 120 280 


Aluminium Bronze Cu Al10 Fed Ni5 250 600 
Cu Al11 Fe6 Ni6 320 680 


2.8 Inspection Table 9.2.5 Visual and surface NDE acceptance 
criteria for valves and pressure 

2.8.1 All castings are to be cleaned and adequately components 

prepared for inspection. Before acceptance, all castings are to 

be presented to the Surveyor for visual examination. This is to Defect type Acceptance criteria for visual and surface 

include the examination of internal surfaces, where applicable. NDE, see Note 

2.8.2 For valves and other pressure components, dye risar indications Norpermitted 

penetrant inspection is required and the Surveyor is to Porosity Individual pores are not to exceed 3 mm 

witness the tests. Unless otherwise agreed, the acceptance diameter bleed out, and the sum of the 

criteria to be applied are to meet the requirements of diameters of all indications in an area of 

Table 9.2.5, or equivalent. 70 x 70 mm is not to exceed 24 mm? 
NOTE 

2.8.3 The accuracy and verification of dimensions are the Inspection is to be in accordance with a procedure acceptable to 


responsibility of the manufacturer. However, the report on LR. 
dimensional inspection is to be presented to the Surveyor who 
may request to witness confirmatory measurements. 
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2.9 Rectification of defective castings 


2.9.1 Subject to the prior approval of the Surveyor, 
castings containing local porosity may be rectified by impreg- 
nation with a suitable plastic filler provided that the extent of 
the porosity is such that it does not adversely affect the 
strength of the casting. 


2.9.2 Proposals to repair a defective casting by welding 
are to be submitted to the Surveyor before this work is 
commenced. The Surveyor is to be satisfied that the number, 
position and size of the defects are such that the castings can 
be efficiently repaired. 


2.9.3 Where approval is given for the repair by welding, 
complete elimination of the defects is to be proven by 
adequate non-destructive testing. 


2.9.4 All welding is to be in accordance with an approved 
and qualified weld procedure and carried out by a qualified 
welder. 


2.9.5 A statement and/or sketch detailing the extent and 
position of all weld repairs is to be prepared by the manufac- 
turer aS a permanent record. These records are to be 
available for review by the Surveyor, and copies of individual 
records are to be supplied to the Surveyor on request. 


2.9.6 The alloys listed in Table 9.2.1 are not satisfactory 
for repair by welding which is generally not permitted. Weld 
repairs may, however, be considered in special circumstances 
provided that a suitable procedure, with proof of previous 
satisfactory repairs is submitted to the Surveyor. 


2.9.7 The welding during manufacture of liners is not 
permitted in any alloy containing more than 0,5 per cent lead. 


2.10 Pressure testing 


2.10.1 Where required by the relevant Rules, castings are 
to be pressure tested before final acceptance. Unless other- 
wise agreed, these tests are to be carried out in the presence 
of the Surveyors and are to be to their satisfaction. 


2.11 Identification 


2.11.1 |The manufacturer is to adopt a system of identifi- 
cation which will enable all finished castings to be traced to 
the original cast, and the Surveyor is to be given full facilities 
for tracing the casting when required. 


2.11.2 Before acceptance, all castings which have been 

tested and inspected with satisfactory results are to be clearly 

marked by the manufacturer with the following details: 

(a) Identification number, cast number or other markings 
which will enable the full history of the casting to be traced. 

(o) LR or Lloyd’s Register and the abbreviated name of LR’s 
local office. 

(c) Personal stamp of the Surveyor responsible for 
inspection. 

(d) Test pressure, where applicable. 

(e) Date of final inspection. 
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2.11.3. Where small castings are manufactured in large 
numbers, modified arrangements for identification may be 
specially agreed with the Surveyor. 


2.12 Certification of materials 

2.12.1 A LR certificate is to be issued, see Ch 1,3.1. 
2.12.2 The manufacturer is to provide the Surveyor with 
the following particulars for each casting or batch of castings 


which has been accepted: 
a) Purchaser’s name and order number. 


( 

(o) Description of castings and alloy grade. 

(c) Identification number. 

(d) Ingot or cast analysis. 

(e) Full details of heat treatment, where applicable. 
(f) | Mechanical test results. 


(g) Test pressure, where applicable. 


2.12.3 In addition to 2.12.2, the manufacturer is to provide, 
where applicable, a statement and/or sketch detailing the extent 
and position of all weld repairs made to each casting. 


|_| Section 3 


Tubes 
3.1 Scope 
3.1.1 Provision is made in this Section for seamless 


copper and copper alloy tubes intended for use in condensers, 
heat exchangers and pressure piping systems. 


3.1.2 Tubes for Class | and Il pressure systems (as 
defined in the relevant Rules) are to be manufactured and 
tested in accordance with the requirements of Chapters 1 and 
2 and the requirements of this Section. 


3.1.3 As an alternative to 3.1.2, tubes which comply with 
National or proprietary specifications may be accepted 
provided that these specifications give reasonable equiva- 
lence to the requirements of this Section or alternatively are 
approved for a specific application. Generally, survey and 
certification are to be carried out in accordance with the 
requirements of Chapter 1. 


3.1.4 Tubes for Class Ill pressure systems are to be 
manufactured and tested in accordance with the requirements 
of a National or International Standard recognised by LR. The 
manufacturer’s test certificate will be acceptable and is to be 
provided for each batch of material. 


3.2 Manufacture 
3.2.1 Tubes for Class | and Il pressure systems are to be 
manufactured at a works approved by LR for the grade of 


material being supplied. 


3.2.2 Tubes for Class Ill pressure systems are not 
required to be manufactured at a works approved by LR. 
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3.3 Quality 
3.3.1 Tubes are to be clean and free from surface and 
internal defects and residues from manufacturing operations. 


3.3.2 The tubes are to be supplied in smooth, round, 
straight lengths and the manufacturer is to guarantee freedom 
from deleterious films in the bore. The ends are to be cut clean 
and square with the axis of the tube and are to be de-burred. 


3.4 Dimensional tolerances 

3.4.1 The tolerances on the wall thickness and diameter 
of the tubes are to be in accordance with a National or 
International Standard recognised by LR. 


3.4.2 The measurement of dimensional accuracy and 
compliance with the specification are the responsibility of the 
manufacturer, but the reports are to be made available to the 
LR Surveyors, who may require checks to be made in their 
presence. 


3.5 Chemical composition 

3.5.1 The chemical composition is to comply with the 
requirements of a National or International Standard recog- 
nised by LR and comply with the base limits for the principal 
elements given in Table 9.3.1. 


3.6 Heat treatment 

3.6.1 Copper-phosphorus and aluminium brass tubes are 
to be supplied in the annealed condition. Aluminium brass 
tubes may additionally be required to be given a suitable 
stress relieving heat treatment when subjected to a cold 
straightening operation after annealing. 


Table 9.3.1 


Chapter 9 


Section 3 


3.6.2 Tubes in the copper-nickel iron alloys are to be 
supplied in a solution heat treated condition to ensure that no 
iron rich phases are present. 


3.7 Mechanical tests 

3.7.1 Tubes are to be presented for test in batches of 
300 lengths. A batch is to consist of tubes of the same size, 
manufactured from the same material grade. 


3.7.2 At least one length is to be selected at random from 
each batch and subjected to the following tests: 
(a) Tensile test. 


(o) Flattening test. 
(c) Drift expanding test. 
3.7.3 The procedures for mechanical tests and the 


dimensions of the test specimens are to be in accordance 
with Chapter 2. 


3.7.4 The flattening test is to be continued until the 
interior surfaces of the tube meet. 


3.7.5 For the drift expanding test, the mandrel is to have 
an included angle of 45°. 


3.7.6 The results of all mechanical tests are to comply 
with the appropriate requirements given in Table 9.3.2. 


3.7.7 At the discretion of the Surveyor, a modified 
testing procedure may be adopted for small quantities of 
materials. In such cases, these may be accepted on the 
manufacturer’s declared chemical composition and hardness 
tests or other evidence of satisfactory properties. 


Chemical composition of principal elements only 


Chemical composition % 


Designation 


Cu P 


Fe Pb 


Copper-phosphorus 99,85 min. 0,013-0,050 
deoxidised-non- 


arsenical 


Copper-phosphorus 99,2 min. 0,30-0,50 0,013-0,050 


deoxidised-arsenical 
Aluminium brass 


90/10 Copper-nickel- 
iron (see Note) 


70/30 Copper-nickel- 
iron (see Note) 


76,0-79,0 0,02-0,06 


Remainder = 


Remainder 


0,06 max. 0,07 max. — Remainder 


1,0-2,0 a 9,0-11,0 


0,40-1,00 29,0-33,0 


NOTE 


Where the purchaser specifies that the product is intended for subsequent welding applications, the following limits will apply: 


Zn 0,50% max. $ 
Pb 0,02% max. Cc 
P 0,02% max. 


0,02% max. 
0,05% max. 
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Table 9.3.2 


0,2% proof 
stress 
N/mm2 

minimum 


Designation 


Tensile 
strength 

N/mm2 
minimum 


Chapter 9 


Section 3 


Mechanical properties for acceptance purposes 


Grain size 
mm 
maximum 
(see Note) 


Elongation 


on 5,654/S5 


% minimum 


Drift expansion 
test % 
minimum 


Copper-phosphorus 65 


deoxidised—non-arsenical 
Copper-phosphorus 65 
deoxidised—arsenical 


Aluminium brass 125 


90/10 Copper-nickel-iron 100 


70/30 Copper-nickel-iron 120 


220 


220 


320 
270 


360 


40 40 = 


40 


30 0,045 


30 0,045 


30 0,045 


NOTE 


When a maximum grain size is specified, the structure is to be completely re-crystallised. The manufacturer is to guarantee the grain size, but 


testing of each batch will not be required. 


3.8 Visual examination 

3.8.1 All tubes are to be visually examined. The manufac- 
turer is to provide adequate lighting conditions to enable an 
internal and external examination of the tubes to be carried out. 


3.8.2 The inner and outer surfaces are to be clean and 
smooth but may have a superficial, dull iridescent film on both 
the inner and outer surfaces. 


3.9 Hydraulic test 
3.9.1 Each tube is to be subjected to a hydraulic test at 
the manufacturer’s works. 


3.9.2 The hydraulic test pressure is to be determined 
from the following formula, except that the maximum test 
pressure need not exceed 70 bar: 


p - 20st 
D 
where 
P = test pressure, in bar 
D = nominal outside diameter, in mm 
t = nominal wall thickness, in mm 
Ss = 40 for copper-phosphorus 


60 for Al-brass and 
90/10 copper nickel iron 
75 for 70/30 copper nickel iron. 


3.9.3 The test pressure is to be maintained for sufficient 
time to permit proof that the tubes do not weep, leak or 
undergo a permanent increase in diameter. Unless otherwise 
agreed, the manufacturer’s certificate of satisfactory hydraulic 
test will be accepted. 


3.9.4 Where it is proposed to adopt a test pressure other 
than that determined in 3.10.2, the proposal will be subject 
to special consideration. 


3.9.5 Subject to special approval, an automated eddy 
current test can be accepted in lieu of the hydraulic test. 
Discontinuous irregularities on the external and internal 
surfaces of the tubes are permitted if they are within the 
agreed dimensional tolerances, with the exception of cracks, 
which are not permitted. 


3.10 Rectification of defects 

3.10.1 The repair of defects by welding is not permitted. 
3.11 Identification 

3.11.1 Tubes are to be clearly marked by the manufacturer 


in accordance with the requirements of Chapter 1. The following 
details are to be shown on all materials which have been 
accepted: 

(a) LR or Lloyd’s Register. 


(b) Manufacturer’s name or trade mark. 

(c) Grade of material or designation code. 

(d) Identification number and/or initials which will enable the 
full history of the item to be traced. 

3.11.2 Identification is to be by rubber stamp or stencils. 


Hard stamping is not permitted. 


3.12 Certification of materials 

3.12.1 A manufacturer's certificate validated by LR is to be 
issued (see Ch 1,3.1), giving the following particulars for each 
casting or batch of castings which has been accepted: 

a) Purchaser’s name and order number. 

b) Specification or grade of material. 

c) Description and dimensions. 

d) Cast number and chemical composition. 

e) Mechanical test results. 

f} Results of stress corrosion cracking test, where 
applicable. 

Hydraulic test report. 


Cr 
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Section 

1 Anchors 

2 Stud link chain cables for ships 
3 Stud link mooring chain cables 
4 Studless mooring chain cables 
5 Short link chain cables 

6 Steel wire ropes 

7 Fibre ropes 


E Section 1 
Anchors 


1.1 Scope 


1.1.1 This Section makes provision for the manufacture 
and testing of anchors constructed from cast, forged and 
fabricated components. 


1.1.2 This Section is applicable to the following types of 
anchor: 

(a) Ordinary. 

(o) High holding power (HHP). 

(c) Super high holding power (SHHP). 


1.1.3 In the context of this Section, the reference to 
swivels refers to those directly attached to the anchor shank 
in lieu of the conventional ‘D’ shackle. For other mooring 
equipment swivels, see 2.13. 


1.2 Manufacture 


1.2.1 All anchors are to be of an approved design. 


1.3 Cast steel anchors 


1.3.1 Cast steel anchor heads, shanks, shackles and 
swivels are to be manufactured and tested in accordance with 
the requirements of Ch 4,1 and Ch 4,2. The Special grade 
quality is to be used for anchor heads, shanks and shackles. 


1.3.2 Special consideration will be given to the use of 
other grades of steel for the manufacture of swivels. 


1.3.3 To confirm the quality of cast anchor components, 
the Surveyor is to witness drop and hammering tests. 


1.3.4 When drop and hammering tests are required, they 

are to be carried out as follows: 

(a) Each anchor, or the components of an anchor made 
from more than one piece, is to be dropped from a clear 
height of 4 m onto a steel slab laid on a solid foundation. 


Chapter 10 


Section 1 


(b) Separately cast flukes, shanks and shackles are to be 
suspended horizontally from a clear height of 4 m before 
being dropped. 

(c) Anchors cast in one piece are to be drop tested twice 
from a clear height of 4 m. For the first test, the shank 
and flukes are to be horizontal. For the second test, two 
steel blocks are to be placed on the slab, arranged so 
that the middle of each fluke makes contact with the 
blocks without the crown making contact with the slab, 
and the orientation of the anchor is to be vertical with the 
crown nearest the slab. 

(d) If the slab is broken by the impact, the test is to be 
repeated on a new slab. 


1.3.5 When hammering tests are required, they are to be 
carried out after the drop test on each anchor head and 
shank, which is slung clear of the ground, using a non- 
metallic sling, and hammered to check the soundness of the 
component. A hammer of at least 3 kg mass is to be used. 


1.3.6 As part of the manufacturer’s works approval, 
consideration may be given to carrying out drop tests in 
alternative locations to the manufacturer’s when the facilities 
and location are not suitable. 


1.3.7 Repair of fractures or unsoundness detected during 
the drop or hammering tests are not permitted and the 
component is to be rejected. 


1.4 Forged steel anchors 


1.4.1 Forged steel anchor pins, swivels, shanks and 
shackles are to be manufactured and tested in accordance 
with the requirements of Ch 5,1 and Ch 5,2 carbon and 
carbon-manganese steel for welded construction. Rolled steel 
bar may be used provided that the requirements of Ch 5,1.2.9 
are met. 


1.4.2 Special consideration will be given to other grades 
of steel for the manufacture of swivels. 
1.5 Fabricated steel anchors 
1.5.1 Where it is proposed to use plate material for 
fabricated steel anchors, it is to comply with the requirements 
of Ch 3,2 or Ch 3,3, and the proposed manufacturing 


procedure is to be submitted for approval. 


1.5.2 Fabricated anchors are to be manufactured in 
accordance with Chapter 13. 


1.5.3 Stress relief is to be carried out as required in the 
approved welding procedure. 

1.6 Rectification 

1.6.1 All rectification is to be agreed with the Surveyor. 


1.6.2 Rectification of defective castings is to be carried 
out in accordance with Ch 4,1.9. 


LLOYD'S REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


Equipment for Mooring and Anchoring Chapter 10 
Section 1 
7.6.3 Rectification of defective forgings is to be carried Table 10.1.1 Proof load tests for anchors 
out in accordance with Ch 5,1.9. (see Notes 1 and 2) 
1.6.4 Rectification of defective fabricated anchors is to Mass Proof Mass Mass 
be carried out by suitably qualified welders within the of test of of 
parameters of the approved welding procedure used in et load ces. es. 
construction. kg kg kN kg kN 
7.6.5 Rectification of defective castings, forgings or = pa a eee 6 
fabricated anchors by welding is to be carried out using 60 2400 401,0 8200 892,0 
qualified weld procedures in accordance with Ch 12,1 and 65 2500 414,0 8400 908,0 
Ch 12,2, and in accordance with Ch 13,1 and Ch 13,2. 70 2600 427,0 8600 922,0 
75 2700 438,0 8800 936,0 
80 2800 450,0 9000 949,0 
1.7 Super high holding power (SHHP) anchors 39 ae 4020 2209 961,0 
100 3000 474,0 9400 975,0 
Tel The impact test requirements for SHHP anchor o FE pes cer ah 
shackles are to be in accordance with the requirements for 160 3300 506.0 40 000 1010.0 
Grade U3 in Table 10.2.1. 4190 l 3400 517.0 10500 1040.0 
200 3500 528,0 11 000 1070,0 
225 3600 537,0 11 500 1090,0 
1.8 Assembly 250 | 3700 547,0 12 000 1110,0 
275 3800 557,0 12 500 1130,0 
1.8.1 Assembly and fitting is to be carried out in 300 3900 567,0 13000 1160,0 
accordance with the approved design. 325 4000 577,0 13500 1180,0 
350 4100 586,0 14 000 1210,0 
1.8.2 Securing of anchor pins, shackle pins or swivels by 375 4200 595,0 14500 1280,0 
welding is to be carried out by suitably qualified welders in aoe Ob ane bs oe eee 
accordance with an approved welding procedure. 450 4500 622.0 16000 1300.0 
475 4600 631,0 16 500 1330,0 
500 4700 638,0 17 000 1360,0 
1.9 Proof test of anchors 550 4800 645,0 17500 1390,0 
600 4900 653,0 18 000 1410,0 
1.9.1 Anchors having a mass of 75 kg or more inclusive 650 1 5000 661,0 18500 1440,0 
of stock (56 kg in the case of high holding power anchors) are 700 l 5100 669,0 19000 1470,0 
to be tested in the presence of the Surveyor at a proving 750 5200 677,0 19500 1490,0 
establishment recognised by LR. A list of recognised proving 800 5300 685,0 20000 1520,0 
establishments is published separately by LR. In addition to 850 5400 691,0 21000 1570,0 
the requirements stated in this Chapter, attention must be 900 5500 699,0 22000 1620,0 
given to any relevant statutory requirements of the National Ae = as 2 oo Pod 
Authority of the country in which the ship or mobile offshore ae Ep00 P ooe Aoo 
unit is to be registered. 1100 5900 7280 26000 1800.0 
1150 6000 735,0 27 000 1850,0 
1.9.2 The anchor is to be visually examined before 1200 6100 740,0 28000 1900,0 
application of the proof test load to ensure that it is free from 1250 6200 747,0 29000 1940,0 
cracks, notches, inclusions and other surface defects that 1300 6300 754,0 30000 1990,0 
would impair the performance of the product. 1350 6400 760,0 31000 2030,0 
1400 6500 767,0 32 000 2070,0 
1.9.3 As required by 1.9.1, each anchor is to be 1450 6600 773,0 2160,0 
subjected to a proof loading test in an approved testing 1500 6700 779,0 2250,0 
machine and is to withstand the load given in Table 10.1.1 for ae ee a a 
the appropriate mass of the anchor. The proof load is to be ' ' 
applied on the arm or on the palm at a spot which, measured e Oe as pi 
from the extremity of the bill, is one-third of the distance 2000 7400 832.0 i 2650.0 
between it and the centre of the crown. For stocked anchors, 2100 7600 845,0 7 2730,0 
each arm is to be tested individually. For stockless anchors, Proof loads for intermediate mass are to be determined by linear 
both arms are to be tested at the same time, first on one side interpolation 
of the shank, then reversed and tested on the other. NOTES 


1. Where ordinary anchors have a mass exceeding 48 000 kg, 
the proof loads are to be taken as 2,059 (mass of anchor in 
kg)“3 kN. 


. Where high holding power anchors have a mass exceeding 
36 000 kg, the proof loads are to be taken as 2,452 (actual 
mass of anchor in kg)? kN. 


2 LLOYp’s REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


Equipment for Mooring and Anchoring 


1.9.4 The general arrangements for the test are to be 
such that the complete anchor, including the shackle, shackle 
pins and any welded or bolted connections are included in the 
test. If a replacement shackle is needed which requires 
welding or heating for fitting, the combined anchor and 
shackle are to be proof load tested. If welding or heating is 
not involved in fitting, the shackle may be proof load tested 
separately from the anchor. 


1.9.5 The mass to be used in Table 10.1.1 is: 

(a) For stockless anchors, the total mass of the anchor. 

(b) For stocked anchors, the mass of the anchor excluding 
the stock. 

(c) For high holding power anchors, a nominal mass equal 
to 1,33 times the actual total mass of the anchor. 

(d) For mooring anchors, including positional mooring 
anchors, a nominal mass equal to 1,33 times the actual 
total mass of the anchor, unless specifically agreed 
otherwise. 

(e) For super high holding power anchors, a nominal mass 
equal to twice the actual total mass of the anchor. 


1.9.6 For positional mooring anchors, the proof test 
loading is to be that required by 1.9.3 or 50 per cent of the 


minimum break strength of the intended anchor line, 
whichever is the greater. 


Table 10.1.2 


Location 


Chapter 10 


Section 1 


1.9.7 The gauge length is to be measured with 10 per 
cent of the required load applied, before and after proof test. 
The two measurements shall differ by no more than 1 per 
cent. The gauge length is the distance between the tip of each 
fluke and a point on the shank adjacent to the shackle pin, 
see Fig. 10.1.1. 


1.9.8 After proof testing, all accessible surfaces are to be 
visually inspected by the Surveyor. 


1.9.9 Following proof testing, NDE is to be conducted as 
described in Table 10.1.2 for ordinary and HHP anchors and 
Table 10.1.3 for SHHP anchors. 


1.9.10 Each casting is to be subjected to ultrasonic 
inspection in the region of runners and risers, or where excess 
material has been removed by thermal methods. This exami- 
nation is to extend around the whole periphery of the casting 
and for a distance of t/3 beyond the area affected, where t is 
the maximum thickness. In addition, random areas are to be 
selected by the Surveyor and examined. 


1.9.11 | Acceptance criteria for castings are to be in accor- 
dance with Chapter 4. 


1.9.12 | Acceptance criteria for forgings are to be in accor- 
dance with Chapter 5. 


7.9.13 Paint or anti-corrosive coatings are not to be 
applied until these inspections are completed to the satisfac- 
tion of the Surveyor. 


NDE requirements following proof testing for Ordinary and HHP anchors 


Method of NDE 


Feeder heads, runners and risers of castings 


Magnetic particle inspection and ultrasonic test, see Note 1 


All welds 


Magnetic particle inspection 


Forged components 


Not required 


Fabrication welds 


Magnetic particle inspection 


NOTES 
1. See also 1.9.10. 


2. Penetrant testing is to be used in lieu of magnetic particle testing for stainless steel, aluminium and copper alloy anchors. 


Table 10.1.3 


Location 


NDE requirements following proof testing for SHHP anchors 


Method of NDE 


Feeder heads, runners and risers of castings 


Magnetic particle inspection and ultrasonic test, see Note 1 


All surfaces of castings 


Magnetic particle inspecti 


All welds 


Magnetic particle inspecti 


Forged components 


Fabrication welds 


Not required 


Magnetic particle inspecti 


NOTES 
1. See also 1.9.10. 


2. Additionally, all surfaces of all SHHP anchors are to be surface inspected by the magnetic particle or penetrant method as appropriate. 
3. Penetrant is to be used in lieu of magnetic particle testing for stainless steel, aluminium and copper alloy anchors. 
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Gauge length 


Stocked Anchor 


Stockless Anchor 


Fig. 10.1.1 Location of gauge length measurement during proof load 


1.9.14 | On completion of the proof testing, anchors made 
in more than one piece are to be examined for free movement 
of their heads over the complete range of rotation. 


1.10 Clearances and tolerances 


1.10.1 Where no fitting tolerances are specified on the 
approved plans the following assembly and fitting tolerance 
are to be applied. 


1.10.2 The clearance either side of the shank within the 
shackle jaws and the shackle pin in the shank end hole is to 
be no more than 3 mm for small anchors up to 3 tonnes, 
4 mm for anchors up to 5 tonnes, 6 mm for anchors up to 
7 tonnes and is not to exceed 12 mm for larger anchors. 


1.10.3 The shackle pin to hole tolerance is to be no more 
than 0,5 mm for pins up to 57 mm and 1,0 mm for pins of 
larger diameter and the eyes of the shackle are to be 
chamfered on the outside to ensure a good tightness when 
the pin is fitted. The shackle pin is to mate with the shackle 
such that it can be inserted with moderate hand pressure, 
allowing disassembly if required. 


1.10.4 — The trunnion pin is to fit within the chamber such 
that it will achieve the closest fit which can be carried out by 
hand. The pin is to be long enough to prevent horizontal 
movement. The gap is to be no more than 1 per cent of the 
chamber length. 


1.10.5 The lateral movement of the shank is not to exceed 
3 degrees from the centreline datum, see Fig. 10.1.2. 


1.10.6 Unless otherwise agreed, the verification of mass 
and dimensions is the responsibility of the manufacturer. The 
Surveyor is only required to monitor this inspection. The mass 
of the anchor is to exclude the mass of the swivel, unless the 
swivel is in lieu of the conventional ‘D’ shackle. 


Fig. 10.1.2 Allowable lateral movement of shank 


1.11 Identification 


1.11.1 Identification marks on the shank are to be approx- 
imately level with the fluke tips. On the fluke, these markings 
are to be approximately at a distance of two thirds from the tip 
of the bill to the centre line of the crown on the right hand 
fluke, looking from the crown towards the shank. 


1.11.2 The following details are to be shown on all 

anchors: 

(a) LR or Lloyd’s Register and abbreviated name of LR’s 
local office issuing the certificate. 

(b) Number of the certificate. 

(c) Month and year of test. 
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(d) Mass (also the letters ‘HHP’ when approved as high 
holding power anchors or ‘SHHP’ when approved as 
super high holding power anchors). 

e) Mass of stock (in the case of stocked anchors). 

(f) National Authority requirements, as applicable. 

g) Manufacturer’s mark. 


7.11.3 In addition to 1.11.2, each important part of an 
anchor is to be plainly marked by the maker with the words 
‘forged steel’ or ‘cast steel’ as appropriate. Fabricated steel 
anchor heads do not require special marking. 


1.12 Certification 


1.12.1. The manufacturer is to provide the Surveyor with a 

written statement that the anchor has been manufactured and 

tested in accordance with LR Rules together with the following 

particulars: 

(a) Purchaser’s name and order number. 

b) Type of anchor and principal dimensions. 

c) Mass of anchor. 

d) Identification mark which will enable the full history of 
manufacture to be traced. 

(e) Chemical composition. 

(f) Details of heat treatment. 

(g) Mechanical test results. 

(h) Proof load. 

(i) Results of the non-destructive examination. 

k) Weld location maps (cast steel anchors only). 


1.12.2 Shanks, heads, pins, shackles and swivels are to 
be certified by LR in accordance with the relevant sections of 
Chapters 3, 4 and 5. 


1.12.3. An LR Anchor Certificate is to be issued for the 
completed anchor which will include the following particulars: 
(a) Manufacturer’s name. 

Type of anchor. 

Mass of anchor. 

Grade of materials. 

Proof test load. 

Heat treatment. 

Marking applied to anchor. 

Dimensions. 

General Approval of an Anchor Design Certificate 
Number. 

Fluke and shank identification numbers. 


E SSESTSSS 


a Section 2 
Stud link chain cables for ships 
2.1 Scope 
2.1.1 Provision is made in this Section for a range of 
grades, U1, U2 and U3, of stud link chain and fittings intended 


for anchor cables for ships. 


2.1.2 The requirements for mooring chain cables are 
given in Section 3. 
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2.1.3 The design of chain cables is to be to a Standard 
recognised by LR, such as ISO 1704. 


2.2 Manufacture 


2.2.1 All grades of chain cable and accessories are to be 
manufactured by approved procedures at works approved by 
LR. A list of approved manufacturers of stud link chain cables 
and fittings is published separately by LR. 


2.2.2 The links may be made by the flash-butt or other 
approved welding process, or in the case of Grades U2 and 
U3 they may be flash-butt welded or drop forged, designated 
U2(a) or U8(a), or cast steel designated U2(b) or U3(b), see 
Table 10.2.5. 


2.2.3 As far as practicable, consecutive links in all chain 
cable should originate from a single cast or batch of bar stock 
(see Ch 3,9.6.1), and indicating marks should be stamped on 
the final link formed from one cast or batch and the first link 
formed from a separate cast or batch. 


2.2.4 A length of chain cable is to measure not more than 
27,5 m and is to comprise an odd number of links. In this 
context, a length is a statutory term and is the basis for the 
number of test samples. 


2.2.5 Where end links or enlarged links are manufactured 
and heat treated as part of and at the same time as the chain 
cable and are of the same cast heat of steel, they may be 
excluded from separate mechanical tests and break load 
tests. 


2.3 Flash butt welded chain cable 


2.3.1 Bar material is to comply with the requirements of 
Ch 3,9 and may be heated either by electrical resistance or in 
a furnace. For electrical resistance heating, the process is to 
be controlled by an optical heat sensor. For furnace heating, 
thermocouples in close proximity to the bars are to be used 
for control. The temperature is to be continuously recorded. In 
both cases, the controls are to be checked at least once every 
eight hours and checks are to be recorded. 


2.3.2 Mechanical properties testing of U1 cable is not 
required. For Grade U2 cable supplied in the as-welded 
condition, and Grade U3 in all conditions, one tensile and one 
set of three Charpy V-notch impact test specimens are to be 
taken at the side of a link opposite the weld from at least every 
fourth 27,5 m length of cable. A further set of three impact 
test specimens is to be taken with the notch positioned at the 
centre of the weld, see Table 10.2.3. The test specimens are 
not to be selected from the same length as that from which 
the breaking test sample is taken, unless breaking test 
samples are to be taken from every length of the batch. All 
test samples are to be correctly identified with the lengths of 
cable represented. 
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2.3.3 The test links from which the mechanical test 
specimens are prepared are to be made as part of the chain 
cable and are to be heat treated with it. They may be removed 
from the cable prior to heat treatment provided that each 
sample is heat treated with, and in the same manner as, the 
chain it represents prior to preparation of the mechanical test 
specimens. 


2.3.4 The results of tests on specimens taken from the 
non-welded areas are to comply with the appropriate require- 
ments of Table 10.2.1. The results of tests on the welds are to 
comply with the requirements of Table 10.2.6. 


2.4 Cast chain cables 

2.4.1 The manufacture of cast steel chain cable is generally 
to be in accordance with the requirements of Ch 4,1, as 
appropriate. 


2.4.2 The chemical composition of ladle samples is to 
comply with the specification approved by LR. 


2.4.3 Separately cast test samples are to be provided 
from each cast. They are to be of similar dimensions to the 
links they represent and are to be heat treated together with, 
and in the same manner as, the completed chain cable, see 
Table 10.2.3. 


Table 10.2.1 
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2.4.4 Tensile and Charpy V-notch impact test specimens 
are to be taken from each test sample and machined to the 
dimensions given in Ch 2,3. 


2.4.5 The results of all tests are to comply with the 
requirements given in Table 10.2.1 for the relevant grade. 


2.5 Forged chain cables 

2.5.1 The procedure for the manufacture and testing of 
drop forgings for chain cable will be specially considered, but 
is generally to be in accordance with the appropriate require- 
ments of Ch 5,1. 


2.5.2 The chemical composition is to comply with 
Table 10.2.2. 
2.5.3 The completed forgings are to be heat treated in 


accordance with Table 10.2.3. 


2.5.4 Test samples are to be provided in the form of 
forgings of similar dimensions to the links they represent. 
These test samples are to be from the same steel-making 
heat and heat treated together with the links they represent. 


2.5.5 One tensile and three Charpy V-notch specimens 
are to be taken from each test sample. 


Mechanical properties of finished chain cable and fittings 


Charpy V-notch 
impact tests 


Yield stress 
N/mm 
minimum 


Tensile strength 
N/mm? 


Elongation 
on 5,65V So 
% minimum % 


Reduction 
of area 


minimum 


Test 
temperature 
°C 


Average 
energy 
J minimum 


295 


410 


490 - 690 


690 minimum 


22 


(0) 
(see Note 1) 


(0) 
-20 
(see Note 2) 


27 


60 
35 


NOTES 


1. When required see Table 10.2.3. 
2. Testing may be carried out at either 0°C or —20°C. 
Mechanical testing is not required for finished chain cables and fittings in Grade U1. 


Table 10.2.2 


Chemical composition of butt welded and forged chain cable 


Chemical composition % 


Si Mn 


P S 
max. | max. 


Al 


N 


U1 
U2 


U3 


0,15 - 0,35 
0,15 - 0,55 


0,15 - 0,35 


0,40 min. 


1,60 max. 


1,90 max. 


0,04 | 0,04 
0,035 | 0,035 


0,04 | 0,04 


0,02 min. 
see Note 1 


0,065 max. 
see Note 2 


0,35 


0,05 
see Note 2 


0,10 
see Note 2 


0,08 


NOTES 


1. Aluminium may be partly replaced by other grain refining 
2. To obtain fine grain steel, at least one of these grain refin 


elements. 


ing elements must be present in sufficient amount. 
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Table 10.2.3 


Manufacturing 
method 


Condition of supply 


Chapter 10 


Section 2 


Condition of supply and scope of mechanical tests for finished chain cables and fittings 


Number of test specimens on every four lengths of chain cable 
of 27,5 m or less, or on each batch of fittings 


Tensile test on base 
materials 


Charpy V-notch impact test 


Base material Weldment 


Flash butt 
welded 


As welded 
Normalised 


Flash butt 
welded 


As welded 
Normalised 


Flash butt 
welded 


Normalised 
Normalised and Tempered 
Quenched and Tempered 


Cast or drop Normalised 


forged 


Normalised 
Normalised and Tempered 
Quenched and Tempered 


Cast or drop forged 


Cast or drop Normalised 


forged 


Normalised 
Normalised and Tempered 
Quenched and Tempered 


Cast or drop 
forged 


2.5.6 The results of mechanical tests are to comply with 
the requirements of Table 10.2.1 for the relevant grade. 


2.6 Stud material 


2.6.1 Steel studs are to be used for all grades of welded 
chain cable. In general, the carbon content should not exceed 
0,23 per cent but mechanical tests for acceptance purposes 
are not required. 


2.7 Welding of studs 


2.7.1 Where studs are welded into the links this is to be 
completed before the chain cable is heat treated. 


2.7.2 The stud ends must be a good fit inside the link, 
and the weld is to be confined to the stud end opposite the 
flash-butt weld. The full periphery of the stud end is to be 
welded. If, however, it can be demonstrated to the Surveyor 
that the quality of welding is of a high standard then partial 
peripheral welding may be accepted provided that welds are 
made only at the sides of the stud and that each run extends 
continuously for at least 25 per cent of the stud periphery. 
Weld start/stop positions are not to be located in the plane of 
the chain cable. 


2.7.3 The welds are to be made by qualified welders 
using an approved procedure and consumables approved to 
Grade 3 and low hydrogen, in accordance with Chapter 11. 


2.7.4 The welds are to be of good quality and free from 
defects liable to impair the proper use of the chain. Undercuts, 
end craters and similar stress raising defects shall, where 
necessary, be ground off. 


2.7.5 At least one stud weld within each length of cable is 
to be inspected using dye penetrant testing in accordance 
with Ch 1,5 after the chain has been proof loaded. If a crack 
is found, the stud welds in the adjoining links are to be 
inspected; if a crack is found in either link, all the stud welds 
in that length are to be inspected using dye penetrant. 


2.8 Heat treatment of completed chain cables 
2.8.1 The completed chain cable is to be heat treated in 
accordance with Table 10.2.3 for the appropriate grade of 


cable. 


2.8.2 Special consideration will be given to the heat 
treatment of certain types of drop forged chain cable. 


2.8.3 In all cases, heat treatment is to be carried out prior 
to the proof loading and breaking tests. 


2.8.4 All test samples are to be heat treated with, and in 
the same way as, the chain cables they represent. 

2.9 Testing of completed chain cables 

2.9.1 All chain cables are to be subjected to a Proof Load 


test and a Breaking Load test. In addition, mechanical tests 
should be carried out where required, see Table 10.2.3. 
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2.9.2 All chain cables are to be tested in the presence of 
a Surveyor, at a proving establishment recognised by LR. A 
list of recognised proving establishments is published 
separately by LR. In addition to the requirements stated in this 
Chapter, attention must be given to any relevant statutory 
requirements of the National Authority of the country in which 
the ship is to be registered. 


2.10 Proof load tests 


2.10.1 Each length of chain cable is to be subjected to a 
proof loading test in an approved testing machine and is to 
withstand the load given in Table 10.2.4 for the appropriate 
grade and size of cable. 


2.10.2 On completion of the test, each link is to be 
visually examined and is to be free from significant defects. 
Special attention is to be given to welds. 


2.10.3 Should any link be found to be defective it is to be 
replaced by an approved connecting link (joining shackle or 
substitute link as detailed in 2.14). The chain is then to be 
subjected to a repeat of the proof load test followed by 
re-examination. 


2.10.4 Ifa link breaks during proof load testing, a sample 
consisting of three common links is to be taken from each 
side of the broken link and subjected to a breaking test as 
detailed in 2.12. If either of these samples fails, the length of 
cable is not to be accepted. A thorough examination of all 
broken links is to be made to determine the cause of failure 
and, after evaluation, LR will consider the extent of cable 
which is to be rejected. 


2.11 Dimensional inspection 


2.11.1 The measurement of dimensions in 2.11.2 and 
2.11.3 is to take place after the proof load has been applied to 
the chain and subsequently reduced to the load of 10 per cent 
of the proof load. All other dimensional checks are to be 
carried out without application of load. 


2.11.2 On every 27,5 m length of chain, five links are to be 
selected for measurement of length to ensure that the maxi- 
mum allowable tolerance on a length of five links is plus 2,5 
per cent. No under-tolerance is permitted. 


2.11.3 |f a five-link length of chain exceeds the tolerance 
given in 2.11.2, then the entire chain is to be checked for 
length, five links at a time with an overlap of two links, which 
is to include the first five links. Oversize links are to be 
removed and an approved connecting link inserted. 


2.11.4 Checks of all other dimensions are to be made on 
three links from every four 27,5 m lengths. All measurements 
are to be made on links selected by the Surveyor and are to 
be carried out to the Surveyor’s satisfaction. 


2.11.5 If one of the links detailed in 2.11.4 fails to comply 
with the required tolerances, measurements are to be made 
on all four 27,5 m lengths. 
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2.11.6 If more than one link in a 27,5 m length of chain 
cable fails to meet the tolerance requirements, all the links in 
that length are to be measured. 


2.11.7 Links that fail to comply with tolerance require- 
ments are to be removed and approved connecting links 
inserted. Where a significant number of links fail to comply 
with the tolerance requirements the chain is to be rejected. 


2.11.8 The form and proportion of links and shackles are 
to be in accordance with a standard recognised by LR, such 
as ISO 1704; alternatively, the design may be specifically 
approved by LR. 


2.11.9 Manufacturing tolerances on stud link chain are to 
be within +2,5 per cent (taking into account that all compo- 
nents of the chain are to be a good fit with one another), 
except for those detailed in 2.11.10. 


2.11.10 The nominal diameter, d, is to be the average of the 
diameters, measured in the plane of the link, dẹ, and perpen- 
dicular to the plane of the link, dp» see Fig. 10.2.1. The 
negative tolerance on the nominal diameter is not to exceed 
the following: 

Minus 1 mm when d < 40 mm 

Minus 2 mm when 40 mm < d < 84mm 

Minus 3 mm when 84 mm < d < 122 mm 

Minus 4 mm when d > 122 mm 
The plus tolerance on the diameter at the crown measured 
out of the plane of the link, dp is not to exceed 5 per cent. 


Off-centre distance: 


Aza 


te-a 


Fig. 10.2.1 Manufacturing tolerances 


2.11.11 The cross-sectional area is to be calculated using 
the nominal diameter, d. The cross-sectional area at the 
crown of the link is to have no negative tolerance. 


2.11.12 The diameter measured at locations other than the 
crown is to have no negative tolerance. The plus tolerance is 
to be in accordance with Table 3.9.3 in Chapter 3 except at 
the butt weld where it is to be in accordance with the manu- 
facturer’s specification, which is to be agreed by LR. 
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Table 10.2.4 


Test loads for stud link anchor chain cables 


Grade U1 


Grade U2 


Grade U3 


Chain 
diameter 


dmm 


Proof load kN 


0,00686d2 


Breaking load kN 


0,00981d2 
(44— 0,080) 


Proof load kN 


0,00981d2 
(44- 0,080) 


Breaking load kN 


0,01373d2 
(44- 0,080) 


Proof load kN 


0,01373d2 
(44— 0,080) 


Breaking load KN 


0,01961d2 
(44- 0,080) 


66 
82 
107 
128 
150 


175 
201 
238 
278 
321 


367 


66 
82 
107 
128 
150 


175 
201 
238 
278 


92 
115 
150 
179 
211 


244 
281 
333 
389 
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2.11.13 Studs must be located in the links centrally and at 
right angles to the sides of the link, although the studs at each 
end of any length may also be located off-centre to facilitate 
the insertion of the joining shackle. The following tolerances 
in Fig. 10.2.1 will be accepted provided that the stud fits 
snugly and its ends lie practically flush against the inside of 
the link: 

Maximum off-centre distance ‘X’: 10 per cent of the 

nominal diameter d 

Maximum deviation ‘a’ from the 90° — position: 4°. 


2.11.14 All individual parts must have a clean surface 
consistent with the method of manufacture and the surface is 
to be free from cracks, notches, inclusions and other defects 
which could impair the performance of the product. Crack- 
like imperfections less than 3 mm in length can be ignored. 
The flash produced by upsetting or drop forging must be 
properly removed. 


2.11.15 Minor surface imperfections may be ground off so 
as to leave a gentle transition to the surrounding surface 
provided that the cross-sectional area remains equal to or 
greater than the nominal cross-sectional area. Remote from 
the crown, local grinding up to 5 per cent of the nominal 
diameter may be permitted. 


2.11.16 Paint or anti-corrosive coatings are not to be 
applied until these inspections are completed to the satisfaction 
of the Surveyor. 


2.12 Breaking load tests 


2.12.1 Breaking load tests are to be carried out on three- 
link samples selected by the Surveyor from the completed 
(including heat treatment) chain. The test links may be 
removed from the chain prior to heat treatment provided that 
each sample is heat treated with, and in the same manner as 
the chain it represents. They are to be properly identified with 
the lengths of chain they represent. 


2.12.2 | The number of tests required is to be in accordance 
with Table 10.2.5 except that for chafing chain for Emergency 
Towing Arrangements (ETA), see Pt 3, Ch 13,10.2, one test is 
to be carried out on each 110 m of finished chains. 


2.12.3 Breaking test specimens are to withstand the load 
given in Table 10.2.4 for the appropriate grade and size of 
cable. The specimen is considered to have passed this test if 
it has shown no sign of fracture after application of the 
required load for a minimum of 30 seconds. 


2.12.4 Where a breaking test specimen fails, a further 
specimen is to be cut from the same length of cable and 
subjected to test. If this re-test fails, the length of cable from 
which it was taken is to be rejected. When this test is also 
representative of other lengths, each of the remaining lengths 
is to be individually tested by taking a breaking test specimen 
from each length of the batch. If one of these further tests 
fails, the entire set of lengths represented by the original test 
is to be rejected. 
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2.12.5 For large diameter cables where the required 
breaking load is greater than the capacity of the testing 
machines, special consideration will be given to acceptance 
of an alternative testing procedure. 


Table 10.2.5 Number of breaking tests from 


completed cables 


Method of 
manufacture 


Number of breaking 
test specimens 


Designation 


Grade U1 Flash-butt welded and | One from every four 
heat treated lengths of 27,5 m 


or less 


Flash-butt welded, One from every four 
or drop forged lengths of 27,5 m 
and heat treated or less 


Flash-butt welded One from each length 
but not heat of 27,5 mor less 
treated 

Cast and heat treated One per heat 
treatment batch 
with a minimum 
of one from every 
four lengths of 
27,5 m or less 


Table 10.2.6 Mechanical properties of welds in 


chain cables 


Charpy V-notch 
impact test 


Test Average 
temperature energy 
°C J min 


O 27 


(see Note 1) 
(0) 50 

-20 27 
(see Note 2) 


NOTES 
1. Impact tests are only required if the chain cable is not heat 

treated. 
2. Impact testing may be carried out at 0°C or minus 20°C. 


2.13 Fittings for chain cables 


2.13.1 Cable fittings are to be manufactured at an 
approved works. 


2.13.2 The materials from which the fittings are made are 
to be manufactured at approved works, in accordance with 
the appropriate requirements of Ch 4,1 or Ch 5,1 respectively. 
Alternative arrangements may be agreed provided that full 
details concerning the manufacturer are submitted to LR. 


10 
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2.13.3 All fittings are to be manufactured to an approved 
manufacturing specification, and provision is to be made for 
tensile specimens and, where applicable, impact test 
specimens, see Table 10.2.3. The mechanical test require- 
ments are the same as those for the relevant grade of chain 
cable, see Table 10.2.1. 


2.13.4 The test samples are to be prepared in accordance 
with 2.4.3 or 2.5.4 as applicable. The test specimens are to 
be subjected to heat treatment with the fittings they 
represent. 


2.13.5 For mechanical testing, a batch is defined as 
fittings of the same grade, size and heat treatment furnace 
load and is to have originated from a single cast heat of steel. 


2.13.6 Mechanical tests of pins are to be taken in 
accordance with 3.8.15. 


2.13.7 Fittings such as shackles, swivels and swivel 
shackles are to be forged or cast in steel of at least Grade 
U2. The welded construction of fittings may also be approved 
providing that full details of the manufacturing process and 
the heat treatment are submitted. 


2.13.8 All chain cable accessories, including spares, are to 
be subjected to the proof loads appropriate to the grade and 
size of cable for which they are intended. These include 
shackles, swivels, swivel shackles, enlarged links and end 
links. Anchor shackles, however, are to be tested in combination 
with the anchor, see 1.4. 


2.13.9 The appropriate breaking load is to be applied for 

a minimum of 30 seconds to at least one item out of every 

batch of up to 25 detachable links, shackles, swivels, swivel 

shackles, enlarged end links and end links and at least one 

item out of every batch of up to 50 for lugless (Kenter) 

shackles. The item tested is to be destroyed and not used as 

part of an outfit. For the purposes of break load testing, a 

batch of accessories is to consist of: 

(a) the same accessory type, grade and size; 

(b) the same rolling or forging or casting process; and 

(c) accessories that are heat treated together in the same 
furnace. 


2.13.10 Where a break load batch as defined in 2.13.9 
requires a normalise or normalise and temper heat treatment, 
the size of accessories may vary within a batch provided that 
the heat treatment cycle is chosen to satisfy the accessory 
with the largest cross-section size. The batch may consist of 
more than one steel-making heat provided that the two 
accessories are break tested, one with the largest cross- 
section size and one with the smallest cross-section size. 


2.13.11 Where a break load batch as defined in 2.13.9 
requires a quench and temper heat treatment, the size of the 
accessories within the batch is to be the same and is limited 
to the same steel-making heat. 


2.13.12 If the sample fails to withstand the breaking load with- 
out fracture, two more samples from the same batch may be 
tested. If either of these samples fails, the batch is to be rejected. 
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2.13.13 Fittings of increased dimensions or higher grade 
material may be used subject to approval by LR. 


2.13.14 Where items of increased dimensions are used or if 
material of a higher grade than is specified is used, the breaking 
load is to be applied to each item, and the items so tested 
included with the outfit. For the purpose of this paragraph, items 
of increased dimensions are those so designed that their break- 
ing strength is not less than 1,4 times the Rule minimum 
breaking load of the chain cable with which they are to be used. 


2.13.15 LR may waive the breaking load test provided that: 

(a) the breaking load test has been completed satisfactorily 
during approval testing, and 

(bo) the tensile and impact properties of each manufacturing 
batch are proved and 

(c) the accessories are subjected to suitable non-destructive 
testing. 


2.13.16 All testing is to be carried out in the presence of the 
Surveyor and to his satisfaction. 


2.13.17 The following tolerances are applicable to 
accessories: 
Nominal diameter: plus 5 per cent, minus O per cent 
Other dimensions: +2,5 per cent 
The radii of all machined corners are to be not less than 
0,03 times the nominal chain diameter. 


2.13.18 All fittings are to be stamped in accordance with 
2.15. 


2.14 Substitute single links 


2.14.1 Single links to connect lengths of chain cable or to 
substitute for defective links, without the necessity for 
re-heat treatment of the whole cable length, are to be made 
by the chain manufacturer in accordance with an approved 
procedure. Separate approvals are required for each grade of 
chain cable and the tests are to be made on the maximum 
size of chain for which approval is sought. Re-approval is 
required annually. 


2.14.2 Manufacture and heat treatment of the substitute 
link are not to affect the strength of the adjoining links. The 
temperature reached by these links is nowhere to exceed 
250°C. 


2.14.3 The steel bar used is to conform with the specification 
for the chain in accordance with Ch 3,9. 


2.14.4 Details of the method of manufacture, including 
heat treatment, are to be submitted for approval, together 
with the results of a series of tests laid down by LR. 


2.14.5 All links involved in the approval tests are to be 
destroyed and are not to be used as part of a chain cable. 


2.14.6 Every substitute link included in a chain cable is to 
be subjected to the proof load appropriate to the grade and 
size of chain in which it is incorporated, as detailed in 
Table 10.2.4. 
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_ 2.14.7 Each substitute link is to be stamped on the stud 

1 with the identification marks listed in 2.15.1 plus a unique 

" number for the link. The adjoining links are also to be stamped 
on the studs. 


nominal diameter of common stud link 

nominal diameter of end link = 1,20 (d2 = 1,2d) 
P2 + 2d = 6,75d 

3,650 ~ 4,35 

3,3do ~ 4d 


| Fig. 10.2.4 End link 


———_—_—_—_-| 
1,3d, 


| 2.15 Identification 

: i: do + dp 

nominal diametar( 7 ) 

roiminalaiemetsraterownmeesued inpeneciiik | 2.15.1 Alllengths of Grades U1, U2 and US cable and all 
nominal diameter at crown measured perpendicular to fittings are to be stamped with the following identification 
plane of link marks: 

6de ; . l 

4de (a) LR or Lloyd’s Register and abbreviated name of LR’s 


36d; to theinearest millimetre local office issuing the certificate. 


(b) Number of certificate. 

(c) Proof load and grade of chain. 

(d) Surveyor’s personal stamp. 

(e) Each length of chain cable is to be stamped on both 
ends. 


Fig. 10.2.2 Common link 


| 2.16 Certification 


| 2.16.1 An LR certificate is to be issued for chain cable only, 
fittings only or chain cable with associated fittings. 


| 2.16.2 Each test certificate is to include the following 
particulars for all items included on the certificate: 

a) Manufacturer’s name. 

b) Purchaser’s name and order number. 

c) Description and dimensions. 

d) Grade of chain cable. 

e) Identification mark which will enable the full history of the 

chain or fitting to be traced. 

f) Chemical composition. 

nominal diameter of common stud link g) Details of heat treatment. 

ee ~ of enlarged stud link = 1,1d h) Mechanical test results. 

4d. ad ad () | Breaking test load. 

3,6d4 = 3,96d k) Proof load. 


Qa 


~ 
= 


šp 


Fig. 10.2.3 Enlarged link | 2.16.3. Where appropriate, the certificate is to include a list 
of all substitute links together with their grade of steel, the 
name of the steelmaker, the heat number and the purchase 
order number. 
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| Detail X 


| Detail Y 


Detail Y 


retaining pin 
dovetail chamber 


2,8d 

0,2d 

0,1d 

nominal diameter of taper pin 
nominal length of taper pin 
0,6d 

0,5d 


nominal diameter of common stud link 
nominal diameter of joining shackle = 1,3d 
7,1d 

= (d3 +ay+ e4) =3,4d 


Dee shackle 
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Detail X 


| Detail X 


| Detail Y 


—— 


ae 
z Detail Y | 7 


C 


A ZA 


Key 
1 retaining pin 
2 dovetail chamber 


nominal diameter of common stud link 
nominal diameter of end shackle = 1,4d 
8,7d 

l5 — (5+ a2 + e2) = 4,50 

5,2d 

0,9d 

1,8d 


3,1d 

0,2d 

0,1d 

1,4d 

nominal diameter of taper pin 
nominal length of taper pin 


Fig. 10.2.6 End shackle 
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dovetai 


nominal 
nominal 
6d 

4d 
4,2d 
nominal 
nominal 
1,52d 
0,67d 
1,83d 


Fig. 


chamber for retaining pellet 


diameter of common stud link 
diameter of Kenter type joining shackle = d 


diameter of taper pin 
length of taper pin 
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Detail X 


Fig. 10.2.7 Lugless shackle 


nominal diameter of common stud link 
nominal diameter of swivel = 1,2d 


10.2.8 Swivel 


The radii indicated by r are to be not less than 0,03 x d4 


Fig. 10.2.9 Lugless shackle of the Kenter type 
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D Section 3 
Stud link mooring chain cables 


3.1 Scope 


3.1.1 Provision is made in this Section for five grades, 
R3, R3S, R4, R4S and R5, of stud link chain intended for 
offshore mooring applications such as mooring of mobile 
offshore units, offshore loading systems and gravity based 
structures during fabrication. 


3.1.2 Design of chain cables must be to a recognised 
Standard, such as ISO 1704; alternatively, the design may be 
specifically approved by LR. 


3.1.3 In addition, chain cable conforming to the require- 
ments of the current edition of API specification 2F is acceptable 
provided that it has been manufactured, inspected and tested 
under Survey by LR, and that the bar stock has also been 
certified by LR in accordance with Ch 3,9. 


3.2 Manufacture 

3.2.1 All grades of chain cable and accessories are to be 
manufactured by approved procedures at works approved by 
LR. A list of approved manufacturers for stud link chain cables 
is published separately by LR. 


3.2.2 The works in which the chain is manufactured is to 
have a quality system approved by LR. The provision of such 
a quality system is required in addition to and not in lieu of the 
witnessing of tests by a Surveyor. 


3.2.3 Approval is confined to a single works and is limited 
to one grade of cable made from bar from a nominated and 
approved supplier. Separate approvals are required if steel bar 
is supplied from more than one works and for other grades 
of cable, see also Ch 3,9. 


3.2.4 Details of the method of manufacture and the 
specification of the steel, are to be submitted. 


3.2.5 Offshore mooring chains are to be made in 
continuous lengths by flash-butt welding. 


3.2.6 Bar material may be heated either by electric 
resistance or in a furnace. For electrical resistance heating, 
the process is to be controlled by an optical heat sensor. For 
furnace heating, thermocouples in close proximity to the bars 
are to be used for control and the temperature is to be 
continuously recorded. In both cases, the controls are to be 
checked at least once every eight hours and records taken. 


3.2.7 The following welding parameters (as approved in 
the weld procedure) are to be controlled during welding of 
each link: 

(a) platen motion; 

(b) current as a function of time; and 

(c) hydraulic pressure. 

The controls are to be checked at least once every four hours. 


3.2.8 The records of bar heating, flash-butt welding and 
heat treatment are to be made available to the Surveyor when 
required. 
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3.2.9 As far as practicable, consecutive links in all chain 
cable should originate from a single batch of bar stock (see 
Ch 3,9.6.1) and indicating marks should be stamped on the 
final link formed from one batch and the first link formed from 
a separate batch. 


3.3 Dimensions and tolerances 

3.3.1 The form and proportions of links and shackles are 
to be in accordance with ISO/1704, see Figs. 10.2.2 to 
10.2.9. Link tolerances are to be in accordance with 3.3.2 to 
3.3.6, 
3.3.2 Diameter measured at the crown: 

Minus 1 mm when do < 40 mm 

Minus 2 mm when 40 mm < de < 84 mm 

Minus 3 mm when 84 mm < d, < 122 mm 

Minus 4 mm when 122 mm < de < 152 mm 

Minus 6 mm when 152 mm < de < 184 mm 

Minus 7,5 mm when 184 mm < d, < 210 mm 

The plus tolerance must not exceed 5 per cent of the nominal 
diameter, and the cross-sectional area at the crown is to have 
no negative tolerance. 


3.3.3 The diameter measured at locations other than the 
crown is to have no negative tolerance. The plus tolerance is 
to be in accordance with Table 3.9.3 except at the butt weld 
where it is to be in accordance with the manufacturer’s 
specification, which is to be agreed by LR. 


3.3.4 The maximum allowable tolerance on a length of 
five links measured in accordance with 2.11.1 is +2,5 per 
cent. No under-tolerance is permitted. 


3.3.5 A manufacturing tolerance on all other dimensions 
of +2,5 per cent is acceptable subject to all parts fitting 
properly together. 


3.3.6 The tolerances for common links are to be 
measured in accordance with Fig. 10.3.2. 


3.3.7 All measurements are to be made on links selected 
by the Surveyor and are to be carried out to the Surveyor’s 
satisfaction. 


3.3.8 Studs are to be located in the links centrally, and at 
right angles to the sides of the link, although the studs of the 
final link at each end of any length may also be located 
off-centre to facilitate the insertion of the joining shackle. The 
tolerances in accordance with Fig. 10.3.2 are acceptable 
provided that the stud fits snugly and its ends lie flush against 
the inside of the link. 


3.4 Studs 

3.4.1 The studs are to be made of steel corresponding to 
that of the chain or in compliance with a specification 
approved by LR. In general, the carbon content should not 
exceed 0,23 per cent if the studs are to be welded in place. 
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3.4.2 Studs may be welded into grade R3 and R3S 
chains. The welding of studs into grade R4, R4S and R5 chain 
is not permitted unless specially approved. 


3.4.3 In all cases where studs are welded into links, this is 
to be carried out in accordance with 2.7. 


3.4.4 The size of the stud welds is to be in accordance 
with Fig. 10.3.1. 


a 
AS 
g 
90° 


X 


Minus 
Tolerance 


Nominal 
Dimension 


Dimension 
Designation 


f 0,10d 
g 0,20d 
h 0,09d 


0,01d 
0,02d 
0,01d 


d = Nominal diameter of barstock 
3450/02 


Fig. 10.3.1 
Dimensions and tolerances of stud welds 


3.4.5 All stud welds are to be visually inspected. At least 
10 per cent of all stud welds within each length of chain are to 
be examined by magnetic particle inspection after proof load 
testing. Stress raising defects such as cracks, lack of fusion, 
gross porosity, and undercuts exceeding 1 mm are not 
permitted; if any such defects are found, then all stud welds in 
that length of chain are to be examined by means of magnetic 
particle inspection. 


3.4.6 Where plastic straining is used to set studs, the 
applied load is not to be greater than that qualified in approval 
tests. The combined effect of shape and depth of the 
impression of the stud in the link is not to cause any harmful 
notch effect or stress concentration. 


3.5 Heat treatment of completed chain cables 
3.5.1 The chain is to be normalised, normalised and 
tempered or quenched and tempered in accordance with the 


specification approved by LR. 


3.5.2 The chains are to be heat treated in a continuous 
furnace; batch heat treatment is not permitted. 


3.5.3 The temperature and time, or temperature and 
chain speed, are to be controlled and continuously recorded. 


3.5.4 Heat treatment is to be carried out prior to the proof 
loading and breaking tests. 
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3:5:5 Calibration of furnaces is to be verified by measure- 
ment and recording of actual link temperature (surface and 
internal). 


3.6 Testing of completed chain cables 


3.6.1 All chain cables are to be tested in the presence of 
a Surveyor, at a proving establishment recognised by LR. A 
list of recognised proving establishments is published by LR. 
In addition to the requirements stated in this Chapter, 
attention must be given to any relevant statutory requirements 
of the National Authority of the country in which the ship is to 
be registered. 


3.6.2 The entire length of chain cable is to be subjected 
to a proof loading test in an approved testing machine and is 
to withstand the load given in Table 10.3.1 for the appropriate 
grade and size of cable. 


3.6.3 Care should be taken to obtain a uniform stress 
distribution in the links being tested. 


3.6.4 The chain is to be shot or sand blasted prior to test- 
ing in order to ensure that its surfaces are free from scale, 
paint or other coating for inspection. 


3.6.5 On completion of the proof load test, each link is to 
be visually examined and is to be free from significant defects 
such as mill defects, surface cracks, dents and cuts, 
especially where gripped by clamping dies during flash butt 
welding. Studs are to be securely fastened and any burrs, 
irregularities and rough edges are to be removed by careful 
grinding. 


3.6.6 All flash butt welds, including the area gripped by 
the clamping dies, are to be examined by magnetic particle 
inspection. The area is to be free from cracks, lack of fusion, 
gross porosity and any other stress concentrations. 


3.6.7 Surface defects in the region of the flash butt welds 
may be removed by grinding, provided that the depth of 
grinding does not exceed five per cent of the link diameter 
and is smoothly contoured into the surrounding material. The 
final dimensions are still to conform with the agreed standard. 


3.6.8 All flash butt welds are also to be examined by 
ultrasonic inspection and are to be free from defects such as 
internal cracks or lack of fusion. 


3.6.9 All non-destructive examination is to be carried out 
in accordance with approved procedures, in accordance with 
Ch 1,5. 


3.6.10 All non-destructive examination operators are to be 
qualified to a minimum Level Il, qualified in accordance with a 
recognised standard. 


3.6.11 After proof testing, the entire chain is to be checked 
for length, five links at a time with an overlap of two links, 
which is to include the first five links, to ensure that the chain 
meets the tolerances given in 2.11.12. The measurements are 
to be made while the chain is loaded to about 10 per cent of 
the proof load. 
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Fig. 10.3.2 
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Stud link chain cable common link tolerances 


The internal link radii (R) and external radii should be uniform 


Designation Description 


Link length 


Nominal dimension 
of the link 


Minus tolerance Plus tolerance 


0,15d 0,15 


Link half length 


0,10d 0,10d 


Link width 


0,09 0,09 


Stud angular misalignment 


O degrees 


4 degrees 4 degrees 


Inner radius 


(0) = 


Symbols 


nominal diameter of chain 
actual link length 


3.6.12 The links held in the end blocks may be excluded 
from these measurements. 


3.6.13 If the length over five links is less than the nominal, 
the chain may be stretched by loading above the specified 
proof test load provided that the applied load is not greater 
than ten per cent above the proof test load, and that only 
random lengths of the chain need to be stretched. 


3.6.14 Loads used for plastic straining to set studs are not 
to exceed those approved in qualification tests. 


3.6.15 Checks of all other dimensions are to be made on 
at least five per cent of the links in the cable. 


3.6.16 If any link fails to meet the dimensional tolerance 
requirements (see 3.3), measurements are to be made on 
20 more links on each side of the incorrect one. If failure to 
meet any particular dimensional requirements occurs in more 
than two of the measured links, then all the links are to be 
dimensionally checked. 


3.6.17 Should any link be found to be defective or fail to 
meet the dimensional tolerance requirements or if a five link 
length of chain exceeds the specified tolerance, the unsatis- 
factory links are to be removed from the chain, and 
connecting common links complying with the requirements of 
3.7 inserted in their places. 


3.6.18 The chain is then to be subjected to a further proof 
load test and re-examined. 


3.6.19 |The number of connecting common links which 
may be used to replace defective links is not to exceed three 
in any 100 m length of chain. The number and type of joining 
shackles which may be used are to be subject to the written 
agreement of the end user. 


3.6.20 Ifa link breaks during proof load testing, a sample 
consisting of three common links is to be taken from each 
side of the broken link and subjected to a breaking test as 
detailed in 3.6.21 and 3.6.22. If either of these samples fails, 
the proof loaded length of cable is not to be accepted. A 
thorough examination of all broken links is to be made to 
determine the cause of failure and, after evaluation, LR will 
consider the extent of cable which is to be rejected and also 
the possibility that similar factors to those which caused the 
failure may also be present in other parts of the cable, or other 
chain cables. The Surveyor is to be advised in advance of all 
examinations, with reasonable notice being given. 


3.6.21 In addition to the requirements of 3.6.2, three link 
samples are to be selected by the Surveyors from the 
completed chain for breaking tests. The number of tests 
required is to be in accordance with Table 10.3.2. Extra links 
are to be provided for the mechanical tests detailed in 3.6.25. 
All test links are to be made as part of the chain cable and are 
to be heat treated with it. These may be removed from the 
cable prior to heat treatment provided that each sample is 
heat treated with, and in the same manner as, the chain it 
represents prior to selection of the mechanical test 
specimens. They are to be properly identified with the length 
of chain they represent. 
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3.6.22 Breaking test specimens are to withstand the load 
given in Table 10.3.1 for the appropriate grade and size of 
cable for a period of 30 seconds. The specimen is considered 
to have passed this test if it has shown no sign of fracture 
after application of the required load. 


3.6.23 If a breaking test specimen fails, two further 
specimens are to be cut from the same sampling length and 
both are to be subjected to the breaking test load. If one of 
the re-test specimens fails the length is to be rejected. All the 
broken links are to be subjected to an investigation into the 
cause of failure. LR will then decide which lengths of chain 
can be accepted and on further action. 


3.6.24 For large diameter cables where the required 
breaking load is greater than the capacity of the testing 
machines, special consideration will be given to acceptance 
of an alternative testing procedure. 


3.6.25 One tensile and three sets of Charpy V-notch 
impact test specimens are to be taken from links cut from the 
heat treated and proof loaded chain at intervals no greater 
than those indicated in Table 10.3.2 provided that every cast 
is sampled. The tensile specimen and one set of impact 
specimens are to be taken from the side of the link opposite 
the weld. One set of impact test specimens is to have the 
notches positioned at the centre of the flash butt weld and 
the third set is to be taken from the bend. All the specimens 
are to be taken from positions in accordance with Fig. 10.3.3. 


3.6.26 The frequency of testing at the link bends may be 
reduced at the discretion of LR provided it can be verified that 
the required toughness is achieved consistently. 


3.6.27 — The results of the mechanical tests are to comply 
with the requirements of Table 10.3.3. 


3.6.28 If the tensile test requirements are not achieved, 
two further specimens from the same sample are to be 
tested. The related length of chain will be considered accept- 
able if both re-test specimens meet the requirements but 
failure of either of the re-test specimens will result in rejection 
of the sampling length of chain represented by the tests. 


3.6.29 If the impact test requirements are not achieved, 
re-tests may be carried out in accordance with Ch 1,2.4. 
Failure to meet the re-test requirements will result in rejection 
of the sampling length of chain represented by the tests. 


3.6.30 | The mass per unit length of stud link mooring cable 
is to comply with Table 10.3.4. 


3.7 Connecting common links or substitute links 


3.7.1 Single links to connect lengths of heat treated chain 
cable or to substitute for test links or defective links without 
the necessity for re-heat treatment of the whole length of 
cable are to be made by the chain manufacturer in accor- 
dance with an approved procedure. Separate approvals are 
required for each grade of chain cable and tests are to be 
made on the maximum size of chain for which approval is 
sought. 
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Table 10.3.2 Frequency of break and mechanical 


tests 


Maximum 
sampling interval 


Nominal chain 
diameter 


mm m (See Note) 


91 
110 
131 
152 
175 
198 
222 
250 
274 
297 
322 
346 
370 
395 


NOTE 

If the sampling interval contains links made from more than one 
cast, extra break and mechanical tests are required so that tests 
are made on every cast. 


3.7.2 Manufacture and heat treatment of the connecting 
common link is not to affect the strength of the adjoining links. 
The temperature reached by these links is nowhere to exceed 
250°C. 


3.7.3 The steel bar used is to conform with the specifica- 
tion for the chain and approved by LR in accordance with 
Ch 3,9. 


3.7.4 Details of the method of manufacture, including 
heat treatment, are to be submitted for approval, together 
with the results of a series of tests laid down by LR. 


3.7.5 All links involved in the approval tests are to be 
destroyed and are not to be used as part of a chain cable. 


3.7.6 Every connecting common link included in a chain 
cable is to be subjected to the proof load appropriate to the 
grade and size of chain in which it is incorporated as detailed 
in Table 10.3.1. 


3.7.7 Every connecting common link is to be inspected 
in accordance with 3.6.5 to 3.6.10. 


3.7.8 A second identical link is to be made for mechanical 
tests which are to be in accordance with 3.6.25. This test link 
is also to be inspected in accordance with 3.7.7. 


3.7.9 Each connecting common link is to be stamped on 
the stud with the identification marks listed in 3.9.1 plus a 
unique number for the link. The adjoining links are also to be 
stamped on the studs. 


3.8 Fittings for offshore mooring chain 
3.8.1 Cable fittings are to be manufactured at an 


approved works. Fittings include, but are not limited to, 
shackles, triplates, end shackles, swivels, and swivel shackles. 
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Table 10.3.3 


R4S 
(See Note 4) 


R5 
(See Note 4) 


Mechanical properties of chain cable materials 


Yield stress 
N/mm? 
minimum 


410 
(See Note 1) 


490 
(See Note 1) 


580 
(See Note 1) 


700 
(See Note 1) 


760 
(See Note 1) 


Tensile strength 
N/mm? 


690 minimum 
(See Note 1) 


770 minimum 
(See Note 1) 


860 minimum 
(See Note 1) 


960 
(See Note 1) 


1000 
(See Note 1) 


Elongation 
% 
minimum 


NOTES 


Reduction 
of area 
% 
minimum 
(See Note 3) 


1. The ratio of yield strength to tensile strength should not exceed 0,92. 


Testing may be carried out at either 0°C or -20°C. 


Specimen for 
notched bar 
impact test 


Specimen for 
notched bar 
impact test 


specimen 


r = specimen radius 


Fig. 10.3.3 Sampling of chain links 


3.8.2 The materials from which the fittings are made are 
to be manufactured at approved works, in accordance with 
the appropriate requirements of Ch 4,1 or Ch 5,1, and 3.8.3 
to 3.8.6. Alternative arrangements may be agreed provided 
that full details concerning the manufacturer are submitted to 
LR. 


3.8.3 Steel used for fittings must be manufactured by an 
approved process, and be killed and fine grain treated. 


3.8.4 The austenite grain size of steel used for fittings 
must be 6 or finer as measured in accordance with ASTM 
E112. 


3.8.5 Steel used for forgings or castings for grades R4S 
and R5 must be vacuum degassed. 


Charpy V-notch 
impact tests 


Chapter 10 
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Test Average 
temperature energy 
°C J 
minimum 
(0) 
-20 
(See Note 2) 


(0) 
-20 
(See Note 2) 


-20 


-20 


Average energy 
flash weld 
J 
minimum 


Table 10.3.4 


Nominal chain diameter 


For cast fittings, the minimum values for reduction of area are to be 40% for Grades R3 and R3S and 35% for Grades R4, R4S and R5. 
The maximum hardness for Grade R4S is to be HB330, and for Grade R5 is to be HB340. 


Mass per unit length of chain cable 


Mass per unit length 
0,029102 
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3.8.6 For steel used for forgings or castings for grades 
R4S and R5 the following tests are to be carried out on each 
heat: 

(a) Assessment and quantification of the level of non-metallic 
micro inclusions. These must be acceptable for the final 
product. 

(b) Macro etching on representative sample, in accordance 
with ASTM E881 or equivalent, this must be free from 
any injurious segregation or porosity. 

(c) Jominy hardenability tests in accordance with ASTM 
A255 or equivalent. 

The results of these tests are to be supplied by the steel 

manufacturer, and the results are to be included in the final 

accessory documentation. 


3.8.7 Fittings for chain are to be heat treated in accor- 
dance with procedures that have been approved by LR. 


3.8.8 All fittings are to be manufactured to a manufacturing 
specification approved by LR, and provision is to be made for 
tensile and impact test specimens. The test samples are to 
be subjected to heat treatment with the fittings they represent. 
The mechanical test requirements are the same as those for 
the relevant grade of chain cable, see Table 10.3.3. 


3.8.9 For fittings for mooring chain, a batch is defined as 
fittings from the same steel-making heat that have been heat 
treated together in the same furnace. 


3.8.10 Mechanical tests for fittings are to be taken from full 
size fittings that have been heat treated with the production 
batch they represent, and the tests are to be taken after the 
fitting has been proof load tested. It is not permitted to use 
separate representative coupons unless approved by LR in 
accordance with 3.8.14. 


3.8.11 Forged shackle bodies and forged Kenter shackles 
are to have a set of three Charpy impact tests and a tensile 
test taken from the crown of the shackle. For smaller 
diameter shackles, where the geometry does not allow for the 
tensile test to be taken from the crown, this may be taken 
from the straight portion from the locations specified in 
Fig. 10.3.4, with the Charpy impact test specimens on the 
outside radius. 


3.8.12 The test pieces for cast shackle bodies and cast 
Kenter shackles can be taken from the straight portion of the 
fitting from the locations shown in Fig. 10.3.4. 


3.8.13 For fittings with complex geometries the locations 
of test pieces taken are to be approved by LR. 


3.8.14 Where fittings are produced in small batches (less 
than 5) alternative testing may be approved; a proposal must 
be submitted in a written procedure for consideration. 
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Specimen for notched bar 
impact test 


specimen 


specimen radius 


Fig. 10.3.4 
Sampling of steel bars, forgings and castings 


3.8.15 | Mechanical tests of pins are to be taken as shown 
in Fig. 10.3.5 from the mid length of a sacrificial pin of the 
same diameter as the final pin. For oval pins, the diameter 
taken is to represent the smaller dimension. Mechanical tests 
may be taken from an extended pin of the same diameter as 
the final pin that incorporates a test prolongation and a heat 
treatment buffer prolongation, where equivalence with mid 
length test values have been established. The length of the 
buffer is to be at least equal to 1 pin diameter which is 
removed after the heat treatment cycle is finished. The test 
coupon can then be removed from the pin. The buffer and test 
are to come from the same end of the pin, as shown in 
Fig. 10.3.5. 


Pere" 
SG 


Fig. 10.3.5 
Buffer and test piece location for pins 


3.8.16 Manufacturers intending to supply accessories in 
the machined condition (e.g. Kenter type shackles) are to 
submit detailed drawings for approval by LR. 
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3.8.17 All chain cable accessories, including spares, are to 
be subjected to the proof loads appropriate to the grade and 
size of cable for which they are intended, see Table 10.3.1. 
Prior to this test, the accessories are to be shot or sand 
blasted to ensure that their surfaces are free from scale, paint 
or any other coating which could interfere with any subse- 
quent inspection. 


3.8.18 The appropriate breaking load as required by 
Table 10.3.1 is to be applied to at least one item out of every 
batch of up to 25, and this item is to be destroyed and not 
used as part of an outfit. 


3.8.19 If the sample fails to withstand the breaking load 
without fracture, or in the event of failure of any other test, 
then the entire batch is to be rejected unless the cause of 
failure has been determined and it can be demonstrated that 
the condition causing failure is not present in any of the other 
accessories in the batch. If this can be demonstrated then 
two more samples from the same batch may be tested. If 
either of these samples fails, the batch is to be rejected. 


3.8.20 For very large fittings where the required breaking 
load is greater than the capacity of the testing machine and 
for individually produced accessories or accessories 
produced in small batches, proposals for an alternative 
method of testing will be given special consideration. All 
proposals for alternative testing methods are to be detailed 
in writing and submitted. 


3.8.21 At least one accessory from each batch is to be 
checked dimensionally after proof load testing. The manufac- 
turer is to provide a statement that the dimensions comply 
with the specified requirements. 


3.8.22 The following tolerances apply of the unmachined 
dimensions of all fittings; 

(a) nominal diameter plus 5 per cent, minus O per cent; and 
(b) other dimensions plus or minus 2,5 per cent. 


3.8.23 All accessories are to be subjected to close visual 
examination after proof load testing, particular attention being 
paid to machined surfaces and highly stressed regions. All 
accessories are also to be examined by magnetic particle or dye 
penetrant inspection and ultrasonic testing. All NDE is to be 
carried out in accordance with 3.6.9 and 3.6.10. The manufac- 
turer is to provide a statement that the non-destructive 
examination has been carried out with satisfactory results; this 
statement is to include reference to the techniques used and the 
operator’s qualifications. 


3.8.24 All testing is to be carried out to the satisfaction and 
in the presence of the Surveyor. 


3.8.25 Fittings of increased dimensions or higher grade 
material may be used subject to approval by LR. 
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3.8.26 Where fittings with increased dimensions, or fittings 

of a higher material grade are included in an outfit: 

(a) each item must be successfully tested at the required 
breaking load for the chain cable for which it is intended; 
and 

(o) items of increased dimensions are so designed that their 
breaking strength is not less than 1,4 times the Rule 
minimum breaking load for the chain cable for which they 
are intended, and this has been verified by procedure 
tests. 


3.9 Identification 


3.9.1 Each length of chain is to be permanently marked 

with the following: 

a) LR and abbreviated name of LR’s local office issuing the 
certificate. 

b) Certificate number (this may be abbreviated provided it is 
stated in the certificate). 

c) Grade and proof load of chain. 


3.9.2 The chain is to be marked as follows: 

a) at each end (the marking should identify the leading and 
tail end of each chain), 

b) at intervals not exceeding 100 m, 

c) on all connecting common links or shackles and the 
immediately adjacent links, 

d) onthe first and last common link of each individual heat 
used in the continuous length. 


3.9.3 All identification marks are to be made on the studs 
and are to be permanent and legible throughout the expected 
service life of the chain. 


3.10 Documentation 


3.10.1 A complete Chain Inspection and Testing Report, 
in booklet form, is to be provided by the chain manufacturer 
for each continuous chain length, and for each order for chain 
and fittings. It is to include all dimensional checks, test and 
inspection reports, non-destructive test reports, process 
records, as well as any non-conformity, together with correc- 
tive action and repair work. 


3.10.2 All documents, including reports and appendices, 
are to contain a reference to the relevant certificate number. 


3.10.3 The chain manufacturer is responsible for storing all 
the documentation in a safe and retrievable manner for a 
period of at least 10 years. 


3.11 Certification 


3.11.1 An LR certificate is to be issued for each continuous 
single length of chain, and each type of fitting, see Ch 1,3.1. 


24 


LLOYD’S REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


Equipment for Mooring and Anchoring 


3.11.2 Each test certificate is to include the following 

particulars: 

(a) Purchaser’s name and order number. 

b) Description and dimensions. 

c) Grade of chain cable. 

d) Identification mark which will enable the full history of the 

chain to be traced. 

(e) Chemical composition. 

(f) Details of heat treatment. 

g) Mechanical test results. 

h) Breaking test load. 

) Proof load. 

k) The number and locations of all connecting common 
links and all marked links. 


a Section 4 
Studless mooring chain cables 


4.1 Scope 


4.1.1 Provision is made in this Section for five grades, R3, 
R3S, R4, R4S and R5 of studless flash butt welded chain 
cable intended for long term mooring applications. 


4.1.2 The chain is generally expected to be deployed only 
once for a pre-determined service life. 


4.1.3 Each studless chain link design will require to be 
approved by LR. The plan submitted for this approval is to 
include the minimum proof and breaking test loads, and the 
chain mass calculations. 


Fig. 10.4.1 
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4.2 Manufacture 


4.2.1 All the requirements of 3.2, with the exception of 
that relating to studs, apply to the manufacture of studless 
mooring chain cables. 


4.3 Shape and dimensions of links 


4.3.1 The shape and dimensions of the links are to be in 
accordance with the approved design. 


4.4 Dimensional tolerances 


4.4.1 The dimensional tolerances of studless links are to 
be in accordance with the requirements of 3.3.1 to 3.3.7. 


4.4.2 The tolerances for common links are to be 
measured in accordance with Fig. 10.4.1. 


4.5 Heat treatment 


4.5.1 Heat treatment of the chain is to be in accordance 
with the requirements of 3.5. 


4.6 Testing of completed chain 


4.6.1 All chain cables are to be tested in the presence of 
a Surveyor, at a proving establishment recognised by LR. A 
list of recognised proving establishments is published by LR. 
In addition to the requirements stated in this Chapter, 
attention must be given to any relevant statutory requirements 
of the National Authority of the country in which the ship is to 
be registered. 


Studless chain cable common link tolerances 


The internal link radii (R) and external radii should be uniform 


|<) 


a 


Nominal dimension Minus tolerance Plus tolerance 


of the link 


Designation Description 


Link length 6d 0,15d 0,15d 


Link width 3,35d 0,09 0,09 


Inner radius 0,60d O — 


Symbols 


d = nominal diameter of chain 


NOTE 
Other dimensional ratios are subject to special approval. 
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4.6.2 The entire length of chain cable is to be subjected 
to a proof load test in an approved testing machine and is to 
withstand the load given in Table 10.3.1 for the appropriate 
grade and diameter of the chain, see also 4.1.3. 


4.6.3 Inspection after proof load testing is to be in 
accordance with the requirements given in 3.6.3 to 3.6.20, 
excluding that related to checking of studs in 3.6.5. 


4.6.4 In addition to the inspection of the flash butt welded 
areas as required in 3.6.6, the surfaces of the bends of at least 
10 per cent of the links are to be examined by magnetic 
particle inspection and are to be free from cracks or other 
defects. 


4.6.5 If stretching of links is required in order to maintain 
dimensional tolerances, the load applied is not to exceed the 
proof load by more than 10 per cent, and only random lengths 
of the chain need to be stretched. 


4.6.6 Breaking load tests are to be carried out in accor- 
dance with 3.6.21 to 3.6.23 and Tables 10.3.1 and 10.3.2. 


4.6.7 Alternative procedures to breaking load testing (see 
3.6.24) are not permissible unless prior agreement is given by 
LR after special consideration. 


4.6.8 Mechanical testing is to be carried out in 
accordance with 3.6.25 to 3.6.30 and Table 3.3.4. 


4.6.9 The weight of the chain cable is to be in accor- 
dance with the approved plan. 

4.7 Connecting or substitute links 

4.7.1 Connecting links and substitute links are to be in 
accordance with the requirements of 3.7. 

4.8 Fittings 

4.8.1 Fittings for studless chain are to comply with the 
requirements of 3.8. 

4.9 Identification 


4.9.1 All chain and each fitting is to be identified in accor- 
dance with 3.9.1 and 3.9.2. 


4.9.2 Identification marks are to be made on the outside 
of the straight part of the link, opposite the flash butt weld. 


4.10 Certification 


4.10.1 Certificates are to be issued in accordance with 
3.11. 


Chapter 10 
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4.11 Documentation 


4.11.1 Documentation in accordance with 3.11 is to be 
provided by the manufacturer. 


|_| Section 5 
Short link chain cables 


5.1 Scope 


5.1.1 This Section gives the requirements for electrically 
welded steel short link chain cable for marine use but 
excluding those applications covered by the Code for Lifting 
Appliances in a Marine Environment. 


5.1.2 Provision is made for grade M(4), as defined in 
ISO 1834. 


5.2 Manufacture 


5.2.1 Short link chain cables are to be manufactured at 
works approved by LR. A list of approved manufacturers for 
short link chain cable is published separately by LR. 


5.2.2 The chain is to be supplied in either the normalised 
or quenched and tempered condition. Heat treatment is to be 
carried out prior to proof and breaking load testing. 


5.2.3 The chain may be galvanised using a hot dipping 
process provided that this is carried out prior to proof and 
breaking load testing. If galvanised, it is recommended that 
the thickness of the zinc coating be not less than 70 microns. 


5.2.4 Unless otherwise agreed, the finished chain is to be 
free from coatings other than zinc. 

5.3 Bar material 

5.3.1 Bars for the manufacture of short link chain cable 
are to be made and tested in accordance with the appropriate 
requirements of Ch 3,1 and to the requirements of an 
International or acceptable National Standard. 

5.3.2 The bars are to be made at a works approved by LR. 
5.3.3 The steel is to be fully killed and fine grain treated. 
5.3.4 The steel is to have mechanical properties which 


will allow the chain to meet the mechanical test requirements 
of 5.4.7 and Table 10.5.1. 
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Table 10.5.1 Mechanical test requirements for short 


link chain cables 


Grade M(4) 


Chain 


diameter 
mm Proof load 


kN 


Breaking load 
minimum 


7,9 
12,5 
15,9 
20,2 
25,5 
29,5 
31,5 
49,1 
63 
81 

102 
126 
158 
197 
247 
322 
408 
503 
637 


5.4 Testing and inspection of chain cables 


5.4.1 All chain cable of 12,5 mm diameter and above, 
and all steering chains irrespective of diameter, are to be 
tested in the presence of a Surveyor at a proving establish- 
ment recognised by LR. A list of recognised proving 
establishments is published by LR. In addition to the require- 
ments stated in this Chapter, attention is to be given to any 
relevant statutory requirements of the National Authority of the 
country in which the ship or other marine structure is to be 
registered. 


5.4.2 For chain of diameter less than 12,5 mm, other than 
steering chains, the manufacturer’s tests will be acceptable. 


5.4.3 After completion of all manufacturing processes, 
including heat treatment and galvanising, the whole of the 
chain is to be subjected to the appropriate proof load 
specified in Table 10.5.1. 


5.4.4 The whole of the chain is to be inspected after the 
proof load test and is to be free from significant defects. 


5.4.5 At least one sample, consisting of seven or more 
links, is to be selected by the Surveyor from each 200 m or 
less of chain for breaking load tests. Two additional links may 
be required for engagement in the jaws of the testing 
machine. These extra links are not to be taken into account 
in determining the total elongation, see 5.4.7. 


5.4.6 The breaking load is to comply with the appropri- 
ate requirements of Table 10.5.1. 


5.4.7 The total elongation of the breaking load sample at 
fracture, expressed as a percentage of the original inside 
length of the sample after proof loading, is to be not less than 
20 per cent. 
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5.5 Dimensions and tolerances 


SO The form and proportions of links are to be in 
accordance with Fig. 10.5.1. 


Type 2 


multiple pitch length 

pitch (internal link length) 

measured diameter of the material, except at 
the weld 

measured diameter of the material at the weld 
(Type 1) or weld dimension perpendicular to the 
plane of the link (Type 2) 

dimension in other planes as per individual chain 
specification (Type 2) 

length affected by welding, on either side of the 
centre link 

internal link width away from the weld 

external link width away from the weld 

external link width over the weld 

internal link width at the weld 


Fig. 10.5.1 Form and proportions of links 


5.5.2 Manufacturing tolerances are to be within the 
following limits: 

Nominal diameter, dh + 5% 

Pitch of chain, p4 + 3% 

Length measured over 11 links, / + 2% 

Inside width, w4 1,35d,, minimum 

Outside width, w 3,6d,, maximum 
The tolerances are to apply after galvanising. All measure- 
ments are to be taken after proof testing. 
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5.6 Identification 


5.6.1 All lengths of cable are to be stamped with the 

following identification marks: 

(a) Inspector’s mark and date. 

b) Reference mark or number of certificate. 

c) Manufacturer’s mark or name. 

d) Chain cable quality mark, M, is to be stamped on at least 
each twentieth link or at intervals of one metre, 
whichever is the lesser distance. 


5.6.2 Where the inspection is performed under LR’s 
supervision, the inspector’s mark and date are to be replaced 
by LR and the abbreviated name of LR’s local office issuing 
the certificate. 


5.7 Certification 


5.7.1 The manufacturer is to supply the Surveyor with a 
certificate stating compliance with an appropriate ISO 
standard, and also, in the event of the requirements of 5.4 
being undertaken other than in the presence of the Surveyor, 
stating that the test and inspection requirements have been 
complied with at a recognised proving establishment. 


O42 Each test certificate is to include the following 
particulars: 
(a) the quality and description of chain, 
b) identification mark, 
) nominal size of chain, 
) proof load, 
) breaking load, 
total elongation at fracture, 


C 
d 
e 
f) 
g) where appropriate, the name of the proving establishment. 


Table 10.6.1 Recommended rope construction 


Purpose 


Stream wires, towlines and 
mooring lines 


Towlines and mooring 
lines used in association 
with mooring winches 


DAD DDAMAANHANAD 


Construction of rope 


Strands Wires 


Chapter 10 
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a Section 6 
Steel wire ropes 


6.1 Scope 


6.1.1 Provision is made in this Section for the requirements 
for the manufacture, testing and certification of steel wire ropes 
intended to be used for general marine purposes, as well as 
permanent anchoring, mooring and marine lifting applications. 


6.2 General requirements 


6.2.1 For general marine purposes, such as stream wires, 
towlines and ship mooring lines, the construction is to be in 
accordance with Table 10.6.1. The construction, diameter and 
strength of steel wire ropes for permanent offshore applica- 
tions, such as mooring, anchoring and lifting, are covered by 
other LR Rules. Alternative applications of wire ropes may be 
accepted, subject to special consideration. 


6.2.2 The manufacturer’s plant and method of production 
are to be approved by LR. A list of approved manufacturers of 
steel wire ropes is published annually in the List of Approved 
Manufacturers of Materials. 


6.2.3 For shaped wire, for example, for large diameter 
ropes for permanent mooring, where there are no established 
Standards, the manufacturer is to provide evidence by way of 
test reports that specifications have been developed and 
agreed with the purchaser and LR for the purposes intended. 


6.3 Steel wire for ropes 


6.3.1 Steel wire is to be of homogeneous quality, uniform 
strength and free of defects likely to impair the manufacture 
and performance of the rope. 


6.3.2 For all ropes, the specified minimum tensile strength 
of the wire is to be 1420, 1570, 1770 or 1960 N/mmZ2. The 
specified minimum tensile strength of the wire is the 
designated grade for the rope, unless otherwise defined by 
the purchaser’s specification. The actual tensile strength of 
the wire is not to exceed 120 per cent of the specified 
minimum tensile strength. 


Construction of strands 


Fibre 15 over 9 over fibre core 

Fibre 18 over 12 over 6 over 1 

Fibre 10 over (5 + 5) over 5 over 
Fibre 12 over (6 + 6) over 6 over 1 
Fibre 14 over (7 + 7) over 7 over 
Fibre 16 over (8 + 8) over 8 over 
Fibre 18 over 12 over fibre core 


2 over (6 
4 over (7 
6 over (8 


7 x 7 wire rope 
7 x 7 wire rope 
7 x 7 wire rope 


+ 7) over 7 over 
- 8) over 8 over 


+ 6) over 6 over 1 
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6.3.3 For new rope construction, the manufacturer is to 
carry out prototype testing suitable for the application of the 
rope and this is to include tests on wire used for the 
construction. 


6.3.4 Tensile and torsion tests, coating, and adhesion 
(wrap) tests are to be carried out on wire used for the 
manufacture of rope. 


6.3.5 At least 10 per cent of the spools used for the 
manufacture of the strand are to be tested. The manufacturer 
is to demonstrate that tests have been carried out on at least 
one wire intended for each of the outer and inner strands, and 
for each diameter and grade used. 


6.3.6 The heat number, wire diameter and strength of 
wire used for a particular construction are to be recorded by 
the manufacturer. 


6.3.7 Torsion tests are to be carried out on the wire by 
causing one or both of the securing vices to be revolved until 
fracture occurs (a tensile load not exceeding two per cent of 
the breaking load of the wire may be applied to keep the wire 
stretched). 


6.3.8 The uncoated wire is to withstand, without fracture, 
the number of complete twists given for Grades 1 or 3 in 
Table 10.6.2. 


6.3.9 The galvanised wire is to withstand, without fracture, 
the number of complete twists given in the specification, as 
agreed with the purchaser and LR. In the absence of a suitable 
specification, the results are to comply with Table 10.6.2. 


Table 10.6.2 Torsion test 


Minimum number of twists 


Diameter Grade 2 Grade 1 or 3 

coated wire 
mm Minimum strength Minimum strength 

N/mm2 N/mm2 


1570 1770 1420 1570 1770 1960 


<1,3 19 18 29 26 23 23 
21,3 <2,3 18 17 26 24 21 


22,3 <3,0 16 14 24 22 19 
23,0 <4,0 12 10 20 18 
24,0 <4,6 — — 18 16 
24,6 <5,0 = = 16 14 
25,0 <6,0 — = 14 11 


NOTE 
The minimum test length is 100d or 300 mm, where d is the wire 
diameter. 


6.3.10 Hot dipped galvanised steel wire is to be used for 
the manufacture of ropes for marine applications. Depending 
upon the application, the coating may comply with any of the 
grades in Table 10.6.3. Grades 1 and 2 are heavy coatings. 
Grade 3 is the minimum coating weight where the galvanising 
is Carried out prior to final wire drawing. Uncoated wire may 
be considered for approved applications. 
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Table 10.6.3 Zinc coating 


Zinc coating, minimum g/m? 


Diameter of 
coated wire 
mm Grade 


Grade 2 Grade 3 


20,20 <0,25 30 20 
20,25 <0,33 45 30 
20,33 <0,40 60 30 
20,40 <0,50 75 40 
20,50 <0,60 90 50 
20,60 <0,80 110 60 
20,80 <1,00 130 70 
21,00 <1,20 150 80 
21,20 <1,50 165 90 
21,50 <1,90 180 100 
21,90 <2,50 205 110 
22,50 <3,20 230 125 
23,20 <4,00 250 135 


6.3.11 The mass per unit area of the zinc coating is to be 
determined in accordance with a recognised National or 
International Standard. 


6.3.12 Zinc coating tests are to be carried out for each 
designated grade of wire. The manufacturer is to demonstrate 
that the coatings are continuous and uniform and suitable for 
the intended purpose. 


6.3.13 Unless otherwise specified by the purchaser, zinc 
coating tests are to be carried out on the wire prior to 
stranding. 


6.3.14 The adhesion of the coating is to be tested by 
wrapping the wire round a cylindrical mandrel for 10 complete 
turns. The ratio between the diameter of the mandrel and that 
of the wire is to be as in Table 10.6.4. After wrapping on the 
appropriate mandrel, the zinc coating is to have neither flaked 
nor cracked to such an extent that any zinc can be removed 
by rubbing with a cloth. 


Table 10.6.4 Wrap test for adhesion of coating 


Diameter of coated Maximum ratio of 
Coating wire mandrel to wire 
mm diameter 


Grade 1 and 2 <1,5 4 


21,5 


6 
Grade 3 <1,5 2 
21,5 3 


6.4 Tests on completed ropes 


6.4.1 Every length of wire rope is to be subjected to a 
breaking strength test. 


6.4.2 A sample of sufficient length is to be provided for 
the breaking load test. The rope ends are to be enclosed in a 
suitable socket. Testing is to be carried out in accordance with 
a recognised National or International Standard. 
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6.4.3 The rope may be subject to cyclic loading for 
bedding purposes prior to testing. The rope is to be tested at 
a suitable strain rate in accordance with a recognised National 
or International Standard. 


6.4.4 The load is to be applied until one wire break is 
witnessed or 130 per cent of the minimum breaking load is 
recorded. The maximum recorded load is to be reported by 
the manufacturer. 


6.4.5 Tests in which a breakage occurs adjacent to and 
as a result of damage from the grips are to be rejected, if the 
applied load is less than the specified minimum requirement. 
The rope is to be retested to withstand the agreed minimum 
breaking load. 


6.4.6 With the exception of offshore mooring ropes, 
consideration may be given to determining the breaking load 
by summation or aggregating actual test results on individual 
wires, if facilities are not available for undertaking a breaking 
test on a production basis. A suitable spin factor or lay-up 
deduction allowance in accordance with a recognised 
National or International Standard for the applicable rope 
diameter, designated grade and construction is to be applied. 


6.4.7 Where spin factors or lay-up deduction allowances 
are proposed by the manufacturer, a report on suitable cyclic 
load testing of prototype ropes of the same construction, 
strength and diameter is to be approved by LR. In addition, 
the manufacturer is to show that a satisfactory breaking load 
test has been carried out in the previous two years, and 
witnessed by LR for the same rope construction, diameter 
and designated grade. 


6.4.8 LR may give special consideration to spin factors 
or lay deductions based on data extrapolated from smaller 
diameter ropes of the same construction, provided that these 
ropes have been tested in accordance with 6.4.7. 


6.4.9 All data arising from smaller diameter ropes for the 
extrapolation in 6.4.8 are to have been derived from tests 
carried out within two years of the manufacture of the larger 
diameter rope. 


6.4.10 — The finished rope is to have no more than one wire 
connecting weld in any length of 18d, where d is the diameter 
of the rope. 


6.5 Inspection 

6.5.1 A report on dimensional and visual examination is 
to be presented to the Surveyor by the manufacturer. The 
dimensions and discard criteria are to comply with an agreed 
National or International Standard. 

6.6 Identification 


6.6.1 All completed ropes are to be identified with 
attached labels detailing the rope type, diameter and length. 
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6.7 Certification 


6.7.1 A manufacturer’s certificate, in accordance with 
Ch1,3.1.3(c), is to be issued. The certificate is to be validated 
by the manufacturer’s representative, who is to be indepen- 
dent of the production process and LR. 


6.7.2 Each test certificate is to contain the following 
particulars: 

° Purchaser’s name and order number. 
Details of the rope construction. 
Core material. 

Grade of zinc coating. 

Mechanical test results. 

Adhesion test results. 

Dimensions. 

Method of breaking load testing. 
Breaking load. 


E Section 7 
Fibre ropes 


7.1 Manufacture 


7.1.1 Fibre ropes intended as mooring lines may be 
made of coir, hemp, manila or sisal, or may be composed of 
synthetic (man-made) fibres. They may be three-strand 
(hawser laid), four-strand (shroud laid) or nine-strand (cable 
laid), but other constructions will be specially considered. 


7.1.2 Each length of rope is to be manufactured from 
suitable material of good and consistent quality. Rope 
materials should, in general, comply with a recognised 
National Standard. 


7.1.3 Synthetic fibre ropes are to be suitable for the 
purpose intended and should comply with a recognised 
standard. 


7.1.4 Weighting and loading matter is not to be added, 
and any lubricant is to be kept to a minimum. Any rot-proofing 
or water repellancy treatment is not to be deleterious to the 
fibre nor is it to add to the weight or reduce the strength of 
the rope. 


7.2 Tests of completed ropes 


7.2.1 The breaking load is to be determined by testing to 
destruction a sample cut from the completed rope. 


7.2.2 The minimum test length and the initial test load are 
to be as given in Table 10.7.1. After application of the initial 
load, the diameter and evenness of lay up of the sample are to 
be checked. The sample is then to be uniformly strained at 
the rate given in Table 10.7.1 until it breaks. 


7.2.3 The actual breaking load is to be not less than that 
given in an appropriate National Standard. 
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Table 10.7.1 Breaking load test 


Test length Initial load 
Material mm % 
minimum (see Note) 


Natural fibre 1800 2 150 + 50 


Rate of straining 
mm/min 


Synthetic fibre 900 1 100 max. 


NOTE 
Percentage of specified minimum breaking load. 


7.2.4 If the sample is held by grips and the break occurs 
within 150 mm of the grips, the test may be repeated, but not 
more than two tests may be made on any one coil. 


7:2:9 Where difficulty is experienced in testing a sample 
of a completed synthetic fibre rope, LR will consider alternative 
methods of testing. 


7.3 Identification 


7.3.1 Each coil of rope is to be identified with an attached 
label detailing the material, construction, diameter and length. 


7.4 Certification 


7.4.1 A manufacturer’s certificate, in accordance with 
Ch1,3.1.3(c), is to be issued. The certificate is to be validated 
by the manufacturer’s representative, who is to be indepen- 
dent of the production process and LR. 


7.4.2 Each test certificate is to include the following 
particulars: 

e Manufacturer’s name. 

e — Purchaser’s name and order number. 

e Rope type. 

° Dimensions. 

e — Test length. 

e Rate of straining. 

e Breaking load. 
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Approval of Welding Consumables 


Section 

1 General 

2 Mechanical testing procedures 

3 Electrodes for manual and gravity welding 
4 Wire-flux combinations for submerged-arc 


automatic welding 


5 Wires and wire-gas combinations for manual, 
semi-automatic and automatic welding 


6 Consumables for use in electro-slag and 
electro-gas welding 


7 Consumables for use in one-side welding with 
temporary backing materials 


8 Consumables for welding austenitic and duplex 
stainless steels 


9 Consumables for welding aluminium alloys 


Chapter 11 


Section 1 


1.2 Grading 


1.2.1 Consumables for welding structural steels are 
graded into ten strength levels, and each of these is further 
subdivided into several levels in respect of notch toughness. 
The five basic levels of toughness are indicated by a number 
(1 to 5). Normal tensile strength is indicated by ‘N’. Higher 
tensile strength is indicated by ‘Y’, and if the yield strength is 
higher than 375 N/mm? the Y is followed by a number 
(40 to 69), as shown in Table 11.1.1. 


1.2.2 In addition to the grade, consumables are also 
allocated a suffix indicating the welding technique used. 
These are defined in the context of the following Sections of 
this Chapter. 


1.2.3 Consumables for structural and low temperature 
service steels may be controlled low hydrogen and approved 
as such. Grade marking H15, H10 or H5 will be applied, as 
appropriate. 


1.2.4 For joining higher strength steels, approval granted 
for 1Y consumables will be limited to maximum material 
thickness of 25 mm. 


1.2.5 Test assemblies are not to be subjected to any heat 


E Section 1 


General 
1.1 Scope 
7.1.1 Provision is made in this Chapter for the approval 


by Lloyd’s Register (hereinafter referred to as ‘LR’) of 

electrodes, wires, fluxes and other consumables intended for 

use in the welding of the following types of materials: 

(a) Steel of various grades as represented by Grade A 
through to Grade FH69, see Sections 3 to 7. 

(o) A wide range of low-temperature service steels, see 
Sections 3 to 7. 

(c) Stainless steels including nitrogen strengthened grades 
and some of the duplex varieties, see Section 8. 

(d) Aluminium alloys, see Section 9. 


1.1.2 For this purpose, welding, consumables are 

categorised and subject to the special requirements of 

different Sections of this Chapter. 

(a) Covered electrodes for manual welding and gravity 

welding. 

(o) Combinations of wire and flux for automatic submerged- 

arc welding. 

(c) Combinations of wire and gas for gas metal-arc welding 

and wires for self-shielding welding. 

(d) Combinations for electro-slag and electro-gas welding. 

(e) Combinations with temporary backing materials for 
one-side welding. 

(f| | Consumables for welding austenitic and duplex stainless 
steels. 

(g) Combinations for welding aluminium. 


treatment, except in those higher strength grades where it is 
considered necessary to use the welded joint in the stress 
relieved (tempered) condition. In those cases, the code ‘sr’ 
will be added to the approval grade. 


1.2.6 Further details of grading are given in subsequent 
Sections of this Chapter. 


1.3 Manufacture 


1.3.1 The manufacturer’s plant and method of production 
of welding consumables are to be such as to ensure 
reasonable uniformity in manufacture. 


1.4 Approval procedures 


1.4.1 Welding consumables will be approved subject to 
a satisfactory inspection of the works by the Surveyor for 
compliance with the test requirements detailed in subsequent 
Sections in this Chapter. 


1.4.2 The test assemblies are to be prepared under the 
supervision of the Surveyor, and using samples selected by 
him. All tests are to be carried out in his presence. 


1.4.3 For Charpy V-notch tests, a set of three test 
specimens is to be prepared and the average energy value is 
to comply with the requirements of subsequent Sections in 
this Chapter. One individual value may be less than the 
required average value provided that it is not less than 70 per 
cent of this value. 


1.4.4 Where chemical analysis is required for approval, 
the results of the analysis are not to exceed the limit values 
specified in the standards or by the manufacturer, the 
narrower tolerances being applicable in each case. 
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Table 11.1.1 


Consumable 
grade 


Welding consumable grades 
appropriate to structural and low 
temperature service steel grades 


Suitable for steel grades 
(see Notes) 


Ship Grade Steels (Ch 3,2 and Ch 3,3) 


AH27S 
DH27S 
EH27S 


AH27S 
DH27S 
EH27S 
FH27S 


AH36 
DH36 
EH36 
FH36 
FH36 


AH36 
DH36 
EH36 
FH36 


AH40 
DH40 
EH40 
FH40 


3Y4 
3Y4 
4Y4 
5Y4 


6 
6 
6 
6 


AH42 
DH42 
EH42 
FH42 


3Y50 
3Y50 
4Y50 
5Y50 


AH4 
DH4 
EH4 
FH4 


3Y55 
3Y55 
4Y55 
5Y55 


3Y62 
3Y62 
4Y62 
5Y62 


AH55 
DH55 
EH55 
FH55 


AH62 
DH62 
EH62 
FH62 


3Y69 
3Y69 
4Y69 
5Y69 


AH69 
DH69 
EH69 
FH69 


3. Ferritic Low 


Temperature Service Steels (Ch 3,6) 


11/2 Ni 
31/2 N 
5 Ni 
9 Ni 


11/2 Ni 
31/2 Ni 
5 Ni 
9 Ni 


NOTES 


1. Steel grades shown in bold italic type include the equivalent 
(LT-xxxx) low temperature service grades referenced in Ch 3,6. 
2. The Table applies to the multi-run welding techniques (i.e. m, 


S, M). 


3. Approval of consumables intended for welding high strength 
steels in Ch 3,10 also includes the standard ship steel grades 
as shown in bold italic type and equivalent low temperature 
service steel grades referenced in Ch 3,6. 
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1.4.5 LR may require, in any particular case, such 
additional tests or requirements as may be necessary. 


1.4.6 A List of Approved Welding Consumables is 
published by LR. 


1.4.7 LR is to be notified of any alteration proposed to be 
made in the process of manufacture subsequent to approval. 
Sufficient detail is to be provided to determine the need for 
further testing to maintain the approval. 


1.4.8 Consideration will be given to alternative procedures 
for approval in the case of manufacturers producing 
consumables under the control of another manufacturer or 
plant already having approval of one or more products. 


1.5 Annual inspection and tests 


1.5.1 All establishments where approved welding 
consumables are manufactured, and the associated quality 
control procedures, are to be subjected to annual inspection. 
On these occasions, samples of the approved consumables 
are to be selected by the Surveyor and subjected to the tests 
detailed in subsequent Sections in this Chapter. These are to 
be completed and reported before the end of the one year 
period beginning at the initial approval date, and repeated 
annually so as to provide at least an average of one annual 
test per year. 


1.6 Changes in grading 


1.6.1 Changes in grading of welding consumables will be 
considered only at the manufacturer’s request, preferably at 
the time of annual testing. For upgrading in connection with 
impact properties, and uprating in connection with tensile 
properties, tests from butt weld assemblies will be required in 
addition to the normal annual approval tests. For upgrading 
in connection with hydrogen testing, specific tests will be 
required in accordance with ISO 3690. Downgrading and 
downrating may be imposed by LR where tests and re-tests 
fail to meet the requirements of this Chapter. 


1.7 Manufacturers’ Quality Assurance Systems 


1.7.1 As an alternative to 1.5, manufacturers may seek 
maintenance of approval based on acceptance by LR of their 
‘in house’ quality assurance system, and by regular audit of 
that system carried out in accordance with procedures 
approved by LR. 


1.8 Certification 


1.8.1 Each carton or package of approved consumables 
is to contain a certificate from the manufacturer, generally in 
accordance with the following: ‘The <insert name of 
manufacturer> company certifies that the composition and 
quality of these consumables conform with those of the 
consumables used in making the test pieces submitted to and 
approved by the approval bodies nominated on the label of 
this package.’ 
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a Section 2 
Mechanical testing procedures 


2.1 Dimensions of test specimens 


2.1.1 Dimensions of test pieces for deposited metal 
tensile tests, butt weld tensile tests, bend tests and Charpy 
V-notch impact test are to machined to the dimensions and 
tolerances detailed in Chapter 2. 


2.2 Testing procedures 


2.2.1 The procedures used for all tensile and impact tests 
are to comply with the requirements of Chapter 2. 


2.2.2 Butt weld bend test specimens are to be tested at 
ambient temperature and are to be bent through an angle of 
120° over a former having a diameter which relates to the 
thickness of the test specimen as detailed in subsequent 
Sections. For each pair of bend test specimens, one 
specimen is to be tested with the face of the weld in tension 
and the other with the root of the weld in tension. 


2.2.3 Macro examinations are to be carried out on 
polished and etched specimens at a maximum magnification 
not exceeding x10. The examination is to ensure complete 
fusion, inter-run penetration and freedom of defects. 


2.3 Re-testing procedures 


2.3.1 Re-testing procedures are to comply with Ch 2,1.4. 


E Section 3 
Electrodes for manual and gravity 


welding 
3.1 General 
3.1.1 Dependent on the results of the mechanical and 


other tests, approval will be allocated as one of the grades 
from Table 11.1.1. 


3.1.2 Approval of an electrode will be given in conjunc- 
tion with a welding technique indicated by a suffix ‘m’ for 
manual welding, ‘G’ for gravity or contact electrode and ‘p’ 
for deep penetration electrode. 


3.1.3 If the electrodes are in compliance with the require- 
ments of the hydrogen test given in 3.4, a suffix ‘H15’ or ‘H10’ 
or ‘H5’ will be added to the grade mark. Table 11.3.1 shows the 
mandatory levels of low hydrogen approval for the various 
approval grades. 


3.1.4 For each strength level, electrodes which have satis- 
fied the requirements for a higher toughness grade are 
considered as complying with the requirements for a lower grade. 


Chapter 11 


Sections 2 & 3 


Table 11.3.1 Minimum low hydrogen approval 
requirements for manual and gravity 


electrodes 


Approval grades 


Low hydrogen grade required 


1 (1N), 2 (2N), 3 (3N) NR 

2Y, 3Y, 4Y H15 (see Note 2) 
2Y40 to 5Y40 
3Y47 


3Y42 to 5Y42 
3Y46 to 5Y46 
3Y50 to 5Y50 
3Y55 to 5Y55 
3Y62 to 5Y62 
3Y69 to 5Y69 


i 
i 
NR (see Note 3) 
NR (see Note 3) 


. NR — Not required. Approval may be obtained when requested. 
. Optional in this case. If low hydrogen approval is not obtained, 
there is a limitation on the carbon equivalent of the steel which 
is permitted to be welded. 

3. Assumes use of an austenitic, non-transformable, filler material. 


3.1.5 Electrodes approved for normal and higher strength 
levels up to and including ‘Y’ are also considered suitable for 
welding steels in the three strength levels below that for which 
they have been approved. 


3.1.6 Electrodes approved for strength levels Y40 to Y50, 
but excluding Y47 are also considered suitable for welding 
steels in two strength levels below that for which they have 
been approved. 


BAF Electrodes approved for strength levels Y47, Y55 and 
above are also considered suitable for welding steels in only one 
strength level below that for which they have been approved. 


3.1.8 The welding current used is to be within the range 
recommended by the manufacturer and, where an electrode 
is stated to be suitable for both a.c. and d.c., a.c. is to be 
used for the preparation of the test assemblies. 


3.1.9 Where an electrode is submitted only for approval 
for fillet welding and to which the butt weld test provided in 
3.3 is not considered applicable, approval tests are to consist 
of the fillet weld tests as given in 3.5 and deposited metal 
tests with chemical analyses as given in 3.2. 


3.2 Deposited metal test assemblies 


3.2.1 The deposited metal test assemblies are to be 
prepared in the downhand position as shown in Fig. 11.3.1, 
one with 4 mm diameter electrodes and the other with 8 mm 
diameter electrodes, or the largest size manufactured if this is 
less than 8 mm diameter. If an electrode is available in one 
diameter only, one test assembly is sufficient. Any of the 
grades of steel in Table 11.1.1 may be used for the preparation 
of these assemblies, up to a strength level which is not more 
than two levels above that for which approval is sought. 
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Charpy V-notch 
specimens taken at 


mid depth of weld Notch perpendicular 


to surface of plate 


ee Chemical 
analysis 


Line of cut for 
tensile test 


3450/03 


Fig. 11.3.1 Deposited metal test assembly 


3.2.2 For Y47 grades, as an alternative to Fig. 11.3.1, the 
thickness of the plate used for the test assembly may be 
taken as 50 mm. 


3.2.3 The weld metal is to be deposited in single- or 
multi-run layers according to normal practice, and the 
direction of deposition of each layer is to alternate from each 
end of the plate, each run of weld metal being not less than 
2mm and not more than 4 mm thick. Between each run, the 
assembly is to be left in still air until it has cooled to less than 
250°C, the temperature being taken in the centre of the weld, 
on the surface of the seam. After being welded, the test 
assemblies are not to be subjected to any heat treatment, 
except in those higher strength grades where it is considered 
necessary to use the welded joint in the stress-relieved 
(tempered) condition. In those cases, the code ‘sr’ will be 
added to the approval grading. 


3.2.4 The chemical analysis of the deposited weld metal 
in each deposited metal test assembly is to be supplied by 
the manufacturer and is to include the content of all 
significant alloying elements. The results of the analysis are 
not to exceed the limit values specified in the standards or by 
the manufacturer, the narrower tolerances being applicable in 
each case. 


3.2.5 One tensile and three impact test specimens are to 
be taken from each test assembly as shown in Fig. 11.3.1. 
Care is to be taken that the axis of the tensile test specimen 
coincides with the centre of the weld and the mid-thickness of 
the plates. The impact test specimens are to be cut 
perpendicular to the weld, with their axes 10 mm from the 
upper surface. The notch is to be positioned in the centre of 
the weld and cut in the face of the test specimen 
perpendicular to the surface of the plate. 


3.2.6 The results of all tests are to comply with the 
requirements of Table 11.3.2 as appropriate. 
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3.3 Butt weld test assemblies 


3.3.1 Butt weld assemblies, as shown in Fig. 11.3.2, are 
to be prepared for each welding position (downhand, horizontal- 
vertical, vertical-upward, vertical-downward, and overhead) 
for which the electrode is recommended by the manufacturer. 
In the case of electrodes for normal strength and higher 
strength steels (up to 355 N/mm? minimum specified yield 
strength), electrodes satisfying the requirements for down- 
hand and vertical-upward positions will be considered as also 
complying with the requirements for the horizontal-vertical 
position. In all other cases, approval for the horizontal- 
vertical position will require a butt weld to be made in that 
position and fully tested. 


Discard 


Charpy V-notch 


=| 


Transverse tensile 


50 mm 


|< 


Face bend 


Root bend 


30 mm |30 mm 


e 


Discard 


2-3 mm 


100 mm min. 100 mm min. 


Fig. 11.3.2 Butt weld test assembly 


3.3.2 For Y47 grades, as an alternative to Fig. 11.3.2 the 
thickness of the plate used for the test assembly may be 
taken as 50 mm. 


3.3.3 Where the electrode is to be approved only in the 
downhand position, an additional test assembly is to be 
prepared in that position. 
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Table 11.3.2 Requirements for deposited metal tests (covered electrodes) 


Charpy V-notch impact tests 


Tensile strength f 
N/mm2 Elongation on 50 mm 


(see Note 1) % minimum Test temperature 
°C 


Grade Yield stress 
(see Note 3) N/mm? minimum 


Average energy 
(see Note 2) 
J minimum 


1N, 2N, 3N 305 400 - 560 22 +20, 0, -20 
1Y, 2Y, 3Y, 4Y 375 490 - 660 22 +20, 0, -20, -40 


2Y40, 3Y40, 400 510 - 690 22 0, -20, —40, -60 
4Y40, 5Y40 


3Y47 460 570 - 720 


3Y40 400 510 - 690 
3Y42 420 530 — 680 
3Y46 460 570 — 720 
3Y50 500 610-770 
3Y55 550 670 — 830 
3Y62 620 720 — 890 
3Y69 770 — 940 


4Y40 510 - 690 
4Y42 530 — 680 
4Y46 570 - 720 
4Y50 610-770 
4Y55 670 - 830 
4Y62 720 - 890 
4Y69 770 - 940 


5Y40 510 - 690 
5Y42 420 530 — 680 
5Y46 460 570 - 720 
5Y50 500 610-770 
5Y55 550 670 - 830 
5Y62 620 720 — 890 
5Y69 690 770 — 940 


11/2 Ni 375 460 
31/2 Ni 375 420 
5Ni 375 500 
9 Ni 375 600 


NOTES 
1. Single values are the minimum requirements. 
2. Energy values from individual impact test specimens are to comply with 1.4.3. 
3. Grade 1Y is not applicable to SMAW consumables referenced in Section 3. 


3.3.4 The grades of steel used for the preparation of the Where Grade 32 higher tensile steel is used, the tensile 
test assemblies are to be as follows: strength is to be not less than 490 N/mm2. The chemical 
Grade 1 (1N) electrodes A composition, including the content of grain refining elements, 
Grade 2 (2N) electrodes A, Bor D is to be reported in all cases where higher tensile steel is used. 
Grade 3 (3N) electrodes A,B, DorE 
Grade 2Y electrodes AH32, AH36, DH32 or 3.3.5 For all other grades, the steel plates used are to be 
DH36 selected by reference to Table 11.1.1, and are to have at least 
Grade 3Y electrodes AH32, AH36, DH32, their chemical composition and tensile properties within the 
DH36, EH32 or EH36 limits specified for that grade in Chapter 3. The strength grade 
Grade 4Y electrodes AH32 used is to be the same as that for which approval is sought, 
AH36, DH32, and the toughness grade is to be no higher than that for which 
DH36, EH32, approval is also sought. 
EH36, FH32 or FH36 
Grade 2Y40 electrodes AH40 or DH40 
Grade 3Y40 electrodes AH40, DH40 or EH40 
Grade 4Y40 electrodes AH40, DH40, EH40 or 
FH40 
Grade 5Y40 electrodes AH40, DH40, EH40 or 
FH40 
Grade 3Y47 electrodes EH47 
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3.3.6 The test assemblies are to be made by welding 
together two plates of equal thickness (15 to 20 mm), not less 
than 100 mm in width and of sufficient length to allow the 
cutting out of test specimens of the prescribed number and 
size. The plate edges are to be prepared to form a single 
V-joint, the included angle between the fusion faces being 60° 
and the root gap 2 to 3 mm. The root face is to be O to 2 mm. 


3.3.7 The following welding procedure is to be adopted 

in making the test assemblies: 
Downhand (a). The first run with 4 mm diameter 
electrode. Remaining runs (except the last two layers) 
with 5 mm diameter electrodes or above according to 
the normal welding practice with the electrodes. The 
runs of the last two layers with the largest diameter of 
electrode manufactured or 8 mm whichever is the 
lesser. 
Downhand (b) (where a second downhand test is 
required). First run with 4 mm diameter electrode. Next 
run with an electrode of intermediate diameter of 5 mm 
or 6 mm, and the remaining runs with the largest 
diameter of electrode manufactured or 8 mm whichever 
is the lesser. 
Horizontal-vertical. First run with 4 mm or 5 mm diameter 
electrode. Subsequent runs with 5 mm diameter 
electrodes. 
Vertical-upward and overhead. First run with 
3,25 mm diameter electrode. Remaining runs with 
4 mm diameter electrodes or possibly with 5 mm if this 
is recommended by the manufacturer for the positions 
concerned. 
Vertical-downward. If the electrode being tested is 
intended for vertical welding in the downward direction, 
this technique is to be adopted for the preparation of 
the test assembly using electrode diameters as recom- 
mended by the manufacturer. 


3.3.8 For all assemblies, the back sealing runs are to be 
made with 4 mm diameter electrodes in the welding position 
appropriate to each test sample, after cutting out the root run 
to clean metal. For electrodes suitable for downhand welding 
only, the test assemblies may be turned over to carry out the 
back sealing run. 


3.3.9 Normal welding practice is to be used and, 
between each run, the assembly is to be left in still air until it 
has cooled to less than 250°C, the temperature being taken in 
the centre of the weld, on the surface of the seam. After being 
welded, the test assemblies are not to be subjected to any 
heat treatment, except in those higher strength grades where 
it is considered necessary to use the welded joint in the 
stress-relieved (tempered) condition. In those cases, the code 
‘sr’ will be added to the approval grading. 


3.3.10 It is recommended that the welded assemblies be 
subjected to a radiographic examination to ascertain if there 
are any defects in the weld prior to the preparation of test 
specimens. 


3.3.11 The test specimens as shown in Figs. 11.3.2 and 
11.3.3 are to be prepared from each test assembly. 


Chapter 11 


Section 3 


Test specimen taken from 
middle of plate thickness 


E 


Notch perpendicular 
to surface of plate 


Fig. 11.3.3 
Butt weld test assembly position of 
impact test specimens 


3.3.12 The results of all tensile and impact tests are to 
comply with the requirements of Table 11.3.3 as appropriate. 
The position of fracture in the transverse tensile test is to be 
reported. 


3.3.13 The bend test specimens can be considered as 
complying with the requirements if, after bending, no crack or 
other open defect exceeding 3 mm in dimensions can be seen 
on the outer surface. 


3.4 Hydrogen test 


3.4.1 The hydrogen gradings are specified in 3.1.3. The 
hydrogen grading required determines the method of testing 
permitted as shown in Table 11.3.4. Where ISO 3690 is used 
as the testing method, three test specimens are to be 
prepared and tested, and all three hydrogen test results must 
be below the maximum value for the hydrogen mark required. 


3.5 Fillet weld test assemblies 


3.5.1 Fillet weld assemblies as shown in Fig. 11.3.4 are to 
be prepared for each welding position (horizontal-vertical, 
vertical-upward, vertical-downward or overhead) for which the 
electrode is recommended by the manufacturer. The grade of 
steel used for the test assemblies is to be as detailed in 3.3.4. 
The length of the test assembly, L, is to be sufficient to allow at 
least the deposition of the entire length of the largest 
diameter electrode being tested. Where an electrode is 
submitted for approval of both butt and fillet welding, approval 
tests are to include the deposited metal tests as given in 3.2, 
the butt weld tests as given in 3.3, and only one fillet weld test 
as given in subsequent paragraphs of this sub-Section welded 
in the horizontal-vertical position. 


3.5.2 For Y47 grades, as an alternative to Fig. 11.3.4, the 
thickness of the plate used for the test assembly may be taken 
as 50 mm. 
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Table 11.3.3 Requirements for butt weld tests (covered electrodes) 


Charpy V-notch impact tests 


Bend test Average energy 
Grade Tensile strength ratio: (see Note 1) 
(see Note 3) N/mm2 Test temperature J minimum 


F < 


All positions 
(see Note 2) 


1N, 2N, 3N 400 +20, 0, -20 47 (34) 


1Y, 2Y, 3Y, 4Y 490 +20, O, -20, -40 47 (34) 


2Y40, 3Y40, 4Y40, 5Y40 510 


ao 


0, -20, —40, -60 47 


3Y47 570 - 720 


> 


-20 


3Y40 510 

3Y42 530 — 680 
3Y46 570 - 720 
3Y50 610-770 
3Y55 670 - 830 
3Y62 720 — 890 
3Y69 770 — 940 


-20 
-20 
-20 
-20 
-20 
-20 
-20 


aannkKR KRW 


4Y40 510 

4Y42 530 — 680 
4Y46 570 - 720 
4Y50 610-770 
4Y55 670 - 830 
4Y62 720 - 890 
4Y69 770-940 


-40 
-40 
-40 
-40 
-40 
-40 
-40 


annankKRARW 


5Y40 510 

5Y42 530 — 680 
5Y46 570 — 720 
5Y50 610-770 
SY55 670 - 830 
5Y62 720 — 890 
5Y69 770-940 


-60 
-60 
-60 
-60 
-60 
-60 
-60 


annA A AO 


11/2 Ni 490 
31/2 Ni 450 
5 Ni 540 
9 Ni 640 


-80 
—100 
-120 


ARWOW 


NOTES 

1. Energy values from individual impact test specimens are to comply with 1.4.3. 

2. Values in () apply only to welds made in the vertical position with upward progression. 
3. Grade 1Y is not applicable to SMAW consumables referenced in Section 3. 


Table 11.3.4 Permitted methods for obtaining low 
hydrogen grading 


Hydrogen Grade Permitted Method 


ISO 3690 (or Glycerine) 
(See Note) 
ISO 3690 
ISO 3690 


L 
Approximately 5 


ISO method preferred. 


Fig. 11.3.4 Fillet weld test assembly 
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3.5.3 The electrode sizes to be used are the maximum 
and minimum diameters recommended by the manufacturer 
for fillet welding. The first side is to be welded using the 
maximum diameter. The second side is to be welded only 
after the assembly has been allowed to cool below 50°C 
using the minimum diameter. The size of these single run fillet 
welds will, in general, be determined by the electrode size and 
the welding current employed during testing and should 
represent the range of fillet weld bead sizes recommended by 
the manufacturer. 


3.5.4 Each test assembly is to be sectioned to form three 
macro-sections, each about 25 mm thick. These are to be 
examined for root penetration, satisfactory profile, freedom 
from cracking and reasonable freedom from porosity and slag 
inclusions. Any undercut is not to exceed 0,5 mm in depth. 
Convexity or concavity of the profile is not to exceed one- 
tenth of the fillet bead throat dimension. All such observations 
are to be reported. 


3.5.5 Hardness measurements are to be made on the 


central macro-section only, as shown in Fig. 11.3.5. The 
results are to be reported. 


Position of 
hardness tests 


3450/04 


Fig. 11.3.5 
Hardness tests for fillet weld test assembly 


3.5.6 One of the remaining sections of the assembly is to 
have the weld on the first side gouged or machined to 
facilitate breaking the fillet weld on the second side by closing 
the two plates together, subjecting the root of the weld to 
tension. On the other remaining section, the weld on the 
second side is to be gouged or machined and the section 
fractured using the same procedure. The fractured surfaces 
are to be examined. They are to show satisfactory penetra- 
tion, freedom from cracks and reasonable freedom from 
porosity and this should be reported. 


3.6 Electrodes designed for deep penetration 
welding 


3.6.1 Where an electrode is designed solely for the deep 
penetration welding of downhand butt joints and horizontal- 
vertical fillets in normal tensile strength steel, only the tests 
detailed in 3.7 and 3.8 are required for approval purposes. 
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3.6.2 Electrodes designed solely for the deep penetration 
welding technique will be approved as complying with 
Grade 1 requirements only and will be given the suffix ‘p’. 


3.6.3 Where a manufacturer recommends that an 
electrode having deep penetrating properties can also be 
used for downhand butt welding of thicker plates with 
prepared edges, the electrode will be treated as a normal 
penetration electrode, and the full series of tests in the down- 
hand position is to be carried out, together with the deep 
penetration tests given in 3.7 and 3.8. 


3.6.4 Where a manufacturer desires to demonstrate that 
an electrode, in addition to its use as a normal penetration 
electrode, also has deep penetrating properties when used 
for downhand butt welding and horizontal fillet welding, the 
additional tests given in 3.7 and 3.8 are to be carried out. 


3.6.5 Electrodes approved for both normal and deep 
penetration welding will have the suffix ‘p’ added after the 
appropriate grade mark for normal penetration welding. 


3.6.6 Where the manufacturer prescribes a different 
welding current and procedure for the electrode when used 
as a deep penetration electrode and a normal penetration 
electrode, the recommended current and procedure are to be 
used when making the test assemblies in each case. 


3.7 Deep penetration butt weld test assemblies 


3.7.1 Two plates of thickness equal to twice the diameter 
of the core of the electrode plus 2 mm are to be butt welded 
together with one downhand run of welding from each side. 
The plates are to be not less than 100 mm wide and of 
sufficient length to allow the cutting out of the test specimens 
of the correct number and size as shown in Fig. 11.3.6. Grade 
A steel is to be used for these test assemblies. The joint edges 
are to be prepared square and smooth and, after tacking, the 
gap is not to exceed 0,25 mm. The test assembly is to be 
welded using an 8 mm diameter electrode, or the largest 
diameter manufactured if this is less than 8 mm and the 
assembly is to be allowed to cool below 50°C between runs. 


3.7.2 The test specimens as shown in Figs. 11.3.3 and 
11.3.6 are to be prepared from each test assembly. 


3.7.3 The results of tensile and impact tests are to 
comply with the requirements of Table 11.3.3 for Grade 1 
electrodes. The position of fracture in the tensile test is to be 
reported. The bend test specimens are to be in accordance 
with 3.3.13. 


3.7.4 The discards at the end of the welded assemblies 
are to be not more than 35 mm wide. The joints of these 
discards are to be polished and etched and must show 
complete fusion and inter-penetration of the weld beads. At 
each cut in the test assembly, the joints are also to be 
examined to ensure that complete fusion has taken place. 
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Transverse tensile 


50 mm 


Transverse tensile 


Discard 


0,25 mm max. 
EN ETNA | og 


100 mm min. 100 mm min. 


Fig. 11.3.6 
Deep penetration butt weld test assembly 


3.8 Deep penetration fillet weld test assemblies 


3.8.1 A fillet weld assembly is to be prepared as shown in 
Fig. 11.3.7 with plates about 12,5 mm in thickness. The 
welding is to be carried out with one run for each fillet with 
plate A in the horizontal plane during the welding operations. 
The length of the fillet is to be 160 mm and the gap between 
the plates is to be not more than 0,25 mm. Grade A steel is to 
be used for these test assemblies. 


3.8.2 The fillet weld on one side of the assembly is to be 
carried out with a 4 mm diameter electrode, and that on the 
other side with the maximum diameter of electrode manufac- 
tured. The welding current used is to be within the range 
recommended by the manufacturer, and the welding is to be 
carried out using normal welding practice except that the 
assembly is to be allowed to cool below 50°C between runs. 
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Maximum size of 
electrode manufactured 


Plate A 


4mm min. Penetration to 
be reported 


Fig. 11.3.7 
Deep penetration fillet weld test assembly 


3.8.3 The welded assembly is to be cut by sawing or 
machining within 35 mm of the ends of the fillet welds, and 
the joints are to be polished and etched. The welding of the 
fillet made with a 4 mm diameter electrode is to show a 
penetration of 4 mm (see Fig. 11.3.7) and the corresponding 
penetration of the fillet made with the maximum diameter of 
electrode manufactured is to be reported. 


3.9 Electrodes designed for gravity or contact 
welding 


3.9.1 Approval for welding using the gravity, ‘G’, 
technique is available for welding only normal strength and 
higher tensile steels up to and including Grade 36. 


3.9.2 Where an electrode is submitted solely for approval 
for use in contact welding using automatic gravity or similar 
welding devices, deposited metal tests, butt weld tests and, 
where appropriate, fillet weld tests similar to those for normal 
manual electrodes are to be carried out using the process for 
which the electrode is recommended by the manufacturer. 


3.9.3 Where an electrode is submitted for approval for 
use in contact welding using automatic gravity or similar 
welding devices in addition to normal manual welding, butt 
weld and, where appropriate, fillet weld tests, using the 
gravity or other contact device as recommended by the 
manufacturer, are to be carried out in addition to the normal 
approval tests. 


3.10 Annual tests 


3.10.1 Fornormal penetration electrodes, the annual tests 
are to consist of two deposited metal test assemblies. These 
are to be prepared and tested in accordance with 3.2. If an 
electrode is available in one diameter only, one test assembly 
is sufficient. 
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3.10.2 Where an electrode is approved solely for deep 
penetration welding, the annual test is to consist of one butt 
welded test assembly. This is to be prepared and tested in 
accordance with 3.7. 


3.10.3 Where an electrode is approved for both normal 
and deep penetration welding, annual tests as detailed in 
3.10.1 and 3.10.2 are to be carried out. 


3.10.4 Where an electrode is approved solely for gravity or 
contact welding, the annual test is to consist of one deposited 
metal test assembly using the gravity or other contact device 
as recommended by the manufacturer. 


3.10.5 | Where an electrode is approved for both manual 
and gravity welding, annual tests as detailed in 3.10.1 and 
3.10.4 are to be carried out. 


i] Section 4 
Wire-flux combinations for 
submerged-arc automatic welding 


4.1 General 


4.1.1 Wire-flux combinations for single and multiple 
electrode submerged-arc automatic welding, without the use 
of temporary backing, are divided into the following two 
categories: 

° For use with the multi-run technique. 

e For use with the two-run technique. 

Where particular wire-flux combinations are intended for 
welding with both techniques, tests are to be carried out for 
each technique. 


4.1.2 Dependent on the results of mechanical and other 
tests, approval will be allocated as one of the grades from 
Table 11.1.1. 


4.1.3 The suffixes T or M will be added after the grade 
mark to indicate approval for the two-run technique or, multi- 
run technique respectively. 


4.1.4 Wire-flux combinations satisfying the requirements 
for multi-run or two-run techniques will also be approved for 
fillet welding in the downhand and horizontal-vertical position, 
subject to agreement by the manufacturer. 


4.1.5 If the consumable combination is in compliance 
with the requirements of the hydrogen test given in 3.4, a 
suffix H15, H10 or H5 will be added to the grade. Table 11.4.1 
shows the mandatory levels of low hydrogen approval for the 
various approval grades. 


4.1.6 For each strength level, wire-flux combinations which 
have satisfied the requirements for a higher toughness grade 
are considered as complying with the requirements for a lower 
grade. 


Chapter 11 
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Table 11.4.1 Minimum low hydrogen approval 
requirements for wire-flux 


combinations 


‘H’ grade 
for Multi-run 


‘H’ grade for 
Two-run 


Approval grade 


1 (1N), 2 (2N), 3 (3N) 
1Y, 2Y, 3Y, 4Y 

2Y40 to 5Y40 
3Y47 


3Y42 to 5Y42 
3Y46 to 5Y46 
3Y50 to 5Y50 
3Y55 to 5Y55 
3Y62 to 5Y62 
3Y69 to 5Y69 


11/2 Ni 
31/2 Ni 
5 Ni (see Note 2) 
9 Ni (see Note 2) 


NOTES 

1. NR-Not required. Approval can be obtained when requested. 

2. Assumes use of an austenitic, non-transformable, filler 
material. 


4.1.7 Wire-flux combinations approved with multi-run 
technique for normal and higher strength levels up to and 
including ‘Y’ are also considered suitable for welding steels in 
the three strength levels below that for which they have been 
approved. 


4.1.8 Wire-flux combinations approved with multi-run 
technique for strength levels Y40 to Y50, but excluding Y47 
are also considered suitable for welding steels in two strength 
levels below that for which they have been approved. 


4.1.9 Wire-flux combinations approved with multi-run 
technique for strength levels Y47, Y55 and above are also 
considered suitable for welding steels in only one strength 
level below that for which they have been approved. 


4.1.10 Wire-flux combinations with two-run technique 
approval are not considered suitable for welding steels of any 
other strength level with that technique, see 4.5.1. 


4.1.11 The welding current may be either a.c. or d.c. 
(electrode positive or negative) according to the recommen- 
dation of the manufacturer. If both a.c. and d.c. are 
recommended, a.c. is to be used for the tests. 


4.1.12 Wire-flux combinations for multiple electrode 
submerged-arc welding will be subject to separate approval 
tests. These are to be carried out generally in accordance with 
the requirements of this Section. 


4.1.13 Wire-flux combinations are not naturally low 
hydrogen in character, but for the lower strength grades of 
steel low hydrogen testing is not normally a requirement for 
approval. With higher strength steels it is more important and 
Table 11.4.1 shows the mandatory minimum low hydrogen 
status required for approval of wire-flux combinations. 


10 


LLOYD’S REGISTER 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


Approval of Welding Consumables 


4.2 Approval tests for multi-run technique 


4.2.1 Where approval for use with the multi-run technique 
is requested, deposited metal and butt weld tests are to be 
carried out. 


4.3 Deposited metal test assemblies (multi-run 
technique) 


4.3.1 One deposited metal test assembly is to be 
prepared as shown in Fig. 11.4.1, using any of the grades of 
steel in Table 11.1.1 up to a strength level which is not more 
than two levels above that for which approval is sought. 


Tack weld 


16 mm 


Longitudinal 
tensile test 


Chemical analysis 


30 mm 


| 
caf 


10 mm 
10 mm 


Longitudinal 
tensile test 


Line of cut 
N 


30 mm 


Fig. 11.4.1 Deposited metal test assembly 


4.3.2 For Y47 grades, as an alternative to Fig. 11.4.1, the 
thickness of the plate used for the test assembly may be 
taken as 50 mm. 
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4.3.3 The bevelling of the plate edges is to be carried out 
by machining or mechanised gas cutting. In the latter case 
any remaining scale is to be removed from the bevelled 
edges. 


4.3.4 Welding is to be in the downhand position, and the 
direction of deposition of each run is to alternate from each 
end of the plate. After completion of each run, the flux and 
welding slag are to be removed. Between each run, the 
assembly is to be left in still air until it has cooled to less than 
250°C, the temperature being taken in the centre of the weld, 
on the surface of the seam. The thickness of the layer is to be 
not less than the diameter of the wire nor less than 4 mm, 
unless it is clearly stated as part of the consumable 
manufacturer’s published recommendations. 


4.3.5 The welding conditions (amperage, voltage and rate 
of travel) are to be in accordance with the recommendations of 
the manufacturer and are to conform with normal good welding 
practice for multi-run welding. 


4.3.6 The chemical analysis of the deposited weld metal in 
each test assembly is to be supplied by the manufacturer and 
is to include the content of all significant alloying elements. The 
results of the analysis are not to exceed the limit values 
specified in the standards or by the manufacturer, the narrower 
tolerances being applicable in each case. 


4.3.7 Two longitudinal tensile and three impact test 
specimens are to be taken from each test assembly as shown 
in Fig. 11.4.1. Care is to be taken that the axes of the tensile 
test specimens coincide with the centre of the weld and the 
mid-thickness of the plates. The impact test specimens are 
to be cut perpendicular to the weld with their axes 10 mm 
from the upper surface. The notch is to be positioned in the 
centre of the weld and cut in the face of the test soecimen 
perpendicular to the surface of the plate. 


4.3.8 In those cases where two-run technique approval is 
also sought, only one longitudinal tensile specimen need be 
prepared and tested from this assembly. 

4.3.9 The results of all tests are to comply with the 
requirements of Table 11.4.2, as appropriate. 


4.4 Butt weld test assemblies (multi-run technique) 


4.4.1 One butt weld test assembly is to be prepared as 
shown in Fig. 11.4.2. 
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Table 11.4.2 


Yield stress 
N/mm2 
minimum 


Tensile 
strength 
N/mm2 


Requirements for deposited metal tests (wire-flux combinations) 


Elongation on 
50 mm 
% minimum 


Chapter 11 
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Charpy V-notch impact tests 


Test 
temperature 
°C 


Average energy 
(see Note) 
J minimum 


1N, 2N, 3N 


1Y, 2Y, 3Y, 4Y 


305 


375 


400 — 560 


490 - 660 


22 


22 


+20, 0, -20 


+20, 0, -20, -40 


34 


34 


2Y40, 3Y40, 400 
4Y40, 5Y40 


510 - 690 


3Y47 460 570 - 720 
3Y40 510 — 690 
3Y42 530 — 680 
3Y46 570 - 720 
3Y50 610-770 
3Y55 670 - 830 
3Y62 720 — 890 
3Y69 770 — 940 


0, -20, —40, -60 39 


-20 


4Y40 510 — 690 
4Y42 420 530 — 680 
4Y46 460 570 - 720 
4Y50 500 610-770 
4Y55 550 670 — 830 
4Y62 620 720 — 890 
4Y69 690 770 — 940 


5Y40 400 
5Y42 420 
5Y46 460 
5Y50 500 
5Y55 550 
5Y62 620 
5Y69 690 


510 -690 
530 — 680 
570 - 720 
610-770 
670 - 830 
720 — 890 
770 — 940 


1% Ni 375 460 
3% Ni 375 420 
5 Ni 375 500 
9 Ni 375 600 


NOTE 


Energy values from individual impact test specimens are to comply with 1.4.3. 


4.4.2 The grade of steel used for the preparation of the 
test assembly are to be as follows: 

Grade 1 wire-flux combination A 

Grade 2 wire-flux combinations A, Bor D 

Grade 3 wire-flux combinations A, B, Dor E 

Grade 1Y wire-flux combination AH82 or AH36 

Grade 2Y wire-flux combinations AH82, AH36, 
DH82 or DH36 
Grade 8Y wire-flux combinations AH82, AH36, 
DH32, DH36, 
EH82 or EH36 
Grade 4Y wire-flux combinations AH82, AH36, 
DH32, DH36, 

EH32, EH36, 
FH32 or FH36 

Grade 2Y40 wire-flux combination AH40 or DH40 
Grade 3Y40 wire-flux combinations AH40, DH40 or 
EH40 
Grade 4Y40 wire-flux combinations AH40, DH40, 
EH40 or FH40 


Grade 5Y40 wire-flux combinations AH40, DH40 
EH40, FH4 
Grade 3Y47 wire-flux combinations EH47 
Where Grade 32 higher tensile steel is used, the tensile 
strength is to be not less than 490 N/mm?. The chemical 
composition, including the content of grain refining elements, 
is to be reported in all cases where higher tensile steel is used. 


4.4.3 For all other grades, the steel plates used are to be 
selected by reference to Table 11.1.1, and are to have at least 
their chemical composition and tensile properties within the 
limits specified for that grade in Chapter 3. The strength grade 
used is to be the same as that for which approval is sought, 
and the toughness grade is to be no higher than that for which 
approval is also sought. 
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M 
20-25 mm 


Transverse tensile 


'bend 


a ne aA 
30mm 30mm 50mm 


30mm 30mm 


Transverse tensile 


50mm 


150 mm min. 


Fig. 11.4.2 
Butt weld test assembly (multi-run technique) 


150 mm min. | 


4.4.4 The plate edges are to be prepared to form a single 
V-joint, the included angle between the fusion faces being 60° 
and the root face being 4 mm. The bevelling of the plate edges 
is to be carried out by machining or mechanised gas cutting. 
In the latter case, any remaining scale is to be removed from 
bevelled edges. 


4.4.5 Welding is to be carried out in the downhand 
position by the multi-run technique, and the welding conditions 
are to be the same as those adopted for the deposited metal 
test assembly. The back sealing run is to be applied in the 
downhand position after cutting out the root run to clean metal. 


4.4.6 It is recommended that the welded assembly be 
subjected to a radiographic examination to ascertain if there are 
any defects in the weld prior to the preparation of test specimens. 


4.4.7 The test specimens as shown in Fig. 11.3.3 and 
Fig. 11.4.2 are to be prepared from each test assembly. 
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4.4.8 The results of all tensile and impact tests are to 
comply with the requirements of Table 11.4.3, as appropriate. 
The position of fracture of the transverse tensile test is to be 
reported. 


4.4.9 The bend test specimens can be considered as 
complying with the requirements if, after bending, no cracks 
or other open defects exceeding 3 mm in dimension can be 
seen on the outer surface. 


4.5 Approval tests for two-run technique 


4.5.1 Where approval for use with the two-run technique 
is requested, two butt weld test assemblies are to be prepared 
and tested using plates of the strength level for which approval 
is required. Each strength level requires separate approval. 


4.5.2 Two welded assemblies are to be made from a pair 
of plates of matching thicknesses. The thickness of the thicker 
pair of plates will be the maximum for which the approval is 
valid. The second assembly is to be welded from plates having 
approximately half of the thickness of the first assembly. 


4.6 Butt weld test assemblies (two-run technique) 


4.6.1 The grade of steel used for the preparation of the 
test assemblies is not to be of any higher grade (impact 
toughness) than that for which approval is required. The 
chemical composition, including the content of grain refining 
elements, and the strength properties of the plates used, are 
to be reported. 


4.6.2 The maximum diameter of wire and the edge 
preparation to be used are to be in accordance with 
Table 11.4.4. Small deviations in the edge preparation may be 
allowed if requested by the manufacturer. The bevelling of the 
plate edges is to be performed by machining or mechanised 
gas cutting. In the latter case, any remaining scale is to be 
removed from the bevelled edges. The root gap should not 
exceed 0,7 mm. 


4.6.3 Each butt weld is to be welded in two runs, one from 
each side, using amperages, voltages and travel speeds in 
accordance with the recommendations of the manufacturer 
and normal good welding practice. After completion of the first 
run, the flux and welding slag are to be removed and the 
assembly is to be left in still air until it has cooled to less than 
100°C, the temperature being taken in the centre of the weld, 
on the surface of the seam. 


4.6.4 It is recommended that the butt weld assemblies be 
subjected to radiographic examination to ascertain if there are 
any defects in the weld prior to the preparation of test 
specimens. 


4.6.5 The test specimens, as shown in Fig. 11.4.3 and 
Fig. 11.4.4, are to be prepared from each test assembly, except 
as detailed in 4.6.8. The edges of two of the discards are to be 
polished and etched, and must show complete fusion and 
inter-run penetration of the welds. At each cut in the test 
assembly, the edges are also to be examined to ensure that 
complete fusion has taken place. 
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Table 11.4.3 Requirements for butt weld tests (wire-flux combinations) 


Charpy V-notch impact tests 


Tensile Bend test 
strength ratio: Test Average energy 
N/mm2 temperature (see Notes 1 and 2) 
°C J minimum 


1N, 2N, 3N 400 +20, 0, -20 34 
1Y, 2Y, 3Y, 4Y 490 +20, 0, -20, —40 34 
2Y40, 3Y40, 4Y40, 5Y40 510 0, -20, -40, -60 


3Y47 570 — 720 -20 


3Y40 510 

3Y42 530 — 680 
3Y46 570 — 720 
3Y50 610-770 
3Y55 670 — 830 
3Y62 720 — 890 
3Y69 770 — 940 


-20 
-20 
-20 
-20 
-20 
-20 
-20 


annkARARwW 


4Y40 510 

4Y42 530 — 680 
4Y46 570 — 720 
4Y50 610-770 
4Y55 670 — 830 
4Y62 720 — 890 
4Y69 770 — 940 


-40 
-40 
-40 


-40 
-40 
-40 


annkARARwW 


5Y40 510 

5Y42 530 — 680 
5Y46 570 — 720 
5Y50 610-770 
5Y55 670 — 830 
5Y62 720 — 890 
5Y69 770 — 940 


-60 
-60 
-60 
-60 
-60 


annkARARwW 


1% Ni 
3% Ni 
5 Ni 
9 Ni 


RWW 


NOTES 
1. Energy values from individual impact test specimens are to comply with 1.4.3. 
2. Values in () apply only to two-run technique impact test specimens. 


Table 11.4.4 Butt weld assembly preparation 4.6.6 The results of transverse tensile and impact tests 
are to comply with the requirements of Table 11.4.3 as appro- 
Maximum priate. The position of fracture of the transverse tensile tests is 


Plate Recommended diameter to be reported. 
thickness diameter of wire 


mm mm : ; 
4.6.7 The bend test specimens can be considered as 


complying with the requirements if, after bending, no crack or 
other open defects exceeding 3 mm in dimensions can be 
seen on the outer surface. One of the specimens from each 
assembly is to be tested with the side first welded in tension, 
and the second specimen with the other side in tension. 


12,5 


4.6.8 The longitudinal tensile specimen shown in 
Fig. 11.4.3 is to be prepared from the thicker assembly, even 
in those cases where multi-run technique approval is also 
sought. This test specimen is to be machined to the 
dimensions shown in Ch 11,2.1.1, and the longitudinal axis is 
to coincide with the centre of the weld about 7 mm below the 
plate surface on the side from which the second run is made. 
The test specimen may be given a hydrogen release treatment 
in accordance with 2.1.1. The results of this test are to comply 
with the requirements of Table 11.4.2. 


7 mm min. 
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Discard 


Charpy V-notch 


Longitudinal tensile 


Discard 


Macro 


150 mm min. 150 mm min. 


5119/01 


Fig. 11.4.3 
Butt weld test assembly (two-run technique) 


4.6.9 The chemical analysis of the weld metal of the 
second run in each assembly is to be determined and 
reported. This is to include the content of all significant 
elements. The results of the analysis are not to exceed the 
limit values specified in the standards or by the manufacturer, 
the narrower tolerances being applicable in each case. 
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Chemical 


Second run analysis 


= 
12-15 mm 


55 mm 


Second run 


20-25 mm 


Second run 


35-40mm 


Butt weld test assembly (two-run technique): 
position of impact test specimens 


4.7 Annual tests 


4.7.1 Annual tests are to consist of at least the following: 

(a) For wire-flux combinations approved for the multi-run 
technique, one deposited metal test assembly. 

(o) For wire-flux combinations approved for the two-run 
technique, one butt weld test assembly using plate 
material 20 to 25 mm in thickness. For Y47 the thickness 
of plate material may be taken as 50 mm. 


4.7.2 The deposited metal assemblies are to be prepared 
and tested in accordance with 4.8, except that only one 
longitudinal tensile, three impact test specimens and a 
chemical analysis are required. 


4.7.3 The butt weld test assemblies are to be prepared 
and tested in accordance with 4.6, except that only one 
transverse tensile, two bend, three impact test soecimens and 
a chemical analysis are required. One longitudinal tensile test 
specimen is also to be prepared where the wire-flux 
combination is approved solely for the two-run technique. 


4.7.4 Where a wire-flux combination is approved for welding 
a range of steels with different specified minimum strength 
levels, steel of the highest strength approved is to be used for 
the preparation of the butt weld assembly required by 4.7.1(b). 
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a Section 5 
Wires and wire-gas combinations 
for manual, semi-automatic and 
automatic welding 


5.1 General 


5.1.1 Wire-gas combinations and flux-cored or flux-coated 

wires (for use with or without a shielding gas) are divided into 

the following categories for the purposes of approval testing: 

(a) For use in manual multi-run welding with the inert gas 
tungsten arc welding process (GTAW). 

(o) For use in semi-automatic multi-run metal arc welding. 

(c) For use in single electrode multi-run automatic metal arc 
and GTAW welding. 

(d) For use in single electrode two-run automatic metal arc 
and GTAW welding. 


5.1.2 The term ‘manual’, is used to describe the technique 
where the gas-shielded tungsten arc torch is held in one hand 
and the filler is added separately by the other hand. 


5.1.3 The term ‘semi-automatic’ is used to describe 
processes in which the weld is made manually by a welder 
holding a gun through which the wire is continuously fed. 


5.1.4 In the GTAW process, ‘automatic’ refers to the fully 
mechanised control and application of both torch and separate 
filler wire. 


5.1.5 Dependent on the results of mechanical and other 
tests, approval will be allocated as one of the grades from 
Table 11.1.1. 


5.1.6 A suffix S will be added after the grade mark to 
indicate approval for semi-automatic multi-run welding. 


Table 11.5.1 


Chapter 11 
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5.1.7 For wires intended for automatic welding, the suffixes 
T or M will be added after the grade mark to indicate approval 
for two-run or multi-run welding techniques, respectively. 


5.1.8 For wires intended for both semi-automatic and 
automatic welding, the suffices will be added in combination. 


5.1.9 Solid wire-gas combinations are considered 
naturally low hydrogen in character and qualify for ‘H15’ 
approval without testing. This is not so for cored wires and 
continuous coated wires which must be tested if there is a 
need for low hydrogen approval. For the lower strength 
grades of steel, low hydrogen testing is not normally a require- 
ment for approval. With higher strength steels, it is more 
important and Table 11.5.1 shows the mandatory minimum low 
hydrogen status required for approval of wire-gas combina- 
tions. 


5.1.10 The testing methods to be used for low hydrogen 
approval are to be in accordance with 3.4, modified to use the 
manufacturer’s recommended welding conditions and adjusting 
the deposition rate to give a weld deposit weight per sample 
similar to that deposited when using manual electrodes. 


5.1.11. Where applicable, the approved combination will 
name either the specific gas composition or its trade name, 
but in either case the composition of the shielding gas is to 
be reported. Unless otherwise agreed, additional approval 
tests are required when a shielding gas is used other than 
that used for the original approval tests. However a wire and 
gas combination approved with an argon/carbon dioxide 
shielding gas where the carbon dioxide is between 15-25 per 
cent is also approved for other combinations of argon/carbon 
dioxide, provided the carbon dioxide content is within the 
range 15-25 per cent. The range of approval is limited to 
ferritic consumables in solid wire, flux cored and coated wire 
forms and subject to the agreement of the consumable 
manufacturer and LR. 


Minimum low hydrogen approval requirements for wires and wire-gas combinations 


‘H’ grade for 
m and S 
techniques 


‘H’ grade for 
M technique 


‘H’ grade for 


Approval grade 
pene a T technique 


1 (1N), 2 (2N), 3 (3N) NR 

1Y, 2Y, 3Y, 4Y H15 (see Note 2) 
2Y40 to 5Y40 
3Y47 


3Y42 to 5Y42 
3Y46 to 5Y46 
3Y50 to 5Y50 
3Y55 to 5Y55 
3Y62 to 5Y62 
3Y69 to 5Y69 


11/2 Ni 
31/2 Ni 
5Ni NR (see Note 3) 
9 Ni NR (see Note 3) 


NOTES 

1. NR — Not required. Approval may be obtained when requested. 

2. Optional in this case. If low hydrogen approval is not obtained, there is a limitation on the carbon equivalent of the steel which is 
permitted to be welded. 

3. Assumes use of an austenitic, non-transformable, filler material. 
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5.1.12 Wires and wire-gas combinations for multiple 
electrode automatic welding will be subject to separate approval 
tests. Any proposals are to be submitted for consideration. 


5.1.13 Wires and wire-gas combinations approved with 
multi-run technique for normal and higher strength levels up to 
and including ‘Y’ are also considered suitable for welding steels 
in the three strength levels below that for which they have been 
approved. 


5.1.14 Wires and wire-gas combinations approved with 
multi-run technique for strength levels Y40 to Y50, but 
excluding Y47 are also considered suitable for welding steels 
in two strength levels below that for which they have been 
approved. 


5.1.15 Wires and wire-gas combinations approved with 
multi-run technique for strength levels Y47, Y55 and above are 
also considered suitable for welding steels in only one strength 
level below that for which they have been approved. 


5.1.16 Wires and wire-gas combinations with two-run 
technique approval are not considered suitable for welding 
steels of any other strength level with that technique, see 5.4.1. 


5.2 Approval tests for manual and semi-automatic 
multi-run welding 


5.2.1 Approval tests for manual (GTAW) and semi- 
automatic multi-run welding are to be carried out generally in 
accordance with the requirements of Section 3, except as 
required by 5.2, using the respective technique for the 
preparation of all test assemblies. 


D272 Two deposited metal test assemblies are to be 
prepared in the downhand position as shown in Fig. 11.3.1, one 
using the smallest diameter, and the other using the largest 
diameter of wire for which approval is required. Where only one 
diameter is manufactured, only one deposited metal assembly 
is to be prepared. 


5.2.3 For Y47 grades, as an alternative to Figs. 11.3.1 to 
11.3.4, the thickness of the plate used for the test assembly 
may be taken as 50 mm. 


5.2.4 The weld metal is to be deposited according to the 
practice recommended by the manufacturer, and the 
thickness of each layer of weld metal is to be between 2 mm 
and 6 mm, unless it is clearly stated as part of the 
consumable manufacturer’s published recommendations. 


5.2.5 The chemical analysis of the deposited weld metal 
in each test assembly is to be supplied by the manufacturer 
and is to include the content of all significant alloying 
elements. The results of the analysis are not to exceed the 
limit values specified in the standards or by the manufacturer, 
the narrower tolerances being applicable in each case. 


Chapter 11 


Section 5 


5.2.6 Butt weld assemblies as shown in Fig. 11.3.2 are 
to be prepared for each welding position for which the wire is 
to be approved. In the case of approvals for normal and 
higher strength steels (up to 355 N/mm2 minimum specified 
yield strength), tests satisfying the requirements in both the 
downhand and vertical-upward positions will be considered 
as having also satisfied the requirements for the horizontal- 
vertical position. In all other cases, approval in the horizontal- 
vertical position will require a butt weld to be made in that 
position and be fully tested. 


5.2.7 The downhand assembly is to be welded using, for 
the first run, wire of the smallest diameter to be approved and, 
for the remaining runs, wire of the largest diameter to be 
approved. 


5.2.8 Where approval is requested only in the downhand 
position, an additional butt weld assembly is to be prepared in 
that position using, if possible, wires of different diameter from 
those required by 5.2.7. If only one wire diameter is to be 
approved, this second downhand butt weld should be made 
using either larger or smaller beads than the first assembly. 


5.2.9 The butt weld assemblies, in positions other than 
downhand, are to be welded using, for the first run, wire of 
the smallest diameter to be approved, and for the remaining 
runs, the largest diameter of wire recommended by the manu- 
facturer for the position concerned. 


5.2.10 Fillet weld test assemblies as detailed in 3.5 are to 
be prepared, examined and tested. 


5.2.11. Low hydrogen approval tests are to be carried out 
if required by 5.1.9. 


5.2.12 Test specimens from each assembly are to be 
prepared and tested in accordance with the requirements of 
3.2 and 3.3. 


5.3 Approval tests for multi-run automatic 
welding 


5.3.1 Approval tests for multi-run automatic welding are 
to be carried out generally in accordance with the require- 
ments of Section 4, except as required by 5.3, using the 
multi-run automatic welding technique for the preparation of 
all test assemblies. 


5.3.2 One deposited metal test assembly is to be 
prepared as shown in Fig. 11.4.1. Welding is to be as detailed 
in 4.3.4, except that the thickness of each layer is to be not 
less than 3 mm, unless it is clearly stated as part of the 
consumable manufacturer’s published recommendations. 


5.3.3 For Y47 grades, as an alternative to Figs. 11.4.1 
and 11.4.2, the thickness of the plate used for the test 
assembly may be taken as 50 mm. 


5.3.4 One butt weld test assembly is to be prepared as 
shown in Fig. 11.4.2 for each welding position to be approved 
for the automatic multi-run technique. 
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5.3.5 Test specimens from each test assembly are to be 
prepared and tested in accordance with the requirements of 
Section 4 for multi-run submerged-arc automatic welding. 


5.3.6 Low hydrogen approval tests are to be made if 
required by 5.1.9. 


5.3.7 At the discretion of LR, wires approved for semi- 
automatic welding in the downhand position may also be 
approved without additional tests, for use in multi-run auto- 
matic welding. 


5.4 Approval tests for two-run automatic welding 


5.4.1 Approval tests for two-run automatic welding are 
to be carried out generally in accordance with the require- 
ments of Section 4, except as required by 5.4, using the 
two-run automatic welding technique for the preparation of 
all test assemblies. Two butt weld test assemblies are to be 
prepared and tested using plates of the strength level for 
which approval is required. Each strength level requires sepa- 
rate approval. 


5.4.2 Two butt weld test assemblies are to be prepared 
generally as detailed in 4.5 and 4.6 using plates 12 to 15 mm 
and 20 to 25 mm in thickness. 


5.4.3 If approval is requested for welding plate thicker 
than 25 mm, one assembly is to be prepared using plates 
approximately 20 mm in thickness and the other using plates 
of the maximum thickness for which approval is requested. 


5.4.4 The edge preparation of the test assemblies is to 
be as shown in Fig. 11.5.1. Small deviations in edge prepa- 
ration may be allowed, if these form part of the consumable 
manufacturer’s recommendations. For assemblies using 
plates over 25 mm in thickness, the edge preparation is to be 
reported for information. 


20-25 mm 


Fig. 11.5.1 
Normal edge preparation for two-run butt weld 
test assemblies 


Chapter 11 
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5.4.5 The diameters of wires used are to be in accordance 
with the recommendations of the manufacturer and are to be 
reported. 


5.4.6 Test specimens from each butt weld assembly are to 
be prepared and tested in accordance with the requirements 
of Section 4 for two-run submerged-arc automatic welding. 


5.4.7 The weld metal chemical analysis is to be reported 
as in 4.6.9. The results of the analysis are not to exceed the 
limit values specified in the standards or by the manufacturer, 
the narrower tolerances being applicable in each case. 


5.5 Annual tests 


5.5.7 Annual tests are to consist of at least the following: 
(a) Wires approved for manual welding or semi-automatic 
welding or either of these combined with approval for 
automatic multi-run welding: 
one deposited metal test assembly prepared in 
accordance with 5.2 using a wire of diameter 
within the approved range. 
(o) Wire approved for automatic multi-run welding: 
one deposited metal test assembly prepared in 
accordance with 5.3 using a wire of diameter as 
stated in (a). 
(c) Wires approved for two-run automatic welding: 
one butt weld test assembly prepared in 
accordance with 5.4 using plates 20 to 25 mm in 
thickness or the maximum approved thickness. 
The diameter of wire used is to be reported. 


E Section 6 
Consumables for use in electro- 
slag and electro-gas welding 


6.1 General 


6.1.1 The requirements for the approval of consumables 
used for electro-slag or electro-gas welding (including 
consumable nozzles, where applicable) are generally as 
detailed in Section 4 for two-run submerged-arc welding 
consumables, except as otherwise detailed in this Section. 


6.1.2 For each grade, approval may be restricted for use 
with specific compositional types of steel. For Grades 1Y, 2Y, 
3Y, 4Y, 2Y40, 3Y40 and 4Y40 this will normally be in respect 
of the grain refining element content, and tests on niobium 
grain refined steel will normally qualify for use also on steels 
treated with aluminium or vanadium or combinations of these 
elements. 


6.1.3 Superscript numbers are applied to the ‘Y’ of higher 

strength steel consumables, e.g. 2Y1, to indicate the type of 

parent steel for which approval is applicable as follows: 

Y1 approval Grade for higher strength steel is limited to 
parent steel which has been treated only with aluminium. 

Y2 approval Grade for higher strength steel is appropriate 
to niobium-treated steels, whether aluminium treated or 
not. It also covers steels treated only with aluminium. 
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6.1.4 Each strength level requires separate approval 
involving the welding and testing of two butt weld assemblies 
of different thickness. The greater thickness will determine the 
maximum approved thickness. 


6.2 Butt weld test assemblies 


6.2.1 Two butt weld test assemblies are to be prepared, 
one with plates 20 to 25 mm in thickness and the other with 
plates 35 to 40 mm in thickness. The steel used is not to be of 
any higher grade (impact toughness) than that for which 
approval is required. The limitations of 6.1.2 need to be consid- 
ered in this Section. The chemical composition of the plate, 
including the content of grain refining elements, is to be reported. 


6.2.2 The welding conditions and the edge preparation 
adopted are to be in accordance with the recommendations 
of the manufacturer and are to be reported in detail. The 
manufacturer's maximum recommended gap between plates 
is to be used in making the test assemblies. 


6.2.3 It is recommended that the assemblies are 
subjected to radiographic examination to identify any defects 
before the preparation of any test specimens. 


6.2.4 Test specimens as follows, and as shown in 
Fig. 11.6.1, are to be prepared from each test assembly: 

(a) Two longitudinal tensile test specimens. 

Two transverse tensile test specimens. 

Two bend test specimens. 

Two macro-sections. 

Two sets of three impact test specimens notched in 
accordance with Fig. 11.6.2. 


6.2.5 The chemical analysis of the weld metal in each 
assembly is to be determined and reported. This is to be 
supplied by the manufacturer and is to include the content of 
all significant elements. The results of the analysis are not to 
exceed the limit values specified in the standards or by the 
manufacturer, the narrower tolerances being applicable in 
each case. 


6.2.6 The results of all transverse tensile and impact tests 
are to comply with the requirements given in Table 11.4.3 as 
appropriate. The position of fracture of the transverse tensile 
test is to be reported. The Charpy V-notch impact test 
requirements are as for the two-run technique in Table 11.4.3. 


6.2.7 The results of all longitudinal tensile tests are to 
comply with the requirements of Table 11.4.2. 


6.2.8 The bend test specimens are to be in accordance 
with 4.6.7 and Table 11.4.3. Each surface of the weld is to be 
tested Fension. 


6.3 Annual tests 


6.3.1 Annual tests are to consist of at least one butt weld 
test assembly using plate material 20 to 25 mm in thickness. 


Chapter 11 


Section 6 


Centre of weld 


Longitudinal tensile 


Transverse tensile 


Charpy tests 
(See Fig. 11.6.2) 


Transverse tensile 


Longitudinal tensile 


3450/06 


Fig. 11.6.1 
Butt weld test assembly for electro-slag or 
electro-gas welding 


6.3.2 The assembly is to be prepared and tested in 

accordance with 6.2 except that only the following tests are 

required: 

(a) One longitudinal tensile test. 

b) One transverse tensile test. 

c) Two bend tests. 

d) Two sets of three Charpy V-notch impact tests; one set 
with the notch at the centre of the weld (Position (1) in 
Fig. 11.6.2), and one set with the notch in the weld metal 
2 mm from the fusion line (Position (2) in Fig.11.6.2). 

(e) Chemical analysis. 

(f) One macro section. 


( 
( 
( 


6.3.3 Where a consumable or combination is approved 
for a range of steels with different specified minimum strength 
levels, steel of the highest strength level is to be used for the 
preparation for the assembly required by 6.3.1. 
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(1) In the centre of the weld metal 


(2) In the weld metal, 2 mm from the fusion line 


Fig. 11.6.2 
Position of Charpy V-notch impact test specimens 


a Section 7 
Consumables for use in one-side 
welding with temporary backing 
materials 


7.1 General 


7.1.1 The requirements for approval of combinations 
including temporary backing material, for use in one-side 
welding techniques, are dependent on the technique used and 
which basic technique it most closely follows. The following are 
provided for: 

(a) Technique m - for manual electrode/backing combinations. 

(o) Technique S — for wire-gas/backing combinations used 
with semi-automatic multi-run technique. 

(c) Technique M — for wire-flux or wire-gas in combination 
with backing material (and maybe supplementary filler 
materials) used with an automatic multi-run technique. 

(d) Technique A - as for M but using a procedure with a high 
heat input rate (large bead size relative to thickness 
welded). This would apply to welds made by four or less 
runs in 20 mm thickness, or eight or less runs in 35 mm. 


7.1.2 For technique m, S or M, a single butt weld is to be 
made in plate of 20-25 mm thickness. For technique A, two 
butt welds are to be made, one in plate of the maximum 
thickness recommended by the manufacturer, the other in 
plate of approximately half the thickness of the first. Usually 
this will involve thicknesses in the region of 35-40 mm and 
20-25 mm respectively. 


Chapter 11 


Sections 6 & 7 


7.1.8 A wire and gas combination approved with an 
argon/carbon dioxide shielding gas where the carbon dioxide 
content is between 15-25 per cent is also approved for other 
combinations of argon/carbon dioxide, provided the carbon 
dioxide content is within the range 15-25 per cent. The range 
of approval is limited to ferritic consumables in solid wire, flux 
cored and coated wire forms and subject to the agreement of 
the consumable manufacturer and LR. 


7.1.4 Any unrecognised techniques or unusual combina- 
tions will be considered for approval subject to a test 
programme to be agreed based on the details of the technique 
and combination which are to be submitted in advance. 


7.1.5 Where low hydrogen approval is required either by 

Table 11.7.1 or by the manufacturer, it should be noted that 

this will generally be achieved through separate testing of: 

(a) the backing material, and 

(o) the welding electrode or combination of wire-flux or 
wire-gas. 


7.1.6 The hydrogen potential of the backing material is to 
be determined using the modified Gayley-Wooding method 
which expresses the total hydrogen content as water by 
weight per cent. The qualifying levels are: 


To qualify as: 


H20 g/100g sample 


H15 0,5 
H10 0,3 
H5 0,2 


7.1.7 The sampling and approval of the combinations 
without the backing are to follow the general requirements of 
Sections 3, 4 or 5, as appropriate. 


7.1.8 Combinations approved with multi-run technique 
(m, S and M) for normal and higher strength levels up to and 
including ‘Y’ are also considered suitable for welding steels in 
the three strength levels below that for which they have been 
approved. 


7.1.9 Combinations approved with multi-run technique 
(m, S and M) for strength levels Y40 to Y50, but excluding 
Y47, are also considered suitable for welding steels in two 
strength levels below that for which they have been approved. 


7.1.10 | Combinations approved with multi-run technique 
(m, S and M) for strength levels Y47, Y55 and above are also 
considered suitable for welding steels in only one strength 
level below that for which they have been approved. 


7.1.11 Combinations approved for the ‘A’ multi-run 
technique are not considered suitable for welding steels of any 
other strength level with that technique. 
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Section 7 


Table 11.7.1 Minimum low hydrogen approval requirements for one-side welding with combinations including 
temporary backing material 


‘H’ grade for ‘H’ grade for ‘H’ grade for 
Approval grades m and S M A 
techniques technique technique 


1 (1N), 2 (2N), 3 (BN) NR 
1Y, 2Y, 3Y, 4Y H15 (see Note 2) 
2Y40 to 5Y40 
3Y47 


3Y42 to 5Y42 
3Y46 to 5Y46 
3Y50 to 5Y50 
3Y55 to 5Y55 
3Y62 to 5Y62 
3Y69 to 5Y69 


11/2 Ni 
31/2 Ni 
5 Ni (see Note 3) 
9 Ni (see Note 3) 


NOTES 
NR — Not required. Approval may be obtained when requested. 
Optional in this case. If low hydrogen approval is not obtained, there is a limitation on the carbon equivalent of the steel which is 
permitted to be welded. 
Assumes the use of an austenitic, non-transformable, filler material. 


7.2 Approval tests for manual (m), semi-automatic 7.23 The edge preparation and welding conditions are 

(S) and automatic multi-run (M) techniques to be in accordance with the recommendations of the 
manufacturers. 

7.2.1 For each position to be approved, one butt weld 

assembly is to be prepared using plates of 20-25 mm 7.2.4 Test specimens are to be prepared as shown in 

thickness as shown in Fig. 11.7.1. The grade of plate used is Fig. 11.7.1 and Fig. 11.7.2(a): 

to be no higher in toughness than that for which approval is (a) One longitudinal tensile test specimen (from the centre 

required. The strength is to be appropriate to the grade for of the weld). 

which welding approval is requested. (o) Two transverse tensile specimens. 


(c) Two bend test specimens, one with the face in tension, 
the other with the root in tension. 

(d) One macrosection. 

(e) Two sets of three Charpy impact test specimens 
positioned and notched in accordance with Fig.11.7.2(a). 


7.2.5 The results of all transverse tensile, bend and impact 
tests are to comply with the requirements in Table 11.3.3 for m 
and S technique, and Table 11.4.3 for M technique. The 
position of fracture of the transverse tensile test is to be 
reported. The appearance of the bend test specimens is to be 
in accordance with 3.3.13. 


Two sets of Charpy specimens , 2 . 
from thinner assembly. 7.2.6 The results of all longitudinal tensile tests are to 
; comply with the requirements in Table 11.3.2. 

Three sets from thicker assembly 


Temporary backin 3450/08 ` i ‘ 
ee 7.2.7 Low hydrogen approval is required in accordance 


with Table 11.7.1. 


Fig. 11.7.1 
Butt weld test assembly and specimens for all 
techniques 


7.2.8 Chemical analyses are to be made and reported 
from positions corresponding to the weld metal in the upper 
and lower Charpy specimens of the downhand butt weld. 
These are to be supplied by the manufacturer and are to 
7.2.2 The thickness of test assembly is to be 50 mm for include the content of all significant elements. The results of 
Y47 base material. the analysis are not to exceed the limit values specified in the 
standards or by the manufacturer, the narrower tolerances 
being applicable in each case. 
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a 
20-25 mm 


35-40mm 


Fig. 11.7.2 
Position of Charpy V-notch impact tests for 
one-side automatic welding 


7.3 Approval tests for high heat input automatic 
(A) techniques 


7.3.1 Two butt weld assemblies are to be prepared, 
usually one of 85-40 mm thickness, the other 20-25 mm, as 
shown in Fig. 11.7.1, noting that in the thinner assembly only 
two sets of Charpy specimens are required. The grade of 
plates used is to be no higher in toughness than that for which 
approval is required. The strength is to be appropriate to the 
grade for which welding approval is requested. 


7.3.2 For Y47 grade, the thicker assembly is to be 
prepared from the maximum thickness for which approval is 
required, and the thinner assembly is to be prepared from 
50 mm thickness. Where approval is required for 50 mm 
thickness, only one assembly from that thickness is required. 


7.3.3 The edge preparation and welding conditions are 
to be in accordance with the manufacturer’s recommenda- 
tions, and are to be reported to LR. 


7.3.4 Test specimens as follows are to be prepared as 

shown in Fig. 11.7.1 and Figs. 11.7.2(a) and (b): 

(a) One longitudinal tensile test specimen (from centre of 
weld). 

(o) Two transverse tensile test specimens. 

(c) Two bend test specimens. 

(d) One macro-section. 

(e) From assembly 20 to 25 mm thick, two sets of three 

impact test specimens positioned and notched in 

accordance with Fig. 11.7.2(a). 

(f, From assembly 35 to 40 mm thick, three sets of three 
impact test specimens positioned and notched in 
accordance with Fig. 11.7.2(b). 


Chapter 11 
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(g) From assembly of thickness 50 mm or more, three sets 
of three impact test specimens positioned and notched 
in accordance with Fig. 11.7.2(b). The second set 
positioned in the mid-thickness of test assembly. 

The bend specimens are to be tested, one with the face 
in tension, the other with the root in tension. 


7.3.5 The results of all transverse tensile, bend and 
impact tests are to comply with the requirements of 
Table 11.4.3. The appearance of the bend test specimens is 
to be in accordance with 3.3.13. The Charpy V-notch impact 
test requirements are as for the two-run technique in 
Table 11.4.3. 


7.3.6 The results of all longitudinal tensile tests are to 
comply with the requirements in Table 11.3.2, except that for 
Grades 1Y, 2Y and 3Y the tensile strength is to be not less 
than 490 N/mm2. 


7.3.7 Low hydrogen approval is required in accordance 
with Table 11.7.1. 


7.3.8 Chemical analyses are to be made and reported 
from positions corresponding to the weld metal in the 
uppermost and lowest Charpy specimens in the thicker plate 
weld. This is to be supplied by the manufacturer and is to 
include the content of all significant elements. The results of 
the analysis are not to exceed the limit values specified in the 
standards or by the manufacturer, the narrower tolerances 
being applicable in each case. 


7.4 Annual tests 


7.4.1 Annual tests are to consist of, at least, one butt 
weld test assembly, for each technique approved, using 
plates of 20 to 25 mm thickness. 


7.4.2 The assembly is to be prepared and tested in 

accordance with 7.2 or 7.3, as appropriate, except that only 

the following tests are required: 

(a) One longitudinal tensile test (from centre of weld). 

b) One transverse tensile test. 

c) Two bend tests. 

d) One set of three impact tests taken from the root of the 
weld and the specimens notched in accordance with 
Fig. 11.7.2. 

(e) Chemical analysis (one only). 


E Section 8 
Consumables for welding 
austenitic and duplex stainless 
steels 


8.1 General 


8.1.1 Tests for the approval of consumables intended for 
welding the austenitic and duplex stainless steels detailed in 
Ch 3,7 are to be carried out generally in accordance with the 
Section (3, 4, 5, 6 or 7) relevant to the type of consumable or 
combination. 
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8.1.2 Approval will be indicated by the grade or grades 
of parent stainless steel for which the consumable or combi- 
nation is approved. 


8.1.3 Where a shielding gas is employed, separate approval 
will be required for each specific shielding gas composition. 


8.1.4 Consumables for welding the austenitic stainless 
steels and the duplex stainless steels to carbon or carbon- 
manganese steels will be approved in a similar manner. Parent 
plate used for the butt and fillet weld test assemblies will be 
carbon or carbon-manganese steel with either austenitic 
stainless steel or duplex stainless steel, as appropriate. 
Approval will be indicated by ‘SS/CMn’ and ‘Dup/CMn’ 
respectively, however, no buttering of test assembly plates is 
allowed for these two approvals. 


8.1.5 Separate approval will be given for welding 
chemical and cryogenic applications. For chemical use, 
evidence of relevant corrosion resistance will be required. 
Charpy impact toughness tests will be required for all uses, 
but for cryogenic use the Charpy impact toughness 
requirements are more severe. 


8.1.6 The welding technique will be indicated in the 
approval grading by a letter: 
m — for manual SMAW or GTAW welding. 
S - for wire-gas combinations used with a semi- 
automatic multi-run technique. 
M — for wire-flux or wire-gas combinations used with 
an automatic multi-run technique. 
T  — for wire-flux or wire-gas combinations used with 
an automatic two-run technique. 


Table 11.8.1 


Chapter 11 


Section 8 


A — as for M but using a procedure with a high heat 
input rate (large bead size relative to thickness 
welded). This would apply to welds made by 
four or less runs in 20 mm thickness, or eight or 
less runs in 35 mm. 


8.2 Deposited metal test assemblies 


8.2.1 Where the relevant Section requires deposited metal 
assemblies to be made and tested, the plates used must be 
either of the type for which approval is required or of normal 
strength carbon, or carbon-manganese steel with the prepared 
edges built up with stainless steel weld metal and finished with 
a layer of weld metal from the consumable to be approved. 


8.2.2 The chemical analysis of the deposited weld metal is 
to be reported, including all significant elements. The elements 
reported will be dependent on the type of stainless steel for 
which approval of the consumables is requested. Any unusual 
weld metal compositions will have to be justified in respect of 
the particular approval requested. This is to be supplied by the 
manufacturer and is to include the content of all significant 
elements. The results of the analysis are not to exceed the limit 
values specified in the standards or by the manufacturer, the 
narrower tolerances being applicable in each case. 


8.2.3 The results of all tensile and notch impact tests are 
to comply with the requirements given in Table 11.8.1 as 
appropriate. 


8.2.4 The ferrite content in the last weld run from each 
deposited metal assembly is to be determined by physical or 
metallographic means, and reported, indicating the method 
of determination. 


Requirements for deposited metal tests (manual, semi-automatic and automatic multi-run techniques) 


Charpy V-notch impact tests 


0,2% proof 1% proof Tensile Elongation 
stress stress strength on Chemical Cryogenic Average 
N/mm2 N/mm2 N/mm2 50 mm test test energy 

minimum minimum minimum % minimum temperature temperature See Note 1 
°C °C J minimum 


304L 270 310 500 -20 = 29 
304LN 305 345 530 -20 -= 29 
316L 270 310 500 -20 -= 29 
316LN 305 345 530 -20 
317L 305 345 530 -20 
317LN 340 380 570 -20 
321 290 330 550 -20 
347 290 330 550 -20 

S 31254 370 410 650 -20 
N 08904 270 310 500 -20 


SS/CMn 270 310 500 -20 


S 31260 485 525 690 -20 
S 31803 450 490 620 
S 32550 550 590 760 
S 32750 550 590 800 
S 32760 550 590 750 


see Note 2 


Dup/CMn 270 310 500 


see Note 2 


NOTES 
1. Energy values from individual impact test specimens are to comply with 1.4.3. 
2. Approval for cryogenic applications is to be obtained at the procedure approval stage. 
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8.3 Butt weld test assemblies 


8.3.1 Where the relevant Section requires butt weld 
assemblies to be made and tested, the plates used are to be 
either of the type for which approval is required or of steel having 
strength and ductility within the range specified for the grade to 
be approved. In the latter case, provided the consumable is 
metallurgically compatible with the base material to be used, the 
prepared edges are to be built up with a layer of weld metal 
before final machining of the weld preparation. 


8.3.2 The results of transverse tensile, notch impact and 
bend tests are to comply with the requirements of Table 11.8.2 
as appropriate. The position of fracture is to be reported to LR. 


8.3.3 The ferrite content at the centre of the weld metal in 
each butt weld assembly is to be determined by physical or 
metallographic means, and meet the requirements in 
Table 11.8.2. The method of determination is to be reported. 


8.3.4 For austenitic and duplex stainless steel approvals 
(except for types 304L, 316L, 321 and 347), an appropriate 
sample from each butt weld assembly is to be submitted to the 
corrosion testing provided in ASTM G48, Method ‘C’. The 
results are to be reported so as to allow confirmation of the 
maximum acceptable pitting corrosion resistance temperature. 
This will be part of the approval grading and will be set at 5°C 
intervals. The minimum pitting corrosion temperature would not 
be expected to be less than 20°C. 


Table 11.8.2 
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8.4 Fillet weld test assemblies 


8.4.1 Where the relevant Section requires fillet weld 
assemblies to be made and tested, the plates used must be 
either of the type for which approval is required or of steel 
having strength and ductility within the range specified for the 
grade to be approved. In the latter case, the surfaces on which 
the fillet weld beads are to be deposited are to be cut back by 
machining and then built up to original dimensions with weld 
metal from the consumable to be approved. 


8.4.2 The ferrite content at the centre of the weld metal in 
each fillet weld bead of each assembly is to be determined 
from the centre macro-section by physical or metallographic 
means, and reported. The method of determination is also to 
be reported to LR. 


8.4.3 Where approval is sought for fillet welding only, 
corrosion testing is to be carried out in accordance with 8.3.4 
from a sample taken from the deposited metal test assembly. 


8.5 Annual tests 


8.5.1 Annual tests are to be carried out as required by the 
relevant Section appropriate to the type of consumable and 
welding technique. The tests are to include a weld ferrite 
content in accordance with 8.2.4 or 8.3.3 as appropriate. 


8.5.2 The results of all tests are to comply with the 
requirements given in Table 11.8.1 and Table 11.8.2 as 
appropriate. 


Requirements for butt weld tests (all techniques) 


Charpy V-notch impact tests 


304L 
304LN 
316L 
316LN 
317L 
317LN 
321 
347 
S 31254 
N 08904 


Tensile 
strength 

N/mm2 
minimum 


530 
530 
570 
550 
550 
650 
500 


Bend test 
ratio: 


WWWWWWWWWW 


Weld 
ferrite 
content 


Chemical 
test 
temperature 
°C 


Cryogenic 
test 
temperature 


Average 
energy 
(see Note 1) 
J minimum 


SS/CMn 


500 


a 


S 31260 
S 31803 
S 32550 
S 32750 
S 32760 


690 
620 
760 
800 
750 


OoOowRs 


35-65 
35-65 
35-65 
35-65 
35-65 


(see Note 3) 


Dup/CMn 


500 


ioe) 


(see Note 2) 


(see Note 3) 


NOTES 


1. Energy values from individual impact test specimens are to comply with 1.4.3. 


2. To be reported for special consideration. 
3. Approval for cryogenic applications is to be obtained at the procedure approval stage. 
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a Section 9 
Consumables for welding 
aluminium alloys 


9.1 General 


9.1.1 Tests for the approval of consumables intended for 
welding the aluminium alloys detailed in Chapter 8 are to be 
carried out generally in accordance with the requirements of 
Sections 1, 2 and 5, except as otherwise detailed in this 
Section. 


9.1.2 Approval will be indicated by the grade shown in 
Table 11.9.1. Plate of the corresponding type of aluminium 
alloy and of appropriate thickness is to be used for the prepa- 
ration of the weld test assemblies, and may be of any temper 
listed in LR Rules. 


Table 11.9.1 Requirements for butt weld tests 


Consumable Tensile Bend test 
Approval Base material strength ratio 

Grade used for the test N/mm2 

(see Note 1) minimum 


LR RA/LR WA 5754 190 
LR RB/LR WB 5086 240 
LR RC1/LR WC1 5083 275 


LR RC2/LR WC2| 5383 or 5456 290 
‘see Note 2) 


R RC3/LR WC3 5059 330 
‘see Note 2) 


R RD/LR WD 6005A 170 
‘see Note 4) 6061 170 
6082 170 


NOTES 

. The prefixes ‘R’ and ‘W’ indicate ‘rod’ form (for Gas Tungsten 
Arc Welding (GTAW)) or ‘wire’ form (for Gas Metal Arc Welding 
(GMAW) and GTAW). 

. Approval of grade LR RC2/LR WC2 confers approval of 5383, 
5456 and 5083 base material grade. 

. Approval of grade LR RC3/LR WC8 confers approval of 5059, 
5383, 5456 and 5083 base material grades. 

. Approval of grade LR RD/LR WD confers approval of 6005A, 

6061 and 6082 base material grades. 


9.1.3 The welding technique will be indicated in the 
approval grading by a letter: 

m — manual multi-run welding (GTAW), 

S - semi-automatic multi-run welding (GMAW), 

M - automatic multi-run welding (GTAW or GMAW), 

T -— automatic two-run welding (GMAW). 


9.1.4 The compositions of the shielding gas and the 
filler/electrode wire are to be reported. 
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9.1.5 Approval granted using the multi-run technique for a 
specific filler/electrode wire with a gas in one of the groups listed 
in Table 11.9.2 will extend to any other gas compositions within 
that same group, provided that the gas composition is within 
the range recommended by the consumable manufacturer, 
subject to agreement with LR. 


Table 11.9.2 Shielding gas compositions 


Gas composition (Vol. %) 
(see Note) 


Helium Argon 


- 100 
100 - 
>0 <33 Remainder 
>33 <66 
>66 <95 


Remainder 


Remainder 


Special gas 


NOTE 

Gases of other composition (mixed gases) or special purity may 
be considered as special gases and will require separate approval 
tests. 


9.1.6 Approval granted for the two-run technique will be 
for a specific shielding gas composition; additional tests may 
be required if a change in shielding gas composition is sought. 


9.1.7 On completion of welding, assemblies are to be 
allowed to cool naturally to ambient temperature. Welded test 
assemblies and test specimens are not to be subjected to 
any heat treatment after welding except for the alloy 
Grades 6005A, 6061 and 6082. These are to be allowed to 
naturally age at ambient temperature for a period of 72 hours 
from the completion of welding, before testing is carried out. 
A second solution heat treatment is not permitted. 


9.1.8 All butt test assemblies are to be subjected to both 
radiographic and visual examination and imperfections such 
as lack of fusion, lack of penetration, cavities, inclusions, 
pores and cracks assessed in accordance with Intermediate 
Level C of ISO 10042, aided where necessary by dye 
penetrant and ultrasonic examination. 


9.1.9 Fillet weld test assemblies and macro-sections are 
to be visually examined for imperfections, such as lack of 
fusion, lack of penetration, cavities, inclusions, pores and 
cracks, in accordance with Intermediate Level C of ISO 10042, 
aided where necessary by radiographic and dye penetrant 
examination. 


9.2 Approval tests for manual, semi-automatic 
and automatic multi-run techniques 


9.2.1 Plate of the corresponding type of aluminium alloy 
and of appropriate thickness is to be used for the preparation 
of the weld test assemblies. 
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9.2.2 The welding parameters are to be within the range 
recommended by the manufacturer and are to be reported. 


9.2.3 Welded assemblies are to be prepared and tested 
in accordance with 9.3, 9.4 and 9.5. 
9.3 Deposited metal test assembly 


9.3.1 One assembly is to be prepared in the downhand 
position as shown in Fig. 11.9.1. 


Deposited 
weld metal 


Deposit 
thickness 
30 mm minimum 


Tack weld Z 


Nw, Sampling position 


\ Plate thickness 5787/01 
12-25 mm 


Fig. 11.9.1 Deposited metal test assembly 


9.3.2 The chemical composition of the plate used for the 
assembly is to be compatible with the weld metal. 


9.3.3 The thickness of the plate used, and the length of 
the assembly, are to be appropriate to the welding process. 
The plate thickness is to be not less than 12 mm. 


9.3.4 For the approval of filler wire/gas and electrode 
wire/gas combinations for manual or semi-automatic welding 
by GTAW or GMAW, one test assembly is to be welded using 
any size of wire within the range for which approval is sought. 


9.3.5 For automatic multi-run approval, one test assembly 
is to be welded by the respective process using the recom- 
mended diameter of wire. 


9.3.6 The weld metal is to be deposited in multi-run layers 
in accordance with normal practice. The direction of deposition 
of each layer is to alternate from each end of the plate. 


9.3.7 The deposited weld metal in the assembly is to be 
analysed and reported including the contents of all significant 
elements. The elements reported will be dependent on the 
type of aluminium alloy for which approval of the consumables 
is requested. The results of the analysis are not to exceed the 
limit values specified in the standards or by the manufacturer, 
the narrower tolerances being applicable in each case. 
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9.4 Butt weld test assemblies 


9.4.1 Plate of the corresponding type of aluminium alloy 
and of an appropriate thickness is to be used for the 
preparation of the test assemblies. 


9.4.2 In order to ensure sound and representative welds, 
it is essential that test assemblies are cleaned and degreased 
prior to welding. Assemblies as shown in Fig. 11.9.2 are to be 
prepared for each welding position (downhand, horizontal- 
vertical, vertical-upward, vertical-downward, and overhead) for 
which the consumable is recommended by the manufacturer; 
except that consumables satisfying the requirements for 
downhand and vertical-upward positions will be considered as 
also complying with the requirements for the horizontal-vertical 
position. Any wire diameter(s) to be approved may be used. 


Root bend 


Face bend 


Transverse tensile 


350 mm min 


Root bend 


Face bend 


Transverse tensile 


—| — 2 to 3 mm 


350 mm min 5787/02 


Fig. 11.9.2 
Butt weld test assembly 
(positional, multi-run technique) 
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9.4.3 One assembly, as shown in Fig. 11.9.3, is to be 
prepared for welding in the downhand position. The assembly 
is to be welded using, for the first run, wire of the smallest 
diameter recommended by the manufacturer and, for the 
remaining runs, wire of the largest diameter to be approved. 


Root bend 


Face bend 


Transverse tensile 


S&S 
= 
= 
E 

O 
a] 

oO 


Root bend 


Face bend 


Transverse tensile 


—+||--2 to 3 mm 


350 mm min 5787/03 


Fig. 11.9.3 
Butt weld test assembly 
(downhand, multi-run technique) 


9.4.4 The welding conditions are to be in accordance 
with the recommendations of the manufacturer and are to be 
reported in detail. 


9.4.5 The welded assemblies are to be subjected to 
NDE. Imperfections are to be assessed in accordance with 
9.1.8. 


9.4.6 The test specimens are to be taken from the 
welded assemblies as shown in Fig. 11.9.2 and Fig. 11.9.3. 
For each assembly they are to comprise: 

° 2 transverse tensile specimens; 

° 2 face bend specimens; and 

° 2 root bend specimens. 


9.4.7 All tensile test specimens are to have a tensile 
strength not less than the respective value shown in 
Table 11.9.1. The position of each fracture is to be reported. 
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9.4.8 The bend test specimens are to be bent around a 
former having a diameter not more than the number of times 
the thickness of the test specimen, as shown in Table 11.9.1, 
and can be considered as complying with the requirements 
if, after bending to an angle of not less than 180°, no crack or 
other open defect exceeding 3 mm in length can be seen on 
the outer surface. Flaws appearing at the corners of a test 
specimen may be ignored. 


9.4.9 In order to obtain uniform bending of the bend test 
specimens, it is recommended that the wrap-around or 
guided bend test using a roller method is employed. 


9.5 Fillet weld test assembly 


9.5.1 When approval is being sought for both butt and 
fillet welding, one assembly is to be prepared and welded in 
the horizontal-vertical position and tested in accordance with 
the appropriate requirements of 3.5, except that the plates 
are to be of an aluminium alloy compatible with the weld 
metal, that no hardness tests are required and that for 
automatic multi-run approval only one fillet weld bead is to be 
made using the recommended wire diameter. In this case, the 
bead size is to be as large as the maximum single bead size 
recommended by the manufacturer for fillet welding. 


9.5.2 When approval is being sought for fillet welding 
only, one assembly is to be prepared and welded in each 
position for which approval is sought, and tested as detailed 
in 9.5.1. 


9.5.3 The results of examination of the macro-specimens 
and the fractured fillet welds are to be reported in accordance 
with 3.5.4 and 3.5.6. Imperfections are to be assessed in 
accordance with 9.1.9. 


9.6 Approval tests for two-run technique 


9.6.1 Two butt weld test assemblies are to be prepared 

using the following plate thicknesses: 

(a) one with the maximum thickness for which approval is 
requested; and 

(b) one with a thickness approximately one half to two thirds 
that of the maximum thickness. 


9.7 Butt weld test assemblies (two-run technique) 


9.7.1 The plates used are to be of the aluminium alloy 
appropriate to the approval required as shown in Table 11.9.1. 
The composition of the plate material is to be within the range 
specified for that alloy in Table 8.1.2 in Chapter 8 and is to be 
reported including all significant elements. 


9.7.2 The wire diameter, edge preparation, welding 
current, arc voltage and travel speed are to be in accordance 
with the manufacturer’s recommendations and are to be 
reported. 


9.7.3 Each butt weld is to be made in two runs, one from 
each side. After completion of the first run, the assembly is to 
be left in still air until it has cooled to less than 50°C. 
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9.7.4 The welded assemblies are to be subjected to 
NDE. Imperfections are to be assessed in accordance with 
9.1.8. 


9.7.5 The test specimens as shown in Fig. 11.9.4 are to 
be prepared from each test assembly. The edges of the 
discards are to be polished and etched, and must show 
complete fusion and inter-run penetration of the welds. Each 
cut in the assembly is also to be examined to confirm that 
complete fusion and penetration have been achieved. 


Transverse tensile 


& 
E 
E 
& 
fo) 
9) 

v 


Transverse tensile 


350 mm min 5787/04 


Fig. 11.9.4 
Butt weld test assembly (two-run technique) 


9.7.6 The results of the transverse tensile tests are to be 
as in 9.4.7 and of the bend tests as in 9.4.8. The position of 
the fracture in each transverse tensile specimen is to be 
reported. 


9.8 Annual tests 


9.8.1 Annual tests are to consist of the following: 

(a) for combinations approved for the multi-run technique, 
one deposited metal assembly in 9.3 and one downhand 
butt assembly in 9.4; 

(b) for combinations approved for the two-run technique, 
one butt weld assembly in plate material of thickness 
equal to one half to two thirds that of the maximum 
thickness approved. 
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9.8.2 For the automatic two-run technique, one butt weld 
assembly is to be prepared and tested in accordance with 
9.7. 
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Section 

1 General qualification requirements 

2 Welding procedure qualification tests for steels 
3 Specific requirements for stainless steels 

4 Welding procedure tests for non-ferrous alloys 
5 Welder qualification tests 

6 Qualification of friction stir welding of 


alluminium alloys 


a Section 1 
General qualification requirements 


1.1 General 


1.1.1 This Section applies to all welding qualifications and 
tests required to be performed in the course of new construc- 
tion, conversions, modifications or repairs made on ships, 
other marine structures and their associated pressure vessels, 
machinery and equipment. 


1.1.2 These Rules also apply to all welding work related 
to other applications for which Lloyd’s Register (hereinafter 
referred to as LR) have issued Rules or have an interest. 


1.1.3 It is the responsibility of the manufacturer to ensure 
compliance with all aspects of these Rules. All deviations are 
to be recorded as non-compliances and brought to the 
attention of the Surveyor along with the corrective actions 
taken. Failure to do this is considered to render the welding 
tests as not complying with the Rules. 


1.1.4 Welding tests are to be performed under survey at 
the manufacturer's works. Welding procedure qualification 
tests and welder qualifications tests are to be performed and 
approved prior to commencement of fabrication or construction. 


Ph. Weld procedure tests made in accordance with EN, 
ISO, JIS, ASME or AWS may be considered for acceptance 
provided that, as a minimum, they are equivalent to and meet 
the technical intent of these Rules to the satisfaction of the 
Surveyor. 


1.1.6 Welding tests that have previously been carried out 
may be considered for acceptance, provided that they have 
been supervised by an independent body acceptable to LR 
and the Surveyor is satisfied with the authenticity of such 
tests. 


1.1.7 The responsibility for the performance of the weld 
tests rests with the manufacturer. Aspects of the welding 
tests, such as mechanical testing, non-destructive testing and 
heat treatment, may be subcontracted by the manufacturer 
provided that the subcontractor performs the work under the 
technical control and direction of the manufacturer, and this is 
agreed with the Surveyor prior to commencing the work. 
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1.1.8 In these Rules, the term ‘manufacturer’ is considered 
to include any firm or organisation that performs welding and 
is considered to be the shipbuilder, or construction firm, or 
fabricator, or material manufacturer. 


1.2 Design 


1.2.1 Welding procedure qualification tests are required to 
give assurance that construction welds made in accordance 
with the approved plans or the approved design have accept- 
able properties. It is the manufacturers responsibility to 
establish and document whether a procedure is suitable for a 
particular application. 


1.2.2 The requirements relate to mechanical properties of 
the weld and heat affected zone, however, other tests may be 
required on certain materials, for example, corrosion or fatigue 
tests, in order to ensure suitability for the proposed application. 


1.3 Materials 


1.3.1 Materials used for testing are to be of the same 
grade, type and from the same manufacturing process as 
those to be used for construction, unless prior agreement is 
obtained from the Surveyor. Such agreements will only apply 
on a case-by-case basis. 


1.3.2 All materials used for testing are to be suitably 
marked and identifiable to the original manufacturer’s material 
certificate. 


1.4 Performance of welding tests 


1.4.1 All welding and subsequent testing is to be performed 
in accordance with the requirements of this Chapter. 


1.4.2 The manufacturer is responsible for monitoring the 
tests and for recording all the welding variables as specified in 
2.2 and for compiling all the non-destructive examination 
(NDE) reports and mechanical test records for submission to 
the Surveyor. 


1.4.3 The laboratory or testing establishment used to 
perform the tests is to have the necessary equipment, main- 
tained in good order and suitably calibrated. The Surveyor is 
to be satisfied that the laboratory personnel have the appro- 
priate skills and are appropriately qualified in accordance with 
Ch 2,1.2.1. 
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|_| Section 2 
Welding procedure qualification 
tests for steels 


2.1 General 


2.1.1 The requirements of this Section relate to welding 
procedure test requirements of carbon, carbon-manganese 
steels and low alloys steels. Additional requirements for 
austenitic and austenitic/ferritic duplex stainless steels, aluminium 
and copper alloys are specified in Sections 3 and 4 respec- 
tively. 


2.1.2 Prior to performing the welding procedure qualifica- 
tion test, the manufacturer is to present to the Surveyor a 
preliminary Welding Procedure Specification (po WPS) detailing 
the welding processes, positions, joint types, materials and 
heat treatments to be performed during the test. The pWPS is 
to be presented for information prior to commencing the test. 


2.1.3 The type and extent of testing to be applied to each 
welding procedure test is to be in accordance with subsequent 
Sections of this Chapter. 


2.1.4 For the welding procedure approval, the welding 
procedure qualification tests given in this Section are to be 
carried out with satisfactory results. Welding procedure 
specifications are to refer to the test results achieved during 
welding procedure qualification testing. 


2.2 Welding variables 


2.2.1 In order that the conditions of the qualification test 

may be applied to production welding operations, the appropriate 

variables are to be recorded by the manufacturer during 

welding and testing from the following list: 

(a) The unique qualification reference number and the date 
of welding; 

(b) The material type, grade, product form, dimensions and 
identification; 

(c) Welding process(es), including tack welds; 

(d) Joint type, dimensions and surface condition; 

(e) Welding position(s); 

(f) Welding technique(s), weaving, multiple electrodes, etc; 

(g) Welding consumables including fluxes, shielding gases, 


etc; 

(h) Control of consumables, baking or drying conditions, 
etc; 

(i) | Welding parameters, current, voltages, travel speeds, 
etc; 


k) Number and sequence of weld runs; 

!) Backing materials including any backing gas; 

m) Preheats and interpass temperatures; 

n) Methods used for cleaning and inspection of root 
deposits; 

(o0) Post-weld heat treatment, temperature and cycle times; 

(0) Special weld profiling requirements. 
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2.2.2 Other variables may need to be recorded depending 
on the particular welding process or application and are to be 
agreed with the Surveyor, for example the peak and base current 
and cycle times for pulse welding, electrode type and nozzle 
size for GTAW welding, etc. 


2.3 Steel test assemblies 


2.3.1 Tests are to be performed using the welding process 
and positions anticipated for actual construction. The weld 
test assemblies are to be representative of construction 
conditions and are to be welded in the same manner as 
intended for the actual production welds. Where pre-fabrication 
primers are used in the shipyard, these are to be included in 
the test assemblies. 


2.3.2 For plate tests, the direction of plate rolling relative 
to the weld direction is to be considered. Where the material 
used for the test requires longitudinal impact tests, the plate 
rolling direction is to be perpendicular to the weld direction 
and for material which requires impact testing in the transverse 
direction, the rolling direction is to be parallel to the weld 
direction. For weld tests intended for liquefied gas storage or 
cargo tanks and associated process pressure vessels, the 
direction of plate rolling is to be parallel to the weld direction in 
all cases. 


2.3.3 Typical test assemblies are shown in Fig. 12.2.1(a) to 
(c). These are a minimum requirement to permit the removal of 
all the necessary mechanical test specimens. Where impact 
tests or other toughness tests are required, the total width is 
not to be less than 8 times the material thickness of the thicker 
material being joined. 


longitudinal 
Charpys 


Rolling direction 
for plates with 


transverse 
Charpys 


D (discard) 


4607/25 
t (thickness) 


Welding Processes L (min) 
mm 

Manual/Semi-automatic 

Automatic 1000 


Fig. 12.2.1(a) Butt weld test assembly in plate 
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| L L 


L = 150 mm minimum 
D = Outside diameter 


Fig. 12.2.1(b) Butt weld test assembly in pipe 


Welding Processes i i D (min) 
mm 

Manual/Semi-automatic 50 

Automatic 75 


Fig. 12.2.1(c) Fillet weld test assembly in plate 


2.3.4 Welding procedure test assemblies are to be welded 
separately from production welds and are to be marked with 
the unique test identification number. The individual pieces of 
the test assembly may be held together to maintain their 
relative joint conditions by means of suitable tack welds, 
clamps or strongbacks. 


2.3.5 Welding of the test assemblies and testing of test 
specimens is to be monitored by the Surveyor. 


2.3.6 The test assembly is to be placed in one of the 
welding positions shown in Fig. 12.2.2(a) to (d), as specified in 
the test Welding Procedure Specification (p\WPS) and the 
specified level of preheat applied prior to the start of welding. 


2.3.7 Designations for equivalent welding positions 
shown by different standards are shown in Table 12.2.1. 


Chapter 12 


Section 2 


Table 12.2.1 Equivalent designations of welding 


positions 


Standard 
ISO 6947 AWS 


Weld position 


Plate butt welds 
Flat 

Horizontal 

Vertical, weld up 
Vertical, weld down 
Overhead 

Pipe butt welds 


Pipe horizontal, 
rotated, weld horizontal 


Pipe vertical, not 
rotated, weld horizontal 


Pipe horizontal, not 
rotated, weld flat, 
vertical and overhead 


D+Vu+O 
D+Vd+O 


Pipe inclination fixed, 45° 
not rotated 


Plate fillet welds 
Flat 

Horizontal 
Vertical up 
Vertical down 


Overhead 


Pipe fillet welds 
Flat, pipe rotated 
Horizontal, pipe fixed 


Horizontal, pipe 
rotated 


Overhead, pipe fixed 


Multiple, pipe fixed 


2.4 Welding of steel test assemblies 


2.4.1 Welding of the test assembly is to be carried out in 
accordance with the agreed pWPS. Where, during the 
progress of the test, it is found necessary to change the 
conditions specified on the pWPS, this is to be brought to the 
attention of the Surveyor. If agreed, the test may be permitted 
to continue with the new conditions and these are to be 
recorded. 
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Pipe horizontal and rotated 
Weld flat 


D Position D Position 


Flat 


(Plates horizontal) 
Pipe or tube vertical and | 


not rotated during welding 
Weld horizontal J 
X Position 


Horizontal 
(Plates vertical) Position 


Pipe or tube horizontal, 
not rotated during welding 
Weld flat, vertical and overhead 
D+Vu+0 
or 
Vu | & Vd | D+Vd+0O 
Positions Position 


Vertical 
(Plates vertical) 


KS Horizontal _ 
O Position 


Overhead 
(Plates horizontal) 2669/06 i Pipe inclination fixed and not 
fp rotated during welding 


Position of test plates for plate assemblies 


Axis ae 2665/05 
Fig. 12.2.2(a) Plate butt weld test positions Bao" Postion 
Position of pipes and welds for qualification weld test assemblies 


Fig. 12.2.2(b) Pipe butt weld test positions 
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Throat of weld 


Chapter 12 


Section 2 


vertical Axis of weld 
horizontal 


Position D 


Axis of weld vertical 


am 


VERTICAL 
Position Vu & Vd 


Axis of weld_ s 
horizontal 


Note: One plate must be horizontal 


HORIZONTAL 
Position X 


Axis of weld 
horizontal ~ 


Note: One plate must be horizontal 


OVERHEAD 


Position O 
2665/02 


Fig. 12.2.2(c) Plate fillet weld test positions 


2.4.2 Where the production work requires welding over 
tack welds, the test is to simulate this condition and the tack 
welds are to be included in the inspection length of the test 
weld and their position recorded. 


2.4.3 For manual and semi-automatic welding processes, 
weld stops and re-starts are to be included in the inspection 
length of the test weld. 


2.4.4 Fillet weld test assemblies are welded on one side 
only. 


2.4.5 Where the construction welding is predominately fillet 
welding, in addition to the butt weld qualification test, a fillet 
weld qualification test is to be performed to confirm that 
acceptable weld quality is achieved. 


2.5 Non-destructive examination (NDE) 


2.5.1 On completion of welding, prior to sectioning for 
mechanical tests, the inspection length of the test assembly is 
to be subjected to both visual examination and surface crack 
detection. 


2.5.2 Butt weld assemblies are also to be subjected to 
radiographic or ultrasonic examination over the whole inspection 
length of the weld. 


2.5.3 For welds in steels with specified yield strength up 
to 400 N/mm2, and with carbon equivalent less than or equal 
to 0,41 per cent, NDE may be performed as soon as the test 
assembly has cooled to ambient temperature. For other steels, 
NDE is to be delayed for a period of at least 48 hours after the 
test assembly has cooled to ambient temperature. 


2.5.4 Where post-weld heat treatment is required, NDE is 
to be performed after the heat treatment is complete. 


25:5 All NDEs are to be carried out in accordance with the 
requirements of Ch 1,5. Assessment of results is to be in 
accordance with ISO 5817 Level B except for excess convexity 
and excess throat thickness where Level C will apply. Linear 
porosity is not permitted. 
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Flat Rotated 
D Position 


Overhead (Fixed) 
O Position 


Horizontal (Fixed) 
X Position 


Horizontal (Rotated) 
D Position 


2665/03 


Multiple (Fixed) 
D+Vu+O 


o 
D=+Vd+0 
Position 


Fig. 12.2.2(d) Pipe fillet weld test positions 


2.5.6 As an alternative to radiography, ultrasonic examin- 
ation may be carried out and acceptance criteria that are 
considered to result in equivalent weld quality (in accordance 
with 2.5.5) are to be agreed, with the Surveyor, prior to the 
tests being carried out. Ultrasonic testing will be subject to the 
thickness limitation specified in Ch 13,2.12.5. 


2.5.7 Where the test assembly does not satisfy the non- 
destructive examination acceptance criteria, the test is to be 
rejected. A duplicate test assembly may be welded using the 
original welding conditions. If this fails NDE, the welding 
procedure is to be considered as incapable of achieving the 
requirements without modification. 


2.5.8 Subject to prior agreement with the Surveyor, where 
unacceptable imperfections are of a volumetric nature and are 
localised in one small area of the test assembly, the test may 
be permitted to continue and specimens for destructive testing 
may be removed, avoiding this area. 


2.6 Destructive tests - General requirements 


2.6.1 The weld test assembly may only be sectioned for 
destructive testing after any heat treatment and the required 
non-destructive examinations have been completed success- 
fully. 


2.6.2 The dimensions of the test specimens and testing 
conditions are to be in accordance with the requirements 
specified in Chapter 2. 


2.6.3 The results of destructive tests are to be assessed 
in accordance with the acceptance criteria specified in 2.12, 
unless other, more stringent requirements are specified for the 
application. 


2.6.4 Where a weld test is made between materials of 
different grades, the acceptance criteria that are to be applied 
are those applicable to the lower grade material. 
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For retests> 
ra 


4 


- Approximately 300 mm | 


requirements 

One macro including hardness survey 

All weld metal tensile test 

Four bend tests. 

Two root bends and two face bends for thickness up to 12 mm. 
For thickness above 12 mm four side bends 

D Two transverse tensiles 

Five sets of Charpy V-notch impact tests, notched at the following positions: 
1 set at weld centre 

1 set at fusion line (FL) 

1 set at FL + 2mm 

1 set at FL + 5 mm (if required by Figs. 12.2.6 and 12.2.7) 
1 set at FL + 10 mm (if required) 


2665/07 


Fig. 12.2.3 
Butt welds in plate and pipe over 750 mm diameter 


500 mm approximately 


Dy 


l 


vw 


The diameter of the test piece is to be a minimum of D/2 
where 
D is the maximum diameter of the pipe to be welded in construction 


Test requirements 
A Visual examination 
Surface crack detection 
100% radiographic examination 
Two transverse tensile tests 
Four bend tests. 
Four side bends for thickness greater than 12 mm. 
In other cases, two face and two root bends 
Four sets Charpy V-notch impact tests 
1 set notched at centre of weld 
1 set notched at fusion line (FL) 
1 set notched at FL + 2 mm 
1 set notched at FL + 5 mm (if required by Figs. 12.2.6 and 12.2.7) 
One macro specimen including hardness survey 


Fig. 12.2.4 
Butt welds in pipe less than 750 mm diameter 


2.7 Destructive tests for steel butt welds 


2.71 The test assembly is to be sectioned for mechanical 
testing in accordance with Figs. 12.2.3 or 12.2.4. 


2.7.2 The longitudinal all weld metal tensile test specimen is 
to be of circular cross-section as detailed in Ch 11,2.1.1. 
Where more than one welding process or type of consumable 
has been used to make the weld, test specimens are to be 
removed from each respective area of the weld. This does not 
apply to the process or consumables used to make the root 
or first weld run. During the test, the yield or proof stress, 
ultimate tensile strength, and elongation to failure are to be 
recorded. 


2.7.3 Where approved welding consumables have been 
used, the longitudinal all weld metal tensile test may be 
omitted. For Type C independent tanks intended for liquefied 
gases, the all weld tensile test is mandatory for all welding 
procedure tests. 
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2.7.4 The transverse tensile test specimen is to be of full 
thickness with the dimensions shown in Ch 11,2.1.1. The 
tensile strength and fracture locations are to be reported. 


2.7.5 Where the maximum load required to fracture the 
transverse tensile specimen is likely to exceed the capacity of 
the tensile testing equipment, several tensile specimens may 
be removed through the thickness and tested. Specimens are 
to be prepared such that they overlap in the thickness 
direction so that the full plate thickness is tested. 


2.7.6 Transverse bend specimens of rectangular section 
are to be prepared with the weld centred in the middle of the 
specimen as shown in Fig. 12.2.5. For material of thickness 
12 mm or greater, the face and root bends may be substituted 
by side bend tests. Where there is a significant difference 
between the strength of the weld and base material, 
longitudinal bend specimens may be used. The weld reinforce- 
ment may be removed by grinding or machining prior to testing 
and the edges rounded to a radius not exceeding 10 per cent 
of the specimen thickness. Each specimen is to be bent 
through an angle of at least 180°. The bend test ratio is to be 
the lesser of the following: 

(a) D; = (D/t)+14 


or 
(0) D; = 100/E,, (rounded up to the next whole number) 
where 
D; = is the bend test ratio 
(D/ = is the value from Tables 11.3.3, 11.4.3 or 11.8.2 
in Chapter 11, as appropriate 
Em = is the minimum specified percentage elongation 


for the test material (based on a proportional 
gauge length of 5,654/S, ) 


(a) root or face bend specimen t < 12 mm 


10mm 


LW i uw 


(b) side bend specimen t= material thickness 


Fig. 12.2.5 Transverse bend test specimens 


2.7.7 Where the weld test is made between different 
material types, the requirements of 2.7.8 are to be applied to 
the material with the lower toughness specification. 


Chapter 12 


Section 2 


2.7.8 For hull structural steels, impact test specimens are 
to be prepared from the locations shown in Figs. 12.2.6 or 
12.2.7, with the notch perpendicular to the plate surface and 
have the dimensions and proportions in accordance with 
Ch 2,3. Where more than one welding process or type of 
consumable has been used to make the weld, test specimens 
are also to be removed from these respective parts of the weld. 
Note that this does not apply to the welding process or 
consumables used solely to make the root or first weld run. 
Where the weld thickness exceeds 50 mm, an additional set of 
impact tests is required from the root area of the weld 
irrespective or whether different welding process or welding 
consumables are used as shown in Figs. 12.2.6 and 12.2.7. 


2.7.9 For offshore structures and pressure vessels, 
impact test specimens are not required to be notched at the 
FL + 10 mm location. Where more than one welding process 
or type of consumable has been used to make the weld, test 
specimens are to be removed from the respective areas of the 
weld. This does not apply to the process or consumables 
used solely to make the root or first weld run. 


2.7.10 For pressure vessels and tanks employed in trans- 
portation of liquefied gases, Charpy impact test locations from 
the weld and heat affected zone are to be in accordance with 
Fig. 12.2.8. 


2.7.11 At least one macro examination specimen is to be 
removed from the test plate, near the end where welding started. 
The specimen is to include the complete cross-section of the 
weld and the heat affected zone and be prepared and etched 
to clearly reveal the weld runs and the heat affected zone. 
Examination is to be performed under a magnification of 
between x5 and x10. 


2.7.12 A chemical analysis of the weld metal is to be 
performed on the macro specimen where approved welding 
consumables have not been used. The results are to comply 
with the limits given in the welding consumable specification. 


2.7.13 A Vickers hardness survey is to be performed on 
the macro specimen taken from the weld start end of the test 
assembly in accordance with that shown in Fig. 12.2.9, using 
a test load not in excess of 10 kg. For each row of indents, 
there are to be a minimum of 3 individual indentations in the 
weld metal, the heat affected zones (both sides) and the base 
metal (both sides). The recommended distance between 
indents is 1,0 mm, but the distance between indents should 
not be less than the minimum specified in ISO 6507/1. 


2.8 Destructive tests for steel fillet welds 


2.8.1 Fillet weld test assemblies are to be sectioned for 
destructive testing in accordance with Fig. 12.2.1(c) and as 
follows: 

(a) two fracture tests; 

(b) three macro-sections; 

(c) one hardness survey. 


2.8.2 Two fracture test specimens are to be removed 
from the test weld and are to be subjected to testing by bending 
the upright plate onto the through plate to produce fracture, 
as shown in Fig. 12.2.1(c). 
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(a) t < 50 mm, see Note 


aia 


NOTE 


Chapter 12 


Section 2 


1st side 


For one side single run welding over 20 mm notch location ‘a’ is to be added on root side 


(a) t> 50 mm 


1-2 a 


Notch locations: 

a : centre of weld ‘WM’ 

b : on fusion line ‘FL 

c : in HAZ, 2mm from fusion line 


1-2 mmi 2ndside 2 


1st side 


Fig. 12.2.6 Locations of V-notch for butt weld of normal heat input (heat input < 50 kJ/cm) 


2.8.3 At least three macro examination specimens are to 
be removed from the test plate. The specimens are to include 
the complete cross-section of the weld and the heat affected 
zone and is to be prepared to clearly reveal the weld runs and 
the heat affected zone. One of the specimens is to include a 
weld stop/start position. Examination is to be performed under 
a magnification of between x5 and x10. 


2.8.4 A Vickers hardness survey is to be performed on 
the macro specimen taken from the weld start end of the test 
assembly in accordance with that shown in Fig. 12.2.10, using 
a test load not exceeding 10 kg. 


2.9 Destructive tests for T, K, Y steel nozzle 
welds 
2.9.1 Full penetration ‘T’, ‘K’ and ‘Y’ joints for structural 


applications and nozzle welds for pressure vessels are to be 

sectioned for testing in accordance with Fig. 12.2.11 and 

tested as detailed below: 

(a) three macro specimens; 

(b) impact tests from the weld, fusion line and fusion line + 2 
(where the material thickness permits); 

(c) one hardness survey. 


In addition, butt weld tests are to be performed in accordance 
with 2.7, using the same welding conditions, in order to verify 
acceptable weld and heat affected zone properties. 


2.9.2 The impact tests are to be removed from the vertical 
(up) position ‘B’ in Fig. 12.2.11 and tested in accordance with 
2.7.8. 


2.9.3 A Vickers hardness survey is to be performed on 
the macro-section removed from position ‘A’ or ‘C’ in accor- 
dance with that shown in Fig. 12.2.12 using a test load not 
exceeding 10 kg. 


2.10 Destructive tests for steel pipe branch welds 


2.10.1 Pipe branch welds may be by either full penet- 
ration, partial penetration or fillet welded, depending on the 
application and the approved plans. Where these types of 
welded joints are used, tests are to be performed which 
simulate the construction conditions. 
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(a) t< 50mm, see Note 


1-2 mam 


NOTE 


detan] 


Chapter 12 


Section 2 


2nd side 


bass 


1st side 


For one side welding with thickness over 20 mm notch location ‘a’, ‘b’ and ‘c’ are to be added on root side 


(a) t>50mm 


aM 


Notch locations: 

a : centre of weld ‘WM’ 

on fusion line ‘FL 

in HAZ, 2 mm from fusion line 
in HAZ, 5 mm from fusion line 


1-2 mm | 2nd side 


1st side 


in HAZ, 10 mm from fusion line in case of heat input > 200 kJ/cm 


Fig. 12.2.7 Locations of V-notch for butt weld of high heat input (heat input > 50 kJ/cm) 


2.10.2 The test weld assembly is to simulate the smallest 

angle between the branch and main pipe and is to be 

subjected to macro-examination and hardness testing, as 

follows: 

(a) For a branch weld that is full penetration, testing is to be 
performed in accordance with the requirements for ‘T’, 
‘K and ‘Y’ joints in 2.9. 

(o) For a branch weld that is either a partial penetration or 
fillet weld, testing is to be in accordance with the require- 
ments for fillet welds in 2.8. 


2.11 Destructive tests for weld cladding of steel 


2.11.1 Where weld cladding or overlay is allowed by 
Chapter 13, and is considered as providing strength to the 
component to which it is welded, the type and location of test 
specimens are to be in accordance with Fig. 12.2.13, except 
that micro-sections are not required. Impact tests may be 
omitted where the base material does not have specified 
impact properties. The longitudinal tensile and bend tests are 
to be tested in a similar manner to transverse specimens 
specified in 2.7.2 and 2.7.6, respectively. 


2.11.2 Where the weld cladding is not considered as 
contributing to the strength of the component, but is required 
for corrosion or wear resistance, the type and location of test 
specimens are to be in accordance with Fig. 12.2.13, except 
that tensile and impact tests are not required. 


2.11.3. Where the weld cladding is applied for corrosion 
resistance, in addition to the above, weld metal analysis is to 
be performed on one of the micro-sections, on the final weld 
surface but 2 mm deep. The analysis is to be within the limits 
specified for the corrosion resistance required. 


2.12 Mechanical test acceptance criteria for steels 


2.12.1 Longitudinal all weld metal tensile test: 

(a) In general, the longitudinal all weld tensile test is to meet 
the minimum properties specified in Tables 11.3.2 or 
11.4.2 in Chapter 11, as appropriate to the grade of steel 
and welding process used in the test. 

(b) Where the application is such that no consumable 
approvals are specified in Chapter 11, the longitudinal all 
weld tensile test tensile is to meet the minimum properties 
specified for the base materials used in the test. 
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(c) 


2.12.2 


(a) t< 50mm, see Note 


a bcd e 


1-2 mn 


NOTE 


Pem) 


Chapter 12 


Section 2 


2nd side 


1st side 


For one side welding with thickness over 20 mm notch locations ‘a’, ‘b’ and ‘c’ are to be added on root side 


(a) t>50mm 


em 


Notch locations: 
: centre of weld ‘WM’ 
: on fusion line ‘FU 
in HAZ 1 mm from fusion line 
in HAZ 3 mm from fusion line 
in HAZ 5 mm from fusion line 


1-2 mm 


2nd side 


1st side 


in base metal remote from weld (Type C independent tanks only) 


Fig. 12.2.8 Locations of V-notch tests for butt welds intended for liquefied gas containment systems 


For pressure vessels manufactured from carbon or 
carbon/manganese steels, the tensile strength from the 
longitudinal all weld tensile test is not to be less than the 
minimum specified for the plate material and is not to 
be more than 145 N/mm? above this value, see 
Ch 13,4.8.3. 

For tanks intended for liquefied gases, the weld metal 
strength may be lower than the minimum specified for 
the base metal provided that the application has design 
approval. In such cases the strength is not to be less 
than that specified in the approved design. 


Transverse tensile test: The tensile strength 


measured from the transverse tensile test is not to be less 
than the minimum specified for the base material used in the 
test. For tanks intended for liquefied gases, a lower ultimate 
tensile may be accepted subject to design approval as in 
2.12.1(d). 


2.12.3 


(a) 


2.12.4 


(a) 


Bend tests: 

In general, bend tests are to exhibit no defects exceeding 
3,0 mm measured in any direction across the tension 
face of the specimen after being bent over the required 
diameter of former to the appropriate angle. 

Bend tests for pressure vessel applications are to exhibit 
no defects exceeding 3,0 mm measured along the 
specimen or 1,5 mm measured transverse to the 
specimen axis, after bending. 

In all cases, premature failure of the bend tests at the 
edges of the specimen is to not be cause for rejection 
unless these are associated with a weld defect. 


Impact toughness tests: 

Impact test specimens for hull construction are to be 
tested at the temperature, and are to achieve the mini- 
mum impact energy, as specified in Tables 12.2.2 and 
12.2.3. 

Impact test specimens for applications other than hull 
construction are to be tested at the same temperature 
and achieve the same minimum energy values, as 
specified for the base materials used in the test. 
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4607/30 


Parent metal 


HAZ Heat affected zone 
GCHAZ Grain coarsened heat affected zone 
S Indentation spacing 


Weld metal 


4607/13 


Fig. 12.2.9 Hardness testing locations for butt welds 


(c) Impact test acceptance criteria are to be in accordance 
with the above unless the Rules applicable to the 
particular construction specify more stringent require- 
ments. 

(d) For quench and tempered steels, the required test 
temperature and absorbed energy are to be in 
accordance with that specified for the parent materials. 


2.12.5 Macro-examination: The macro-section is to 
reveal an even weld profile blending smoothly with the base 
material. The weld dimensions are to be in accordance with 
the requirements of the pWPS and any defects present are to 
be assessed against the non-destructive examination accep- 
tance criteria given in 2.5.5. 


2.12.6 Hardness surveys: The maximum hardness value 
reported, is not to exceed 350 Hv for steels with a specified 
minimum yield strength up to <420 N/mm2, nor exceed 
420 Hv for steels with a specified minimum yield strength in the 
range 420 N/mm? to 690 N/mm2. 


2.12.7 Weld fracture or break tests (for pressure vessel 
test welds): The faces of the broken fillet weld fracture or 
weld break test are to be examined for defects and assessed 
in accordance with the non-destructive acceptance criteria 
given in ISO 5817 Level B, except for excess convexity and 
excess throat thickness where Level C will apply. 
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4607/23a 


Heat affected zone 4607/36 


Grain coarsened heat affected zone 
Indentation spacing 


Fig. 12.2.10 Hardness test locations for fillet welds 
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2.13 Failure to meet requirements (Retests) 
Position ‘A’ 2.13.1. Where a tensile, bend or hardness specimen fails to 
Edge preparation and fit-up meet requirements, further test specimens may be removed 
to be as detailed in welding and tested in accordance with the requirements of Ch 2,1.4.1. 


procedure 


2.13.2 Where an impact specimen fails to meet require- 
ments, a further set of three specimens may be removed and 
Position ‘B' tested in accordance with the requirements of Ch 2,1.4.4. 


2.13.3 Where a macro specimen reveals a defect that is 
planar in nature, the welding procedure test is to be considered 
as not satisfying the requirements and a new test assembly is 
required. 


2.13.4 Where a macro specimen does not meet require- 

ments as a result of a volumetric imperfection exceeding the 

permitted size, two additional specimens may be removed 

bS from the same test weld and examined. If either of these 

Position ‘C’ macro-sections also fails to satisfy the requirements, the 

welding procedure is to be considered as not having met the 
requirements. 


Assembly to be welded 
with main axis in the 
vertical position 


2665/04 


Fig. 12.2.11 
Location of macro-examination test specimens for 
T, K and Y joints 


HAZ Heat affected zone 4607/24 


GCHAZ Grain coarsened heat affected zone 
S Indentation spacing 


Fig. 12.2.12 Hardness test locations for T, K and Y joints 
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Weld cladding 
5-long. macro and : 
hardness survey plea 4-HAZ impacts 


1 and 2 long. bend 


and tensile 6-Trans. micro 


Test diameter 


ALE 
| 


k 


100 mm minimum 
3-weld impact 5-long. macro and 
hardness survey 


Test specimens 

1 Longitudinal tensile test to include the weld metal, heat affected zone (HAZ) and base metal. 

2 Longitudinal side bend test to include the weld metal, heat affected zone (HAZ) and base metal. 

3 Weld metal Charpy V notch impact test. 

4 HAZ Charpy impact test from Fusion Line and Fusion Line + 2 mm. 

5 Longitudinal macro-section and hardness survey. 

6 Transverse micro-section. 

NOTE 

In the case of shafts and pipes of circular section, the longitudinal direction is parallel to the centreline of the shaft or pipe axis. 


Fig. 12.2.13 Type and location of test specimens for weld cladding 


Table 12.2.2 Impact test requirements for butt joints (t < 50 mm) see Notes 1 and 2 


Value of minimum energy absorbed (J), see Note 4 


Test temperature P F ts 
Grade of steel (°C) Manual or semi-automatic welded joints 


see Note 4 Automatically 


welded joints 


Downhand, Horizontal, Vertical upward, 
Overhead Vertical downward 


A, see Note 3 
B, see Note 3, D 
E 
A32, A36 
D32, D36 
E32, E36 
F32, F36 


20 
0 
-20 
-40 


Steel with yield strength greater than 390 N/mm? is not permitted in thickness less than 50 mm, see Table 3.3.1 in Chapter 3. 
These requirements are to apply to test piece of which butt weld is perpendicular to the rolling direction of the plates. 

For grade A and B steels average absorbed energy on fusion line and in heat affected zone is to be a minimum of 27 J. 

For Naval ships both the test temperature and value of minimum energy absorbed are to be those specified for the parent material. 


2.13.5 _ If there is a single hardness value above the maximum 2.13.6 Where there is insufficient material available in the 
values specified, additional hardness tests are to be welded test assembly to provide re-test specimens, subject to 
carried out, either on the reverse of the specimen, or after prior agreement with the Surveyor, a second assembly may be 
sufficient grinding of the tested surface. None of the additional welded using the same conditions as the original test weld. 


hardness values is to exceed the maximum hardness values 
specified, otherwise the welding procedure is to be consid- 
ered as not having met the requirements. 
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| Table 12.2.3 


Test temperature 


Chapter 12 


Section 2 


Impact test requirements for butt joints (t > 50 mm) see Note 1 


Value of absorbed energy (J, min), see Note 2 


Grade of steel See Note 2 


(°C) Manual or semi-automatic welded joints 


Automatically 


Downhand, Horizontal, 
Overhead 


Vertical upward, 
Vertical downward 


welded joints 


34 
34 
38 
38 


AH32, AH36 
DH32, DH36 
EH32, EH36 
FH32, FH36 


AH40 
DH40 
EH40 
FH40 


EH47 


NOTES 


1. These requirements are to apply to test piece of which butt weld is perpendicular to the rolling direction of the plates. 
2: For the Naval ships both the test temperature and value of minimum absorbed energy are to be those specified for the parent material. 


2.14 Test records 


2.14.1 The procedure qualification record (PQR) is to be 
prepared by the manufacturer and is to include details of the 
welding conditions used in the test specified in 2.2 and the 
results of all the non-destructive examinations and destructive 
tests, including re-tests. 


2.14.2 Provided that the PQR lists all the relevant variables 
and there are no inconsistent features and the results satisfy 
the requirements, the PQR may be endorsed by the Surveyor 
as satisfying the requirement of the Rules, see also 1.1.4. 


2.15 Range of approval 


2.15.1 A welding procedure qualification test that has 
successfully met the requirements may be used for a wider 
range of applications than those used during the test. 


2.15.2 Changes outside of the ranges specified are to 
require a new welding procedure test. 


2.15.3 Other ranges of approval from those specified in 
this Section may be agreed with the Surveyor, provided that 
they are in accordance with recognised National or 
International Standards. 


2.15.4 | Manufacturer. A welding procedure qualified by a 
manufacturer is valid for welding in workshops under the same 
technical and quality management. 


2.15.5 Welding process and technique. The welding 
process and welding techniques approved are to be those 
employed during the welding procedure qualification test. 
Where multiple welding processes are used, these are to be 
employed in the same order as that used in the welding 
procedure qualification test. However, it may be acceptable to 
delete or add a welding process where it has been used 
solely to make the first weld run in the root of the joint, provided 
back gouging or grinding of the root weld is specified on the 
WPS. For multi-process procedures, the welding procedure 
approval may be carried out with separate welding 
procedure tests for each welding process. 


2.15.6 Welding positions. Approval for a test made in any 
position is restricted to that position. To qualify a range of 
positions, test assemblies are to be welded for the highest 
heat input position, and the lowest heat input position, and all 
applicable tests are to be made on those assemblies. The 
above excludes welding in the vertical position with travel in 
the downward direction which will always require separate 
qualification testing and only be acceptable for that position. 


2.15.7 Joint types. A qualification test performed on a butt 
weld may be considered acceptable for fillet and partial 
penetration welds, provided the same welding conditions are 
used. The range of approval depending on the type of joint for 
butt welds is given in Table 12.2.4. 
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Table 12.2.4 Range of approval for different types 


of butt joints 


Range of 


Type of welded joint for test assembly approval 


Butt welding | One side | With backing A,C 
Without backing A,B,C,D 


Both sides | With gouging C 
Without gouging C,D 


2.15.8 Range of material types: 


(a) 


A qualification test performed on one strength level of 
steel may be used to weld all similar materials with the 
same or lower specified minimum yield stress with the 
exception of the two-run (T) or high welding heat input 
(A) techniques where acceptance is limited to the 
strength level used in the test. Similarly, a qualification 
test performed on a steel with one toughness level may 
be considered acceptable for welding all similar 
materials with the same or three toughness grades lower 
specified minimum toughness level. 

A qualification test performed on H47 strength grade 
steels may be used to weld the steel of the same 
strength level or grade H40 and all lower toughness 
grades to that tested. 

For high strength quenched and tempered steels, for 
each strength level, welding procedures are considered 
applicable to the same and lower toughness grades as 
that tested. For each toughness grade, welding 
procedures are considered applicable to the same and 
one lower strength level as that tested. The approval of 
quenched and tempered steels does not qualify 
thermo-mechanically rolled steels (TMCP steels) and vice 
versa. 

For weldable C and C-Mn steel forgings, welding proce- 
dures are applicable to the same and lower strength level 
as that tested. The approval of quenched and tempered 
steel forgings does not qualify other delivery conditions 
and vice versa. 

For weldable C and C-Mn steel castings, welding 
procedures are applicable to the same and lower 
strength level as that tested. The approval of quenched 
and tempered steel castings does not qualify other 
delivery conditions and vice versa. 

Dissimilar materials. Where a qualification test has been 
performed using dissimilar materials, acceptance is to 
be limited to the materials used in the test. 


2.15.9 Thickness and diameter range: 


For straight butt welds, the material thickness range to 
be approved is to be based on the thickness of the test 
piece and the type of weld as shown in Table 12.2.5. 
For butt welds between plates of unequal thickness, the 
lesser thickness is the ruling dimension. 

For fillet welds and ‘T’ butt welds, Table 12.2.5 is to be 
applicable to both the abutting and through member 
thicknesses. In addition to the requirements of 
Table 12.2.5, the range of approval of throat thickness 
‘a’ for fillet welds is to be as follows: 

e single run: 0,75a to 1,5a 

e =multi-run: as for butt welds with multi-run (i.e. a = t) 


Chapter 12 


Section 2 


Table 12.2.5 Welding procedure thickness approval 
range — Butt welds 


Range approved 


Test thickness, 

see Note 1 All multi-run butt All single-run or two-run 

(tin mm) welds and all fillet welds | two-run (T technique) 
see Notes 3 and 4 butt welds 


t<3 t to 2t 0,7t to 1,1t 
3<t< 12 3 to 2t 0,7t to 1,1t 


12 <t<100 0,5t to 2t, 0,7t to 1,1t 
see Note 2 see Note 5 


t> 100 0,5t to 1,5t 0,7t to 1,1t 
see Note 5 


NOTES 
1. Where the test plates have dissimilar thickness, the thick- 
ness, t, is to be based on the minimum thickness for butt 
welds and the maximum thickness for fillet welds. 

Subject to a maximum limit of 150 mm. 

For multi process procedures, the recorded thickness contri- 
bution of each process is to be used as a basis for the range 
of approval of the individual welding process. 

For vertical down welding, the test piece thickness, t, is the 
upper limit of the range of application. 

For processes with heat input over 5,0 kJ/mm, the upper 
limit of the range of approval is to be 1,0 t. 


(d) Notwithstanding any of the above, the approval of 
maximum thickness of base metal for any technique is 
to be restricted to the thickness of the test assembly if 
three of the hardness values in the heat affected zone 
are found to be within 25 Hv of the maximum permitted. 

(e) The material diameter range to be approved is to be 
based on the diameter of the test piece and type of weld 
as shown in Table 12.2.6. 


Table 12.2.6 Diameter range approved 


Diameter used for test, Range of diameters 
see Note 1 approved 


D<25mm 0,5D to 2D 


D>25mm >0,5D, see Note 2 


NOTES 

1. Dis the outside diameter of the pipe or the smallest side 
dimension of rectangular hollow section. 

2. Lower diameter range limited to 25 mm minimum. 
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2.15.10 Welding consumables: 

(a) For manual and semi-automatic welding used for the fill 
and capping weld runs, it may be acceptable to change 
the brand or trade name of the welding electrode or wire 
from that used in the test, provided the proposed 
alternative has the same or higher approval grading and 
the same flux type (e.g. basic low hydrogen, rutile, etc.) 
as used in that test. 

(b) For the consumable used to make the root weld of full 
penetration butt welds made from one side only, no 
change in the type or trade name of the consumable or 
backing material is permitted. Alternative backing 
materials may be used provided they are equivalent to 
those used for approval. Where the approved backing 
material is a low hydrogen grade and the steel being 
welded requires a low hydrogen backing material, testing 
of the alternative backing material is to confirm compli- 
ance with the requirements of Ch 11,7 

(c) For processes with heat input over 5 kJ/mm, no change 
in the type or trade name of the consumable is permitted. 


2.15.11 Shielding gas. For gas shielded welding processes, 
a change in shielding gas composition from that used in the 
test will require a new qualification test. 


2.15.12 Heat Input. The upper limit of heat input approved 
is 25 per cent greater than that used in the test, or 5,5 kJ/mm, 
whichever is the smaller. With heat input over 5,0 KJ/mm, the 
upper limit is 10 per cent above that used in the test. In all 
cases, the lower limit of heat input approved is 25 per cent 
lower than that used in the test. 


2.15.13 Current type. The current type used during the 
qualification test is to be the only type approved. Additionally, 
changes from or to pulsed current require new qualification 
tests. 


2.15.14 Preheat temperature. The temperature used during 
the test is to be the minimum approved. Higher temperatures 
may be specified for production welds up to the maximum 
interpass temperature. Where hardness tests have been 
performed that exhibit results near the maximum permitted, an 
increase in preheat temperature is required when welding 
material of greater thickness than that used in the test. 


2.15.15 Interpass temperature. The maximum interpass 
temperature recorded during qualification testing is to be the 
maximum approved. Lower temperatures may be specified for 
production welding, but no lower than the minimum preheat 
temperature. 


2.15.16 Post-weld heat treatment. A qualification test 
performed with no post weld heat treatment is only acceptable 
for production welding where no heat treatment is applied. 
Where the qualification test has included a post weld heat 
treatment, this is to be applied to all welds made with the 
welding procedure. The average specified soak temperature 
may vary by up to 25°C from that tested. 


2.15.17 Shop primers. Welding procedure qualification with 
shop primers qualifies welds without primer, but not vice 
versa. 


Chapter 12 


Sections 2 & 3 


2.16 Welding procedure specification (WPS) 


2.16.1 A welding procedure specification (WPS) is to be 
prepared by the manufacturer detailing the welding conditions 
and techniques to be employed for production welding. The 
WPS is to be based on the conditions and variables used 
during the qualification test, and is to include all the ranges of 
the essential variables specified in 2.2.1 and 2.15. 


2.16.2 The WPS should reference the procedure qualifica- 
tion record upon which it is based and is to be approved by 
the Surveyor prior to commencing production welding. 


E Section 3 
Specific requirements for 
stainless steels 


3.1 Scope 


3.1.1 The requirements of this Section relate to the group 
of steel materials classed as stainless steels and include 
austenitic and duplex grades and martensitic grades. 


3.1.2 In all cases, welding procedure tests are to be 
performed generally in accordance with Section 2 with the 
specific requirements specified below. 


3.2 Austenitic stainless steels 


3.2.1 The requirements of this Section relate to the group of 
stainless steel materials that are austenitic at ambient and sub- 
zero temperatures, (e.g., 304L, 316L types), see Table 3.7.1 in 
Chapter 3. 


3.2.2 Impact tests are to be performed from specimens 
removed from the weld metal. Tests in the heat affected zone 
are not required. 


3.2.3 Hardness tests are generally not required. 


3.2.4 For cryogenic or corrosion resistant applications, 
the ferrite content in the weld cap region is to be measured 
and is to be in the range 2 to 10 per cent, with the exception 
of grades S 31245 and N 08904 where the content is to be 
nominally zero. 


3.2.5 A qualification test performed on an austenitic 
grade may be considered acceptable for welding other 
austenitic steels with the same or lower level of alloying 
elements and the same or lower tensile strength. 


3.2.6 A qualification test performed for cryogenic applica- 
tions may be considered acceptable for chemical applications, 
but not vice versa. 
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3.3 Duplex stainless steels 


3.3.1 The requirements of this Section relate to the group 
of stainless steel materials that have a ferritic-austenitic 
structure and are usually referred to as duplex or super duplex 
stainless steels (e.g.,5 31803, S 32760). 


3.3.2 Impact test specimens are to be removed from the 
weld and heat affected zone in accordance with Section 2 with 
the exception that impact test specimens notched at the 
FL + 10 mm location are not required. The specimens are to 
be tested at a temperature of -20°C or the minimum design 
temperature whichever is the lower and exhibit a minimum 
average energy of 40 J. 


3.3.3 The corrosion resistance is to be maintained in the 

welded condition and the following tests are to be performed 

to demonstrate acceptable resistance, unless agreed other- 
wise. 

(a) A sample is to be removed from the weld and heat 
affected zone for micro-structural examination and is to 
be suitably prepared and etched so that the micro- 
structures of the weld and heat affected zones can be 
examined at a magnification of x200 or higher. The 
micro-structure of the weld and heat affected zone is to 
be examined, the percentage grain boundary carbides 
and intermetallic precipitates is to be reported. 

(b) The ferrite content in the un-reheated weld cap and cap 
HAZ along with the weld root and root HAZ are to be 
measured and reported. The ferrite content is to be in 
accordance with Table 12.3.1. Where the intended 
construction is such that the corrosion medium is only in 
contact with one surface of the weld (i.e., the weld root), 
the ferrite determination need only be reported in that 
surface area. 

(c) Corrosion testing is to be performed on samples 
removed from the weld such that both the weld and HAZ 
are included in the test. The critical pitting temperature is 
to be determined in accordance with ASTM G48 Method 
C and meet the requirements specified in Table 12.3.1. 
The cap and root surfaces are to be inspected for 
evidence of pitting and may require probing the surface 
with a needle. Pitting found on the ends of the specimen 
in the weld cross-section may be ignored. The use of the 
weight loss method for corrosion testing may be 
accepted subject to special consideration. 


Table 12.3.1 Requirements for ferrite content and 
corrosion tests for duplex stainless 


steel test welds 


Duplex Stainless Weld and HAZ 
Steel Ferrite content 


Minimum Critical 
Pitting Temperature 


Material Grade (CPT) 


S 31260 
S 31803 
S 32550 
S 32750 
S 32760 


30 to 70% 20°C 
30 to 70% 20°C 
35 to 65% 25°C 
35 to 65% 25°C 
35 to 65% 25°C 


Chapter 12 


Sections 3 & 4 


3.3.4 Where the test weld is between a grade of carbon 
steel and duplex stainless steel, the test requirements of 
3.3.3(a) and (c) are not required and the ferrite content of the 
weld and the duplex heat affected zone are to be reported for 
information. 


3.3.5 A qualification test performed on a duplex stainless 
steel grade may be considered acceptable for welding other 
duplex grades which have the same or less stringent mechanical 
or corrosion properties. 


3.3.6 The range of heat input is not to vary by more than 
+10 per cent or -25 per cent from that used during testing. 
3.4 Martensitic stainless steels 

3.4.1 The requirements of this Section relate to the group 
of stainless steel materials that have a martensitic structure at 


ambient temperatures, see Table 4.5.1 in Chapter 4. 


3.4.2 The results of the hardness survey results are to be 
reported for information purposes only. 


3.4.3 A qualification test is considered acceptable only for 
the grade of material used in the test. 


a Section 4 
Welding procedure tests for 
non-ferrous alloys 


4.1 Requirements for aluminium alloys 


4.1.1 The requirements for welding procedure qualifica- 
tion tests for aluminium alloys are to be in accordance with the 
general requirements of Section 2 with the following excep- 
tions and specific requirements. 


4.1.2 Non-destructive examination is to be performed in 
accordance with 2.5 and the assessment of results is to be in 
accordance with Table 12.4.1 and Table 12.4.2. 


4.1.3 Acceptance of the mechanical tests is to be in 
accordance with Ch 11,9. Welding of the strain hardened and 
heat treatable aluminium alloys will generally result in a loss of 
tensile strength in the heat affected zone below that specified 
for the base materials and the tensile strength acceptance 
criteria to be applied is that specified for the material in the 
annealed or ʻas fabricated’ condition. Minimum values of 
tensile strength measured on the transverse tensile samples 
are given in Table 12.4.3. 


4.1.4 Impact tests and hardness surveys are not required 
for aluminium alloys. 
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Table 12.4.1 


Surface discontinuity 


Crack 
Lack of fusion 


Incomplete root penetration in butt joints welded 
from one side 


Surface pore 


Uniformly distributed porosity (see Note 1) 
Clustered porosity 

Continuous undercut 

ntermittent undercut 

Excess weld metal (see Note 2) 

Excess penetration 

Root concavity (see Note 2) 

Linear misalignment (see Notes 3 and 4) 


100 
401 
4021 


2017 


2012 
2013 
5011 
5012 
502 
504 
515 
507 


Classification according to 
ISO 6520-1 


Chapter 12 


Section 4 


Acceptance criteria for surface imperfections of aluminium alloys 


Acceptance criteria 


Not permitted 
Not permitted 
Not permitted 


d<0,1s or 0,1a 
max. 1,0 mm 


< 0,5% of area 

Not permitted 

Not permitted 

h<0,1t or 0,5 mm (whichever is the lesser) 

h<1,5 mm + 0,16 or 6 mm (whichever is the lesser) 
h<4mm 

h < 0,05t or 0,5 mm (whichever is the lesser) 

h < 0,2t or 2,0 mm (whichever is the lesser) 


Symbols 


nominal throat thickness of a fillet weld 
width of weld reinforcement 

diameter of a gas pore 

height or width of an imperfection 
nominal butt weld thickness 

wall or plate thickness (nominal size) 


NOTES 

. To be in accordance with EN ISO 10042. 
A smooth transition is required. 

The limits for linear misalignment relate to deviations from the correct position. Unless otherwise specified, the correct position is to be 

taken when the centrelines coincide. 

Dimensional tolerances not specified in these Rules are to be mutually agreed between the manufacturer and the Surveyor. 


4.1.5 Four side bend tests may be used in place of root 
and face bends where the test thickness exceeds 12 mm, and 
longitudinal bend tests may be used instead of transverse tests 
where the test weld is between different grades of alloy. Bend 
specimens are to be bent round a former in accordance with 
Table 11.9.1 in Chapter 11, with the exception that the 
6000 series alloys may be bent round a former with D/t = 7. 


4.1.6 The ranges of approval to be applied to the WPS 
are to be as specified for steel in 2.15 with the following 
exceptions: 

(a) The welding positions approved are as detailed in 
Table 12.4.4. 

The aluminium alloys are grouped into three groups as 
follows: 

° Group A: aluminium-magnesium alloys, with Mg 
content <3,5 per cent (alloy 5754). 

e Group B: aluminium-magnesium alloys with 4 per 
cent <Mg <5,6 per cent (alloys 5059, 5083, 
5086, 5383 and 5456). 

° Group C: aluminium-magnesium-silicon alloys 
(alloys 6005A, 6061 and 6082). For each group, 
the qualification made on one alloy 
qualifies the procedure also for the other alloys in 
the group, with equal or lower tensile strength 
after welding. The qualification made on group B 
alloys qualifies the procedure for Group A alloys 
also. Approval for the range of material grades is 
summarised in Table 12.4.5. 


(0) 


(c) 


The qualification of a procedure carried out on a test 
assembly of thickness t is valid for the thickness range 
given in Table 12.4.6. In the case of butt joints between 
dissimilar thicknesses, t is the thickness of the thinner 
material. In the case of fillet joints between dissimilar 
thicknesses, t is the thickness of the thicker material. In 
addition to the requirements of Table 12.4.6, the range of 
the qualification of throat thickness of fillet welds, a, is 
given in Table 12.4.7. Where a fillet weld is qualified by a 
butt weld test, the throat thickness range qualified is to 
be based on the thickness of the deposited weld metal. 
The range of shielding gas compositions approved is to 
be in accordance with Table 11.9.2 in Chapter 11. 

A change in the brand or trade name of the filler metal 
from that used in the test is acceptable, provided that 
the proposed consumable has the same or higher 
strength grading. 

A change in post-weld heat treatment or ageing is not 
permitted, except that for the heat treatable alloys, artificial 
ageing may give approval for prolonged natural ageing. 
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Table 12.4.2 


Internal discontinuity 


Crack 

Lack of fusion 

Incomplete penetration 

Single gas pore 

Linear porosity (see Note 2) 

Uniformly distributed porosity (see Note 2) 


Clustered porosity (see Note 1) 


Elongated cavity 
Wormhole 


Oxide inclusion (see Note 2) 
Tungsten inclusion 


Copper inclusion 
Multiple imperfections in any cross-section 


Classification according to 
ISO 6520-1 


Acceptance criteria for internal imperfections of aluminium alloys 


Acceptance criteria 


Not permitted 
Not permitted 
Not permitted 
d < 0,2s or 0,2a or 4 mm (whichever is the lesser) 
Not permitted 


0,5t to 3t 
> 3t to 12t 


< 1% of area 
< 2% of area 
> 12t to 30t < 3% of area 
> 30t < 4% of area 


dA < 15 mm or wp (whichever is the lesser) 
l< 0,2s or 0,2a or 3 mm (whichever is the lesser) 


l< 0,2s or 0,2a or 3 mm (whichever is the lesser) 
l< 0,2s or 0,2a or 3 mm (whichever is the lesser) 
Not permitted 


The sum of the acceptable individual imperfections 
in any cross-section is not to exceed 0,2t or 0,2a 
(whichever is the lesser) 


Symbols 


diameter of a gas pore 


nominal butt weld thickness 


NOTES 


height or width of an imperfection 


nominal throat thickness of a fillet weld 


wall or plate thickness (nominal size), in mm 

width of weld or width or height of cross-sectional area 
diameter of area surrounding gas pores 
length of imperfection in longitudinal direction of weld 


1. For this acceptance criterion, linear porosity is to be considered as three aligned gas pores in a length of 25 mm. 
2. Porosity is to be determined in accordance with ISO 10042. The requirements for a single gas pore are to be met by all the gas pores 
within this circle. Systematic clustered porosity is not permitted. 


Table 12.4.3 


Tensile strength requirements by 


grade for aluminium alloys 


Parent material Grade 
(alloy designation) 


Minimum tensile strength 


(N/mm?) 


Table 12.4.4 


Test position 


Welding procedure approval, welding 
positions for aluminium alloys 


Positions approved 


Downhand 


5754 
5086 
5083 
5383 
5059 
5456 
6005A 
6061 
6082 


190 
240 
275 
290 
330 
290 
170 
170 
170 


Horizontal-vertical 


Vertical up 
Overhead 


NOTE 
Welding in vertical down (Vd) position is not recommended. 


D 
D, X 
D, X, Vu 
D, X, Vu and O 
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Table 12.4.5 


Material used in 
qualification test 


Chapter 12 


Section 4 


Welding procedure approval, aluminium material grades approved 


Material Grades approved 


5754 5754 


5086 5086 5754 


5083 5083 5086 


5754 


5383 5383 5083 


5086 


5059 5059 5383 


5083 


5456 5456 5383 


5083 


6005A 6005A 6082 


6061 


6082 6005A 6082 


6061 


6061 6005A 6082 


6061 


NOTE 


Approval includes all the different strained and tempered conditions in each case. 


Table 12.4.6 


Thickness of test assembly, 
t (mm) 


Range of qualification 
Multi pass welds 


Range of qualification for parent material thickness 


Range of qualification 
All single-run or two-run (T technique) butt welds 


t<3 
38<t<20 


t >20 


0,5 to 2t 
3 to 2t 


2 0,8t 


0,5t to 1,1t 
0,5t to 1,1t 


0,5t to 1,1t 


Table 12.4.7 Range of qualification of throat 


thickness for fillet welds 


Throat thickness of test piece, 


a (mm) Range of qualification 


0,75ato1,5a 


27,5 


4.2 Requirements for copper alloys 

4.2.1 The requirements for welding procedure qualification 
tests for copper alloys are to be in accordance with the require- 
ments for steel as given in Section 2 with the following 
exceptions and additions. 


4.2.2 Impact tests on copper alloys are not required. 
4.2.3 Hardness tests are not required for seawater service. 
4.2.4 For the welding of cast copper alloys for propellers, 


the minimum tensile strength from the transverse tensile test is 
to be in accordance with Table 12.4.8. 


4.2.5 Bend tests are to be performed over a diameter of 
former as detailed in Table 12.4.9. 


Table 12.4.8 Minimum transverse tensile strengths 


for welded copper alloy propellers 


Minimum tensile strength 


Alloy designation (N/mm2) 


CU 1 370 


CU 2 410 


cU 3 500 


CU 4 


550 


4.2.6 The range of approval to be applied to the WPS is 
to be as specified in 2.15 with the exception of the material 
grades which are detailed in Table 12.4.10. 
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Table 12.4.9 Former diameters for bend testing of 


copper alloy welds 


Alloy designation Former diameter 


(see Chapter 9) (D/t) 


Cast propellers: 
CU1 4 
CU2 4 
CU3 6, see Note 
CU4 6, see Note 


Other short freezing range castings: 
Copper-Nickel 90/10 
Copper-Nickel 70/30 

Aluminium bronze 


Wrought alloys (tubes and pipes): 
Copper-phosphorus 
Aluminium-brass 

90/10 Copper-nickel-iron 

70/30 Copper-nickel-iron 


NOTE 

Where the qualification tests for these alloys are subjected to post- 
weld heat treatment the former diameter may be increased to 

D/t = 10. 


Table 12.4.10 


Category 


Alloy grade used in the qualification test 


Chapter 12 


Sections 4 & 5 


Range of approval for copper alloy material grades 


Alloy grades approved 


CUu1 


CU2 
Propellers CU3 


CU4 


Cut 

CU1 and CU2 
CU1, CU2 and CU3 
CU4 see Note 1 


90/10 Copper-Nickel-lron 


Tubes/pipes 70/30 Copper-Nickel-lron 


90/10 Copper-Nickel-lron 


70/30 Copper-Nickel-lron and 
90/10 Copper-Nickel-lron 


Tubes/pipes 
see Note 2 


Aluminium-brass 


Copper-Phosphorus deoxidised — arsenical 
Copper-Phosphorus deoxisised — non arsenical 


Copper-Phosphorus deoxidised — arsenical 
Copper-Phosphorus deoxisised — non arsenical 
Aluminium-brass 


NOTES 


qT: Where a CU3 type welding consumable has been used for the qualification test, the range of approval may also include welding of CUS. 
2. These grades have limited weldability and approval to weld is subject to the materials satisfying the requirements of Table 9.3.1 in 


Chapter 9. 


E Section 5 
Welder qualification tests 


5.1 Scope 


5.1.1 The requirements of this Section relate to qualifica- 
tion of welders involved in welded construction associated 
with ships, or other marine structures, and products or 
components intended for use on or in these structures. 


5.1.2 The requirements relate to fusion welding processes 
that are designated as manual, semi-automatic or partly 
mechanised. Special consideration will be given to other 
welding processes adapted from these requirements. 


5.1.3 Prior to commencing production welding, the 
welder is to have performed a qualification test that satisfies 
these requirements. It is the responsibility of the manufacturer 
to ensure that the welder possesses the required level of skill 
for the work to be undertaken. 


5.1.4 The qualification of welders is to be documented by 
the manufacturer and the records are to be available for review 
by the Surveyor. 


5.1.5 Welder qualification tests made in accordance with 
EN, ISO, JIS, ASME or AWS may be considered for accep- 
tance provided that, as a minimum, they are equivalent to, and 
meet the technical intent of these Rules to the satisfaction of 
the Surveyor. 
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5.2 Welder qualification test assemblies 5.2.8 The Surveyor may stop the test if the welding 

conditions are not correct or if there is any doubt about the 
5.2.1 The welding of the welder qualification test assembly competence of the welder to achieve the required standard. 
is to simulate, as far as practicable, the conditions to be 
experienced in production and be witnessed by the Surveyor. 
The test is to be carried out on a test assembly piece and not 5.3 Examination and testing 
by way of production welding. 

5.3.1 Each completed test weld is to be examined and 
5.2.2 The test is to simulate, as far as practicable, the tested in accordance with the requirements of Table 12.5.1. 
welding techniques and practices to be encountered during 
production welding. The test assembly is to be designed to 5.3.2 Visual examination is to be performed in the as 
test the skill of the welder and have the shape and dimensions welded state prior to any other assessment. 


appropriate to the range of approval required. 
5.3.3 For plate butt welds, fracture testing may be used in 


5.2.3 The inspection length of the test weld is to be such as place of radiography. 

to permit the removal of all the necessary test specimens and for 

plate tests, but in no case is to be less than 250 mm. The test 5.3.4 Where a backing strip has been used, it is to be 

assembly is to be set in one of the positions as shown in retained for non-destructive examinations, but is to be 

Fig. 12.2.2 appropriate to the welding positions to be approved. removed prior to performing any bend or fracture tests. 

5.2.4 A welding procedure specification (WPS) is required 5.3.5 Where fracture tests are required, they are to sample 

for the execution of the qualification test and is to include the as much of the inspection length as practicable and the test 

information specified in 2.2.1, as a minimum. assembly may be cut into several test specimens to achieve 
this. Testing is to be performed as shown in Figs. 12.5.1(a) or 

5.2.5 The test assembly is to be marked with a unique 12.5.1(b). 

identification and the inspection length is to be identified prior 

to commencing welding. For pipe welds, the whole circum- 5.3.6 For butt weld tests in aluminium alloys both radiog- 

ference is to be considered as the inspection length. raphy and bend tests are required. 

5.2.6 During welding of the test assembly, the welding 5.3.7 When bend tests are required, 2 root and 2 face 

time is to be similar to that expected under production bends are to be tested and where the test thickness exceeds 

conditions. For manual or semi-automatic processes, at least 12 mm, these may be substituted by 4 side bends specimens. 

one stop and re-start in the root and in the top surface layer is The diameter of former to be used is to be in accordance with 

to be included in the inspection length and marked for future that specified for welding procedure qualification testing given 

inspection. in 2.7.6(a). 

5.2.7 During welding of the test assembly, minor imper- 5.3.8 Where macro examination is required, the specimen 

fections may be removed by the welder by any method that is is to be polished and etched to reveal the weld runs and heat 

used in production, except on the surface layer. affected zones, and be examined at a magnification between 
x5 and x10. 

Table 12.5.1 Welder qualification test requirements 


Examination type Butt welds Fillet welds Pipe branch welds 


Visual 100% 100% 100% 
Surface crack detection See Note 1 100% 100% 


Radiography 100% Not required Not required 
See Notes 2 and 6 


Bend tests 4 required Not required Not required 
See Notes 3 and 6 


Fracture tests Not required 1 required Not required 
See Note 4 


Macro Not required 1 required 4 required 
See Note 4 See Note 5 


NOTES 
. Surface crack detection examination may be required by the Surveyor in order to clarify the acceptability of any weld feature. 
Radiography may be replaced by ultrasonic examination for carbon and low alloy steels where the thickness exceeds 8 mm. 
Bend tests are required for gas metal arc welding with solid wire (GMAW) and oxy-acetylene welding. 
The fracture test may be replaced with 4 macro sections equally spaced along the inspection length. 
Macro-sections are to be separated by 90° measured around the abutting pipe member. 
Radiography and bend tests are required for tests in aluminium alloys. 
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Inspection length 
of the test piece 


(b) 
Sectioning into an even-numbered quantity Fracture testing 
of test specimens (The fillet weld may be notched if necessary) 


4607/41 


Fig. 12.5.1(a) Preparation and fracture testing of test specimens for a fillet weld in plate 


Inspection length 
of the test piece 


T25 mm 


l2 


(a) (b) 


Sectioning into an even-numbered quantity of test specimens Preparation 


| 
A A rea 


(c) (d) 
Fracture testing root bend test Fracture testing face bend test 
4607/40 


Fig. 12.5.1(b) Preparation and fracture testing of test specimens for a butt weld in plate 
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5.4 Acceptance criteria 


5.4.1 The acceptance criteria are to be in accordance 
with 2.5.5. 


5.4.2 Fracture tests and macro-sections are to be 
assessed in accordance with the non-destructive examination 
acceptance criteria. 


5.4.3 Bend tests are considered acceptable if after bending 
through an angle of at least 180°, there are no defects on the 
tension side of the specimen greater than 3 mm in any 
direction. 


5.5 Failure to meet requirements 


5.5.1 Where a macro-section fails to meet requirements, 
one additional specimen may be removed from the test 
assembly and examined. 


5.5.2 Where a bend or fracture test specimen fails to meet 
requirements, two additional soecimens may be prepared from 
the same test assembly. If there is insufficient material, the 
welder may be permitted to weld an additional assembly to 
the same WPS, at the discretion of the Surveyor. 


5.5.3 Where any of the additional test specimens fails to 
satisfy the requirements, the test will be considered as not 
meeting the requirements. 


5.5.4 Where a test fails to comply with the acceptance 
criteria, the welder may be permitted to weld a second test 
piece. If this does not meet requirements, the welder is to be 
considered as not being capable of achieving the require- 
ments. 


5.6 Range of approval 


5.6.1 Upon successful completion of all the necessary 
examinations and tests, the welder is to be considered qualified. 
The essential variables and the range of welding conditions for 
which the welder is considered approved are specified in the 
following paragraphs. 


5.6.2 Welding variables such as preheat, interpass 
temperature, heat input and current type are not considered 
welder qualification variables. However, if the WPS used for 
testing specify these, they are to be included in the test and 
the welder is expected to follow the specific instructions. 


5.6.3 Where the WPS used for the welder qualification 
test specifies post weld heat treatment, this need not be 
applied to the test weld unless bend tests are required and the 
material exhibits low ductility in the as welded condition. 


5.6.4 The qualification test performed by a manufacturer 
is only applicable to workshops under the same technical 
control and quality system as that used for the test. 
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5.6.5 The welding process used in the qualification test is 
the process approved. However, it is possible for the welder to 
use more than one process in the test and the range of 
approval that may be applied to each will be within the limits 
of the essential variables appropriate to the part of the test 
where each welding process was used. 


5.6.6 Material types are to be grouped as shown in 
Table 12.5.2 for welder qualifications. A qualification test 
performed on one material from a group will permit welding of 
all other materials within the same group. In addition, 
qualification on one group of materials may confer approval to 
weld other groups as shown in Table 12.5.3. 


5.6.7 A qualification test performed on one thickness will 
confer approval to weld other thicknesses as specified in 
Table 12.5.4. Where welding is required between materials of 
different thickness, the reference thickness for approval 
purposes is to be the lesser thickness. 


5.6.8 A qualification test performed on plate confers 
approval to weld on pipes having an outside diameter greater 
than 500 mm in a fixed position (see Table 12.5.5 and 
Table 12.5.6). 


5.6.9 A qualification test performed using a specific 
diameter of pipe will give approval to weld other diameters as 
shown in Table 12.5.5. For branch welds, the diameter upon 
which approval is based is to be the branch member. 


5.6.10 A qualification test performed on a butt weld may 
be considered as giving approval for fillet welds. 


5.6.11 A butt qualification test welded from one side, with 
the root unsupported (i.e., no backing), will give approval for 
welds made from both sides with or without back gouging or 
grinding, but not vice versa. 


5.6.12 A qualification test performed in one position will give 
approval to weld in other positions as shown in Table 12.5.6. 


5.6.13 For manual metal arc welding with covered 
electrodes, a qualification test performed using an electrode 
with one type of coating will only be approved for welding with 
that type of coating. However, a qualification test performed 
using a basic low hydrogen type coating will confer approval 
to use electrodes with rutile coatings. 


5.6.14 For gas shielded welding processes that use a 
single component shielding gas, no change to the gas 
composition is permitted from that tested. Where the test has 
used a two component shielding gas, a change in the ratio of 
component gases is permitted, provided that one of the 
components is not reduced to zero. Where the test has used 
a three component shielding gas, changes are permitted in the 
ratio of component gases and the gas with the smallest ratio 
may be reduced to zero, provided this does not change the 
shielding gas from an active one to an inert one or vice versa. 
In addition, where a change in shielding gas composition 
requires a different welding method or technique to be 
employed, a new qualification test will be required. 


5.6.15 A change of welding flux from that used for the test 
is permitted. 
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Table 12.5.2 


Material group Material description 


Welder qualification materials groupings 


Typical LR Grades 


Chapter 12 


Section 5 


Rules for Material references 


WQ 01 Low carbon unalloyed, 
C/Mnh, or 


Low alloyed steels (Re < 360 N/mm?) 


A, B, D and E 

AH to FH32 and 36 
Boiler 510FG and lower 
LT-AH to FH32 and 36 
U1 and U2 

Steel castings 

Steel pipes 


Ch 3,2 
Ch 3,3 
Ch 3,4 
Ch 3,6 
Ch 3,9 and Ch 10 
Ch 4,2, 3, 6 and 7 
Ch 6,2, 3, 4 and 6 


Cr-Mo, or 
Cr-Mo-V creep resisting steels 


13CrMo45 and 11CrMo910 
1Cr¥Mo and 2%Cr1Mo 
YaCrvaMovV 


Ch 3,4 
Ch 4,6 and Ch 6,2, 3 and 6 
Ch 4,6 and Ch 6,2 


High strength fine grained, 
Normalised or quenched, or 
Tempered structural steels (2,0 - 5% 
Ni, with Re > 360 N/mm?) 


AH to FH40 to 69 

LT-AH to LT-FH40 

1% , 3% Ni steels and castings 
U3, R3, R8S and R4 


Ch 3,3 and 10 

Ch 3,6 

Ch 3,6, Ch 4,7 and Ch 6,4 
Ch 3,9 and Ch 10 


Ferritic, or 
martensitic stainless steels 
(12 to 20% Cr) 


13% Cr (martensitic) 


Ch 4,5 (martensitic) 


Ferritic low temperature steels 


SNi and QNi 


Ch 3,6 


Ferritic-austenitic stainless steels, 
Austenitic stainless steels, or 
Cr-Ni steels 


304, 316, 317, 321 and 347 
$31260, S31803, S32550 and 
$32750 


Ch 3,7 and 8 
Ch 4,8 and Ch 6,5 


Aluminium alloy — Non-heat treatable 
g 5% 


5754 


Chapter 8 


Aluminium alloy — Non-heat treatable 
3,5% < Mg < 5,6% 


5083 and 5086 


Chapter 8 


uminium alloy — Heat treatable 


6005-A, 6061 and 6082 


Chapter 8 


Al 
Copper alloys for propellers — 
anganese bronze 


Cul 


Ch 9,1 


Copper alloys for propellers — Nickel- 
manganese bronze 


Cu2 


Ch 9,1 


Copper alloys for propellers — Nickel- 
aluminium bronze 


Cu3 


Ch 9,1 


Copper alloys for propellers — 
Manganese-aluminium bronze 


Cu4 


Ch 9,1 


Copper alloys for tubes — Copper 
phosphorus 


Deoxidised — non-arsenical and 
arsenical 


Ch 9,3 


Copper alloys for tubes — Aluminium 
brass 


Aluminium brass 


Ch 9,3 


Copper alloys for tubes — Copper- 
nickel-iron 


5.7 Welders qualification certification 


70/30 Cu/Ni and 90/10 Cu/Ni 


Ch 9,3 


5.7.3 The welder is considered to be approved for an initial 


5.7.1 All the relevant conditions used during the test are 
to be entered on the welder’s qualification certificate along 
with the permitted range of approval. 


5.7.2 If the Surveyor is satisfied that the welder has 
demonstrated the appropriate level of skill and all tests are 
satisfactory, the Surveyor will endorse the certificate verifying 
that the details contained on it are correct and that the test 
welds were prepared, welded and tested in accordance with 
the specified Rules, Codes or Standards. 


validity period of 2 years. The welder is considered to have 
retained the qualification subject to the manufacturer confirming 
every 6 months that the welder has used the welding process 
with acceptable performance in the preceding 6 months. 


5.7.4 After 2 years, the Surveyor may extend the validity 
of the approval for another period of two years provided that 
records or documented evidence is made available confirming 
acceptable welding performance, within the original range of 
approval, without a break exceeding 6 months. The Surveyor 
will signify acceptance of the extension to the validity by 
endorsing the certificate. 
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Table 12.5.3 Welder qualification, range of approval for material groups 


Material group used 
for testing 


Material groups approved to weld 


WQ 01 WQ 01 


WQ 02 WQ 01 


WQ 03 WQ 01 


WQ 04 WQ 01 


WQ 05 WQ 05 


WQ 11 WQ 11 WQ 05, see Note WQ 04, see Note 


WQ 22a WQ 22a WQ 22b 


WQ 22b WQ 22a WQ 22b 


WQ 23 WQ 22a WQ 22b 


WQ 30 WQ 30 WQ 31 


WQ 31 WQ 30 WQ 31 


WQ 32 WQ 30 WQ 31 


WQ 33 WQ 30 WQ 31 


WQ 34 WQ 34 WQ 35 


WQ 35 WQ 34 WQ 35 


WQ 36 WQ 36 


NOTE 
Provided an austenitic welding consumable compatible with material group WQ 11 is used. 


Table 12.5.4 Welder qualification, range of approval for material thickness 


Test piece thickness Range approved, see Note 


Material type (mm) (mm) 


Steel and copper alloys t<3 t to 2t 
8<t<12 3,0 to 2t 
t>12 > 5,0 


Aluminium alloys t<6 0,7 to 2,5t 
6<t<15 6,0 < t < 40,0 
t > 40mm 41 to 2t 


NOTE 
For oxy-acetylene welding the maximum thickness is limited to 1,5 t. 


Table 12.5.5 Welder qualification, diameter range of approval for pipes and hollow sections 


4 Test piece diameter Range approved 
Material type (mm) (mm) 


Steel and copper alloys D<25 Dto 2D 
25 <D< 150 0,5D to 2D, see Note 1 
D> 150 >0,5D 
Plate, see Note 2 > 500 


Aluminium alloys D<125 0,25D to 2D 
D> 125 >0,5D 
Plate, see Note 2 > 500 


NOTES 
Ts Subject to 25 mm minimum diameter. 
2. Plate qualification will approve welding on pipes greater than 150 mm diameter when the pipe is rotated. 
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Table 12.5.6 


Test weld conditions 


Chapter 12 


Section 5 


Welding position ranges for welder qualification 


Positions qualified 


Pipe, see Note 1 


Type of weld Test position 


Butt weld 


Fillet weld Butt weld Fillet weld 


D 


D D D 


D 


Plate butt, 
see Note 5 


D, X, Vu, O 


D, X, Vu, O 


D 


Plate Fillet, 
see Note 5 


D, X, Vu, O 


D, X D, X 


X 


D, X D, X 


D+Vu+0, 
see Note 3 


D, X, Vu, O D, X, Vu, O 


D+Vd+0O, 
see Notes 2 and 3 


Pipe butt 


Axis at 45°, 
see Note 4, 
Travel Vu 


D, X, Vu, O 


Vd Vd 


D, X, Vu, O D, X, Vu, O D, X, Vu, O 


Axis at 45°, 
see Notes 2, 3 and 4, 
Travel Vd 


D 


X 


D+Vu+O 
see Note 3 


Pipe fillet 


D, X, Vu, O D, X, Vu, O 


D+Vd+O 
see Note 3 


Vd Vd 


NOTES 


Pipe D position means pipe in horizontal position and rotated, see Fig. 12.2.2(0) and Fig. 12.2.2(d). 
Vd position not usually recommended for pipe welds less than 500 mm diameter. 


Pipe fixed with axis in the horizontal position (e.g. ASME 5G). 
Pipe fixed with axis at 45° to the horizontal (e.g. ASME 6G). 


Plate qualification tests confers approval to weld pipes with diameter greater than 500 mm. 


5.7.5 Where there is any reason to question the welder’s 
ability, or there is a lack of continuity in the use of the welding 
process, or insufficient recorded evidence of acceptable weld 
performance, the welder is to perform a new qualification test. 


5.7.6 Where the manufacturer has existing welders that 
have previously performed qualification tests, these may be 
considered for acceptance provided they satisfy the above 
requirements and the tests have been performed in the 
presence of an independent examiner that is acceptable to the 
Society. 


5.7.7 Not withstanding the above, the Surveyor may at 
any time request a review of a welder’s qualification records. If 
there is any reason for doubt concerning the skill of the welder, 
the Surveyor may withdraw the qualification and require a re- 
qualification test to be performed. 
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E Section 6 
Qualification of friction stir 
welding of aluminium alloys 


6.1 Scope 


6.1.1 The requirements of this Section relate to the 
Friction Stir Welding (FSW) of aluminium alloys. These 
requirements include requirements for verification of welding 
equipment, welding procedures, qualification of welding 
procedures and qualification of welding operators. 


6.2 Welding equipment 


6.2.1 Welding equipment (e.g., welding machines and 
FSW tools) is to be capable of producing welds that meet the 
specified acceptance levels. 


6.2.2 Welding equipment is to be maintained in a good 
condition and is to be repaired or adjusted when necessary. 


6.2.3 After installation of new or refurbished equipment, 
appropriate tests are to be performed to verify that the equip- 
ment functions correctly. 


6.3 Weld procedures 


6.3.1 This Section defines the requirements for welding 
procedures to be applied for FSW of aluminium alloys. 


6.3.2 Manufacturers are to prepare a preliminary welding 
procedure specification (pWPS) defining procedures for how 
FSW is to be conducted. 


6.3.3 A pWPS is to comply with the requirements of ISO 
25239-4. 


6.3.4 Qualification of a pWPS is achieved by conducting 
weld procedure qualification tests in accordance with ISO 
25239-4. Minimum acceptance criteria for destructive tests 
are to be in accordance with these Rules. Reporting of the 
qualification tests are to be in accordance with ISO 25239-4. 


6.3.5 Provided that the procedure qualification record 
lists all the relevant variables and there are no inconsistent 
features and the results satisfy the requirements, the procedure 
qualification record may be endorsed by the Surveyor as 
satisfying the requirement of the Rules. 


6.3.6 A welding procedure specification (WPS) is to be 
prepared after the procedure qualification test report has been 
endorsed by the Surveyor. 


6.3.7 For welding procedure specifications, the range of 

approval is to be limited as follows: 

(a) Manufacturer. A welding procedure qualified by a 
manufacturer is valid for welding in workshops under the 
same technical and quality management. 
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b) Range of material type. Approval is restricted to the 
specific aluminium grade and supply condition used in 
the qualification test. 

c) Thickness. Approval is restricted to the thickness of the 
test piece in the qualification test. 

d) Joint types. The joint types approved are to be those 
from the welding procedure qualification test only. 

e) Welding tool. Approval is restricted to the specific 
design of welding tool employed during the qualification 
test. 

f) Other. A range of approval for any other variables will be 
subject to special consideration. 


6.4 Qualification of welding operators 


6.4.1 Welding operators are to be qualified in accordance 
with ISO 25239-3. 


6.4.2 Welding operators are to be suitably trained and will 
be required to demonstrate a knowledge of FSW and have a 
working knowledge of the welding installation. Knowledge of 
the FSW process may be demonstrated by exams passed 
during the training period. Demonstration of a working 
knowledge of the welding installation will be subject to the 
Surveyor’s satisfaction. 


6.4.3 Qualification of welding operators is to be by welding 
tests as specified in ISO 25239-3 or by conducting weld 
procedure qualification tests. 


6.4.4 Upon successful completion of all necessary exam- 
ination and tests, the welding operator is to be considered 
qualified. The range of qualification is to be as specified in ISO 
25239-3. 


6.4.5 A certificate of qualification is to be issued in accor- 
dance with ISO 25239-3. 
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Section 

1 General welding requirements 

2 Specific requirements for ship hull structure and 
machinery 

3 Specific requirements for fabricated steel 
sections 

4 Specific requirements for fusion welded 


pressure vessels 


5 Specific requirements for pressure pipework 
6 Repair of existing ships by welding 
7 Austenitic and duplex stainless steel - Specific 


requirements 


8 Specific requirements for welded aluminium 
9 Friction stir welding requirements for aluminium 
alloys 


E Section 1 
General welding requirements 


1.1 Scope 


1.1.1 This Chapter specifies requirements for fabrication 
and welding during construction and repair of ships or other 
marine structures, and their associated pressure vessels, 
machinery, equipment, components and products intended 
for use in these structures. 


1.1.2 The requirements for fabrication and welding during 
construction and repair of tanks intended for transport or 
storage of liquefied gases are located in the Rules and 
Regulations for the Construction and Classification of Ships for 
the Carriage of Liquefied Gases in Bulk or the Rules and 
Regulations for the Classification of a Floating Offshore 
Installation at a Fixed Location, as appropriate. 


1.1.3 The requirements relate to fusion welding. Special 
consideration will be given to the use of other welding 
processes based on these requirements. 


1.1.4 It is the responsibility of the manufacturer to ensure 
compliance with all aspects of these Rules and inform the 
Surveyor of any deviations that have occurred. All deviations 
are to be recorded as non-compliances along with the 
corrective actions taken and failure to do this is considered to 
render the fabrication to be in non-compliance with the Rules. 


11.0 Welded constructions that comply with National or 
International specifications may be accepted to the satisfac- 
tion of the surveyor, provided that these specifications give 
reasonable equivalence to the requirements of this Chapter. 
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1.1.6 All welded construction is to be to the satisfaction of 
the Surveyor. 


1.2 Design 


1.2.1 Prior to commencing any work, the component to 
be manufactured is to be subjected to design review and 
approval in accordance with the Rule requirements. 


1.2.2 The material characteristics that are affected by 
welding, particularly the loss of strength (e.g., in precipitation 
or strain hardened aluminium alloys) are to be considered in 
the design. The weld joints in such materials are to be 
arranged such that they are in areas of lower stress. 


1.3 Materials 


1.3.1 Materials used in welded construction are to be 
manufactured at works approved by LR. The use of materials 
from alternative sources will be subject to agreement of the 
Surveyor and satisfactory verification testing. 


1.3.2 Materials are to be supplied and certified in accor- 
dance with the requirements of Chapters 1 to 10 of these 
Rules. 


1.3.3 Materials used in welded construction are to be 
readily weldable and are to have proven weldability, unless 
requirements are agreed with LR in advance. 


1.3.4 Where the construction details are such that materials 
are subject to through-thickness strains, consideration is to be 
given to using material with specified through-thickness 
properties as specified in Ch 3,8. 


1.3.5 When ordering materials for construction, consider- 
ation is to be taken of the possible degradation of properties 
during fabrication or post-weld heat treatment. Where these 
materials are used, consideration is to be given to additional 
test requirements being specified to the supplier. 


1.3.6 The identity of materials is to be established by way 
of markings etc, during fabrication, so that traceability to the 
original manufacturer’s certificate is maintained. 


1.3.7 Pre-fabrication shop primers may be applied prior 
to welding, provided that they are of an approved type and 
have been tested to demonstrate that they have no deleterious 
effects on the completed weld. 


1.3.8 Where it is proposed to weld forgings and/or castings, 
full details of the joint details, welding procedures and post- 
weld heat treatments are to be submitted for consideration. 


1.4 Requirements for manufacture and 
workmanship 


1.4.1 The welding workshops are to be assessed by the 
Surveyor for their capability to produce work of the required 
quality in accordance with the requirements specified for the 
type of construction, see Sections 2 to 5. 
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1.4.2 Where structural components are to be assembled 
and welded in works sub-contracted by the builder, the 
Surveyor is to inspect the sub-contractor’s works to ensure that 
compliance with the requirements of this Chapter is achieved. 


1.4.3 The manufacturer is to provide a system of regular 
supervision of all welding, by suitably qualified and experienced 
personnel. 


1.4.4 Welding is to be performed in covered workshops 
as far as practicable. Where this is not possible, provision is to 
be made in the welding area to give adequate protection from 
wind, rain and cold, etc. 


1.4.5 Where required, arrangements are to be such as to 
permit adequate ventilation and access for preheating, and for 
the satisfactory completion of all welding operations. 


1.4.6 The location of welding connections and sequences 
of welding are to be arranged to minimise distortion and the 
build up of residual stresses. Welded joints are to be so 
arranged as to facilitate the use of downhand welding 
wherever possible. 


1.4.7 In the case of repairs to existing structures or 
components, care is to be exercised when attaching fit-up 
aids by welding to ensure that the base materials in way of the 
attachments are of weldable quality. 


1.4.8 In order to prevent cross-contamination of different 
material types, the welding of carbon steel materials is to be in 
areas segregated from that used for either austenitic or non- 
ferrous materials, see Section 7. 


1.5 Cutting of materials 


1.5.1 Materials may be cut to the required dimensions by 
thermal means, shearing or machining in accordance with the 
manufacturing drawings or specifications. 


1.5.2 Cold shearing is not to be used on materials in 
excess of 25 mm thick. Where used, the cut edges that are to 
remain un-welded are to be cut back by machining or grinding 
for a minimum distance of 3 mm. 


1.5.3 Material, which has been thermally cut, is to be free 
from excessive oxides, scale and notches. 


1.5.4 All cut edges are to be examined to ensure freedom 
from material and/or cutting defects. Visual examination may 
be supplemented by other techniques. 


1:5:5. Thermal cutting of alloy and high carbon steels may 
require the application of preheat, and special examination of 
these cut edges will be required to ensure no cracking. In 
these cases, the cut edge is to be machined or ground back 
a distance of at least 2 mm, unless it has been demonstrated 
that the cutting process has not damaged the material. 


1.5.6 Any material damaged in the process of cutting is to 
be removed by machining, grinding or chipping back to sound 
metal. Weld repair may only be performed with the agreement 
of the Surveyor. 


Chapter 13 


Section 1 


1.6 Forming and bending 


1.6.1 Plates, pipes, etc., may be formed to the required 
shape by any process which does not impair the quality of the 
material. 


1.6.2 Where hot forming is employed or during cold forming 
where the material is subjected to a permanent strain 
exceeding 10 per cent or formed to a diameter to thickness 
ratio less than 10, tests are required to be performed to 
demonstrate that the material properties remain acceptable. 


1.6.3 As far as practicable, forming is to be performed by 
the application of steady continuous loading using a machine 
designed for that purpose. The use of hammering, in either the 
hot or cold condition is not to be employed. 


1.6.4 Material may be welded prior to forming or bending, 
provided that it can be demonstrated that the weld mechanical 
properties are not impaired by the forming operation. All welds 
subjected to bending are to be inspected on completion to 
ensure freedom from surface breaking defects. 


1.7 Assembly and preparation for welding 


1.7.1 Excessive force is not to be used in fairing and 
closing the work. Where excessive root gaps exist between 
surfaces or edges to be joined, corrective measures are to be 
adopted. 


1.7.2 Provision is to be made for retaining correct alignment 
during welding operations in accordance with the approved 
manufacturing specifications and welding procedures. 


1.7.3 Tack welds are to be avoided as far as practicable. 
When used, tack welds are to be of the same quality as the 
finished welds, made in accordance with approved welding 
procedures, and where they are to be retained as part of the 
finished weld, they are to be clean and free from defects. 


1.7.4 Generally, tack welds are not to be applied in 
lengths of less than 30 mm for mild steel grades and aluminium 
alloys, and 50 mm for higher tensile steel grades. Smaller tack 
welds may be accepted for steels, provided that the 
carbon equivalent of the materials being welded is not greater 
than 0,36 per cent. 


1.7.5 Where deep penetration welding is used (see 2.4.6), 
welding procedure tests are to demonstrate that the specified 
degree of penetration is achieved in way of tack welds left in 
place. 


1.7.6 Where temporary bridge pieces or strong-backs are 
used, they are to be of similar materials to the base materials 
and welded in accordance with approved welding procedures. 


1.7.7 Any fit-up aids and tack welds, where welded to 
clad materials, are to be attached to the base material and not 
to the cladding. 
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1.7.8 Surfaces of all parts to be welded, are to be clean, 
dry and free from rust, grease, debris and other forms of 
contamination. 


1.7.9 When misalignment of structural members either 
side of bulkheads, decks etc., exceeds the agreed tolerance, 
the misaligned item is to be released, realigned and re-welded 
in accordance with an approved procedure. 


1.8 Welding equipment and welding consumables 


1.8.1 Welding plant and equipment is to be suitable for 
the purpose intended and properly maintained, taking into 
account relevant safety precautions. 


1.8.2 Suitable means of measuring the welding parameters 
(i.e. current, voltage and travel speed) are to be available. 
Electrical meters are to be properly maintained and have 
current calibrations. 


1.8.3 Welding consumables are to be suitable for the type 
of joint and grade of material to be welded, and in general, are 
to be LR Approved in accordance with Chapter 11. 


1.8.4 Special care is to be taken in the distribution, storage 
and handling of all welding consumables. They are to be kept 
in heated dry storage areas with a relatively uniform tempera- 
ture in accordance with the consumable manufacturer’s 
recommendations. Condensation on the metal surface (e.g., 
wire electrodes and studs) during storage and use is to be 
avoided. 


1.8.5 Prior to use, welding consumables are to be dried 
and/or baked in accordance with the consumable manufac- 
turer’s recommendations. 


1.8.6 Satisfactory storage and handling facilities for 
consumables are to be provided close to working areas and 
the condition of welding consumables are to be subject to 
regular inspections. 


1.9 Welding procedure and welder qualifications 


1.9.1 Welding procedures are to be developed by the 
manufacturer for all welding, include weld repairs, and are to 
be capable of achieving the mechanical property requirements 
and non-destructive examination quality appropriate to the 
work being undertaken. 


1.9.2 Welding procedures are to be established for the 
welding of all joints and are to be qualified by testing in accor- 
dance with Chapter 12. The welding procedures are to give 
details of the welding process, type of consumable, joint 
preparation, welding position and filler metals to be used. 


1.9.3 The proposed welding procedures are to be 
approved by the Surveyor prior to construction. 
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1.9.4 All welders and welding operators are to be qualified 
in accordance with the requirements of Chapter 12. 
Qualification records to demonstrate that welding personnel 
have the skills to achieve the required standard of workman- 
ship are to be available to the Surveyor. 


1.10 Welding during construction 


7.10.1. Materials to be assembled for welding are to be 
retained in position by suitable means such that the root gaps 
and alignment are in accordance with the approved manufac- 
turing specifications and welding procedures. 


1.10.2 Surfaces of all parts to be welded, are to be clean, 
dry and reasonably free from rust, scale and grease. 


7.10.3 Pre-heat is to be applied, as specified in the 
approved welding procedure, for a distance of at least 
75 mm from the joint preparation edges. The method of 
application and temperature control are to be such as to 
maintain the required level throughout the welding operation. 


1.10.4 When the ambient temperature is 0°C or less, or 
where moisture resides on the surfaces to be welded, due 
care is to be taken to pre-heat the joint to a minimum of 
20°C, unless a higher pre-heat temperature is specified. 


7.10.5 Where tack welds are to be removed from the root 
of the weld joint, this is to be carried out such that the 
surrounding material and joint preparation is not damaged. 


1.10.6 The welding arc is to be struck on the parent metal 
which forms part of the weld joint or on previously deposited 
weld metal. 


1.10.7 Where the welding process used is slag forming 
(e.g., manual metal arc, submerged arc, etc.) each run of 
deposit is to be cleaned and free from slag before the next run 
is applied. 


1.10.8 Full penetration welds are to be made from both 
sides of the joint as far as practicable. Prior to welding the 
second side, the weld root is to be cleaned, in accordance 
with the requirements of the approved welding procedure, to 
ensure freedom from defects. When air-arc gouging is used, 
care is to be taken to ensure that the ensuing groove is slag 
and oxide free and has a profile suitable for welding. 


1.10.9 Where welding from one side only, care is to be 
exercised to ensure the root gap is in accordance with the 
approved welding procedure and the root is properly fused. 


1.10.10 Particular care is to be exercised in welding in the 
vertical position with direction of travel downward (Vd) to avoid 
welding defects. The use of solid wire gas metal arc (GMAW) 
process in the vertical down position is to be avoided. 


1.10.11 Welding is to proceed systematically with each 
welded joint being completed in correct sequence without 
undue interruption. 
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1.10.12 After welding has been stopped for any reason, 
care is to be taken in restarting to ensure that the previously 
deposited weld metal is thoroughly cleaned of slag and debris, 
and preheat has been re-established. 


1.10.13 Care is to be taken to avoid stress concentrations 
such as sharp corners or abrupt changes of section, and 
completed welds are to have an even contour, blending 
smoothly with the base materials. The weld shape and size is 
to be in accordance with that specified in the approved 
drawings or specifications. 


1.10.14 Welded temporary attachments used to aid 
construction are to be removed carefully by grinding, cutting 
or chipping. The surface of the material is to be finished 
smooth by grinding followed by crack detection. 


1.10.15 Where fabricated and welded components require 
to be machined, all major welding operations are to be 
completed prior to final machining. 


1.10.16 Welding to parts which are subjected to rotating 
fatigue (e.g., shafts) is not generally permitted. 


1.10.17 Welding onto parts that have been hardened for 
wear resistance or strength (e.g., gear teeth) is not permitted. 


1.10.18 Where welding of clad ferritic steel plates is to be 
undertaken, the clad materials are to be ground back from the 
prepared edge by at least 10 mm. In general, the ferritic 
materials are to be welded prior to welding of the cladding 
material. 


1.11 Non-destructive examination of welds 


1.11.1 Non-destructive examinations are to be made in 
accordance with a definitive written procedure prepared and 
endorsed by a person qualified according to a Nationally 
Recognised Scheme with a grade equivalent to Level Ill 
qualification of ISO 9712, SNT-TC-1A, or ASNT Central 
Certification Program (ACCP). As a minimum, the procedure 
will identify personnel qualification levels, NDE datum and 
identification system, extent of testing, methods to be applied 
with technique sheets, acceptance criteria and reporting 
requirements. These procedures are to be reviewed by the 
Surveyor. See Ch 1,5. 


1.11.2 | Non-destructive examinations are to be undertaken 
by personnel qualified according to a Nationally Recognised 
Scheme with a grade equivalent to Level Il qualification of 
ISO 9712, SNT-TC-1A or ASNT Central Certification Program 
(ACCP). Operators qualified to Level | of the above schemes 
(or equivalent recognised by LR) may be engaged in testing 
under the supervision of personnel qualified to Level II or Ill (or 
equivalent recognised by LR). Personnel qualifications are to 
be verified by certification. 


1.11.3. Effective arrangements are to be provided by the 
manufacturer for the inspection of finished welds to ensure 
that all welding, and where necessary, all post-weld heat 
treatment, has been satisfactorily completed. 
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1.11.4 Welds are to be clean and free from paint at the 
time of visual inspection unless specified otherwise in the 
following Sections. 


1.17.5 The weld surface finish is to ensure accurate and 
reliable detection of defects. Where the weld surface is irregular 
or has other features likely to interfere with the interpretation of 
non-destructive examination, the weld is to be ground or 
machined. 


1.11.6 Prior to inspection, welded temporary attachments 
and lifting eyes used to aid construction are to be removed 
carefully by grinding, cutting or chipping or other approved 
means. The surface of the material is to be finished smooth by 
grinding followed by crack detection. Any defects caused in 
the removal process are to be repaired and re-inspected. 


1.11.7 For welds in steels with specified yield strength up 
to 400 N/mm?, and with carbon equivalent less than or equal 
to 0,41 per cent, NDE may be performed as soon as the test 
assembly has cooled to ambient temperature. For other 
steels, NDE is to be delayed for a period of at least 48 hours 
after the test assembly has cooled to ambient temperature. 


1.11.8  Non-destructive examinations are to be performed 
in accordance with the requirements of the Rules. 
Examinations are to be in accordance with agreed written 
procedures prepared by the manufacturer or ship builder. 


1.11.9 The Surveyor may request additional inspections 
where there is reason to question the quality of workmanship, 
or where the weld is part of a complicated fabrication where 
there is high restraint or high residual stresses. 


1.11.10 Welds are to be examined after completion of any 
post-weld heat treatment. 


1.11.11 Where weld defects are discovered, the full extent is 
to be ascertained by applying additional non-destructive 
examinations where required. Unacceptable defects are to be 
completely removed and, where necessary, weld repaired in 
accordance with the relevant Sections of this Chapter. The 
repairs are to be re-inspected using the same technique as the 
original inspection. 


1.11.12 Results of non-destructive examinations are to be 
recorded and evaluated by the constructor on a continual 
basis in order that the quality of welding can be monitored. 
These records are to be available to the Surveyor. 


71.11.13 The constructor is to be responsible for the review, 
interpretation, evaluation and acceptance of the results of 
NDE. Reports stating compliance or otherwise with the 
criteria established in the inspection procedure are to be 
issued. Reports are to comply, as a minimum, with the 
requirements of Ch 1,5. 


1.11.14 The extent of applied non-destructive examination 
is to be increased when warranted by the analysis of previous 
results. 
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1.12 Routine weld tests 


1.12.1 Routine or production weld tests may be specified 
as a means of monitoring the quality of the welded joints. This 
type of quality control test is generally specified for pressure 
vessel and LNG construction but may be used for other types 
of welded fabrication. 


1.12.2 Routine weld tests may be requested by the 
Surveyor where there is reason to doubt the quality of work- 
manship. 


1.12.3 Where routine test welds have been agreed, they are 
to be performed in accordance with the general requirements 
for the type of construction, see Sections 3 and 4. 


1.13 Rectification of material defects 


1.13.1 Repair of defects found in base materials is not to 
be carried out without the prior approval of the Surveyor. 


1.13.2 In general, surface defects in the material may be 
removed by grinding, chipping, etc., provided the remaining 
material thickness is not reduced below the minimum 
thickness tolerance, and the area is ground to blend in 
smoothly with the surrounding material. 


1.13.3 Confirmation that the defect has been removed is 
required by performing visual examination, augmented by either 
magnetic particle or dye penetrant examination techniques. 


1.13.4 Surface defects, which cannot be repaired by the 
above method, may be repaired by welding where permitted 
by Chapters 3 to 9. Such repairs are to be performed in accor- 
dance with the requirements of this Section and those 
specified in Chapters 3 to 9. 


1.13.5 Any defects in the structure resulting from the 
removal of temporary attachments are to be prepared, 
efficiently welded and ground smooth so as to achieve a 
defect free repair. 


1.14 Rectification of distortion 


1.14.1 Fairing, by linear or spot heating, to correct distor- 
tions due to welding, may be carried out. In order to ensure 
that the properties of the material are not adversely affected, 
approved procedures are to be utilised. On completion of 
such processes, visual examination of all heat affected areas 
in the vicinity is to be carried out to ensure freedom from 
cracking. 


1.14.2 When misalignment of members exceeds the 
agreed tolerance, the misaligned item is to be cut apart, 
realigned and re-welded in accordance with an approved 
procedure. 
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1.15 Rectification of welds defects 


7.15.7 Where repairs are extensive the manufacturer is to 
investigate the reason for the defects and take the necessary 
actions to prevent recurrence. In addition, consideration is to 
be given to the sequence of repairs and to providing temporary 
supports to prevent misalignment or collapse. 


1.15.2 Cracks are to be reported to the Surveyor and the 
cause established prior to undertaking weld repairs. 


1.15.3 Defects may be removed by grinding, chipping or 
thermal gouging. Where thermal gouging is used, the repair 
groove is to be subsequently ground clean to remove oxides 
and debris. The groove is to have a profile suitable for welding. 


1.15.4 Prior to commencing repair welding, it is to be 
confirmed that no defect exists on the prepared surface by 
performing visual examination, augmented by either magnetic 
particle or dye penetrant examination techniques. 


1.15.5 Repair welding is to be performed using approved 
welding procedures. 


1.15.6 Completed repairs are to be re-examined by the 
non-destructive examination method(s) that detected the 
original defect and are to confirm that the original defect has 
been removed. 


1.15.7 Where the component or structure has been 
subjected to post-weld heat treatment prior to weld repair, this 
is to be repeated after completion of all repair welding. 


1.15.8 Where non-destructive examination reveals that the 
original defect has not been successfully removed, one more 
repair attempt may be performed. 


1.15.9 | The manufacturer is to monitor the quality of welding 
and maintain records of welding repairs and take the necessary 
corrective actions where repair rates are outside normal limits. 


1.16 Post-weld heat treatment 


7.16.7 On completion of welding, post-weld heat treatment 
may be required depending on the type of welded 
construction, the material type and thickness as specified by 
the relevant Parts or Sections of the Rules. 


1.16.2 In general, heat treatment after welding is to be a 
stress relief treatment in order to reduce residual stresses 
introduced by welding and is generally applicable to ferritic 
steels. Where other types of heat treatment (e.g., normalising, 
solution annealing) are proposed, demonstration of accept- 
able mechanical properties of the weldment are to be 
confirmed by a welding procedure test which includes a 
simulated heat treatment. 


1.16.3 Parts are to be properly prepared for heat treat- 
ment. Machined surfaces (e.g., flange faces, screw threads, 
etc.) are to be protected against scaling and sufficient 
temporary supports provided to prevent distortion or collapse 
of the structure. 
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1.16.4 Details of the heat treatment to be applied, soaking 
time and temperature, heating and cooling rates, etc., are to 
be submitted for review prior to commencing. 


1.16.5 Post-weld heat treatment is to be carried out in a 
purpose built furnace which is efficiently maintained. In special 
cases, where the configuration of the component is such that 
thermal stresses during heating and cooling can be minimised, 
local post-weld heat treatment may be used. This would not 
normally apply to the complex geometry of cast materials 
during manufacture within the foundry environment. 


1.16.6 In all cases, the heat treatment facilities and 
arrangements are to be capable of controlling the temperature 
throughout the heat treatment cycle and adequate means of 
measuring and recording the component temperature are to 
be provided. Thermocouples are to be attached so they are in 
contact with the component. 


1.16.7 Unless specified otherwise, stress relief heat treat- 
ment is to be carried out by means of controlled heating from 
800°C, to the soak temperature, holding within the prescribed 
soaking temperature range for the time specified (usually 
1 hour per 25 mm of weld thickness) followed by controlled 
cooling to below 300°C. 


1.16.8 Where post-weld stress relief is specified for welded 
constructions that contain joints between different materials 
(e.g. ferritic to austenitic steels), the details of the materials, 
welding procedures and heat treatment cycle to be applied are 
to be submitted for special consideration and approval. 


1.16.9 Non-destructive examination of welds is to be 
performed after completion of any heat treatment. 


1.17 Certification 


1.17.1 Products or components are not to be considered 
complete until all the requirements of the construction specifi- 
cation have been met and all activities have been completed. 


1.17.2 | Upon completion of the works, the manufacturer is 

to provide documentation which indicates that: 

(a) All welds are complete and there are no outstanding 
repairs. 

(o) The appropriate post-weld heat treatments have been 
performed. 

(c) Appropriate destructive tests have been performed. 

(d) Proof testing of welds has been performed. 


1.17.3. Before the test certificates or shipping statements 
are signed by the Surveyor, the manufacturer is required to 
provide a written declaration stating that the product is in 
accordance with the requirements of 1.17.2. 
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E Section 2 
Specific requirements for ship hull 
structure and machinery 


2.1 Scope 


2.1.1 The requirements of this Section apply to the 
construction of ships, including hull structure, superstructure 
and deckhouses, components forming part of the ship 
structure and its machinery (excluding pressure equipment 
and piping, see Section 4). These requirements are in addition 
to the general welding requirements specified in Section 1. 


2.1.2 The shipyard and manufacturer's works are to be 
assessed to give assurance that they have the facilities, 
equipment, personnel and quality control procedures to 
produce work of the required quality. 


2.2 Welding consumables 


2.2.1 Welding consumables used for hull construction are 
to be approved in accordance with Chapter 11 and are to be 
suitable for the type of joint and grade of material to be 
welded. 


2.2.2 Steel welding consumable approvals, up to and 
including Grade Y40 and Y47, are considered acceptable for 
hull construction in line with Table 11.1.1 in Chapter 11, 
Ch 12,2.2.2 and the following: 

(a) Consumables up to Grade Y are acceptable for welding 
steels up to 3 strength levels below that for which the 
approval applies, e.g., a consumable with approval 
grading 3Y is acceptable for welding EH36, EH32 and 
EH27S higher tensile ship steels and grade E normal 
strength ship steel. 

(o) Consumables for Grade Y40 are acceptable for welding 
steels up to two strength levels below that for which the 
approval applies. Consumables for Grade Y47 are 
acceptable for welding steels up to one strength level 
below that for which the approval applies. 

(c) Consumables with an approved impact toughness 
grading are acceptable for welding steels with lower 
specified impact properties subject to (a) above, e.g. a 
consumable with approval grading 3Y is acceptable for 
welding EH, DH and AH materials. 

(d) For welding steels of different grades or different strength 
levels, the welding consumables may be of a type 
suitable for the lesser grade or strength being 
connected. The use of a higher grade of welding 
consumable may be required at discontinuities or other 
points of stress concentration. 


2.2.3 In general, the use of preheating and hydrogen 
controlled welding consumables for welding of ship steels up 
to strength grade H40 is to be in accordance with 
Table 13.2.1. The carbon equivalent is to be calculated from 
the ladle analysis using the formula given below: 

Carbon equivalent = C + Mn + Cr+ = +V į NI = 


Preheat and the use of low hydrogen controlled consumables 
will be required for welding of steel grades higher than 
Grade H40. 
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Table 13.2.1 Preheat and consumable requirements 
for welding of carbon and carbon 
manganese steels up to strength 


grade H40 


Carbon equivalent 
Ceq 


Hydrogen controlled 


Pre-heat consumables 


Ceq equal to or less Not required 


than 0,41% 


Not required, 
see Note 3 


Not required, 
see Notes 1 and 2 


Ceg above 0,41 but Required 
not exceeding 
0,45% 
Required 


Ceq greater than Required 


0,45% 


NOTES 
Preheat may need to be applied in order to meet the maxi- 
mum hardness values specified in Ch 12,2.12.6. 
Under conditions of high restraint or low ambient temperature 
preheat may need to be applied. 
Hydrogen controlled consumables may need to be 
considered for welding of 
(a) Thicker materials (i.e., > 35 mm). 
(o) Higher strength materials. 
(c) Welds subject to high restraint. 


2.2.4 All aluminium alloy welding consumables are to be 
approved in accordance with Chapter 11 and are suitable for 
welding the grades of material as shown in Table 13.2.2. 


Table 13.2.2 Welding of aluminium alloys - 


Consumable requirements 


Consumable approval grade Base material alloy grade 


RA or WA 5754 

5086, 5754 
5083, 5086, 5754 
6005A, 6061, 6082 


RB or WB 
RC or WC 
RD or WD 


2.2.5 All austenitic stainless steel and duplex stainless 
steel welding consumables are to be approved in accordance 
with the Chapter 11 and are suitable for welding the grades of 
material as shown in Table 13.2.3. 


2.3 Welding procedure and welder qualifications 


2.3.1 Welding procedures and welder qualifications are 
to be tested and approved in accordance with the require- 
ments of Chapter 12. 


2.4 Construction and workmanship 


2.4.1 Weld preparations and openings may be formed by 
thermal cutting, machining or chipping. Chipped surfaces that 
will not be subsequently covered by weld metal are to be 
ground smooth. 
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Table 13.2.3 Welding of austenitic stainless and 
duplex stainless steels - Consumable 


requirements 


Consumable Suitable for welding material alloy 


approval grade grades 


Austenitic stainless steels 


321 321 
347 347 and 321 


Austenitic stainless steel — Low carbon 


304L (see Note 3) 304L 

304LN (see Note 3) 304LN and 304L 

316L 316L and 304L 

316LN 316LN, 316L, 304LN and 304L 

317L 317L, 316LN, 316L, 304LN and 304L 
317LN 317LN, 317L, 316LN, 316L, 304LN and 
304L 


Super austenitic stainless steels, see Note 2 


831254 
N08904 


S531254 and N08904 
N08904 


Duplex stainless steels, see Note 1 


S531260 
S531803 
S532550 
S832750 
S532760 


S531260 and S831803 

$31803 

$32550 

$32750 and S32550 

$32760, S32550, S31260 and S31803 


Stainless steels welded to carbon steels 
SS/CMn Carbon steel to all steels in Sections 1, 
2 and 3 

Carbon steel to all duplex stainless steel 
in Section 4 


Duplex/CMn 


NOTES 

1. The use of a different welding consumable grade from that of 
the base material may require demonstration of acceptable 
corrosion properties. 
May be used for welding low carbon austenitic grades provided 
measures are taken to prevent solidification cracking from 
occurring. 
These are LR Grades and do not correspond to any National 
or International Standards/Grades. 


2.4.2 Prior to welding, the alignment of plates and 
stiffeners forming part of the hull structure is to be in accor- 
dance with the tolerances specified in the relevant part of the 
Rules. 


2.4.3 When welding from one side only, care is to be 
exercised to ensure the root gap and fit up are in accordance 
with the approved welding procedure and the root is properly 
fused. 


2.4.4 Where it is proposed to use permanent backing 
strips, the intended locations and welding procedures are to 
be submitted for consideration. 


2.4.5 Temporary backing strips may be used provided 
they are in accordance with approved welding procedures 
and are subsequently removed on completion of welding. 
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2.4.6 The outer surfaces of completed welds are to blend 
smoothly with the base materials and provide a smooth 
transition and gradual change of section. 


2.4.7 Weld joints in parts of oil engine structures that are 
stressed by the main gas or inertia loads are to be designed 
as continuous full penetration welds. They are to be arranged 
so that welds do not intersect, and that welding can be 
effected without difficulty. 


2.4.8 When modifications or repairs have been made 
which result in openings having to be closed by welded 
inserts, particular care is to be given to the fit of the insert and 
the welding sequence. The welding is also to be subject to 
non-destructive examination. 


2.4.9 Where welding of aluminium alloy is employed, the 
following additional requirements are to be complied with so 
far as they are applicable: 

(a) Welding is to be performed by fusion welding using inert 
gas or tungsten inert gas process or by the friction stir 
welding process. Where it is proposed to use other 
welding processes, details are to be submitted for 
approval. 

(o) The weld joint surfaces should be scratch brushed, 
preferably immediately before welding, in order to 
remove oxide or adhering films of dirt, filings, etc. 


2.5 Butt welds 


2.5.1 Where the ship hull is constructed of plates of 
different thicknesses, the thicker plates are to be chamfered in 
accordance with the approved plans. In all cases the chamfer 
is not to exceed a slope of 1 in 3 so that the plates are of 
equal thickness at the weld seam. Alternatively, if so desired, 
the width of the weld may be included as part of the smooth 
taper to the thicker plate provided the difference in thickness 
is not greater than 3 mm. 


2.5.2 Where stiffening members are attached by 
continuous fillet welds and cross completely finished butt or 
seam welds, these are to be made flush in way of the fillet 
weld. Similarly for butt welds in webs of stiffening members, 
the butt weld is to be complete and generally made flush with 
the stiffening member before the fillet weld is made. Where 
these conditions cannot be complied with, a scallop is to be 
arranged in the web of the stiffening member, see Fig. 13.2.1. 
Scallops are to be of such a size and in such a position that a 
satisfactory weld can be made. 


2.6 Lap connections 


2.6.1 Overlaps are generally not to be used to connect 
plates which may be subjected to high tensile or compressive 
loading and alternative arrangements are to be considered. 
However, where plate overlaps are adopted, the width of the 
overlap is not to exceed four times, nor be less than three 
times the thickness of the thinner plate and the joints are to be 
positioned to allow adequate access for completion of sound 
welds. The faying surfaces of lap joints are to be in close 
contact and both edges of the overlap are to have 
continuous fillet welds. 


Chapter 13 


Section 2 


eon 
; max 


L 


(a) Staggered intermittent 


(b) Chain intermittent 


Welding to be carried 
round ends of all lugs 


Depth of scallop not greater 
than 0,25d\, or 75 mm, 
whichever is the lesser 


S EN] 
max. 


(c) Scalloped construction 


Radius not less 
than 25 mm 


NOTE s to be not less than 75 mm, in all cases 


Fig. 13.2.1 Weld types 


2.7 Closing plates 


2.7.1 For the connection of plating to internal webs, 
where access for welding is not practicable, the closing 
plating is to be attached by continuous full penetration welds 
or by slot fillet welds to face plates fitted to the webs. Slots 
are to have a minimum length of 90 mm and a minimum width 
of twice the plating thickness, with well rounded ends. Slots 
cut in plating are to be smooth and clean and are to be 
spaced not more than 230 mm apart, centre to centre. Slots 
are not to be filled with welding. 


2.7.2 For the attachment of rudder shell plating to the 
internal stiffening of the rudder, slots are to have a minimum 
length of 75 mm and, in general, a minimum width of twice 
the side plating thickness. The ends of the slots are to be 
rounded and the space between them is not to exceed 
150 mm. 


2.8 Stud welding 


2.8.1 Where permanent or temporary studs are to be 
attached by welding to main structural parts in areas subject 
to high stress, the proposed location of the studs and the 
welding procedures adopted are to be approved. 
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2.9 Fillet welds 


2.9.1 T-connections are generally to be made by fillet 
welds on both sides of the abutting plate, the dimensions and 
spacing of which are shown in Fig. 13.2.1. Where the connec- 
tion is highly stressed, deep penetration or full penetration 
welding may be required. Where full penetration welding is 
required, the abutting plate may be required to be bevelled. 


2.9.2 Where an approved deep penetration procedure is 
used, the fillet leg length calculated may be reduced by 15 per 
cent provided that the manufacturer is able to meet the 
following requirements: 

(a) Use of a welding consumable approved for deep 
penetration welding in accordance with Chapter 11 for 
either the ‘p’ or ‘T’ techniques. 

(o) Demonstrations by way of production weld testing that 
the minimum required penetration depths (i.e., throat 
thicknesses) are maintained. This is to be documented 
on a monthly basis by the manufacturer and be available 
to the Surveyor. 


2.9.3 The calculated fillet leg length may be reduced by 
20 per cent, provided that in addition to the requirements of 
2.9.2(a) and (b), the manufacturer is able to consistently meet 
the following additional requirements: 

(a) The documentation required in 2.9.2(b) is to be 
completed and made available to the Surveyor upon 
request on a weekly basis. 

(b) Suitable process selection confirmed by satisfactory 
welding procedure tests covering both minimum and 
maximum root gaps. 


2.9.4 Where intermittent welding is used, the welding is 
to be made continuous in way of brackets, lugs and scallops 
and at orthogonal connections with other members. 


2.10 Post-weld heat treatment 


2.10.1. Post-weld stress relief heat treatment is applied to 
improve the fatigue performance or to improve resistance to 
brittle fracture and is generally required for carbon and 
carbon-manganese and low alloy steels under any of the 
following conditions: 

a) Where the material thickness exceeds 65 mm. 

(b) For complicated weld joints where there are high stress 
concentrations. 

(c) Where fatigue loads are considered high. 


2.10.2 Post-weld heat treatment is to be applied to the 

following types of welded construction: 

(a) Welding of steel castings where the thickness of the 
casting at the weld exceeds 30 mm, except where 
castings are directly welded to the hull structure. 

(b) Oil engine bedplates except engine types where the 
bedplate as a whole is not subjected to direct loading 
from the cylinder pressure. For these types, only the 
transverse girder assemblies need to be stress relieved. 

(c) Welding of gear wheels. 

(d) Welding of gear cases associated with main or auxiliary 
engines, see Part 5 of the Rules for Ships. 


Chapter 13 


Section 2 


2.10.3 Where required, heat treatment is to be performed 
in accordance with the requirements specified in 4.6 for 
pressure vessel construction. 


2.10.4 Special consideration may be given to omit the 
required post-weld heat treatment. Evaluation is to be based 
on critical engineering assessment involving fracture 
mechanics testing and proposals are to be submitted which 
include full details of the application, materials, welding 
procedures, inspection procedures, design stresses, fatigue 
loads and cycles. Evidence will be required to demonstrate 
that the inspection techniques and procedures to be 
employed are able to detect flaws down to the sizes 
determined from the fracture mechanics (and or fatigue) 
calculations. Alternative procedures for omission of post-weld 
heat treatment will be subject to special consideration. 


2.11 Tolerances 


2.11.1 Tolerances after welding are to be in accordance 
with the relevant Part of the Rules. 


2.11.2 Distortion which has resulted from welding may be 
corrected by spot heating in accordance with 1.14. 


2.12 Non-destructive examination of welds 


2.12.1 All finished welds are to be sound and free from 
cracks and substantially free from lack of fusion, incomplete 
penetration, porosity and slag. The surfaces of welds are to 
be reasonably smooth and substantially free from undercut 
and overlap. Care is to be taken to ensure that the specified 
dimensions of welds have been achieved and that both 
excessive reinforcement and under-fill of welds is avoided. 


2.12.2 Welds forming part of the hull and superstructure 
may be coated with a thin layer of protective primer prior to 
inspection provided it does not interfere with inspection and is 
removed, if required by the Surveyor, for closer interpretation 
of possible defective areas. 


2.12.3 All welds are to be visually inspected by personnel 
designated by the builder. Visual inspection of all welds may 
be supplemented by other non-destructive examination 
techniques in cases of unclear interpretation, as considered 
necessary. The acceptance criteria for visual testing are given 
in Table 13.2.4. 


2.12.4 In addition to visual inspection, welded joints are to 
be examined using any one or a combination of ultrasonic, 
radiographic, magnetic particle, eddy current, dye penetrant 
or other acceptable methods appropriate to the configuration 
of the weld. 
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Table 13.2.4 


Surface discontinuity 


Classification according to ISO 6520-1 


Chapter 13 


Section 2 


Acceptance criteria for visual testing, magnetic particle and liquid penetrant testing 


Acceptance criteria for visual testing 


Crack 100 


Not accepted 


Lack of fusion 401 


Not accepted 


Incomplete root penetration in butt joints 4021 
welded from one side 


Not accepted 


Surface pore 2017 


Single pore diameter d < 0,25t, for butt welds, with 
maximum diameter 3 mm, see Note 1 

d < 0,25a, for fillet welds, with maximum diameter 
3mm, see Note 1 

2,5d as minimum distance to adjacent pore 


Undercut in but 


Depth < 0,5 mm, whatever the length 
Depth < 0,8 mm, with a maximum continuous length 
of 90 mm, see Note 2 


Undercut in fillet welds 


Depth < 0,8 mm, whatever the length 


NOTES 


1. t is the plate thickness of the thinnest plate, and a is the throat of the fillet weld. 


2. Adjacent undercuts separated by a distance shorter than the shortest undercut are to be regarded as a single continuous undercut. 


2.12.5 The method to be used for the volumetric 
examinations of welds is the responsibility of the builder. 
Radiography is generally preferred for the examination of butt 
welds of 8 mm thickness or less. Ultrasonic testing is 
acceptable for welds of 8 mm thickness or greater and is to 
be used for the examination of full penetration tee butt or 
cruciform welds or joints of similar configuration. Advanced 
ultrasonic techniques, such as Phased Array Ultrasonic 
Testing (PAUT), may be used as a volumetric testing method 
in lieu of radiography or manual ultrasonic testing. If these 
methods are used, the thickness limitations for manual 
ultrasonic testing apply. 


2.12.6 |The acceptance criteria for radiographic testing are 
given in Table 13.2.5, and those for ultrasonic testing in 
Table 13.2.6. 


2.12.7 | Checkpoints examined at the pre-assembly stage 
are to include ultrasonic testing on examples of the stop/start 
points of automatic welding and magnetic particle inspection 
of weld ends. 


2.12.8 Checkpoints examined at the assembly stage are 
generally to be selected from those welds intended to be 
examined as part of the agreed quality control programme to 
be applied by the builder. The locations and number of check- 
points are to be approved by the Surveyor. 


2.12.9 Where components of the structure are subcon- 
tracted for fabrication, the same inspection regime is to be 
applied as if the item had been constructed within the main 
contractor’s works. In these cases, particular attention is to 
be given to highly loaded fabrications (Such as stabiliser fin 
boxes) forming an integral part of the hull envelope. 


2.12.10 Particular attention is to be paid to highly stressed 
items. Magnetic particle inspection is to be used at ends of 
fillet welds, T-joints, joints or crossings in main structural 
members and at stern frame connections. 


2.12.11 Special attention is to be given to the examination 
of plating in way of lifting eye plate positions to ensure 
freedom from cracks. This examination is not restricted to the 
positions where eye plates have been removed, but includes 
the positions where lifting eye plates are permanent fixtures. 


2.12.12 Checkpoints for volumetric examination are to be 
selected so that a representative sample of welding is 
examined. 


2.12.13 Typical locations for volumetric examination and 
number of checkpoints to be taken are given in the relevant 
Sections of the Rules. A list of the proposed items to be 
examined is to be submitted for approval. 


2.12.14 For the hull structure of refrigerated spaces, and of 
ships designed to operate in low air temperatures, the extent 
of non-destructive examination will be specially considered. 
For non-destructive examination of gas ships see the Rules 
for the carriage for Liquefied Gases. 


2.12.15 For all ship types, the builder is to carry out random 
non-destructive examination at the request of the Surveyor. 


2.12.16 Results of non-destructive examinations made 
during construction are to be recorded and evaluated by the 
builder on a continual basis in order that the quality of welding 
can be monitored. These records are to be available to the 
Surveyor. 


2.12.17 The extent of applied non-destructive examinations 
is to be increased when warranted by the analysis of previous 
results. 
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Table 13.2.5 


Discontinuity 


Acceptance criteria for radiographic testing 


Classification according to ISO 6520-1 


Acceptance criteria 


Chapter 13 


Section 2 


for radiographic testing, see Note 1 


Crack 


100 


Not accepted 


Lack of fusion 


401 


Continuous maximum length t/2 or 25 mm, whichever is 


the less, see Not 
ntermittent cumula 


e2 
ive length maximum t or 50 mm, 


whichever is less, see Note 3 


Lack of root fusion 


Incomplete root penetration 


Not accepted in bu 


joints welded from one side 


Not accepted in bu 


joints welded from one side 


Continuous maximum length t/2 or 25 mm, whichever is 
lesser, see Note 2 

ntermittent cumulative maximum length t or 50 mm, 
whichever is less, see Note 3 


Slag inclusion Continuous maximum length t or 50 mm, whichever is 
less, see Note 2 
ntermittent cumulative length maximum 2t or 100 mm, 


whichever is less, see Notes 3 and 4 


Gas pore aximum dimension for a single pore: 
d<0,2t, max. 4,0 mm 


see Note 5 


Uniformly distributed porosity aximum dimension of the area of imperfections: 
For single run welds: < 1,5% 
For multi-run welds: < 3% 


See Notes 6 and 7 


Clustered (localised) porosity aximum dimension of the summation of the projected 
area of the imperfection: < 8% 
See Notes 6 and 7 


h < 0,3t, max. 3,0 mm 
1< t, max. 50 mm 
See Notes 8 and 9 


Elongated cavity 


h < 0,3t, max. 3,0 mm 
1< t, max. 50 mm 
See Notes 8 and 9 


Wormholes 


h < 0,3t, max. 3,0 mm 
See Note 8 


Metallic inclusions other than copper 


Copper inclusions 3042 Not permitted 


NOTES 
1. t is the thickness of the thinnest plate. 
2. Two adjacent individual discontinuities of length {g1 and /y2 situated on a line and where the distance /4 between them is shorter than 
the shortest discontinuity are to be regarded as a continuous discontinuity of length /g1 + lg + lg2 . 
3. Sum of the length of individual continuous discontinuities. 
4 Parallel inclusions not separated by more than 3 times the width of the largest inclusion are to be regarded as one continuous 
discontinuity. 
d is the diameter of the gas pore. 
The limits for the maximum single gas pore within this group still apply. 
Further reference to porosity limits may be obtained in ISO 5817:2007. 
his the width of the imperfection. 
Lis the length of the imperfection. 


2.13 Weld repairs 2.13.2 During the assembly of large components, root 
gaps in excess of those specified in the approved welding 
2.13.1 The full extent of any weld defect is to be ascer- procedure may be rectified by welding. 


tained by applying additional non-destructive examination 
where required. Unacceptable defects are to be completely 
removed and, where necessary, re-welded and re-examined 
in accordance with the requirements of 1.15. 
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Table 13.2.6 


Echo height 


Acceptance criteria for ultrasonic testing 


Chapter 13 


Sections 2 & 3 


Acceptance criteria for ultrasonic testing, see Note 


Greater than 100% of DAC curve 


Greater than 50% of DAC curve, but less than 100% of DAC curve 


Maximum length t/2 or 25 mm, whichever is less 


Maximum length t or 50 mm, whichever is less 


Indications evaluated to be cracks are unacceptable regardless of echo height; 


Indications evaluated to be lack of penetration or lack of root fusion in joints welded from one side are unacceptable regardless of echo 
height. 


NOTE 


Two adjacent individual discontinuities of length L1 and L2 situated on a line and where the distance L between them is shorter than the 
shortest discontinuity are to be regarded as a continuous discontinuity of length L1 + L + L2. 


2.13.3 Rectification of wide root gaps in butt welds, up to 
a maximum gap of 16 mm, may be performed provided that 
the length of these areas is small in relation to the whole weld 
length. Repairs may be executed by applying weld buttering 
layers to one edge of the weld joint, followed by machining or 
grinding to return the root opening to the required dimensions. 
The weld buttering and filling of the joint are to be in accor- 
dance with welding procedures qualified in accordance with 
Chapter 12. 


2.13.4 For sub-assemblies, rectification of wide root gaps 
may be performed using a backing strip, provided that it is 
removed on completion of the welding. 


2.13.5 Rectification of wide root gaps in fillet welds may be 

carried out as follows: 

(a) where the root gap, g, is in excess of 3 mm, but not 
greater than 5 mm, the fillet leg length, z, may be 
increased by g - 2,0 mm; 

(b) where the root gap is in excess of 5 mm, the joint detail 
may be changed into a full penetration weld. 


2.13.6 Where repair welds are made using small weld 
beads, suitable precautions (including preheat) are to be taken 
to avoid high hardness and possible cold cracking. 


2.14 Welding afloat with water backing 


2.14.1 Welding afloat with water backing is not recom- 
mended due to the additional precautions required during 
survey and therefore, is generally not permitted. However 
consideration may be given to welding afloat with water 
backing after specific LR approval has been obtained by the 
yard or fabricator prior to such welding being carried out. 

Such approval will only be given once all of the following 

conditions are satisfied: 

(a) The welding procedure qualification tests are carried out 
on steel plates with water backing and the water is 
maintained at the flow rate and minimum water temper- 
ature anticipated during fabrication. 

(bo) The carbon equivalent of the steel plates used in the 
welding procedure qualification tests are to be greater 
than 0,41 per cent based on the IIW formula. Where it 
can be shown that all hull steel plates and new sections 
will have a carbon equivalent value below this figure, 
steel plates with the maximum carbon equivalent value 
may be used for the welding procedure qualification 
tests. 


(c) Welding procedure qualification tests are carried out 
without preheat. 

(d) The thickness of steel plate used in the welding procedure 
qualification test is the minimum hull plate thickness to 
be used during fabrication. 

(e) The maximum measured hardness on the completed 
welding procedure qualification assembly is less than or 
equal to 350 HV10. Following fabrication welding, 10 per 
cent of welds are to be hardness tested in way of heat- 
affected zones at weld starts to confirm compliance with 
the 350 HV10 limit. 

(f) The heat input used in the welding qualification test is 
the minimum permitted heat input during fabrication. 

(g) Only low hydrogen welding consumables (H5) are used. 

(h) In addition to normal non-destructive testing for welds, 
10 per cent of the welds are additionally subject to 
magnetic particle inspection 48 hours after welding is 
complete. 

(i) | The welding procedure qualification tests for the repair 
of welds carried out afloat with water backing are to be 
carried out on test pieces that have previously been 
welded afloat and also meet the requirements above. 


2.14.2 For new construction, conversion or permanent 
repairs, wet underwater welding is not permitted. 


| Section 3 
Specific requirements for 
fabricated steel sections 


3.1 Scope 


3.1.1 Fabricated steel sections are items used in place of 
rolled sections and as such will not be regarded as sub- 
assemblies. Products regarded as sub-assemblies are subject 
to requirements of welded construction specified in Section 2. 


3.1.2 The requirements for structural steel sections are 
based on these being manufactured from flat products by 
automatic welding and intended for use in the construction of 
ships and other marine structures. 


3.1.3 Fabricated steel sections are to be manufactured in 
accordance with the requirements of this Section and the 
general requirements of Section 1. 
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3.1.4 In all cases, sections are to be manufactured at 
works, which have been assessed and approved in accor- 
dance with Materials and Qualification Procedures for Ships, 
Book J, MQPS Procedure 12-1. 


3.2 Dimensions and tolerances 


3.2.1 Products are to conform dimensionally to the 
provisions of an acceptable National or International Standard. 


3.2.2 The minimum throat thickness of fillet welds is to be 
determined from: 
Throat thickness = 0,34t but not to be taken as less 
than 3mm 
where 
t = plate thickness of the thinner member to be joined 
(generally the web). 


3.2.3 Where a welding procedure using deep penetration 
welding is used (see Chapter 11, ‘p’ and ‘T’ welding techniques) 
the minimum leg length required will be specially considered 
provided the requirements of 2.9.2 are complied with. 


3.2.4 Unless agreed otherwise, the leg length of the weld 
is to be not less than 1,4 times the specified throat thickness. 


3.3 Identification of products 


3.3.1 Every finished item is to be clearly marked by the 

manufacturer in at least one place with the following 

particulars: 

(a) The manufacturer’s name or trade mark. 

(b) Identification mark for the grade of steel. 

(c) Identification number and/or initials which will enable the 
full history of the item to be traced. 

(d) Where required by the purchaser, the order number or 
other identification mark. 

(e) The letters ‘LR’. 

(f) The Surveyor’s personal stamp. 

The above particulars, but excluding the manufacturer’s name 

or trade mark where this is embossed on finished products, 

are to be encircled with paint or otherwise marked so as to 

be easily recognisable. 


3.3.2 In the event of any material bearing LR’s brand 
failing to comply with the test requirements, the brand is to 
be removed or unmistakably defaced, see also Ch 1,4.7. 


3.4 Manufacture and workmanship 


3.4.1 For cut edges that are to remain unwelded, it is to 
be demonstrated that the plate preparation procedures used 
are able to achieve edges that are free from cracks or other 
deleterious imperfections. 


3.4.2 Where assembly jigs and devices are used to bring 
the web into contact with the flanges and hold these in place 
during welding, means are to be provided to ensure that the 
degree of contact is maintained until welding is complete. 


Chapter 13 


Section 3 


3.4.3 Welding procedures are to be established for the 
welding of all joints including weld repairs and are to be 
approved in accordance with Chapter 12. Welders are to be 
approved in accordance with Chapter 12, and qualification 
records are to be available to the Surveyor. 


3.4.4 The welding consumables used are to be approved 
in accordance with Chapter 11 and are to be suitable for the 
type of joint and grade of steel as described in 2.2. For joining 
steel of different tensile strengths, the consumables are to be 
suitable for the tensile strength of the component considered 
in the determination of weld size. 


3.4.5 The application of pre-heat and the use of low 
hydrogen welding consumables are to be in accordance with 
the requirements of 2.2. 


3.4.6 Welding is to be double continuous fillet welding or 
full penetration welding as specified in the approved plans. 


3.4.7 Where deep penetration welding is used, the 
requirements of 2.9.2 are to be complied with. 


3.5 Non-destructive examination 


3.5.1 Surface inspection and verification of dimensions 
are the responsibility of the manufacturer and are to be carried 
out on all materials prior to despatch. Acceptance by the 
Surveyor of material later found to be defective does not 
absolve the manufacturer from this responsibility. 


3.5.2 The Surveyor will carry out checks to ensure that 
the weld size and profile are in accordance with the 
manufacturing specification and the manufacturer’s Quality 
Control Procedures. 


3.5.3 The manufacturer is to examine the welds by 
magnetic particle or dye penetrant methods. The length 
examined is to be 200 mm at each end, for each length cut for 
delivery. 


3.5.4 If cracks are revealed, these are to be reported to 
the Surveyor and the whole of the length is to be examined 
by magnetic particle or dye penetrant methods. Corrective 
action in respect of the manufacturing process, and repairs 
are to be as indicated in the manufacturers’ Quality Control 
Manual. 


3.5.5 The weld defect is not to exceed the acceptance 
levels given in Table 13.2.4. 


3.6 Routine weld tests 


3.6.1 One production batch test is required for every 
500 m of fabricated section manufactured, or fraction thereof. 
From each batch test, two samples are to be removed, one 
from near the beginning of the production run and one from 
near the end. From each of these test samples one macro 
specimen and one fracture test specimen are to be taken. 
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3.6.2 The macro specimens are to be prepared and 
etched to demonstrate freedom from unacceptable defects 
and that the weld penetration is in accordance with the 
manufacturing specification. The fracture specimens are to be 
broken, one for each side of the fillet weld, and the fractured 
surfaces examined for compliance with the requirements of 
Table 13.2.5. 


3.6.3 Where the welding procedure used has employed 
the deep penetration technique, the amount of root penetra- 
tion is to be measured on the macro specimen and is not to 
be less than that demonstrated during welding procedure 
approval testing. 


3.6.4 For the purposes of this Section, a batch is to 
consist of products of only one size and grade of material. 


3.7 Certification and records 
3.7.1 Each test certificate is to include the following 
particulars: 


(a) Purchaser’s name and order number. 

(o) Where known, the contract number for which the 
material is intended. 

(c) Address to which material is despatched. 

(d) Description and dimensions of the product. 

(e) Specification or grade of the steel. 

(f) Identification number and/or initials. 

(g) Cast number and chemical composition of ladle samples 
of constituent plates. 

(nh) Mechanical test results of constituent plates. 

(i) Condition of supply when other than as-rolled. 

(k) Make and brand of welding consumables. 


3.7.2 Test certificates or shipping statements may be 
signed by the Surveyor, provided the documentation require- 
ments of 1.17 are satisfied. The following form of declaration 
will be accepted if stamped or printed on each test certificate 
or shipping statement with the name of the works and signed 
by an authorised representative of the manufacturer: 

‘We hereby certify that the material has been made 
by an approved procedure in accordance with the Lloyd’s 
Register’s Rules for Materials’. 


3.7.3 The manufacturer is to maintain records by which 
sources of material can be identified together with the results 
of all inspections and tests. 


a Section 4 
Specific requirements for fusion 
welded pressure vessels 


4.1 Scope 


4.1.1 The requirements of this Section apply to fusion 
welded pressure vessels and process equipment, heating and 
steam raising boilers, and steam or gas turbine rotors and 
cylinders and are in addition to those requirements referred to 
in Section 1. 


Chapter 13 


Sections 3 & 4 


4.1.2 The allocation of pressure vessel Class is deter- 
mined from the design criteria in Pt 5, Ch 10 and 11 of the 
Rules for Ships. Prior to commencing construction, the design 
of the vessel is to be approved. Construction requirements for 
turbine rotors and cylinders are to be in accordance with 
Class 2/1, unless a higher Class is specified in the approved 
plans. 


4.1.3 Pressure vessels will be accepted only if manufac- 
tured by firms equipped and competent to undertake the 
quality of welding work required for the Class of vessel 
proposed. The manufacturer’s works are to be approved in 
accordance with the requirements specified in Materials and 
Qualification Procedures for Ships, Book A, Procedure MQPS 
0-4. 


4.1.4 The term ‘fusion weld’, for the purpose of these 
requirements, is applicable to welded joints made by manual, 
semi-automatic, or automatic electric arc welding processes. 
Special consideration will be given to the proposed use of 
other fusion welding processes. 


4.2 Cutting and forming of shells and heads 


4.2.1 Cut or chipped surfaces which will not be subse- 
quently covered by weld metal are to be ground smooth. 


4.2.2 Shell plates and heads are to be formed to the 
correct contour up to the extreme edge of the plate. 


4.2.3 Vessels manufactured from carbon or carbon 
manganese steel plates (see Table 3.4.1 in Chapter 3, grades 
360AR to 510FG), which have been hot formed or locally 
heated for forming, are to be re-heat treated in accordance 
with the original supplied condition on completion of this 
operation. Vessels formed from plates supplied in the 
as-rolled condition are to be heat treated in accordance with 
the material manufacturer’s recommendations. 


4.2.4 Subsequent heat treatment will not be required 
where steels are supplied in the as-rolled, normalised or 
normalised and controlled rolled condition, or hot forming is 
carried out entirely at a temperature within the normalising 
range. 


4.2.5 For alloy steel vessels where hot forming is 
employed (see Table 3.4.1 in Chapter 3, 13Cr Mo 45, etc.), 
the plates are to be heat treated on completion in accordance 
with the material manufacturer’s recommendations. 


4.2.6 Where plates are cold formed, subsequent heat 
treatment is to be performed where the internal radius is less 
than 10 times the plate thickness. For carbon and carbon- 
manganese steels this heat treatment may be a stress relief 
heat treatment. 


4.2.7 In all cases where hot forming is employed, and for 
cold forming to a radius less than 10 times the thickness, the 
manufacturer is required to demonstrate that the forming 
process and subsequent heat treatments result in acceptable 
properties. 
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4.3 Fitting of shell plates and attachments 


4.3.1 The location of welded joints is to be such as to 
avoid intersecting butt welds in the vessel shell plates. The 
attachment of nozzles and openings in the vessels are to be 
arranged to avoid main shell weld seams. 


4.3.2 The surfaces of the plates at the longitudinal or 
circumferential seams are not to be out of alignment with each 
other, at any point, by more than 10 per cent of the plate 
thickness. In no case is the misalignment to exceed 3 mm for 
longitudinal seams, or 4 mm for circumferential seams. 


4.3.3 Where a vessel is constructed of plates of different 
thicknesses (tube plate and wrapper plate), the plates are to 
be so arranged that their centrelines form a continuous circle. 


4.3.4 For longitudinal seams, the thicker plate is to be 
equally chamfered inside and outside by machining over a 
circumferential distance not less than twice the difference in 
thickness, so that the plates are of equal thickness at the 
longitudinal weld seam. For the circumferential seam, the 
thickest plate is to be similarly prepared over the same 
distance longitudinally. 


4.3.5 For the circumferential seam, where the difference 
in the thickness is the same throughout the circumference, 
the thicker plate is to be reduced in thickness by machining to 
a taper for a distance not less than four times the offset, so 
that the two plates are of equal thickness at the weld joint. A 
parallel portion may be provided between the end of the taper 
and the weld edge preparation; alternatively, if so desired, the 
width of the weld may be included as part of the smooth taper 
to the thicker plate. 


4.3.6 All attachments (lugs, brackets, reinforcing plates, 
etc.) are to conform to the shape of the surface to which they 
are attached. 


4.4 Welding 


4.4.1 Welding procedures are to be established for all 
welds joining pressure containing parts and for welds made 
directly onto pressure containing parts. Welding procedures 
are to be based on qualification tests performed in accor- 
dance with Chapter 12. 


4.4.2 In all cases where tack welds, in the root of the weld 
seam, are used to retain plates or parts in position prior to 
welding, they are to be removed in the process of welding the 
seam. 


4.4.3 Steel backing strips may be used for the circumfer- 
ential seams of Class 2/1, Class 2/2 and Class 3 pressure 
vessels and are to be the same nominal composition as the 
plates to be welded. 


4.4.4 Fillet welds are to be made to ensure proper fusion 
and penetration at the root of the fillet. At least two layers of 
weld metal are to be deposited at each weld affixing branch 
pipes, flanges and seatings. 


Chapter 13 


Section 4 


4.4.5 The outer surface of completed welds is to be at 
least flush with the surface of the plates joined, and any weld 
reinforcement is to provide a smooth transition and gradual 
change of section with the plate surface. 


4.4.6 Where attachment of lugs, brackets, branches, 
manhole frames, reinforcement plates and other members are 
to be made to the main pressure shell by welding, this is to 
be to the same standard as required for the main vessel shell 
construction. 


4.4.7 The main weld seams and all welded attachments 
made to pressure containing parts are to be completed prior 
to post-weld heat treatment. 


4.4.8 The finish of welds attaching pressure parts and 
non-pressure parts to the main pressure shell is to be such 
as to allow satisfactory examination of the welds. In the case 
of Class 1 and Class 2/1 pressure vessels, these welds are to 
be ground smooth, if necessary, to provide a suitable finish 
for examination. 


4.5 General requirements for routine weld 
production tests 


4.5.1 Routine weld production tests are specified as a 
means of monitoring the quality of the welded joints and are 
required for pressure vessel Classes 1, 2/1 and 2/2. 


4.5.2 Routine production test plates are required during 
the manufacture of vessels and as part of the initial approval 
test programme for Class 1 vessel manufacturers, refer to 
MQPS 0-4. 


4.5.3 Routine production weld tests are not required for 
Class 3 pressure vessels unless there are doubts about the 
weld quality where check tests may be requested by the 
Surveyor. 


4.5.4 Routine production test plates are not required for 
circumferential seams of cylindrical pressure vessels. 
Spherical vessels are to have one test plate prepared having 
a welded joint which is a simulation of the circumferential 
seams. 


4.5.5 Routine production weld tests may be requested by 
the Surveyor where there is reason to doubt the quality of 
workmanship. 


4.6 Production test plate assembly requirements 


4.6.1 Two test plates and one complete test assembly, of 
sufficient dimensions to provide all the required mechanical 
test specimens is to be prepared for each vessel and is to be 
welded as a continuation and simulation of the longitudinal 
weld joint. 
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4.6.2 For Class 2/2 vessels, where a large number are 
made concurrently at the same works using the same welding 
procedure and the plate thicknesses do not vary by more than 
5mm, one test may be performed for each 37 m of longitudinal 
plus circumferential weld seam. In these cases the thickness 
of the test plate is to be equal to the thickest shell plate used 
in the construction. 


4.6.3 Where the vessel size or design results in a small 
number of longitudinal weld seams, one test assembly may 
be prepared for testing provided that the welding details are 
the same for each seam. 


4.6.4 Test plate materials are to be the same grade, 
thickness and supply condition and from the same cast as 
that of the vessel shell. The test assembly is to be welded at 
the same time as the vessel weld to which it relates and is to 
be supported so that distortion during welding is minimised. 


4.6.5 As far as practicable, welding is to be performed by 
different welders where there is a requirement for several 
routine tests to be welded. 


4.6.6 The test assembly may be detached from the 
vessel weld only after the Surveyor has performed a visual 
examination and has added his mark or stamp. Straightening 
of test welds prior to mechanical testing is not permitted. 


4.6.7 Where the pressure vessel is required to be 
subjected to post-weld heat treatment, the test weld is to be 
heat treated, after welding, in accordance with the same 
requirements. This may be performed separately from the 
vessel. 


4.7 Inspection and testing 


4.7.1 The test weld is to be subjected to the same type of 
non-destructive examination and acceptance criteria as 
specified for the weld seam to which the test relates. Non- 
destructive examination is to be performed prior to removing 
specimens for mechanical testing, but after any post-weld 
heat treatment. 


4.7.2 The test weld is to be sectioned to remove the 
number and type of test specimens for mechanical testing as 
given in 4.8. 


Table 13.4.1 Impact test requirements 


Chapter 13 


Section 4 


4.8 Mechanical requirements 


4.8.1 The routine production test assembly is to be 
machined to provide the following test specimens: 

a) Tensile. 

b) Bend. 

c) Hardness. 

d) Impact (see Table 13.4.1). 

e) Macrograph and hardness survey of full weld section. 


4.8.2 One set of specimens for mechanical testing are to 
be removed, as shown in Figs. 13.4.1 or 13.4.2 as appropriate 
for the Class of approval. Impact tests are to be removed and 
tested where required by Table 13.4.1. 


4.8.3 Longitudinal tensile test for weld metal. An 
all-weld metal longitudinal tensile test is required. For 
thicknesses in excess of 20 mm, where more than one 
welding process or type of consumable has been used to 
complete the joint, additional longitudinal tests are required 
from the respective area of the weld. This does not apply to 
the welding process or consumables used solely to deposit 
the root weld. Specimens are to be tested in accordance with 
the following requirements: 

(a) The diameter and gauge length of the test specimen is to 
be in accordance with Ch 11,2.1.1. 

(o) For carbon and carbon-manganese steels the tensile 
strength of the weld metal is to be not less than the 
minimum specified for the plate material and not more 
than 145 N/mm2 above this value. The percentage 
elongation, A, is to be not less than that given by: 

A = (980-A)/21,6 but not less than 80 per cent of the 
minimum elongation specified for the plate 

where 
Ris the tensile strength, in N/mm, obtained from the all 
weld metal tensile tests. 

(c) For other materials the tensile strength and percentage 
elongation is not to be less than that specified for the 
base materials welded. 


4.8.4 Transverse tensile test for joint. Transverse 

tensile test specimens are to be removed and tested in accor- 

dance with the following requirements: 

(a) One reduced section tensile test specimen is to be cut 
transversely to the weld to the dimensions shown in 
Ch 11,2.1.1 and the weld reinforcement is to be 
removed. 


Minimum design Plate material thickness 


Pressure vessel Class temperature t 


Impact test temperature 


Class 1 —10°C or above All 
see Note 


5°C below the minimum design temperature or 20°C, 
whichever is the lower 


t< 20mm 5°C below the minimum design temperature 


All Classes Below -10°C 20mm <t< 40mm 


10°C below the minimum design temperature 


Over 40 mm Subject to special consideration 


NOTE 
Impact testing is not required for Classes 2/1, 2/2 and 3. 
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For retes 


„Approximately 300 mm 
to suit testing machine 


All weld metal tensile test specimen. 

Bend test specimens. 

Tensile test for joints. 

Macro-test specimen. 

Charpy V-notch impact. 

(For all Class 1 pressure vessels and other Classes of 
pressure vessels where the minimum design temperature 
is below -10°C). 


Fig. 13.4.1 
Routine weld test - Test specimens for 
Class 1 and Class 2/1 


In general, where the plate thickness exceeds 30 mm, 
or where the capacity of the tensile test machine 
prevents full thickness tests, each tensile test may be 
made up of several reduced section specimens, 
provided that the whole thickness of the weld is 
subjected to testing. 

The tensile strength obtained is to be not less than the 
minimum specified tensile strength for the plate material, 
and the location of the fracture is to be reported. 


4.8.5 


Chapter 13 


Section 4 


chs 
For retests if necessary 


ra \ 
/ 
we i \ 
Z % 
7 % 


„Approximately 300 mm | 
to suit testing machine 


Tensile test for joints. 
Bend test specimens. 
icked bend test specimen. 
Charpy V-notch impact test specimens 
(if required by Table 13.4.1). 


Fig. 13.4.2 
Routine weld tests - Test specimens for 
Class 2/2 and Class 3 


Transverse bend test. The bend test specimens 


are to be removed and tested in accordance with the following 
requirements: 


(a) 


Two bend test specimens of rectangular section are to 
be cut transversely to the weld, one bent with the outer 
surface of the weld in tension (face bend), and the other 
with the inner surface in tension (root bend). 

The specimen dimensions are to be in accordance with 
Chapter 2. 

Each specimen is to be mounted on roller supports with 
the centre of the weld midway between the supports. 
The former is to have a diameter specified in Ch 12,2.7.6 
depending on the material being welded. 

After bending through an angle of at least 180° there is 
to be no crack or defect exceeding 1,5 mm measured 
across the specimen or 3 mm measured along the 
specimen. Premature failure at the edges of the 
specimen is not to be cause for rejection, unless this is 
associated with a weld defect. 
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4.8.6 Macro-specimen and hardness survey. A macro 
examination specimen is to be removed from the test 
assembly near the end where welding started. The specimen 
is to include the complete cross-section of the weld and the 
heat affected zone. The specimen is to be prepared and 
examined in accordance with the following requirements: 

(a) The cross-section of the specimen is to be ground, 
polished and etched to clearly reveal the weld runs, and 
the heat affected zones. 

(o) The specimen is to show an even weld profile that 
blends smoothly with the base material and have 
satisfactory penetration and fusion, and an absence of 
significant inclusions or other defects. 

(c) Where there is doubt in the condition of the weld as 
shown by macro-etching, the area concerned is to be 
microscopically examined. 

(d) For carbon, carbon manganese and low alloy steels, a 
Vickers hardness survey is to be performed on the 
macro-specimen using either a 5 kg or 10 kg load. 
Testing is to include the base material, the weld and the 
heat affected zone. Hardness scans on the cross- 
section are to be performed as specified in Fig. 12.2.9 
in Chapter 12. The maximum recorded hardness is to 
not exceed 350 Hv. 


4.8.7 Charpy V-notch impact test. Charpy V notch 
impact test specimens are to be prepared and tested as 
required by Table 13.4.1 and in accordance with the following 
requirements: 

(a) The dimensions and tolerances of the specimens are to 
be in accordance with Chapter 2. 

(o) Charpy V-notch impact specimens and are to be 
removed with the notch perpendicular to the plate 
surface. 

(c) Specimens are to be removed for testing from the weld 
centreline and the heat affected zone (fusion line and 
fusion line + 2 mm locations) detailed in Fig. 12.2.6 or 
Fig. 12.2.7 in Chapter 12, as appropriate. Heat affected 
zone impact tests may be omitted where the minimum 
design temperature is above +20°C. 

(d) For thicknesses in excess of 20 mm, where more than 
one welding process or type of consumable has been 
used to complete the joint, impact tests are required 
from the respective areas of the weld. This does not 
apply to the welding process or consumables used 
solely to deposit the root weld. 

(e) The average energy of a set of three specimens is not to 
be less than 27 J or the minimum specified for the base 
material, whichever is the higher. The minimum energy 
for each individual specimen is to meet the requirements 
of Ch 1,4.5.2. 


4.8.8 Nick break bend tests. A nick bend or fracture 

test specimen is to be a minimum of 100 mm long measured 

along the weld direction and is to be tested in accordance 
with and meet the requirements of the following: 

(a) The specimen is to have a slot cut into each side along 
the centreline of the weld and perpendicular to the plate 
surface. 

(b) The specimen is to be bent along the weld centreline 
until fracture occurs and the fracture faces are to be 
examined for defects. The weld is to be sound, with no 
evidence of cracking or lack of fusion or penetration and 
be substantially free from slag inclusions and porosity. 


Chapter 13 


Section 4 


4.9 Failure to meet requirements 


4.9.1 Where any test specimen fails to meet the require- 
ments, additional specimens may be removed and re-tested 
in accordance with Ch 2,1.4. 


4.9.2 Where a routine weld test fails to meet require- 

ments, the welds to which it relates will be considered as not 

having met the requirements. The reason for the failure is to 

be established, and the manufacturer is to take such steps as 

necessary to either 

(a) Remove the affected welds and have them re-welded, 
or 

(b) Demonstrate that the affected production welds have 
acceptable properties. 


4.10 Post-weld heat treatment 


4.10.1 Fusion welded pressure vessels, where indicated in 
Table 13.4.2, are to be heat treated on completion of the 
welding of the seams and of all attachments to the shell and 
ends, and before the hydraulic test is carried out. 


4.10.2 Tubes which have been expanded into headers or 
drums may be seal welded without further post-weld heat 
treatment. 


4.10.3 Steam and gas turbine cylinders and rotors are to 
be subjected to post-weld heat treatment irrespective of 
thickness. 


4.10.4 Where the weld attaches parts of different 
thicknesses, the thickness to be used when applying the 
requirements for post-weld heat treatment is to be either the 
thinner of the two plates for butt welded connections, or the 
thickness of the shell for welds to flanges, tubeplates and 
similar connections. 


4.10.5 Care is to be exercised to provide drilled holes in 
double reinforcing plates and other closed spaces prior to 
heat treatment. 


4.11 Basic requirements for post-weld heat 
treatment of fusion welded pressure vessels 


4.11.1 Recommended soaking temperatures and soak 
durations for post-weld heat treatment are given in 
Table 13.4.3 for different materials. Where other materials are 
used for pressure vessel construction, full details of the 
proposed heat treatment are to be submitted for consideration. 


4.11.2 Where pressure vessels are of dimensions that the 
whole length cannot be accommodated in the furnace at one 
time, the pressure vessels may be heated in sections, 
provided that sufficient overlap is allowed to ensure the heat 
treatment of the entire length of the longitudinal seam. 


4.11.3 Where materials other than those detailed in 
Table 13.4.3 are used or where it is proposed to adopt special 
methods of heat treatment, full particulars are to be submitted 
for consideration. In such cases, it may be necessary to carry 
out tests to show the effect of the proposed heat treatment. 
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Table 13.4.2 Post-weld heat treatment requirements 


Plate thickness above which post-weld heat treatment (PWHT) is required 
Type of steel 


Other pressure vessels 


Steam raising plant 


Carbon and carbon/manganese steels 20 mm 30 mm 
without low temperature impact values 


Carbon and carbon/manganese steels 20 mm 40mm 
with low temperature impact values 


1Cr %Mo All thicknesses All thicknesses 


2¥4Cr 1Mo All thicknesses All thicknesses 


YeCr YaMo Y4V All thicknesses All thicknesses 


Other alloy steels Subject to special consideration 


Table 13.4.3 Post-weld soak temperatures and times 


Material type Soak temperature (°C) Soak period 


Carbon and carbon/manganese grades 580-620° 1 hour per 25 mm of thickness, minimum of 1 hour 


1Cr %Mo 620-660° 1 hour per 25 mm of thickness, minimum of 1 hour 


2%Cr 1Mo 650-690° 1 hour per 25 mm of thickness, minimum of 1 hour 


YaCr YaMo Y4V 670-720° 


1 hour per 25 mm of thickness, minimum of 1 hour 


NOTE 
For materials supplied in the tempered condition, the post-weld heat treatment temperature is to be lower than the material tempering 
temperature. 


4.12 Non-Destructive Examination of welds 4.13.3 Full penetration tube sheet to shell welds are to be 
subjected to 10 per cent volumetric examination and 10 per 
cent surface inspection, prior to the installation of the tubes. 


4.12.1 Non-Destructive Examinations (NDE) of pressure 

vessel welds are to be carried out in accordance with a 

nationally recognised code or standard. 4.13.4 In addition to the acceptance limits stated in 
Tables 13.2.4 to 18.2.6, no cracks, lack of fusion, or lack of 

4.12.2 NDE is not to be applied until an interval of at least penetration is permitted. 

48 hours has elapsed since the completion of welding. 

4.13.5 | When an unacceptable indication is detected, the 

full length of the weld is to be subjected to 100 per cent 

examination by the same method, testing conditions and 

acceptance criteria. 


4.12.3 NDE Personnel are to be qualified to an appropriate 
level of a nationally recognised certification scheme. 


4.12.4 Qualification schemes are to include assessments 

of practical ability for Levels | and Il individuals. These 
examinations are to be made on representative test pieces 4.14 
containing relevant defects. 


Extent of NDE for Class 2/1 pressure vessels 


4.14.1 For Class 2/1 pressure vessels, volumetric and 
surface crack detection inspections are to be applied at 
selected regions of each main seam. At least 10 per cent of 
each main seam is to be examined together with the full 
length of each welded test plate. When an unacceptable 


4.13 Extent of NDE for Class 1 pressure vessels 


4.13.1 All butt welded seams in drums, shells, headers 


and test plates, together with tubes or nozzles with outside 
diameter greater than 170 mm, are subject to 100 per cent 
volumetric and surface crack detection inspections. 


4.13.2 For circumferential butt welds in extruded connec- 
tions, tubes, headers and other tubular parts with an outside 
diameter of 170 mm or less, at least 10 per cent of the total 
number of welds is to be subjected to volumetric examination 
and surface crack detection inspections. 


indication is detected, at least two additional check points in 

the seam are to be selected by the surveyor for examination 

using the same inspection method. Where further unaccept- 
able defects are found either: 

(a) the whole length of weld represented is to be cut out and 
re-welded and re-examined as if it was a new weld with 
the test plates being similarly treated, or 

(o) the whole length of the weld represented is to be re- 
examined using the same inspection methods. 
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4.14.2 Butt welds in furnaces, combustion chambers and 
other pressure parts for fired pressure vessels under external 
pressure, are to be subject to spot volumetric examination. 
The minimum length for each check point is to be 300 mm. 


4.14.3 The extent of NDE for turbine cylinders and rotors is 
to be agreed with the Surveyor. 


4.14.4 | The requirements of 4.13.3, 4.13.4 and 4.13.5 apply 
to Class 2/1 pressure vessels. 


4.15 NDE Method 


4.15.1 Volumetric examinations may be made by 
radiography. For welds of nominal thickness greater than or 
equal to 8 mm, the examinations may be by ultrasonic testing. 
The preferred method for surface crack detection in ferrous 
metals is magnetic particle inspection. The preferred method 
for non-magnetic materials is liquid penetrant inspection. 


4.16 Evaluation and reports 


4.16.1 The manufacturer is to be responsible for the 
review, interpretation, evaluation and acceptance of the 
results of NDE. Reports stating compliance, or non-compli- 
ance, with the criteria established in the inspection procedure 
are to be issued. Reports are to comply, as a minimum, with 
the requirements of Ch 1,5. 


4.17 Repair to welds 


4.17.1 | Where non-destructive examinations reveal un- 
acceptable defects in the welded seams, they are to be 
repaired in accordance with 1.15 and are to be shown by 
further non-destructive examinations to have been eliminated. 


4.17.2 |In the case where spot radiography has revealed 
unacceptable defects, the requirements of 4.14.1 apply. 


4.17.3. Where post-weld heat treatment is required in 
accordance with 4.10, weld repairs to the vessel or cylindrical 
shell or parts attaching to the shell are to be subjected to a 
subsequent heat treatment in accordance with 4.10. 


4.17.4 Inthe event of unsuccessful weld repair of a defect, 
only one more repair attempt may be made of the same 
defect. Any subsequent repairs may require the re-repair 
excavation to be enlarged to remove the original repair heat 
affected zone. 


Chapter 13 


Sections 4 & 5 


a Section 5 
Specific requirements for 
pressure pipework 


5.1 Scope 


5.1.1 Fabrication of pipework is to be carried out in 
accordance with the requirements of this Section and the 
general requirements given in Section 1, unless more 
stringent requirements have been specified. 


5.1.2 Piping systems are to be constructed in accor- 
dance with the approved plans and specifications. 


5.1.3 Fabricated pipework will be accepted only if manu- 
factured by firms that have demonstrated that they have the 
facilities and equipment and are competent to undertake the 
quality of welding required for the Class of pipework 
proposed. 


5.2 Manufacture and workmanship 


5.2.1 Pipe welding may be performed using manual, 
semi-automatic or fully automatic electric arc processes. The 
use of oxy-acetylene welding will be limited to Class 3 
pipework in carbon steel or carbon/manganese material that 
is not for carrying flammable fluids and limited to butt joints in 
pipes not exceeding 100 mm diameter or 9,5 mm thickness. 


5.2.2 Welding of pipework, including attachment welds 
directly to pressure retaining parts is to be performed in accor- 
dance with approved welding procedures that have been 
qualified in accordance with Chapter 12. 


5.2.3 Where the work involves a significant number of 
branch connections, tests will be required to demonstrate that 
the type of joint(s) and welding techniques employed are 
capable of achieving the required quality. 


5.2.4 Where pressure pipework is assembled and butt 
welded insitu, the piping is to be arranged well clear of 
adjacent structures to allow sufficient access for preheating, 
welding, heat-treatment and non-destructive examination of 
the joints. 


TZO Alignment of pipe butt welds is to be in accordance 
with Table 13.5.1 unless more stringent requirements have 
been agreed. Where fusible inserts are used, the alignment is 
to be within 0,5 mm in all cases. 


5.2.6 The number of welds is to be kept to a minimum. 
The minimum separation between welds, measured toe-to- 
toe, is to be not be less than 75 mm. Where it is not possible 
to achieve this, adjacent welds are to be subjected to surface 
crack detection NDE. 


5.2.7 Welding consumables and fusible root inserts, 
where used, are to be suitable for the materials being joined. 
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Table 13.5.1 Pipe butt weld alignment tolerances 


Maximum permitted 
misalignment 


Pipe size 


D < 150 mm and t < 6 mm 1,0 mm or 25% oft, 


whichever is the lesser 


D < 300 mm andt< 9,5 mm 1,5 mm or 25% oft, 
whichever is the lesser 
D 2 300 and tł > 9,5 mm 2,0 mm or 25% oft, 


whichever is the lesser 


where 
D = pipe internal diameter 
t pipe wall thickness 


5.2.8 Acceptable methods of flange attachment are to be 
used, see Fig. 12.2.2 in Pt 5, Ch 12 of the Rules for Ships. 
Where backing rings are used with flange type (a) they are to 
fit closely to the bore of the pipe and be removed after 
welding. The rings are to be made of the same material as the 
pipes. The use of flange types (b) and (c) with alloy steel pipes 
is limited to pipes up to and including 168,3 mm outside 
diameter. 


5.2.9 Where socket welded fittings are employed, the 
diametrical clearance between the outside diameter of the 
pipe and the base of the fitting is not to exceed 0,8 mm, and 
a gap of approximately 1,5 mm is to be provided between the 
end of the pipe and the internal step at the bottom of the 
socket. 


5.2.10 For welding of carbon, carbon/manganese and low 
alloy steels, the preheat to be applied will be dependent on 
the material grade, thickness and hydrogen grading of the 
welding consumable in accordance with Table 13.5.2, unless 
welding procedure testing indicates that a higher level is 
required. 


Table 13.5.2 Welding preheat levels for pipework 


Thickness, t 
Material Grade (mm) 
see Note 4 


Chapter 13 


Section 5 


5.2.11 Welding without filler metal is generally not permitted 
for welding of duplex stainless steel materials. 


5.2.12 All welds in high pressure, high temperature pipe- 
lines are to have a smooth surface finish and even contour; 
and where necessary, made smooth by grinding. 


5.2.13 Check tests of the quality of the welding are to be 
carried out periodically. 


5.3 Heat treatment after bending of pipes 


5.3.1 After forming or bending of pipes, the heat treat- 
ments specified in this Section are to be applied unless the 
pipe material manufacturer specifies or recommends other 
requirements. 


5.3.2 Generally, hot forming is to be carried out within the 
normalising temperature range. When carried out within this 
temperature range, no subsequent heat treatment is required 
for carbon and carbon/manganese steels. For alloy steels, 
1Cr 1/2Mo, 21/4Cr 1Mo and 1/2Cr 1/2Mo 1/4V, a subsequent 
tempering heat treatment in accordance with the tempera- 
tures and times specified in Table 13.5.3 is required, 
irrespective of material thickness. 


5.3.3 When hot forming is performed outside the normalising 
temperature range, a subsequent heat treatment in accor- 
dance with Table 13.5.3 is required. 


5.3.4 After cold forming to a radius (measured at the 
centreline of the pipe) of less than four times the outside 
diameter, heat treatment in accordance with Table 13.5.3 is 
required. 


5.3.5 Heat treatment should be carried out in accordance 
with 1.16. 


Minimum preheat temperature (°C) 
See Note 1 


Low Ho 


Non-low H2 see Note 2 


Carbon and carbon/manganese grades: 
320 and 360 


50 10 
100 50 


Carbon and carbon/manganese grades: 
410, 460 and 490 


75 20 
150 100 


1Cr %Mo 


See Note 3 100 
150 


2⁄4Cr 1Mo 


See Note 3 150 
200 


YaCr YaMo Y4V 


See Note 3 150 
200 


NOTES 


1. Where the ambient temperature is 0°C or below, pre-warming of the weld joint is required in all cases. 
Low hydrogen process or consumables are those that have been tested and have achieved a grading of H15 or better (see Chapter 11). 


2. 
3. Low hydrogen welding process is required for these materials. 
4. 


t = the thickness of the thinner member for butt welds, and the thicker member for fillet and branch welds. 
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Table 13.5.3 Heat treatment after bending of pipes 5.5 Non-destructive examination 
Type of steel Heat treatment required 5:5-4 Non-destructive examination of pipe welds is to be 
caen ana NOnhslies st880i0: 920C carried n oa with the general requirements of 
carbon/manganese: 1.11 and the following. 
Grades 320, 360, 410, 460 and 
490 5.5.2 Butt welds in Class 1 pipes with an outside 
ied ; GOSC diameter greater or equal to 75 mm are to be subject to 
re Soa Ì i 100 per cent volumetric and visual inspections. Consideration 
wed by : ; ; . 
j o is to be given to the extent and method of testing applied to 
ng at 640 to 720°C g 
butt welds in Class 1 pipes with an outside diameter less than 
2⁄4Cr 1 ise at 900 to 960°C, 75 mm. 


wed by 


j to 780° . l l 
poring a peo Te Ze 5.5.3 Butt welds in Class II pipes are to be subjected to at 


Y2Cr Y2Mo 4V malise at 930 to 980°C, least 10 per cent random volumetric inspections when the 


lowed by outside diameter is greater than 100 mm. 
ing at 670 to 720°C 


Other alloy steels Subject to special 5.5.4 NDE for Class II pipes with a diameter less than 
consideration 100 mm is to be at the discretion of the Surveyor. 


5.5.5 Non-destructive examination procedures, methods 
and the evaluation of reports are to be in accordance with 


5.3.6 Bending procedures and subsequent heat treat- 4.15 and 4.16. 


ment for other alloy steels will be subject to special 


i tion. 
consideration 5.5.6 Fillet welds on flange pipe connections of Class | 


pipes are to be examined by surface crack detection methods. 


5.4 Post-weld heat treatment 

5.4.1 Post-weld heat treatment is to be carried out in 5.6 Repairs to pipe welds 

accordance with the general requirements specified in 1.16 l TE 

and 4.10 9 q p 5.6.1 Where non-destructive examinations reveal un- 


acceptable defects in a weld, the defects are to be removed 
and repaired in accordance with 1.15. Completed repairs are 
to be shown by further non-destructive examination to have 
eliminated the defects. 


5.4.2 The thickness limits, the recommended soaking 
temperatures and periods, for application of post-weld heat 
treatment are given in Table 13.5.4. 


5.6.2 For pipes with diameter less than 88 mm and 
where unacceptable defects have been found during non- 
destructive examination, consideration is to be given to 
cutting the weld out completely, re-making the weld prepara- 
tion and re-welding as a new joint (because of the difficulty of 
making small repairs). 


5.4.3 Where the use of oxy-acetylene welding is 
proposed, due consideration is to be given to the need for 
normalising and tempering after such welding. 


Table 13.5.4 Post-weld heat treatment requirements for pipework 


7 , Soak temperature 
Material Grade Thickness for which post-weld (°C) 


; ; Soak period 
heat treatment is required see Note 2 


Carbon and carbon/manganese grades: Over 30 mm 580-620°C 1 hour per 25 mm of thick 
320, 360, 410, 460, 490 minimum of 1 hour 


1Cr ¥%Mo Over 8 mm 620-660°C 1 hour per 25 mm of thickness, 
minimum of 1 hour 


2%Cr 1Mo All 650-690°C 1 hour per 25 mm of thick 
minimum of 1 hour 


YaCr Ye2Mo 14V All, see Note 1 670-720°C 1 hour per 25 mm of thick 
minimum of 1 hour 


NOTES 

the Heat treatment may be omitted for thicknesses up to 8 mm and diameters not exceeding 100 mm provided welding procedure tests 
have demonstrated acceptable properties in the as welded condition. 

2: For materials supplied in the tempered condition, the post-weld heat treatment temperature is to be at least 20°C less than the material 
tempering temperature. 
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5.6.3 Where repeated weld repairs have to be made to a 
weld, only two such attempts are to be permitted, thereafter 
the weld is to be cut apart and removed, and re-welded as a 
new joint. 


5.6.4 Where pipework requires post-weld heat treatment 
weld, repairs to the pressure retaining parts are to be 
subjected to a subsequent heat treatment. Similarly, where 
welding is conducted after pressure testing, a further 
pressure test is to be required unless specific exemption has 
been agreed. 


a Section 6 
Repair of existing ships by 
welding 


6.1 Scope 


6.1.1 This Section specifies requirements for repairs 
made by welding after introduction into service. This Section 
includes defects to hull structures, machinery, equipment and 
components. It also includes replacement of structure due to 
damage or corrosion. These requirements are in addition to 
those specified in the preceding Sections of this Chapter. 


6.1.2 These requirements apply unless the original builder 
or manufacturer has specified alternative requirements. 


6.2 Materials used for repairs 


6.2.1 Permanent materials used in the repair are to be in 
accordance with 1.3. 


6.2.2 Prior to commencing any welding, the material 
grades present in the original structure in way of the repair are 
to be determined. Where the materials cannot be identified 
from the ship records, test samples may be removed for 
chemical analysis and mechanical testing in order to 
determine the material grades. 


6.2.3 Temporary materials that are to be welded to the 
main structure to assist in executing the repairs, but removed 
on completion, are to be of weldable quality. 


6.3 Workmanship 


6.3.1 A repair method is to be established by the ship- 
yard or repair yard and is to be agreed by the Surveyor prior 
to commencing any repair work. 


6.3.2 The removal of crack-like defects is to be confirmed 
by visual examination and surface crack detection NDE. This 
may be augmented by ultrasonic examination where several 
defects are reported at different depths at the same location. 


6.3.3 The weld joint or groove shape used for the repair is 
to have a profile suitable for welding. 


Chapter 13 


Sections 5, 6 & 7 


6.3.4 The weld area is to be carefully cleaned, in particular, 
where the material surface has been painted or has been 
subjected to an oily or greasy environment. 


6.4 Non-destructive examination 


6.4.1 On completion of welding and any post-weld heat 
treatment, repair welds are to be subjected to the type and 
extent of NDE and assessed in accordance with the accep- 
tance criteria specified for the original construction. 


6.4.2 Where the original construction specification did not 
specify NDE, the completed welds are to be, as a minimum, 
subject to visual examination. Consideration of other NDE 
techniques is to take due cognisance of the location or the 
repair within the vessel. 


6.4.3 Where spot NDE is applied and defects are found, 
the extent of NDE is to be increased to include an equal 
amount of weld length. Where this reveals unacceptable 
defects, either the whole weld will be rejected or the extent of 
inspection increased to 100 per cent examination. 


6.4.4 The acceptance criteria to be applied are to 
generally be in accordance with the original build specifica- 
tion. Where conflict of requirements exist, the NDE 
acceptance limits for welding procedure tests specified in 
Ch 12,2.5.5 may be used as a minimum requirement. 


6.5 Repairs to welds defects 


6.5.1 Where NDE reveals unacceptable defects, these 
are to be repaired in accordance with 1.15. 


E Section 7 
Austenitic and duplex stainless 
steel - Specific requirements 


7.1 Scope 


7.1.1 This Section specifies requirements for the fabrica- 
tion and welding of austenitic and duplex stainless steels, and 
is in addition to those detailed above. 


(AES Fabrication and welding of these materials is to be 
in designated areas which are separated from those used for 
other materials, such as carbon steels and copper alloys. 
Where work is performed in the same workshop as other 
materials, adequate barriers or screening are to be provided 
to prevent cross-contamination of different material types. 


7.1.3 All tools and equipment used are to be suitable for 
use on stainless steel materials. The use of tools or equipment 
made of carbon steel materials is to be avoided. It is 
permissible to use carbon steel tools provided that the 
surfaces that come into contact with the austenitic and duplex 
stainless materials are protected with an austenitic or nickel 
base alloy. 
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7.2 Design 


7.2.1 Care is to be exercised in the weld design to 
prevent crevice corrosion from occurring, particularly where 
austenitic materials are used. In this respect fillet welds and 
partial penetration welds are to be continuous and welded on 
both sides of the joint. 


7.3 Forming and bending 


7.3.1 Materials that are cold formed, such that the total 
strain exceeds 15 per cent (i.e., where the formed diameter 
to thickness ratio is less than 6:1) are to be subjected to a 
subsequent softening heat treatment in accordance with the 
material manufacturers recommendations, unless it is 
demonstrated by testing that the material properties are 
acceptable in the ‘as formed’ condition. 


7.3.2 Materials may be hot formed provided that a subse- 
quent softening heat treatment is carried out. The forming 
process and the subsequent heat treatment are to be in 
accordance with the material manufacturer’s recommenda- 
tions. 


7.4 Fabrication and welding 


7.4.1 Welding may be performed using shielded manual 
arc welding (SMAW), gas tungsten arc welding (GTAW), 
MIG/MAG welding (GMAW), flux cored arc welding (FCAW), 
plasma arc welding (PAW) and submerged arc welding (SAW). 
The use of other welding processes will be subject to special 
consideration and will require submission of the process 
details, consumables and the weld properties achieved. 


7.4.2 Misalignment may be corrected by the application 
of steady even force (e.g., using hydraulic or screw-type 
clamps). Hammering or heating is not permitted. 


7.4.3 For full penetration welds, a backing or shielding 
gas is to be provided to prevent oxidation of the root weld. 
The backing gas is to be maintained until completion of, at 
least, the root and first fill layer. The backing gas may be 
omitted where the weld is back gouged or ground to remove 
the root weld. 


7.4.4 Shielding and backing gases are to be an inert type 
of high purity and oxygen free. 


7.4.5 For welding of Duplex stainless, the use of backing 
gases that contain up to 2 per cent nitrogen is permitted. 


7.4.6 Welding of duplex stainless steels without filler 
metal is generally not permitted. 


7.4.7 Degreasing agents, acid solutions, washing water 
etc. used for cleaning and any marking crayons and paints 
used are to be free of chlorides. 


Chapter 13 


Sections 7 & 8 


7.5 Repairs 


7.5.1 Correction of distortion by the application of heat is 
not permitted. 


a Section 8 
Specific requirements for welded 
aluminium 


8.1 Scope 


8.1.1 This Section specifies requirements for the fabrica- 
tion and welding of aluminium alloys, and is in addition to 
those detailed in this Chapter. 


8.1.2 Fabrication and welding of these materials is to be 
in designated areas which are separated from those used for 
other materials, such as carbon steels, stainless steels and 
copper alloys. Where work is performed in the same work- 
shop as other materials, adequate barriers or screening are 
to be provided to prevent cross-contamination of different 
material types. 


8.1.3 All tools and equipment used are to be suitable for 
use on aluminium alloy materials. The use of tools made of 
carbon steel materials is to be avoided where possible. 


8.2 Forming and bending 


8.2.1 Aluminium alloys are to be subject to cold forming 
and cold bending only. 


8.3 Fabrication and welding 


8.3.1 Welding may be performed using gas tungsten arc 
welding (GTAW) or metal inert gas welding (GMAW), 
MIG/MAG welding (GMAW), or variants thereof. The use of 
other welding processes such as friction stir welding (FSW) 
will be subject to special consideration and will require 
submission of the process details, consumables and the weld 
properties achieved. 


8.3.2 A comparison of the mechanical properties for 
selected welded and unwelded alloys is given in Table 13.8.1. 


8.3.3 Misalignment may be corrected by the application 
of steady even force (e.g., using hydraulic or screw-type 
clamps). Hammering or heating is not permitted. 


8.3.4 Correction of distortion by the application of heat is 
not permitted. 
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Section 8 


Table 13.8.1 Minimum mechanical properties for aluminium alloys 


0,2% proof stress, N/mm2 Ultimate tensile strength, N/mm? 


Condition Unwelded Welded Unwelded Welded 
(see Note 4) (see Note 4) 


O/H111 125 125 275 275 


H112 125 125 275 275 


H116/H321 215 125 305 275 


O/H111 145 145 290 290 


H116/H321 220 145 305 290 


O/H111 100 95 240 240 


H112 125 95 250 240 
(see Note 2) (see Note 2) 


H116/H321 195 95 275 240 


O/H111 160 330 330 


H116/H321 260 360 300 


O 125 285 285 


200 290 285 
(see Note 5) (see Note 5) 


215 305 285 
(see Note 5) (see Note 5) 


5754 O/H111 80 80 


6005A T5/T6 Extruded: Open Profile 215 100 
(see Note 1) Extruded: Closed Profi 215 100 


6061 T5/T6 Rolled 240 125 
(see Note 1) Extruded: Open Profile 240 125 
Extruded: Closed Profi 205 125 


6082 Rolled 240 125 
Extruded: Open Profile 260 125 
Extruded: Closed Profi 240 125 


NOTES 
These alloys are not normally acceptable for application in direct contact with sea-water. 
See also Table 8.1.3 or Table 8.1.4 in Chapter 8. 
The mechanical properties to be used to determine scantlings in other types and grades of aluminium alloy manufactured to National or 
proprietary standards and specifications are to be individually agreed with LR, see also Ch 8,1.1.5. 
Where detail structural analysis is carried out, ’unwelded’ stress values may be used away from heat affected zones and weld lines, see 
also Pt 3, Ch 2, 1.1.3 of the Rules for Ships. 
For thickness less than 12,5 mm, the minimum unwelded 0,2% proof stress is to be taken as 230 N/mm? and the minimum tensile strength 
is to be taken as 315 N/mm2. 


8.4 Non-destructive examination 


8.4.1 The requirements of Ch 18,1.11 and Ch 13,2.12 
apply; however, acceptance criteria applicable to aluminium 
are to be in accordance with Table 13.8.2 and Table 13.8.3. 


8.4.2 Alternative NDE acceptance criteria will be subject 
to special consideration provided that they are equivalent to 
these requirements. 
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Section 8 


Table 13.8.2 Acceptance criteria for surface imperfections of aluminium 


: es Classification according es 
Surface discontinuity to ISO 6520-1 Acceptance criteria 


Crack 100 permitted 
Lack of fusion 401 permitted 


ncomplete root penetration in butt joints 4021 permitted 
welded from one side 


Surface pore 2017 0,3s or 0,3a or 1,5 mm (whichever is the lesser) 
Linear porosity (see Note 1) 2014 permitted 

Uniformly distributed porosity (see Note 2) 2012 < 1% of area 

Clustered porosity 2013 Not permitted 

Continuous undercut 5011 h < 0,1t or 0,5 mm (whichever is the lesser) 
ntermittent undercut 5012 h < 0,1t or 1,0 mm (whichever is the lesser) 

Excess weld metal (see Note 3) 502 h<1,5 mm + 0,156 or 8 mm (whichever is the lesser) 
Excess penetration 504 h<4mm 

Root concavity (see Note 3) 515 h < 0,1t or 1 mm (whichever is the lesser) 

Linear misalignment (see Notes 4 and 5) 507 h < 0,1t or 1,0 mm (whichever is the lesser) 
Angular misalignment 508 (see Note 6) 


Symbols 


nominal throat thickness of a fillet weld 
width of weld reinforcement 

diameter of a gas pore 

height or width of an imperfection 
nominal butt weld thickness 

wall or plate thickness (nominal size) 


NOTES 

1. For these acceptance criteria, linear porosity is to be considered as three aligned gas pores in a length of 25 mm. 

2. To be in accordance with EN ISO 10042. 

3. A smooth transition is required. 

4. Linear misalignment is to be a maximum of 0,5 mm in highly stressed areas. For other areas, the linear misalignment is to be a maximum 
of 1,0 mm locally, where the sum of the length of imperfection is not more than 10% of the weld length. 
The limits for linear misalignment relate to deviations from the correct position. Unless otherwise specified, the correct position is that 
when the centrelines coincide. 
Angular misalignment shall be mutually agreed between the designer and the fabricator. 
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Table 13.8.3 


Classification according 
to ISO 6520-1 


Internal discontinuity 


Chapter 13 


Sections 8 & 9 


Acceptance criteria for internal imperfections of aluminium 


Acceptance criteria (see Note 1) 


Crack 100 
Lack of fusion 401 
Incomplete penetration 402 
Single gas pore 2017 
Linear porosity 2014 
Uniformly distributed porosity (see Note 1) 2012 


Clustered porosity (see Note 1) 


Elongated cavity 
Wormhole 


Oxide inclusion (see Note 2) 

Tungsten inclusion 

Copper inclusion 

Multiple imperfections in any cross-section 


Not permitted 

Not permitted 

Not permitted 

d < 0,3s or 0,3a or 5 mm (whichever is the lesser) 
Assess as lack of fusion 


05<t<3mm 
3 <t<12 mm 
12 < t< 30 mm < 6% of area 
t > 30 mm < 8% of area 


dA < 20 mm or wp (whichever is the lesser) 
l< 0,3s or 0,3a or 4 mm (whichever is the lesser) 


< 2% of area 
< 4% of area 


l< 0,5s or 0,5a or 5 mm (whichever is the lesser) 
l< 0,3s or 0,3a or 4 mm (whichever is the lesser) 
Not permitted 


The sum of the acceptable individual imperfections in any 
cross-section is not to exceed 0,3t or 0,3a (whichever is 
the lesser) 


Symbols 


nominal throat thickness of a fillet weld 

width of weld reinforcement 

diameter of a gas pore 

height or width of an imperfection 

nominal butt weld thickness 

wall or plate thickness (nominal size) 

width of weld or width or height of cross-sectional area 
diameter of area surrounding gas pores 

length of imperfection in longitudinal direction of weld 


THaTQAeO® 


gs 


~ 


NOTES 


1. Porosity is to be determined in accordance with ISO 10042. The requirements for a single gas pore are to be met by all the gas pores 


within this circle. Systematic clustered porosity is not permitted. 


2. _ If several oxide inclusions 14, l2, l3, ... exist in one cross-section, then they are summed: l = l4 + lo + l3 + ...+ Ip. 


a Section 9 
Friction stir welding requirements 
for aluminium alloys 


9.1 Scope 


9.1.1 The requirements of this Section apply to the appli- 
cation of FSW during construction. 


9.1.2 Prior to welding, the friction stir welding equipment 
is to have been demonstrated as being suitable for use. 


9.1.3 Qualified welding procedures that have been 
approved by LR are required. Procedures to ISO 25239-4 that 
are endorsed by another Classification Society may be 
accepted if they are to the satisfaction of the attending 
Surveyor. 


9.1.4 Welding operators are to be qualified to 
ISO 35239-3 standard. Where qualifications have been 
certified by another Classification Society, acceptance of the 
qualifications will be subject to document review and 
demonstration of knowledge of the FSW process and function 
of the FSW installation. 


9.2 Production quality control 


9.2.1 The general requirements for quality control are 
specified in ISO 35239-5. 


9.2.2 Unless otherwise specified in relevant parts of the 
Rules, the following production tests will be required. 
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9.2.3 A production test is required when there is a change 
in procedure, a change in tooling, after equipment repairs or 
modifications, after deviation from optimum parameters are 
detected, when defects are identified by non-destructive test- 
ing, after continuous welding of every 100 m length during a 
single shift and with a maximum interval between procedure 
tests of 8 hours. For butt welds the production tests are to 
consist of 100 per cent visual examination, two face bend 
tests, two root bend tests and one macro section. For thick- 
nesses exceeding 12 mm, sets of face and bend tests may be 
replaced by side bend tests. For test assembly, see Fig. 
13.9.1. The production tests for other joint geometry are to be 
agreed between the Surveyor and the fabricator. 


Discard 


Discard 


> 


200 mm 


Fig. 13.9.1 Production test assembly for Friction 


Stir Welds 


9.2.4 As an automated process, all essential variables are 
to be recorded by the FSW system. The welding operator is 
responsible for ensuring that the system continues to produce 
welds that are in compliance with the qualified procedure. 
Surveyors are to be informed when the system exceeds the 
operating parameters. Surveyors are periodically to review the 
welding records. 


9.2.5 Production welds are to be subject to 100 per cent 
visual examination by the fabricator and be subject to random 
checking by the Surveyor. 


9.2.6 Surface and volumetric NDE testing is to be con- 
ducted on production welds at a frequency of two per welded 
panel or one every 100 m of weld, whichever is the greater. 


Chapter 13 


Section 9 


9.2.7 Assessment of imperfections is to be in accordance 
with ISO 35239-5 Annex A and the requirements of Table 
13.8.3. 


9.3 Repair 


9.3.1 All defective welds are to be reported to the 
Surveyor. 


9.3.2 The manufacturer is to have an approved procedure 
for the repair of defective welds. 


9.3.3 Weld repairs are to be conducted by qualified 
welders or welding operators in accordance with qualified 
weld procedures. Welding procedures and welders/operators 
are to be qualified in accordance with the requirements of 
Chapter 12 as appropriate to the welding process used for the 
weld repair. 


9.3.4 All repairs are to be subject to 100 per cent visual, 
surface and volumetric NDE. 
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Section 
1 General requirements 
2 Tests on polymers, resins, reinforcements and 


associated materials 


3 Testing procedures 
4 Plastics pipes and fittings 
5 Control of material quality for composite 


construction 


a Section 1 
General requirements 


1.1 Scope 


7.1.1 Provision is made in this Chapter for the manufacture 
and testing of plastics pipes, together with approval require- 
ments for base materials used in the construction or repair of 
composite vessels, other marine structures, piping and any 
associated machinery components and fittings which are to 
be certified or are intended for classification. 


1.1.2 These materials and products are to be manufactured 
and surveyed in accordance with the general requirements of 
Sections 1, 2 and 3 of this Chapter; and LR’s Materials and 
Qualification Procedures for Ships (MQPS) Book K, see 
Ch 1,2.2.2, which, in addition to the test programme, also 
details the procedures for application for approval of 
manufacturers and products and details of the information to 
be supplied by the manufacturer. 


1.1.3 For base materials, the manufacturer’s works do 
not require approval by Lloyd’s Register (hereinafter referred 
to as ‘LR’), however the Quality Control procedures must be 
acceptable in accordance with the appropriate Section of this 
Chapter. 


1.1.4 Where a requirement exists for the material to be 
approved, the test requirements and information to be submitted 
for approval of polymers, resins, reinforcements and associ- 
ated materials are defined in Sections 2 and 3. 


7.7.5 Specific material requirements relating to the design 
and manufacture of plastics pipes and fittings are indicated in 
Section 4, with the material requirements for hull structures 
contained in Section 5. 


1.1.6 For Builders constructing composite vessels, 
Section 5 provides the minimum material control requirements 
for acceptance of the works by LR. 


1.1.7 For the purposes of these Rules a ‘plastics 
material’ is regarded as an organic substance which may be 
thermosetting or thermoplastic and which, in its finished state, 
may contain reinforcements or additives. 


Chapter 14 


Section 1 


1.1.8 Materials not listed in 2.1.1 may be considered for 
approval on a case-by-case basis. The approved test results 
will be listed on the issued certificate. Subject to satisfactory 
service experience and validation of approval, the material 
may be entered in 2.1.1 of the Rules. 


1.2 Information on material quality and 
application 


1.2.1 Where plastics products are to be classed or 
certified, the manufacturer is to provide the material producer 
with such information as is essential to ensure that the base 
materials to be used are in accordance with the approval 
requirements and the product specification. This information is 
to include any survey requirements for the materials. 


1.3 Manufacture 


139 Plastics products are to be made at works which 
have been approved (or accepted) for the type of product 
being supplied using base materials that have been approved. 


1.3.2 Base materials are to be approved in accordance 
with the requirements of Sections 2 and 3. 


1.3.3 In order that a works can be approved (or 
accepted), the manufacturer is required to demonstrate to the 
satisfaction of LR that the necessary manufacturing and testing 
facilities are available and are supervised by qualified personnel. 
A specified programme of tests is to be carried out under the 
supervision of the Surveyors, and the results are to be to the 
satisfaction of LR. When a manufacturer has more than one 
works, the approval (or acceptance) is only valid for the 
individual works which carried out the test programme. 


1.3.4 In order to maintain approval, the manufacturer is 
required to confirm in writing that there have been no changes 
in the formulation or production process for the material in 
question and that the site of manufacture remains unchanged. 


1.4 Survey procedure 


1.4.1 The Surveyors are to be allowed access to all 
relevant parts of the works and are to be provided with the 
necessary facilities and information to enable them to verify 
that manufacture is being carried out in accordance with the 
approved procedure. Facilities are also to be provided for the 
selection of test material, the witnessing of specified tests and 
the examination of materials, as required by the Rules. 


1.4.2 Prior to the provision of test material for accep- 
tance, manufacturers are to provide the Surveyors with details 
of the order, specification and any special conditions 
additional to the Rule requirements. 


1.4.3 Before final acceptance, all test materials are to be 
confirmed as typical of the manufactured product and be 
submitted to the specified tests and examinations under 
conditions acceptable to the Surveyors. The results are to 
comply with the specification and any Rule requirements and 
are to be to the satisfaction of the Surveyors. 
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1.4.4 These specified tests and examinations are to be 
carried out prior to the despatch of finished products from the 
manufacturer’s works. 


1.4.5 In the event of any material proving unsatisfactory, 
during subsequent working, machining or fabrication, it is to 
be rejected, notwithstanding any previous certification. 


1.5 Alternative survey procedure 


1.5.1 Where materials are manufactured in quantity by 
semi-continuous or continuous processes under closely 
controlled conditions, an alternative system for testing and 
inspection may be adopted, subject to the agreement of the 
Surveyors. 


1.5.2 In order to be considered for approval, manufacturers 
are to comply with the requirements of Ch 1,2. 


1.6 Post-cure heating 


1.6.1 Post-cure heating is to be carried out in properly 
constructed ovens which are efficiently maintained and have 
adequate means for control and recording of temperature. 
The oven is to be such as to allow the whole item to be 
uniformly heated to the necessary temperature. In the case of 
very large components which require post-cure heating, 
alternative methods will be specially considered. 


1.7 Test material 


1.7.1 Sufficient material is to be provided for the preparation 
of the test specimens detailed in the specific requirements. It 
is, however, in the interests of manufacturers to provide 
additional material for any re-tests which may be necessary, 
as insufficient or unacceptable test material may be a cause 
for rejection. 


1.7.2 Where test materials, (either base materials or 
product sample materials) are selected by the Surveyor or a 
person nominated by LR, these are to be suitably identified 
by markings which are to be maintained during the prepara- 
tion of the test specimens. 


1.7.3 All base material samples for testing are to be 
prepared under conditions that are as close as possible to 
those under which the product is to be manufactured. Where 
this is not possible, a suitable procedure is to be agreed with 
the Surveyor. 


1.7.4 During production, check test samples are to be 
provided as requested by the Surveyor. 


1.7.5 Should the taking of these samples prove impossible, 
model samples are to be prepared concurrently with production. 
The procedure for the preparation of these samples is to be 
agreed with the Surveyor. 


1.7.6 The dimensions, number and orientation of test 
specimens are to be in accordance with the requirements of 
a National or International Standard acceptable to LR. 


Chapter 14 


Section 1 


1.8 Re-test procedure 


1.8.1 Where test material fails to meet the specified 
requirement, two additional tests of the same type may be 
made at the discretion of the Surveyor. 


1.8.2 Where an individual test result in a group, (minimum 
five) deviates from the mean by more than two standard 
deviations in either the higher or lower direction, the result is 
to be excluded and a re-test made. Excluded results of tests 
are to be reported with confirmation that they have been 
excluded. Only one exclusion is acceptable in any group of 
tests. 


1.9 Visual and non-destructive examination 


1.9.1 Prior to the final acceptance, surface inspection, 
verification of dimensions and non-destructive examination 
are to be carried out in accordance with the requirements 
detailed in Sections 3, 4 and 5 of this Chapter. 


1.9.2 When there is visible evidence to doubt the 
soundness of any material or component, such as flaws or 
suspicious surface marks, it is to be the responsibility of the 
manufacturer to prove the quality of the material by any 
suitable method. 


1.10 Rectification of defective material 


1.10.1 Small surface blemishes may be removed by 
mechanical means provided that, after such treatment, the 
dimensions are acceptable, the area is proved free from 
structural defects and the rectification has been completed to 
the satisfaction of the Surveyor. 


1.10.2 Repair procedures for larger defects are to be 
agreed with LR prior to implementation. 


1.11 Identification of products and base materials 


1.117.171 |The manufacturer of approved materials is to identify 
each batch with a unique number. 


1.11.2 The manufacturer of plastics products is to adopt 
a system of identification which will enable all finished 
products to be traced to the original batches of base materials. 
Surveyors are to be given full facilities for tracing any 
component or material when required. 


7.11.3 When any item has been identified by the personal 
mark of a Surveyor, or deputy, this is not to be removed until 
an acceptable new identification mark has been made by a 
Surveyor. Failure to comply with this condition will render the 
item liable to rejection. 


1.11.4 Before any pipe or fitting is finally accepted it is to 
be clearly marked by the manufacturer in at least one place 
with the particulars detailed in the appropriate specific require- 
ments as given in Section 4. 
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7.11.5 Where a number of identical items are securely 
fastened together in bundles, the manufacturer need only 
brand the top item of each bundle. Alternatively, a durable 
label giving the required particulars may be attached to each 
bundle. 


1.12 Certification 
1.12.1 Certification of the finished product is to be in 


accordance with the requirements of the appropriate 
Sections. 


ia Section 2 
Tests on polymers, resins, 
reinforcements and associated 
materials 


2.1 Scope 


2.1.1 This Section gives the tests and data required by 
LR for materials approval and/or inspection purposes on the 
following: 
a) Thermoplastic polymers. 
Thermosetting resins. 
Reinforcements. 
Reinforced thermoplastic polymers. 
Reinforced thermosetting resins. 
f) Core materials. 
(i) End-grain balsa. 
(ii) Rigid foams. 
(iii) | Synthetic felt type materials. 
g) Machinery chocking compounds. 
h) Rudder and pintle bearings. 


aag 


( 
( 
(c 
(d 
(e 
( 


) Stern tube bearings. 

(k) Plywoods. 

() | Adhesive and sealant materials. 
(m) Repair compounds. 


2.2 Thermoplastic polymers 


2.2.1 The following data is to be provided by the manu- 
facturer for each thermoplastic polymer: 

a) Melting point. 

Melt flow index. 

Density. 

Bulk density. 

Filler content, where applicable. 

Pigment content, where applicable. 

g) Colour. 


SOL 


CONO 


( 
( 
( 
( 
( 
( 
( 


2.2.2 Samples for testing are to be prepared by moulding 
or extrusion under the polymer manufacturer’s recommended 
conditions. 
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2.2.3 The following tests are to be carried out on these 
samples: 

(a) Tensile stress at yield and break. 

(b) Modulus of elasticity in tension. 

(c) Tensile strain at yield and break. 

(d) Compressive stress at yield and break. 

(e) Compressive modulus. 

(f| | Temperature of deflection under load. 

g) Determination of water absorption. 


2.3 Thermosetting resins 
2.3.1 The data listed in Table 14.2.1 is to be provided by 


the manufacturer for each thermosetting resin. 


Table 14.2.1 Data requirements for thermosetting 


resins 


Type of resin 


Polyester 
(see Note 3 
for vinylester) 


Epoxide Phenolic 


Specific gravity required required required 
of liquid resin 


Viscosity required required required 


Gel time required required applicable 


Appearance required required required 


Mineral content required required not applicable 
(see Note 1) (see Note 2) 


Volatile content required not applicab not applicable 


Acid value required not applicab not applicable 


Epoxide content |not applicable required not applicable 


Free phenol not applicable | not applicab required 


Free formaldehyde |not applicable | not applicab required 


NOTES 

This is to be the total filler in the system, including thixotrope, 
filler, pigments, etc., and is to be expressed in parts by weight 
per hundred parts of pure resin. 

If the resin is pre-filled, the mineral content is required. 
Vinylesters are to be treated as equivalent to polyesters. 


2.3.2 Cast samples are to be prepared in accordance 
with the manufacturer’s recommendations and are to be 
cured and post-cured in a manner consistent with the 
intended use. The curing system used and the ratio of curing 
agent (or catalyst) to resin are to be recorded. Where 
post-cure conditions equivalent to ambient-cure conditions 
apply, see 3.2.2 and 3.2.3. 
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2.3.3 The following are to be determined using these 

samples: 

(a) Tensile strength (stress at maximum load) and stress at 
break. 

(o) Tensile strain at maximum load. 

(c) Tensile secant modulus at 0,5 per cent and 0,25 per cent 
strain respectively. 

(d) Temperature of deflection under load. 

(e) Barcol hardness. 

(f} Determination of water absorption. 

(g) Volume shrinkage after cure. 

(h) Specific gravity of cast resin. 


2.3.4 In addition, for gel coat resins the stress at break 
and modulus of elasticity in flexure are to be determined. 


2.3.5 Where resins which have been modified by the 
addition of waxes or polymers, for example ‘low styrene 
emission or air inhibited’ materials, it is to be confirmed that 
the use of such resins will not result in poor interlaminar 
adhesion when interruptions to the laminating process occur. 

The test procedure is to be as follows: 

(a) A conventional room temperature curing catalyst/ 
accelerator system is to be used with the resin for 
laminate preparation. 

(bo) A laminate of 25 to 35 per cent glass content in mass is 
to be prepared using two plies of 450 g/m? chopped 
strand mat. The laminate is to be prepared at ambient 
temperature (18° to 21°C). The laminate is to be allowed 
to stand for a minimum of four days but no longer than 
6 days at ambient temperature. 

(c) A further two plies of 450 g/m? chopped strand mat are 
to be laminated onto the exposed surface and cured at 
ambient temperature for 24 hours. The finished laminate 
is then to be post-cured at 40°C for 16 hours. The 
finished laminate is to have a glass content of 25 to 
35 per cent. 

(d) After cooling, the apparent interlaminar shear strength of 
the laminate is to be determined in accordance with 
ISO 14130; the minimum value is given in Table 14.5.5. 
Before testing the samples shall be conditioned at 23°C 
and relative humidity of 50 per cent for a period of 
88 hours before testing. 

(e) If the tests are undertaken at the resin manufacturer’s 
own laboratory, the individual test values are to be 
reported and the broken test specimens retained for 
examination by LR. 

Alternative test procedures will be considered with prior 

agreement. 


2.4 Reinforcements 


2.4.1 The following data is to be provided, where 
applicable, for each type of reinforcement: 

(a) Reinforcement type. 

b) Fibre type for each direction. 

c) Fibre tex value. 

d) Fibre finish and/or treatment. 

e) Yarn count in each direction. 

f) Width of manufactured reinforcement. 

g) Weight per unit area of manufactured reinforcement. 

h) Weight per linear metre of manufactured reinforcement. 
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(ji) | Compatibility (e.g. suitable for polyesters, epoxides, 
etc.). 

(k) Constructional stitching — details of yarn, specific gravity, 
type, frequency and direction. 

(l) Weave type. 

(m) Binder type and content. 

(n) Density of the fibre material. 


2.4.2 Tests of the mechanical properties are to be made 
on laminate samples containing the reinforcement and 
prepared as follows: 

(a) an approved resin of suitable type is to be used; 

(o) a minimum of three layers of the reinforcement is to be 
laid with parallel ply to give a laminate not less than 
4 mm thick; 

(c) the weights of resin and reinforcement used are to be 
recorded together with the measured thickness of the 
laminate, including the measured weight per unit area of 
the reinforcement used; 

(d) for glass reinforcements, the glass/resin ratios, by 
weight, as shown in Table 14.2.2 are to be used; 

(e) for reinforcement type other than glass, a fibre volume 
fraction, as shown in Table 14.2.3, is to be used. 


Table 14.2.2 Glass fraction by weight for different 


reinforcement types 


Glass fraction 


Reinforcement type nominal values 


Unidirectional 0,60 
Chopped strand mat 0,30 
Woven roving 0,50 
Woven cloth 0,50 
Composite roving (see Note) 0,45 
Gun rovings 0,33 


+45° stitched parallel plied roving 0,50 


Triaxial parallel plied roving 0,50 


Quadriaxial parallel plied roving 0,50 


NOTE 
Continuous fibre reinforcement with attached chopped strand mat. 


2.4.3 Rovings intended for filament winding are to be 
tested as unidirectional rovings. 


2.4.4 The following tests as defined in Section 3 are to be 

made on the samples: 

a) Tensile strength (stress at maximum load). 

b) Tensile strain at break. 

c) Tensile secant modulus at 0,5 per cent and 0,25 per cent 
strain respectively. 

d) Compressive strength (stress at maximum load). 

e) Compressive modulus. 

f) Flexural strength (stress at maximum load). 

g) Modulus of elasticity in flexure. 

h) Apparent interlaminar shear. 
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Table 14.2.3 Content by volume for different 


reinforcement types 


Content by volume 


Reinforcement type nominal values 


Unidirectional 0,41 


Chopped strand mat 0,17 


Woven roving 0,32 


Woven cloth 0,32 
Composite roving (see Note) 0,28 
Gun rovings 0,19 
+45° stitched parallel plied roving 0,32 
Triaxial parallel plied roving 0,32 


Quadriaxial parallel plied roving 0,32 


NOT 
The volume content may be converted to weight fractions by use of 
the formula: 


= Ve Dp/(DẸ Ve $ Dp Vp) 


fibre fraction by weight 
density of fibre 

density of cured resin 
fibre fraction by volume 
resin fraction by volume 


mmo n 


ODS 


m` 
oi ou we tl 


> 


(j) Fibre content. 
(k) Determination of water absorption. 


2.4.5 The laminate is to be tested in air in the directions 
indicated by Table 14.2.4. 


Table 14.2.4 Fibre orientations in reinforced test 


specimens 


Type of reinforcement Test orientations 


Unidirectional 0° 


Chopped strand mat 
Gun roving 


any direction 


Woven roving 
Woven cloth 
Composite roving 


0° and 90° 


+ 45° parallel plied roving 
Triaxial plied roving 
Quadriaxial plied roving 


0°, 45°, 90° and —45° 


2.4.6 Additionally, tests in 2.4.4(c) and (f) are to be 
repeated, in one direction only, after immersion in fresh water 
at 35°C for 28 days with the exception of 2.4.4(k). 


2.5 Reinforced thermoplastic polymers 
2.5.1 Thermoplastic polymers intended for use with 


reinforcements are to be tested in accordance with 2.2.1 to 
2.2.3. 
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2.5.2 A laminate is to be prepared using the polymer and 
an approved reinforcement in accordance with a manufacturing 
specification. The laminate is to be tested in accordance with 
the appropriate requirements of 2.4.4. Testing may be 
confined to one direction only. 


2.6 Reinforced thermosetting resins 


2.6.1 Thermosetting resins intended for use with re- 
inforcements are to be tested in accordance with 2.3.1 to 
2.3.4. 


2.6.2 No further tests are required for gel coat resins. 


2.6.3 For laminating resins, a laminate is to be prepared 
using the resin and an approved reinforcement as follows: 
(a) For polyester resins, chopped strand mat. 

(o) For epoxide resins, a balanced woven roving. 

(c) For phenolic resins, a balanced woven material. 


2.6.4 The laminate is to be tested in accordance with 
procedures outlined in MQPS Book K procedure 14-1 and 
2.4.4 in one fibre direction only. 


2.7 Core materials 


2: fal: General requirements. The following data is to be 
provided for each type of core material: 

(a) Type of material. 

(o) Density. 

(c) Description (block, scrim mounted, grooved). 

(d) Thickness and tolerance. 

(e) Sheet/block dimensions. 

(f) Surface treatment. 


2.7.2 Manufacturers are required to provide a full 
application procedure for use of the product. 


2.8 Specific requirements for end-grain balsa 


2.8.1 The supplier is to provide a signed statement that 
the balsa (ochroma lozopus) is cut to end-grain, is of good 
quality, being free from unsound or loose knots, holes, splits, 
rot, pith and corcho, and that it has been treated against 
fungal and insect attack, shortly after felling, followed by 
homogenisation, sterilisation and kiln drying to an average 
moisture content of no more than 12 per cent. 


2.8.2 The following tests are to be carried out on the 
virgin material, both parallel to and perpendicular to the grain: 
(a) Compressive strength (stress at maximum load). 

(b) Compressive modulus of elasticity. 

(c) Tensile strength (stress at maximum load). 

The density of the virgin material is also to be tested. 


2.8.3 Where the balsa is mounted on a carrier material 
(e.g. scrim), any adhesive used is to be of a type compatible 
with the proposed resin system. 


2.8.4 Core shear properties are to be determined according 
to the requirements of 3.8.1. 
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2.9 Specific requirements for rigid foams (PVC, 
Polyurethane and other types) 


2.9.1 The foam is to be of the closed cell type and 
compatible with the proposed resin system (e.g., polyester, 
epoxide, etc.). 


2.9.2 Foams are to be of uniform cell structure. 


2.9.3 Data is to be provided on the dimensional stability 
of the foam by measurement of the shrinkage. 


2.9.4 The following test data is to be submitted for each 
type of foam: 

a) Density. 

b) Tensile strength (stress at maximum load). 


( 
( 
( 
( 
( 


c) Tensile modulus of elasticity. 
d) Compressive strength (stress at maximum load). 
e) Compressive modulus of elasticity. 


2.9.5 Core shear properties are to be determined 
according to the requirements of 3.8.1. 


2.9.6 Additionally, the compressive properties (see 
2.9.4(d) and (e)) are to be determined at a minimum of five 
points over the temperature range ambient to maximum 
recommended service or 70°C, whichever is the greater. 


2.10 Synthetic felt type materials with or without 
microspheres 


2.10.1 For materials of this type, the following data is 
required in addition to the requirements of 2.7.1: 

a) Fibre type. 

b) Width. 

c) Width of finished material. 

d) Weight per unit area of the manufactured material. 

e) Weight per linear metre of the manufactured material. 

f) Compatibility. 

g) Details of the method of combining. 


2.10.2 A laminate of the material is to be prepared using a 
suitable approved resin under conditions recommended by 
the manufacturer. 


2.10.3 The following properties are to be determined: 

(a) Tensile strength (stress at maximum load). 

(o) Tensile strain at break. 

(c) Modulus of elasticity in tension or secant modulus at 
0,25 per cent and 0,5 per cent strain. 

(d) Compressive strength (stress at maximum load). 

(e) Compressive modulus. 

(f) Flexural strength (stress at maximum load). 

(g) Modulus of elasticity in flexure. 

(h) Fibre content. 

(i) | Water absorption. 


2.10.4 In the case of anisotropic materials (e.g., where 
combined with other reinforcements) the tests listed in 2.10.3 
are to be conducted in the 0°, 90° directions and in any other 
reinforcement direction. 
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2.10.5 Additionally, the tests listed in 2.10.3 are to be 
repeated after immersion in fresh water at 35°C for 28 days. 
For anisotropic materials, the requirement is for this test to be 
carried out in one direction only. 


2.10.6 The shear properties (of the resin filled system) are 
to be determined according to 3.8.1. 


2.11 Machinery chocking compounds (resin 
chocks) 


2.11.1. Thermosetting materials for filling the space 
between the base of machinery and its foundation where the 
maintenance of accurate alignment is necessary are to be 
approved by LR before use. 


2.11.2 Approval will be considered by LR for use under the 
following service conditions: 
e — Loading of 3,5 N/mm? 
(max) for a temperature not exceeding 60°C. 
e — Loading of 2,5 N/mm? 
(max) for a temperature not exceeding 80°C. 
e — Other loading conditions. 


2.11.3 The exotherm temperature, defined as the 
maximum temperature achieved by the reacting resin under 
conditions equivalent to those of intended use, is to be 
determined according to a procedure approved by LR. 


2.11.4 The following properties are to be determined on 

chock material cured at the measured exotherm temperature: 

a) The impact resistance (Izod). 

b) Hardness. 

c) Compressive strength (stress at maximum load) and 
modulus of elasticity. 

d) Water absorption. 

e) Oil absorption. 

f) Heat deflection temperature. 

g) Compressive creep is to be measured according to 3.9.4. 

h) Curing linear shrinkage. 

() Flammability. 


2.11.5 | The chocking compound approval is contingent on 
the material achieving the minimum exotherm value as 
specified when used on an installation under practical 
conditions. 


2.11.6 | Where the resin chock is to be used for installation 
of sterntubes and sternbushes in addition to the requirements 
of 2.11.4, the tensile strength and modulus of elasticity in 
tension are to be measured. 


2.11.7 | Themanufacturer’s installation procedure is required 
to be documented and is to be to the satisfaction of LR. 
2.12 Rudder and pintle bearings 


2.12.1 Materials used for rudder and pintle bearings are to 
be approved by LR before use. 
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2.12.2 Initial approval is to be based on a review of the 

following physical properties of the material: 

(a) Compressive strength (stress at maximum load) and 
modulus of elasticity. 

(b) Tensile strength (stress at maximum load) and modulus 
of elasticity. 

c) Shear strength (stress at maximum load). 

d) Impact strength. 

e) Swelling in oil and in water. 

f) Hardness. 


2.12.3 Additionally, friction data is to be provided under 
both wet and dry conditions. 


2.12.4 Furthermore, the installation instructions (especially 
recommended clearances) are to be reviewed by LR prior to 
provisional approval being given. 


2.12.5 Ifthe above data is satisfactory, the material will be 
provisionally approved until sufficient service experience has 
been gained. 


2.13 Sterntube bearings 


2.13.1 Materials used for sterntube bearings are to be 
approved by LR before use. 


2.13.2 Approval is to be based on a review of the physical 
properties as given by 2.12.2. 


2.13.3 Friction data is to be provided under the lubrication 
system(s) proposed for the material(s). 


2.14 Plywoods 


2.14.1 All plywoods are to be approved to BS 1088 or 
equivalent National or International Standard in accordance 
with LR’s Type Approval Procedure. 


2.14.2 For structural applications in the marine environ- 
ment, a minimum timber rating of moderate durability 
according to BS 1088-1 and BS 1088-2 is required. 


2.14.3 | Enhancement of durability by use of preservatives is 
permitted, subject to each veneer layer being treated with a 
recognised preservative. 


2.14.4. Where Okoume, as specified by BS 1088 is involved, 
(i.e. non-durable timber classification) this may only be used 
for marine structures subject to the specific application being 
acceptable to LR. 


2.15 Adhesive and sealant materials 


2.15.1 Materials of these types are to be accepted by LR 
before use. 


2.15.2 The requirements for acceptance are dependent on 
the nature of the application. 
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2.15.3 In the first instance, the manufacturer is to submit 
full details of the product, procedure for method of use 
(including surface preparation) and the intended application. 
After review of these details, LR will provide a specific test 
schedule for confirmation of the material’s properties. 


2.15.4 Any acceptance granted will be limited to specific 
applications and will be contingent on the instructions for use 
being adhered to. 


2.16 Repair compounds 


2.16.1 Materials used for repairs are to be accepted by LR 
before use. 


2.16.2 For acceptance purposes, the manufacturer is to 
submit full product details, and user instructions, listing the 
types of repair for which the system is to be used together 
with details of any installer accreditation schemes. 


2.16.3 Dependent on the proposed uses, LR may require 
testing in accordance with a specified test programme. 


2.16.4 Materials will not be accepted for the following uses 

unless specific evidence of their suitability is provided: 

a) Any component in rubbing contact. 

Any component subject to dynamic cyclic loading. 

Any pressure part in contact with gas or vapour. 

d) Any pressure part in contact with liquid above 3,5 bar. 

e) Any component where operating temperature exceeds 
90°C. 

All uses of materials of these types are subject to the 

discretion of the Surveyor. 


a Section 3 
Testing procedures 


3.1 General 


3.1.1 This Section gives details of the test methods to be 
used for base materials and on finished plastics products 
such as fibre reinforced plastics (FRP) piping and any testing 
required in the construction of composite vessels. 


3.1.2 In general, testing is to be carried out by a 
competent independent test house which, at the discretion of 
LR, may or may not require witnessing by the Surveyor. 


3.1.3 Alternatively, testing may be carried out by the 
manufacturer subject to these tests being witnessed by the 
Surveyor. 


3.1.4 All testing is to be carried out by competent 
personnel. 


3.1.5 Unless specified otherwise, testing is to be carried 
out in accordance with a recognised ISO Standard, where one 
exists, and all test programmes are to have written 
procedures. 
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3.1.6 Alternatively, testing may be carried out in 
accordance with a National Standard provided that it 
conforms closely to an appropriate ISO standard and subject 
to prior agreement with the Surveyor. 


Sell Mechanical properties are to be established using 
suitable testing machines of approved types. The machines 
and other test equipment are to be maintained in a satisfactory 
and accurate condition and are to be recalibrated at 
approximately annual intervals. Calibration is to be undertaken 
by a nationally recognised authority or other organisation of 
standing and is to be to the satisfaction of the Surveyor. A 
record of all calibrations is to be kept available in the test 
house. The accuracy of test machines is to be within tone 
per cent. 


3.2 Preparation of test samples 


3.2.1 Thermoplastic samples are to be prepared in 
accordance with the manufacturer’s recommendations for 
moulding. For finished products, samples are to be taken from 
the product during production in accordance with the 
manufacturer’s quality plan, but where this is impractical, 
separate test samples are to be prepared in a manner 
identical with that of the product. 


3.2.2 Samples of thermosetting resins are to be prepared 
using the curing system recommended by the manufacturer 
and identical with that used for the finished product. 


3.2.3 The post curing conditions for samples of 
thermosetting resins are to be as recommended by the 
manufacturer and identical with those used for the finished 
product. Where the samples are made for the general 
approval of a resin, the post curing conditions are to be those 
in which the resin is intended to be used. 


3.2.4 Where curing of the product is intended to take 
place at room temperature, the sample is to be allowed to 
cure at room temperature (18 to 21°C) for 24 hours followed 
by a post-cure at 40°C for 16 hours. 


3.2.5 Where a reinforcement is to be used, the ratio of 
reinforcement to resin or polymer is to be nominally the same 
as that of the finished product or in accordance with 
Table 14.2.2 or 14.2.3. 


3.2.6 Where laminates are prepared specifically for 
approval test purposes, the reinforcement is to be laid 
parallel plied. 


3.3 Preparation of test specimens 


3.3.1 The test specimen is to be prepared in accordance 
with the appropriate ISO standard and the requirements of 
this Section. 


3.3.2 Precautions are to be taken during machining to 
ensure that the temperature rise in the specimen is kept to a 
minimum. 
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3.4 Testing 


3.4.1 Strain measurement is to be made by the use of a 
suitable extensometer or strain gauge. 


3.4.2 The rate of strain is to be in accordance with the 
appropriate ISO standard. 


3.4.3 The number of test specimens from each sample 
to be tested is to be in accordance with the ISO standard. For 
mechanical testing this is five. 


3.5 Discarding of test specimens 


CHo If a test specimen fails because of faulty prepara- 
tion or incorrect operation of the testing machine, it is to be 
discarded and replaced by a new specimen. 


3.5.2 In addition, if the deviation of one result in a group 
of five exceeds the mean by more than two standard 
deviations, that result is to be discarded and one further 
specimen tested, see 1.8.1 and 1.8.2. 


3.6 Reporting of results 


3.6.1 All load/displacement graphs and tabulated results 
are to be reported, including mean values and the calculated 
standard deviation. 


3.6.2 Additionally, full details of the sample and specimen 
preparation are to be provided including (where applicable): 
(a) Catalyst/accelerator or curing agent types and mix ratio. 
(o) Weights of resins, and/or reinforcements used. 

(c) Casting/laminate dimensions. 

(d) Number of layers of reinforcement used. 

(e) Curing/post-curing conditions. 


3.7 Tests for specific materials 


3.7.1 The data requirements in 2.2 and 2.3 for thermo- 
plastic or thermosetting resins or polymers are to be 
determined in accordance with suitable National or 
International Standards. 


3.7.2 Recognised Standards to which specimens of 
unreinforced thermoplastic resins are to be tested are listed 
in Table 14.3.1. 


3.7.3 Test standards for unreinforced cast thermo- 
setting resins are given in Table 14.3.2. 


3.7.4 The Standards to which laminate specimens of any 
type are to be tested are listed in Table 14.3.3. 
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Table 14.3.1 Tests for unreinforced thermoplastic 


resins 


Test Standard 
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Table 14.3.3 


Tests on laminate specimens 


Tensile properties] ISO 527-2:1993|Test speed = 5 mm/min 

Specimen 1A or 1B 

Thickness 
2 


Flexural properties] ISO 178:2001 |Test speed = 


mnvmin 


Water absorption | ISO 62:2008  |Method 1 
Temperature of |ISO 75-2:2004 |Method A 
deflection under 
load 


Compressive 
properties 


SO 604:2002 |Test speed — as for ductile 
materials 


NOTES 

1. Water absorption — result to be expressed as milligrams. 

2. Tensile modulus values are to be determined using an 
extensometer which may be removed for strain to failure. 


Table 14.3.2 Tests on unreinforced cast thermoset 


resin specimens 


Test Standard 


Tensile properties | ISO 527-2:1993 | Test soeed = 5 mm/min 
Specimen 1A or 1B 


Thickness 


Flexural properties | ISO 178:2001 2 


Test speed = mm/min 


Water absorption | ISO 62:2008 Method 1 


Temperature of |ISO 75-2:2004 | Method A 
deflection under 


load 


Compressive 
properties 


SO 604:2002 | Test soeed = 1 mm/min 


NOTES 


1. ISO 62:2008 - where resins are intended for use under 


ambient conditions to avoid additional post-curing, the 
requirement in ISO 62:2008 for pre-drying the test specimen 
at 50°C is to be omitted. The test result is to be expressed 
as mg of water. 

ISO 527-2:1993 — tensile properties are to be measured 
using extensometry. 


3.8 Structural core materials 


3.8.1 Initially, the core shear strength and modulus are to 
be determined by ISO 1922:2001 or ASTM C273/C273M. 
Test sandwich panels are then to be prepared and subjected 
to four-point flexural tests to determine the apparent shear 
properties according to ASTM C3893/C393M:06 (short beam) 
at two representative thicknesses (i.e., 15 mm and 30 mm). 
Testing is to be carried out at ambient temperature and at 
70°C. The following requirements are to be observed: 


Tensile properties | ISO 527-4:1997 | Test speed = 2 mm/min 
Specimens Types II or III 


Flexural properties| ISO 14125:1998 | Test speed a 
Method A 


Compressive 
properties 


ISO 604:2002 | Test speed = 1 mm/min 


Interlaminar shear | ISO 14130:1997 
Water absorption] ISO 62:2008 Method 1 


Glass content ISO 1172:1996 


NOTES 


1. ISO 62:2008 - where resins are intended for use under 
ambient conditions to avoid additional post-curing, the 
requirement in ISO 62:2008 for pre-drying the test specimen 
at 50°C is to be omitted. The test result is to be expressed 
as mg of water. 

. ISO 527-4:1997 — tensile properties are to be measured 
using extensometry. 

. Tensile modulus values are to be determined using an 
extensometer which may be removed for strain to failure. 


(a) Each skin is to be identical and have a thickness not 

greater than 21 per cent of the nominal core thickness. 

For hand laid constructions, each skin is to comprise a 
lightweight chopped strand mat reinforcement (800 g/m2) 
consolidated at a glass content, by weight, of 0,3 against 
the core, plus the required number of woven 
reinforcements consolidated, using an isophthalic 
polyester resin, to give a minimum glass content, by 
weight, of 0,5. 

(b) The method of construction of the sandwich laminate is 
to reflect the core material manufacturer’s instructions 
for use, i.e., application of bonding paste, surface primer 
or any other recommended system. 


c) Where vacuum bagging techniques or equivalent 
systems are used, these will be subject to individual 
consideration. 

d) All resins and reinforcements are to hold current LR 
approval. 

e) Curing conditions are to be in accordance with 3.2.3 and 
3.2.4. 

f) The dimensions of the test samples should be based on 


the requirements of ASTM C393 Paragraph 5.1, and the 
ratio parameters as indicated in ASTM C393 Paragraph 
5.2, using a proportional limit stress (F) for the woven 
roving skins of 130 N/mm? and a span (av) of not less 
than 400 mm. 
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3.8.2 For each type of test sample, the following data are 

to be reported, together with the submission of a representative 

test sample showing the mode of failure for each density of 
core material: 

(a) Skin and core thickness, and core type and density. 

(o) Resin/catalyst/accelerator ratio. 

(c) Skin construction, including types and weight of 
reinforcements, resin(s), etc. 

(d) Details of production method and curing conditions 
(temperature and times). 

(e) Where additional preparation of the foam is involved, for 
example the use of primers or bonding pastes, full details 
are to be provided. 

(f) Actual span between base supports for each type of test 
sample. 


3.8.3 The following requirements apply to end-grain 

balsa: 

(a) The data requirements of 2.7.1 are to be provided, 
where applicable, according to suitable National or 
International Standards. 

(b) The balsa is to be tested according to the requirements 
of 3.8.1. 

(c) The test methods for balsa are given in Table 14.3.4. 


Table 14.3.4 Tests on end-grain balsa 


Standard 


Density ISO 845:2006 


ASTM C297/C297M:04 
Thickness 


Tensile properties 


Test speed = 


Compressive properties SO 844:2007 


sheeda S Thickness 
Pas ag) 
1922:2001 

speed = 1mm/min 


Shear properties 


3.8.4 The following requirements apply to rigid foams: 

(a) The data requirements of 2.7.1 are to be provided in 
accordance with a suitable National or International 
Standard. 

(b) The foam is to be tested according to the requirements 
of 3.8.1. 

(c) The test methods for rigid foams are to be in accordance 
with Table 14.3.4. 


3.8.5 The following requirements apply to synthetic felt 

type materials: 

(a) The data requirements of 2.10.1 are to be provided 
according to suitable National or International Standards. 

(o) The material is to be tested according to the require- 
ments of 3.8.1, with the following modifications: 

(i) The core of the laminate test sandwich panel is 
to be prepared with a fibre content as recom- 
mended by the manufacturer. 

(ii) | The felt fibre/resin ratio is to be stated. 
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(iii) The required test thicknesses of the cores are to 
be changed from 30 mm and 15 mm to 12 mm 
and 6 mm respectively. 

(c) The prepared laminate of the base material is to be of 
minimum thickness 3,5 mm with a minimum of three 
layers. 

(d) The specified tests on the laminate (see 2.10.3) are to be 
conducted according to the requirements of Table 14.3.3. 


3.9 Machinery chocking compounds 

3.9.1 Test samples of the cured chock resin are to be 
prepared under ambient conditions and then post-cured at 
the exotherm temperature as determined in 2.11.3. 

3.9.2 The specified properties are to be determined as 


required by Table 14.3.5. 


Table 14.3.5 Tests for machinery chocking 


compounds 


Test Standard 


Izod Impact Resistance SO 180-2000 Unnotched 


ASTM D2583-07 or 
BS 2782 part 10 Method 1001 


Barcol hardness 


SO 604:2002 
Test speed = 1 mm/min 


Compressive strength 


SO 62:2008 Method 1 
25 mm x 20 mm cylinder 
(to constant weight) 


Water absorption 


SO 175:1999 
25 mm x 20 mm cylinder 
(to constant weight) 


Oil absorption (light machine) 


Temperature of deflection SO 75-2 Method A 


under load 


3.9.3 The percentage linear shrinkage of cured material 
is to be measured. 


3.9.4 Creep is to be measured according to the following 

method: 

(a) A25 mmx 20 mm diameter parallel faced cylinder is to 
be pre-loaded against a steel base at 2,5 N/mm? or 
3,5 N/mm, or at the specified higher loading condition, 
at ambient temperature for 16 hours. 

b) The temperature is to be increased at the rate of 8°C per 
hour until the service temperature (60°C or 80°C) is 
reached. 

c) During this time, the creep of the cylinder is to be 
measured at 15 minute intervals. 

d) The temperature and loading are to be maintained for a 
minimum of 100 days measuring the creep at intervals 
of 24 hours. 

e) A plot of creep in mm (linear scale) against time (log 
scale), together with full experimental details, is to be 
provided for review by LR. 
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3.10 Rudder and pintle bearings 

3.10.1 All mechanical properties as required by 2.12 are to 
be measured according to suitable National or International 
Standards. 

3.10.2 Frictional properties are to be determined according 
to a method agreed with LR. 


3.11 Sterntube bearings 


3.11.1 The requirements for sterntube bearings are as 
defined in 2.13. 


a Section 4 
Plastics pipes and fittings 


4.1 Scope 


4.1.1 This Section gives the general requirements for 
plastics pipes and fittings, with or without reinforcement, 
intended for use in the services listed in the relevant Rules 
dealing with design and construction. Hoses and mechanical 
couplings are not covered by these requirements. 


4.1.2 Pipes and fittings intended for application in 
Class |, Class Il and Class Ill systems for which there are Rule 
requirements, are to be manufactured in accordance with the 
requirements of Section 1 and this Section. 


4.1.3 As an alternative to 4.1.2, plastics pipes and fittings 
which comply with National or proprietary specifications may 
be accepted, provided that the specifications give reasonable 
equivalence to the requirements of this Section or, alterna- 
tively, are approved for a specific application. The survey and 
certification are however to be carried out in accordance with 
the requirements of this Section. 


4.2 Design requirements 


4.2.1 The requirements for design approval are detailed 
in the relevant Rules. 


4.2.2 The design submission is to include a materials list 
with confirmation that the materials listed have properties and 
characteristics conforming with those values used in the 
design submission. As a minimum, the details given should 
include the following: 

(a) Resin. 

b) Accelerator (type and concentration). 

c) Catalyst or curing agent (type and concentration). 

d) Reinforcement. 

e) Cure/post-cure conditions. 

f) | Resin/reinforcement ratio. 

g) Wind angle (or lay-up sequence) and orientation. 

(h) Dimensions and tolerances. 

This submission is to include similar details for the fittings 
together with a description of the method of attachment of 
the fittings to the pipes. 
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4.2.3 Any alteration of the component materials or 
manufacturing operations from those used in the design 
submission will necessitate a completely new submission. 


4.2.4 If the piping manufacturer anticipates the possible 
use of alternative materials, these should be listed in the 
design submission. Proof that the modified product will meet 
the specified requirements will be needed prior to its use. 


4.3 Manufacture 


4.3.1 Plastics pipes and fittings intended for use in 
Class |, Class Il and Class Ill systems are to be manufactured 
at facilities approved by LR, using materials approved by LR. 


4.3.2 A Manufacturing Specification is to be submitted. 

This is to contain details of the following: 

(a) All constituent materials. 

(o) Manufacturing procedures such as lay-up sequence or 
wind angle, the ratios of curing agent to resin and 
reinforcement to resin, the laminate thickness, the 
mandrel dwell time (initial cure) and the cure and 
post-cure conditions. 

c) Quality control procedures including details and 
frequency of tests on the incoming materials, tests made 
during production and on the finished piping. 

d) Acceptance standards and tolerances, including all 
dimensions. 

e) Procedures for cosmetic repair. 

f) System for traceability of the finished piping to the 
batches of raw materials. 

g) Method of bonding pipes and fittings. 


4.3.3 Details of all raw materials are to be submitted for 
approval and are to be in accordance with the Manufacturing 
Specification and the design submission. 


4.3.4 All batches of raw materials are to be provided with 
unique identifications by their manufacturers. 


4.3.5 No batch of material is to be used later than its date 
of expiry. 


4.3.6 The piping manufacturer is to ensure that all 
batches of materials are used sequentially. 


4.3.7 The piping manufacturer is to maintain records of 
the amounts of resin and reinforcement used, in order to 
ensure that the proportions remain within the limits set in the 
Manufacturing Specification. 


4.3.8 Records are to be kept of the wind angle and/or the 
orientation of the reinforcement. 


4.3.9 The piping manufacturer is to ensure that each item 
of piping is traceable to the batch or batches of material used 
in its manufacture. The unique identifications referred to in 
4.3.4 are to be included on all documents. 


4.3.10 The curing oven is to be suitable for the intended 
purpose and all pyrometric equipment is to be calibrated at 
least annually and adequate records maintained. 


LLOYD'S REGISTER 


11 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS, July 2014 


Plastics Materials and other Non-Metallic Materials 


4.3.11 The temperature of the pipe or fitting is to be 
controlled and recorded by the attachment of suitably placed 
thermocouples. 


4.4 Quality assurance 


4.4.1 The piping manufacturer is to have a quality 
assurance system approved to ISO 9001 or equivalent. This 
system should ensure that the pipes and fittings are produced 
with uniform and consistent mechanical and physical 
properties in accordance with acceptable standards. 


4.5 Dimensional tolerances 


4.5.1 Dimensions and tolerances are to conform to the 
Manufacturing Specification. 


4.5.2 The wall thicknesses of the pipes are to be 
measured at intervals around the circumference and along the 
length in accordance with an appropriate National Standard. 
The thicknesses are to accord with the Manufacturing 
Specification. 


4.5.3 The responsibility for maintaining the required 
tolerances and making the necessary measurements rests 
with the manufacturer. Occasional checking by the Surveyor 
does not absolve the manufacturer from this responsibility. 


4.6 Composition 


4.6.1 The composition of the pipes and fittings is to be in 
accordance with the Manufacturing Specification. 


4.6.2 Where alternative materials are used (see 4.2.4), the 
manufacturer is to demonstrate to the Surveyor’s satisfaction, 
and prior to their introduction, their suitability with respect to 
the performance of the piping. Otherwise, full testing as 
specified in 4.7 will be required. 


4.7 Testing 


4.7.1 For thermoplastic pipes, the polymer manufacturer 
is to make the following measurements on samples taken 
from each batch: 

(a) Melting point. 

(o) Melt flow index. 

(c) Density. 

(d)  Filler/pigment content, where applicable. 

(e) Tensile stress at yield and break. 

(f} Tensile strain at yield and break. 


4.7.2 The values obtained are to be certified by the 
polymer manufacturer. 
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4.7.3 For reinforced thermoset pipes,the resin manufac- 
turer is to determine, on samples taken from each batch, at 
least the following: 

(a) All resins: 

i) Viscosity. 

ii) Gel time. 

iii) Filler content, where applicable. 

(b) Polyester resins: 

i) Type (orthophthalic, isophthalic, etc.). 

ii) Volatiles content. 

iii) Acid value. 

(c) Epoxide resins: 

i) Free epoxide content. 

(d) Phenolic resins: 

i) Free phenol content. 

ii) Free formaldehyde content. 


4.7.4 The values obtained are to comply with the require- 
ments of the Manufacturing Specification. 


4.7.5 Where the resin manufacturer mixes batches, both 
the original batches and the mixed batch are to be tested in 
accordance with 4.7.1 to 4.7.3 as appropriate. The mixed 
batch is then to be given a unique batch number. 


4.7.6 The polymer or resin manufacturer is to demon- 
strate that each batch of polymer or resin satisfies the 
requirement for temperature of deflection under load and this 
is not to be less than 80°C. 


4.7.7 These measurements should be repeated on each 
batch by the piping manufacturer. Where this is not done, LR 
may require that the tests be made on a random basis by an 
independent laboratory. 


4.7.8 The piping manufacturer is to confirm, by means of 
tests on at least one batch in twenty, that the temperature of 
deflection under load exceeds the specified minimum under 
manufacturing conditions. 


4.7.9 Where reinforcements are used, at least the following 
are to be recorded, where applicable: 

(a) Tex of yarn(s) or roving(s). 

(b) Ends per 100 mm in all reinforcement orientations. 

(c) Weight per square metre. 

(d) Binder/size content. 
( 
( 


e) Stitch type and count. 
f) Type of fibre used. 
g) Surface treatment and/or finish. 


4.7.10 All items in 4.7.9 are to comply with the Manufacturing 
Specification. 


4.7.11 The piping manufacturer is to maintain accurate 
records of resin and glass usage and is to calculate the 
resin/glass ratio on an ongoing basis. 


4.7.12 During manufacture of the piping, apart from the 
requirements of 4.7.5, 4.7.6 and 4.7.8, tests are to be carried 
out on the constituents and final product in accordance with 
Table 14.4.1. 


4.7.13 The standards of acceptance are those listed in the 
Manufacturing Specification approved by LR. 
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Table 14.4.1 Testing during manufacture of pipes 


Component/ 


operation Characteristic 


Rate of testing 


Resin/curing 
agent/catalyst 


Gel time Two per shift 
Rate of consumption inuous 


Reinforcement Quality inuous 
Wind angle inuous 
Rate of consumption inuous 


Resin/ Ratio inuous 
reinforcement 


Pipe Post-cure: 
temperature of 
the pipe in oven 


Cure level At least eight 
per length 
Dimensions Each length 


Hydraulic 
pressure test 


Each length 


Electrical 
resistance 


Each length 
(see Note) 


Hydraulic 
bursting test 


At Surveyor’s 
discretion 


Axial strength 


At Surveyor’s 
discretion 


NOTE 
Measurements of electrical resistance are only required on piping 
where the operating conditions given in Pt 5, Ch 12,5.2.4 of the 
Rules and Regulations of the Classification of Ships apply. 


4.7.14 At the Surveyor’s discretion, sections of pipe are to 
be subjected to hydraulic bursting tests and/or measurements 
of axial strength. 


4.7.15 _ lf the batch of resin or polymer, or the curing agent, 
or their ratio is changed during manufacture of a batch of 
pipes, at least two additional measurements of the gel time 
are to be carried out during each shift. 


4.8 Visual examination 


4.8.1 All pipes and fittings are to be visually examined 
and are to be free from surface defects and blemishes. 


4.8.2 The pipes are to be reasonably straight and the cut 
ends are to be square to the axis of the pipe. 


4.9 Hydraulic test 


4.9.1 Each length of pipe is to be tested at a hydrostatic 
pressure not less than 1,5 times the rated pressure of the 
pipe. 


4.9.2 The test pressure is to be maintained for sufficient 
time to permit proof and inspection. Unless otherwise agreed, 
the manufacturer’s certificate of satisfactory hydraulic test, 
endorsed by the Surveyor, will be accepted. 
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4.10 Repair procedure 


4.10.1 Repairs are not allowed, with the exception of 
minor cosmetic blemishes as detailed in 1.10.1. 


4.10.2 A repair procedure for these minor blemishes is to 
be included in the Manufacturing Specification. 


4.11 Identification 


4.11.1 All piping is to be identified in such a manner that 
traceability to all the component materials used in its 
manufacture is ensured. The Surveyor is to be given full 
facilities for tracing the material when required. 


4.11.2 Pipes and fittings are to be permanently marked by 
the manufacturer by moulding, hot stamping or by any other 
suitable method, such as printing, in accordance with 1.11. 
The markings are to include: 

a) Identification number, see 4.11.1. 

b) LR or Lloyd’s Register, and the abbreviated name of LR’s 
local office. 

c) Manufacturer’s name or trademark. 

d) Pressure rating. 

e) Design standard. 

f) Material system with which the piping is made. 

g) Maximum service temperature. 


4.12 Certification 


4.12.1. The manufacturer is to provide the Surveyor with 
copies of the test certificates or shipping statements for all 
material which has been accepted. 


4.12.2 Each test certificate is to contain the following 

particulars: 

a) Purchaser’s name and order number. 

b) If known, the contract number for which the piping is 
intended. 

c) Address to which piping is despatched. 

d) Type and specification of material. 

e) Description and dimensions. 

f) Identification number, see 4.11.1. 

g) Test results. 


E Section 5 
Control of material quality for 
composite construction 


5.1 Scope 


5.1.1 This Section gives the general requirements for 
control of material quality when used in the construction of 
composite craft. 


5.1.2 For composite craft built under the Rules, the 
survey of materials is to be conducted in accordance with the 
requirements of Sections 1 to 3 and this Section. 
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5.2 Design submission 

5.2.1 The requirements for design submission are 
detailed in the appropriate Part of the Rules which includes 
full information on composite materials. 


5.3 Construction 


5.3.1 All constructions are to be carried out using 
materials approved or accepted by LR. 


5.3.2 All materials are to be in accordance with the 
approved construction documentation. 


5.3.3 All batches of materials are to be provided with 
unique identifications by their manufacturers. Components are 
to be similarly identified. 


5.3.4 No batch of material is to be used later than its date 
of expiry. 


5.3.5 The Builder is to ensure that all batches of materials 
are used systematically and sequentially. 


5.3.6 The Builder is to maintain, on a continuous basis, 
records of the amounts of resin and reinforcement used, in 
order to ensure that the proportions remain within the limits 
set in the construction documentation. 


5.3.7 Records are to be kept of the sequence and 
orientation of the reinforcements. 


5.3.8 The Builder is to ensure that each section of the 
construction is traceable to the batch or batches of material 
used. The unique identifications required under 1.11.1 are to 
be included on all relevant quality control documentation. 


5.3.9 Any curing system used is to be demonstrated as 
suitable for the intended purpose and all pyrometric 
equipment is to be calibrated at least annually and adequate 
records maintained. 


5.3.10 — The post-curing temperature is to be controlled and 
recorded by the attachment of suitably placed thermocouples. 


5.4 Quality assurance 


5.4.1 Where the Builder has a quality assurance system, 
this is to include the requirements of this Section. 


5.5 Dimensional tolerances 


5.5.1 Dimensions and tolerances are to conform to the 
approved construction documentation. 


5.5.2 The thicknesses of the laminates are, in general, to 
be measured at not less than ten points, evenly distributed 
across the surface. In the case of large sections, at least ten 
evenly distributed measurements are to be taken in bands 
across the width at maximum spacing of two metres along the 
length. 
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5.5.3 The responsibility for maintaining the required 
tolerances and making the necessary measurements rests 
with the Builder. Monitoring and random checking by the 
Surveyor does not absolve the Builder from this responsibility. 


5.5.4 Where ultrasonic thickness gauges are used, these 
are to be calibrated against an identical laminate (of measured 
thickness) to that on which the thickness measurement is to 
be carried out. If suitable pieces are not available from the 
construction, then a small sample of identical lay-up is to be 
prepared. 


5.6 Material composition 


5.6.1 The materials, prefabricated sections or compo- 
nents used are to be in accordance with the approved 
construction documentation. 


5.6.2 Where alternative materials are used, these are to 
be of approved or accepted types and the manufacturer is to 
demonstrate to the Surveyor’s satisfaction, prior to their 
introduction, their suitability with respect to performance, 
otherwise full testing as appropriate will be required. 


5.7 Material testing 


5.7.1 Where so required, the material manufacturer is to 
provide the purchaser with certificates of conformity for each 
batch of material supplied, indicating the relevant values 
specified in 5.7.4 to 5.7.8. These values are to comply with 
those specified by the approved construction documentation. 


5.7.2 Where the Builders do not conduct verification 
testing of the information indicated in 5.7.4 to 5.7.8, they are 
to ensure that copies of all certificates of conformity (which 
must indicate the actual tested values) are obtained for all 
batches of materials received, and maintain accurate records. 
The Surveyor may at any time select a sample of a material 
for testing by an independent, where applicable, source and 
should such tests result in the material failing to meet the 
specification, then that batch will be rejected. 


5.7.3 The following tests are to be carried out, where 

applicable, on receipt of any material: 

a) The consignment is to be divided into its respective 
batches and each batch is to be labelled accordingly. 

b) Each batch is to be visually examined for conformity with 
the batch number, visual quality and date of expiry. 

c) Each batch is to be separately labelled and stored 
separately. 

d) Each unit, within the batch, is to be labelled with the 
batch number. 

e) Records are to be maintained of the above and these are 
to be cross-referenced with the certificate of conformity 
for the material and/or the Builder’s own test results. 
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5.7.4 For thermosetting resins, reinforced or otherwise, 
the resin manufacturer is to have determined, on samples 
taken from each batch, at least the following: 
(a) All resins: 
(i) Viscosity. 
(ii) | Gel time. 
(iii) Filler content, where applicable. 
(o) Polyester and vinylester resins: 
(i) Type (orthophthalic, isophthalic, etc.). 
(ii) Volatiles content. 
(iii) Acid value. 
(c) Epoxide resins: 
(i) Free epoxide content. 
(d) Phenolic resins: 
i) Free phenol content. 


( 
i 


i) Free formaldehyde content. 


5.7.5 For thermoplastics, the polymer manufacturer is 
to have made the following measurements on samples taken 
from each batch: 

(a) Melting point. 

(o) Melt flow index. 

(c) Density. 

(d)  Filler/pigment content, where applicable. 

(e) Tensile stress at yield and break. 

(f} Tensile strain at yield and break. 


5.7.6 Where the resin or polymer manufacturer mixes 
batches, both the original batches and the mixed batch are 
to be tested in accordance with 5.7.4 or 5.7.5 as appropriate. 
The mixed batch is then to be given a unique batch number. 


5.7.7 For reinforcements, the material manufacturer is to 
have recorded, where applicable, the following for each batch 
of material: 

(a) Tex of yarn(s) or roving(s). 

(b) Ends per 100 mm in all reinforcement orientations. 

(c) Weight per square metre. 

(d) Binder/size content. 

(e) Stitch type and count. 


Table 14.5.1 Testing during construction 


Component/operation 


Characteristic 
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Section 5 


(f) Type of fibre used. 
(g) Surface treatment and/or finish. 


5.7.8 For core materials, the following properties are to 

be recorded by the manufacturer for each batch: 

a) Type of material. 

b) Density. 

c) Description (block, scrim mounted, grooved). 

d) Thickness and tolerance. 

e) Sheet/block dimensions. 

f) Surface treatment. 

Together with the following mechanical properties: 

n the case of rigid foams: 

g) Compressive strength (stress at maximum load) and 
modulus of elasticity. 

h) Core shear strength.In the case of end-grain balsa: 

() Tensile strength (stress at maximum load). 

k) Compressive strength (stress at maximum load) and 
modulus of elasticity. 


5.7.9 During construction, tests are to be carried out on 
the constituents and final product in accordance with 
Table 14.5.1. 


5.7.10 The standards of acceptance for testing are those 
listed in the material manufacturer’s specification, approved 
construction documentation or agreed quality control 
procedures as applicable. 


5.7.11 Laminate fibre content is to be determined at the 
request of the Surveyor, in particular where the thickness 
measured does not correlate with the specified fibre content, 
by weight. This will, in general, result in additional reinforce- 
ment being required. 


5.7.12 |f the batch of resin or polymer, or the curing agent, 


or their ratio is changed, at least two additional measurements 
of the gel time are to be carried out during each shift. 


Rate of testing 


Resin/curing agent/catalyst Gel time 


Rate of consumption 


Two per shift 
Continuous 


Reinforcement Quality 
Orientation 


Rate of consumption 


Continuous 
Continuous 
Continuous 


Resin/reinforcement Ratio 


Continuous 


Construction 
Dimensions 


Temperature during cure/post cure 


Cure level (Barcol) against resin 
manufacturer’s specification 


Laminate thickness 


nate fibre content 


Continuous 


Continuous against approved construction 
documentation 


At least one per square metre 


Continuous against material usage and 
approved construction documentation 
(see also 5.5.2 to 5.5.4) 


At the Surveyor’s request (see 5.7.11) 
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5.8 Visual examination 


5.8.1 All constructional mouldings and any components 
are to be visually examined and are to be free from surface 
defects and blemishes. 


5.9 Repair procedure 


5.9.1 Repairs of minor cosmetic blemishes are permitted 
providing that these are brought to the attention of the 
Surveyor. 


5.9.2 A repair procedure for these minor blemishes is to 
be included in the agreed quality control procedures. 


5.9.3 Structural repairs are subject to individual consid- 
eration and full written details must be approved by the plan 
approval office prior to introduction. 


5.10 Material identification 


5.10.1 Records of the construction are to be kept in such 
a manner that traceability of all the component materials used 
is ensured. The Surveyor is to be given full facilities for 
tracing the material’s origin when required. 


5.10.2 Small representative samples of each batch of 
material are to be retained, these being suitably labelled to 
ensure traceability. 


5.10.3 When so requested by the Surveyor, the Builder is 
to provide copies of all test data and/or manufacturers’ 
certificates of conformity appertaining to any material used. 


5.11 Minimum tested requirements for material 
approval 


5.11.1 This Section provides the minimum property values 
required of a material for approval or acceptance by LR and 
are applicable to materials cured under ambient conditions. 


5.11.2 Gel coat resins. When the cast resin is tested 
according to the requirements of 2.3, Table 14.5.2 gives the 
minimum values for the respective properties. 


5.11.3 Laminating resins. When tested according to the 
requirements of 2.3 and 2.4, Tables 14.5.3 and 14.5.4 give 
the minimum properties for the cast resin and chopped strand 
mat laminate respectively. 


5.11.4 When tested to the requirements of 2.4 for 
reinforcements, Table 14.5.5 gives the minimum properties for 
laminates. 


5.11.5 Alternatively, materials may be approved by use of 
the actual tested values whereby the approval value shall 
equal the mean of the tested values minus twice the standard 
deviation of a minimum of five tested values. 


Chapter 14 


Section 5 


Table 14.5.2 Gel coat resins, minimum property 


values 


Properties Minimum value 


Tensile strength (stress at maximum 
load) 40 N/mm2 


Tensile stress at break 40 N/mm2 
Tensile strain at maximum load 2,5% 
Modulus of elasticity in tension As measured 


Flexural strength (stress at maximum 
load) 80 N/mm2 
Modulus of elasticity in flexure As measured 


Barcol hardness As measured at full cure 


Water absorption 70 mg (max) 


Table 14.5.3 Laminating resins, minimum property 


values 


Properties Minimum value 


Tensile strength (stress at maximum 
load) 40 N/mm? 


40 N/mm2 


Tensile stress at break 
Tensile strain at maximum load 2,0% 
Modulus of elasticity in tension As measured 


Barcol hardness As measured at full cure 


Temperature of deflection under 55°C 
load 


NOTE 
These minimum values are for the recommended glass content 
by weight of 0,3. 


5.12 Closed cell foams for core construction based 
on PVC or polyurethane 


5.12.1 Table 14.5.6 gives minimum values for closed cell 
forms for core construction based on PVC or polyurethane. 


5.12.2 Other types of foam will be subjected to individual 
consideration. A minimum core shear strength of 0,5 N/mm? 
is to be achieved. 

5.13 End-grain balsa 

5.13.1 Table 14.5.7 gives the minimum property require- 
ment for end-grain balsa. 

5.14 Synthetic chocking compounds 

5.14.1 After 1000 hours the chocking resin must be 


stabilised and maximum creep is to be less than or equal to 
0,2 per cent. 
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Table 14.5.4 Laminating resins, minimum values 5.14.2 Compliance with 5.14.1 is to be demonstrated at 
for properties for CSM laminate at the time of chocking compound approval for a specified 

0,3 glass fraction by weight cure/post-cure schedule. The Izod, barcol, compression, and 

water and oil absorption are additionally to be determined for 


Properties Minimum value the creep tested cure/post cure schedule. 


i j 2 
Tensile strength (stress at maximum 90 N/mm 5.14.3 


load) Confirmation of creep, barcol and compression will 


> be required for cure/post-cure conditions which differ from 
Secant modulus at 0,25% and 0,5% BS kN/mM those shown on the product approval certificate. 

strain respectively 
Compressive strength (stress at 125 N/mm? 

maximum load) 5.15 Other materials 


Compressive modulus 6,4 kN/mm2 


Flexural strength (stress at maximum 460 N/mm2 5.15.1 All other materials will be subject to special 
load) consideration. 
Modulus of elasticity in flexure 5,7 kN/mm? 


Apparent interlaminar shear 18 N/mm2 
strength (see Note) 


Fibre content As measured (0,3) 
Water absorption 70 mg (max) 


NOTE 
Applicable only to the special test for environmental control resins. 


Table 14.5.5 Laminates, minimum property requirements 


Material type Property 


Chopped strand mat Tensi stress at maximum load 200G, + 30 


icity in tension (kN/mm? 15G, + 2,4 


Bi-directional reinforcement Tensi stress at maximum load 400G,- 10 


icity in tension (kN/mmĉ2) 30G, - 0,5 


Uni-directional reinforcement i ress at maximum load 1800G,2 - 1400G, + 510 


icity in tension (kN/mm?) 30G,2 - 114G, + 39 


Chopped strand mat exural t maximum load) (N/mm2) 502G,2 + 114,6 


odulus o icity in flexure (kN/mm2) 33,4G,2 + 2,7 


exural strength (stress at maximum load) (N/mm?) 502G,2 + 106,8 


odulus of elasticity in flexure (kN/mm?) 33,4G,2 + 2,2 


Compressive strength (stress at maximum load) (N/mm2) 150G, + 72 


Compressive modulus (kN/mm? 40G, - 6 


Interlaminar shear strength (N/mm?) 22 — 13,5G, (min 15) 


Water absorption (mg) 70 (maximum) 


Glass content (% by weight) As measured 


NOTES 
1. After water immersion, the values shall be a minimum of 75% of the above. 
Where materials have reinforcement in more than two directions, the requirement will be subject to individual consideration dependent on 
the construction. 
3. G = glass fraction by weight. 
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Table 14.5.6 


Material 


Chapter 14 


Section 5 


Minimum characteristics and mechanical properties of rigid expanded foams at 20°C 


Apparent 
density 
kg/ms 


Strength (stress at maximum load) (N/mm?) 


Modulus of elasticity (N/mm?) 


Tensile 


Compressive 


Shear 


Compressive Shear 


Polyurethane 


96 


Polyvinylchloride 


Table 14.5.7 


60 


0,85 


0,60 


0,50 


17,20 8,50 


Minimum characteristics and mechanical properties of end-grain balsa 


Strength (stress at maximum load) 
(N/mm?) 


Apparent 


Compressive 


Tensile 


density 
(kg/m9) 


Direction of stress 


Parallel 


to grain 


Perpendicular 
to grain 


Parallel 
to grain 


Perpendicular 
to grain 


Compressive modulus 
of elasticity (N/mm?) Shear 


modulus 


of elasticity 


Direction of stress (N/mm?) 


Parallel 
to grain 


Perpendicular 
to grain 


5,0 
10,6 


12,8 


0,35 
0,57 


0,68 


9,00 
14,6 


20,5 


0,44 
0,70 


0,80 


2300 
3900 


5300 


35,2 
67,8 


89,6 


18 


LLOYD'S REGISTER 


© Lloyd’s Register Group Limited 2014 
Published by Lloyd’s Register Group Limited 
Registered office (Reg. no. 08126909) 

71 Fenchurch Street, London, EC3M 4BS 
United Kingdom 


Rules and 
Regulations 
for the 
Classification 
of Ships 


Part 3 
Ship Structures (General) 
July 2014 


Lloyd's 
Register 


Lloyd’s Register is a trading name of Lloyd’s Register Group Limited and its subsidiaries. For further details please see http://www.Ir.org/entities 


Lloyd's Register Group Limited, its subsidiaries and affiliates and their respective officers, employees or agents are, individually and collectively, referred 
to in this clause as ‘Lloyd's Register’. Lloyd's Register assumes no responsibility and shall not be liable to any person for any loss, damage or expense 
caused by reliance on the information or advice in this document or howsoever provided, unless that person has signed a contract with the relevant 
Lloyd's Register entity for the provision of this information or advice and in that case any responsibility or liability is exclusively on the terms and 
conditions set out in that contract. 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Chapter Contents 


Part 3 


PART 


PART 


PART 


PART 


PART 


1 


REGULATIONS 


RULES FOR THE MANUFACTURE, TESTING AND CERTIFICATION OF MATERIALS 


SHIP STRUCTURES (GENERAL) 


Chapter 1 
2 
3 
4 


5 


General 

Materials 

Structural Design 

Longitudinal Strength 

Fore End Structure 

Aft End Structure 

Machinery Spaces 

Superstructures, Deckhouses and Bulwarks 

Special Features 

Welding and Structural Details 

Closing Arrangements for Shell, Deck and Bulkheads 
Ventilators, Air Pipes and Discharges 

Ship Control Systems 

Cargo Securing Arrangements 

Quality Assurance Scheme for the Hull Construction of Ships 


ShipRight Procedures for the Design, Construction and Lifetime 
Care of Ships 


SHIP STRUCTURES (SHIP TYPES) 


MAIN AND AUXILIARY MACHINERY 


CONTROL, ELECTRICAL, REFRIGERATION AND FIRE 


OTHER SHIP TYPES AND SYSTEMS 


RULES FOR ICE AND COLD OPERATIONS 


© Lloyd's Register Group Limited 2014. All rights reserved. 


Except as permitted under current legislation no part of this work may be photocopied, stored in a retrieval system, published, performed in public, 
adapted, broadcast, transmitted, recorded or reproduced in any form or by any means, without the prior permission of the copyright owner. Enquiries 
should be addressed to Lloyd's Register Group Limited, 71 Fenchurch Street, London, EC3M 4BS. 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents Part 3 


CHAPTER 1 GENERAL 
Section 1 Rule application 

1.1 General 

1.2 Exceptions 

1.3 Loading 

1.4 Advisory services 

uo) Intact stability 
Section 2 Direct calculations 

2.1 General 

2.2 Submission of direct calculations 
Section 3 Equivalents 

3.1 Alternative arrangements and scantlings 
Section 4 National and International Regulations 

4.1 International Conventions 

4.2 International Association of Classification Societies (IACS) 

4.3 International Maritime Organization (IMO) 
Section 5 Information required 

5.1 General 

5.2 Plans and supporting calculations 

5.3 Plans to be supplied to the ship 

5.4 Fire protection, detection and extinction 
Section 6 Definitions 

6.1 Principal particulars 

6.2 Freeboard deck 

6.3 Weathertight 

6.4 Watertight 

6.5 Position 1 and Position 2 

6.6 Passenger ship 

6.7 Reference system 

6.8 Co-ordinate system 
Section 7 Equipment Number 

Ta Calculation of Equipment Number 
Section 8 Inspection and workmanship 

8.1 Inspection 

8.2 Workmanship 

8.3 Trial Trip and operational tests 
Section 9 Procedures for testing tanks and tight boundaries 

9.1 General 

9.2 Application 

9.3 Test types 

9.4 Structural test procedures 

9.5 Leak test procedures 

9.6 Definitions and details of tests 

9.7 Application of coating 

9.8 Safe access to joints 


CHAPTER 2 MATERIALS 


1 Materials of construction 
1.1 General 
1.2 Steel 
1:3 Aluminium 


Section 


LLOYD'S REGISTER 3 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents Part 3 


Section 2 Fracture control 
2A Grades of steel 
2.2 Refrigerated spaces 
Section 3 Corrosion protection 
3.1 General 
3.2 Prefabrication primers 
3.3 Internal cathodic protection 
3.4 Aluminium and magnesium anodes 
3.5 External hull protection 
3.6 Application of coatings and alternative means of protection 
Section 4 Deck covering 
4.1 General 


CHAPTER 3 STRUCTURAL DESIGN 


Section 1 General 
tA Application 
Section 2 Rule structural concepts 
2.1 Definition of requirements 
2.2 Definition of fore end region 
2.3 Definition of aft end region 
2.4 Symbols 
2:9 Taper requirements for hull envelope 
2.6 Vertical extent of higher tensile steel 
20 Grouped stiffeners 
Section 3 Structural idealisation 
3.1 General 
3.2 Geometric properties of section 
3.3 Determination of span point 
3.4 Calculation of hull section modulus 
Section 4 Bulkhead requirements 
4.1 Number and disposition of bulkheads 
4.2 Collision bulkhead 
4.3 After peak bulkhead 
4.4 Height of bulkheads 
4.5 Watertight recesses, flats and loading ramps 
4.6 Longitudinal subdivision 
4.7 Protection of tanks carrying fuel oil, lubricating oil, vegetable or similar oils 
4.8 Watertight tunnels and passageways 
4.9 Means of escape 
4.10 Oil tankers 
Section 5 Design loading 
5:1 General 
5.2 Symbols 
5.3 Stowage rate and design loads 
5.4 Design pressure for partially filled tanks 
Section 6 Minimum bow heights, reserve buoyancy and extent of forecastle 
6.1 Minimum bow heights 
6.2 Extent of forecastle 


CHAPTER 4 LONGITUDINAL STRENGTH 


Section 1 Definitions 
141 List of symbols 


4 LLOyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents Part 3 
Section 2 General 
2.1 Longitudinal strength calculations 
2:2 Erections contributing to hull strength 
2.3 Open type ships 
2.4 Ships with large flare 
2.5 Direct calculation procedures 
2.6 Approved calculation systems 
Section 3 Application 
3.1 Symbols 
3.2 General 
3.3 Exceptions 
Section Information required 
4.1 List of requirements 
Section 5 Hull bending strength 
5.1 Symbols 
5.2 Design vertical wave bending moments 
5.3 Design still water bending moments 
5.4 Minimum hull section modulus 
5.5 Permissible still water bending moments 
5.6 Permissible hull vertical bending stresses 
5.7 Local reduction factors 
5.8 Hull moment of inertia 
5.9 Continuous strength members above strength deck 
Section 6 Hull shear strength 
6.1 Symbols 
6.2 General 
6.3 Design wave shear force 
6.4 Design still water shear force 
6.5 Permissible still water shear force 
6.6 Permissible shear stress 
6.7 Design shear stress 
Section 7 Hull buckling strength 
T1 Application 
7.2 Symbols 
7.3 Elastic critical buckling stress 
7.4 Design stress 
7.5 Scantling criteria 
Section 8 Loading guidance information 
8.4 General 
8.2 Loading Manual 
8.3 Loading instrument 
8.4 Onboard lashing program 
CHAPTER 5 FORE END STRUCTURE 
Section 1 General 
1.4 Application 
1.2 Structural configuration 
1.3 Structural continuity 
1.4 Symbols and definitions 
1.5 Strengthening of bottom forward 
1.6 Strengthening against bow flare slamming 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents Part 3 
Section 2 Deck structure 
2A General 
2.2 Deck plating 
2.3 Deck stiffening 
2.4 Deck supporting structure 
2.5 Deck openings 
Section 3 Shell envelope plating 
Sui General 
3.2 Keel 
3.3 Stem 
3.4 Bottom shell and bilge 
3.5 Side shell and sheerstrake 
3.6 Shell openings 
Section 4 Shell envelope framing 
4.1 General 
4.2 Shell longitudinals 
4.3 Shell framing 
4.4 Panting stringers in way of transverse framing 
4.5 Primary structure at sides 
Section 5 Single and double bottom structure 
5:1 General 
5:2 Single bottoms — Transverse framing 
5.3 Single bottoms — Longitudinal framing 
5.4 Double bottoms 
Section 6 Fore peak structure 
6.1 General 
6.2 Bottom structure 
6.3 Side structure — Transverse framing 
6.4 Side structure — Longitudinal framing 
6.5 Bulbous bow 
6.6 Wash bulkhead 
6.7 Collision bulkhead 
Section 7 Forward deep tank structure 
Tal General 
7.2 Bottom structure 
7.3 Side structure — Transverse framing 
7.4 Side structure — Longitudinal framing 
TO Wash bulkheads 
7.6 Transverse boundary bulkheads 
CHAPTER 6 AFT END STRUCTURE 
Section 1 General 
1.1 Application 
1.2 Structural configuration 
1.3 Structural continuity 
1.4 Symbols and definitions 
Section 2 Deck structure 
2.1 General 
2.2 Deck plating 
2.3 Deck stiffening 
2.4 Deck supporting structure 
2.5 Deck openings 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents Part 3 
Section 3 Shell envelope plating 
3.1 General 
3.2 Keel 
3.3 Bottom shell and bilge 
3.4 Side shell and sheerstrake 
3.5 Shell openings 
Section 4 Shell envelope framing 
4.1 General 
4.2 Shell longitudinals 
4.3 Shell framing 
4.4 Panting stringers in way of transverse framing 
4.5 Primary structure at sides 
Section 5 Single and double bottom structure 
5.1 General 
5.2 Single bottoms — Transverse framing 
5.3 Single bottoms — Longitudinal framing 
5.4 Double bottoms 
Section 6 After peak structure 
6.1 Bottom structure 
6.2 Side structure — Transverse framing 
6.3 Side structure — Longitudinal framing 
6.4 Wash bulkheads 
6.5 After peak bulkhead 
Section 7 Sternframes and appendages 
ts General 
7.2 Sternframes 
7.3 Rudder horns 
7.4 Shaft bossing 
£5 Shaft brackets 
7.6 Double arm shaft brackets (‘A’ — brackets) 
7.7 Propeller hull clearances 
CHAPTER 7 MACHINERY SPACES 
Section 1 General 
1.1 Application 
1.2 Structural configuration 
1.3 Structural continuity 
1.4 Symbols and definitions 
Section 2 Deck structure 
2:1 Strength deck — Plating 
2.2 Strength deck — Primary structure 
2.3 Lower decks 
Section 3 Side shell structure 
3.1 Secondary stiffening 
3.2 Primary structure — Transverse framing 
3.3 Primary structure — Longitudinal framing 
Section 4 Double and single bottom structure 
4.1 Double bottom structure 
4.2 Single bottom structure 
Section 5 Machinery casings and fuel oil bunkers 
5.1 Machinery casings 
52 Fuel oil bunkers 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents Part 3 
Section 6 Engine seatings 
6.1 General 
6.2 Seats for oil engines 
6.3 Seats for turbines 
6.4 Seats for boilers 
6.5 Seats for auxiliary machinery 
CHAPTER 8 SUPERSTRUCTURES, DECKHOUSES AND BULWARKS 
Section 1 General 
1.1 Application 
1.2 Symbols 
1.3 Definition of tiers 
1.4 Design pressure head 
Section 2 Scantlings of erections other than forecastles 
2.1 Thickness of bulkhead and side plating 
2.2 Stiffeners and their connections 
2.3 Deck plating 
2.4 Deck longitudinals and beams 
2.5 Deck girders and transverses 
2.6 Strengthening at ends and sides of erections 
2.7 Erections contributing to hull strength 
2.8 Unusual designs 
Section 3 Aluminium erections 
3.1 Scantlings 
3.2 Bimetallic joints 
Section Forecastles 
4.1 Construction 
Section 5 Bulwarks, guard rails and other means for the protection of crew 
5.1 General requirements 
5.2 Bulwark construction 
5.3 Freeing arrangements 
5.4 Free flow area 
5.5 Special requirements for tugs and offshore supply ships 
CHAPTER 9 SPECIAL FEATURES 
Section 1 General 
141 Application 
1.2 Symbols 
Section 2 Timber deck cargoes 
2.1 Application 
2.2 Symbols and definitions 
2.3 General 
2.4 Arrangements 
2.5 Uprights 
2.6 Lashings 
2.7 Stowage 
2.8 Safety arrangements 
2.9 Longitudinal strength 
2.10 Deck loading and scantlings 
2.11 Scantlings of hatch covers 
2.12 Direct calculations 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents Part 3 
Section 3 Decks loaded by wheeled vehicles 
3.1 General 
3.2 Symbols 
3.3 Loading 
3.4 Deck plating 
3.5 Deck longitudinals and beams 
3.6 Deck girders and transverses 
3.7 Direct calculations 
3.8 Hatch covers 
3.9 Train decks 
3.10 Heavy and special loads 
3.11 Securing arrangements 
Section 4 Movable decks 
4.1 Classification 
4.2 Symbols 
4.3 Arrangements and design 
4.4 Loading 
4.5 Pontoon deck plating 
4.6 Pontoon webs and stiffeners 
4.7 Deflection 
4.8 Direct calculations 
Section 5 Helicopter landing areas 
5.1 General 
5.2 Symbols 
5.3 Arrangements 
5.4 Landing area plating 
5.5 Deck stiffening and supporting structure 
5.6 Bimetallic connections 
Section 6 Lifting appliances and support arrangements 
6.1 General 
6.2 Masts, derrick posts and crane pedestals 
6.3 Support structure for masts, derrick posts and crane pedestals 
6.4 Lifting appliances 
Section Bottom strengthening for loading and unloading aground 
7.1 Application 
Section 8 Strengthening for regulcar discharge by heavy grabs 
8.1 Application 
8.2 Inner bottom plating 
8.3 Hopper side tank sloped bulkhead plating 
8.4 Transverse bulkhead plating 
CHAPTER 10 WELDING AND STRUCTURAL DETAILS 
Section 1 General 
14 Application 
1.2 Symbols 
Section 2 Welding 
2:1 General 
2.2 Fillet welds 
2.3 Welding of primary structure 
2.4 Welding of primary and secondary member end connections 
2.5 Welding equipment 
2.6 Welding consumables and equipment 
2.1 Welding procedures and welder qualifications 
2.8 Workmanship and shipyard practice 
2.9 Inspection of welds 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents Part 3 
Section 3 Secondary member end connections 
3.1 General 
3:2 Symbols 
3.3 Basis for calculation 
3.4 Scantlings of end brackets 
3.5 Arrangements and details 
Section 4 Construction details for primary members 
4.1 General 
4.2 Symbols 
4.3 Arrangements 
4.4 Geometric properties and proportions 
4.5 Web stability 
4.6 Openings in the web 
4.7 End connections 
Section 5 Structural details 
5.1 Continuity and alignment 
5.2 Arrangements at intersections of continuous secondary and primary members 
5.3 Openings 
5.4 Sheerstrake and bulwarks 
5.5 Fittings and attachments — General 
5.6 Bilge keels and ground bars 
5.7 Other fittings and attachments 
Section 6 Access arrangements for oil tankers and bulk carriers 
6.1 Application 
6.2 Information for approval 
CHAPTER 11 CLOSING ARRANGEMENTS FOR SHELL, DECK AND BULKHEADS 
Section 1 General 
ii Application 
Section 2 Steel hatch covers 
Ze General 
2.2 Stiffener arrangement 
23 Load model 
2.4 Allowable stress and deflection 
2.5 Local net plate thickness 
2.6 Local plate thickness of hatch covers for wheel loading and helicopter landing 
2.7 Lower plating of double skin hatch covers and box girders 
2.8 Net scantling of secondary stiffeners 
2.9 Net scantling of primary supporting members 
2.10 Strength calculations 
2:11 Buckling strength of hatch cover structures 
2.12 Webs and flanges of primary supporting members 
2.13 Longitudinal and transverse secondary stiffeners 
2.14 Effective width of top and lower hatch cover plating 
2.15 Lateral buckling of secondary stiffeners 
2.16 Torsional buckling of secondary stiffeners 
240 Pontoon covers 
Section 3 Hatch beams and wood covers 
3.1 Portable hatch beams 
3.2 Wood covers 
Section 4 Hatch cover securing arrangements and tarpaulins 
4.1 Cargo oil tank and adjacent spaces 
4.2 Steel covers — Clamped and gasketed 
4.3 Portable covers — Tarpaulins and battening devices 
4.4 Packing material 


10 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Contents Part 3 
Section 5 Hatch coamings 
5.1 General 
5.2 Construction 
5.3 Strength criteria 
5.4 Rest bars in hatchways 
5.5 Loading in excess of Rule requirements 
Section 6 Miscellaneous openings 
6.1 Small hatchways on exposed decks 
6.2 Manholes and flush scuttles 
6.3 Hatchways within enclosed superstructures or ‘tween decks 
6.4 Companionways, doors and accesses on weather decks 
6.5 Side scuttles, windows and skylights 
6.6 Small hatchways on exposed fore decks 
Section 7 Tanker access arrangements and closing appliances 
7.1 Materials 
7.2 Cargo tank access hatchways 
7.3 Enlarged cargo tank access openings 
7.4 Miscellaneous openings 
9 Access to spaces other than cargo tanks 
7.6 Equivalents 
Tal Other openings 
Section 8 Side and stern doors and other shell openings 
8.1 Symbols 
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10.1 
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VENTILATORS, AIR PIPES AND DISCHARGES 
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Application 
Protection 


Ventilators 
General 

Coamings 

Closing appliances 
Machinery spaces 


Air and sounding pipes 
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Height of air pipes 
Closing appliances 
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Section 

1 Rule application 

2 Direct calculations 

3 Equivalents 

4 National and International Regulations 

5 Information required 

6 Definitions 

7 Equipment Number 

8 Inspection and workmanship 

9 Procedures for testing tanks and tight 
boundaries 


a Section 1 
Rule application 


1.1 General 


1.1.1 The Rules apply in general to single hull ships of 
normal form, proportions and speed. Relevant parameters to 
define what is regarded as normal are given by limitations 
specified at the beginning of individual ship type Chapters. 
Although the Rules are, in general, for steel ships of all welded 
construction, other materials for use in hull construction will 
be considered. 


1.2 Exceptions 


1.2.1 Ships of unusual form, proportions or speed, intended 
for the carriage of special cargoes, or for special or restricted 
service, not covered by Parts 3 and 4, will receive individual 
consideration based on the general standards of the Rules. 


1.2.2 The requirements of 7.1 are not applicable to 
Double Hull Oil Tankers or Bulk Carriers with a CSR notation, 
see Pt 1, Ch 2,2.3. 


1.3 Loading 


1.3.1 The Rules are framed on the understanding that 
ships will be properly loaded and handled; they do not, unless 
it is stated or implied in the class notation, provide for special 
distributions or concentrations of loading other than those 
included in the approved Loading Manual. The Committee 
may require additional strengthening to be fitted in any ship 
which, in their opinion, would otherwise be subjected to 
severe stresses due to particular features of the design, or 
where it is desired to make provision for exceptional load or 
ballast conditions. 


Part 3, Chapter 1 


Sections 1 & 2 


1.4 Advisory services 


1.4.1 The Rules co not cover certain technical characteristics, 
such as stability, trim, vibration, docking arrangements, etc. 
The Committee cannot assume responsibility for these 
matters but is willing to advise upon them on request. 


1.5 Intact stability 


1.5.1 New ships to which the Load Lines Conventions 
are applicable will be assigned Class only after it has been 
demonstrated that the level of intact stability is adequate, see 
Pt 1, Ch 2,1.1.9. 


il Section 2 
Direct calculations 


2.1 General 


2.1.1 Direct calculations may be specifically required by 
the Rules or may be required for ships having novel design 
features, as defined in 1.2 or may be submitted in support of 
alternative arrangements and scantlings. Lloyd’s Register 
(hereinafter referred to as ‘LR’) may, when requested, 
undertake calculations on behalf of designers and make 
recommendations in regard to suitability of any required 
model tests. 


2.1.2 Where model testing is undertaken to complement 
direct calculations the following details would normally be 
required to be submitted: 

e — Schedule of tests; 

details of test equipment; 

input data; 

analysis; and 

calibration procedure together with tabulated and 
plotted output. 


2.2 Submission of direct calculations 


2.2.1 LR’s direct calculation procedures and facilities are 
summarised in the document entitled ShipRight Procedures 
Overview. 


2.2.2 In cases where direct calculations have been 

carried out using ShipRight procedures, the following 

supporting information should be submitted as applicable: 

a) Reference to the ShipRight direct calculation procedure 

and technical program used. 

b) Adescription of the structural modelling. 

c) Asummary of analysis parameters including properties 

and boundary conditions. 

d) Details of the loading conditions and the means of 

applying loads. 

e) A comprehensive summary of calculation results. 
Sample calculations should be submitted where 
appropriate. 
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2.2.3 In general, submission of large volumes of input 
and output data associated with such programs as finite 
element analysis will not be necessary. 


2.2.4 The responsibility for error free specification and 
input of program data and the subsequent correct transposal 
of output rests with the Builder. 


al Section 3 


Equivalents 
3.1 Alternative arrangements and scantlings 
3.1.1 In addition to cases where direct calculations are 


specifically required by the Rules, LR will consider alternative 
arrangements and scantlings which have been derived by 
direct calculations in lieu of specific Rule requirements. All 
direct calculations are to be submitted for examination. 


3.1.2 Where calculation procedures other than those 

available within ShipRight are employed, supporting 

documentation is to be submitted for appraisal and this is to 

include details of the following: 

e — calculation methods, assumptions and references; 

° loading; 

° structural modelling; 

e design criteria and their derivation, e.g., permissible 
stresses, factors of safety against plate panel instability, 
etc. 


3.1.3 LR will be ready to consider the use of Builders’ 

programs for direct calculations in the following cases: 

(a) Where it can be established that the program has 
previously been satisfactorily used to perform a direct 
calculation similar to that now submitted. 

(b) Where sufficient information and evidence of satisfactory 
performance is submitted to substantiate the validity of 
the computation performed by the program. 


H Section 4 
National and International 
Regulations 


4.1 International Conventions 


4.1.1 The Committee, when authorised, will act on behalf 
of Governments and, if requested, LR will certify compliance 
in respect of National and International statutory safety and 
other requirements for passenger and cargo ships. 


4.1.2 In satisfying the Load Line Conventions, the general 
structural strength of the ship is required to be sufficient for 
the draught corresponding to the freeboards to be assigned. 
Ships built and maintained in accordance with LR’s Rules and 
Regulations possess adequate strength to satisfy the Load 
Line Conventions. However, some National Authorities may, 
in addition, require to be supplied with calculations of bending 
moments and shear forces for certain conditions of loading. 
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Sections 2 to 5 
4.2 International Association of Classification 
Societies (IACS) 
4.2.1 Where applicable, the Rules take into account 
unified requirements and interpretations established by IACS. 
4.3 International Maritime Organization (IMO) 
4.3.1 Attention is drawn to the fact that Codes of Practice 


issued by IMO contain requirements which are outside 
Classification as defined in these Rules and Regulations. 


a Section 5 
Information required 


5.1 General 


5.1.1 The categories and lists of information required are 
given in 5.2. 


5.1.2 Plans are generally to be submitted in triplicate, but 
one copy only is necessary for supporting documents and 
calculations. 


5.1.3 Plans are to contain all necessary information to fully 
define the structure, including construction details, equipment 
and systems as appropriate. 


5.1.4 Additional requirements for individual ship types are 
given in subsequent Chapters. 


5.2 Plans and supporting calculations 


5.2.1 Plans covering the following items are to be submitted: 
° Midship sections showing longitudinal and transverse 
material. 

Profile and decks. 

Shell expansion. 

Oiltight and watertight bulkheads. 

Propeller brackets. 

Double bottom construction. 

Pillars and girders. 

Aft end construction. 

Engine room construction. 

Engine and thrust seatings. 

Fore end construction. 

Hatch coamings. 

Hatch cover construction. 

Deckhouses and superstructures. 

Sternframe. 

Rudder, stock and tiller. 

Equipment. 

Loading Manuals, preliminary and final. 

Ice strengthening. 

Welding. 

Hull penetration plans. 

Support structure for masts, derrick posts or cranes. 
Bilge keels showing material grades, welded connections 
and detail design. 
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e — Supporting structure of deck fittings used for towing and 
mooring. 


5.2.2 The following supporting documents are to be 
submitted: 
e — General arrangement. 
Capacity plan. 
Lines plan or equivalent. 
Dry-docking plan. 
Freeboard plan or equivalent showing freeboards and 
items relative to the conditions of assignment. 
e = Towing and mooring arrangements plan as defined in 
5.3.10. 
° When the ship is required to comply with statutory 
damage stability criteria: 
Watertight Integrity plan or equivalent showing 
watertight boundaries and associated design 
head necessary to satisfy damage stability 
criteria. 


5.2.3 The following supporting calculations are to be 

submitted: 

e Calculation of Equipment Number. 

e Calculation of hull girder still water bending moment and 
shear force as applicable. 

e Calculation of midship section modulus. 

e Calculations for structural items in the aft end, midship 
and fore end regions of the ship. 

° Preliminary freeboard calculation. 


5.2.4 Where an *IWS (In-water Survey) notation is to be 
assigned (see Pt 1, Ch 2,2.3.11), plans and information 
covering the following items are to be submitted: 

e Details showing how rudder pintle and bush clearances 
are to be measured and how the security of the pintles in 
their sockets are to be verified with the vessel afloat. 

e Details showing how stern bush clearances are to be 
measured with the vessel afloat. 

° Details of high resistant paint, for information only. 


5.2.5 Where it is intended to exchange ballast water at 
sea resulting in the partial filling of the ballast spaces, the 
scantlings and structural arrangements of the tank boundaries 
are to be capable of withstanding the loads imposed by the 
movement of the ballast water in those spaces. The magnitude 
of the predicted loadings, together with the scantling 
calculations, may require to be submitted. 


5.2.6 Ships that are required to comply with SOLAS 
Regulation 3-6 in chapter Il-1 for ‘Access to and within 
spaces in the cargo area of oil tankers and bulk carriers’ are 
to supply information showing attachment of the access 
arrangements to the ship structure. This is to include necessary 
strength calculations, local detail and any reinforcements. 


5.2.7 Ships that are required to comply with the 
Performance Standards for Protective Coatings of SOLAS 
Regulation Il-1/8-2 and IACS Common Structural Rules are 
to submit information on the coating specification agreed by 
the shipyard, the ship owner and the manufacturer, including 
the coating system selection, surface preparation and coating 
application and inspection procedure. 
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5.3 Plans to be supplied to the ship 


5.3.1 To facilitate the ordering of materials for repairs, 
plans are to be carried in the ship indicating the disposition 
and grades (other than Grade A) of hull structural steel, the 
extent and location of higher tensile steel together with details 
of specification and mechanical properties, and any 
recommendations for welding, working and treatment of 
these steels. 


5.3.2 Similar information is to be provided when aluminium 
alloy or other materials are used in the hull construction. 


5.3.3 A copy of the final Loading Manual, when approved, 
and details of the loadings applicable to approved decks, hatch 
covers and inner bottom are to be placed on board the ship. 


5.3.4 Details of any corrosion prevention systems applied 
or fitted, are to be placed onboard the ship. 


5.3.5 For ships that are required to comply with IMO 
Performance Standard for Protective Coatings, a copy of the 
Coating Technical File (CTF) is to be kept onboard. 


5.3.6 Details of any corrosion control system fitted are to 
be placed on board the ship. 


5.3.7 Copies of main scantling plans are to be placed on 
board. 


5.3.8 Where an *IWS (In-water Survey) notation is to be 
assigned, approved plans and information covering the items 
detailed in 5.2.4 are to be placed on board. 


5.3.9 Where a ShipRight CM (Construction Monitoring) 
notation or descriptive note is to be assigned, the approved 
Construction Monitoring Plan (CMP), as detailed in the 
ShipRight Construction Monitoring Procedures, is to be 
maintained on board the ship. 


5.3.10 The towing and mooring arrangements plan is to 

be provided on board for the guidance of the Master. The 

information provided on the plan is to include the following in 

respect of each shipboard fitting: 

e Location on the ship. 

° Fitting type. 

e — Safe working load (SWL). 

° Purpose of fitting (mooring/harbour towing/escort 
towing). 

° Manner of applying towing or mooring line load, 
including limiting fleet angles. 

e — Strength of each mooring line. 

e — The number of mooring lines supplied on board the ship. 

This information is to be incorporated into the pilot card in 

order to provide the pilot with the necessary information on 

harbour/escorting operations. 


5.4 Fire protection, detection and extinction 


5.4.1 For information and plans required, see Pt 6, Ch 4. 
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ji Section 6 


Definitions 
6.1 Principal particulars 
6.1.1 Rule length, L, is the distance, in metres, on the 


waterline at draught T, from the forward side of the stem to 
the after side of the rudder post or to the centre of the rudder 
stock if there is no rudder post. L is to be not less than 96 per 
cent, and need not be greater than 97 per cent, of the 
extreme length on the waterline. For ships without rudders, 
the Rule length is to be taken as 97 per cent of the extreme 
length on the waterline. In ships with unusual stem or stern 
arrangements the Rule length, L, will be specially considered. 


6.1.2 Amidships is to be taken as the middle of the Rule 
length, L, measuring from the forward side of the stem. 


6.1.3 Breadth, B, is the greatest moulded breadth, in 
metres. 


6.1.4 Depth, D, is measured, in metres, at the middle of 
the length, L, from top of keel to top of the deck beam at side 
on the uppermost continuous deck, or as defined in appropriate 
Chapters. When a rounded gunwale is arranged, the depth, 
D, is to be measured to the continuation of the moulded deck 
line. 


6.1.5 Draught, 7, is the summer draught, in metres, 
measured from top of keel, or a greater value if such a value 
has been specified as ‘scantling draught’. Both of the 
draughts are to be indicated on the midship plan, irrespective 
of whether or not they are of the same value. 


6.1.6 The block coefficient, Cp, is the moulded block 
coefficient at draught, 7, based on Rule length, L, and 
moulded breadth, B, as follows: 
C moulded displacement (m3) at draught T 
a LBT 


6.1.7 Length between perpendiculars, Lpp, is the distance, 
in metres, on the waterline at draught T, from the fore side of 
the stem to the after side of the rudder post, or to the centre 
of the rudder stock if there is no rudder post. In ships with 
unusual stern arrangements the length, Lpp, will be specially 
considered. The forward perpendicular, F.P., is the perpendicular 
at the intersection of the waterline with the fore side of the 
stem. The after perpendicular, A.P., is the perpendicular at the 
intersection of the waterline with the after side of the rudder 
post. For ships without a rudder post, the A.P. is the perpen- 
dicular at the intersection of the waterline with the centreline 
of the rudder stock. 


6.7.8 Load line length, L,, is to be taken as 96 per cent of 
the total length on a waterline at 85 per cent of the least 
moulded depth measured from the top of the keel, or as the 
length from the fore side of the stem to the axis of the rudder 
stock on that waterline, if that is greater. In ships designed 
with a rake of keel, the waterline on which this length is 
measured is to be parallel to the designed waterline. The 
length L, is to be measured in metres. 
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6.1.9 Load line block coefficient, Cpu, is defined as: 


V 
L, BTL 


V = volume of the moulded displacement, in m3, 
excluding appendages, taken at draught T, 

Tọ = moulded draught, in metres, measured to the 
waterline at 85 per cent of the least moulded depth. 


6.7.10 Maximum service speed, V, means the maximum 
ahead service speed, in knots, which the ship is designed to 
maintain, at the summer load waterline at maximum propeller 
RPM and corresponding MCR. 


6.1.11 Bow reference height, Hp, is defined as: 
For ships less than 250 m in length: 


LL 1,36 E 
500 ) ( CpL + ae 
For ships 250 m or greater in length: 

1,36 
Ae =i ( = mM 
P ( Ca es) 
where 


L, is defined in 6.1.8 
Cy, is defined in 6.1.9. 


Hp = 0,056L, ( A 


6.2 Freeboard deck 


6.2.1 The freeboard deck is normally the uppermost 
complete deck exposed to weather and sea, which has 
permanent means of closing all openings in the weather part, 
and below which all openings in the sides of the ship are fitted 
with permanent means of watertight closing. 


6.2.2 For the purposes of the Load Lines Conventions, 
as applicable, where the assigned summer freeboard is 
increased such that the resulting draught is not more than 
that corresponding to a minimum summer freeboard for the 
same ship, but with an assumed freeboard deck located a 
distance below the actual freeboard deck at least equal to 
the standard superstructure height, the related items for the 
conditions of assignment to the actual freeboard deck may 
be as required for a superstructure deck. 


6.3 Weathertight 


6.3.1 A closing appliance is considered weathertight if it 
is designed to prevent the passage of water into the ship in 
any sea conditions. 


6.3.2 Generally, all openings in the freeboard deck and in 
enclosed superstructures are to be provided with weather- 
tight closing appliances. 


6.4 Watertight 


6.4.7 A closing appliance is considered watertight if it is 
designed to prevent the passage of water in either direction 
under a head of water for which the surrounding structure is 
designed. 
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6.4.2 Generally, all openings below the freeboard deck in 
the outer shell/envelope (and in main bulkheads) are to be 
fitted with permanent means of watertight closing. 


6.5 Position 1 and Position 2 


6.5.1 For the purpose of Load Line conditions of 
assignment, there are two basic positions of hatchways, 
doorways and ventilators defined as follows: 

Position 1 -— Upon exposed freeboard and raised 
quarterdecks, and exposed superstructure 
decks within the forward 0,25 of the load 
line length. 

Position 2 -— Upon exposed superstructure decks 
abaft the forward 0,25 of the load line 
length and located at least one standard 
height of superstructure above the free- 
board deck. Upon exposed super- 
structure decks situated within the 
forward 0,25 of the Load Line length and 
located at least two standard heights of 
superstructure above the freeboard deck. 


6.6 Passenger ship 


6.6.1 A passenger ship is a ship which carries more than 
12 passengers. 


6.7 Reference system 


6.7.1 For hull reference purposes, the ship is divided into 
21 equally spaced stations where Station O is the after 
perpendicular, Station 20 is the forward perpendicular, and 
Station 10 is mid-Lop. 


6.8 Co-ordinate system 


6.8.1 Unless otherwise stated, the co-ordinate system is 
as shown in Fig. 1.6.1, that is, a right-hand co-ordinate system 
with the X axis positive forward, the Y axis positive to port and 
the Z axis positive upwards. Angular motions are considered 
positive in a clockwise direction about the X, Y or Z axes. 


Z7 


l> 


Fig. 1.6.1 Co-ordinate system 
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m Section 7 
Equipment Number 


7.1 Calculation of Equipment Number 


7.1.1 The equipment of anchors and chain cables 
specified in Ch 13,7 is based on an ‘Equipment Number’ 
which is to be calculated as follows: 


Equipment Number = A?/3 + 2BH + T 


where 
A = area, in m2, in profile view of the hull, within the Rule 
length of the vessel, and of superstructures and 
houses above the summer load waterline, which 
are within the Rule length of the vessel, and also 


having a breadth greater than 2 


See also 7.1.3 and 7.1.4 

B = greatest moulded breadth, in metres 

H = freeboard amidships, in metres, from the summer 
load waterline to the upper deck, plus the sum of 
the heights at the centreline, in metres, of each tier 


of houses having a breadth greater than ; 


See also 7.1.2, 7.1.3 and 7.1.4 
A = moulded displacement, in tonnes, to the summer 
load waterline. 


7.1.2 In the calculation of H and A, sheer and trim are to 
be ignored. Where there is a local discontinuity in the upper 
deck, H is to be measured from a notional deckline. 


7.1.3 If a house having a breadth greater than A is 


above a house with a breadth of A or less, then the wide 


house is to be included, but the narrow house ignored. 


7.1.4 Screens and bulwarks more than 1,5 m in height are to 
be regarded as parts of houses when determining H and A. 
Where a screen or bulwark is of varying height, the portion to be 
included is to be that length, the height of which exceeds 1,5 m. 


7.1.5 The Equipment Number for tugs is to be calculated 
as follows: 


Equipment Number = A23 + 2(Bf + =bh) + m 


where 
A, B and A are defined in 7.1.1 
b = breadth, in metres, of the widest superstructure or 
deckhouse on each tier 
f = freeboard amidships, in metres, from the summer 
load waterline 
h = the height, in metres, of each tier of superstructure 


or deckhouse at side having a breadth of 2 or 


greater. In the calculation of h, sheer and trim are to 
be ignored. 
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E Section 8 
Inspection and workmanship 


8.1 Inspection 


8.1.1 Adequate facilities are to be provided to enable the 
Surveyor to carry out a satisfactory inspection of all components 
during each stage of prefabrication and construction. 


8.2 Workmanship 


8.2.1 All workmanship is to be of good quality and in 
accordance with good shipbuilding practice. Any defect is to 
be rectified to the satisfaction of the Surveyor before the 
material is covered with paint, cement or other composition. 
The materials and welding are to be in accordance with the 
requirements of the Rules for Materials. The assembly sequence 
and welding sequence are to be agreed prior to construction 
and are to be to the satisfaction of the Surveyor. Plates which 
have been subjected to excessive heating while being worked 
are to be satisfactorily heat treated before being erected in 
the hull. 


8.2.2 Wood sheathing on decks. Where plated decks 
are sheathed with wood, the sheathing is to be efficiently 
attached to the deck, caulked and sealed, to the satisfaction 
of the Surveyor. 


8.2.3 Rudder and sternframe. The final boring out of the 
propeller boss and sternframe skeg or solepiece, and the fit- 
up and alignment of the rudder, pintles and axles, are to be 
carried out after completing the major part of the welding of 
the after part of the ship. The contacts between the conical 
surfaces of pintles, rudder stocks and rudder axles are to be 
checked before the final mounting. 


8.3 Trial Trip and operational tests 


8.3.1 The items listed in the Table 1.8.1 are to be tested 
on completion of the installation or at sea trials. 
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Table 1.8.1 Trial trip and operational tests 


Item Requirement 


Sliding watertight doors | To be operated under working 
conditions. 


Windlass An anchoring test is to be carried out 
in the presence of the Surveyor. 

The test should demonstrate that the 
windlass with brakes, etc., functions 
satisfactorily, and that the power to 
raise anchor can be developed and 
satisfies the Rule requirements. 

For Rule requirements, see Ch 13,7. 


Steering gear, main and | To be tested under working 


conditions, to the satisfaction of the 
Surveyors,to demonstrate that the 
Rule requirements are met. 

For Rule requirements, see Pt 5, Ch 19. 


auxiliary 


Bilge suctions in holds, | To be tested under working conditions 
and hand pumps in peak | to the satisfaction of the Surveyors. 
spaces 


a Section 9 
Procedures for testing tanks and 
tight boundaries 


9.1 General 


9.1.1 The test procedures detailed in this Section are to 
be used to confirm the watertightness of tanks and watertight 
boundaries, the structural adequacy of tanks and weather- 
tightness of structures. 


9.2 Application 


9.2.1 The testing requirements for gravity tanks, defined 
as tanks subject to a vapour pressure not greater than 
70 kN/m2, and other boundaries required to be watertight or 
weathertight, are to be tested in accordance with this Section. 
Tests are to be carried out in the presence of a Surveyor at a 
stage sufficiently close to completion such that the strength 
and tightness are not subsequently impaired and prior to any 
sealing and cement work being applied over joints. 


9.2.2 The testing of cargo containment systems of lique- 
fied gas carriers are to be in accordance with the 
requirements of Ch 4,10 of the Rules and Regulations for the 
Classification of Ships for the Carriage of Liquefied Gases in 
Bulk. 


9.2.3 The testing of structures not listed in this Section 
are to be specially considered. 
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Table 1.9.1 


Item to be tested 


Testing requirements (see continuation) 


Testing procedure 
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Test requirement 


Double bottom tanks, see Note 1 


Leak and structural 


The greater of: 

e head of water up to the top of the overflow 

e head of water 2,4 m above top of tank, see Note 2 
e head of water up to bulkhead deck 


Combined double bottom and hopper side tanks 


Leak and structural 


The greater of: 

e head of water up to the top of the overflow 

e head of water representing the maximum pressure 
experienced in service 


Double bottom voids, see Note 3 


Leak 


Double side tanks 


Leak and struc 


Combined double bottom, lower hopper and topside 
tanks 


Leak and struc 


Topside tanks 


Leak and struc 


The greater of: 

e head of water up to the top of the overflow 

e head of water 2,4 m above top of tank, see Note 2 
e head of water up to bulkhead deck 


Double side voids 


Leak 


Deep tanks (other than those listed elsewhere) 


Leak and struc 


The greater of: 
e head of water up to the top of the overflow 
e head of water 2,4 m above top of tank, see Note 2 


Cargo oil tanks, and fuel oil bunkers 


Leak and struc 


Scupper and discharge pipes in way of tanks 


Leak and struc 


The greater of: 
e head of water up to the top of the overflow 

e head of water 2,4 m above top of tank, see Note 2 
e head of water up to top of tank, see Note 2, plus 
setting of fitted pressure-relief valve 


Ballast hold of bulk carriers 


Leak and struc 


The greater of: 
e head of water up to the top of the overflow 
e head of water up to the top of cargo hatch coaming 


Peak tanks, see Note 4 


Leak and struc 


The greater of: 
e head of water up to the top of the overflow 
e head of water 2,4 m above top of tank, see Note 2 


Fore peak voids 


Aft peak voids, see Note 4 


Cofferdams 


Watertight bulkheads 


Superstructure end bulkhead 


Watertight doors below freeboard or bulkhead deck 


es 5 and 6 


Double plate rudder blade 


Shaft tunnel clear of deep tanks 


e5 


Shell doors when fitted in place 


es 5and 7 


Weathertight hatch covers and closing appliances 


e5 


Steel hatch covers fitted to the cargo oil tanks and 
cargo holds of ships used for the alternate carriage of oil 
cargo and dry bulk cargo 


e5 


Chain locker 


Leak and struc 


Head of water up to top of chain pipe 


Independent tanks, and edible liquid tanks 


Leak and struc 


The greater of: 
e head of water up to the top of the overflow 
e head of water 0,9 m above top of tank, see Note 2 


Ballast ducts 


Leak and struc 


The greater of: 
e ballast pump maximum pressure 
e setting of pressure-relief valve 


Chemical tanker cargo tanks 


Leak and struc 


The greater of: 

e head of water 2,4 m above top of tank, see Note 2 
e head of water up to top of tank, see Note 2, plus 
setting of fitted pressure-relief valve 
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Table 1.9.1 Testing requirements (conclusion) 


NOTES 
1. Including tanks arranged in accordance with the provisions of SOLAS Reg. Il-1/9/4. 

2. Top of tank is the deck forming the top of the tank, excluding any hatchways. In holds for liquid cargo or ballast with large hatch openings, 
the top of tank is to be taken to the top of the hatch. 
Including duct keels and dry compartments arranged in accordance with the provisions of SOLAS Reg. II-1/9.4. 
Testing of the aft peak is to be carried out after the sterntube has been fitted. 


A hose test will be considered, see 9.5.2 and 9.6.3. 
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Watertight doors not confirmed watertight by a prototype test are to be subject to a hydrostatic test, see SOLAS Reg. II-1/16.2. 
For shell doors providing watertight closure, watertightness is to be demonstrated through prototype testing before installation. The testing 


procedure is to be agreed with LR prior to testing. 


Other testing methods listed in 9.6.7 and 9.6.8 may be considered, subject to adequacy of such testing methods being verified, see 


SOLAS Reg. ll-1/11.1. 


9.3 Test types 


9.3.1 The types of test specified in this Section are: 

(a) Structural test: which is to be conducted to verify the 
tightness and structural adequacy of the construction of 
tanks. This may be a hydrostatic test or, where the 
situation warrants, a hydropneumatic test. 

(b) Leak test: which is to be used to verify the tightness of 
a boundary. Unless a specific test is indicated, this may 
be a hydrostatic, hydropneumatic test, air or other 
medium test. 


9.4 Structural test procedures 


9.4.1 Where a structural test is specified in Table 1.9.1, 
unless specified otherwise, a hydrostatic test is to be carried 
out in accordance with 9.6.1. Where practical limitations 
prevent a hydrostatic test being carried out, a hydropneu- 
matic test in accordance with 9.6.2 is to be conducted. 


9.4.2 A hydrostatic test may be carried out afloat to 
confirm the structural adequacy of tanks, provided a leak test 
is carried out beforehand and the results are confirmed as 
satisfactory. 


9.4.3 For tanks of the same structural design, configura- 
tion and the same general workmanship, as determined by 
the attending Surveyor, a structural test may be carried out 
on only one tank, provided all subsequent tanks are tested 
for leaks by an air test. The relaxation to accept leak testing 
using an air test instead of a structural test does not apply to 
cargo space boundaries in tankers and combination carriers 
and tanks for segregated cargoes or pollutants. 


9.4.4 Where the structural adequacy of a tank has been 
verified by structural testing on a previous vessel in a series, 
tanks of structural similarity on subsequent vessels within that 
series may be exempt from such testing, provided that the 
watertightness of all exempt tanks is verified by leak tests and 
thorough inspection. For sister ships built several years after 
the last ship in a series, such exemptions may be reconsid- 
ered. However, structural testing is to be carried out for at 
least one tank on each vessel in the series in order to verify 
structural fabrication adequacy. The relaxation to accept leak 
testing and thorough inspections instead of a structural test 
on subsequent vessels in a series does not apply to cargo 
space boundaries in tankers and combination carriers and 
tanks for segregated cargoes or pollutants. 


9.4.5 Tanks exempted from structural testing in 9.4.3 and 
9.4.4 may require structural testing if found necessary after 
the structural testing of the first tank. 


9.4.6 For watertight boundaries of spaces other than 
tanks, excluding chain lockers, structural testing may be 
exempted, provided that the watertightness in all boundaries 
of exempted spaces are verified by leak tests and thorough 
inspection. 


9.4.7 Consideration is to be given to the selection of 
tanks to be structurally tested. Selected tanks should be 
chosen so that all representative structural members are 
tested for the expected tension and compression. 


9.5 Leak test procedures 


9.5.1 Where a leak test is specified in Table 1.9.1, unless 
specified otherwise, a tank air test, compressed air fillet weld 
test, or vacuum box test is to be carried out in accordance 
with the applicable requirements of 9.6.4 to 9.6.6. A 
hydrostatic or hydropneumatic test conducted in accordance 
with the applicable requirements of 9.6.1 and 9.6.2 will be 
accepted as a leak test. 


9.5.2 A hose test will be accepted as means of verifying 
the tightness of joints only in specific locations, identified in 
Table 1.9.1. 


9.5.3 Air tests of joints may be conducted at any stage 
during construction provided that all work that might affect 
the tightness of the joint is completed before the test is carried 
out. 


9.6 Definitions and details of tests 


9.6.1 Hydrostatic test is a test conducted by filling a 
space with a liquid to a specified head. Unless another liquid 
is approved, the hydrostatic test is to consist of filling a space 
with either fresh or sea-water, whichever is appropriate for the 
space being tested, to the level specified in Table 1.9.1. For 
tanks intended to carry cargoes of a higher density than the 
test liquid, the head of the liquid is to be specially considered. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


General 


9.6.2 Hydropneumatic test is a combination of a hydro- 
static test and a tank air test, consisting of partially filling a 
tank with water and conducting a tank air test on the unfilled 
portion of the tank. A hydropneumatic test, where approved, 
is to be such that the test condition in conjunction with the 
approved liquid level and air pressure will simulate the actual 
loading as far as practicable. The requirements for tank air 
testing shown in 9.6.4 are to be adhered to. 


9.6.3 Hose test is a test used to verify the tightness of 
joints with a jet of water. It is to be carried out with the 
pressure in the hose nozzle maintained at not less than 
2,0 bar during the test. The hose nozzle is to have a minimum 
inside diameter of 12 mm and is to be situated no further than 
1,5 m from the joint. Where a hose test is not practical 
because of possible damage to machinery, electrical 
equipment insulation or outfitting items, it may be replaced by 
a careful visual examination of welded connections, 
supported by an ultrasonic or penetration leak test, or an 
equivalent, see SOLAS Reg. Il-1/11.1. 


9.6.4 Tank air test is to be used to verify the tightness of 
a compartment by means of an air pressure differential and 
leak detection solution. An efficient indicating solution (e.g., 
soapy water) is to be applied to the weld or penetration being 
tested and is to be examined whilst an air pressure differential 
of not less than 0,15 bar is applied by pumping air into the 
compartment. It is recommended that the air pressure in the 
tank be raised to and maintained at 0,20 bar above 
atmospheric pressure for one hour, with a minimum number 
of personnel in the vicinity of the tank, before being lowered to 
0,15 bar above atmospheric pressure. Arrangements are to 
be made to ensure that any increase in air pressure does not 
exceed 0,30 bar. A U-tube with a height sufficient to hold a 
head of water corresponding to the required test pressure is 
to be used for verification and to avoid overpressure. The 
cross-sectional area of the U-tube is not to be less than that 
of the pipe supplying air to the tank. In addition, the test 
pressure is to be verified by means of a pressure gauge, or 
alternative equivalent system. All boundary welds, erection 
joints and penetrations including pipe connections in the 
compartment are to be examined. 


9.6.5 Compressed air fillet weld test. This test consists 
of compressed air being injected into one end of a fillet 
welded joint and the pressure verified at the other end of the 
joint by a pressure gauge on the opposite side. Pressure 
gauges are to be arranged so that an air pressure of at least 
0,15 bar above atmospheric pressure can be verified at each 
end of all passages within the portion being tested. A leak 
indicator solution is to be applied and the weld line examined 
for leaks. A compressed air test may be carried out for partial 
penetration welds where the root face is greater than 6 mm. 


9.6.6 Vacuum box test is a test used to verify the tight- 
ness of joints by means of a localised air pressure differential 
and indicator solution. The test is to be conducted with the 
use of a box with air connections, gauges and an inspection 
window that is to be placed over the joint being tested with a 
leak indicator solution applied. Air within the box is to be 
removed by an ejector to create a reduction in pressure. The 
pressure inside the box during the test is to be maintained 
between 0,20 to 0,26 bar. 
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9.6.7 Ultrasonic test may be used where a hose test is 
not practical to verify the tightness of a boundary, see 9.6.3. 
An arrangement of ultrasonic echo transmitters is to be 
placed inside a compartment and a receiver outside. The 
receiver is to be used to detect any leaks in the compartment. 


9.6.8 Penetration test may be used where a hose test 
is not practical to assess butt welds, see 9.6.3, by applying a 
low surface tension liquid to one side of a compartment 
boundary. When no liquid is detected on the opposite side of 
the boundary after expiration of a definite time, the verifica- 
tion of tightness of the compartment’s boundary may be 
assumed. 


9.6.9 Other methods of testing may be considered and 
are to be agreed by LR prior to commencement of testing. 


9.7 Application of coating 


9.7.1 A final coating may be applied over automatic butt 
welds before the completion of a leak test, provided that 
careful visual inspections show continuous uniform weld 
profile shape, free from repairs, and the results of selected 
NDE testing show no significant defects. For all other joints, 
the final coating is to be applied after the completion of a leak 
test. The Surveyor reserves the right to require a leak test prior 
to the application of the final coating over automatic erection 
butt welds. 


9.7.2 Any temporary coating which may conceal defects 
or leaks is to be applied at a time as specified for the final 
coating, see 9.7.1. This requirement does not apply to shop 
primer. 


9.8 Safe access to joints 


9.8.1 For leak tests, safe access to all joints under exam- 
ination is to be provided. 
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A Section 1 
Materials of construction 


1.1 General 


1.1.1 The Rules relate in general to the construction of 
steel ships, although consideration will be given to the use of 
other materials. 


1.1.2 The materials used in the construction of the ship 
are to be manufactured and tested in accordance with the 
requirements of the Rules for the Manufacture, Testing and 
Certification of Materials (hereinafter referred to as the Rules 
for Materials). Materials for which provision is not made 
therein may be accepted, provided that they comply with an 
approved specification and such tests as may be considered 
necessary. 


1.1.3 The requirements in this Chapter are not applicable 
to Double Hull Oil Tankers or Bulk Carriers with a CSR 
notation (see Pt 1, Ch 2,2.3) with the exception of 1.2.6 and 
3.2 which are to be complied with. 


1.2 Steel 


1.2.1 Steel having a specified minimum yield stress of 
235 N/mm? (24 kgf/mm?) is regarded as mild steel. Steel 
having a higher specified minimum yield stress is regarded as 
higher tensile steel. 


1.2.2 For the determination of the hull girder section 
modulus, where higher tensile steel is used, a higher tensile 
steel factor, k, is given in Table 2.1.1. 


1.2.3 The local scantling requirements of higher tensile 
steel plating, longitudinals, stiffeners and girders may be 
based on ak factor determined as follows: 

fe - 235 (« - 2) 


Oo So 


or 0,66, whichever is the greater, 
where 
S = specified minimum yield stress in N/mm? (kgf/mm2?). 


1.2.4 For the application of the requirements of 1.2.2 and 
1.2.3, special consideration will be given to steel where 
Go = 355 N/MM? (36 kgf/mm2). Where such steel grades are 
used in areas which are subject to fatigue loading, the 
structural details are to be verified using fatigue design 
assessment methods. 
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Table 2.1.1 Values of k, 


Specified minimum yield stress 
in N/mm2 (kgf/mm?) 


235 (24 
265 (27 0,92 
315 (32 0,78 


355 (36 0,72 


390 (40, 0,68 (0,66 see Note 3) 


460 (47) see Note 3 0,62 see Note 3 


NOTES 

1. Intermediate values by linear interpolation. 

2. For the purpose of calculating hull moment of inertia as 
specified in Ch 4,5.8.1, kL = 1,0. 

8. Grade only applies to thickness above 50 mm for decks and 
hatch coamings of container ships. The requirements specified 
in Ch 3,3 of the Rules for Materials apply, see 1.2.4 and 1.2.5. 


1.2.5 For container ships only, a kų factor of 0,66 may be 
applied to steel with a specified minimum yield stress of 
390 N/mm? (40 kgf/mm2), or a kų factor of 0,62 may be 
applied to steel with a specified minimum yield stress of 
460 N/mm2 (47 kgf/mm?) for structural members that 
contribute to the ship’s longitudinal strength, provided that: 
(a) the member’s plate or web thickness is greater than 
50 mm; 
(b) the requirements of 1.2.4 are satisfied; and 
(c) aspectral fatigue assessment is carried out in accor- 
dance with ShipRight Fatigue Design Assessment (FDA 
level 3) procedure, to demonstrate that key structural 
details sensitive to the hull girder loads have satisfactory 
fatigue performance. The assessment should normally 
include the following: 
° Hatch corners in way of cross-deck strips; 
° Hatch corners at the forward region; 
. Hatch corners forward and aft of the engine room 
and the accommodation blocks; 
. Connection of hatch coaming to supporting 
structure; and 
e Other critical locations subject to dynamic hull 
girder bending and torsional effects. 
In addition, the ShipRight Construction Monitoring (CM) 
procedure is to be applied to the fatigue critical locations 
described above. 


1.2.6 Where steel castings or forgings are used for stern- 
frames, rudder frames, rudder stocks, propeller shaft 
brackets and other major structural items, they are to comply 
with Chapters 4 or 5 of the Rules for Materials, as appropriate. 


1.3 Aluminium 
1.3.1 The use of aluminium alloy is permitted for super- 


structures, deckhouses, hatch covers, helicopter platforms, 
or other local components on board ships. 
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1.3.2 Aluminium is not to be used for the crowns or 
casings of Category A machinery spaces, see Pt 5, 
Ch 1,4.8.1. 


1.3.3 Except where otherwise stated, equivalent 
scantlings are to be derived as follows: 
Plating thickness; 


ta = tN Kac 
Section modulus of stiffeners; 
Za =ZkąC 
where 
c = 0,95 for high corrosion resistant alloy 
= 1,00 for other alloys 
245 
Oa 


ta = thickness of aluminium plating 

ts = thickness of mild steel plating 

Z, = section modulus of aluminium stiffener 

Z, = section modulus of mild steel stiffener 

6, = 0,2 per cent proof stress or 70 per cent of the 
ultimate strength of the material, whichever is the 
lesser. 


1.3.4 In general, for welded structure, the maximum 
value of o, to be used in the scantlings derivation is that of 
the aluminium in the welded condition. However, considera- 
tion will be given to using unwelded values depending upon 
the weld line location, other heat affected zones, in relation to 
the maximum applied stress on the member (e.g., extruded 
sections). 


7.3.5 A comparison of the mechanical properties for 
selected welded and unwelded alloys is given in Ch 13,8.3.2 of 
the Rules for Materials. 


1.3.6 Where strain hardened grades (designated Hxxx) 
are used, adequate protection by coating is to be provided to 
avoid the risk of stress corrosion cracking. 


E Section 2 
Fracture control 


2.1 Grades of steel 


2.1.1 The resistance to fracture is controlled, in part, by 
the notch toughness of the steel used in the structure. Steels 
with different levels of notch toughness are specified in the 
Rules for Materials. The grade of steel to be used is, in 
general, related to the thickness of the material and the stress 
pattern associated with its location. 


2.1.2 In order to distinguish between the material grade 
requirements for different hull members at varying locations 
along the ship, material classes are assigned as shown in 
Table 2.2.1. For each class, depending on thickness, the 
material grade requirements are not to be lower than those 
given in Table 2.2.2. 
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2.1.3 Where tee or cruciform connections employ full 
penetration welds, and the plate material is subject to 
significant strains in a direction perpendicular to the rolled 
surfaces, it is recommended that consideration be given to 
the use of special plate material with specified through 
thickness properties, as detailed in Ch 3,8 of the Rules for 
Materials. 


2.1.4 Design for normal worldwide service assumes the 
navigation to areas of minus 10°C, where the design air 
temperature is to be taken as the lowest mean daily average 
air temperature in the area of operation: 


where 
Mean = statistical mean over a minimum of 20 years 
Average = average during one day and one night 
Lowest = lowest during the year 
MDHT = Mean Daily High Temperature 
MDAT = Mean Daily Average Temperature 
MDLT = Mean Daily Low Temperature 


Fig. 2.1.1 shows the definition graphically. 

The material grade of exposed structure of ships intended to 
operate in external air temperatures below minus 10°C will be 
specially considered, see also The Provisional Rules for the 
Winterisation of Ships. 


emperature 


Air 


ee 
eg S: ai 


Lowest mean daily average temperature 
Lowest mean daily lowest temperature 


M J J A S O N OD J 
Month 


Fig. 2.1.1 Design air temperature 


2.2 Refrigerated spaces 


224 Where the minimum design temperature of the 
steel falls below 0°C in refrigerated spaces, in addition to the 
requirements of 2.1.2, the grade of steel for the following 
items is to comply, in general, with the requirements of 
Table 2.2.3: 

e Deck plating. 

Webs of deck girders. 

Longitudinal bulkhead strakes attached to deck. 

Shelf plates and their face bars supporting hatch covers. 


2.2.2 Unless a temperature gradient calculation is carried 
out to assess the design temperature in the items defined in 
2.2.1, the temperature to which the steel deck may be 
subjected is to be assessed as shown in Table 2.2.4. 
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Table 2.2.1 Material classes and grades (see continuation) 


| Structural member category Material class/Minimum grade 


SECONDARY 


Al. Longitudinal bulkhead strakes, other than belonging to the Primary category 
A2. Deck plating exposed to weather, other than that belonging to the Primary or Special category 
A3. Side plating 


Class | within 0,4L amidships 
Grade A/AH outside 0,4L amidships 


PRIMARY 


Bottom plating, including keel plate 
. Strength deck plating, excluding that belonging to the Special category 
| . Continuous longitudinal plating of strength members above strength deck, excluding hatch 
coamings 
; Uppermost strake in longitudinal bulkhead 
| : Vertical strake (hatch side girder) and uppermost sloped strake in top wing tank 


Class II within 0,4L amidships 
Grade A/AH outside 0,4L amidships 


SPECIAL 


Sheerstrake (or rounded gunwale) and stringer plate at strength deck, see Note 1 Class III within 0,4L amidships 
Deck strake at longitudinal bulkhead excluding deck plating in way of inner skin bulkhead of | Class Il outside 0,4L amidships 
double hull ships, see Note 1 Class | outside 0,6L amidships 


Strength deck plating at outboard corners of cargo hatch openings (and plating intersec- Class III within 0,4L amidships 
tions of the longitudinal underdeck girders and the cross-deck strips) in container carriers Class II outside 0,4L amidships 

and other ships with similar hatch opening configurations Class | outside 0,6L amidships 
Minimum Class Ill within cargo region 


Strength deck plating at corners of cargo hatch openings in bulk carriers (see 1.1.3), ore 
carriers, combination carriers and other ships with similar hatch opening configurations Class Ill within 0,6L amidships 

. Trunk deck and inner deck plating at corners of openings for liquid and gas domes in Class II within rest of cargo region 
membrane type liquefied gas carriers 


| . Bilge strake in ships with double bottom over the full breadth and length less than 150 m Class II within 0,6L amidshi 
Class | outside 0,6L amidshi 


| . Bilge strake in other ships , see Note 1 Class III within 0,4L amidships 
Class II outside 0,4L amidships 
Class | outside 0,6L amidships 


Longitudinal hatch coamings of length greater than 0,15L including coaming top plate and Class Ill within 0,4L amidships 
flange Class II outside 0,4L amidships 
End brackets and deck house transition of longitudinal cargo hatch coamings Class | outside 0,6L amidships 

Not to be less than Grade D/DH 


ADDITIONAL REQUIREMENTS FOR SINGLE STRENGTH DECK SHIPS OF LENGTH GREATER THAN 150 m. 


Longitudinal plating of strength deck where contributing to the longitudinal strength Grade B/AH within 0,4L amidships 
Continuous longitudinal plating of strength members above strength deck 


Continuous longitudinal trunk deck plating of membrane type liquefied gas carriers Class II within 0,4L amidships 


Single side strakes for ships without inner continuous longitudinal bulkhead(s) between Grade B/AH within cargo region 
bottom and strength deck 


ADDITIONAL REQUIREMENTS FOR SHIPS OF LENGTH GREATER THAN 250 m. 


E1. Sheerstrake (or rounded gunwale) and stringer plate at strength deck, see Note 2 Grade E/EH within 0,4L amidships 


E2. Bilge strake, see Note 2 Grade D/DH within 0,6L amidships 


SINGLE SKIN BULK CARRIERS SUBJECTED TO SOLAS REGULATION XII/6.5 


Et: Lower bracket of ordinary side frame, see Notes 6 and 7 Grade D/ 


F2: Side shell strakes included totally or partially between the two points located to 0,1257 Grade D/ 
above and below the intersection of side shell and bilge hopper sloping plate or inner 
bottom plate, see Note 7 
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Table 2.2.1 Material classes and grades (conclusion) 


NOTES 


Single strakes required to be of Class Ill and within 0,4L amidships are to have breadths not less than 800 + 5L mm, but need not be 
greater than 1800 mm, unless limited by the geometry of the ship’s design. 

Single strakes required to be of Grade E/EH and within 0,4L amidships are to have breadths not less than 800 + 5L mm, but need not be 
greater than 1800 mm, unless limited by the geometry of the ship’s design. 

For strength members not mentioned, Grade A/AH may be generally used. 


Steel grade is to correspond to the as-fitted thickness. 


Plating materials for sternframes supporting the rudder and propeller boss, rudders, rudder horns and shaft brackets are, in general, not 
to be of lower grades than corresponding to Class II. For rudder and rudder body plates subjected to stress concentrations (e.g., in way 
of lower support of semi-spade rudders or at upper part of spade rudders) Class Ill is to be applied. 

The term ‘lower bracket’ means webs of lower brackets and webs of the lower part of side frames up to the point of 0,125/ above the 
intersection of side shell and bilge hopper sloping plate or inner bottom plate. 

The span of the side frame, Z, is defined as the distance between the supporting structures. 

Corner inserts in way of complex openings such as for lifts and side doors which may impinge on the deck plating or stringer plate are to 
be of Grade D/DH for t < 20 mm and Grade E/EH for t > 20 mm. 

The material class used for reinforcement and the quality of material (i.e., whether mild or higher tensile steel) used for welded 
attachments, such as waterway bars and bilge keels, is to be similar to that of the hull envelope plating in way. Where attachments are 
made to rounded gunwale plates, special consideration will be given to the required grade of steel, taking account of the intended 


structural arrangements and attachment details. 


The material class for deck plating, sheerstrake and upper strake of longitudinal bulkhead within 0,4L amidships is also to be applied at 
structural breaks of the superstructure, irrespective of position. 
Engine seat top plates outside 0,6L amidships may be Grade A/AH. Steel grade requirement for top plates within 0,6L amidships will be 


specially considered. 


Table 2.2.2 Steel grades 


Thickness, t, 
inmm 


Material class 


Mild steel H.T. steel Mild steel H.T. steel Mild steel H.T. steel 


t<15 
15<t<20 
20<t<25 
25 <t<30 
30<t<35 
85 <t< 40 

t>40 


NOTE 


See Notes under Table 2.2.1 


Table 2.2.3 Grades of steel for refrigerated spaces 
with a minimum design temperature 
below 0°C 


Minimum design 
temperature, in °C 


Thickness, in mm 


Grades of steel 


<Oto-10 


t< 12,5 


12,5< t< 25,5 


t> 25,5 


B/AH 
D/DH 
E/EH 


<-10 to -25 


t< 12,5 
t>12,5 


D/DH 
E/EH 


< -25 to -40 


t< 12,5 
t>12,5 


E/EH 
FH/LT-FH, 
see also Ch 3,6 
of the Rules for 
Materials 
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Table 2.2.4 Assessment of deck temperature 


Arrangement Deck temperature 


Deck not covered with 
insulation in the refrigerated 
space 


Temperature of the 
refrigerated space 


Deck covered with insulation in | Temperature of the space 
he refrigerated space and not on the uninsulated side 
insulated on the other side 


Deck covered with insulation 
on both sides 
(a) Temperature difference not ean of the temperatures 
greater than 11°C of the spaces above and 
below the deck 


(b) Temperature difference 
greater than 11°C but not 
greater than 33°C 


ean of the temperatures 
of the spaces above and 
below the deck less 3°C 


(c) Temperature difference 
greater than 33°C 


Deck temperature will be 
specially assessed 


NOTE 
Where one of the internal spaces concerned is not refrigerated, 
the temperature of the space is to be taken as 5°C. 


a Section 3 
Corrosion protection 


3.1 General 


3.1.1 Where bimetallic connections are made, measures 
are to be incorporated to mitigate galvanic corrosion. 


3.2 Prefabrication primers 


3.2.1 Where a primer is used to coat steel after surface 
preparation and prior to fabrication, the composition of the 
coating is to be such that it will have no significant deleterious 
effect on subsequent welding work and that it is compatible 
with the paints or other coatings subsequently applied in 
association with an approved system of corrosion control. 


3.2.2 To determine the influence of the primer coating on 
the characteristics of welds, tests are to be made as detailed 
in 3.2.3 and 3.2.5. 


3.2.3 Three butt weld assemblies are to be tested using 

plate material 20 to 25 mm thick. A ‘V’ preparation is to be 

used and, prior to welding, the surfaces and edges are to be 

treated as follows: 

(a) Assembly 1 - Coated in accordance with the manufac- 
turer’s instructions. 

(b) Assembly 2 - Coated to a thickness approximately twice 
the manufacturer’s instructions. 

(c) Assembly 3 - Uncoated. 


Part 3, Chapter 2 


Sections 2 & 3 


3.2.4 Tests as follows are to be taken from each test 

assembly: 

a) Radiographs. These are to have a sensitivity of better 

than two per cent of the plate thickness under examina- 

tion, as shown by an image quality indicator. 

b) Photo-macrographs. These may be of actual size and 

are to be taken from near each end and from the centre 

of the weld. 

c) Face and reverse bend test. The test specimens are to 

be bent by pressure or hammer blows round a former of 

diameter equal to three times the plate thickness. 

d) Impact tests. These are to be carried out at ambient 
temperature on three Charpy V-notch test specimens 
prepared in accordance with Ch 2,3 of the Rules for 
Materials. The specimens are to be notched at the 
centreline of the weld, perpendicular to the plate surface. 


3.2.5 The tests are to be carried out in the presence of a 
Surveyor to Lloyd’s Register or by an independent laboratory 
specialising in such work. A copy of the test report is to be 
submitted, together with radiographs and macrographs. 


3.2.6 Aluminium coatings intended for oil tankers and 
chemical tankers used in way of the cargo oil tanks, cargo 
tank deck areas, pump-rooms, cofferdams or any other area 
where oil vapour may accumulate are to be coated using 
systems containing less than 10 per cent aluminium by weight 
in the dry film. 


3.3 Internal cathodic protection 


3.3.1 When a cathodic protection system is to be fitted 
in tanks for the carriage of liquid cargo with flash point not 
exceeding 60°C, a plan showing details of the locations and 
attachment of anodes is to be submitted. The arrangements 
will be considered for safety against fire and explosion 
aspects only. Impressed current cathodic protection systems 
are not permitted in any tank. 


3.3.2 Particular attention is to be given to the locations 
of anodes in relation to the structural arrangements and 
openings of the tank. 


3.3.3 Anodes are to be of approved design and 
sufficiently rigid to avoid resonance in the anode support. 
Steel cores are to be fitted, and these are to be so designed 
as to retain the anode even when the latter is wasted. 


3.3.4 Anodes are to be attached to the structure in such 

a way that they remain secure both initially and during service. 

The following methods of attachment would be acceptable: 

(a) Steel core connected to the structure by continuous 
welding of adequate section. 

(b) Steel core bolted to separate supports, provided that a 
minimum of two bolts with lock nuts is used at each 
support. The separate supports are to be connected to 
the structure by continuous welding of adequate section. 

(c) Approved means of mechanical clamping. 


3:3:5 Anodes are to be attached to stiffeners, or may be 
aligned in way of stiffeners on plane bulkhead plating, but they 
are not to be attached to the shell. The two ends are not to be 
attached to separate members which are capable of 
relative movement. 
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3.3.6 Where cores or supports are welded to the main 
structure, they are to be kept clear of the toes of brackets and 
similar stress raisers. Where they are welded to asymmetrical 
stiffeners, they are to be connected to the web with the 
welding kept at least 25 mm away from the edge of the web. 
In the case of stiffeners or girders with symmetrical face 
plates, the connection may be made to the web or to the 
centreline of the face plate but well clear of the free edges. 
However, it is recommended that anodes are not fitted to face 
plates of higher tensile steel longitudinals. 


3.4 Aluminium and magnesium anodes 


3.4.1 Aluminium and aluminium alloy anodes are 
permitted in tanks used for the carriage of oil, but only at 
locations where the potential energy does not exceed 275 J 
(28 kgf m). The weight of the anode is to be taken as the 
weight at the time of fitting, including any inserts and fitting 
devices. 


3.4.2 The height of the anode is, in general, to be 
measured from the bottom of the tank to the centre of the 
anode. Where the anode is located on, or closely above, a 
horizontal surface (such as a bulkhead girder) not less than 
1 m wide, provided with an upstanding flange or face plate 
projecting not less than 75 mm above the horizontal surface, 
the height of the anode may be measured above that surface. 


3.4.3 Aluminium anodes are not to be located under tank 
hatches or Butterworth openings unless protected by 
adjacent structure. 


3.4.4 Magnesium or magnesium alloy anodes are permitted 
only in tanks intended solely for water ballast. 


3.5 External hull protection 


3.5.1 Suitable protection of the underwater portion of the 
hull is to be provided. 


3.5.2 Where an impressed current cathodic protection 
system is fitted, plans showing the proposed layout of anodes 
and hull penetrations are to be submitted. 


3.5.3 The arrangements for glands, where cables pass 
through the shell, are to include a small cofferdam. Cables to 
anodes are not to be led through tanks intended for the 
carriage of low flash point oils. Where cables are led through 
cofferdams or clean ballast tanks of tankers, they are to be 
enclosed in a substantial steel tube of about 10 mm 
thickness, see also Pt 6, Ch 2,14.10. 


3.5.4 Where an *IWS (|In-water Survey) notation is to be 
assigned, see Pt 1, Ch 2,2.3.11, protection of the underwa- 
ter portion of the hull is to be provided by means of a suitable 
high resistant paint applied in accordance with the manufac- 
turer’s requirements. Details of the high resistant paint are to 
be submitted for information. 
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3.6 Application of coatings and alternative means 
of protection 


3.6.1 For ships that are required to comply with IMO 
Resolution MSC.215(82), Performance Standards for 
Protective Coatings (PSPC), all dedicated sea-water ballast 
tanks of all types of ships and double-side skin spaces of bulk 
carriers are to comply with all of the requirements of the 
Resolution, see ShipRight Procedure Anti-Corrosion Systems 
Notation. 


3.6.2 For ships that are required to comply with IMO 
Resolution MSC.288(87), Performance Standard for 
Protective Coatings for Cargo Oil Tanks of Crude Oil Tankers, 
all cargo oil tanks are to comply with all of the requirements of 
the Resolution, see ShipRight Procedure Anti-Corrosion 
System Notation. 


3.6.3 For ships that are required to comply with the IMO 
Resolution MSC.289(87), Performance Standard for 
Alternative Means of Corrosion Protection for Cargo Oil Tanks 
of Crude Oil Tankers, by application of Corrosion Resistant 
Steel, see Ch 3,1.3 of the Rules for Materials, all cargo oil 
tanks are to comply with all of the requirements of the 
Resolution, see ShipRight Procedure Anti-Corrosion System 
Notation. 


3.6.4 For ships that are required to comply with IMO 
Resolution MSC.244(83), Adoption of Performance Standard 
for Protective Coatings for Void Spaces on Bulk Carriers and 
Oil Tankers, all void spaces are to comply with all of the 
requirements of the Resolution, see ShipRight Procedure 
Anti-Corrosion System Notation. 


3.6.5 For ships that are not required to comply with the 
IMO Resolution MSC.215(82), Performance Standards for 
Protective Coatings, all sea-water ballast spaces having 
boundaries formed by the hull envelope are to have an 
efficient protective coating, epoxy or equivalent, applied in 
accordance with the manufacturer’s recommendations, see 
ShipRight Procedure Protective Coatings in Water Ballast 
Tanks (PCWBT). 


3.6.6 The following tanks are not considered to be 

dedicated sea-water ballast tanks and are therefore 

exempted from the application and requirement of the IMO 

PSPC: 

(a) ballast tanks identified as ‘Spaces included in Net 
Tonnage’ in the 1969 ITC Certificate; 

(o) sea-water ballast tanks in passenger vessels also designated 
for the carriage of grey water or black water; or 

(c) sea-water ballast tanks in livestock carriers also designated for 
the carriage of the livestock dung. 

Alternative provisions are to be made for the protection of 

these tanks. 
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m Section 4 
Deck covering 


4.1 General 


4.1.1 Where plated decks are sheathed with wood or an 
approved composition, reductions in plate thickness may be 
allowed. 


4.1.2 The steel deck is to be coated with a suitable 
material in order to prevent corrosive action, and the 
sheathing or composition is to be effectively secured to the 
deck. 


4.1.3 Primary deck coverings within accommodation 
spaces, control stations or service spaces are to be of a type 
which will not readily ignite or give rise to smoke or toxic or 
explosive hazards at elevated temperatures in accordance 
with the requirements of the International Code for the 
Application of Fire Test Procedures. 
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Section 4 
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Section 

1 General 

2 Rule structural concepts 
3 Structural idealisation 

4 Bulkhead requirements 


5 Design loading 


6 Minimum bow heights, reserve buoyancy and 
extent of forecastle 


i Section 7 
General 


1.1 Application 


1.7.1 This Chapter illustrates the general principles to be 
adopted in applying the Rule structural requirements given in 
Parts 3 and 4. In particular, consideration has been given to 
the layout of the Rules as regards the different regions of the 
ship, principles for taper of hull scantlings, definition of span 
point, derivation of section moduli and basic design loading 
for deck structures. Principles for subdivision are also 
covered. 


1.7.2 Where additional requirements relating to particular 
ship types apply, these are, in general, dealt with under the 
relevant ship type Chapter in Part 4. 


1.1.3 The requirements in this chapter are not applicable 
to Double Hull Oil Tankers or Bulk Carriers with a CSR 
notation (see Pt 1, Ch 2,2.3) with the exception of 4.7 which 
is to be complied with. 


a Section 2 
Rule structural concepts 


2.1 Definition of requirements 

2k: In Fig. 3.2.1 the breakdown of the ship into regions 
is shown. Within each region, the applicable Parts and 
Chapters of the Rules are indicated. 

2.2 Definition of fore end region 

2.2.1 The fore end region structure is considered to 
include structure forward of the midship 0,4L region. 

2.3 Definition of aft end region 


2.3.1 The aft end region structure is considered to 
include all structure aft of the midship 0,4L region. 
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2.4 Symbols 


2.4.1 The symbols used in this Section are defined as 

follows: 

Fp, Fg = local scantling reduction factor as defined in 
Ch 4,5.7 

k_k = higher tensile steel factor, see Ch 2,1.2 

Zp,Zg = vertical distance, in metres, from the hull transverse 
neutral axis to the moulded deck line at side and to 
the top of keel respectively 


Zrt vertical extent of higher tensile steel. 


2.5 Taper requirements for hull envelope 


2.5.1 The thickness of the shell envelope and strength 
deck plating, and the modulus and sectional area of strength 
deck longitudinals are to taper gradually from the midship 
region to the fore and aft ends. For the requirements, see 
Table 3.2.1. 


2.5.2 Outside the line of openings where higher tensile 
steel is used amidships and mild steel at the ends, the 
equivalent mild steel midship thickness for plating, equivalent 
mild steel midship deck longitudinal area and equivalent mild 
steel midship total deck area, for taper purposes are to be 
determined as follows: 

(a) Equivalent mild steel value 


H.T. steel value 
kL 


(o) Ifthe higher tensile steel plating is based on minimum 
thickness requirements, then: 
Equivalent mild steel midship plating thickness determined 
from Pt 4, Ch 1 and Ch 9. 


2.5.3 The transition from higher tensile steel to mild steel 
is to be as shown in Fig. 3.2.2 for the forward region. The 
transition in the aft region is to be similar to the forward region. 


2.5.4 Where the higher tensile steel longitudinals extend 
beyond the point of transition from higher tensile to mild steel 
plating, the modulus of the composite section is not to be 
taken less than the required mild steel value at the deck plate 
flange, and k times the mild steel value at the higher tensile 
flange. 
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Aft end region 


Sections covered 


Sections covered 


Part 3, Chapter 3 


Rule applicability, general 


Structural arrangement and taper, general 


Longitudinal strength 


Material and grades of steel 


Corrosion control 


Ice strengthening 


Decks, special features 


Midship region 
0,4L 


Sections covered 


Fore end region 


Sections covered 


Section 2 


Deck structure 


Shell structure 


Deck structure 


Shell structure 


Deck structure 


Shell structure 


Strengthening in 
panting region 


Hull girder section 
modulus 


Stems 


After peak structure 


Sternframes, shaft 
brackets and bossings 


Longitudinal bulkheads 


Deck girders and 
supporting structure 


Deep tank forward 


Strengthening in 
panting region 


Rudder 


Transverse bulkheads 


Bottom strengthening 
forward 


Propeller hull 
clearances 


Inner bottom 


Sections covered 


Fore peak structure 


Control systems 


Superstructures, deckhouses 
and forecastles 


Welding and structural details 


Machinery space additional requirement 


Hatch covers 


Scuppers and sanitary discharges 


Fig. 3.2.1 


Testing 


Rule scantlings - Schematic layout of requirements 
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Table 3.2.1 Taper requirements for hull envelope 


Item Location Requirement 


Plating 


(1) Shell envelope plating, Fore and aft ends The thickness, in mm, is to be the greater of the following: 


see Notes 1 and 2 a ( ) 
a t = t.-t 1- 
[ Eeg ( 0,225L 


k 
O) t = (6,5 + 0,0334) 4/"51 
Sp 


(2) Strength deck plating, Fore and aft ends The thickness, in mm, is to be the greater of the following: 
see Notes 1 and 2 
[t = teo) (1 = 
k S4 


= (5,5 + 0,02L) 4 | — 
Sb 


) + te] (see Note 3) 


) + ta] (see Note 3) 
0,225L 


Longitudinals outside 0,4L amidships 


(3) Strength deck, Fore and aft ends MODULUS 
see Notes 1 and 2 


The section modulus in association with deck plating, in cm3, is to 
be the greater of the following: 


@ A= [@.-Z) (1 2 = = ) zA (see Note 3) 


(o) As determined by Table 5.2.3 in Chapter 5, Table 6.2.3 in 
Chapter 6, and Pt 4, Ch 9, as appropriate 


SECTIONAL AREA 


The deck longitudinals may be gradually tapered outside the 0,4L 
midships region in association with the deck plating on the basis of 
area. 


The sectional area of one longitudinal without plating, in cm2, is to 
be not less than the following: 


d 
A. = [ls -A (:- ) ao see Note 3 
t ( c e) 0,225L +Aeļl (í ) 


Strength deck area 


(4) Deck area taper, Fore and aft ends The total area of longitudinals and deck plating outside line of 

see Notes 1 and 2 openings at midship region should have a linear taper from 0,2L 
from midships to 0,075L from F.P. or A.P. such that the area at 
0,075L and 0,15L from F.P. or A.P. is not less than 30 and 50 per 
cent respectively of the total midships area, see Note 3. 


Symbols 


L, k, s as defined in Ch 5,1.4.1 

distance, in m, from 0,2L forward or aft of amidships to the mid-length of the building block, strake, or longitudinal under consideration 
standard frame spacing, in mm, as given in Tables 5.2.1 and 5.3.1 in Chapter 5, and Tables 6.2.1 and 6.3.1 in Chapter 6, as appropriate 
s, but is to be taken not less than Sp 

actual thickness of deck or shell plating within the 0,4L midships region 

basic shell end thickness for taper and is (6,5 + 0,033L) V k at 0,075L from the A.P. or FP. 

basic strength deck end thickness for taper and is (5,5 + 0,02L) Vk at 0,075L from the A.P. or F.P. 

aper thickness for strength deck and shell plating 

section modulus of deck longitudinal in association with deck plating, in cm3, within the 0,4L midships region 

section modulus of deck longitudinal in association with deck plating, in cm3, at 0,075L from the ends 

aper section modulus of deck longitudinal in association with deck plating, in cm3 

cross-sectional area of one longitudinal without attached plating, in cm2, within the 0,4L midships region 

cross-sectional area of one longitudinal without attached plating, in cm2, at 0,075L from the ends 

aper cross-sectional area of one longitudinal without attached plating, in cm2 


hickness of strength deck and shell plating in way of cargo tanks of double hull oil tankers, single hull oil tankers or ore carriers, see 
Pt 4, Ch 9, Ch 10, or Ch 11 as appropriate. 

taper requirement does not apply to container ships or open type ships, see Ch 4,2.3, where the requirements of Pt 4, Ch 8,3.2 are 
icable, nor to fast cargo ships where the requirements of Pt 4, Ch 1,3 are applicable. See also Ch 4,5 for hull section modulus 
requirement away from the midship area. 

The formulae for the taper values are based on the assumption that the quality of steel is the same at amidships and ends. Where 
higher tensile steel is used in the midship region and mild steel at the ends, the taper values should be calculated for both qualities of 
steel in way of the transition from higher tensile to mild steel, and applied as determined by 2.5.2 and 2.5.3. 
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=O 


ı Equivalent mild steel 


Extent of H.T. steel 


0,075L 
' 0,2L Plate butt 


A — A centre of aftermost mild steel plate 
B = length of aftermost mild steel plate 


Fig. 3.2.2 Transition of steel grades 


2.6 Vertical extent of higher tensile steel 


2.6.1 Higher tensile steel may be used for both deck and 
bottom structures or deck structure only. Where fitted, it is to 
be used for the whole of the longitudinal continuous material 
for the following vertical distances: 

(a) from the line of deck at side 


kL 
Zt = (: = Eja 


(b) from the top of keel 


kL 
Znt = (1 = r] ZB 


In the above formulae Fp and Fg are to be taken not less 
than k. 


2.7 Grouped stiffeners 


2A Where stiffeners are arranged in groups of the 

same scantling, the section modulus requirement of each 

group is to be based on the greater of the following: 

(a) the mean value of the section modulus required for 
individual stiffeners within the group; 

(b) 90 per cent of the maximum section modulus required 
for individual stiffeners within the group. 


sil Section 3 
Structural idealisation 


3.1 General 


3.1.1 For derivation of scantlings of stiffeners, beams, 
girders, etc., the formulae in the Rules are normally based on 
elastic or plastic theory using simple beam models supported 
at one or more points and with varying degrees of fixity at the 
ends, associated with an appropriate concentrated or 
distributed load. 


Part 3, Chapter 3 


Sections 2 & 3 


3.1.2 Apart from local requirement for web thickness or 
flange thicknesses, the stiffener, beam or girder strength is 
defined by a section modulus and moment of inertia 
requirement. 


3.2 Geometric properties of section 


3.2.1 The symbols used in this sub-Section are defined 
as follows: 

b = the actual width, in metres, of the load-bearing 
plating, i.e., one-half of the sum of spacings 
between parallel adjacent members or equivalent 
supports 


2 
f = 0a(+) 13. but is not to exceed 1,0. Values of this 


factor are given in Table 3.3.1 
l = the overall length, in metres, of the primary support 
member, see Fig. 3.3.3 
t, = the thickness, in mm, of the attached plating. 


p 
Where this varies, the mean thickness over the 
appropriate span is to be used. 
Table 3.3.1 | Load bearing plating factor 


6 and above 


NOTE 
Intermediate values to be obtained by linear interpolation. 


3.2.2 The effective geometric properties of rolled or built 
sections may be calculated directly from the dimensions of 
the section and associated effective area of attached plating. 
Where the web of the section is not normal to the attached 
plating, and the angle exceeds 20°, the properties of the 
section are to be determined about an axis parallel to the 
attached plating. 


3.2.3 The geometric properties of rolled or built stiffener 
sections and of swedges are to be calculated in association 
with effective area of attached load bearing plating of thick- 
ness ty mm and of width 600 mm or 40tp mm, whichever is 
the greater. In no case, however, is the width of plating to be 
taken as greater than either the spacing of the stiffeners or 
the width of the flat plating between swedges, whichever is 
appropriate. The thickness, tp, is the actual thickness of the 
attached plating. Where this varies, the mean thickness over 
the appropriate span is to be used. 
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3.2.4 The effective section modulus of a corrugation over 
a spacing p is to be calculated from the dimensions and, for 
symmetrical corrugations, may be taken as: 


Z = Ow (3bt, + ct,) cm3 
~ 6000 P w 
where dw, b, tp, C and ty are measured, in mm, and are as 
shown in Fig. 3.3.1. The value of b is to be taken not greater 
than: 
50tp [k for welded corrugations 


60tp k for cold formed corrugations 


The value of 0 is to be not less than 40°. The moment of 
inertia is to be calculated from: 


Fig. 3.3.1 Corrugation dimensions 


3.2.5 The section modulus of a double plate bulkhead 
over a spacing b may be calculated as: 
dw 
= 6f b t) + dwtẹ) cm3 
aap ( p + Aw tw) 
where dy, 6, tp and ty are measured, in mm, and are as 
shown in Fig. 3.3.2. 


Fig. 3.3.2 Double plate bulkhead dimensions 


3.2.6 The effective section modulus of a built section 
may be taken as: 
ad, tydy? 
Z = — 4 ~ 1+ 
10 6000 


200 (A-a) mð 
200A + tw dw 


where 
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the area of the face plate of the member, in cm2 

dọ = the depth, in mm, of the web between the inside of 
the face plate and the attached plating. Where the 
member is at right angles to a line of corrugations, 
the minimum depth is to be taken 

tw = the thickness of the web of the section, in mm 

A = the area, in cm2, of the attached plating, see 3.2.7. 
If the calculated value of A is less than the face area 
a, then A is to be taken as equal to a. 


Y 
Il 


3.2.7 The geometric properties of primary support 
members (i.e., girders, transverses, webs, stringers, etc.) are 
to be calculated in association with an effective area of 
attached load bearing plating, A, determined as follows: 

(a) For a member attached to plane plating: 


A = 10fbt, om? 


(o) For a member attached to corrugated plating and 
parallel to the corrugations: 
A = 10btp cm? 
See Fig. 3.3.1 

(c) For a member attached to corrugated plating and at 
right angles to the corrugations: 
A is to be taken as equivalent to the area of the face 
plate of the member. 


3.3 Determination of span point 


3.3.1 The effective length, lẹ of a stiffening member is 
generally less than the overall length, 7, by an amount which 
depends on the design of the end connections. The span 
points, between which the value of lẹ is measured, are to be 
determined as follows: 
(a) For rolled or built secondary stiffening members: 
The span point is to be taken at the point where the 
depth of the end bracket, measured from the face of the 
secondary stiffening member is equal to the depth of the 
member. Where there is no end bracket, the span point 
is to be measured between primary member webs. For 
double skin construction, the span may be reduced by 
the depth of primary member web stiffener, see 
Fig. 3.3.3. 
(b) For primary support members: 
The span point is to be taken at a point distant from the 
end of the member, 
where be = bp (: = ow) 
dp 
See also Fig. 3.3.3. 


3.3.2 Where the end connections of longitudinals are 
designed with brackets to achieve compliance with the 
ShipRight FDA Procedure, no reduction in span is permitted 
for such brackets unless the fatigue life is subsequently 
reassessed and shown to be adequate for the resulting 
reduced scantlings. 


3.3.3 Where the stiffener member is inclined to a vertical 
or horizontal axis and the inclination exceeds 10°, the span is 
to be measured along the member. 
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Span points 


Span point 


Span point 


Span point 


3.3.4 It is assumed that the ends of stiffening members 
are substantially fixed against rotation and displacement. If 
the arrangement of supporting structure is such that this 
condition is not achieved, consideration will be given to the 
effective span to be used for the stiffener. 


3.4 Calculation of hull section modulus 


3.4.1 All continuous longitudinal structural material is to 
be included in the calculation of the inertia of the hull midship 
section, and the lever z is, except where otherwise specified 
for particular ship types, to be measured vertically from the 
neutral axis to the top of keel and to the moulded strength 
deck line at the side. The strength deck is to be taken as follows: 


Span point 


Span point 


(a) Where there is a complete upper deck and no effective 
superstructure, the strength deck is the upper deck. 

(b) Where the upper deck is stepped, as in the case of 
raised quarter deck ships, or there is an effective super- 
structure on the upper deck, the strength deck is 
stepped as shown in Fig. 3.3.4. 


3.4.2 An effective superstructure is one which exceeds 
0,15L in length and extends inside the midship 0,5L region. 
Superstructure decks less than 12 m in length are not to be 
considered as strength deck. 
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Fig. 3.3.4 Strength deck stepping 


3.4.3 Openings having a length in the fore and aft 
direction exceeding 2,5 m or 0,18 m or a breadth exceeding 
1,2 m or 0,04B m, whichever is the lesser, are always to be 
deducted from the sectional areas used in the section 
modulus calculation. 


3.4.4 Smaller openings (including manholes, lightening 
holes, single scallops in way of seams, etc.) need not be 
deducted provided they are isolated and the sum of their 
breadths or shadow area breadths (see 3.4.7), in one 
transverse section does not reduce the section modulus at 
deck or bottom by more than 3 per cent. 


3.4.5 Where B4 equals the breadth of the ship at the 
section considered and xb, equals the sum of breadths of 
deductible openings, the expression 0,06 (B4 — Xb) may be 
used for deck openings in lieu of the 3 per cent limitation of 
reduction of section modulus in 3.4.4. 


3.4.6 Where a large number of openings are proposed in 
any transverse space, special consideration will be required. 


3.4.7 When calculating deduction-free openings, the 
openings are assumed to have longitudinal extensions as 
shown by the shaded areas in Fig. 3.3.5. The shadow area is 
obtained by drawing two tangent lines to an opening angle of 
30°. The section to be considered should be perpendicular 
to the centreline of the ship and should result in the maximum 
deduction in each transverse space. 


3.4.8 Isolated openings in longitudinals or longitudinal 
girders need not be deducted if their depth does not exceed 
25 per cent of the web depth with a maximum depth for 
scallops of 75 mm. 


3.4.9 Openings are considered isolated if they are 
spaced not less than 1 m apart. 


3.4.10 For compensation that may be required for 
openings, see individual ship Chapters. 


3.4.11. Where trunk decks or continuous hatch coamings 
are effectively supported by longitudinal bulkheads or deep 
girders, they are to be included in the longitudinal sectional 
area when calculating the hull section modulus. The lever z 
is to be taken as: 


Ze SZ (0.9 +0,2 £) m but not less than z 
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y = horizontal distance from top of continuous strength 
member to the centreline of the ship, in metres 
z = vertical distance from the neutral axis to the 
moulded deck line at side, in metres 
Zo = vertical distance from the neutral axis to the top of 
the continuous strength member, in metres 
Z, and y are to be measured to the point giving the largest 
value of z}. 


Transverse 


2> 


Transverse 


J 


Total equivalent breadth of small openings 
at xx = b4 + bo + bg 


Fig. 3.3.5 Deduction free openings shadow areas 


3.4.12 | Where continuous hatch coamings are effectively 
supported (except inboard coamings of multi-hatch arrange- 
ments, see 3.4.14), 100 per cent of their sectional area may 
be included in the calculation of the hull section modulus. 


3.4.13 Where a continuous longitudinal underdeck girder, 
or girders, are arranged to support the inboard hatch 
coamings, 50 per cent of their sectional area may be included. 
If the girder is fitted in conjunction with a longitudinal centreline 
bulkhead, 100 per cent of the sectional area may be included. 
In cases where the girders are enclosed box sections, or 
where the girders are effectively tied to the bottom structure, 
the area to be included will be specially considered. 


3.4.14 The percentage of the sectional area to be included 
for inboard continuous hatch side coamings should be the 
same percentage as that of the longitudinal girder under. 
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3.4.15 Where continuous deck longitudinals or deck 
girders are arranged above the strength deck, the sectional 
area may be included in the calculation of the hull section 
modulus. The lever is to be taken to a position corresponding 
to the depth of the longitudinal member above the moulded 
deckline at side amidships. 


ia Section 4 
Bulkhead requirements 


41 Number and disposition of bulkheads 


4.1.1 All ships are to have a collision bulkhead, an after 
peak bulkhead, generally enclosing the sterntubes in a water- 
tight compartment, and a watertight bulkhead at each end of 
the machinery space. Additional watertight bulkheads are to 
be fitted so that the total number of bulkheads is at least in 
accordance with Table 3.4.1. 


Table 3.4.1 Total number of bulkheads 


Total number of bulkheads 


Length, L, in metres Machinery 


amidships 


Machinery aft, 
see Note 


65 

85 

90 
105 
115 
125 
145 
145 165 
165 < 190 
190 To be considered individually 


65 
85 
90 
105 
115 
125 


IA IA IA IA IA IA TA IA IA 


OANDOAAAA 
ONDDAAAKW 


> 
= 
= 
> 
> 
> 
> 
> 
rd 


NOTE 
With after peak bulkhead forming after boundary of machinery 
space. 


4.1.2 The bulkheads in the holds should be spaced at 
reasonably uniform intervals. Where non-uniform spacing is 
unavoidable and the length of a hold is unusually great, the 
transverse strength of the ship is to be maintained by fitting 
web frames, increased framing, etc., and details are to be 
submitted. 


4.1.3 Proposals to dispense with one or more of these 
bulkheads will be considered, subject to suitable structural 
compensation, if they interfere with the requirements of a 
special trade. 


4.1.4 Where applicable, the number and disposition of 
bulkheads are to be arranged to suit the requirements for 
subdivision, floodability and damage stability, and are to be in 
accordance with the requirements of the National Authority in 
the country in which the ship is registered. 
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4.2 Collision bulkhead 


4.2.1 A collision bulkhead shall be fitted which shall be 
watertight up to the bulkhead deck. This bulkhead shall be 
located at a distance from the forward side of the stem, on 
the waterline on which L is measured, of not less than 
0,05L, or 10 m, whichever is the less, and, except as may be 
permitted by the Administration, not more than 0,08L, or 
0,05L, + 3 m, whichever is the greater. 


4.2.2 Where any part of the ship below the waterline 

extends forward of the forward side of the stem, on the 

waterline on which L| is measured, e.g., a bulbous bow, the 

distances stipulated in 4.2.1 are to be measured from a point 

either: 

(a) at the mid-length of such extension; 

(b) ata distance 0,015L, forward of the forward side of the 
stem, on the waterline on which L, is measured; or 

(c) ata distance 3 m forward of the forward side of the 
stem, on the waterline on which L is measured, 
whichever is the least. 


4.2.3 No doors, manholes, access openings, ventilation 
ducts or any other openings shall be fitted in the collision 
bulkhead below the bulkhead deck. 


4.3 After peak bulkhead 


4.3.1 All ships are to have an after peak bulkhead 
generally enclosing the sterntube and rudder trunk in a water- 
tight compartment. In twin screw ships where the bossing 
ends forward of the after peak bulkhead, the sterntubes are to 
be enclosed in suitable watertight spaces inside or aft of the 
shaft tunnels. The sterntubes are to be enclosed in watertight 
spaces of moderate volume. In passenger ships, the stern 
gland is to be situated in a watertight shaft tunnel or other 
watertight space separate from the stern tube compartment 
and of such volume that, if flooded by leakage through the 
stern gland, the bulkhead deck will not be submerged. 


4.4 Height of bulkheads 


4.4.1 The collision bulkhead is normally to extend to the 
uppermost continuous deck or, in the case of ships with 
combined bridge and forecastle or a long superstructure 
which includes a forecastle, to the superstructure deck. 
However, if a ship is fitted with more than one complete 
superstructure deck, the collision bulkhead may be 
terminated at the deck next above the freeboard deck. Where 
the collision bulkhead extends above the freeboard deck, the 
extension need only be to weathertight standards. 


4.4.2 The after peak bulkhead may terminate at the first 
deck above the load waterline, provided that this deck is made 
watertight to the stern or to a watertight transom floor. In 
passenger ships, the after peak bulkhead is to extend water- 
tight to the bulkhead deck. However, it may be stepped below 
the bulkhead deck provided the degree of safety of the ship 
as regards watertight subdivision is not thereby diminished. 
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4.4.3 The remaining watertight bulkheads are to extend 
to the freeboard deck. In passenger ships of restricted 
draught and all ships of unusual design, the height of the 
bulkheads will be specially considered. 


4.5 Watertight recesses, flats and loading ramps 


4.5.1 Watertight recesses in bulkheads are generally to be 
so framed and stiffened as to provide strength and stiffness 
equivalent to the requirements for watertight bulkheads. 


4.5.2 In collision bulkheads, any recesses or steps in the 
bulkhead are to fall within the limits of bulkhead positions 
given in 4.2.1. Where the bulkhead is extended above the 
freeboard deck or bulkhead deck, the extension need only be 
to weathertight standards. If a step occurs at that deck, the 
deck need also only be to weathertight standards in way of 
the step, unless the step forms the crown of a tank, see Pt 4, 
Ch 1,4. 


4.5.3 Where bow doors are fitted and a sloping loading 
ramp forms part of the extension of the collision bulkhead 
above the bulkhead deck the ramp shall be weathertight over 
its complete length. In cargo ships the part of the ramp which 
is more than 2,3 m above the bulkhead deck may extend 
forward of the limit specified in 4.2.1 or 4.2.2. Ramps not 
meeting the above requirements shall be disregarded as an 
extension of the collision bulkhead. 


4.5.4 The number of openings in the extension of the 
collision bulkhead above the freeboard deck shall be 
restricted to the minimum compatible with the design and 
normal operation of the ship. All such openings shall be 
capable of being closed weathertight. 


4.6 Longitudinal subdivision 


4.6.1 When timber load lines are to be assigned, double 
bottom tanks within the midship half-length are to have 
adequate longitudinal subdivision. 


4.7 Protection of tanks carrying fuel oil, 
lubricating oil, vegetable or similar oils 


4.7.1 Tanks carrying fuel oil or lubricating oil are to be 
separated by cofferdams from those carrying feed water, fresh 
water, edible oil or similar oils. Similarly, tanks carrying 
vegetable or similar oils are to be separated from those 
carrying fresh or feed water. 


4.7.2 Lubricating oil compartments are also to be 

separated by cofferdams from those carrying fuel oil. 

However these cofferdams need not be fitted provided that: 

(a) Common boundaries of lubricating oil and fuel oil tanks 
have full penetration welds. 

(b) The tanks are arranged such that the fuel oil tanks are 
not generally subjected to a head of oil in excess of that 
in the adjacent lubricating oil tanks. 
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4.7.3 Cofferdams are not required between fuel oil 
double bottom tanks and deep tanks above, provided that 
the inner bottom plating is not subjected to a head of fuel oil. 


4.7.4 Where fitted, cofferdams are to be suitably ventilated. 


4.7.5 If fuel oil tanks are necessarily located within or 
adjacent to the machinery spaces, their arrangement is to be 
such as to avoid direct exposure of the bottom from rising 
heat resulting from an engine room fire, see SOLAS 1974 as 
amended Reg. II-2/B4.2.2.3.2. 


4.7.6 In passenger ships, water ballast is, in general, not 
to be carried in tanks intended for fuel oil. Attention is drawn 
to the Statutory Regulations issued by National Authorities in 
connection with the International Convention for the 
Prevention of Pollution of the Sea by Oil, 1973/78. 


4.7.7 For vessels which do not comply with the 
accidental fuel oil outflow performance standard given in 
MARPOL Annex 1, Regulation 12A-11, fuel oil tanks are to 
be bounded by double bottom and double side tanks or void 
spaces such that the distance between the fuel oil tank 
boundary and the shell plating is not less than that given in 
Table 3.4.2 and Fig. 3.4.1. For double hull oil tankers where 
the requirements of Pt 4, Ch 9,1.2.17 conflict with this 
requirement Pt 4, Ch 9,1.2.17 is to take precedent. 
Alternatively the accidental oil outflow performance standard 
specified in MARPOL Annex 1 Regulation 12A may be 
complied with. 


Fig. 3.4.1 Fuel oil tank boundary lines 


4.7.8 No individual fuel oil tank is to have a capacity 
greater than 2,500 ms, 
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Table 3.4.2 


Fuel oil tank 
capacity (C), 
m3 


Fuel oil tank boundary requirements 


Minimum double side 
width (dg) 
metres 


Minimum double 
bottom depth (dp) 
metres 


d,s = 0,5 


+ 
20000 


or 
ds, = 2,0 

whichever is the lesser, 
but not less than 1,0 


or 

dp = 2,0 
whichever is the lesser, 
but not less than 0,76 


600 < C < 5000 


2,4 
ees 
20000 


or 
dg = 1,0 

whichever is the greater, 
see Note 


Symbols 


or 

dp = 2,0 
whichever is the lesser, 
but not less than 0,76 


the ship’s total volume of fuel oil, including that of small 
fuel oil tanks, in m3, at 98 per cent tank filling 
the distance, in metres, between the bottom of the fuel 


oil tank and the moulded line of the bottom shell plating. 


In the turn of bilge area and at locations without a 

clearly defined turn of bilge, the fuel oil tank boundary 
line shall run parallel to the line of the midship flat 

bottom as shown in Fig. 3.4.2 
the distance, in metres, between the side of the fuel oil 
tank and the moulded line of the side shell plating, see 
Fig. 3.4.1 


NOTES 


1. However, for individual tanks with an fuel oil capacity of less 
than 500 m8, the minimum distance is 0,76 m. 

2. Fuel oil tanks with a maximum individual capacity not greater 
than 30 m3 need not comply with the requirements of this 
Table, provided the aggregate capacity of such excluded tanks 
is not greater than 600 m3, 
Suction wells in fuel oil tanks may protrude into the double 
bottom below the boundary line defined by the distance dp, 
provided that such wells are as small as practicable and the 
distance between the well bottom and the bottom shell plating 
is not less than 0,5). 


Base line 


Fig. 3.4.2 Definition of dẹ 
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4.8 Watertight tunnels and passageways 


4.8.1 Where a machinery space is situated with a 
compartment or compartments between it and the after peak 
bulkhead, the shafting is to be enclosed in a watertight tunnel 
large enough to permit proper examination and repair of 
shafting. A sliding watertight door, capable of being operated 
locally from both sides, is to be provided at the forward end of 
the tunnel. Consideration may, however, be given to the 
omission of the watertight door, subject to satisfactory 
compliance with any relevant statutory requirements. Where 
two or more shafts are fitted, the tunnels shall be connected 
by an interconnecting passage. There shall be only one door 
between the machinery space and the tunnel spaces where 
two shafts are fitted and only two doors where there are more 
than two shafts. 


4.8.2 Pipe tunnels are to have dimensions adequate for 
reasonable access. 


4.8.3 Where fore and aft underdeck passageways are 
arranged at the ship’s side, the after access thereto is to be by 
a watertight trunk led to the upper deck. Alternative arrange- 
ments to prevent the engine room being flooded, in the event 
of a collision or if the passageway doors are left open, will be 
considered. 


4.9 Means of escape 
4.9.1 For the requirements for means of escape, see 
SOLAS 1974 as amended Reg. II-2/D,13. 


4.10 Oil tankers 


4.10.1 For subdivision requirements within the cargo tank 
region for oil tankers, see Pt 4, Ch 9,1. 


a Section 5 
Design loading 


5.1 General 
5.1.1 This Section contains the design heads/pressures 


to be used in the derivation of scantlings for decks, tank tops 
and transverse bulkheads. These are given in Table 3.5.1. 
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g 5.2 Symbols 
ey 
z 2 z 5.2.1 The symbols used in this Section are defined as 
SHE follows: 
wes L, Lop, Cp, B, D and T as defined in Ch 1,6.1 
2 h; = appropriate design head, in metres 


l = span of stiffener 

= design loading, in kN/m? (tonne-f/m2) 
Pa = applied loading, in KN/m2 (tonne-f/m2) 
C = stowage rate, in m3/tonne 


3 


Permissible 


cargo loadin 
in tonne-f/m 


hi i 
= -5 generally 


= volume of the hold, in m3 excluding the volume 
contained within the depth of the cargo hatchway, 
divided by the weight of cargo, in tonnes, stowed in 
the hold, for inner bottom 
E = correction factor for height of platform 
0,0914 + 0,003L 
D-T 


nor more than 0,147 

H = height from tank top to deck at side, in metres 

Ho = ‘tween deck height measured vertically on the 
centreline of the ship from ‘tween deck to under- 
side of hatch cover stiffeners on deck above, in 


-— 0,15, but not less than zero 


Equivalent design head h; 
in metres 
hg from Fig. 3.5.2 
hg from Fig. 3.5.2 


a 

PE metres 

8 D Hig = cargo head in ’tween deck, in metres, as defined in 
cE Fig. 3.5.1. 

ge 

a 


e rate 
/tonne 


inm 


Standard 
one) 
C but < 0,975 


C 


Component 


Plating and stiffeners 
Plating and stiffeners 


‘tween deck 


Fig. 3.5.1 Heads for tween decks 


Design heads and permissible cargo loadings (metric units) (conclusion) 


Structural item and position 
In the case of beams and longitudinals, the equivalent design head is to be used in conjunction with the appropriate formulae. 


4. For hatch covers of ship types excluding non-CSR bulk carriers, ore carriers and combination carriers, see Ch 11,2. 


8. For hatch covers of non-CSR bulk carriers, ore carriers and combination carriers, see Pt 4, Ch 7,12. 
5. For pontoon hatch covers, see Ch 11,2.17. 


2. For forecastle decks forward of 0,12L from F.P., see Weather decks. 


Watertight bulkheads 
Deep tank bulkhead 
NOTES 


1. 


Table 3.5.1 
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0,91 m above freeboard deck at side 


Top of overflow 


For tank bulkheads 
h4 = the greater of 
ho/2 or hta 


hg for watertight bulkheads 
h4 for watertight bulkheads 


Deck or 
tank top 


=| 


le = span of stiffener 


Plate being 
considered 


| 


s Inner bottom 
Stiffeners being considered 


HEADS FOR PLATING HEADS FOR STIFFENERS 


(a) Heads for watertight and deep tank bulkheads in intact condition 


Damaged Damaged 
WL WL 


Scantling point under 
consideration 


(b) Heads for watertight bulkheads in damaged condition 


Fig. 3.5.2 Heads for watertight and deep tank bulkheads 
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5.2.2 The following symbols and definitions apply in 
particular to the design pressures for partially filled tanks: 
Lpp and Cp as defined in Ch 1,6.1 
b = height of internal primary bottom members, in 
metres 
F = fill height, in metres 
F, = effective filling ratio 


z e a ) 
Ès n+4 


GM = transverse metacentric height, in metres, including 
free surface correction, for the loading condition 
under consideration 

H, = tank depth, in metres, measured from the bottom 
of the tank to the underside of the deck at side. In 
the case of holds, the depth is measured from the 
inner bottom to the underside of the deck at hatch 
side, except in double skin ships with hatch 
coaming in line with the inner skin, in which case, 
the depth is measured to the top of the hatch 
coaming 

n = number of internal primary bottom members 

L, = the effective horizontal free surface length, in 
metres, in the direction of angular motion (i.e., tank 
breadth for roll, tank length for pitch) 

Snr = Ship’s natural rolling period 


2,35r 
= =~ seconds 


y GM 
for ships for which either r or GM varies significantly 
between loading conditions (for example, bulk 
carriers and tankers, see 1.1.3), Spr should be 
evaluated for each representative loading condition 
considered 

r = radius of gyration of roll, in metres, and may be 
taken as 0,34B 

Shp = ship’s natural pitching period 
= 3,5 4/7TC, seconds 


for ships for which either T or Cy varies 
significantly between loading conditions (for 
example, bulk carriers and tankers, see 1.1.3), Snp 
should be evaluated for each representative loading 
condition considered 

Tap = fluid natural period of pitch 


4r Ls 
= ———— > seconds 
g. tanh (F) 


Tar = fluid natural period of roll 


4r Lg 
= ——— = seconds 
g. tanh (F,) 
Omax = Maximum ‘lifetime’ pitch angle, in degrees: 
(32,7 ms 8,2Cp) e70,001Lpp (4,9 + 0,5C,) 
Dmax = Maximum ‘lifetime’ roll angle, in degrees: 


(148 +3,7 =æ) @-0,0023Lp, 
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5.3 Stowage rate and design loads 


5.3.1 Unless it is specifically requested otherwise, the 

following standard stowage rates are to be used: 

(a) 1,39 m3/tonne for weather or general cargo loading on 
deck and inner bottom. 

(b) 0,975 m3/tonne for liquid cargo of density 1,025 tonne/ms 
or less on watertight and tank divisions. For liquid of 
density greater than 1,025 tonne/m® the corresponding 
stowage rates are to be adopted. 


5.3.2 Proposals to use a stowage rate greater than 
1,39 m8/tonne for permanent structure will require special 
consideration, and will normally be accepted only in the case 
of special purpose designs such as fruit carriers, etc. 


5.3.3 The design head and permissible cargo loading are 
shown in Table 3.5.1. 


5.4 Design pressure for partially filled tanks 


5.4.1 When partial filling of tanks or holds is contem- 
plated for sea-going conditions, the risk of significant loads 
due to sloshing induced by any of the ship motions is to be 
considered. An initial assessment is to be made to determine 
whether or not a higher level of sloshing investigation is 
required, using the following procedure which corresponds to 
the Level 1 Investigation outlined in the SDA Procedure for 
Sloshing loads and scantling assessment, on tanks partially 
filled with liquids. 


5.4.2 In general, significant dynamic magnifications of 
the sloshing pressures are considered unlikely for the 
following cases: 

(a) For internally stiffened tanks: 

(i) where two (or more) deck girders (in the case of 
rolling) or deck transverses (in the case of 
pitching) are located not more than 25 per cent 
of the tank breadth or length respectively from 
the adjacent tank boundary, and the fill level is 
greater than the tank depth minus the height of 
the deck girders or transverses; 

(ii) where the deck girders or transverses, at any 
location, are less than 10 per cent of the tank 
depth, and the fill level is greater than the tank 
depth minus the height of the deck girders or 
transverses; 

(iii) | where the fill level is less than the height of any 
bottom girders or transverses. 

(b) For smooth tanks: where the fill level is less than 10 per 
cent or more than 97 per cent of the tank depth. 


5.4.3 Significant dynamic magnification of the fluid 
motions, and hence the sloshing pressure, can occur if either 
of the following conditions exist: 

(a) The natural rolling period, Thr, of the fluid and the ship’s 
natural rolling period, Spr, are within five seconds of each 
other. 

(b) The natural pitching period, Taps of the fluid is greater 
than a value of three seconds below the ship natural 
pitching period, Snp- 

These values define the limits of the critical fill range for each 

tank. 
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5.4.4 The critical fill range, Ferit is to be determined using 
the following formula: 


L 
Fo = (Cae) Cram aa 
Hy 2T (1 -n) n+1 
where 
In = natural logarithm to base e 


4r Ls 
= ——— for fill level at S», — 5 seconds 
n * TS - 59) i 


upper bound roll critical fill level 
4r Ls 

~ [Se + 5)? gl 

lower bound roll critical fill level 


orn for fill level at Shr + 5 seconds 


4r Lg 
(Shp a 3)? gl 
upper bound pitch critical fill level 


orn = for fill level at Spp - 3 seconds 


4r Ls 
~ [(Shp)? gl 
The lower bound pitch critical fill level is 0,1 per cent fill. 


The value of Feri is limited to the range O to 100 per cent, see 
also 5.4.6. 


orn for fill level at Shp seconds 


5.4.5 The natural periods of the ship for a given motion 
type are to be determined for the service loading conditions 
agreed between the Shipbuilder and Lloyd’s Register. From 
this aspect, the storm-ballast and the segregated ballast 
conditions and the condition with all tanks partially filled could 
be the most critical. 


5.4.6 When a ship is to be approved for Unrestricted 
Filling Levels - Unspecified Loading Conditions, many 
arbitrary ship loading conditions are possible. In order to 
cover the complete range of loading conditions, the fully 
loaded and ballast conditions are to be considered. These 
two conditions give an upper and lower limit for the possible 
range of natural periods of the ship as shown in Fig. 3.5.3. 
Both the roll and pitch motion modes are to be examined. 

Because of the unrestricted filling level requirement, 
the critical sloshing ranges extend from [ShrBallast — 5] to 
ShrLoaded + 5] seconds in roll and from [Spppaliast — 3] to 
ShpLoadedl in pitch. Also, because of unrestricted filling levels, 
the ship natural period range extends from [Sppaiast! to 
Shloaded! for both pitch and roll. 

For sloshing in the roll motion mode shown in 
Fig. 3.5.3(a), the critical fill range extends from F4 to F4. All fill 
evels between F4 and Fy, are to be investigated: 
e For fill levels between F4 and Fo, ShrBallast IS to be used. 
e For fill levels between F3 and F4, ShrLoadeg iS to be used. 
e For fill levels between F, and F3, Shr is to be equal to Thr- 
Similarly, for sloshing in the pitch motion mode shown in 
Fig. 3.5.3(b), the critical fill range extends from F4 to F4. All fill 
levels between F4 and Fy are to be investigated: 
e For fill levels between F4 and Fo, SnpBallast iS to be used. 
e For fill levels between Fy and F3, Snp is to be equal to 

Tapi 

° For fill levels between F and F4, SnpLoadea İS to be used. 
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Snr ballast 


Snr loaded 


Period (s) 


Range of 
operating ship 
natural periods 
5 seconds 5 seconds 
i a ees, 


(a) Roll motions 


Snp ballast 


Snp loaded 


Range of Period (s) 
operating ship 
natural periods 

3 seconds 3945/01 
ee 


(b) Pitch motions 


Fig. 3.5.3 Natural periods diagrams 


5.4.7 When a ship is to be approved for Restricted Filling 
Levels — Unspecified Loading Conditions, many arbitrary ship 
loading conditions are possible within the restrictions 
imposed. In order to cover the complete range of loading 
conditions, the fully loaded and ballast conditions are to be 
considered. These two conditions give an upper and lower 
limit for the possible range of ship natural period. It is 
recognised that there might be ship natural period bands 
which will not be applicable as a result of the limitations on 
the fill levels. However, it is recommended that the 
Unrestricted Filling Levels - Unspecified Loading Conditions 
procedure outlined in 5.4.6 be applied. 


5.4.8 When a ship is to be approved for Unrestricted 
Filling Levels — Specified Loading Conditions, each specified 
loading condition is to be examined for the complete fill 
ranges to determine the critical sloshing fill range for each 
tank in both roll and pitch motion modes. 


5.4.9 When a ship is to be approved for Restricted Filling 
Levels — Specified Loading Conditions, each specified loading 
condition is to be examined for the restricted fill ranges to 
determine the critical sloshing fill range for each tank in both 
roll and pitch motion modes. 
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5.4.10 Where the assessment indicates that all the 
intended fill levels are outside the critical fill ranges and, 
therefore, significant sloshing will not occur, no further 
evaluation is required with regard to sloshing pressure. In such 
cases, the scantlings of the tank boundaries are to be 
determined in accordance with the relevant Rule require- 
ments. 


5.4.11. Where the separation of periods defined in 5.4.3 is 
not met, other levels of assessment will be required as given 
in the SDA Procedure for Sloshing loads and scantling 
assessment, on tanks partially filled with liquids. 


5.4.12 The structural capability of the tank boundaries to 
withstand the dynamic sloshing pressures is to be examined. 
The magnitude of the predicted loads, together with the 
scantling calculations may be required to be submitted. 


a Section 6 
Minimum bow heights, reserve 
buoyancy and extent of forecastle 


6.1 Minimum bow heights 


6.1.1 Ships are to comply with the Load Lines conventions, 
so far as these are applicable. 


6.1.2 Bulk carriers, ore carriers and combination carriers 
are also to comply with the requirements of Pt 4, Ch 7,14. 


6.2 Extent of forecastle 


6.2.1 Forecastles are to extend from the stem to a point 
at least 0,07L, abaft the forward end of L, (as defined in 
Ch 1,6.1). If the minimum bow height is obtained by 
increasing the sheer of the upper deck, the sheer is to extend 
for at least 0,15L, abaft the forward end of L. 


6.2.2 Bulk carriers, ore carriers and combination carriers 
are also to comply with the requirements of Pt 4, Ch 7,14. 


6.2.3 Forecastles are to be enclosed; that is with enclosing 
bulkheads of efficient construction and access openings 
complying with Pt 3, Ch 11 and all other openings in sides or 
ends fitted with efficient weathertight means of closing. 


Part 3, Chapter 3 


Sections 5 & 6 
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i Section 7 
Definitions 


1.1 List of symbols 


1.1.1 The following symbols and definitions are applicable 
to this Chapter, unless otherwise stated: 

L, B, D, Cy and V are as defined in Ch 1,6.1 
k,,k = higher tensile steel factor, see Ch 2,1.2. 


ra Section 2 


General 
2.1 Longitudinal strength calculations 
2.1.1 Longitudinal strength calculations are to be carried 


out for all ships where L is greater than 65 m, covering the 
range of load and ballast conditions proposed, in order to 
determine the required hull girder strength. The calculations 
of still water shear forces and bending moments are to cover 
both departure and arrival conditions and any special 
mid-voyage conditions caused by changes in ballast 
distribution. 


2.1.2 For ships where L is equal to or less than 65 m, 
longitudinal strength calculations may be required, dependent 
upon proposed loading. 


2:1:3 Specific information regarding required loading 
conditions is given in the individual ship type Chapters. 


2.2 Erections contributing to hull strength 


2.2.1 In general, where a long superstructure or 
deckhouse of length greater than 0,15L is fitted, extending 
within the 0,5L amidships, the requirements for longitudinal 
strength in the hull and erection will be considered in each 
case. 
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2.3 Open type ships 


2.3.1 For ships other than container ships which have 
large deck openings and where the structural configuration is 
such that warping stresses in excess of 14,7 N/mm? are likely 
to occur, local increases in section modulus, based normally 
on the combined stress diagram undertaken for container 
ships, may be required. For calculations for container ships, 
see Pt 4, Ch 8,3. 


2.3.2 For ships with large deck openings such as 
containerships, sections at or near to the aft and forward 
quarter length positions are to be checked. For such ships 
with cargo holds aft of the superstructure, deckhouse or 
engine room, strength checks of sections in way of the aft end 
of the aft-most holds, and the aft end of the deckhouse or 
engine room are to be performed. 


2.4 Ships with large flare 


2.4.1 In ships of length between 120 and 170 m and 
maximum service speed greater than 17,5 knots, in 
association with a bow shape factor of more than 0,15, the 
Rule hull midship section modulus and the distribution of 
longitudinal material in the forward half-length will be specially 
considered, see Pt 4, Ch 1,3. 


2.5 Direct calculation procedures 


2.5.1 In direct calculation procedures capable of 
deriving the wave induced loads on the ship, and hence the 
required modulus, account is to be taken of the ship’s actual 
form and weight distribution. 


2.5.2 Lloyd’s Register’s (hereinafter referred to as ‘LR’) 
direct calculation method involves derivation of response to 
regular waves by appropriate sea keeping software, short- 
term response to irregular waves using the sea spectrum 
concept, and long-term response predictions using statistical 
distributions of sea states. Other direct calculation methods 
submitted for approval should normally contain these three 
elements and produce similar and consistent results when 
compared with LR’s methods. 


2.6 Approved calculation systems 


2.6.1 Where the assumptions, method and procedures 
of a longitudinal strength calculation system have received 
general approval from LR, calculations using the system for a 
particular ship may be submitted. 
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a Section 3 
Application 


3.1 Symbols 


3.1.1 The symbols used in this Section are defined as 
follows: 

b = breadth, in metres, of the hatch opening. Where 
there are multiple openings abreast, these are 
regarded as a single opening, and b is to be the 
sum of the individual breadths of these openings 

1, = length of the hatch opening, in metres 

lsu = distance, in metres, between centres of the deck 
strip at each end of the hatch opening. Where there 
is no further opening beyond the one under 
consideration, the point to which /py is measured 
will be considered, see also Fig. 4.3.1 

B, = extreme breadth of deck including hatch opening, 
measured at the mid-length of the opening, in 
metres. 


b=b;,+b9 


Fig. 4.3.1 Deck opening size 


3.2 General 


3.2.1 The requirements of this Chapter apply to sea- 
going steel ships, of normal form, proportions and speed, 
unless direct calculation procedures are adopted, in which 
case the assumptions made and the calculations performed 
are to be submitted for approval. 
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3.2.2 The requirements in this Chapter are not applicable 
to Double Hull Oil Tankers or Bulk Carriers with a CSR 
notation. See Pt 1, Ch 2,2.3. 


3.3 Exceptions 


3.3.1 Individual consideration based on direct calculation 

procedures will generally be required for ships having one or 

more of the following characteristics: 

e Length L greater than 400 m. 

e Speed V greater than that defined in Table 4.3.1 for the 
associated block coefficient. 

° Unusual type or design. 

e — Unusual hull weight distribution. 


L B 
° B <5, 0r p 22,5 


e Large deck openings, or where warping stresses in 
excess of 14,7 N/mm? (1,5 kgf/mm2) are likely to occur. 

e Openings for side loading in way of both sheerstrake 
and stringer. 

e Cp < 0,6 

e Carriage of heated cargo, see Pt 4, Ch 9,12. 


Table 4.3.1 Ship speed criteria 


Ship length L, 
metres Cp 


< 200 > 0,80 
=0,70 
< 0,60 


> 0,80 
=0,70 
< 0,60 


NOTE 
Intermediate values of speed to be obtained by linear interpola- 
tion for Cp. 


3.3.2 A ship is regarded as having large deck openings if 
both the following conditions apply to any one opening: 


See also Fig. 4.3.1. 
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a Section 4 
Information required 


4.1 List of requirements 


4.1.1 In order that an assessment of the longitudinal 

strength requirements can be made, the following information 

is to be submitted, in LR’s standard format where appropriate. 

a) General arrangement and capacity plan or list, showing 
details of the volume and position of centre of gravity of 
all tanks and compartments. 

b) Bonjean data, in the form of tables or curves, for at least 
21 equally spaced stations along the hull. A lines plan 
and/or tables of offsets may also be required. 

c) Details of the calculated lightweight and its distribution. 

d) Loading Manual. 

e) Details of the weights and centres of gravity of all 
deadweight items for each of the main loading 
conditions for individual ship types specified in Part 4. It 
is recommended that this information be submitted in 
the form of a preliminary Loading Manual, and that it 
includes the calculated still water bending moments and 
shear forces. 


4.1.2 For final Loading Manual, see Section 8. 


a Section 5 
Hull bending strength 


5.1 Symbols 


5.1.1 The symbols used in this Section are defined as 
follows: 


f4 = ship service factor 
fo = wave bending moment factor 
Fg = local scantling reduction factor for hull members 
below the neutral axis, see 5.7 
Fp = local scantling reduction factor for hull members 
above the neutral axis, see 5.7 
Imin = Minimum moment of inertia, of the hull midship 


section about the transverse neutral axis, in m4 
Ms = design still water bending moment, sagging (negative) 
and hogging (positive), in KN m (tonne-f m), to be 
taken negative or positive according to the convention 
given in 5.3.2 
M, = maximum permissible still water bending moment, 
sagging (negative) and hogging (positive), in KN m 
(tonne-f m), see 5.4 
My = design hull vertical wave bending moment amid- 
ships, sagging (negative) and hogging (positive), in 
kN m (tonne-f m), to be taken negative or positive 
according to the convention given in 5.3.2 
Zo = actual hull section modulus, in m3, at continuous 
strength member above strength deck, calculated 
with the lever specified in Ch 3,3.4 
Zp, Zg = actual hull section moduli, in m8, at strength deck 
and keel respectively, see Ch 3,3.4 
Zmin = Minimum hull midship section modulus about the 
transverse neutral axis, in m3 
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o = permissible combined stress (still water plus wave), 
in N/mm? (kgf/mm2), see 5.5 
Op, Og = Maximum hull vertical bending stress at strength 
deck and keel respectively, in N/mm? (kgf/mm?) 
Z = vertical distance from the hull transverse neutral 
axis to the position considered, in metres 
zm = vertical distance, in metres, from the hull 
transverse neutral axis to the minimum limit of 
higher tensile steel, as defined in Ch 3,2.6, above 
or below the neutral axis as appropriate. 


5.2 Design vertical wave bending moments 


5.2.1 The appropriate hogging or sagging design hull 
vertical wave bending moment at amidships is given by the 
following: 


Mw = fi fo Mwo 


Cp is to be taken not less than 0,60 

Cy is given in Table 4.5.1 

Cy = 1, (also defined in 5.2.2 at other positions along the 
length L) 

f4 = ship service factor. To be specially considered 

depending upon the service restriction and in any 
event should be not less than 0,5. For unrestricted 
sea-going service f4 = 1,0 


fo = -1,1 for sagging (negative) moment 
1,9C : iA 
fp = G07 for hogging (positive) moment 
Myo = 0,1CyCoL2B(C,+0,7) kN m 


(0,0102C, C2 L? B (Cy + 0,7) tonne-f m) 
Consideration will be given to direct calculations of long-term 
vertical wave bending moments, see 2.6. 


Table 4.5.1 Wave bending moment factor 


Length L, in metres Factor C4 


<90 0,0412L + 4,0 


90 to 300 


= 1,5 
10,75 - (00-4 £) 


100 


>300 <350 10,75 


>350 <500 


10,75- ( 


L-3850) 
150 


5.2.2 The longitudinal distribution factor, Co, of wave 
bending moment is to be taken as follows: 

e = Oat the aft end of L 

° 1,0 between 0,4L and 0,65L from aft 

° O at the forward end of L 

Intermediate values are to be determined by linear 
interpolation. 
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5.2.3 For operation in sheltered water or short voyages, a 
higher permissible still water bending moment can be assigned 
based on a reduced vertical wave bending moment given by: 
(a) For operating in sheltered water: 

My = 0,5fo Mwo 
(b) For short voyages: 

My = 0,8f Myo 
These expressions can only be used in the expression for 
permissible still water bending moment, see 5.4, and the 
relevant loading conditions are to be included in the Loading 
Manual, see 8.1. 


5.2.4 ‘Short voyages’ are defined as voyages of limited 
duration in reasonable weather. ‘Reasonable weather’ and 
‘sheltered water’ are defined in Pt 1, Ch 2,2. 


5.3 Design still water bending moments 


5.3.1 The design still water bending moment, Mg, 
hogging and sagging is the maximum moment calculated 
from the loading conditions, given in 5.3.3, and is to satisfy 
the following relationship: 


|M; |< | Mg | 


5.3.2 Still water bending moments are to be calculated 
along the ship length. For these calculations, downward 
loads are to be taken as positive values and are to be 
integrated in the forward direction from the aft end of L. 
Hogging bending moments are positive. 


5.3.3 In general, the following loading conditions, based 
on amount of bunkers, fresh water and stores at departure 
and arrival, are to be considered. 
(a) General cargo ships, container ships, passenger ships, 
roll on-roll off ships and refrigerated cargo carriers: 
(i) Homogeneous loading conditions, at maximum 


draught. 
(ii) Ballast conditions. 
(iii) Special loading conditions, e.g., container or light 


load conditions at less than the maximum 
draught, heavy cargo, empty holds or non- 
homogeneous cargo conditions, deck cargo 
conditions, etc., where applicable. 
(bo) Bulk carriers (see 3.2.2), ore carriers and combination 
carriers 

(i) For ships of length, L, less than 150 m: 
Alternate hold loading conditions at maximum 
draught, where applicable. 

Homogeneous loading conditions at maximum 
draught. 

Ballast conditions, including intermediate 
conditions associated with ballast exchange at 
sea. 

Special conditions, e.g. deck cargo conditions. 
For combination carriers, the conditions as 
specified in (c) for oil tankers are also to be 
considered. 

(ii) For ships of length, L, 150 m or above: 
Alternate light and heavy cargo loading condi- 
tions at maximum draught, where applicable. 
Homogeneous light and heavy cargo loading 
conditions at maximum draught. 
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Ballast conditions. Where vessels are designed 
with a ballast hold adjacent to topside wing, 
hopper and double bottom tanks, the structure 
design is to be such that the ballast hold can be 
filled with all adjacent tanks empty. 

Short voyage conditions where the ship is loaded 
to maximum draught with reduced bunkers, 
where applicable. 

Multiple port loading/unloading conditions, where 
applicable. 

Deck cargo conditions, where applicable. 
Typical loading and discharging sequences from 
commencement to end of cargo operation, for 
homogeneous, alternate and part load condi- 
tions, where applicable. 

Typical sequences for exchange of ballast at sea, 
where applicable. 

For combination carriers, the conditions as 
specified in (c) for oil tankers are also to be 
considered. 

For bulk carriers, the conditions as specified in 
5.4 for the relevant notation are also to be 


considered. 
(c) Oil tankers (see 3.2.2): 
(i) Homogeneous loading conditions (excluding dry 


and clean ballast tanks) and ballast or part 
loaded conditions. 

(ii) Any specified non-uniform distribution of loading. 

(iii) | Mid-voyage conditions relating to tank cleaning 
or other operations where these differ significantly 
from the ballast conditions. 

(d) | Chemical tankers: 

(i) Conditions as specified for oil tankers. 

(i) | Conditions for high density or segregated cargo. 
(e) Liquefied gas carriers: 

(i) Homogeneous loading conditions for all approved 
cargoes. 

(ii) Ballast conditions. 

(iii) | Cargo conditions where one or more tanks are 
empty or partially filled or where more than one 
type of cargo having significantly different 
densities is carried. 

(f) All ships: 

(i) Any other loading condition likely to result in high 
bending moments and/or shear forces (including 
docking conditions, as appropriate). 


5.3.4. Where the amount and disposition of consumables 
at any intermediate stage of the voyage are considered more 
severe, calculations for such intermediate conditions are to 
be submitted in addition to those for departure and arrival 
conditions. Also, where any ballasting and/or de-ballasting is 
intended during voyage, calculations of the intermediate 
condition just before and just after ballasting and/or de- 
ballasting any tank are to be submitted and, where approved, 
included in the loading manual for guidance. 


5.3.5 Ballast loading conditions involving partially filled 
peak and/or other ballast tanks at departure, arrival or during 
intermediate conditions are not permitted as design 
conditions unless the design stress limits are satisfied for all 
filling levels between empty and full, and for bulk carriers the 
requirements of Pt 4, Ch 7,3, as applicable, are to be 
complied with for all filling levels between empty and full. 
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To demonstrate compliance with all filling levels between 
empty and full, it will be acceptable if, in each condition at 
departure, arrival and where required by 5.3.3, any interme- 
diate condition, the tanks intended to be partially filled are 
assumed to be: 
e empty 
e full 
. partially filled at intended level. 
Where multiple tanks are intended to be partially filled, all 
combinations of empty, full or partially filled at intended level 
for those tanks are to be investigated. However, for conven- 
tional ore carriers with large wing water ballast tanks in cargo 
area, where empty or full ballast water filling levels of one or 
maximum two pairs of these tanks lead to the ship’s trim 
exceeding one of the following conditions, it is sufficient to 
demonstrate compliance with maximum, minimum and 
intended partial filling levels of these one or maximum two 
pairs of ballast tanks such that the ship’s condition does not 
exceed any of these trim limits. Filling levels of all other wing 
ballast tanks are to be considered between empty and full. 
The trim conditions mentioned above are: 
e trim by stern of 3 per cent of the ship’s length, or 
e — trim by bow of 1,5 per cent of ship’s length, or 
e any trim that cannot maintain propeller immersion (I/D) 
not less than 25 per cent, where; 
I = the distance from propeller centreline to the water- 
line, see Fig. 4.5.1 

D = propeller diameter, see Fig. 4.5.1 
The maximum and minimum filling levels of the above 
mentioned pairs of side ballast tanks are to be indicated in 
the loading manual. 


Fig. 4.5.1 Propeller immersion 


5.3.6 When considering cargo loading conditions, the 
requirements of 5.3.5 apply to peak tanks only. 


5.3.7 When considering ballast water exchange using the 
sequential method, the requirements of 5.3.5 and 5.3.6 do 
not apply. However, bending moment and shear force 
calculations for each de-ballasting or ballasting stage in the 
ballast water exchange sequence are to be included in the 
loading manual or ballast water management plan of any 
vessel that intends to employ the sequential ballast water 
exchange method. 
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5.4 Minimum hull section modulus 


5.4.1 The hull midship section modulus about the 
transverse neutral axis, at the deck or the keel, is to be not 
less than: 


Zmin = fy kL C,L2B (Cp +0,7)x 10-6 ms 
and 
f4 is to be taken not less than 0,5. 


5.4.2 For materials to be included in the calculation of 
actual hull section properties, see Ch 3,3. 


5.4.3 The midship section modulus for ships with a 
service restriction notation is to be not less than half the 
minimum value required for unrestricted service. 


5.4.4 Scantlings of all continuous longitudinal members 
of the hull girder based on the minimum section modulus 
requirements given in 5.4.1 are to be maintained within 0,4L 
amidships. However, in special cases, based on considera- 
tion of type of ship, hull form and loading conditions, the 
scantlings may be gradually reduced towards the ends of the 
0,4L part, bearing in mind the desire not to inhibit the vessel’s 
loading flexibility. 


5.4.5 Outside 0,4L amidships, as a minimum, hull girder 

bending strength checks are to be carried out at the following 

locations: 

(a) In way of the forward end of the engine room. 

(o) In way of the forward end of the foremost cargo hold. 

(c) At any locations where there are significant changes in 
hull cross-section. 

(d) At any locations where there are changes in the framing 
system. 


5.5 Permissible still water bending moments 
5.5.1 The permissible still water bending moments 


sagging and hogging are to be taken as the lesser of the 
following: 


(a) |Ms| = FpoZpx108-|My| kN m (tonne-f m) 
(o) |Ms| = FaoZ gx 103—|My| kN m (tonne-f m) 
where 


o =the permissible combined stress in N/mm2 
(kgf/mm2) is given in 5.6 and Fp and Fp are defined 
in 5.7.2. Mọ is the design wave bending moment, 
sagging or hogging as appropriate, in accordance 
with 5.2. 


5.6 Permissible hull vertical bending stresses 


5.6.7 The permissible combined (still water plus wave) 
stress for hull vertical bending, o, is given by: 
(a) Within 0,4L amidships 


= 18 ymm? ( 1484 kgf/mm? 
kK. KL 
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(b) for continuous longitudinal structural members outside 
0,4L amidships 


75+5432 -699 (L V\ Nme 
L L) )k, 


oO 
2 
= 75 +5432 -699 [L V\ L182 kgf/mm? 

L L kL 
where d is the distance, in metres, from the F.P. (for the fore 
end region) or from the A.P. (for the aft end region), as appro- 
priate, to the location under consideration. 
Special consideration will be given to increasing the 
permissible stress outside 0,4L amidships to 


175 N/mm? (= katimme ) 
kL L 


provided that sufficient buckling checks are carried out. 


5.6.2 The requirements for ships of special or unusual 
design and for the carriage of special cargoes will be 
individually considered. 


5.7 Local reduction factors 


5.7.1 The maximum hull vertical bending stresses at 
deck, op, and keel, op, are given by the following, using the 
appropriate combination of bending moments to give sagging 
and hogging stresses: 


[Ms + Myl 


op = a x 10-3 N/mm? (kgf/mm?) 
M, +M 
poe Mesat x103 N/mm? (kgf/mm?) 


Where the ship is always in the hogging condition, the 
sagging bending moment is to be specially considered. 


5.7-2 Where the maximum hull vertical bending stress at 
deck or keel is less than the permissible combined stress, ©, 
reductions in local scantlings within 0,4L amidships may be 
permitted. The reduction factors applicable in Part 4 are 
defined as follows: 
For hull members above the neutral axis 
oD 
Epo = 
D oO 
For hull members below the neutral axis 


OB 


In general, the values of op and og to be used are the greater 
of the sagging or hogging stresses, and Fp and Fp are not to 
be taken less than 0,67 for plating and 0,75 for longitudinal 
stiffeners. 


5.7.3 Where higher tensile steel is used in the hull 
structure, the values of Fp and Fg for the mild steel part are to 


be taken as not less than -2 . 
ZM 
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5.8 Hull moment of inertia 


5.8.1 The hull midship section moment of inertia about 

the transverse neutral axis is to be not less than the following 

using the maximum total bending moment, sagging or 

hogging: 

3L (IM; + My) 
kL oO 


I x10 m4 


min 


where values of o are given in 5.6.1. 


5.9 Continuous strength members above strength 
deck 


5.9.1 Where trunk decks or continuous hatch coamings 
are effectively supported or deck longitudinals or girders are 
fitted above the strength deck, the modulus Z, is to be not 
less than Zin. The scantling reduction factor, Fp, referred to 
strength deck at side, is applicable and, in addition to the 
requirement given in 5.5.1, the permissible still water bending 
moments, sagging and hogging, are not to exceed: 

[Ms| = oZ, x103-|M,,| kNm (tonne-f m) 

where 


My is the design wave bending moment sagging or 
hogging, as appropriate, in accordance with 5.2. 


a Section 6 
Hull shear strength 


6.1 Symbols 


6.1.1 The symbols used in this Section are defined as follows: 
= the inertia of the hull about the horizontal neutral 
axis at the section concerned, in cm4 
Az = the first moment, in cm’, about the neutral axis, of 
the area of the effective longitudinal members 
between the vertical level under consideration, and 
the vertical extremity of the effective longitudinal 
members, taken at the section under consideration 
Q, = design hull still water shear force, in kN (tonne-f), to 
be taken as negative or positive according to the 
convention given in 6.4.2 
Qs; = permissible hull still water shear force, in KN (tonne-f), 
see 6.5 
Qw = design hull wave shear force, in KN (tonne-f), to be 
taken as negative or positive according to the 
convention given in 6.4.2 
t = permissible combined shear stress (still water plus 
wave), in N/mm? (kgf/mmz2), see 6.6 
ta = design shear stress, in N/mmé2 (kgf/mmz2), as given 
in 6.7.1 for use in 7.4. 


6.2 General 


6.2.1 For ships with length L greater than 65 m, the shear 
forces on the hull structure are to be investigated. 
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6.2.2 For L greater than 200 m, where double skin 
construction of the side shell in association with topside and 
hopper tanks is proposed, shear flow calculations may be 
required to be submitted. 


6.2.3 Where shear flow calculation procedures other than 
those available within ShipRight are employed, the require- 
ments of Ch 1,3 are to be complied with. 


6.2.4 For passenger ships, the assessment of permissi- 
ble still water shear forces is to take into consideration the 
effectiveness of the continuous superstructures and the sizes 
and arrangements of window and door openings. 


6.2.5 Where longitudinal bulkheads are perforated by 
cut-outs, the assessment of permissible still water shear 
forces is to take into consideration the loss of material. 


6.3 Design wave shear force 


6.3.1 The design hull wave shear force, Qy, at any 
position along the ship is given by: 
Qw = Ky Ko Qwo KN (tonne-f) 
where 
Qwo = 0,3C4 LB (Cp + 0,7) kN 
(0,0306C, LB (Cp + 0,7) tonne-f) 
and Cy is to be taken not less than 0,6 
K4 is to be taken as follows, see also Fig. 4.6.1: 
(a) Positive shear force 
K, = Oat aft end of L 
1,589C, 
= (Cy + 0,7) 


= 0,7 between 0,4L and 0,6L from aft 
= 1,0 between 0,7L and 0,85L from aft 
O at forward end of L 
(b) Negative shear force 
K4 O at aft end of L 
= -0,92 between 0,2L and 0,3L from aft 
= —0,7 between 0,4L and 0,6L from aft 
-1,727Cp 
= Cr +0,7) between 0,7L and 0,85L from aft 
= Oat forward end of L 
Intermediate values to be determined by linear 
interpolation 
Kə = 1,0 for unrestricted sea-going service conditions 
= 0,8 for short voyages 
= 0,5 for operating in sheltered water. 


between 0,2L and 0,3L from aft 


6.4 Design still water shear force 


6.4.1 The design still water shear force, Q, at each 
transverse section along the hull is to be taken as the maxi- 
mum positive and negative value found from the longitudinal 
strength calculations for each of the loading conditions given 
in 5.3.3 and is to satisfy the following relationship: 


lQsl < [Qs] 
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| 
0,2 | 0,3) 0,4! 0,85 


T T I 
Distance from the aft end of L in terms of L' 
[i 1 


Forward 
end of L 


-1,727Cp 
(Cp +0,7) 


4530/01 


Fig. 4.6.1 Shear force factor K4 


6.4.2 Still water shear forces are to be calculated at each 
section along the ship length. For these calculations, 
downward loads are to be taken as positive values and are to 
be integrated in a forward direction from the aft end of L. The 
shear force is positive when the algebraic sum of all vertical 
forces aft of the section is positive. 


6.4.3 For hull configuration Types A, D, G, H and |, as 
indicated in Table 4.6.1, where loading conditions are featuring 
either: 
e — cargo loading with specified or alternate cargo holds (or 

cargo tanks) empty; or 
° ballasting of cargo hold(s); 
the actual shear forces obtained from the longitudinal strength 
calculations may be corrected for the effect of local forces at 
the transverse bulkheads. The calculation of these local forces 
is to be submitted for approval or, alternatively, the proportion 
of the double bottom load carried by the transverse bulkhead 
may be arrived at by using the following bulkhead factor F: 

1 


——— 
1 + 1,501,65 


lẹ = span of floors measured to intersection of hopper 
side or ship’s side, and inner bottom, in metres 
Sy = length of hold measured between bulkhead stools, 
where fitted, at the level of the inner bottom on the 
centreline, in metres 


SH 
a = A 
6.4.4 If the hull shear forces in kN (tonne-f) at transverse 


bulkheads A and B are calculated to be Qa and Qg 
respectively (with appropriate algebraic signs), the excess 
load or buoyancy over hold AB is given by Qg — Q; and the 
load transmitted to each bulkhead is: 


0,5F (Qg - Qa) kN (tonne-f) 


where F is the bulkhead factor as given in 6.4.3. 
See Fig. 4.6.2. 
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Table 4.6.1 f, factors (see continuation) 


Hull configuration f, factors 


Type A 


Member 1 
f4 = 0,5 


Member 1 
f4 = 0,231 + 0,076 A4/A9 
Member 2 
fy = 0,538 - 0,152 Ay/Ap 


Member 1 
f4 = 0,135 + 0,088 A4/A9 
Member 2 
fo = 0,365 - 0,088 A,/Ap 


Member 1 
f4 =0,128 + 0,105 A,/A, 
Member 2 


fy = 0,372 -0,105 A4/A 


Member 1 
f4 = 0,055 + 0,097 A4/A9 + 0,020 A2/A3 
Member 2 
fy = 0,193 - 0,059 Ay/Ap + 0,058 A2/A3 
Member 3 
fa = 0,504 - 0,076 A4/A9 — 0,156 A2/A3 


Member 1 
f4 = 0,028 + 0,087 A4/A9 + 0,023 A2/A3 
Member 2 
fy = 0,119 - 0,038 Ay/Ap + 0,072 A2/A3 
Member 3 
fa = 0,353 - 0,049 A4/A9 — 0,095 A2/Ag 


Member 1 
f4 =0,139 + 0,099 A,/A, 
Member 2 
fo = 0,361 - 0,099 A,/A, 
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Table 4.6.1 f, factors (continued) 


Hull configuration 


Part 3, Chapter 4 


f, factors 


Section 6 


Type H 


Member 7 


3688/06 


Member 1 
= 0,216 + 0,087 A4/(A7 + Ao sin 0;) 


= 0,5 

Member 5 

fs = 0,155 + 0,087 Ac/(Ag + Ag sin Op) 
Member 6 

fg = 0,345 - 0,087 As/(Ag + Ag sin Op) 
fr = fo, fg= fe 


Member 8 


3688/07 


Member 1 

= 0,216 + 0,087 A1/(A7 + Ao sin 6) 
Member 2 

= 0,284 - 0,087 A4/(A7 + Ao sin 0;) 
Member 3 

= 0,143 + 0,104 A3/A4 

Member 4 

f4 = 0,357 - 0,104 A3/A4 

Member 5 

fs = 0,155 + 0,087 Ac /(Ag + Ag sin Op) 
Member 6 

fg = 0,345 - 0,087 Ac/(Ag + Ag sin Op) 


f= fo, fa= fẹ 


Member 1 
f4 = 0,153 + 0,105 A4/A2 


Member 2 
fə = 0,347 - 0,105 A4/A2 


j: 
ş 


6.4.5 The corrected shear forces, Qa’ and Qp’, at 
bulkheads A and B with respect to hold AB are then obtained 
from: 

Qa = Qa + 0,5F (Qg- Qa) KN (tonne-f) 

Qg’ Qp - 0,5F (Qg - Qa) KN (tonne-f) 


Member 1 
f4 =0,128 + 0,105 A,/Ay 


Member 2 
fə = 0,372 - 0,105 Ay/Ay 
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Table 4.6.1 f, factors (conclusion) 


Hull configuration f, factors 


Type L 


— Member 1 
f4 = 0,093 + 0,162 A4/A2 


Member 2 


fə = 0,407 - 0,162 A4/A9 


Symbols 


i = structural member index 
for types A, B, C, D, E, F 
fori = 1, the side she 


and G, / 


or different hull configurations 


may take the value of 1, 2 or 3. 


| at the section is under consideration 


for i = 2 and 3, the longitudinal bulkheads at the section are under consideration 
for types H and I, / may take the value of 1, 2, 3, 4, 5, 6, 7 or 8 


fori = 1, the part of s 


ide shell 


in way of topside tank is under consideration 


fori = 2, the topside slope is under consideration 


fori = 3, the part of s 
for i = 4, the inner hu 


ide shell 
is under consideration 


fori = 5, the part of s 


ide shell 


between topside tank and hopper tank is under consideration 


in way of hopper tank is under consideration 


for i = 6, the hopper slope is under consideration 
fori = 7, the vertical strake at topside tank is under consideration 
for i = 8, the double bottom girder at hopper tank is under consideration 
for types J, K and L, į may take the value of 1 or 2: 
fori = 1, the side shell at the section is under consideration 
for i = 2, the longitudinal bulkheads at the section are under consideration 
the area of structural member i at the section under consideration, in cm2 
In the event of part of the structural member being non-vertical, A; is to be calculated using the projected area in the vertical 
direction, see Fig. 4.6.4, except for members 2 and 6 for types H and |, where the inclined area is to be applied. 


NOTES 


1. For hull configurations not included above, f factors are to be specially considered. 
2. Where it is necessary to increase the thickness of the side shell or longitudinal bulkhead(s) to meet these requirements, the original 
thicknesses are to be used in the calculation of the cross-sectional areas Aj. 


Corrected 
shear force 


Uncorrected 
shear force 


Fig. 4.6.2 Shear force correction 


6.5 Permissible still water shear force 


6.5.1 The permissible hull still water shear force is given 
by the minimum value obtained from: 


Q| = L; -|Q,| kN (tonne-f) 
3 100Az ” 
when 
ti 
õi = fi +m; 


i = structural member index for the hull configuration 
under consideration, see Table 4.6.1 

ti = the plate thickness of the structural member at the 
vertical level and section under consideration, 


in mm 

f,m, = factors determined from Tables 4.6.1 and 4.6.2 
respectively, for the hull configuration under 
consideration. 
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Table 4.6.2 m; factors 


Hull configuration, see Table 4.6.1 mj factors 


Type A 


Type B 


Type C 


Type D 


b 
Type E = , mg = (0,1 +r) 0,5 (: oe ) 


ba - 0,59 ) 
B 


Type F = ; mg = (0,1 +7 ( 


Type G 


Type H 


Type | 


Type J 


Type K 


Type L 


Symbols 


structural member index for different hull configurations, see Table 4.6.1 

the horizontal distance of the structural member / from the side shell, at the section under consideration, in metres 

0,15 within 0,20L7 from the transverse bulkhead position for loading conditions where the cargo region between two 
consecutive bulkheads is unevenly loaded in the transverse direction 

O within 0,20L7 from the transverse bulkhead position for loading conditions where the cargo region between two consecutive 
bulkheads is evenly loaded in the transverse direction 

O elsewhere 

cargo hold length, in metres 


NOTE 
For hull configurations not included above, m; factors are to be specially considered. 


6.5.2 The permissible shear forces assigned for 6.6 Permissible shear stress 

approved loading instruments will normally be based on 6.5.1. 

However, where use is made of an approved loading 6.6.1 The permissible combined shear stress (still water 
instrument incorporating a facility to calculate the transverse plus wave) is to be taken as: 

distribution of shear forces, separate permissible still water 110 N/mm? 11,2 katimi 

shear forces, Q; may be assigned for the structural members aa k, ( i gumm ) 


indicated in Table 4.6.1 for the hull configuration under 

consideration. we se B nae 
| og $ 6.6.2 ere a plate is tapered, the permissible combine 

[Qsil = +m) [Qs] KN (tonne-f shear stress is not to be exceeded at any point in way of the 


6.5.3 Individual loading conditions in the ship’s loading taper, see Fig; 8.2: 


manual may be specially considered on a similar basis to that 
in 6.5.2 with the factors being determined by direct 


calculation 6.7 Design shear stress 


6.7.1 The design shear stress for use in 7.4 is to be taken 


6.5.4 For hull configuration types B and E (see 


Table 4.6.1), where loading conditions are such that hull girder as: |Qe| + | Qu 
torsion may be induced, direct calculations may be required. ta = 100Az ae N/mm2 
l 
6.5.5 The calculation of shear forces immediately beyond la] + | Qu 
the ends of the longitudinal bulkheads will be considered in — SESW 2 
10,2Az kgf/mm 
relation to the arrangement of structure in these regions. Ii 
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5801/03 


Fig. 4.6.3 Tapered plates 


Actual Calculation 


Transform 
— 


j Transform 
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Transform 
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—— 
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Same datum line 


3688/08 


Fig. 4.6.4 
Calculation of A; for non-vertical parts of structural 
members 


Part 3, Chapter 4 


Sections 6 & 7 


E Section 7 
Hull buckling strength 


7.1 Application 


7.1.1 These requirements apply to plate panels and 
longitudinals subjected to hull girder compression and shear 
stresses based on design values for still water and wave 
bending moments and shear forces. 


7.1.2 The hull buckling strength requirements are 
applicable within 0,4L amidships to ships of 90 m or greater 
in length. 


7.1.8 Hull buckling strength for ships less than 90 m in 
length will be specially considered. 


7.1.4 Hull buckling strength outside 0,4L amidships of 
members contributing to the longitudinal strength and 
subjected to compressive and shear stresses is to be 
checked, in particular in regions where changes in the fram- 
ing system or significant changes in the hull cross-section 
occur. 


7.2 Symbols 


7.2.1 The symbols used in this Section are defined as 
follows: 
dą = standard deduction for corrosion, see Table 4.7.1 
s = spacing of secondary stiffeners, in mm. In the case 
of symmetrical corrugations, s is to be taken as b 
or c in Fig. 3.3.1 in Chapter 3, whichever is the 
greater 
t = as built thickness of plating, stiffener flange and 
web used in Table 4.7.1 in calculating standard 
deduction a}, in mm 
ty = as built thickness of plating less standard deduc- 
tion a, in mm, (i.e., tp =t- di) 
E = modulus of elasticity, in N/mm? (kgf/mm2) 
= 206000 N/mm? (21000 kgf/mmZ) for steel 
S = spacing of primary members, in metres 


So = specified minimum yield stress, in N/mm2 
(kgf/mm?) 

oa = design longitudinal compressive stress in N/mm? 
(kgf/mm?) 

ocprg = Critical buckling stress in compression, in N/mm2 


(kgf/mm?) corrected for yielding effects 

cg = elastic critical buckling stress in compression, in 
N/mm? (kgf/mm?) 

ta = design shear stress, in N/mm2 (kgf/mm?) 

terg = Critical buckling stress in shear, in N/mm2 (kgf/mm2) 

corrected for yielding effects 

te = elastic critical buckling stress in shear, in N/mm2 
(kgf/mm?) 

So 


o> is 


7.3 Elastic critical buckling stress 


7.3.1 The elastic critical buckling stress of plating is to be 
determined from Table 4.7.2. 
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Section 7 


Table 4.7.1 Standard deduction for corrosion, d, 


Structure r range:mm 

min. — max. 
Compartments carrying dry bu 
cargoes 


One side exposure er bal Vertical surfaces and surfaces sloped at an 
and/or liquid cargo. angle greater than 25° to the horizontal line. 


One side exposure er bal Horizontal surfaces and surfaces sloped at an 
and/or liquid cargo. angle less than 25° to the horizontal line. 


Two side exposure er bal Vertical surfaces and surfaces sloped at an 
and/or liquid cargo. angle greater than 25° to the horizontal line. 


Two side exposure er bal Horizontal surfaces and surfaces sloped at an 
and/or liquid cargo. angle less than 25° to the horizontal line. 


NOTES 
1. The standard deduction d; is to be taken as appropriate and within the range given above. 
2. For direct calculation purposes, standard deductions will be specially considered. 


Table 4.7.2 Elastic critical buckling stress of plating 


Mode Elastic critical buckling stress, N/mm? (kgf/mm?) 


(a) Compression of plating with longitudinal stiffeners t 2 
(parallel to compressive stress), see Note 3,6E (2 ) 


(b) Compression of plating with transverse stiffeners s 212 ty \2 
0,9c 114+ 


(perpendicular to compressive stress), see Note Of = 
. 1000S s 


where c = 1,3 when plating stiffened by floors or deep girders 
= 1,21 when stiffeners are built up profiles or rolled angles 
= 1,10 when stiffeners are bulb plates 


= 1,05 when stiffeners are flat bars 


2 t 2 
(c) Shear, see Note te = 3,6 | ,335 + ( S ) | E (=) 
1000S s 


NOTE 
Where the elastic critical buckling stress, as evaluated from (a), (b) or (c), exceeds 50 per cent of specified minimum yield stress of the 
material, the corrected critical buckling stresses in compression (ocpp) and shear (topp) are given by: 

So 


OCRB = CF when OFS 5 


when og > °° N/mm? (kgf/mm?) 
2 


hen te< —2 
when te < —2 
bo 


when te > "° N/mm? (kgf/mm?) 
2 


7.3.2 The elastic critical buckling stress of longitudinals 
is to be determined from Table 4.7.3. 
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Table 4.7.3 


Mode 


Part 3, Chapter 4 


Section 7 


Elastic critical buckling stress of longitudinals (see continuation) 


Elastic critical buckling stress, N/mm? (kgf/mm?) 


Column buckling (perpendicular to plane of plating) 
without rotation of cross section, see Note 1 


= 0,001E 


Ta 
A; S2 


Torsional buckling, see Note 1 


0,001 E Iw 
2 
hS 


I 
(r ee ) + 0,385E -+ 
m Ip 


Web buckling, see Notes 1 and 3 
(flat bars are excluded) 


SÈ 


t 2 
= 3,8E Ww 
dw 


Symbols and Parameters 


web depth, in mm 


as built web thickness less standard deduction a} as specified in Table 4.7.1, in mm, (i.e., ty = t- a). For webs in which the 


thickness varies, a mean thickness is to be used 
flange width, in mm 


as built flange thickness less standard deduction a as specified in Table 4.7.1, in mm, (i.e., tf = t- ao). For bulb plates, the mean 


thickness of the bulb may be used, see Fig. 4.7.1 


cross-sectional area, in cm2, of longitudinal, including attached plating, taking account of standard deductions, see Note 4 
moment of inertia, in cm4, of longitudinal, including attached plating, taking account of standard deductions, see Note 4 
St.Venant's moment of inertia, in cm4, of longitudinal (without attached plating) 


dy ty? 
—W_W_ 10-4 for flat bars 


t 
ne EB tye + be tS (: - 0,63 all 10-4 for built up profiles, rolled angles and bulb plates 
3 


f 


polar moment of inertia, in cm4, of profile about connection of stiffener to plating 


dt 
—“_W 40-4 for flat bars 


St 
Ow" tw + d2 be tg) 1074 for built up profiles, rolled angles and bulb plates 
3 a a i 


sectorial moment of inertia, in cm, of profile about connection of stiffener to plating 


Ay? ty 
—W_W_ 40-6 for flat bars 
36 


10-6 for ‘Tee’ profiles 


z2 E (o? + 2b; dy + 4d?) + Sty bf A. 10-6 for ‘L profiles, rolled angles and bulb plates 
W- 


4 
1,080 S4 so. 
Ely 


7.4 Design stress 


7.4.1 Design longitudinal compressive stress, oa, is to be 
determined in accordance with Section 5: 


minimum oy = 30 N/mm? a komm?) 
kL L 
for structural members above the neutral axis, 


Sn = Op Zp 


for structural members below the neutral axis, 


Z 
OA = OB A 


Op based on sagging moment and og based on hogging 
moment are determined in 5.8.1. 


where 
Z = vertical distance from the hull transverse neutral 
axis to the position considered, excluding deck 
camber, in metres 
Zp, Zg = vertical distances from the hull transverse neutral 


axis to the deck and keel respectively, in metres 
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Section 7 


Table 4.7.3 Elastic critical buckling stress of longitudinals (conclusion) 


m is determined as follows: 


K range 


O<K<4 
4<K<36 
36<K< 144 
144 < K < 400 
400 < K < 900 
900 < K < 1764 
(m=1)2 m2 < K < m2 (m + 1)2 


ing stiffness exerted by supporting plate panel 
3 
kp E tp 


1,33k, dy t3 
as (14 Sele 2 e) 
sty 


1- Np: and is not to be taken less than zero. For built up profiles, rolled angles and bulb plates, kp need not be taken less than 0,1 


o 
SA where CEp = elastic critical buckling stress (og) of supporting plate derived from Table 4.7.2 
SEp 


All other symbols as defined in 7.2.1. 


NOTES 
1. Where the elastic critical buckling stress, as evaluated from (a), (b) or (c), exceeds 50 per cent of specified minimum yield stress of the 
material, the corrected critical buckling stress in compression (6crp) is given by: 
Zo ) N/MM2 (kgf/mm?) 
40E 
Fig. 4.7.1 shows the dimensions of longitudinals. 
For flanges on angles and T-sections of longitudinals, the following requirement is to be satisfied: 


bs bs 
75 15 for angles, 75 30 for ‘Tee’ profiles, 


where 
t = as built flange thickness, in mm 
The area of attached plating is to be calculated using actual spacing of secondary stiffeners. 


For initial design purposes, the hull transverse neutral axis 7.5.2 The corrected critical buckling stress in shear, tors, 
D ; of plate panels, as derived from Table 4.7.2(c), is to satisfy the 

may be taken at a distance 5 above keel, where D is the following: 

depth of the ship, in metres, as defined in Ch 1,6. TCRB > TA 


7.4.2 Design shear stress, ta, is to be determined in 
accordance with Section 6. 
For initial design purposes, t4 may be taken as: 


TA = MO Wmm? ea komm?) 
k k, 
7.5 Scantling criteria 


7.5.1 The corrected critical buckling stress in compression, 
Ocrp; Of plate panels and longitudinals, as derived from 
Tables 4.7.2 and 4.7.3, is to satisfy the following: 


Screg 2 Boa 


where 
B = 1 for plating and for web plating of longitudinals 
(local buckling) 
B = 1,1 for longitudinals 
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Flat bar 


Rolled angle 


Si 


Built up 
tp ‘Tee’ profile 


Part 3, Chapter 4 


Sections 7 & 8 


Built up 
‘L’ profile 


A = area of bulb plate, in mm2 


bp =c + tw 


T 


Fig. 4.7.1 


| Section 8 
Loading guidance information 


8.1 General 


8.1.1 Sufficient information is to be supplied to the 
Master of every ship to enable him to arrange loading and 
ballasting in such a way as to avoid the creation of 
unacceptable stresses in the ship’s structure. 


8.1.2 This information is to be provided by means of a 
Loading Manual and in addition, where required, by means of 
an approved loading instrument. 


3563/01 


Dimensions of longitudinals 


8.2 Loading Manual 


8.2.1 A Loading Manual is to be supplied to all ships 
where longitudinal strength calculations have been required, 
see Section 2. The Manual is to be submitted for approval in 
respect of strength aspects. Where both Loading Manual and 
loading instrument are supplied, the Loading Manual must 
nevertheless be approved from the strength aspect. In this 
case, the Manual is to be endorsed to the effect that any 
departures from these conditions in service are to be 
arranged on the basis of the loading instrument and the 
allowable local loadings shown in the Manual, see 8.2.4. 


8.2.2 The Manual is to be based on the final data of the 
ship and is to include well-defined lightweight distribution and 
buoyancy data. 


8.2.3 Details of the loading conditions given in 5.3.3 are 
to be included in the Manual as applicable. 


8.2.4 The Manual is also to contain the following: 

(a) Values of actual and permissible still water bending 
moments and shear forces and, where applicable, 
limitations due to torsional loads. 
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(o) The allowable local loadings for the structure such as the 
hatch covers, decks and double bottoms. If the ship is 
not approved to carry load on the deck or hatch covers, 
this is to be clearly stated. 

(c) Details of cargo carriage constraints imposed by the use 
of an accepted coating in association with a system of 
corrosion control, see Ch 2,3.6. 

(d) A note saying: 

‘Scantlings approved for minimum draught forward 
of ...m with ballast tanks No... filled. In heavy weather 
conditions the forward draught should not be less 
than this value. If, in the opinion of the Master, sea 
conditions are likely to cause regular slamming, then 
other appropriate measures such as change in speed, 
heading or an increase in draught forward may also 
need to be taken.’ 

(e) The maximum unladen weight, in tonnes, of grab that is 
considered suitable for the approved thickness of the 
hold inner bottom for bulk carriers and ore or oil carriers 
that are regularly discharged by grabs. This maximum 
unladen weight may differ for adjacent holds, see 
Ch 9,9.2 and Pt 4, Ch 7,8.1. This weight does not 
preclude the use of heavier grabs, but is intended as an 
indication to the Builders, Owners and operators of the 
increased risk of local damage and the possibility of 
accelerated diminution of the plating thickness if grabs 
heavier than this are used regularly to discharge cargo. 


8.2.5 In addition to the requirements of 8.2.4, the Manual 
is to contain the following information for bulk carriers 
(see 3.2.2), ore carriers and combination carriers of length, L, 
150 m or above: 

(a) The cargo hold(s) or combination of cargo holds that 
may be empty at maximum draught. If no cargo hold is 
permitted to be empty at maximum draught, this is to be 
clearly stated in the Manual. 

(b) Maximum allowable and minimum required mass of 
cargo and double bottom ballast for each hold as a 
function of the draught at mid-hold position. 

(c) Maximum allowable and minimum required mass of 
cargo and double bottom ballast for any two adjacent 
holds as a function of the mean draught in way of these 
holds. The mean draught may be calculated by 
averaging the draught at the two mid-hold positions. 

(d) Maximum allowable inner bottom loading together with 
specification of the nature of the cargo, for cargoes other 
than bulk cargoes. 

(e) The maximum rate of ballast exchange, together with 
advice that a load plan is to be agreed with the terminal 
on the basis of achievable rates of exchange. 

For bulk carriers for which it is required to undertake 

longitudinal strength calculations in the flooded condition, see 

Pt 4, Ch 7,3.1.2, the Manual is also to contain envelope 

results and permissible limits of still water bending moments 

and shear forces for hold flooded conditions, see Pt 4, 

Ch 7,3.4. 


8.2.6 Where applicable, the Manual is also to contain the 
procedure for ballast exchange and sediment removal at sea. 


8.2.7 Where alteration to structure, lightweight, cargo 
distribution or draught is proposed, revised information is to 
be submitted for approval. 


Part 3, Chapter 4 


Section 8 


8.3 Loading instrument 


8.3.1 In addition to a Loading Manual, an approved type 

loading instrument is to be provided for all ships where L is 

greater than 65 m and which are approved for non-uniform 

distribution of loading. The following ships are exempt from 

this requirement: 

(a) Ships with very limited possibilities for variations in the 
distribution of cargo and ballast. 

(o) Ships with a regular or fixed trading pattern. 

(c) Ships exempt by individual Chapters in Part 4. 


8.3.2 The loading instrument is to be capable of 
calculating shear forces and bending moments, in any load 
or ballast condition at specified readout points and is to 
indicate the permissible values. On container ships and other 
ships with large deck openings (see 3.3.2), cargo torque is 
also to be calculated. 


8.3.3 For bulk carriers, ore carriers and combination 
carriers of length, L, 150 m or above, the loading instrument 
is to be additionally capable of verifying that the following are 
within permissible limits: 

(a) the mass of cargo and double bottom ballast in way of 
each hold as a function of the draught at the mid-hold 
position. 

(o) the mass of cargo and double bottom ballast for any two 
adjacent holds as a function of the mean draught in way 
of these holds. The mean draught may be calculated by 
averaging the draught at the two mid-hold positions. 

For bulk carriers for which it is required to undertake 

longitudinal strength calculations in the flooded condition, see 

Pt 4, Ch 7,1.2.2, the loading instrument is also to be capable 

of verifying that the still water bending moments and shear 

forces in hold flooded conditions (see Pt 4, Ch 7,3.4), are 
within permissible limits. 


8.3.4 If the approved loading manual utilises bulkhead 
correction factors for shear force distribution, then the loading 
instrument must also have the capability to account for the 
bulkhead correction factors. 


8.3.5 The instrument is to be certified in accordance with 
LR’s document entitled Approval of Longitudinal Strength and 
Stability Calculations Programs. 


8.3.6 The instrument readout points are usually selected 
at the position of the transverse bulkheads or other obvious 
boundaries. As many readout points as considered necessary 
by LR are to be included, e.g., between bulkheads. 


8.3.7 A notice is to be displayed on the loading 

instrument stating: 
‘Scantlings approved for minimum draught forward 
of ...m with ballast tanks No... filled. In heavy weather 
conditions, the forward draught should not be less than 
this value. If, in the opinion of the Master, sea conditions 
are likely to cause regular slamming, then other 
appropriate measures such as change in speed, heading 
or an increase in draught forward may also need to be 
taken.’ 
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8.3.8 Where alteration to structure, lightweight or cargo 
distribution is proposed, the loading instrument is to be 
modified accordingly and details submitted for approval. 


8.3.9 The operation of the loading instrument is to be 
verified by the Surveyors upon installation and at Annual and 
Periodical Surveys as required in Pt 1, Ch 3. An Operation 
Manual for the instrument is to be verified as being available 
on board. 


8.3.10 Where an onboard computer system having a 
strength computation capability is provided as an Owner’s 
option, it is recommended that the system be certified in 
accordance with LR’s document entitled Approval of 
Longitudinal Strength and Stability Calculations Programs. 
For systems having a stability computation capability and 
installed on a new ship, see also Pt 1, Ch 2,1.1.11. For 
systems having a stability computation capability and installed 
on an existing ship, it is recommended that the system be 
certified in accordance with LR’s document entitled Approval 
of Longitudinal Strength and Stability Calculation Programs. 


8.4 Onboard lashing program 


8.4.1 An onboard lashing program to calculate forces 
acting on the container stowage arrangement may be 
provided, see Chapter 14. This may be an extension to the 
loading instrument covered under Ch 4,8.3. If the software to 
carry out lashing calculations is installed and maintained in 
accordance with the Rules, the ship will be eligible to be 
assigned the special features notation BoxMax, with one or 
more of the supplementary letters V and W. 


8.4.2 To qualify for the notation BoxMax the following 

requirements must be satisfied: 

(a) The onboard lashing program is to be certified in accor- 
dance with LR’s Approval of Longitudinal Strength and 
Stability Calculation Programs. 

(b) Where alteration to the container stowage arrangements 
is proposed, the onboard lashing program is to be 
modified accordingly and details submitted for approval. 

(c) The operation of the onboard lashing program is to be 
verified by the Surveyors upon installation and at Annual 
and Periodical Surveys as required in Pt 1, Ch 3. An 
Operation Manual for the onboard lashing program is to 
be verified as being available on board. 


8.4.3 The onboard lashing program may also have the 
capability to take account of the various sea areas through 
which the container ship may trade. If the software to carry 
out lashing calculations is installed and maintained in accor- 
dance with the Rules and includes the functionality to take 
account of voyage route using the methodology and factors 
supplied by LR, the ship will be eligible to be assigned the 
special features notation BoxMax(V). 
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8.4.4 To qualify for the notation BoxMax(V) the following 

requirements must be satisfied: 

(a) The requirements for BoxMax must be satisfied. 

(b) The benefits of the notation may only be applied in sea 
areas for which LR has provided the factors for the ship. 
Elsewhere, the weather-dependent factors must be set 
to the values defined for unrestricted worldwide service, 
see Pt 3, Ch 14,1.5. 

(c) The voyage-specific aspects of the onboard lashing 
program are to be verified by the Surveyors upon 
installation and at Annual and Periodical Surveys as 
required in Pt 1, Ch 3. An Operations Manual for these 
aspects of the onboard lashing program is to be verified 
as being available on board. 


8.4.5 The onboard lashing program may also have the 
capability to take account of the various seasons during 
which the container ship may trade. If the software to carry 
out lashing calculations is installed and maintained in accor- 
dance with the Rules and includes the functionality to take 
account of voyage route and season using the methodology 
and factors supplied by LR, the ship will be eligible to be 
assigned the special features notation BoxMax(V,W) 


8.4.6 To qualify for the notation BoxMax(V,W) the 

following requirements must be satisfied: 

(a) The requirements for BoxMax(V) must be satisfied. 

(b) The benefits of the notation may only be applied in sea 
areas and during seasons for which LR has provided the 
factors for the ship. If the required sea areas and 
seasons are not fully covered by the factors provided by 
LR, the weather-dependent factors must be set to the 
values defined for the notation BoxMax(V), if available, 
or for unrestricted worldwide service, see Pt 3, 
Ch 14,1.5. 

(c) The voyage- and season-specific aspects of the 
onboard lashing program are to be verified by the 
Surveyors upon installation and at Annual and Periodical 
Surveys as required in Pt 1, Ch 3. An Operation Manual 
for these aspects of the onboard lashing program is to 
be verified as being available on board. 
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Section 

1 General 

2 Deck structure 

3 Shell envelope plating 

4 Shell envelope framing 

5 Single and double bottom structure 
6 Fore peak structure 

7 Forward deep tank structure 


w Section 1 
General 


1.1 Application 


1.1.1 This Chapter applies to all types of ship covered by 
Part 4 except where specifically stated otherwise. 


1.1.2 The requirements given are those specific to fore 
ends and relate to structure situated in the region forward of 
0,3L from the forward perpendicular. 


1.1.3 Requirements for cargo space structure within this 
region not dealt with in this Chapter are to be as detailed in 
the relevant Chapter of Part 4 for the particular ship type. 


1.1.4 The requirements in this chapter are not applicable 
to Double Hull Oil Tankers or Bulk Carriers with a CSR 
notation. See Pt 1, Ch 2,2.3. 


1.2 Structural configuration 


1.2.1 The Rules provide for both longitudinal and transverse 
framing systems. 


1.2.2 In the case of container ships and open type ships, 
additional requirements may apply as detailed in Pt 4, Ch 8. 


1.2.3 In the case of fast cargo ships, the additional 
requirements given in Pt 4, Ch 1,3 are to be complied with 
where applicable. 


1.2.4 The requirements regarding minimum bow height 
given in Ch 3,6 are to be complied with where applicable. 
1.3 Structural continuity 

1.3.1 Suitable scarfing arrangements are to be made to 


ensure continuity of strength and the avoidance of abrupt 
structural changes. 
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1.3.2 Where longitudinal framing terminates and is 
replaced by a transverse system, adequate arrangements are 
to be made to avoid an abrupt changeover. Where a fore- 
castle is fitted extending aft of 0,15L from the F.P., longitudinal 
framing at the upper deck and topsides is generally to be 
continued forward of the end bulkhead of this superstructure. 
In bulk carriers and oil tankers (see 1.1.4) the longitudinal 
framing at the upper deck is to be maintained over the cargo 
space region and continued over the fore peak region. 


1.3.3 In container or similar ships having continuous side 
tanks or double skin construction in way of the cargo spaces, 
the longitudinal bulkheads are to be continued as far forward 
as is practicable and are to be suitably tapered at their ends. 
Where, due to the ship’s form, such bulkheads are stepped, 
suitable scarfing is to be arranged. 


1.3.4 In bulk carriers (see 1.1.4) the topside tank and 
double bottom hopper tank structures are to be maintained 
over the cargo space region, and suitable taper brackets are 
to be arranged in line with the end of these tank structures in 
the fore peak region. In addition, in way of the cargo space 
forward bulkhead, a girder or intercostal bulb plate stiffeners 
(fitted between and connected to the bulkhead vertical 
stiffeners), are to be arranged on the forward side in line with 
the sloped bulkheads of the topside and hopper tanks clear of 
the taper brackets. 


1.4 Symbols and definitions 


1.4.1 The following symbols and definitions are applicable 
to this Chapter unless otherwise stated: 
L, B, D, T, Cp and V as defined in Ch 1,6.1 
kœ k = higher tensile steel factor, see Ch 2,1.2 
l = overall length of stiffening member, in metres, see 
Ch 3,3.3 
lẹ = effective length of stiffening member, in metres, see 
Ch 3,3.3 
= spacing of secondary stiffeners, in mm 
= thickness of plating, in mm 
inertia of stiffening member, in cm4, see Ch 3,3.2 
= spacing, or mean spacing, of primary members, in 
metres 
Z = section modulus of stiffening member, in cm3, see 
Ch 3,3.2 
p = relative density (specific gravity) of liquid carried in a 
tank and is to be taken not less than 1,025. 


NDNA 
Il 


1.4.2 For the purpose of this Chapter the forward 
perpendicular, F.P., is defined as the forward limit of the Rule 
length L. 


1.5 Strengthening of bottom forward 


7.5.1 The bottom forward of a sea-going ship is to be 
additionally strengthened, except where the ship is so 
designed that a minimum draught forward, Trp, of 0,045L can 
be achieved for any ballast or part loaded condition. This 
draught is to be indicated on the shell expansion plan, the 
plan showing the internal strengthening, the Loading Manual 
and loading instrument, where fitted, see Ch 4,8. 
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1:5-2 The requirements for the additional strengthening 
apply to ships where L is greater than 65 m. Where a ship is 
classed for service in protected waters or extended protected 
waters, compliance with the requirements of this Section may 
be modified or waived altogether. 


1.5.3 The additional strengthening is to extend forward 
of 0,3L from the F.P. over the flat of bottom and adjacent 
plating with attached stiffeners up to a height of 0,002L above 
the base line or 300 mm whichever is the lesser. 


1.5.4 The scantling requirements outside the areas 
defined in 1.5.3 are to be suitably tapered to maintain 
adequate continuity of strength in both longitudinal and 
transverse directions. 


1.5.5 The requirements for the additional strengthening 
within the region defined in 1.5.3 are given in Table 5.1.1, or 
may be obtained by direct calculation. Where Trp is less than 
0,01L, the additional strengthening is to be specially 
considered. 


1.5.6 Bottom longitudinals are to pass through and be 
supported by the webs of primary members. The vertical web 
stiffeners are to be connected to the bottom longitudinals. 
The cross-sectional area of the connections is to comply with 
the requirements given in Table 5.1.1. 


1.5.7 The scantlings required by this Section must in no 
case be less than those required by the remaining Sections 
in Chapter 5. 


1.5.8 For minimum draught forward, Teg between 0,01L 
and 0,045L, the equivalent slamming pressure expressed as 
a head of water, hg, is to be obtained from Fig. 5.1.1, where 
Pmax IS Calculated from the following expressions: 
65<L<169mM, Amgx=10 VL Fm 


169<L<180M, hmax=130Fm 


L >180m, Pmax = 130 Fe~ 9:0125(L - 180)” m 
where 
T, 0,2 
F = 5,95-10,5 ( EE ) 
L 
and 


e = base of natural logarithm, 2,7183 

(a) The application of the maximum pressure for forward of 
0,3L from the F.P. is as indicated in Fig. 5.1.1. For Cp 
between 0,70 and 0,80 its position may be obtained by 
linear interpolation. 

(b) Where the bottom plating forms the boundary of a 
double bottom tank, deep tank or double skin tank 
which is full in all ballast conditions, then for such 
conditions the head, hg, may be reduced by 1,25 times 
the head, in metres, of ballast water to top of tank. 

(c) For bulk carriers (see 1.1.4) the reduction to the head, 
Ng, is not to exceed the head, in metres, of ballast water 
to the top of the hopper tank or 1,25 times the depth, in 
metres, of the double bottom tank, whichever is the 
greater. 

(d) For ballast and part loaded conditions where the draught 
forward is less than 0,045L and the reduction to the 
head, hs, has been applied, the ballast tanks are to be 
filled and a note added to the loading booklet to this 
effect, see Ch 4,8.2.4(d). 
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Section 7 


0,2L: ‘OAL 0,05L F.P.0,05L 
0,175L 0,125L 


Fig. 5.1.1 Pressure heads 


1.6 Strengthening against bow flare slamming 


1.6.1 The requirements of this Section apply to all ships 
except those defined in Pt 4, Ch 2 and Pt 4, Ch 8. 


1.6.2 The side structure in the area forward of 0,075L 
from the F.P. and above the summer load waterline is to be 
strengthened against bow flare impact pressure. The 
strengthening is to extend vertically to the uppermost deck 
level, including the forecastle deck, if fitted, but need not 
exceed the level of T + 1,654, above the base line, where Hp 
is the minimum bow height, in metres, as derived in 
Ch 1,6.1.11. 


1.6.3 The flare angle, a, is the angle between the vertical 
axis and the tangent of the outer shell measured normal to 
the shell in a vertical plane, at the point under consideration. 
The entry angle, B, is the angle between the longitudinal axis 
and the waterplane tangent measured on the outer shell, at 
the point under consideration. The flare angle may normally 
be derived in accordance with Fig. 5.1.2. 


1.6.4 The equivalent bow flare slamming head, hg, is to 
be taken as: 


hs = 0,8 (0,2 + 1,5 tana) (051v sing cosa + 


where 
V = as defined in 1.4.1 
a = flare angle, in degrees, at the point under 
consideration 
B = entry angle, in degrees, at the point under 
consideration 


ô = ( T L e-0,0083L — o.5a) and is not to be taken less 


than zero 

e = base of natural logarithms 2,7183 

d = vertical distance, in metres, between the waterline 
at draught 7 and the point under consideration. 
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Table 5.1.1 Additional strengthening of bottom forward (see continuation) 


Item Requirements 


(1) Longitudinally framed bottom 
shell plating (including keel), t = 0,008s fN h, k 
see Notes 1 and 2 


(2) Bottom longitudinals — other than 
flat bars 


Wes 55k 


tw 


Ow tw > 0,00033 kh, sc (s- s ) cm2 
100 2000 


Z>6,8x10 8h sk [t 7,5lg)2 - (0,01s)2 + ayc (s 


Aw 2 0,8444 


(3) Bottom longitudinals — flat bars Will be specially considered 


(4) Primary structure in way of single Transverse framing Longitudinal framing 
bottoms 


Centre girder: (a) Ships having one or more longitudinal 
Scantlings as required by item (1) in bulkheads: 

Table 5.5.1,except that in determining Z in (i) Centre girder 

way of a deep tank forward of 0,2L from the Scantlings as required by item (4) in 
F.P. the value of hs is to be increased by the Table 5.5.1 and (iii) 

following percentages: (ii) | Bottom transverses 

where Trp < 0,03L9, 30 per cent Maximum spacing 

where Tep = 0,04L5, O per cent As for midships region 

The increase in hs for intermediate values of Scantlings as required by Pt 4, Ch 9,9 
Trp is to be obtained by interpolation or Pt 4, Ch 10,2 

Floors: For horizontally stiffened longitudinal 
Scantlings as required by item (2) in bulkheads and girders the depth to 
Table 5.5.1, except that in way of dry cargo thickness ratio of the panel attached to 
spaces the minimum face area is to be the bottom shell plate is not to exceed 
increased by the following percentages: 55 fk 

where Trp < 0,03L9, 50 per cent (iv) Where Trp, < 0,025L9 the scantlings 
where Trp = 0,04L5, O per cent and arrangements will receive individual 
The increase of minimum face area for consideration 

intermediate values of Trp is to be obtained Other ship arrangements will receive 

by interpolation individual consideration 

Side girders: 

Arrangement and scantlings as required by 
5.2.2 and 5.2.3, with the addition of 
intermediate half-height girders or equivalent 
fore and aft stiffening 


(5) Primary structure in way of double Plate floors: Plate floors: 
bottoms, see Note 3 Maximum spacing, every frame Maximum spacing: 

Scantlings as required by Pt 4, Ch 1,8 0,002se m for Trp < 0,04L5 
Centre and side girders: 0,003se m for Trp 20,045 
Maximum spacing, 0,003se m but not to exceed that required by item (2) in 
Scantlings as required by Pt 4, Ch 1,8 Table 5.5.2 
Intermediate half-height girders to be Scantlings as required by Pt 4, Ch 1,8 
arranged midway between side girders: Centre and side girders: 
Scantlings as required for non watertight side Maximum spacing: 
girders by Pt 4, Ch 1,8 0,003s m for Trp < 0,04L5 

0,004s,_ m for TFB > 0,04L5 

but not to exceed that required by item (4) in 

Table 5.5.2 

Scantlings as required by Pt 4, Ch 1,8 


(6) Primary structure in way of double The scantlings and arrangements will receive 
bottoms supported by longitudinal individual consideration on the basis of direct 
bulkheads calculations using, if necessary, a 

suitably defined two-dimensional grillage model, 

see Ch 1,3 
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Section 7 


Additional strengthening of bottom forward (conclusion) 


Symbols 


L,T, s, k as defined in 1.4.1 
c 1,0forS<2,5m 
(0,87 + 0,16S ) c4 for S > 2,5 m 
1,0 forS<1,0m 
(1,14 -0,14S) for1,0m<S<4,0m 


232 for S>4,0m 
S 


web depth, in mm, which for bulb flats may be taken 
as 0,9 times the section height 


o 
2500S 


but not greater than 1,0 
equivalent slamming pressure, in metres obtained from 
1.5.8 
Ig, in metres, as defined in 1.4.1 where in way of a 
double bottom 
S, in metres, where in way of a single bottom 
spacing of primary members, in metres 
9,81 hg s cy [s- aa x 10-3 kN 
2000 


(hss Cy [s- A x 10-3 tonne-t 
2000 


spacing of transverse frames, in mm, for longitudinally 
framed side and bottom construction sp may be taken 
as SL 
spacing of bottom longitudinals, in mm 

web thickness, in mm 

cross-sectional area of primary member web stiffener, 
in cm? 
effective area of primary member web stiffener in way 
of butted end connection to the longitudinal, in cm2 
area of weld of lapped connection, in cm2, calculated 
as total length of weld, in cm x throat thickness, in cm 
area of weld of lug and web connection to the 
longitudinal, in cm2, calculated as total length of weld 
in cm x throat thickness, in cm 

effective total cross-sectional area of the lug and web 
connection to the longitudinal, in cm2 

L but need not be taken greater than 215 m 

draught, in metres, at the F.P., as defined in 1.5.1 


A;o for the web stiffeners 


Afoo for a butted connection to the longitudinals 
Ait for a lapped connection 


permissible direct stress, in N/mm? (kgf/mm2), given 
in Table 5.1.2 
permissible shear stress, in N/mm? (kgf/mm2), given 
in Table 5.1.2 


NOTES 


If intermediate stiffening is fitted the thickness of the bottom shell plating may be 80 per cent of that required by (1) but is to be not less 


than the normal taper thickness. 


For transverse framing the bottom shell plating is to be specially considered. 


Particular care is to be taken to limit the size and number of openings in way of the ends of floors or girders or to fit suitable reinforce- 


ment where such openings are essential. 


The welding requirements of Ch 10, and in cargo oil tanks of tankers, the requirements of Pt 4, Ch 9,10.14 or Pt 4, Ch 10,7.14, are also 


to be complied with. 


7.6.5 The thickness of the side shell is to be not less 
than: 

t = 3,2sg Akh, Cp x 10-2 mm 
where 


Sç = spacing of secondary stiffeners, in mm, measured 
along a chord between parallel adjacent members 
or equivalent supports, as shown in Fig. 5.1.3 

hs = bow flare slamming head, in metres, as defined in 
1.6.4 

Cp = panel ratio factor 


o 
= (z) A but is not to be taken less than 0,06 or 


greater than 0,1 
l = overall panel length, in metres, measured along a 
chord between the primary members. 


1.6.6 The scantlings of secondary stiffeners are not to 
be less than: 
(a) Section modulus of secondary stiffeners 
= 3,6ScM k hg l2 X 1073 cm3 
(b) Web area of secondary stiffeners 
A = 3,7Sou K hg ( le — Scpy/2000) x 10-4 cm? 
where 
Scm = mean spacing of secondary stiffeners, in mm, 
measured along a chord between parallel 
adjacent members or equivalent supports, as 
shown in Fig. 5.1.3 


£ 


hs = bow flare slamming head, in metres, as defined in 
1.6.4 
Other symbols are as defined in 1.4.1. 


1.6.7 The scantlings of primary members are not to be 
less than: 
(a) Section modulus of primary members 
Z = 2ScM khs 1,2 cms 
(b) Web area of primary members 
A = 0,2Scm k hs le cm? 
where 
Scm = mean spacing of primary members, in metres, 
measured along a chord between parallel adjacent 
members or equivalent supports, as shown in 
Fig. 5.1.4 
hs = bow flare slamming head, in metres, as defined in 
1.6.4 
Other symbols are as defined in 1.4.1. 
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Table 5.1.2 Permissible stresses 


Shear stress, T 
in N/mm? (kgf/mm?) 


Direct stress, 5 
in N/mm? (kgf/mm?) see Note 


(a) Flat bars, 10,3 ka 


see Note k 


(b) Bulb plates, 


Primary member web stiffener 
see Note 


on area A; 


(c) Inverted 
angles 


Primary member web stiffener on area Afo 


Primary member web stiffener lapped to secondary 
member on area AL 


Single 
Lug or web connection on 


area A4 
Double 


Symbols 


Af, AL, A4 as defined in Table 5.1.1 
d stiffener depth, in mm 

k as defined in 1.4.1 

t stiffener web thickness, in mm 


NOTE 


o to be taken not greater than 220 Ga, 
k k 


1.6.8 For primary members with cut-outs for the 
passage of secondary stiffeners, and which may have web 
stiffeners connected to the secondary stiffener, buckling 
checks are to be carried out to ensure that the primary 
member web plating and web stiffener will not buckle under 
the design load. The buckling procedure to be followed is 
given in Table 5.1.3. Where the web stiffener is fitted with a 
bracket, the buckling capability of the web stiffener in way of 
the cut-out is to take account of the bracket. Where no web 
stiffener is fitted, the buckling capability of the primary 
member web plating is to be checked for the total load 
transmitted to the connection. 


1.6.9 The structural scantlings required in areas 
strengthened against bow flare slamming are to be tapered 
from 0,075L aft of fore perpendicular to meet the normal 
requirements at 0,15L aft of the fore perpendicular. 


7.6.10 Where the stiffener web is not perpendicular to the 
plating, tripping brackets may need to be fitted in order to 
obtain adequate lateral stability. 


1.6.11 For stiffeners and primary structure, where the 
angle between the stiffener web and the plating is less than 
70°, the effective section modulus and shear area are to take 
account of the non-perpendicularity. 


1.6.12 The side structure scantlings required by this 
Section must in no case be taken less than those required by 
the remaining Sections of Chapter 5. 
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Centrepoint of the area Area under 
under consideration consideration 


Waterline at draught T 


TESS O 
Waterline at 
draught T 


a may normally be 
taken as: 


() 
arctan Z 


where z is the vertical 
extent of the area 
under consideration 
and c is the horizontal 
extent of the area 
under consideration 


Waterline at draught T 


Section A — A 1808/03 


Fig. 5.1.2 Flare angle determination 


Part 3, Chapter 5 


Section 1 


Mean spacing PS 


along chord, Sem 


Spacing along 
chord, Sc 


4888/01 


Fig. 5.1.3 
Chord spacing and mean chord spacing 
for secondary members 


Mean spacing 
along chord, Sc 


4888/02 


Fig. 5.1.4 
Mean chord spacing for primary members 


5801/02 


Fig. 5.1.5 
Dimensions of critical areas of (a) primary member 
web plating and (b) primary web stiffener 
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Table 5.1.3 Buckling procedure for primary member web plating and web stiffener 


Members 


Steps 
Primary member web plating Primary member web stiffener 


1000Pw 1000P5 


Determination of the design compressive oA Aw Ag 


stress, o a, N/mm? (kgf/mm?) 


Determination of the elastic critical buckling 9,87E ly 9,87E Ig 
stress, og, in compression, 2 DaF ae 
N/mm? (kgf/mm2) Awe Aw ls Ag 


o 
Determination of the corrected critical OCR 1 where og > a 
buckling stress, oor, in compression, 
N/mm? (kgf/mm?) 


So 


where of < > 


Requirement ScRZ2°~A 


Symbols 


bw. Dg, ly, and lg are dimensions, in mm, as shown in Fig. 5.1.5 

equivalent bow flare slamming head, in metres, as defined in 1.6.4 
mean spacing of secondary stiffeners, in mm, as defined in 1.6.6 
thickness of primary member web plating, in mm 

thickness of primary member web stiffener, in mm 

by tw mm? 

bg tg mm2 

modulus of elasticity, in N/mm? (kgf/mm?) 

206000 N/mm? (21000 kgf/mm2) for steel 


bw tw? mm4 
12 


bs ts? mm4 
12 
total load transmitted to the connection 
10,06 Som Sou hs x 1073 kN 
1,025 Som Som Ng x 1078 tonne-f) 
load transmitted through the primary member web plating, in KN (tonne-f) 
P - Pg, or by direct calculations 
load transmitted through the primary member web stiffener, in KN (tonne-f), to be determined from Ch 10,5.2.7(b), or by direct 
calculations 
mean spacing of primary members, in metres, as defined in 1.6.7 
specified minimum yield stress, in N/mm (kgf/mm?) 


2.2.2 The thickness of lower deck plating is to comply 
with the requirements of Table 5.2.2. 


i Section 2 2.2.3. The taper thickness of the strength deck stringer 
Deck structure plate is to be increased by 20 per cent at the end of a 
forecastle or bridge where the end bulkhead is situated aft of 
0,25L from the F.P. No increase is required where the end 
bulkhead lies forward of 0,2L from the F.P. The increase at 
intermediate positions is to be determined by interpolation. 


2.1 General 


2.1.1 Where the upper deck is longitudinally framed 
outside the line of openings in the midship region, this system 
of framing is to be carried as far forward as possible. In the 
case of oil tankers (see 1.1.4), longitudinal framing is to extend 
to at least the forward end of the cargo tank section. 


2.2.4 The deck plating thickness and supporting 
structure are to be suitably reinforced in way of the anchor 
windlass and other deck machinery, and in way of cranes, 
masts or derrick posts. 


2.2.5 Where long, wide hatchways are arranged at lower 
decks, it may be necessary to increase the deck plating 
thickness to ensure effective support for side framing. 


2.2 Deck plating 


2.2.1 The thickness of strength/weather deck plating is to 
comply with the requirements of Table 5.2.1. 
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Table 5.2.1 Strength/weather deck plating forward (excluding forecastle deck) 


Symbols Location Thickness, in mm 


L, D, T, s, S, k, p as defined in 1.4.1 
D423-T ) Forward of 0,075L from the F.P. t = (6,5 + 0,02L) C 


height of deck above load waterline at F.P. 


ksy 
Ss 


Between 0,075L and 0,2L from The greater of the following: 


but is to be taken not greater than 1,0 nor less the F.P. = 
than 0,9 (a) t = (5,5 + 0,021) c 4| 


= s, but to be taken not less than Sp 
= standard frame spacing as follows: 


(b) the taper thickness (see 
Notes 1, 2 and 3) 
(a) forward of 0,05L from the F.P.: (c) for oil tankers, the thickness is also to 


L be in accordance with Pt 4, 
Sp = (470 + +) mm or 600 mm, Ch 9,4.3.3 


whichever is the lesser Aft of 0,2/ from the F.P. The taper thickness (see Notes 1, 2 and 3) 
(b) between 0,05L and 0,2L from the F.P.: or as (2) (c) whichever is the greater 


Sp = (470 + £) mm or 700 mm, Inside forecastle extending aft of As for a lower deck (see Note 4) 
, 0,15L from the F.P. 


whichever is the lesser In way of crown of a tank 
5 t = 0,004s fA/PKM4 +3,5 
but to be taken not greater 1,02 


or as in (1) to (4) as applicable, 
than 1,0 whichever is the greater but not less 
h4 = tank head, in metres, as defined in Ch 3,5 than: 
7,5 mm where L > 90 m, or 
6,5 mm where L < 90 m 


NOTES 

1. The taper thickness is to be determined from Table 3.2.1 in 4. The exposed deck taper thickness is to extend into a forecastle 
Chapter 3. or bridge for at least one-third of the breadth of the ship from the 

2. For taper area requirements, see Table 3.2.1 in Chapter 3. superstructure end bulkhead. 

8. For thickness of upper deck plating in way of the cargo and fore 

peak tanks of oil tankers or ore carriers, see also Pt 4, Ch 9, 

Ch 10 or Ch 11, as applicable. 


Table 5.2.2 Lower deck plating forward 


Symbols Location Thickness, in mm 


L, s, S, k, p as defined in 1.4.1 
b = breadth of increased plating, in mm 


= 1,1 


(1) Forward of 0,075L from the F.P. t = 0,01 s Vk 


—S_ , but not less than 6,5 mm 
-2500S but is to be taken not greater 


than 1,0 (2) Aft of 0,075L from the F.P., inside t = 0,01 s4 ak 
line of openings but not less than 6,5 mm 


tank head, in metres, as defined in Ch 3,5 
2,5 mm at bottom of tank, or 


(3) Aft of 0,075L from the F.P., outside | As determined by a taper line from the 
line of openings midship thickness to the end thickness 


= s, but is to be taken not less than given by (1) 


(4) In way of crown or bottom of tank t = 0,004 fs \ ere eu R2 


= 3,5 mm at crown of tank 


= girder face area, in cm? or as in (1), (2) or (3) as applicable, 
whichever is the greater but not less than: 
7,5 mm where L > 90 m, or 
6,5 mm where L < 90 m 


= L but need not be taken greater than 190 m 


NOTES 

1. Where the deck loading exceeds 43,2 kN/m2 (5) Plating forming the upper flange of Clear of cargo 
(4,4 tonne-f/m2), the thickness of plating will be underdeck girders hatches 
specially considered. This is equivalent to a 
‘tween deck height of 6,1 m in association with In way of hatch 
the standard stowage rate of 1,39 m8/tonne. side girders 

. For minimum thickness of deck plating in oil 

tankers, see Pt 4, Ch 9,10.2. 


Minimum 
breadth 
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2.3 Deck stiffening 2.3.4 The scantlings of weather deck beams are to 
comply with the requirements of Table 5.2.4. 

2.3.1 The scantlings of strength/weather deck longitudi- 

nals are to comply with the requirements of Table 5.2.3. 2.3.5 The scantlings of lower deck beams are to comply 
with the requirements of Table 1.4.5 in Pt 4, Ch 1. 

2.3.2 The scantlings of cargo and accommodation deck 

longitudinals are to comply with the requirements given in 2.3.6 End connections of beams are to be in accordance 

Table 1.4.4 in Pt 4, Ch 1. with the requirements of Ch 10,3. 


2.3.3 End connections of longitudinals to bulkheads are 
to provide adequate fixity, lateral support and, so far as 
practicable, direct continuity of longitudinal strength. 


Table 5.2.3 Strength/weather deck longitudinals forward 


Location Modulus, cm? Inertia, cm4 


Forward of 0,075L from the F.P. The greater of the following: 
(a) Z s k (635h, + 0,0078 (le L4)2) x 1074 
(0) Z 0,01278 k hy Ip? 


At 0,075L from the F.P., for end modulus for taper The greater of the following: 
(a) Ze = s k (485ho + 0,0062 (l1 L4)2) x 1074 
(b) Ze = 0,009s k hg le1? 


Aft of 0,075L from the F.P., outside line of openings As given by (4) or as determined from Table 3.2.1 in 
Chapter 3 whichever is the greater, see Note 1 


At 0,075L and between 0,075L and 0,12L from the F.P. The greater of the following: 
a) Z s k (570h4 + 0,0072 (I, L4)2) x 1074 
b) Z = 0,0127s k hy lẹ? 


Aft of 0,12L from the F.P., inside line of main cargo greater of the following: 
hatchways openings a) Z s k (400h; + 0,005 (le L4)2) x 10-4 
b) Z = 0,007s k hy le? 


In way of the crown of a tank As (1) to (5), as applicable, or 
0,0113p s k hy l? 


b 
whichever is the greater 


Symbols 


L, s, k 


A 


: A L 
, k, p as defined in 1.4.1 = —! m for oil tankers (see 1.1.4) 
1,4 for rolled or built sections 70 


1,6 for flat bars tank head, in metres, as defined in Ch 3,5 
web depth of longitudinal, in mm as defined in 1.4.1, but is to be taken not less than 1,5 m 
1,2 m for dry cargo ships is to be taken as the maximum span in metres in the 

bs midship cargo tank region for oil tankers (see 1.1.4) and 
= — Mm for oil tankers (see 1.1.4) equal to /, for dry cargo ships 

56 L but need not be taken greater than 190 m 


, S, 
b 


weather head, in metres, as defined in Ch 3,5 for dry 
cargo ships 


NOTES 
1. For area taper requirements, see also Table 3.2.1 in Chapter 3. . The thickness of flat bar longitudinals situated outside the line 
2. Where weather decks are intended to carry deck cargo and the of openings is to be not less than the following: 

loading is in excess of 8,5 kN/m? (0,865 tonne-f/m2), the dw 
scantlings of longitudinals may be required to be increased to (a) t= 18k, mm 
comply with the requirements for location (1) in Table 1.4.4 in Pt L 
4, Ch 1 using the equivalent design head, for specified cargo where longitudinal continuous through bulkhead 
loadings, for weather decks given in Table 3.5.1 in Chapter 3. dw 
For the scantlings of deck longitudinals forward in way of the (ob) t= 15 Vk mm 
cargo tanks of oil tankers (see 1.1.4) or ore carriers, see also L 
Pt 4, Ch 9, Ch 10 or Ch 11, as applicable. where longitudinal cut at bulkhead 


The web depth of longitudinal, dy, is to be not less than 60 mm. 
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Table 5.2.4 Weather deck beams forward 


Location 


Part 3, Chapter 5 


Section 2 


Modulus, cm3 Inertia, cm4 


(1) Forward of 0,075L from the F.P. 


The lesser of the following: 


k (800K; TD + 5,4Bys hy le?) x 1074 
10,8B, S k hy lẹ? x 1074 


(2) Between 0,075L and 0,12L from the F.P. 


The lesser of the following: 
k (800K; T D + Kz B4 S hy lẹ?) x 1074 
2K B4 S k h4 lẹ? x 1074 


(3) Aft of 0,12L from the F.P. 


As required for location (1) of Table 1.4.5 in Pt 4, Ch 1 


(4) In way of the crown of a tank 


Z= 


As (1), (2) or (3), as applicable, or 


0,0113p s k h4 le? 


Symbols 


whichever is the greater 


b 


s,p, k as defined in 1.4.1 
1,4 for rolled or built sections 
1,6 for flat bars 
weather head, in metres, as defined in Ch 3,5 
tank head, in metres, as defined in Ch 3,5 
as defined in 1.4.1, but is to be taken not less than 1,83 m 


a factor dependent on the number of decks (including a 
bridge superstructure) at the position of the beam under 
consideration as follows: 

1 deck 20,0 

2 decks 13,3 

3 decks 10,5 

4 decks or more 9,3 


For a forecastle deck, K4 is to be taken as 13,3 


K3 


B4 


= a factor dependent on the location of the beam as follows: 
Span adjacent to ship’s side 3,6 
Elsewhere 3,3 

= B, but need not be taken greater than 21,5 m 


NOTES 

1. Beams at the upper deck inside superstructures are to have 
scantlings determined as for a lower deck, see Table 1.4.5 in 
Pt 4, Ch 1. 
Where weather decks are intended to carry deck cargo and 
the loading is in excess of 8,5 kN/m2 (0,865 tonne-f/m2), the 
scantlings of beams are also to comply with the requirements 
for location (2) in Table 1.4.5 of Pt 4, Ch 1 using the equivalent 
design head, for specified cargo loadings, for weather decks 
given in Table 3.5.1 in Chapter 3. 


2.4 Deck supporting structure 

2.4.1 The arrangements and scantlings of supporting 
structure are generally to be in accordance with the 
requirements given in Pt 4, Ch 1,4 using the heads given in 
Ch 3,5 for the particular region concerned, except as required 
by 2.4.2 to 2.4.4. (a) 
2.4.2 The spacings of girders and transverses are 
generally not to exceed the values given in Table 5.2.5. 


2.4.3 Primary structure in the topside tanks of bulk 
carriers is to comply with the requirements of Pt 4, Ch 7,7. 


2.4.4 Primary structure in the cargo tanks of oil tankers 
and ore carriers is to be determined from Pt 4, Ch 9, Ch 10 or 
Ch 11, as applicable. 


2.5 


2.5.1 
openings given in Pt 4, Ch 1,4 are generally applicable 
throughout the forward region, except that forward of 0,25L 
from the F.P.: 


The web depth of beams, dą, is to be not less than 60 mm. 
The scantlings of deck beams forward in way of the cargo 
tanks of oil tankers or ore carriers will be specially considered, 
see Pt 4, Ch 9,1.3.10. 


Deck openings 


In dry cargo ships the requirements for deck 


The radii or dimensions of the corners of main cargo 
hatchway openings on the strength deck are to be in 
accordance with the requirements of Pt 4, Ch 1,4.5. The 
thickness of the insert plates, where required, is not to 
be less than 20 per cent greater than the adjacent deck 
thickness outside the line of openings, with a minimum 
increase of 3 mm. 

Insert plates will be required at lower decks in way of any 
rapid change in hull form to compensate for loss of deck 
cross-sectional area. Otherwise, insert plates will not 
normally be required. 

Compensation and edge reinforcement for openings 
outside the line of main hatchways will be considered, 
bearing in mind their position, the deck arrangements 
and the type of ship concerned. 
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Part 3, Chapter 5 


Sections 2 & 3 


Table 5.2.5 Spacing of girders and transverses under strength/weather decks forward 


Location 


Maximum spacing 


Girders in association with 
system 


transverse framing Transverses in association with 
longitudinal framing system 


Forward of the collision bulkhead 3,7 m 


2,5 m where L < 100 m 


Between the collision bulkhead and 37 
0,075L from the F.P. gin 


3,5 m where L > 300 m 
Intermediate values by interpolation 


In way of a deep tank, forward of 
0,2L from the F.P. 


3,0 m where L < 100 m 
4,2 m where L > 300 m 
Intermediate values by interpolation 


Elsewhere in way of dry cargo spaces 
or deep tanks, see Note 1 


3,8 m where L < 100 m 
(3,2 + 0,006L) m where L > 100m 


NOTES 


1. For the maximum spacing of transverses in the cargo tanks of oil tankers or ore carriers, see Pt 4, Ch 9,9. 


2. For the maximum spacing of transverses in dredgers, see Pt 4, Ch 12 


2.5.2 For deck openings in way of the cargo tanks in oil 
tankers and ore carriers, see also Pt 4, Ch 9, Ch 10 or Ch 11, 
as applicable. For main cargo hatchway openings on bulk 
carriers and container ships, see also Pt 4, Ch 7 and Ch 8, 
as applicable. 


m Section 3 
Shell envelope plating 


3.1 General 


3.1.1 Where the shell is longitudinally framed in the 
midship region, this system of framing is to be carried as far 
forward as practicable. In the case of oil tankers (see 1.1.4), 
longitudinal framing is to extend at least to the forward end of 
the cargo tanks. 


3.2 Keel 


3.2.1 The scantlings of bar keels at the fore end are to be 
the same as in the midship region as required by Pt 4, Ch 1,5. 


3.2.2 The thickness and width of plate keels in the 
forward region are to be the same as required in the midship 
region for the particular type of ship concerned, see Part 4. 


3.3 Stem 


3.3.1 Bar stems may be either steel castings or steel 
forgings complying with the requirements of Chapter 3 of the 
Rules for Materials for rolled steel flat bars or Chapter 5 of the 
Rules for Materials for solid round bars. The scantlings of bar 
stems are to comply with Table 5.3.1. 


,5. 


3.3.2 The scantlings of plate stems are to be determined 
from Table 5.3.1. Plate stems are to be supported by 
horizontal diaphragms positioned in line with the side stringers 
or perforated flats with intermediate breasthook diaphragms. 
Diaphragms are to be spaced not more than 1,5 m apart, 
measured along the stem. Where the stem plate radius is 
large, a centreline stiffener or web will be required. 


3.4 Bottom shell and bilge 


3.4.1 The thickness of bottom shell and bilge plating in 
the forward region for ships not requiring additional 
strengthening of bottom is to comply with Table 5.3.1. 


3.4.2 For thickness of bottom shell and keel when 
additional bottom strengthening is required, see 1.5. 


3.4.3 Where longitudinals are omitted in way of radiused 
bilge plating amidships, the plating thickness forward will be 
considered in relation to the support derived from the hull 
form and internal stiffening arrangements. 


3.5 Side shell and sheerstrake 


3.5.1 The thickness of side shell and sheerstrake 
plating in the forward region is to be not less than the values 
given in Table 5.3.1, but may be required to be increased 
locally on account of high shear forces, in accordance with 
Ch 4,6.5. 


3.5.2 For transversely framed side shells where panting 
stringers are omitted, see 4.4, the side shell plating in the 
region concerned is to be increased in thickness by the 
percentages given below: 

(a) 15 per cent, where L < 150 m 

(b) 5 per cent, where L > 215 m 

For intermediate values of L, the percentage increase is to be 
obtained by interpolation. 
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Table 5.3.1 Shell plating forward 


Location 


Thickness, in mm 


(1) Bottom shell and bilge, see also 1.5 and 
Note 5: 
a) Forward of 0,075L from the F.P. 


b) Between 0,075L and 0,25L from 
the F.P., see Note 7 
Aft of 0,25L from the F.P., see Note 7 


ks4 
t = (6,5 + 0,033L) -= (see Note 1) 
b 


As (1)(a) or the taper thickness, whichever is the 
greater 
The taper thickness (see Note 2) 


Side shell, see Notes 4 and 5: 
Forward of 0,075L from the F.P. 


b) Between 0,075L and 0,2L from the F.P., 
see also 3.5.2 
Aft of 0,2L from the F.P. 


ks4 
t = (6,5 + 0,033L)\/——- (see Note 1) 
b 


As (2)(a) or the taper thickness, whichever is the 
greater 
The taper thickness (see Note 2) 


Sheerstrake, see Notes 4 and 5: 
(a) Forward of 0,075L from the F.P.: 
where ats >0,7 
D 


where 25 < 0,7 
D 
(b) Between 0,075L and 0,2L from the F.P., 


see Note 7 
(c) Aft of 0,2L from the F.P., see Note 7 


As (2)(a) for side shell 


As (4) for a forecastle 


As (8)(a) or as determined from Table 3.2.1 in 
Chapter 3 


The taper thickness (see Note 2) 


Forecastle, see Notes 4 and 5 


k 
= (7,0 +0,02L)A] << 
Sb 


Stem, see Notes 4 and 5: 
(a) Bar stem: below load waterline 


at stem head 
(b) Plate stem: below load waterline 


at stem head 


(1,6L - 32) cm2 or L cm? whichever is 
the greater 


0,75 A4 cm? 


(5,0 + 0,083Lp)7k mm 
as (2)(a) for side shell 


Symbols 


, T, s, k as defined in 1.4.1 
, but to be taken as not less than Sp 
standard frame spacing, in mm, as follows: 


Part 3, Chapter 5 


Section 3 


NOTES 


1. 


For ships where L < 70 m this 
thickness may be reduced by 

1 mm, but it is to be not less 
than 6 mm. 

The taper thickness is to be 
determined from Table 3.2.1 in 
Chapter 3. 

For thickness of shell plating in 
way of the cargo and fore peak 
tanks of oil tankers or ore 
carriers, see also Pt 4, Ch 9, 

Ch 10 or Ch 11, as appropriate. 
In offshore supply ships the 
thickness of side shell is to be 
not less than 9 mm. 

For trawlers and fishing vessels, 
see Pt 4, Ch 6,5. 

For fast cargo ships, see Pt 4, 
Ch 1,3. 

For oil tankers the thickness is 
also to be in accordance with 
Pt 4, Ch 9,4.3.3. 


Region Bottom shell sp 


L 
(470 +06 
(470 + 


Lo 
(s10 + 0.6 


Side shell sp 


(470 J a or 600" 


(«70 + a) or 700* 


Forward of 0,05L from the F.P. 


) or 600* 


Between 0,05L and 0,2L from 
the F.P. 


Between 0,2L and 0,25L from 
the F.P. *whichever is the lesser 

ross-sectional area of bar stem below load waterline, in cm2 

ross-sectional area of bar stem at stem head, in cm? 

, but need not be taken greater than 215 m 
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3.5.3 The side shell plating of increased thickness 
required by 3.5.2 is to be continued forward past the fore 
peak or collision bulkhead. In addition, horizontal brackets in 
line with the fore peak stringers are to be fitted at the aft side 
of the bulkhead where practicable. The brackets are to be the 
same thickness as the side shell and are to extend from the 
bulkhead to the adjacent shell frame and be connected 
thereto. Transversely the toes of the brackets are to extend 
past the outboard stiffener of the bulkhead to clear any cut 
out in the bulkhead stringer. 


3.5.4 The sheerstrake taper thickness is to be increased 
by 20 per cent at the ends of a bridge superstructure 
extending out to the ship’s side irrespective of position. Similar 
strengthening is to be fitted in way of the end of a forecastle 
if this occurs at a position aft of 0,25L from the F.P. No 
increase is required if the forecastle end bulkhead lies forward 
of 0,2L from the F.P. The increase at intermediate positions of 
end bulkhead is to be obtained by interpolation. 


3.5.5 The shell plating may be required to be increased 
in thickness locally in way of hawse pipes, see Ch 13,8.10. 


3.5.6 The shell plating is to be increased in thickness 
locally in way of a bulbous bow, see 6.5.6. 


3.6 Shell openings 


3.6.1 In general, compensation will not be required for 
holes in the sheerstrake which are clear of the gunwale, or for 
any deck openings situated outside the line of main 
hatchways and whose depth does not exceed 20 per cent of 
the depth of the sheerstrake or 380 mm, whichever is the 
lesser. Openings are not to be cut in a rounded gunwale. 
Cargo door openings are to have well rounded corners, and 
the proposed compensation for the door openings will be 
individually considered. 


3.6.2 Sea inlet and other openings are to have well 
rounded corners. The thickness of sea inlet box plating is 
generally to be the same as the adjacent shell. It is however, 
to be not less than 12,5 mm, and need not exceed 25 mm. 


a Section 4 
Shell envelope framing 


4.1 General 


4.1.1 Requirements are given in this Section for both 
longitudinal and transverse framing systems. Where longitu- 
dinal framing is adopted in the midship region it is to be 
carried as far forward as practicable. In the case of oil tankers 
(see 1.1.4), longitudinal framing is to be continued at least to 
the fore end of the cargo tanks. 


Part 3, Chapter 5 


Sections 3 & 4 


4.1.2 End connections of longitudinals to bulkheads 
are to provide adequate fixity, lateral support and, so far as 
practicable, direct continuity of longitudinal strength, see also 
Ch 10,3. Where L exceeds 215 m, the bottom longitudinals 
are to be continuous in way of both watertight and 
non-watertight floors, but alternative arrangements will be 
considered. Higher tensile steel longitudinals within 10 per 
cent of the ship’s depth at the bottom and deck are to be 
continuous irrespective of the ship length. 


4.1.3 Stiffeners and brackets on side transverses, 
where fitted on one side and connected to higher tensile steel 
longitudinals between the base line and 0,8D above the base 
line, are to have their heels well radiused to reduce stress 
concentrations. Where a symmetrical arrangement is fitted, 
i.e., bracket or stiffening on both sides, and it is connected to 
higher tensile steel longitudinals, the toes of the stiffeners or 
brackets are to be well radiused. Alternative arrangements will 
be considered if supported by appropriate direct calculations. 


4.1.4 Where higher tensile steel side longitudinals pass 
through transverse bulkheads in the cargo area, well radiused 
brackets of the same material are to be fitted on both the fore 
and aft side of the connection between the upper turn of bilge 
and 0,8D above the base line. Particular attention is to be 
given to ensuring the alignment of these brackets. Alternative 
arrangements will be considered if supported by appropriate 
direct calculations. 


4.1.5 For ships intended to load or unload while 
aground, see Ch 9,8. 


4.2 Shell longitudinals 


4.2.1 The scantlings of bottom and side shell longitudi- 
nals in the forward region are to comply with the requirements 
given in Table 5.4.1. For the scantlings of bottom shell 
longitudinals where additional bottom strengthening is 
required, see 1.5. 


4.2.2 End connections of longitudinals to bulkheads are 
to provide adequate fixity, lateral support and so far as 
practicable, direct continuity of longitudinal strength, see also 
Ch 10,3. 


4.3 Shell framing 


4.3.1 The scantlings of side frames in the forward region 
are to comply with the requirements given in Table 5.4.2. 


4.3.2 The scantlings of main frames are normally to be 
based on Rule standard brackets at top and bottom, whilst 
the scantlings of ‘tween deck frames are normally to be based 
on a Rule standard bracket at the top only. 
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Section 4 


Table 5.4.1 Shell framing (longitudinal) forward 


Location Modulus, in cm? 


Side longitudinals in forecastle = 0,0075s k le2 (0,6 + 0,167D4) 


Side longitudinals in way of dry spaces including double 
skin construction: 
(a) Forward of the collision bulkhead Z = 0,007s k hry4 l2 F, but not to be less than as required by (1) 


(o) | Between the collision bulkhead and 0,2L from the F.P. As (a) above or as required in the midship region for the particular 
type of ship concerned, whichever is the greater. However, not to 
be taken less than as required by (1). 


(c) Aft of 0,2L from the F.P. As required in the midship region for the particular type of ship 
concerned. 


Side longitudinals in way of double skin tanks or deep tanks The greater of the following: 
(a) Zas from (2) 
(b) As required by Pt 4, Ch 1,9 for deep tanks. 


Bottom and bilge longitudinals The greater of the following: 

(a) As required in the midship region for the particular type of 
ship concerned. 

(b) As required by 1.5, strengthening of bottom forward, where 
applicable. 


Symbols 


L, D, T, s, k, as defined in 1.4.1 D4 T + Hy metres, where Hp is the minimum bow height, 
lg = as defined in 1.4.1, but is to be taken not less than in metres, obtained from Ch 1,6.1.11 
1,5m 
L4 = L but need not be taken greater than 190 m 
F, is a fatigue factor to be taken as follows: 
(a) For built sections and rolled angle bars: 


2b 
11 | íi 


h 
== A -x)| at 0,6D, above the base S 6 ; 
k bi 1 hy (1 or, is not to be taken less than 0,7 
line 


A 
= 1,0at D} and above, and Feb at the base line [r + fw Cw (: en a) | Fy, , in metres, for 
intermediate values by linear interpolation 1 


Fob IS a fatigue factor for bottom longitudinals 
= 0,5 (1 +F, at 0,6D4) 


ne 
Ay, = fy Cy (: = a7) F, , in metres, for longitudinals 


above the waterline at draught 7, where 


longitudinals below the waterline at draught T4 


= 1,0 at 0,2L from the F.P. and 
1,71 at, and forward of, 0,15L from the F.P. 
Intermediate positions by interpolation 

= vertical distance, in metres, from the waterline at 
draught T4, to the longitudinal under consideration 
1,0 for L < 200 m 
[1,0 + 0,0023 (L — 200) for L > 200 m 
a wave head, in metres = 7,71 x 10-2 Le-0.0044L 


bry 
For flat bars and bulb plates D may be taken as 0,5 


= the minimum distance, in mm, from the edge of the 
face plate of the side longitudinal under consideration 
to the centre of the web plate, see Fig. 9.5.1 in 
Pt 4, Ch 9 
the width of the face plate, in mm, of the side 
longitudinal under consideration, see Fig. 9.5.1 in 
Pt 4, Ch 9 
T but not to be taken less than 0,65D, 


= base of natural logarithms 2,7183 


NOTE 
Where struts are fitted midway between transverses in double skin construction, the modulus of the side longitudinals may be reduced by 50k 
per cent from that obtained for locations (2) and (8) as applicable. 


4.3.3 End connections of transverse main and ‘tween 4.4 Panting stringers in way of transverse framing 
deck frames are to be in accordance with Ch 10,3. For bulk 

carriers the end connections of main frames in cargo holds 4.4.1 In lower hold or deep tank spaces panting stringers 
are to be in accordance with Pt 4, Ch 7,6.2.5 to 6.2.12. are generally to be fitted in line with each stringer or flat in the 
Where brackets are omitted at the foot of main frames in fore peak space and extending back to 0,15L from the F.P. 
cargo spaces, small easing brackets are to be fitted forward These stringers may be omitted if the shell plating is increased 
of 0,15L from the F.P. in thickness as required by 3.5.2. Where the span of the main 


frames exceeds 9 m, panting stringers are to be fitted 
irrespective of whether the shell plating is increased in 
thickness or not. These stringers are to be arranged in line 
with alternate stringers or flats in the fore peak and are to 
extend back to 0,2L from the F.P. 
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Section 4 


Table 5.4.2 Shell framing (transverse) forward 


Location Modulus, in cm? Inertia, in cm4 


Frames in fore peak spaces and lower ’tween 


decks over, see Note 1 


Z = K,skTDos S4 x103 I= SZ 
1 27A 1 


Frames in upper ‘tween decks and forecastles The greater of the fo lowing: a 
forward of the collision bulkhead, see Notes 1, Z = Cskhņ H4 x10 


2 and 8 


Z = 9,1 sk D4 x108 


F.P., see Notes 1 to 4 an 


ain and ’tween deck frames (including forecastle) | The greater of the fo lowing: F 
between the collision bulkhead and 0,15L from the Z = Cs kh Hé x 107 


d8 Z = 9,1 sk D4 x103 


see Notes 1 to 4 and 8 


ain and ‘tween deck frames between 0,15L and | The greater of the fo lowing; 3 
0,2L from the F.P. in dry cargo spaces, Z = Cskhy H£ x107 


Z = 9,1 sk D4 x10% 


Panting stringers, see Note 5 Web depth, dẹ, same depth as frames 


Web thickness, t = 6 + 0,025L5 mm 
Face area, A = kS% (H + 1) cm? 


see Notes 1 to 4 


ain and ’tween deck frames elsewhere, 


As required in the midship region for the particular type of ship concerned 


Symbols 


L, D, T, s, k as defined in 1.4.1 = equivalent arm length, in mm, as derived from 
= L but need not be taken greater than 215 m Ch 10,3.4.1 
= T + Hp, in metres, where Hp is defined in Ch 1,6.1.11 = mean equivalent arm length, in mm, for both brackets 
= D4, but is to be taken not greater than 16 m, nor less T4 = T but not to be taken less than 0,65D, 


than 6,0 m 


= head, in metres, at mid-length of H 


= Hyr Or Hep as applicable, see Note 7 he 

= vertical framing depth, in metres, of main frames as = ty Cw (: - arji , in metres for frames where 
shown in Fig. 5.4.1 but is to be taken not less than 1 
3,5 m, see Note 6 the mid-length of frame is above the waterline at 

= vertical framing depth, in metres, of ‘tween deck draught T4 


frames as shown in Fig. 5.4.1 but is to be taken not he , 
less than 2,5 m where fw ( = aer) is not to be taken less than 0,7 


2,3 for peak tanks 


1,87 for ‘tween decks over peak tanks 


he 
vertical spacing of peak stringers or height of lower = [re + fw Cw ( = a] F}, in metres for frames 


‘tween deck above the peak, in metres, as applicable , , , 
vertical spacing fo) panting stringers, in metres where the mid-length of frame is below the waterline 


end connectio 
3,4 where two 


1 (2,15-1,1 


n factor at draught T4 
Rule standard brackets fitted 


| (1,8 - 0,8(/,/2)) where one Rule standard bracket = 1,0 at 0,2L from F.P. and 1,71 at, and forward of, 
one reduced bracket is fitted 0,15L from F.P. Intermediate positions by 


5 (lamean/!)) where two reduced interpolation 


brackets are fitted = vertical distance, in metres, from the waterline at 


= 6,1 where one 


= 6,1 (1,2 — 0,2 (/,//)) where one reduced bracket is fitted 
= 7,3 where no brackets are fitted. 


The requireme 
than Rule stan 
considered 

1 = length, in mm, 


Rule standard bracket is fitted draught T4 to the mid-length of H 

1,0 for L < 200 m 

[1,0 + 0,0023 (L - 200)] for L > 200 m 

a wave head , in metres 

7,71 x 1072 Le0,0044L 

where e = base of natural logarithms 2,7183 


nts for frames where brackets larger 
dard are fitted will be specially 


as derived from Ch 10,3.4.1 


NOTES 
For framing in the fore e 
In offshore supply ships 


nd of fishing vessels, see Pt 4, Ch 6,6. 
the moduli of main and ’tween deck frames are to be 25 per cent greater than given in (2), (8) and (4). 


In way of the cargo tanks of oil tankers or ore carriers, the scantlings of frames are also to comply with the requirements for frames in the 
midship region of such ships, see Pt 4, Ch 9, Ch 10 or Ch 11, as applicable. 


In bulk carriers the scan 


lings of frames are also to comply with the requirements of Pt 4, Ch 7,6 in which the requirements of 


Table 7.6.1 location (1) are to be multiplied by the following factor: 
Between 0,15L and 0,2L from the F.P., Cy = (0,018D5 + 0,82), but not to be taken less than 1,0. 
Between collision bulkhead and 0,15L from the F.P., Cy = (0,021D5 + 0,96). 


Panting stringers are no 


required in tugs less than 46 m in length, see Pt 4, Ch 3,4. 


Where the frames are supported by fully effective horizontal stringers, these may be considered as decks for the purpose of determining 


HMF 


Where frames are inclined at more than 15° to the vertical, Hmp or Hp is to be measured along a chord between span points of the 


frame. 


Except for main frames the modulus for these members need not exceed that derived from (1) using Hyp in place of S4. 
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4414/01 


Fig. 5.4.1 Framing depths for transverse frames 


4.4.2 In ‘tween deck spaces in the region forward of 
0,15L from the F.P., where the unsupported length of frame 
exceeds 2,6 m in a lower ‘tween deck or 3,0 m in an upper 
‘tween deck, intermediate panting stringers are generally to 
be fitted. These stringers may be omitted if the shell plating 
is increased in thickness as required by 3.5.2. 


4.4.3 The scantlings of panting stringers are to be 
determined from Table 5.4.2. 
4.5 Primary structure at sides 


4.5.1 For the arrangement of primary structure in peak 
tanks and deep tanks forward, see also Sections 6 and 7. 


4.5.2 The spacing of side transverses and web frames is 
generally not to exceed the values given in Table 5.4.3. 


4.5.3 The scantlings of side transverses supporting 
longitudinal framing and stringers and webs supporting 
transverse framing in the forward region are to be determined 
from Table 5.4.4. 


4.5.4 The web thickness, stiffening arrangements and 
end connections of primary supporting members are to be in 
accordance with the requirements of Ch 10,4. 


Table 5.4.3 Spacing of side transverses and web frames forward 


Maximum spacing 


Location 


Side transverses in association 
with longitudinal framing 
system 


Web frames in association with 
transverse framing system 


(1) Forward of the collision bulkhead 


5 frame spaces 2,5 m where L < 100 m 
3,5 m where L > 300 m 
Intermediate values by 
interpolation 


(2) In way of a forward deep tank adjacent to the collision 
bulkhead 


5 frame spaces 3,0 m where L < 100 m 
4,2 m where L > 300 m 
Intermediate values by 

interpolation 


Elsewhere in way of dry cargo spaces or deep tanks 


See Note 1 3,8 m where L < 100 m 
(0,006L + 3,2) m 
where L > 100m 


n way of the cargo tanks of oil tankers, chemical tankers or 
ore or oil carriers 


3,6 m where L < 180 m 
0,02L where L > 180 m 


NOTES 
. In ’tween decks above deep tanks situated adjacent to the colli 
For the maximum spacing of transverses in dredgers, see Pt 4, 


sion bulkhead, web frames are to be fitted in line with those in the tanks. 
Ch 12,5. 
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Section 4 


Table 5.4.4 Primary structure forward 


Item and location Modulus, in cm3 Inertia, in cm4 


Longitudinal framing system 


(1) Side transverses in dry spaces forward of 0,2L from 
the F.P., see Note 5: 
a) Holds Z = 10kShy l2 


b) ‘tween decks Z = Cok ST HypyD 


Side transverses in peak and deep tanks forward 
of 0,2L from the F.P., see Notes 1 and 4: 

a) where no struts fitted Z = 14,1pkSh4 ly 

or as (1) above, whichever is the greater 
b) where struts fitted As in Pt 4, Ch 9,9 


Side transverses in dry spaces and deep tanks aft As in Pt 4, Ch 1,6, see Notes 1 and 2 
of 0,2L from the F.P. 


Transverse framing system 


Side stringers supported by webs in dry spaces 2 
forward of 0,2L from the FP., see Note 3 Z = 7,15kS hq le 


Side stringers supported by webs in peak or deep 2 
tanks forward of 0,2L from the F.P., see Notes 1 Z = 11,7pkSh4 lg 
and 3 or as (4) above, whichever is the greater 


Web frames supporting side stringers forward of 0,2L | Z to be determined from the calculations based on the 
from the F.P., see Notes 1, 2 and 3 following assumptions: In deep tanks 
(a) Fixed ends 
(b) Point loadings from stringers P= 25 LZ 
(c) Head y hg or y hq4 as applicable k ® 


Bending stress a N/mm? (> komm?) 


Shear stress as N/mm2 ( se kati?) 


(7) Web frames in ‘tween decks, not supporting side 


stringers, forward of 0,2L from the FP. Le Usk STEND 


(8) Side stringers and web frames in dry spaces and As in Pt 4, Ch 1,6, see Notes 1 and 2 
deep tanks aft of 0,2L from the F.P. 


Symbols 


D, T, S, lę, k, p as defined in 1.4.1 = vertical distance, in metres, from the waterline at 


B; = bow fullness factor determined from Fig. 5.4.3 to be draught 74 to the mid-length of span 
taken as 1,0 for framing members located at and abaft 1,0 for L < 200 m 
0,2L from the forward perpendicular [1,0 + 0,0023 (L - 200)] for L > 200 m 
ha tank head, in metres, as defined in Ch 3,5 a wave head, in metres 


hr head, in metres, at mid-length of span TLCS he OOO i 
where e = base of natural logarithms 2,7183 


T + Hp, in metres, where Hp is defined in Ch 1,6.1.11 
T but not to be taken less than 0,65D4 

factors obtained from Fig. 5.4.2 

vertical height of ‘tween decks, in metres, as shown in 


h : 
fs (: = or) is not to be taken less than 0,7 Fig. 5.4.1 
Tr y is to be measured at the mid-span of the member as follows: 


he : 
hy Cy ( = or) F,,, in metres, where the 


mid-length of span is above the waterline at draught T4 


he y4 = 1,0 at base line 
E + fy Cw ( - DT; JJa , in metres, where the Y2 = bow fullness factor (B; ) at 0,6D above base 


B;-1 
mid-length of span is below the waterline at draught T4 ¥3 = ( 5 ) + 1,0 at depth D above base 


1,0 at 0,2L from EP. and 1,71 at, and forward of, 0,15L Intermediate values are to be determined by interpolation. 
from F.P. Intermediate positions by interpolation Minimum value = 1,0 


NOTES 
1. In way of the cargo tanks, fore peak tanks and dry spaces of oil measured along the line of shell from horizontal flat to horizontal 
tankers or ore carriers the scantlings of primary structure are to flat, except that it may be taken to the underside of a transverse 
comply with the requirements of Pt 4, Ch 9, Ch 10 or Ch 11, as or strut where fitted. 
appropriate. . The web depth of side transverses forward of 0,2L from the F.P. 
. For bulk carriers see Pt 4, Ch 7,6.2. is to be not less than 2,5 times the depth of the longitudinals 
. For stringers and webs in fore peaks or deep tanks, see also 6.3 supported. The web depth of stringers forward of 0,2L is to be 
and 7.3. not less than 2,2 times the depth of the frames supported. 
. Inthe fore peak, the breadth S should be measured along the line . For the primary structure at sides in dredgers with restricted 
of shell. The effective length l of the vertical webs should be service notations, see Table 12.5.2 in Pt 4, Ch 12. 
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Fo'c'le 


C2 =3,8 Upper deck 


Fig. 5.4.2 
Framing factors for primary members 


Forecastle deck 


Upper deck 


Conditions for o 


1. to be deduced at 0,025L aft of fore 
perpendicular 


2. Aft of fore peak tank f to be deduced at 
section being considered 


3. For ships with a bulbous bow the angle f is to 
be measured from the narrowest point of the 
bow between 0,6D from base and upper deck 


Upper deck 


(b) 


Bow fullness factor 
B; = 2,45 cos ¢ tan 0 
but not to be taken less than 1,0 


Fig. 5.4.3 
Illustration of bow fullness factor determination 


Part 3, Chapter 5 


Sections 4 & 5 


a Section 5 
Single and double bottom 
structure 


5.1 General 


5.1.1 For dry cargo ships exceeding 120 m in length and 
for all ships which have the notation ‘strengthened for heavy 
cargoes’, longitudinal framing is, in general, to be adopted, 
see also Pt 4, Ch 9,1.3 and Pt 4, Ch 10. 


5.1.2 For ships requiring additional strengthening of 
bottom forward the requirements given in 1.5 are also to be 
complied with, as applicable. 


5:1:3 For ships having the notation ‘strengthened for 
heavy cargoes’ the requirements of Pt 4, Ch 7,8 are also to be 
complied with, as applicable. 


5.1.4 For ships intended to load or unload while aground, 
see Ch 9,9. 


5.1.5 Provision is to be made for the free passage of 
water and/or air from all parts of single or double bottoms to 
bilge or tank suctions, account being taken of the pumping 
rates required. 


5.1.6 For passenger ships, see Pt 4, Ch 2,6. 


5.2 Single bottoms - Transverse framing 


5.2.1 In fore peak spaces, for ships of full form the floors 
are to be supported by a centreline girder or a centreline wash 
bulkhead. In other cases the centreline girder is to be carried 
as far forward as practicable.The arrangement and 
scantlings of the floors and centreline girder are to be 
sufficient to give adequate stiffness to the structure, but are to 
be not less than required by Table 5.5.1. The floor panels and 
the upper edges of the floors and centreline girder are to be 
suitably stiffened. 


5.2.2 In deep tanks forward of 0,2L from the F.P. floors 
are to be supported by a primary centreline girder or 
centreline bulkhead together with intercostal side girders. In 
the case of an oil tanker (see 1.1.4) or similar ship having 
longitudinal bulkheads port and starboard, these may be 
extended to the fore end of the deep tank in lieu of a centre- 
line bulkhead. The arrangement and scantlings of centreline 
girder, floors and side girders are to be determined from 
Table 5.5.1, but in way of web frames the depth of the floor 
and size of the face bar are to be not less than those of the 
web frame. In general, floors are not to be flanged. 


5.2.3 In way of dry cargo spaces forward, the arrangement 
and scantlings of transversely framed single bottoms are to 
be generally as required in the midship region as given in Pt 4, 
Ch 1,7, except as required by Table 5.1.1. The girders forward 
are to scarf into the normal girder arrangement in the midship 
region. In ships having considerable rise of floor towards the 
fore end, the depth of the floors may be required to be 
increased or the top edge sloped upwards towards the 
outboard end. In general, floors are not to be flanged. 
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Section 5 


Table 5.5.1 Single bottom construction forward 


Item 


Parameter 


Requirement 


Transverse framing system 


(1) Centre girder: 
(a) In fore peak tank, or deep tank, forward 
of 0,2L from the F.P. 


(b) In dry spaces 


Modulus 


Inertia 
Web thickness 


Web thickness 


Web depth and face area 


The greater of the following: 
Z =8,5kShħhslę cm8, or 
Z =9,75pkShgle2 cms 
I= 23 le Z cmt 
t =twasin Ch 10,4.4 


Forward of 0,075L from the F.P., 


t =(VLk + 0,5) mm or 6 mm, 
whichever is the greater. 

Between 0,075L and 0,3L from the F.P. the thickness 
may taper from the midship thickness to the end 
thickness above 

As in Pt 4, Ch 1,7 


(2) Floors: 
(a) In fore peak tank, or deep tank, forward 
of 0,2L from the F.P. 


(b) In dry cargo spaces 


Maximum spacing 
Web depth (at centreline) 


Web thickness 


Minimum face plate area in 
deep tank 


Maximum spacing 
Scantlings 


Every frame 
d; = (83D + 150) mm or 1400 mm, whichever is 
the lesser 


Ss 
t =6, ,025L3) A| 2 
(6,0 + 0,025L5) 300 mm 


A; =0,85kB cm? 


Every frame 
As in Pt 4, Ch 1,7.2 


(3) Intercostal side girders: 
(a) In deep tank, forward of 0,2L from 
the F.P. 


(b) In dry cargo spaces 


Maximum spacing 

Web depth 

Web thickness 

Minimum face plate area 


Maximum spacing 
Scantlings 


0,003sp m 
As floors 

t =twasin Ch 10,4.4 
Suitable stiffener 


0,003sẸ m 
As in Pt 4, Ch 1,7 


Longitudinal framing system 


(4) Cen 
(a) 


re girder: 

n deep tanks forward of 0,2L from 
he F.P. 

(b) In dry spaces 


(5) Bottom transverses: 
(a) In deep tanks forward of 0,2L from 
he F.P., see Note 4 


(b) In dry spaces 


Scantlings 


Scantlings 


Maximum spacing 


Scantlings 


Scantlings 


As in Pt 4, Ch 9,9 


To be specially considered 


3,0m for L< 100m 

4,2m for L>300m 

Spacing at intermediate lengths by interpolation 
As in Pt 4, Ch 9,9 


To be specially considered 


(6) Intercostal side girders 


Scantlings 


To be specially considered 


Symbols 


L, B, D, S, s, lẹ K, p as defined in 1.4.1 


ha = tank head, in metres, as defined in Ch 3,5 


hs = distance, in metres, from mid-point of span to the following 


positions: 


(0) 
(c) 


at 0,2L from the F.P., the upper deck at side 
between 0,15L and 0,2L from the F.P., by interpolation 
between (a) and (b) 


transverse frame spacing, in mm 
spacing of stiffener, in mm, but to be taken not less than 


(a) forward of 0,15L from the F.P., 3 m above the deck 


height obtained from Ch 1,6.1.14 800 mm 


L but need not be taken greater than 215 m 


NOTES 

1. For single bottom construction in way of the cargo tanks of oil 
tankers, see Pt 4, Ch 9,1.3 and Pt 4, Ch 10. 

2. For minimum thickness of structure within cargo tanks and fore 
peak tanks in oil tankers, see Pt 4, Ch 9,10.2 and Pt 4, 
Ch 10,7.2 


For single bottom construction in dredgers, see Pt 4, Ch 12,6. 
For ships having one or more longitudinal bulkheads the 
maximum spacing may be increased but is not to exceed that 
for the midship region. 
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Section 5 


5.3 Single bottoms - Longitudinal framing 


5.3.1 In deep tanks forward of 0,2L from the F.P., bottom 
transverses are to be supported by a primary centreline girder 
or a centreline bulkhead. In addition, an intercostal side girder 
is generally to be fitted port and starboard. In the case of an 
oil tanker (see 1.1.4) or similar ship having longitudinal bulk- 
heads port and starboard, these may be extended to the fore 
end of the deep tank in lieu of a primary centreline support 
and intercostal girders. The spacing of bottom transverses 
and scantlings of the centreline girder, bottom transverses 
and side girders are to be as required by Table 5.5.1. 


5.3.2 The requirements for longitudinally framed single 
bottoms in way of dry cargo spaces will be specially considered. 


5.4 Double bottoms 


5.4.1 The minimum depth of centre girder forward is 
generally to be the same as that required in the midship region 
by Part 4 for the particular type of ship concerned, but in 
ships with considerable rise of floor, a greater depth may be 
required at the fore end to provide adequate access 
throughout the double bottom tank. 


5.4.2 Where the height of the double bottom varies, this 
variation is generally to be made gradual by sloping the inner 
bottom over an adequate longitudinal extent. Knuckles in the 
plating are to be arranged close to plate floors. Otherwise, 
suitable scarfing arrangements are to be made. 


5.4.3 The arrangement and scantlings of girders, floors 
and inner bottom plating and the section modulus of inner 
bottom stiffening are to be determined from Table 5.5.2. In 
other respects the structural arrangements are to be as 
detailed in Part 4 for the particular type of ship concerned. 


5.4.4 For double bottom construction in way of the cargo 
tanks of oil tankers or ore carriers, see also Pt 4, Ch 9, Ch 10 
or Ch 11, as appropriate. 
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Table 5.5.2 


Item and parameter 


Part 3, Chapter 5 


Sections 5 & 6 


Double bottom construction forward 


Requirements 


Transverse framing Longitudinal framing 


Centre girder: 

Thickness forward of 0,075L from 
he F.P. 

Thickness between 0,075L and 
0,3L from the F.P. 


t = (0,008 dpg + 2) fk mm 


As determined by a taper line from the midship thickness given in Pt 4, Ch 1,8 to the end 
thickness as for (1) (a) 


e floors: 

aximum spacing forward of 0,2L 
rom the F.P. 

aximum spacing aft of 0,2L from 
he F.P. 
Scantlings 


0,002se m 2,5 m 


As for midship region As for midship region, see Note 5 


As in Pt 4, Ch 1,8 As in Pt 4, Ch 1,8 


Watertight floors and bracket floors 


As in Pt 4, Ch 1,8 As in Pt 4, Ch 1,8 


Side girders, see Note 1: 

a) Maximum spacing forward of 
0,2L from the F.P. 

b) Maximum spacing aft of 0,2L 
from the F.P. 

c) Scantlings 


0,003se m 0,004s, or 3,7 m whichever is the lesser 


As for midship region As for midship region, see Note 5 


As in Pt 4, Ch 1,8 As in Pt 4, Ch 1,8 


nner bottom plating, see Note 2: 
Thickness at or forward of 0,075L 
from the F.P. 

Thickness between 0,075L and 
0,3L from the F.P. 

In way of deep tanks or holds used 
for the carriage of water ballast or 
where the double bottom tank is 
common with a wing ballast tank 


t = (0,00127(s + 660) ay k2 LT) mm or 6,5 mm, whichever is the greater, see Notes 3, 4 and 5 


As determined by a taper line from the midship thickness given in Pt 4, Ch 1,8 to the end thick- 
ness as for (5) (a), but not less than 6,5 mm, see Notes 3, 4 and 5 


= (0.004 sf} pha + 25) mm or 6,5 mm, whichever is the greater 


(6) Inner bottom longitudinals 


As in Pt 4, Ch 1,8, see Notes 2 and 5 


Symbols 


L, T, S, s, k, p as defined in 1.4.1 


minimum depth of centre girder as required by Pt 4, Ch 1,8 


but to be taken not greater than 1,0 


iis s= 
2500S 


h4 = tank head, in metres, as defined in Ch 3,5 
Sp = transverse frame spacing, in mm 


S = spacing of bottom longitudinals, in mm 


NOTES 
The girders forward of 0,2L are to be suitably scarfed into the 
midship girder arrangement. 
For double bottom construction in way of the cargo tanks of oil 
tankers or ore carriers, see also Pt 4, Ch 9, Ch 10 or Ch 11, as 
appropriate. 
In way of hatches the tank top taper thickness is to be 
increased by 2 mm if no ceiling is fitted, but is to be taken not 
less than 7,5 mm. 


a Section 6 
Fore peak structure 


6.1 General 


6.1.1 The requirements given in this Section apply to the 
arrangement of primary structure supporting the peak side 
framing and bulbous bow, the arrangement and scantlings of 
wash bulkheads and perforated flats, and the scantlings of 
collision bulkheads. 


Where cargo is to be regularly discharged by grabs the tank 
top taper thickness is to be increased by 5,0 mm if no ceiling is 
fitted, or by 3,0 mm where ceiling is fitted. 

For ships having the notation ‘strengthened for heavy cargoes’, 
the requirements of Pt 4, Ch 7,8 are also to be complied with. 


6.1.2 In ships of very full form it is recommended that 
transverse framing and side transverses supporting 
longitudinal framing, together with attached floors and beams, 
be inclined at an angle to the centreline of ship so that the 
frames or transverses lie as near normal to the shell plating 
as possible. 
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6.2 Bottom structure 


6.2.1 The bottom of the peak space is generally to be 
transversely framed with arrangements and scantlings as 
detailed in 5.2.1. Longitudinally framed bottom structure will 
be specially considered. 


6.3 Side structure - Transverse framing 


6.3.1 Above the floors, transverse side framing is to be 

supported by one of the following arrangements: 

(a) Side stringers spaced about 2,0 m apart and supported 
by struts fitted at alternate frames. The struts are to be 
bracketed to the frames and where the span is long, 
supported at the centreline by a complete or partial wash 
bulkhead or equally effective structure. Intermediate 
frames are to be bracketed to the stringer plates. 

(b) Side stringers spaced about 2,0 m apart and supported 
by web frames. The upper ends of the web frames are to 
be supported under the tank top by suitable deep 
beams or buttresses which should generally form a ring 
structure. 

(c) Perforated flats soaced not more than 2,5 m apart. The 
area of perforations in each flat is to be not less than 
10 per cent of the total area of the flat. The plating is to 
be suitably framed in way of openings. 

(d) A combination of the above arrangements. 


6.3.2 Where the depth of the peak space exceeds 10 m, 
a perforated flat is to be arranged at about mid-depth. 


6.3.3 Where the length of the space exceeds 10 m and 
the side framing is supported as required by 6.3.1(a) or (c), 
additional transverse strengthening in the form of transverse 
wash bulkheads or web frames is to be provided. 


6.3.4 The scantlings of side stringers supported by 
struts, and also of the struts and their brackets, are to be 
determined from Table 5.6.1. 


6.3.5 The scantlings of side stringers supported by web 
frames, and also of the web frames, are to be determined 
from 4.5. 


6.3.6 The scantlings of perforated flats are to be 
determined from Table 5.6.1. 


6.4 Side structure - Longitudinal framing 


6.4.1 The spacing and scantlings of side transverses 
supporting longitudinal framing are to be as required by 4.5. 


6.4.2 Where the depth of a tank exceeds 10 m, side 
transverses are generally to be supported by one or more 
perforated flats or an arrangement of struts. 


6.4.3 Suitable transverses or deep beams are to be 
arranged at the top of the tank and at perforated flats to 
provide end rigidity to the side transverses. 


Part 3, Chapter 5 


Section 6 


6.5 Bulbous bow 


6.5.1 Where a bulbous bow is fitted, the structural 
arrangements are to be such that the bulb is adequately 
supported and integrated into the fore peak structure. 


6.5.2 At the fore end of the bulb the structure is 
generally to be supported by horizontal diaphragm plates 
spaced about 1,0 m apart in conjunction with a deep 
centreline web. 


6.5.3 In general, vertical transverse diaphragm plates are 
to be arranged in way of the transition from the peak 
framing to the bulb framing. 


6.5.4 In way of a wide bulb, additional strengthening in 
the form of a centreline wash bulkhead is generally to be 
fitted. 


6.5.5 In way of a long bulb, additional strengthening in 
the form of transverse wash bulkheads or substantial web 
frames spaced about five frame spaces apart are generally to 
be fitted. 


6.5.6 The shell plating is to be increased in thickness at 
the fore end of the bulb and in other areas likely to be 
damaged by the anchors and chain cables. The increased 
plate thickness is to be the same as that required for plated 
stems by 3.3.2. 


6.6 Wash bulkhead 


6.6.1 Where a fore peak space is used as a tank and the 
breadth of the tank at its widest point exceeds 0,5B, a 
complete or partial centreline wash bulkhead is to be fitted. 


6.6.2 Wash bulkheads are to have an area of perforations 
not less than five per cent nor more than 10 per cent of the 
area of the bulkhead. The plating is to be suitably stiffened in 
way of openings. 


6.6.3 The scantlings of wash bulkheads are to be 
determined from Table 5.6.1. Stiffeners are to be bracketed 
at top and bottom. 


6.7 Collision bulkhead 


6.7.1 The position and height of the collision bulkhead 
are to be in accordance with the requirements of Ch 3,4. 


6.7.2 The scantlings are to comply with the requirements 
of Pt 4, Ch 1,9 except that the thickness of plating and 
modulus of stiffeners are to be not less than 12 per cent 
greater and 25 per cent greater, respectively, than would be 
required for a dry space. If the collision bulkhead forms the 
boundary of a cargo tank or cofferdam in an oil tanker or ore 
carrier the minimum thickness requirements of Pt 4, Ch 9,10 
are also to be complied with. 
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Table 5.6.1 Fore peak structure 


(1) Unflanged stringers supported by panting beams | Web thickness t = (6,0 + 0,025L5) Si mm 
at alternate frames 


S 
Web depth dw = (400 + 3.3L) = mm 


(2) Struts Cross-sectional area A = (2,5B4 - 0,04L9 ) k cm? 
Least inertia I = S4 S2 hg lẹ? cm4 


| S 
(3) Brackets supporting stringers and beams Thickness (6,0 + 0,025L 5) Ae mm 
150A 


Arm length mm in way of struts 


= 0,5d\y mm at intermediate frames 


| S 
(4) Perforated flats and wash bulkheads (excluding Plating thickness (6,0 + 0,015L) 22 mm 
lowest strake of plating), see Notes 1, 2 and 3 800 


0,0057 s k he le? 
b 


Stiffener modulus cm3 


S 
(5) Diaphragms in bulbous bows and lowest strake Plating thickness = (6,0 + 0,025L5) =, mm 


of wash bulkhead 800 


Symbols 


L, B, S, s, k as defined in 1.4.1 spacing of peak frames, in mm, but to be taken not less 
b = 1,4 for rolled or built sections than 600 mm 
= 1,6 for flat bars spacing of stiffeners, in mm, but to be taken not less than 

hs = vertical distance, in metres, from the stringer to a position 800 mm 

3 m above the deck height obtained from Ch 1,6.1.11 B but need not be taken greater than 32 m 
hg = vertical distance, in metres, from mid-depth of tank to top of L but need not be taken greater than 215 m 

tank vertical spacing or mean spacing of stringers, in metres 
lẹ = effective length of stiffening member, in metres, see horizontal spacing of struts, in metres 

Tables 1.9.1 and 1.9.3 in Pt 4, Ch 1 


NOTES 

1. For oil tankers, see also Pt 4, Ch 9,10.7. 

2. For horizontal flats supporting vertical webs in the fore peak tank, the thickness of the flat in way of the web is to comply with 
Table 9.7.1 (b)(ii) in Pt 4, Ch 9. 

8. For minimum thickness within fore peak tanks of oil tankers, see also Pt 4, Ch 9,10.2. 


6.7.3 Doors, manholes, permanent access openings or | Section 7 

ventilation ducts are not to be cut in the collision bulkhead Forward deep tank structure 

below the freeboard deck, see also Pt 5, Ch 13,3. The 

number of openings in collision bulkheads above the 74 General 

freeboard deck is to be kept to a minimum compatible with 

the design and proper working of the ship. All such openings 7.1.1. The requirements given in this Section apply to the 
ae fitted with means of closing to weathertight arrangement of primary structure supporting the side 


framing, the arrangement and scantlings of wash bulkheads 
and perforated flats, and the scantlings of boundary 
bulkheads in way of deep tanks situated forward of 0,21 from 
the F.P. 


7.1.2 For deep tanks situated aft of this position, see 
Pt 4, Ch 1,9. 
7.2 Bottom structure 


7.2.1 The bottom structure is to comply with the 
requirements given in 5.2.2, 5.3.1 and 5.4, as applicable. 
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7.3 Side structure - Transverse framing 


7.3.1 Above the floors, transverse framing is to be 

supported by one of the following arrangements: 

(a) Side stringers spaced not more than 5 m apart and 
supported by web frames. The upper ends of the web 
frames are to be supported under the tank top by 
suitable deep beams or buttresses which should 
generally form a ring system. 

(b) Side stringers spaced not more than 5 m apart and 
spanning from bulkhead to bulkhead. The ends of these 
stringers are to be connected to horizontal stringers on 
the transverse bulkheads to form a ring system. 

(c) In the case of narrow tanks, perforated flats spaced not 
more than 5 m apart. The area of perforations is to be 
not less than 10 per cent of the area of the flat, and the 
plating is to be suitably stiffened in way of openings. 


7.3.2 Where the side framing is supported as required by 

7.3.1(a) and the depth of the tank exceeds 16 m, the web 

frames are to be supported by one of the following: 

(a) One or more side stringers spanning from bulkhead to 
bulkhead. 

(b) One or more perforated flats having deep beams or 
transverses in way of the web frames. 

(c) One or more cross ties. 


7.3.3 Where the side framing is supported as required by 
7.3.1(c) and the length of the tank exceeds 14 m, additional 
transverse strengthening in the form of transverse wash 
bulkheads or web frames is to be provided. 


7.3.4 The scantlings of stringers and web frames as 
required by 7.3.1(a) are to be determined from 4.5. 


7.3.5 The scantlings of side stringers supporting framing 
as required by 7.3.1(b) are to be determined from Item (5) in 
Table 5.4.4. 


7.3.6 The scantlings of side stringers supporting web 
frames as required by 7.3.2(a) are to be determined from 
Item (6) in Table 5.4.4. 


7.3.7 The scantlings of perforated flats as required by 
7.3.1(c) or 7.3.2(b) are to be determined from Table 5.6.1. 


7.3.8 The scantlings of cross ties are to be determined 
as for cross ties in the cargo tanks of oil tankers, see Pt 4, 
Ch 9.9. Where the span between the side shell and 
longitudinal bulkhead exceeds 0,38, additional fore and aft or 
vertical support for the struts may be required. 


7.4 Side structure - Longitudinal framing 


7.4.1 The spacing and scantlings of side transverses 
supporting longitudinal framing are to be as required by 4.5. 


7.4.2 Where the depth of the tank exceeds 16 m, the 
side transverses are to be supported as required by 7.3.2. 
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7.5 Wash bulkheads 


7.5.1 Where the breadth of the tank at its widest point 
exceeds 0,5B, a centreline wash bulkhead is generally to be 
fitted. If the maximum breadth of tank exceeds 0,78, it is 
recommended that the centreline bulkhead be made intact. 
In the case of an oil tanker or similar ship having longitudinal 
bulkheads port and starboard, these may be extended to the 
fore end of the deep tank in lieu of a centreline bulkhead. 


7.5.2 Wash bulkheads are to have an area of perforations 
not less than 5 per cent nor more than 10 per cent of the area 
of the bulkhead. The plating is to be suitably stiffened in way 
of openings. 


7.5.3 The scantlings of wash bulkheads are generally to 
be as required by Table 5.6.1, but see also 7.5.4 to 7.5.6. 
Stiffeners are to be bracketed at top and bottom. 


7.5.4 The thickness of longitudinal bulkheads may be 
required to be increased to ensure compliance with the shear 
strength requirements of Ch 4,6. In the case of a centreline 
or perforated wing bulkhead, the proportion of the total shear 
force absorbed by the bulkhead will be specially considered. 


7.5.5 The thickness of plating of wash bulkheads may 
also be required to be increased to take account of shear 
buckling. 


7.5.6 Where longitudinal wash bulkheads support 
bottom transverses, the lower section of the bulkhead is to 
be kept free of non-essential openings for a depth equal to 
1,75 times the depth of the transverses, and the plating 
thickness may be required to be increased to meet local 
buckling requirements. 


7.6 Transverse boundary bulkheads 


7.6.1 The transverse bulkheads forming the forward and 
after boundaries of the tank are generally to comply with the 
requirements of Pt 4, Ch 1,9, except that when the after 
bulkhead forms the boundary of a cargo tank or cofferdam in 
an oil tanker or ore carrier, the minimum thickness require- 
ments of Pt 4, Ch 9,10 are also to be complied with. 
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6 After peak structure 

7 Sternframes and appendages 


w Section 1 
General 


1.1 Application 


1.1.1 This Chapter applies to all types of ship covered by 
Part 4, except where specifically stated otherwise. 


1.1.2 The requirements given are those specific to aft 
ends and relate to structure situated in the region aft of 0,3L 
from the after perpendicular. 


1.1.3 Requirements for cargo space structure within this 
region not dealt with in this Chapter are to be as detailed in 
the relevant Chapter of Part 4 for the particular ship type. 


1.1.4 The requirements in this chapter are not applicable 
to Double Hull Oil Tankers or Bulk Carriers with a CSR 
notation. See Pt 1, Ch 2,2.3. 


1.2 Structural configuration 


1.2.1 The Rules provide for both longitudinal and 
transverse framing systems. 


1.2.2 In the case of container ships and open type ships 
additional requirements may apply as detailed in Pt 4, Ch 8. 


1.3 Structural continuity 


1.3.1 Suitable scarfing arrangements are to be made to 
ensure continuity of strength and the avoidance of abrupt 
structural changes. 


1.3.2 Where longitudinal framing terminates and is 
replaced by a transverse system, adequate arrangements are 
to be made to avoid an abrupt changeover. Where a poop is 
fitted extending forward of 0,15L from the A.P., longitudinal 
framing at the upper deck and topsides is generally to be 
continued aft of the forward bulkhead of this superstructure. 
In bulk carriers and oil tankers (see 1.1.4) the longitudinal 
framing at the upper deck is to be maintained over the cargo 
space region and continued over the aft end region. 
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1.3.3 In oil tankers (see 1.1.4) with machinery aft, 
continuity of the longitudinal bulkheads is to be maintained as 
far as is practicable into the machinery space, and suitable 
taper brackets are to be fitted at their ends. 


1.3.4 In bulk carriers (see 1.1.4) with machinery aft, 
continuity of the topside tank and double bottom hopper tank 
structure is to be maintained over the cargo space region and 
as far as is practicable continued into the machinery space, 
and suitable taper brackets are to be arranged at their ends. 
Also a vertical taper bracket in line with the vertical strake of 
the topside tank is to be fitted at the forward side of the aft 
bulkhead of the cargo space region. Where the topside tank 
and double bottom hopper tank structures terminate at the 
cargo space aft bulkhead, the vertical strake of the topside 
tank is to be arranged with an integral taper bracket and 
continued through the bulkhead into the machinery space for 
a distance of 0,2B, and the ends of the hopper and topside 
structures are to be arranged with suitable taper brackets. In 
addition, in way of the cargo space aft bulkhead, a girder or 
intercostal bulb plate stiffeners (fitted between and connected 
to the bulkhead vertical stiffeners), are to be arranged on the 
aft side in line with the sloped bulkheads of the topside and 
hopper tanks clear of the taper brackets. 


1.3.5 In container or similar ships having continuous side 
tanks or double skin construction in way of the cargo spaces, 
the longitudinal bulkheads are to be continued as far aft as is 
practicable and are to be suitably tapered at their ends. 
Where, due to the ship’s form, such bulkheads are stepped, 
suitable scarfing is to be arranged. 


1.4 Symbols and definitions 


1.4.1 The following symbols and definitions are applicable 
to this Chapter unless otherwise stated: 
L, B, D, T as defined in Ch 1,6.1 
kọ k = higher tensile steel factor as defined in Ch 2,1.2 
l = overall length of stiffening member, in metres, see 
Ch 3,3.3 
lẹ = effective length of stiffening member, in metres, see 
Ch 3,3.3 
S = spacing of secondary stiffeners, in mm 
t = thickness of plating, in mm 


S = spacing, or mean spacing, of primary members, in 
metres 

Z = section modulus of stiffening member, in cm3, see 
Ch 3,3.2 

p = relative density (specific gravity) of liquid carried in a 
tank and is to be taken not less than 1,025 

I = inertia of stiffening member, in cm4, see Ch 3,3.2. 


1.4.2 For the purpose of this Chapter, the after perpen- 
dicular, A.P., is defined as the after limit of the Rule length L. 
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Deck structure 


2.1 General 


Qed Where the upper deck is longitudinally framed 
outside the line of openings in the midship region, this system 
of framing is to be carried as far aft as possible, see also 
Pt 4, Ch 9,1.3. 


2.2 Deck plating 


2.2.1 The thickness of strength/weather deck plating is 
to comply with the requirements of Table 6.2.1. 


2.2.2 The thickness of lower deck plating is to comply 
with the requirements of Table 6.2.2. 


2.2.3 The taper thickness of the strength deck stringer 
plate is to be increased by 20 per cent at the ends of a poop 
or bridge where the end bulkhead is situated forward of 0,25L 
from the A.P. No increase is required where the end bulkhead 
lies aft of 0,2L from the A.P. The increase at intermediate posi- 
tions is to be determined by interpolation. 


2.2.4 The deck plating thickness and supporting struc- 
ture are to be suitably reinforced in way of deck machinery, 
and in way of cranes, masts or derrick posts. 
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2.2.5 Where long, wide hatchways are arranged at lower 
decks it may be necessary to increase the deck plating 
thickness to ensure effective support for side framing. 


2.3 Deck stiffening 


2.3.1 The scantlings of strength/weather deck longitudi- 
nals are to comply with the requirements of Table 6.2.3. 


2.3.2 The scantlings of cargo and accommodation deck 
longitudinals are to comply with the requirements given in 
Table 1.4.4 in Pt 4, Ch 1. 


2.3.3 End connections of longitudinals to bulkheads are 
to provide adequate fixity, lateral support and so far as 
practicable, direct continuity of longitudinal strength. 


2.3.4 The scantlings of weather deck beams are to 
comply with the midship requirements for the particular ship 
type. 


2.3.5 The scantlings of lower deck beams are to comply 
with the requirements of Table 1.4.5 in Pt 4, Ch 1. 


2.3.6 End connections of beams are to be in accordance 
with the requirements of Ch 10,3. 


Table 6.2.1 Strength/weather deck plating aft (excluding poop deck) 


Symbols 


Location 


Thickness, in mm 


L, s, S, k, p as defined in 1.4.1 


Aft of 0,075L from the A.P. 


ks4 
t = (5,5 + 0,02L)\| — 
Sb 
; but is to be taken not 


ee 2500S Between 0,075L and 0,15L from the | The greater of the following: 
A.P. ks 

greater than 1,0 (a) t = (5,54 0,02L)\J—+ 
b 


tank head, in metres, as defined in 


Ch 3,5 ; (b) the taper thickness, see Notes 1, 2 
standard frame spacing as follows: and 3 


Aft of 0,15L from the A.P.: (c) for oil tankers, the thickness is also 
to be in accordance with Pt 4, 
Ch 9,4.3.3 


L 
Sp = 10+ ~~] mm or 850 mm, 
8 (5 s ee) 


whichever is the lesser 


Forward of 0,15L from the A.P. 
= s, but is to be taken not less than sp 


The taper thickness, see Notes 1, 2 and 
3, or as 2(c) whichever is the greater 


As for a lower deck, see Note 4 


t = 0,004sf “J PANG 28% 
1,025 


or (1) to (4) as applicable, whichever 
is the greater but not less than 

7,5 mm where L > 90 m, or 

6,5 mm where L < 90 m 


Inside poop extending forward of 
0,15L 


In way of the crown of a tank 


NOTES 

1. The taper thickness is to be determined from Table 3.2.1 in 
Chapter 3. 

2. For taper area requirements, see Table 3.2.1 in Chapter 3. 

3. For thickness of upper deck plating in way of the cargo tanks of 
oil tankers or ore carriers, see also Pt 4, Ch 9, Ch 10 or Ch 11. 


4. The exposed weather deck taper thickness is to extend into a 
poop or bridge for at least one-third of the breadth of the ship 
from the superstructure end bulkhead. 
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Table 6.2.2 Lower deck plating aft 


Symbols Location Thickness, in mm 


kpas deini ini TAA (1) Aft of 0,075L from the A.P. 0,0154 Vk 
breadth of increased plating, in mm but not less than 6,5 mm 


S- but is to be taken not Forward of 0,075L from the A.P., inside line 0,01sy V k 


ai 2500S of openings but not less than 6,5 mm 


greater than 1,0 Forward of 0,075L from the A.P., outside line | As determined by a taper line from 
= tank head, in metres, as defined in Ch 3,5 of openings the midship thickness to the end 
= 2,5 mm at bottom of tank or 3,5 mm at thickness given by (1) 

crown of tank 


= s, but is to be taken not less than In way of the crown or bottom of a tank t = 0,004sf 4} pal , Ko 


1 
(:70 +06 ) ne or (1), (2) or (3) as applicable, 
whichever is the greater but not less 
A; = girder face area, in cm? than 
L, = L, but need not be taken greater than 7,5 mm where L > 90 m, or 
190 mm 6,5 mm where L < 90 m 


NOTE Plating forming upper flange of underdeck Clear of cargo hatches t = 


Where the deck loading exceeds 43,2 kN/m2, girders 
(4,4 tonne-f/m2), the thickness of plating will be i 
specially considered. This is equivalent to a ‘tween In way of hatch side 
deck height of 6,1 m in association with the girders 

standard stowage rate of 1,39 m3/tonne. 
Minimum breadth b = 760 mm 


Table 6.2.3 Strength/weather deck longitudinals aft 


Location Modulus, in cm3 Inertia, in cm4 


Aft of 0,075L from the A.P. The greater of the following: 
(a) Z = s k (400h4 + 0,005 (le L4)2) x 1074 
(b) Z = 0,0074s k hy 1,2 


Forward of 0,075L from the A.P., inside line |As (1) 
of openings 


Forward of 0,075L from the A.P., outside As determined from Table 3.2.1 in Chapter 3, see Note 1 

line of openings For oil tankers (see 1.1.4) and dry cargo ships the end modulus for 
taper at 0,075L from the A.P. is to be derived from Table 5.2.3 item 
(2) 


(4) In way of the crown of a tank 
0,0113p s k hg l2 


b 


or as (1) to (3) as applicable, whichever is the greater 


Symbols 


weather head, in metres, as defined in Ch 3,5 
1,4 for rolled or built sections tank head, in metres, as defined in Ch 3,5 
1,6 for flat bars as defined in 1.4.1 but is to be taken not less than 


web depth of longitudinal, in mm 1,5m 
L but need not be taken greater than 190 m 


p as defined in 1.4.1 


NOTES 
1. For taper area requirements, see Table 3.2.1 in Chapter 3. 4. The thickness of flat bar longitudinals, situated outside the line 
2. Where weather decks are intended to carry deck cargo and of openings is to be not less than the following: 
the loading is in excess of 8,5 kN/m2 (0,865 tonne-f/m?) the 
scantlings of longitudinals are also to comply with the require- (a) t= 
ments for location (1) in Table 1.4.4 in Pt 4, Ch 1 using the 18 VAL 
equivalent design head, for specified cargo loadings, for where longitudinal continuous through bulkhead 
weather decks given in Table 3.5.1 in Chapter 3. 
For the scantlings of deck longitudinals aft in way of the cargo (b) t= 
tanks of oil tankers (see 1.1.4) or ore carriers, see also Pt 4, 15 AKL 
Ch 9, Ch 10 or Ch 11, as applicable. where longitudinal cut at bulkhead 


5. The web depth of longitudinal, dy, to be not less than 60 mm. 


dw 


d, 
W__ mm 
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2.4 Deck supporting structure 


2.4.1 The arrangements and scantlings of supporting 
structure are generally to be in accordance with the require- 
ments given in Pt 4, Ch 1,4 except as required by 2.4.2 to 
2.4.4. 


2.4.2 At upper and lower decks above the after peak, 
deep beams are generally to be fitted in way of web frames. 
Deck girders are generally to be spaced not more than 3,0 m 
apart. 


2.4.3 Primary structure in the topside tanks of bulk 
carriers is to comply with the requirements of Pt 4, Ch 7,7. 


2.4.4 Primary structure in the cargo tanks of oil tankers, 
or ore carriers, is to be determined from Pt 4, Ch 9, Ch 10 or 
Ch 11, as applicable. 


2.5 Deck openings 


2.5.1 In dry cargo ships, the requirements for deck 

openings given in Pt 4, Ch 1,4 are generally applicable 

throughout the aft region except that aft of 0,25L from the A.P.: 

(a) The radii or dimensions of the corners of main cargo 
hatchway openings of the strength deck are to be in 
accordance with the requirements of Pt 4, Ch 1,4.5. The 
thickness of the insert plates, where required, is not to 
be less than 20 per cent greater than the adjacent deck 
thickness outside the line of openings, with a 
minimum increase of 3 mm. 

(b) Insert plates will be required at lower decks in way of any 
rapid change in hull form to compensate for loss of deck 
cross-sectional area. Otherwise, insert plates will not 
normally be required. 

(c) Compensation and edge reinforcement for openings 
outside the line of main hatchways will be considered, 
bearing in mind their position, the deck arrangements 
and the type of ship concerned. 


2.5.2 For deck openings in way of cargo tanks in oil 
tankers and ore carriers, see also Pt 4, Ch 9, Ch 10 or Ch 11, 
as applicable. For main cargo hatchway openings on bulk 
carriers and container ships, see also Pt 4, Ch 7 and Ch 8, 
as applicable. 


| Section 3 
Shell envelope plating 


3.1 General 
3.1.1 Where the shell is longitudinally framed in the 
midship region, this system of framing is to be carried as far 
aft as practicable. 


3.2 Keel 


3.2.1 The scantlings of bar keels at the aft end are to be 
the same as in the midship region as required by Pt 4, Ch 1,5. 
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3.2.2 The thickness and width of plate keels in the aft 
region are to be the same as required in the midship region 
for the particular type of ship concerned, see Part 4. 


3.3 Bottom shell and bilge 


3.3.1 The thickness of bottom shell and bilge plating in 
the aft region is to comply with the requirements of 
Table 6.3.1. 


3.3.2 Where the bottom is transversely framed and there 
are large flat areas of shell plating, the buckling stability of the 
plating will be specially considered, and increased plate 
thickness or additional stiffening may be required, see 
also 5.2.3. 


3.3.3 Where longitudinals are omitted in way of 
radiused bilge plating amidships, the plating thickness aft will 
be considered in relation to the support derived from the hull 
form and internal stiffening arrangements. 


3.4 Side shell and sheerstrake 


3.4.1 The thickness of side shell and sheerstrake 
plating in the aft region is to be not less than the values given 
in Table 6.3.1, but may be required to be increased locally on 
account of high shear forces, in accordance with Ch 4,6.5. 


3.4.2 Increased shell plate thickness may be required 
where the panting stringers required by 4.4.1 are omitted. 
The extent and amount of the increase will be specially 
considered. 


3.4.3 The thickness of shell plating is to be increased 
locally in way of the sternframe, propeller brackets or rudder 
horn. The increased plate thickness is to be not less than 
50 per cent greater than the basic shell end thickness. 


3.4.4 The sheerstrake thickness is to be increased by 
20 per cent at the ends of a bridge superstructure extending 
out to the ship’s side, irrespective of position. Similar strength- 
ening is to be fitted in way of the end of a poop if this occurs 
at a position forward of 0,25L from the A.P. No increase is 
required if the poop end bulkhead lies aft of 0,2L from the A.P. 
The increase at intermediate positions of end bulkhead is to 
be obtained by interpolation. 


3.5 Shell openings 


3.5.1 In general, compensation will not be required for 
holes in the sheerstrake which are clear of the gunwale, or for 
any deck openings situated outside the line of main hatch- 
ways and whose depth does not exceed 20 per cent of the 
depth of the sheerstrake or 380 mm, whichever is the lesser. 
Openings are not to be cut in a rounded gunwale. Cargo door 
openings are to have well rounded corners, and the proposed 
compensation for the door openings will be individually 
considered. 
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Table 6.3.1 Shell plating aft 


Location 


Part 3, Chapter 6 


Sections 3 & 4 


Thickness, in mm NOTES 


(1) Bottom shell and bilge, see Notes 4 and 5: 
a) Aft of 0,075L from the A.P. 


see Note 6 


Side shell, see Notes 4 and 5: 
a) Aft of 0,075L from the A.P. 


see also 3.4.2 
c) Forward of 0,15L from the A.P. 


k 
t = (65+ 0,033L) 451 (see Note 1) 
b 


b) Between 0,075L and 0,15L from the A.P., | As (1) (a) or the taper thickness, whichever is the 
greater, see Note 2 
c) Forward of 0,15L from the A.P., see Note 6 | The taper thickness, see Note 2 


k 
(6,5 + 0,033L)4 | n (see Note 1) 
b 


b) Between 0,075L and 0,15L from the A.P., | As (2) (a) or the taper thickness, whichever is the 
greater, see Note 2 
The taper thickness, see Note 2 


For ships where L < 70 m this 
thickness may be reduced by 

1 mm, but it is to be not less than 
6mm. 

The taper thickness is to be 
determined from Table 3.2.1 in 
Chapter 3. 

For thickness of shell plating in 
way of the cargo tanks of oil 
tankers or ore carriers, see also 
Pt 4, Ch 9, Ch 10 or Ch 11, as 


Sheerstrake, see Notes 4 and 5 
(a) Aft of 0,075L from the A.P.: 


where a >0,7 
D 


where a <0,7 
D 


(b) Between 0,075L and 0,15L from the A.P., | As (8) (a) or as determined from Table 3.2.1 in 


see Note 6 
(c) Forward of 0,15L from the A.P., see Note 6 


Chapter 3 


As (2) (a) for side shell 


As (4) for a poop 


The taper thickness, see Note 2 


applicable. 

In offshore supply ships the 
thickness of side shell is to be not 
less than 9 mm. 

For trawlers and fishing vessels 
see Pt 4, Ch 6,5. 

For oil tankers the thickness is 
also to be in accordance with 

Pt 4, Ch 9,4.3.3. 


(4) Poop, see Notes 4 and 5 


(6,5 + 0,017L) 


ks4 
Sb 


L, B, D, T, s, k as defined in 1.4.1 
Sy s but to be taken as not less than sp 
Sb standard frame spacing, in mm, as follows: 


Region Bottom shell sp 


Aft of 0,O5L from the A.P. (470 + A or 600* 


Between 0,05L and 0,15L from 
the A.P. 


(s10 + a or 850* 


*whichever is the lesser 


3.5.2 Sea inlet and other openings are to have well 
rounded corners and so far as possible, should be kept clear 
of the bilge radius. The thickness of sea inlet box plating is 
generally to be the same as the adjacent shell. It is not, 
however, to be less than 12,5 mm, and need not exceed 
25 MM. 


a Section 4 
Shell envelope framing 


4.1 General 


4.1.1 Requirements are given in this Section for both 
longitudinal and transverse framing systems. Where longitu- 
dinal framing is adopted in the midship region, it is to be 
carried as far aft as practicable. 


Side shell sp 


or 600* below the deck next above the load 
waterline 


or 700* above the deck next above the load 
waterline 


) or 850* 


4.1.2 End connections of longitudinals to bulkheads 
are to provide adequate fixity, lateral support and, so far as 
practicable, direct continuity of longitudinal strength, see also 
Ch 10,3. Where L exceeds 215 m, the bottom longitudinals 
are to be continuous in way of both watertight and non-water- 
tight floors, but alternative arrangements will be considered. 
Higher tensile steel longitudinals within 10 per cent of the 
ship’s depth at the bottom and deck are to be continuous 
irrespective of the ship length. 


4.1.3 Stiffeners and brackets on side transverses, 
where fitted on one side and connected to higher tensile steel 
longitudinals between the base line and 0,8D above the base 
line, are to have their heels well radiused to reduce stress 
concentrations. Where a symmetrical arrangement is fitted, 
i.e., bracket or stiffening on both sides, and it is connected to 
higher tensile steel longitudinals, the toes of the stiffeners or 
brackets are to be well radiused. Alternative arrangements will 
be considered if supported by appropriate direct calculations. 
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4.1.4 Where higher tensile steel side longitudinals pass 4.2 Shell longitudinals 
through transverse bulkheads in the cargo area, well radiused 
brackets of the same material are to be fitted on both the fore 4.2.1 The scantlings of bottom and side shell longitudi- 


and aft side of the connection between the upper turn of bilge 
and 0,8D above the base line. Particular attention is to be 
given to ensuring the alignment of these brackets. Alternative 
arrangements will be considered if supported by appropriate 
direct calculations. 


4.1.5 For ships intended to load or unload while 


aground, see Ch 9,9. 


Table 6.4.1 Shell framing (longitudinal) aft 


Location 


nals in the aft region are to comply with the requirements 
given in Table 6.4.1. 


4.3 Shell framing 


4.3.1 The scantlings of side frames in the aft region are 
to comply with the requirements given in Table 6.4.2. 


Modulus, in cm? 


Side longitudinals in poop 


0,0065 s k l2 (0,6 + 0,167Ds) 


Side longitudinals in way of dry spaces including double 
skin construction: 
(a) Aft of the after peak bulkhead 


(b) Between the after peak bulkhead and 0,2/ from the A.P. 


(c) Forward of 0,2L from the A.P. 


Z = 0,0085 s k hņ4 le2 F, but not to be less than as required by (1) 
Z =0,007 sk hy} le? Fs 


or as required in the midship region for the particular type of ship 
concerned, whichever is the greater 


As required in the midship region for the particular type of ship 
concerned 


Side longitudinals in way of double skin tanks or deep tanks 


The greater of the following: 
(a) Zas from (2) 
(b) As required by Pt 4, Ch 1,9 for deep tanks 


Bottom and bilge longitudinals 


As required in the midship region for the particular type of ship 
concerned 


Symbols 


L, D, T, s, k, as defined in 1.4.1 
as defined in 1.4.1, but is to be taken not less than 1,5 m 
D4 but need not be taken greater than 20 m 
= L but need not be taken greater than 190 m 
F, is a fatigue factor to be taken as follows: 
(a) For built sections and rolled angle bars 


1,1 2b 
r= Í A 


(1 - 4] at 0,6D, above the 


base line 
= 1,0 at D; and above, and Fg, at the base line 
intermediate values by linear interpolation 
Feb is a fatigue factor for bottom longitudinals 
= 0,5 (1 + F, at 0,6D4) 


(b) For flat bars and bulb plates 2a may be taken as 0,5 
f 
where 

bs, = the minimum distance, in mm, from the edge of the face 
plate of the side longitudinal under consideration to the 
centre of the web plate, see Fig. 9.5.1 in Pt 4,Ch 9 
the width of the face plate, in mm, of the side longitudinal 
under consideration, see Fig. 9.5.1 in Pt 4, Ch 9 
D but need not exceed T + Hp, in metres, where Hy is the 
minimum bow height, in metres, obtained from Ch 1,6.1.114 


T but not to be taken less than 0,65D, 


Ne 
hwow (: = za) F,, , in metres, for longitudinals above 


he 
the waterline at draught T4 where fw ( EO ) 


is not to be taken less than 0,7 
he 
E + hyCw (: = a) F, , in metres, for longitudinals 


below the waterline at draught T4 


1,0 at 0,2/ from A.P. and 1,32 at and aft of aft peak 
bulkhead. 
Intermediate positions by interpolation. 
vertical distance, in metres, from the waterline at draught 
T4, to the longitudinal under consideration 

Cy = awave head, in metres = 7,71 x 10-2Le~0,0044L 


where 
e base of natural logarithms 2,7183 
Fy, 1,0 for L < 200 m 
[1,0 + 0,0023 (L - 200)] for L > 200 m 


NOTES 


1. Where struts are fitted midway between transverses in double skin construction, the modulus of the side longitudinals may be 
reduced by 50k per cent from that obtained for locations (2) and (3) as applicable. 
2. For modulus and area of side longitudinals in way of a machinery space, see Ch 7,3.1. 
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Table 6.4.2 


Location 


Shell framing (transverse) aft 


Modulus, in cm3 


Part 3, Chapter 6 


Section 4 


Inertia, in cm4 


Frames in after peak spaces and lower ‘tween 
decks over 


Z = 1,85sk TD S4 x 10-3 


82 


S4 Z 
k 1 


Frames in upper ‘tween decks and poops aft of 
the after peak bulkhead, see Notes 1, 2 and 6 


The greater of the followi 


(a) Z = C s k hų H2 
(b) Z = 9,1sk D4 x 1 


ng: 
x 1073 


ome 


Main and ‘tween deck frames (including poop) 
between the after peak bulkhead and 0,2L from 
the A.P., see Notes 1,2 and 3 


The greater of the followi 


(a) Z = C s k hy H? 
(0) Z = 9,1sk D4 x 1 


ng: 
x 1073 


0-3 


Main and ‘tween deck frames elsewhere, see 
Notes 1, 2 and 3 


As required in the midship region for the particular type of ship concerned 


Panting stringers, see Note 4 


Web depth, dy, same depth as frames 
Web thickness, t = ty asin Ch 10,4.4 


Face area, 


A = kS (H+ 1) cm2 


Symbols 


L, D, T, s, k as defined in 1.4.1 


D4 = D but need not exceed T + Hp, in metres, where Hp is 
the minimum bow height, in metres, obtained from 


Ch 1,6.1.11 


= D4 butis to be taken not greater than 16 m nor less 


than 6m 


= equivalent arm length, in mm, as derived from 
Ch 10,3.4.1 
mean equivalent arm length, in mm, for both brackets 
T but not to be taken less than 0,65D, 
head, in metres, at mid length of H 


= Hyr Or Hyp as applicable, see Note 3 


= vertical 
shown 
3,5 m, 
= vertical 
frames 


framing depth, in metres, of main frames as 
in Fig. 6.4.1 but is not to be taken less than 
see Note 5 

framing depth, in metres, of tween deck 

as shown in Fig. 6.4.1, but is not to be taken 


less than 2,5 m 


= vertical 
‘tween 


vertical 


spacing of peak stringers or height of lower 
deck above the peak, in metres, as applicable 
spacing of panting stringers, in metres 


end connection factor 
3,4 where two Rule standard brackets fitted 
= 3,4 (1,8 - 0,8(/,/)) where one Rule standard bracket 
and one reduced bracket fitted 
= 3,4 (2,15 — 1,15 (lamean/2)) where two reduced 
brackets fitted 
6,1 where one Rule standard bracket fitted 
6,1 (1,2 — 0,2 (/,/l)) where one reduced bracket fitted 
= 7,3 where no brackets fitted 


The requirements for frames where brackets larger than 


Rule standard are fitted will be specially considered 
1 = length, in mm, as derived from Ch 10,3.4.1 


he 
fyCw ( - Bn) Fy, in metres for frames where 


the mid-length of frame is above the waterline, at 
draught T4 


h 


- 6 is not to be taken less than 0,7 
D4 = T4 


h 
E + fyCw (: = TA )] F}, in metres for frames 
4 


where the mid-length of frame is below the waterline 
at draught T4 


1,0 at 0,2L from A.P. and 1,32 at and aft of aft peak 
bulkhead Intermediate positions by interpolation. 
vertical distance in metres from the waterline at 
draught 7; to the mid-length of H 

1,0 for L < 200 m 

[1,0 + 0,0023 (L — 200)] for L > 200 m 

a wave head in metres 

7,71 x 10-2 Le0,0044L 

where e = base of natural logarithms 2,7183 


NOTES 


In fishing vessels the modulus of main and ’tween deck frames need not be greater than 80 % of that given in (2). 
In offshore supply ships the moduli of main and ‘tween deck frames are to be 25 % greater than those given in (2), (8) and (4). 
Where frames are inclined at more than 15° to the vertical, Hmp or Htp is to be measured along a chord between span points of the 


frame. 


Panting stringers are not required in tugs less than 46 m in length, see Pt 4, Ch 3,4. 
Where the frames are supported by fully effective horizontal stringers, these may be considered as decks for the purpose of determining 


Aw 


4.3.2 The scantlings of main frames are normally to be 
based on Rule standard brackets at top and bottom, whilst 
the scantlings of ‘tween deck frames are normally to be based 
on a Rule standard bracket at the top only. 


4.3.3 End connections of transverse main and ‘tween deck 
frames are to be in accordance with Ch 10,3. For bulk carriers 
(see 1.1.4), the end connections of main frames in cargo holds 
are to be in accordance with Pt 4, Ch 7,6.2.5 to 6.2.12. 


F: 
Except for main frames the modulus for these members need not exceed that derived from (1) using Hyf in place of S4. 


4.4 Panting stringers in way of transverse framing 


4.4.1 In deep ‘tween decks above the after peak space, 
panting stringers having scantlings as given in Table 6.4.2 or 
increased shell plate thickness may be required, see also 
3.4.2. 
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Section 4 


4.5 Primary structure at sides 


4.5.1 Where the ‘tween decks above an after peak space 
are transversely framed, web frames are to be fitted. Their 
spacing is generally not to exceed the values given in 
Table 6.4.3, and their scantlings are to be determined from 
Table 6.4.4. 


4.5.2 Where longitudinal framing is arranged, the 
spacing of transverses is generally not to exceed the values 
given in Table 6.4.3, and their scantlings are to be determined 
from Table 6.4.4. 


[Piped one oe Pane 


4313/01 


Fig. 6.4.1 Framing depths 4.5.3 Where the shape of the after sections is such that 
there are large sloped flat areas, particularly in the vicinity of 
the propellers, additional primary supports for the secondary 
stiffening may be required. Their extent and scantlings will be 
specially considered. 


Poop deck 4.5.4 The web thickness, stiffening arrangements and 
connections of primary supporting members are to be in 
Upper deck | accordance with the requirements of Ch 10,4. 
Peak 
region 
AP. Co = Side transverses factor 4313/02 
C3 = Web frames factor 
Fig. 6.4.2 Framing factors 
Table 6.4.3 Spacing of side transverses and web frames aft 


Maximum spacing 


Location ; TT ; . oa 
Web frames in association with Side transverses in association 


transverse framing system with longitudinal framing system 


1) Aft of the after peak bulkhead 4 frame spaces 2,5 m where L < 100 m 


3,5 m where L > 300 m 
Intermediate values by interpolation 


Elsewhere in way of dry cargo spaces or 3,8 m where L < 100 m 
deep tanks, see Note (0,006L + 3,2) m 
where L > 100 m 


n way of cargo tanks of oil tankers, 3,6 m where L < 180 m 
chemical tankers or ore or oil carriers 0,02L where L > 180 m 


NOTE 
For the maximum spacing of transverses in dredgers, see Pt 4, Ch 12,5. 
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Table 6.4.4 Primary structure aft 


Item and location 


Part 3, Chapter 6 


Section 4 


Modulus, in cm3 Inertia, in cm4 


Longitudinal framing system 


(1) Side transverses in dry spaces aft of the after peak 
bulkhead, see Note 4: 
(a) Lower space 


(b) ‘Tween deck 


10k S hy4 le? 
Cok STH VD 


Side transverses in tanks aft of the after peak bulkhead, 
see Note 4: 
(a) Lower space Z 


11,7p k S h4 le? 
(b) “Tween decks Z = 14,1pkShy l2 
or as (1) above, whichever is the greater 


(3) Side transverses in dry spaces and deep tanks forward 
of the after peak bulkhead 


As in Pt 4, Ch 1,6, see Notes 1 and 2 


Transverse framing system 


Side stringers supported by webs in after peak dry 
space, see Note 3 


Z = 7,75 k S hq le 


Side stringers supported by webs in after peak tank, 
see Note 3 


Z = 11,7 p k S h4 le? 
or as (4) above, whichever is the greater 


Web frames supporting side stringers in after peak, | Z to be determined from the calculations based on 
ollowing assumptions: 

a) Fixed ends 

b) Point loadings from stringers 

c) Head hg or h74 as applicable 


see Note 3 


d) Bending stress == N/mm? (28 komm?) T= 
k k 


Shear stress “> N/mm? (28 komm?) 
k k 


In deep tanks 


2,5 
k 


93,2 9 


Z 


83,4 8,5 


Web frames in ’tween decks aft of the after peak bulk- 
head not supporting side stringers 


Z = CgkSTHypVD 


Side stringers and web frames in dry spaces and deep 
tanks forward of the after peak bulkhead 


As in Pt 4, Ch 1,6, see Notes 1 and 2 


Symbols 


D, T, S, lẹ K, p as defined in 1.4.1 
C2, Ca = factors obtained from Fig. 6.4.2 
ha = tank head, in metres, as defined in Ch 3,5 
h74 head, in metres, at mid-length of span 
h 
fwCw ( = a Fy, in metres where the mid- 
length of span is above the waterline at draught T4 


h 
fw ( = an] is not to be taken less than 0,7 
D,-T; 


h 
he + hyCw ( - a )] F}, in metres where the mid- 
1 


length of span is below the waterline at draught T4 


where 


1,0 at 0,2/ from A.P. and 1,32 at and aft of aft peak 
bulkhead. Intermediate positions by interpolation 

= vertical distance, in metres, from the waterline at 

draught 74 to the mid-length of span 

1,0 for L < 200m 

[1,0 + 0,0023 (L — 200)] for L > 200 m 

a wave head, in metres 

7,71 x 1072 L @-0,0044L 

where e = base of natural logarithms 2,7183 

= D but need not be taken greater than T + Hp, in metres, 
where Hp is the minimum bow height, in metres, 
obtained from Ch 1,6.1.11 
T but not to be taken less than 0,65D4 


vertical height of ‘tween decks, in metres, as shown in 
Fig. 6.4.1 


NOTES 

1. In way of the cargo tanks or oil fuel tanks of oil tankers or ore 
carriers, the scantlings of primary structure are to comply with 
the requirements of Pt 4, Ch 9, Ch 10 or Ch 11, as appropriate. 

2. For bulk carriers, see Pt 4, Ch 7,6. 


3. For stringers and webs in after peaks, see also 6.2. 

4. The web depth of side transverses aft of the after peak 
bulkhead is to be not less than 2,5 times the depth of the 
longitudinals supported. The web depth of stringers is to be 
not less than 2,2 times the depth of frames supported. 
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m Section 5 
Single and double bottom 
structure 


5.1 General 


5.1.1 For dry cargo ships exceeding 120 m in length, and 
for all ships which are strengthened for heavy cargoes, 
longitudinal framing is, in general, to be adopted, see also 
Pt 4, Ch 9,1.3. 


5.1.2 For ships having the notation ‘strengthened for 
heavy cargoes’, the requirements of Pt 4, Ch 7,8 are also to 
be complied with, as applicable. 


5.1.3 For ships intended to load or unload while aground, 
see Ch 9,9. 


5.1.4 Provision is to be made for the free passage of 
water and/or air from all parts of single or double bottoms to 
the bilge or tank suctions, account being taken of the 
pumping rates required. 


5.1.5 For passenger ships, see Pt 4, Ch 2,6. 


5.2 Single bottoms - Transverse framing 


5.2.1 In after peak spaces, floors are to be arranged at 
every frame. For details and scantlings, see 6.1. 


922 In way of dry cargo spaces aft, the arrangement 
and scantlings of transversely framed single bottoms are to 
be generally as required in the midship region, as given in 
Pt 4, Ch 1,7, except that the thickness of the centreline girder 
may be tapered from the midship thickness at 0,3L from the 
A.P. tot=(/Lk +0,5)mm or 6 mm, whichever is the greater, 
at 0,075L from the A.P. In ships having considerable rise of 
floor towards the aft end, the depth of the floors may be 
required to be increased. 


5.2.3 Where the shape of the after sections is such that 
there are large flat areas of shell plating, additional stiffening 
and/or increased shell plate thickness may be required, 
see 3.3. The extent of this stiffening will be specially 
considered. 


5.3 Single bottoms - Longitudinal framing 


5.3.1 The scantlings and arrangement of longitudinally 
framed single bottoms in way of dry cargo spaces will be 
specially considered. 


5.4 Double bottoms 


5.4.1 The minimum depth of centre girder aft is 
generally to be the same as that required in the midship region 
by Part 4 for the particular type of ship concerned, but in 
ships with considerable rise of floor a greater depth may be 
required at the aft end to provide adequate access through- 
out the double bottom tank. 


Part 3, Chapter 6 


Sections 5 & 6 


5.4.2 Where the height of the double bottom varies, this 
variation is generally to be made gradual by sloping the inner 
bottom over an adequate longitudinal extent. Knuckles in the 
plating are to be arranged close to plate floors. Otherwise, 
suitable scarfing arrangements are to be made. 


5.4.3 For dry cargo ships, the arrangement and 
scantlings of girders, floors, inner bottom plating and inner 
bottom stiffening in the aft end region are to be determined 
from Pt 4, Ch 1,8. 


5.4.4 For double bottom construction in way of the cargo 
tanks of oil tankers or ore carriers, see also Pt 4, Ch 9, Ch 10 
or Ch 11, as appropriate. 


E Section 6 
After peak structure 


6.1 Bottom structure 


6.1.1 Floors are to be arranged at every frame space and 
are to be carried to a suitable height, and at least to above 
the sterntube, where fitted. They are to have a thickness as 
determined from Table 6.6.1 and are to be adequately 
stiffened. In way of a propeller post, rudder post or rudder 
horn, the floors are generally to be carried to the top of the 
space and are to be increased in thickness. The extent and 
amount of the increase will be specially considered, account 
being taken of the arrangements proposed. 


6.2 Side structure - Transverse framing 


6.2.1 Above the floors, transverse side framing is to be 

supported by one of the following arrangements: 

(a) Side stringers spaced not more than 2,5 m apart and 
supported by web frames. The upper ends of the web 
frames are to be supported under the tank top by 
suitable deep beams to form a ring structure. 

(b) Perforated flats soaced not more than 2,5 m apart. The 
area of perforations in each flat is to be not less than 
10 per cent of the total area of the flat. 

(c) A combination of the above arrangements. 


6.2.2 The scantlings of side stringers supported by web 
frames, and also of the web frames are to be determined 
from 4.5. 


6.2.3 The scantlings of perforated flats are to be 
determined from Table 6.6.1. Stiffeners are to be fitted at 
every frame. 


6.3 Side structure - Longitudinal framing 


6.3.1 The spacing and scantlings of side transverses 
supporting longitudinal framing are to be as required by 4.5. 


6.3.2 Suitable transverses or deep beams are to be 
arranged at the top of the tank to provide end rigidity to the 
side transverses. 
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Table 6.6.1 After peak structure 


Parameter 


Part 3, Chapter 6 


Sections 6 & 7 


Requirement 


(1) Floors 


Thickness 


S 
Ëa (7,5 + 0,025L5) \] 505 mm 


(2) Perforated flats and wash bulkheads 


Thickness, see Note 


Stiffener modulus Z D 


S 
t = (7,5 + 0,015L) MS mm 


0,0057 s k he le? 5 
cm 


Symbols 


L, S, la, k as defined in 1.4.1 
1,4 for rolled or built sections 
1,6 for flat bars 


vertical distance from middle of effective length of stiffener to 


top of tank, in metres 


So = spacing of stiffeners, in mm, but is to be taken not less than 
800 mm 
Ly = L but need not be taken greater than 215 m 


NOTE 


The thickness for perforated flats and wash bulkheads may be reduced by 1 mm for ships of 40 m and under with no reduction for ships of 
90 m and above. Reduction for intermediate lengths to be by linear interpolation. 


6.4 Wash bulkheads 


6.4.1 A centreline wash bulkhead is to be arranged in the 
upper part of the after peak space and counter or cruiser 
stern. Where the overhang is very large, or the breadth of the 
space at the widest point exceeds 20 m, additional wash 
bulkheads may be required port and starboard. 


6.4.2 Wash bulkheads are to have an area of perforations 
not less than 5 per cent nor more than 10 per cent of the area 
of the bulkhead. The plating is to be suitably stiffened in way 
of openings, and the arrangement of openings is to be such 
as to maintain adequate shear rigidity. 


6.4.3 The scantlings of wash bulkheads are to be 
determined from Table 6.6.1, and stiffeners are to be fitted at 
every frame and bracketed top and bottom. The plating thick- 
ness may be required to be increased locally in way of the 
upper part of the sternframe or the rudder horn. 


6.5 After peak bulkhead 


6.5.1 The position and height of the after peak bulkhead 
are to be in accordance with the requirements of Ch 3,4. 


6.5.2 The scantlings of the after peak bulkhead and of 
the flat forming the top of the peak space are to be 
determined from Pt 4, Ch 1,9, but the plating thickness is to 
be increased locally in way of the sterntube gland. 


z] Section 7 
Sternframes and appendages 


7.1 General 
7.1.1 Sternframes, rudder horns, boss end brackets and 


shaft brackets may be constructed of cast or forged steel, or 
may be fabricated from plate. 


7.1.2 In castings, sudden changes of section or possible 
constrictions to the flow of metal during casting are to be 
avoided. All fillets are to have adequate radii, which should, 
in general, be not less than 50 to 75 mm, depending on the 
size of the casting. 


7.1.3 Castings and forgings are to comply with the 
requirements of Chapters 4 and 5 of the Rules for Materials 
respectively. 


7.1.4 Cast sternframes, rudder horns, shaft brackets and 
solepieces are to be manufactured from special grade 
material. Cast bossings can be manufactured from normal 
grade material, see Ch 4,2 of the Rules for Materials. 


7.1.5 Sternframes, rudder horns, shaft brackets, etc., are 
to be effectively integrated into the ship’s structure, and their 
design is to be such as to facilitate this. 


7.2 Sternframes 


7.2.1 The scantlings of sternframes are to be determined 
from Table 6.7.1. In the case of very large ships, the scant- 
lings and arrangements may be required to be verified by 
direct calculations. 


7.2.2 Fabricated and cast propeller posts and rudder 
posts of twin screw ships are to be strengthened at intervals 
by webs. In way of the upper part of the sternframe arch, 
these webs are to line up with the floors. 


7.2.3 Rudder posts and propeller posts are to be 
connected to floors of increased thickness, see 6.1. 


7.2.4 The sole piece is to be dimensioned such that the 
stresses do not exceed the permissible stresses given in 
Table 6.7.2. 
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Table 6.7.1 


Item Parameter 


Sternframes (see continuation) 


Part 3, Chapter 6 


Requirement 


Section 7 


(1) Propeller posts 
see Notes 1 
and 2 


Cast steel, see Fig. 6.7.1(a) 


Forged steel, see Fig. 6.7.1(b) 


Fabricated mild steel, 
see Fig. 6.7.1(c) 


1654 T mm 
20T mm 


84T mm 


(need not exceed 38) 

42T mm (min. 19) 

164 T mm (min. 25) 
1154 T mm 


(need not exceed 30) 


40T mm 


(10 + 0,5L)T cm2 where L < 60 m 
40T cm? where L > 60 m 


2004 T mm 
184 T mm 
64T mm 


124 T mm 


1404 T mm 


(2) Propeller boss, 
see Note 3 and 
Fig. 6.7.2 


TS + 56) 


mm, but need not exceed 0,3 575 


(3) Rudder posts or 
axles 


PL1» ÖPL2 


bearing pressure 


and pintle 
clearance 


Single screw with 
integral solepiece, see Fig. 6.7.5(a) 


Single screw with bolted rudder 
axle, see Fig. 6.7.3 


Twin screw, 
integral with hull, 
see Fig. 6.7.4 


Ap Cyb (Vo +8)? cm3 


6 (see Note 4) 
õa mm 
dm mm 


(257 + 76) mm 
but need not exceed 0,95p, 9 mm 


6,257 + 19 mm or 0,2255pp9 mm 
whichever is the greater 


As for rudder pintles 
(see Table 13.2.11 in Chapter 13) 


20VT mm 


12T mm 
154T mm 
184 T mm 
1204 T mm 


(4) Solepieces, 
see Notes 5, 
6 and 7 As 


0,0125Mp Ko 
0,527 
0,02B, Ko 
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Table 6.7.1 Sternframes (conclusion) 


Part 3, Chapter 6 


Section 7 


L, T as defined in 1.4.1 

distances, in metres, as shown in Fig. 6.7.5 

see Table 6.7.2 

rudder profile coefficient, as given by Table 13.2.1 in 
Chapter 13 

number of bolts in palm coupling 

mean distance of bolt centres from centre of palm, in mm 
finished thickness of boss, in mm 

see Table 6.7.2 

cross-sectional area of forged steel propeller post, in cm2 
rudder area, in m2 


rudder coefficient, as given by Table 6.7.4 

maximum service speed, in knots, with the ship in the 
loaded condition 

section modulus against transverse bending, in cm3 
section modulus against vertical bending, in cm3 
diameter of coupling bolts, in mm 

diameter of tail shaft, in mm 

as defined in 7.3.3 

sectional area, in mm? 


NOTES 


1. Where scantlings and proportions of the propeller post differ 
from those shown in Item (1), the section modulus about the 
longitudinal axis of the proposed section normal to the post is 
to be equivalent to that with Rule scantlings. t is to be not less 
than 

84T (minimum of 19 mm for cast steel sternframes) or as 
required by Ch 6,3.4.2, whichever is the greater. 

On sternframes without solepieces, the modulus of the post 
below the propeller boss, about the longitudinal axis may be 
gradually reduced to not less than 85% of that required by 
Note 1, subject to the same thickness limitations. 

In fabricated sternframes the connection of the propeller post 
to the boss is to be by full penetration welds. 

If more than six bolts are fitted, the arrangements are to 
provide equivalent strength. 


Table 6.7.2 Permissible stresses for sole pieces 


Mode Permissible stress 


(1) Equivalent stress | 115/Kg N/mm? (11,7/Kg kgf/mm?) 


Symbols 


equivalent stress 


A| Op2 + 3172 N/mm? 


bending stress 


Mpg 3 
Z N/mm 


shear stress 


By 2 
As N/mm 


as defined in 7.3.3 

bending moment, in Nm, at the section considered 
Bix 
supporting force, in N, in pintle bearing 
0,5PL 
rudder force, in N, as calculated in Ch 13,2 
distance, in metres, from centre of rudder stock to 
section under consideration 
see Table 6.7.1(4) 

sectional area, in mm2, of solepiece 


7.3 Rudder horns 


7.3.1 Rudder horns supporting semi-spade type rudders 
are to be efficiently integrated into the main hull structure, and 
additional web frames or side transverses may be required in 
the ‘tween deck over. 


In fabricated solepieces, transverse webs are to be fitted 

spaced not more than 760 mm apart. Where the breadth of 

the solepiece exceeds 900 mm, a centreline vertical web is 

also to be fitted. 

Solepieces supporting fixed or movable nozzles will be 

specially considered, see Ch 13,3.2. 

For dredging and reclamation craft classed ‘A1 protected 

waters service’, the scantlings of an ‘open’ type solepiece are 

to be such that: 

(a) ZT = 0,62577 

(b) The cross-sectional area is not less than 18 cm2 

(c) The depth is not less than two-thirds of the width at 
any point. 


7.3.2 The shell plating is to be increased in thickness in 
way of the horn. Where the horn plating is radiused into the 
shell plating, the radius at the shell connection is to be not 
less than: 


r =(150+0,8L) mm 


7.3.3 The scantlings of the rudder horn are to be such 
that the section modulus against transverse bending at any 
section is not less than: 


ZT = 0,015Mp Ko cms 


where 
Mpg = bending moment 
= Biz Nm 
By = as calculated in Table 13.2.11 in Ch 13,2 
z = see Fig. 6.7.6 
Ko = k see Table 13.2.4 in Ch 13,2 for cast steel 


Ko = k= 1,0 for fabricated mild steels 

= k = 0,78 for high tensile steels with yield stress 
So = 315 N/mm? 
k = 0,72 for high tensile steels with yield stress 
Sy = 355 N/mm2. 


7.3.4 The rudder horn is to be dimensioned such that the 
stresses do not exceed the permissible stresses given in 
Table 6.7.3. 
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Table 6.7.3 


Mode 


Permissible stresses for rudder horns 


Permissible stress 


(1) Shear stress 


48/K, N/mm? 


(4,9/Ky kgf/mm?) 


(2) Equivalent stress 


120/Ky N/mm? 


(12/K, kgf/mm?) 


Symbols 


equivalent stress 


Af op? + 3 (12 + t72) N/mm? (kgf/mm?) 


bending stress 
Mp 


ZT 


shear stress 


N/mm2 


torsional stress 
108 My 


2 
Arh N/mm 


effective shear area, in mm2, of rudder horn in 


y-direction 


area in the horizontal section enclosed by the rudder 


horn, in mm? 

as defined in 7.3.3 
By,Z 

Bye 

see Fig. 6.7.6 


see Fig. 6.7.6 
see 7.3.3 


Table 6.7.5 


Number of 
blades 


plate thickness of rudder horn, in mm 


see Fig. 


as calculated in Table 13.2.11 in Ch 13,2 
bending moment at the section considered, in Nm 


torsional moment at the section considered, in Nm 


Recommended propeller/hull clearances 


Hull clearances for single screw, in metres, 


6.7.7(a) 


Part 3, Chapter 6 


Section 7 


Table 6.7.4 


Rudder in propeller 
slipstream 


Rudder coefficient kpg 


Ahead condition 


Rudder out of propeller 
slipstream 


Astern condition 


Bow rudder 


Barge — non self-propelled 


7.4 Shaft bossing 

7.4.1 Where the propeller shafting is enclosed in bossings 
extending back to the bearings supporting the propellers, the 
aft end of the bossings and the bearings are to be supported 
by substantially constructed boss end castings or fabrications. 
These are to be designed to transmit the loading from the 
shafting efficiently into the ship’s internal structure. 


7.4.2 The length of the shaft bracket boss, /,, is to be 

sufficient to support the length of the required bearing. In 

general, /, is not to be less than 4a}, where a is the Rule diam- 

eter of the screwshaft, in mm, see Pt 5, Ch 6,3. Proposals for 

a reduction in the required length of the shaft bracket boss will 

be considered in conjunction with details of the bearing mate- 

rial, allowable bearing operating pressure and installation 

arrangements. However, in no case is /, to be less than the 

greater of: 

(a) 2d; or 

(b) that recommended by the bearing manufacturer; or 

(c) that required to accommodate the aftermost bearing and 
to allow the proper connection of the shaft bracket. 


Hull clearances for twin screw, in metres, 
see Fig. 6.7.7(b) 


a 


b 


e f 


1,20K6 
1,00K6 
0,85K6 
0,75K6 


1,80K5 
1,50K6 
1,275K8 
1,125K6 


1,20K5 
1,00KS 
0,85K6 
0,75K6 


1,20K5 
1,20K8 
0,85K6 
0,75K6 


Minimum value 0,106 


0,158 


3 and 4 blades, 0,208 
5 and 6 blades, 0,168 


0,156 


L as defined in 1.4.1 
Cy = moulded block coefficien 


( L ) (Ss 
OF 
3050 


(01+ span) ( 


K 


(x 


L2 


2,56C 
L2 


P 


+ 0.3) 


= aa) 


at load draught 


thickness of rudder, in metres, measured at 0,7Rp above 
the shaft centreline 

designed power on one shaft, in kW (shp) 

propeller radius, in metres 

propeller diameter, in metres 


NOTE 


The above recommended minimum clearances also apply to semi-spade type rudders. 
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| 


(c) Fabricated 


Fig. 6.7.1 


Fig. 6.7.2 Propeller boss 


7.4.3 Where the shaft and the shaft bracket boss are of 
the same material, the thickness of the shaft bracket boss is 
not to be less than dy4. Where the shaft and the shaft 
bracket boss are of dissimilar materials, the thickness of the 
boss, tp, is to be not less than: 

typ =  0,75d;, (f,1/3 - 0,667) mm 


Part 3, Chapter 6 


Section 7 


Propeller posts 


NOTE 
In no case is tẹ to be taken as less than 12 mm 


where 
dą = Rule diameter of the screwshaft in way of boss, 
in the appropriate screwshaft material, in mm, 
see Pt 5, Ch 6,3: 


f; = S¢/Sp but not less than 0,825 

Ss = ultimate tensile strength of the shaft material, in 
N/mm2 

Sg = ultimate tensile strength of the boss material, in 
N/mm2. 


7.4.4 Cast steel supports are to be suitably radiused 
where they enter the main hull to line up with the boss plating 
radius. Where the hull sections are narrow, the two arms are 
generally to be connected to each other within the ship. The 
arms are to be strengthened at intervals by webs. 


7.4.5 Fabricated supports are to be carefully designed to 
avoid or reduce the effect of hard spots. Continuity of the arms 
into the ship is to be maintained, and they are to be attached 
to substantial floor plates or other structure. The connection of 
the arms to the bearing boss is to be by full penetration 
welding. 
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Aft End Structure 


Taper generally 
not to exceed 
1:5 on radius 


Fig. 6.7.3 Rudder axle 


(o) Fabricated 


Fig. 6.7.4 Rudder post for twin screw ships 


7.4.6 The scantlings of supports will be specially 
considered. In the case of certain high powered ships, direct 
calculations may be required. 


Part 3, Chapter 6 


Section 7 


Conbrole ar atea Centroid of area 


(a) Integral rudder post (b) Bolted axle 


Fig. 6.7.5 Solepieces 


Fig. 6.7.6 Rudder horn 


7.4.7 The boss plating is generally to be radiused into the 
shell plating and supported at the aft end by diaphragms at 
every frame. These diaphragms are to be suitably stiffened 
and connected to floors or a suitable arrangement of main 
and deep web frames. At the forward end, the main frames 
may be shaped to fit the bossing, but deep webs are 
generally to be fitted not more than four frame spaces apart. 


7.4.8 The region where the shafting enters the ship, and 
the bearing in way, are to be adequately supported by floors 
or deep webs. 


7.5 Shaft brackets 


7.5.1 The scantlings of the arms of shaft brackets, 
generally based on a breadth to thickness ratio of about five, 
are to be determined in accordance with 7.6.2. 
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Aft End Structure 


(a) Single screw 


Part 3, Chapter 6 


Section 7 


(b) Twin screw 


Fig. 6.7.7 Propeller clearances 


| 72:2 Where the propeller shafting is exposed to the sea 
for some distance clear of the main hull, it is generally to be 
supported adjacent to the propeller by independent brackets 
having two arms. In very small ships, the use of single arm 
brackets will be specially considered. 


7.5.3 Fabricated brackets are to be designed to avoid or 
reduce the effect of hard spots and ensure a satisfactory 
connection to the hull structure. The connection of the arms 
to the bearing boss is to be by full penetration welding. 


7.5.4 Where bracket arms are carried through the shell 
plating, they are to be attached to floors or girders of 
increased thickness. The shell plating is to be increased in 
thickness and connected to the arms by full penetration 
welding. 


7.5.5 In the case of certain high powered ships, direct 
calculations may be required and scantlings of shaft brackets 
will be specially considered. 


7.5.6 The region where the shafting enters the ship, and 
the bearing in way, is to be adequately supported by floors or 
deep webs. 


7.6 Double arm shaft brackets (‘A’ - brackets) 


7.6.1 The angle between the arms for double arm shaft 
brackets is generally to be not less than 50°. Proposals for 
the angle between the arms to be less than 50° will be 
specially considered with supporting calculations to be 
submitted by the designers. 


7.6.2 The arms of double arm shaft brackets are to have 
a section modulus, Z,,, of not less than that determined from 
the formula: 
Zax = 0,45n8 cms 
where 
n =the minimum thickness, in cm, of a hydrofoil 
section obtained from: 


r= doll E EEF) e 


ag = the length of the longer strut, in mm, see Fig. 6.7.8 
dup = the Rule diameter for an unprotected screwshaft, 
in mm, or by the applicable Ice Class Rules, see Pt 

8, Ch 2,7.8, obtained from: 


won ale 
du = 128 3| 


P = shaft power, in kW as defined in Pt 5, Ch 1,3.3 

R = revolutions per minute, as defined in Pt 5, Ch 1,3.3 
f = 400/5, 

6, = Ultimate tensile strength of arm material, in N/mm2. 
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Section 7 


4390/192 


Fig. 6.7.8 
Double arm shaft bracket 


| 7.7 Propeller hull clearances 


| a al Recommended minimum clearances between the 
propeller and the sternframe, rudder or hull are given in 
Table 6.7.5. These are the minimum distances considered 
desirable in order to expect reasonable levels of propeller 
excited vibration. Attention is drawn to the importance of the 
local hull form characteristics, shaft power, water flow 
characteristics into the propeller disc and cavitation when 
considering the recommended clearances. 
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Section 

1 General 

2 Deck structure 

3 Side shell structure 

4 Double and single bottom structure 

5 Machinery casings and fuel oil bunkers 
6 Engine seatings 


E Section 1 
General 


1.1 Application 


1.1.1 This Chapter applies to all ship types detailed in 
Part 4. Only requirements particular to machinery spaces, 
including protected machinery casings and engine seatings, are 
given. For other scantlings and arrangement requirements, see 
the relevant Chapter in Part 4 for the particular ship type 
concerned. 


1.1.2 Requirements are given for machinery spaces 

situated as follows: 

(a) In the midship region. 

(o) In the aft end region but with a cargo compartment 
between it and the after peak bulkhead. 

(c) In the aft end region where the after peak bulkhead 
forms the aft end of the machinery space. 


1.1.3 The requirements in this Chapter are not applicable 
to Double Hull Oil Tankers or Bulk Carriers with a CSR notation. 
See Pt 1, Ch 2,2.3. 


1.2 Structural configuration 


1.2.1 Requirements are given for ships constructed using 
either a transverse framing system or a longitudinal framing 
system, or a combination of the two. 


1.2.2 For midship machinery spaces, where the shell and 
decks (outside line of openings) are longitudinally framed in 
way of adjacent cargo spaces, this system of framing is also 
to be adopted in the machinery space. 


1.2.3 For machinery spaces situated aft, where the 
longitudinal framing terminates and is replaced by transverse 
framing, a suitable scarfing arrangement of the longitudinal 
framing is to be arranged, see also Ch 6,1. 


Part 3, Chapter 7 


Sections 1 &2 


1.2.4 The maximum spacing, Smax Of transverses in 
longitudinally framed machinery spaces is not to exceed the 
following: 

(a) where L < 100m, Smax = 3,8 M 

(o) where L > 100m, Smax = (0,006L + 3,2) m 

In addition, the spacing in way of a machinery space situated 
adjacent to the after peak is not to exceed five transverse frame 
spaces. 


1.3 Structural continuity 


1.3.1 Suitable scarfing arrangements are to be made to 
ensure continuity of strength and the avoidance of abrupt 
discontinuities where structure which contributes to the main 
longitudinal strength of the ship is omitted in way of a 
machinery space. 


1.3.2 In cargo ships, suitable taper brackets are, in 
general, to be arranged in way of deck ends. 


1.3.3 In oil tankers and bulk carriers with machinery aft 
(see 1.1.8), continuity of the longitudinal bulkheads and 
topside tank structure is to be maintained as far as possible 
into the machinery space with suitable taper brackets at the 
end. 


1.3.4 In container or similar ships having side tanks or 
double skin construction in way of the cargo spaces, the 
longitudinal bulkheads are generally to be carried through the 
machinery space where this is situated amidships or 
separated from the after peak by a cargo compartment. 
Where the machinery space is situated adjacent to the after 
peak, the longitudinal bulkheads are to be continued as far aft 
as possible and suitably tapered at their ends. 


1.4 Symbols and definitions 
1.4.1 For symbols not defined in this Chapter, see Pt 4, 


Ch 1. L, B, D and T are defined in Ch 1,6.1. Other symbols 
are defined in the appropriate Sections. 


E Section 2 
Deck structure 


2.1 Strength deck - Plating 


2.1.1 The corners of machinery space openings are to be 
of suitable shape and design to minimise stress concentra- 
tions. 


2.1.2 In the case of oil tankers (see 1.1.3), or other ships 

having small deck openings amidships and machinery aft, 
B 

where the width of machinery openings exceeds D and the 


opening extends forward beyond a point 2 aft of the poop 


front, the thickness of deck plating may be required to be 
increased locally. 
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2.2 Strength deck - Primary structure 


2.2.1 Where a transverse framing system is adopted, 
deck beams are to be supported by a suitable arrangement of 
longitudinal girders in association with pillars or pillar bulk- 
heads. Deep beams are to be arranged in way of the ends of 
engine casings and also in line with web frames where fitted. 


2.2.2 Where a longitudinal framing system is adopted, 
deck longitudinals are to be supported by transverses in 
association with pillars or pillar bulkheads. For the maximum 
spacing of transverses, see 1.2.4. Deck transverses are to be 
in line with side transverses or web frames. 


2.2.3 Machinery casings are to be supported by a 
suitable arrangement of deep beams or transverses and 
longitudinal girders in association with pillars or pillar 
bulkheads. In way of particularly large machinery casing openings, 
cross ties may be required, and these are to be arranged in 
line with deep beams or transverses. 


2.3 Lower decks 


2.3.1 The scantlings of lower decks or flats are generally 
to be as detailed in Ch 5,2, Ch 6,2 or Pt 4, Ch 1,4 as 
appropriate. However, in way of concentrated loads such as 
those from boiler bearers or heavy auxiliary machinery, etc., 
the scantlings of deck structure will be specially considered, 
taking account of the actual loading. 


2.3.2 In way of machinery openings, etc., particularly 
towards the aft end, decks or flats are to have sufficient 
strength where they are intended as effective supports for side 
framing, webs or transverses. Web frames and side trans- 
verses are to be supported by deep beams or deck 
transverses. 


E Section 3 
Side shell structure 


3.1 Secondary stiffening 


3.1.1 Transverse frames are generally to have scantlings 
determined as required by Pt 4, Ch 1,6 for cargo spaces, 
except that where, in a machinery space situated in the 
midship region, it is desired to omit web frames as permitted 
by 3.2.3, the section modulus of the ordinary main or ‘tween 
deck frames is to be increased by 50 per cent, up to the level 
of the lowest deck above the load waterline. Where fully 
effective stringers supported by web frames are fitted, the 
stringers may be considered as decks for the purpose of 
calculating the modulus of the frames. 


3.1.2 Longitudinal framing is generally to have scantlings 
determined as required by Pt 4, Ch 1,6 for machinery spaces 
in the midship region, and by Table 6.4.1 Location 2(b) in 
Chapter 6 for machinery spaces clear of and aft of the 
midship region. 


Part 3, Chapter 7 


Sections 2 & 3 


3.2 Primary structure - Transverse framing 


3.2.1 Where the space is situated in the aft end region, 
web frames are to be fitted, spaced in general not more than 
five frame spaces apart, extending from the tank top to the 
upper deck and having scantlings as required by Table 7.3.1. 
However, consideration will be given to a spacing of web 
frames at not more than seven transverse frame spaces apart, 
in association with substantially increased ordinary frames to 
satisfy the overall modulus and inertia requirements. The web 
frames are to be connected at top and bottom to members 
of adequate stiffness and supported at lower decks by deep 
beams. If the span of ordinary frames below the lowest deck 
or flat exceeds 6,5 m, one or more fully effective side stringers 
are to be fitted to support the frames. These are to have 
scantlings as required by Table 7.3.1. Stringers are to be 
efficiently bracketed to bulkheads, and their connection to the 
web frames is to be such as to provide adequate continuity 
of face material. 


3.2.2 As an alternative to the fully effective stringers 
required by 3.2.1, an arrangement of light stringers spaced 
about 2,5 m apart may be accepted. These stringers are to 
have scantlings not less than those required in the panting 
region forward, see Ch 5,4.4. 


3.2.3 Where the machinery space is situated in the 
midship region, it is recommended that web frames be fitted 
in the engine-room, spaced not more than five frame spaces 
apart and extending from the tank top to the level of the 
lowest deck above the load waterline. The scantlings of these 
webs are to be such that the combined section modulus of 
the web frame and the main or ’tween deck frames is 50 per 
cent greater than that required for normal transverse framing. 
These webs may be omitted if the section modulus of the 
transverse frames is increased as required by 3.1.1. 


3.2.4 If an effective side stringer supporting the side 
frames is fitted, then its scantlings and those of the supporting 
web frames are to be determined from Table 7.3.1. 


3.3 Primary structure - Longitudinal framing 


3.3.1 Where the machinery space is longitudinally 
framed, side transverses are to be fitted having scantlings as 
required by Table 7.3.1. For the maximum spacing of 
transverses, see 1.2.4. Transverses are to be connected at 
top and bottom to members of adequate stiffness and 
supported at lower decks by transverses or deep beams. 


LLOYD’S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Machinery Spaces 


Table 7.3.1 Primary structure in machinery spaces 


Symbols Item and position 


Part 3, Chapter 7 


Sections 3 & 4 


Scantlings 


Section modulus, in cm3 Min. web depth dw, in mm 


TRANSVERSE FRAMING 
SYSTEM 


Aft end region: 


L, D and T are as defined in 
Ch 1,6.1 

h load head, in metres, 
measured from mid-point of 
span to upper deck at side 
amidships 
higher tensile and steel 
factor, see Ch 2,1.2 
effective length of stiffening 
member, in metres, see 
Ch 3,3.3 
spacing of floors and 
longitudinals, in mm 
2,2 for a lower ‘tween deck 
or 2,0 for an upper ‘tween 
deck 
spacing or mean spacing of 
primary supporting 
members, in metres 


and not supporting effective 
stringers 


Any region: 
Fully effective stringers 


supporting effective stringers 


Web frames below lowest deck 


Web frames above lowest deck 


Web frames below lowest deck 


= 5kShl e? 
2,5 x depth of adjacent 
main frames 


Z = 1,68CKTSI, N D 


Z = 7,75kShlę? 


Determined from calculation 

based on following assumptions: 

(a) Fixed ends 

(b) Point loadings 

(c) Head to upper deck at side 

(d) Bending stress 93,2 N/mm? 
(9,5 kgf/mm?) 

(e) Shear stress 83,4 N/mm2 
(8,5 kgf/mm?) 


2,5 x depth of adjacent 
main frames 


LONGITUDINAL FRAMING 
SYSTEM 


deck 


deck 


a Section 4 
Double and single bottom 
structure 


4.1 Double bottom structure 


4.1.1 The minimum depth of the centre girder and its 
thickness are to be at least the same as required in way of 
cargo space amidships, see Pt 4, Ch 1,8. A greater depth is 
recommended in way of large engine-rooms when the 
variation in draught between light and load conditions is 
considerable. For passenger ships, see Pt 4, Ch 2,6. 


4.1.2 In machinery spaces situated adjacent to the after 
peak, the double bottom is to be transversely framed. 
Elsewhere transverse or longitudinal framing may be adopted, 
but see also Pt 4, Ch 1,8. 


4.1.3 Where the double bottom is transversely framed, 
plate floors are to be fitted at every frame in the engine-room. 
In way of boilers, plate floors are to be fitted under the boiler 
bearers, and elsewhere as required by Pt 4, Ch 1,8. 


4.1.4 Where the double bottom is longitudinally framed, 
plate floors are to be fitted at every frame under the main 
engines and thrust bearing. Outboard of the engine seating, 
floors may be fitted at alternate frames, see Fig. 7.4.1. 


Side transverses below lowest 


Side transverses above lowest 


10kShl a2 
2,5 x depth of longitudinals 
= 2,1CkKTSI, VD 


Bulkhead 
X 


{+ Longitudinals 
t 


HHHH Pes 


Floors under 
thrust bearing 


Girder Ç Girder 


*Maximum spacing = 1,5 x normal spacing of longitudinals 


Fig. 7.4.1 Engine-room with longitudinal framing 


4.1.5 The scantlings of floors clear of the main engine 
seatings, are generally to be as required in way of cargo 
spaces, see Pt 4, Ch 1,8. In way of engine seatings, the floors 
are to be increased in thickness, see 6.2.1. 
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4.1.6 Sufficient fore and aft girders are to be arranged in 
way of the main machinery to effectively distribute its weight 
and to ensure adequate rigidity of the structure. In midship 
machinery spaces these girders are to extend for the full 
length of the space and are to be carried aft to support the 
foremost shaft tunnel bearing. This extension beyond the after 
bulkhead of the engine-room is to be for at least three trans- 
verse frame spaces, aft of which the girders are to scarf into 
the structure. Forward of the engine-room bulkhead, the 
girders are to be tapered off over three frame spaces and 
effectively scarfed into the structure. In machinery spaces 
situated at the aft end the girders are to be carried as far aft as 
practicable and the ends effectively supported by web frames 
or transverses. For recommended scantlings of engine girders, 
see 6.2.1. 


4.1.7 Outboard of the engines, side girders are to be 
arranged, where practicable, to line up with the side girders 
in adjacent cargo spaces. These are to have scantlings as 
required by Pt 4, Ch 1,8. 


4.1.8 Where the double bottom is longitudinally framed 
and transverse floors are fitted in way of the engine seatings 
as required by 4.1.4, no additional longitudinal stiffening is 
required in way of the engines other than the main engine 
girders, provided that the spacing of girders does not exceed 
1,5 times the normal spacing of longitudinals. Where this 
spacing of girders is exceeded, shell longitudinals are to be 
fitted. These are to scarf into the longitudinal framing clear of 
the machinery spaces. The scantlings of the longitudinals are 
to be determined as required by Pt 4, Ch 1,6 using a mini- 
mum span of 1,3 m, see Fig. 7.4.1. 


4.1.9 The thickness, t, of inner bottom plating in engine- 
rooms, Clear of the engine seatings, is to be not less than: 


4 
t = 0,0015 A/LTk2 (s +660) mm 
and not less than 7,0 mm (symbols as defined in Table 7.3.1). 
This thickness will be required to be increased in way of 
engine seatings integral with the tank top, see 6.2.1. 


4.1.10 | Where the height of inner bottom in the machinery 
spaces differs from that in adjacent spaces, continuity of 
longitudinal material is to be maintained by sloping the inner 
bottom over an adequate longitudinal extent. The knuckles in 
the plating are to be arranged close to plate floors. 


4.2 Single bottom structure 


4.2.1 In way of machinery spaces situated amidships the 
minimum depth of floors is to be at least 10 per cent greater 
than that required elsewhere in general cargo ships, see Pt 4, 
Ch 1,7. If the top of the floors is recessed in way of the 
engines, the depth of the floors in way of the recess should 
generally be not less than that required by Pt 4, Ch 1,7, but 
this will be specially considered in each case in relation to the 
arrangements proposed. 


4.2.2 In way of machinery spaces situated aft, or where 
there is considerable rise of floor, the depth of the floors will be 
specially considered. 


Part 3, Chapter 7 


Sections 4 & 5 


4.2.3 Clear of the engine seatings the thickness and face 
plate area of the floor webs are to be 1,0 mm and 10 per cent 
greater, respectively, than the requirements for general cargo 
ships as given in Pt 4, Ch 1,7. The floors are not to be flanged. 


4.2.4 Sufficient fore and aft girders are to be arranged in 
way of machinery to effectively distribute its weight and ensure 
adequate rigidity of the structure. In midship machinery 
spaces these girders are to extend for the full length of the 
space and are to be carried aft to support the foremost shaft 
tunnel bearing and forward to scarf into the structure. In 
machinery spaces situated at the aft end, the girders are to 
be carried as far aft as practicable and the ends effectively 
supported by web frames or transverses. For scantlings of 
engine girders, see 6.2.1. 


4.2.5 Outboard of the engines, side girders are to be 
arranged having scantlings as required by Pt 4, Ch 1,7 and 
these are to be scarfed into the side girders in adjacent 
spaces. 


a Section 5 
Machinery casings and fuel oil 
bunkers 
5.1 Machinery casings 
5.1.1 The scantlings and arrangements of exposed 
casings protecting machinery openings are to be in accor- 
dance with Ch 8,2. 
512 The minimum scantlings of protected casings are 


to be in accordance with Table 7.5.1. 


Table 7.5.1 Protected machinery casings 


Item Minimum scantlings 


Plating: 
In way of cargo hold spaces 


t =6,54 k mm 


t =5,0 Vk mm 


Z=0,008/g sk cm 


In way of accommodation spaces 


Stiffeners 


Symbols 


higher tensile steel factor, see Ch 2,1.2 

effective length of stiffening member, in metres, see 
Ch 3,3.3 

spacing of stiffeners, in mm 

thickness, in mm 

section modulus of stiffening member, in cm3, see 
Ch 3,3.2 


NOTE 
In no case is the depth of the stiffener to be less than 60 mm. 
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5.1.3 Where casing stiffeners carry loads from deck 
transverses, girders, etc., or where they are in line with pillars 
below, they are to be suitably increased, see also Pt 4, Ch 1,4. 


5.1.4 Where casing sides act as girders supporting decks 
over, care is to be taken that access openings do not 
seriously weaken the structure. Openings are to be effectively 
framed and reinforced if found necessary. Particular attention 
is to be paid to stiffening where the casing supports the funnel 
or exhaust uptakes. 


5.2 Fuel oil bunkers 

O21 Fuel oil bunkers situated within the machinery 
space are generally to comply with the requirements given in 
Pt 4, Ch 1 or Ch 9, as appropriate. 


a Section 6 
Engine seatings 
6.1 General 
6.1.1 Main engines and thrust bearings are to be 


effectively secured to the hull structure by seatings of 
adequate scantlings to resist the various gravitational, thrust, 
torque, dynamic and vibratory forces which may be imposed 
on them. 


Seat integral with tank top 


l 
Seat integral with tank top Centre recessed 


Type 1 


Bracket to be 
large as practi 


Seat with open floo 


Fig. 7.6.1 


as 
cable 
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Sections 5 & 6 


6.1.2 For initial guidance, recommended scantlings for oil 
engine seatings are given in 6.2.1. 


6.1.3 In the case of higher power oil engines or turbine 
installations the seatings should generally be integral with the 
double bottom structure. The tank top plating in way of the 
engine foundation plate or the turbine gear case and the 
thrust bearing should be substantially increased in thickness, 
see Fig. 7.6.1, Type 1. 


6.1.4 If the main machinery is supported on seatings of 
Type 2 as shown in Fig. 7.6.1, these are to be so designed 
that they distribute the forces from the engine as uniformly as 
possible into the supporting structure. Longitudinal members 
supporting the seating are to be arranged in line with girders 
in the double bottom, and adequate transverse stiffening is to 
be arranged in line with floors, see Fig. 7.6.1, Type 2. 


6.1.5 In ships having open floors in the machinery space 
the seatings are generally to be arranged above the level of 
the top of floors and securely bracketed to them, see 
Fig. 7.6.1, Type 3. 


6.2 Seats for oil engines 

6.2.1 In determining the scantlings of seats for oil 
engines, consideration is to be given to the general rigidity of 
the engine itself and to its design characteristics in regard to 
out of balance forces. As a general guide to designers, 
recommended scantlings are given in Table 7.6.1. 


Bracket to be as 
large as practicable 
TTT 


Bracket to be as 
large as practicable 


l 
Built up seat 
Centre recessed 


Built up seat 


Type 2 


Bracket to be as 
large as practicable 


Seat with open floors 
Centre recessed 


Type 3 
Note: Floors not to be flanged, see 4.2.3 


Engine seatings 
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Table 7.6.1 Seats for oil engines - Recommended scantlings 


Symbols Scantlings of one seat 


L as defined in Ch 1,6.1 Top plate A= (120 + 44,2f + 4,07f2) cm2 
p (A= (120 + 32,5f + 2,2f2) cm?) 

= engine factor = 2 

See aL er Minimum thickness: 


minimum thickness of top 
plate, in mm (a) 
main engine girder 
thicknesses, in mm 
floor plate thickness under 


Where two girders fitted 

t = (19 +3,4f) mm 

(t = (19+2,5f) mm) 

(b) Where one girder fitted 
eg t = (254+3,4f) mm 

seating, in mm, 

see age Fig. 7.6.1 (t = 25 +2,5f) mm) 


area of top plate for one side | Girders (both inside and Number: 


of seat, in cm? 
P GORDIE bottom Were Generally two but a single girder can be accepted where all 


effective length of engine the following apply: 

foundation plate, in metres, (a) f< 1,84 (2,5) 

required for bolting the (o) P<5900 kW (8000 bhp) 
engine to the seating. (c) L<100m 

The thrust and gearcase Total thickness: 


seating is to be considered (a) Where two girders are fitted 
as a separate i em ty+to = (28+4,08f) mm 
power of one engine at (ty +to = (28+3,0f) mm) 
maximum service speed, (b) Where one girder is fitted 


in kW (bhp) t4 = (154+4,087) mm 
rev/min of engine at (t (15+ 3,0f) mm) 


maximum service speed 


Floors (between girders or Thickness: 
under seat where a single 
girder is fitted) 


6.3 Seats for turbines 


6.3.1 Seats are to be so designed as to provide effective 
support for the turbines and ensure their proper alignment 
with the gearing, and (where applicable) allow for thermal 
expansion of the casings. In general, the seats are not to be 
arranged in way of breaks or recesses in the double bottom. 


6.4 Seats for boilers 


6.4.1 Boiler bearers are to be of substantial construction 
and efficiently supported by transverse and horizontal brackets. 
These should generally be arranged in line with plate floors 
and girders in a double bottom or with suitable deep beams or 
transverses and girders at boiler flats. Suitable allowance is to 
be made in the design of the supporting structure for the 
variation in loading due to thermal expansion effects, see also 
Pt 5, Ch 14,2. 


6.5 Seats for auxiliary machinery 
6.5.1 Auxiliary machinery is to be secured on seatings, of 


adequate scantlings, so arranged as to distribute the 
loadings evenly into the supporting structure. 
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Section 

1 General 

2 Scantlings of erections other than forecastles 
3 Aluminium erections 

4 Forecastles 

5 Bulwarks, guard rails and other means for the 


protection of crew 


| Section 1 
General 


1.1 Application 


1.1.1 This Chapter applies to all types of ships detailed in 
Part 4, except for deckhouses situated on forecastles of 
offshore supply ships, which are dealt with separately in 
Pt 4, Ch 4. 


t12 The scantlings of exposed bulkheads and decks of 
superstructures and deckhouses are generally to comply with the 
following requirements, but increased scantlings may be required 
where the structure is subjected to loading additional to Rule. 
Where there is no access from inside the house to below the free- 
board deck, or where a bulkhead is in a particularly sheltered 
location, the scantlings may be specially considered. 


7.1.3 The term ‘erection’ is used in this Section to include 
both superstructures and deckhouses. 


1.1.4 For requirements relating to companionways, 
doors, accesses and skylights, see Chapter 11. 


7.7.5 The requirements in this Chapter are not applicable 
to Double Hull Oil Tankers or Bulk Carriers with a CSR 
notation with the exception of Section 5 which is to be 
complied with. See Pt 1, Ch 2,2.3. 


1.2 Symbols 


1.2.1 The following symbols and definitions are applica- 
ble to this Chapter, unless otherwise stated: 
L, B, T and Cy as defined in Ch 1,6.1 
b = breadth of deckhouse, at the positions under 
consideration, in metres 
k = higher tensile steel factor, see Ch 2,1.2 
lẹ = effective length, in metres, of the stiffening member, 
deck beam or longitudinal measured between span 
points, see Ch 3,3.3 
l = span, in metres, of stiffeners, and is to be taken as 
the ‘tween deck or house height but in no case as 
less than 2,0 m 
s = spacing of stiffeners, beams or longitudinals, in mm 


Sb 


A 
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standard spacing, in mm, of stiffeners, beams or 
longitudinals, and is to be taken as: 
(a) for 0,05L from the ends: 
Sp = 610 mm or that required by (b), 
whichever is the lesser 
(o) elsewhere: 
Sp = 470 + 1,67L3 mm 
but forward of 0,2L from the forward 
perpendicular Sp is not to exceed 700 mm 
actual breadth of ship, at the section under 
consideration, measured at the weather deck, in 
metres 
moulded depth of ship, in metres, to the uppermost 
continuous deck or the deck next above a height 
of 1,67 from the base line amidships, whichever is 
the lesser 
length of ship, in metres, but need not be taken 
greater than 250 m 
length of ship, in metres, but need not be taken 
greater than 300 m 
distance, in metres, between the after perpendicular 
and the bulkhead under consideration. When deter- 
mining the scantlings of deckhouse sides, the 
deckhouse is to be subdivided into parts of 
approximately equal length not exceeding 0,15L each, 
and X is to be measured to the mid-length of each part 
a coefficient given in Table 8.1.1 


xX 2 
ole = a for x < 0,45 


(Cp + 0,2) L 
2 
Ca 3 
n na = >0,4 
1,0 +1,5 (C, +0,2) for i > 0,45 


Cy is to be taken as not less than 0,6 nor greater 
than 0,8. Where the aft end of an erection is 
forward of amidships, the value of C, used in 
determining ß for the aft end bulkhead need be 
taken as not less than 0,8 

vertical distance, in metres, from the summer load 
waterline to the mid-point of span of the bulkhead 
stiffener, or the mid-point of the plate panel, as appro- 
priate 

1,0 for exposed machinery casings and houses 
protecting openings to pump-rooms 


(03 +0,7 = elsewhere, but in no case to be taken 
1 


less than 0,475 


= acoefficient given in Table 8.1.2. 
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Table 8.1.1 Values of a 


Position a 


2,0 + 0,0083L3 


Lowest tier — unprotected front 


Second tier -— unprotected front 1,0 + 0,0083L3 


Third tier 

and above - unprotected front 
All tiers — protected fronts 
All tiers — sides 


0,5 + 0,0067L5 


All tiers — aft end where aft 0,7 + 0,001L3 - 0,8 X 
of amidships L 


All tiers — aft end where 0,5 + 0,001L3 - 0,4 x 
forward of amidships L 


Table 8.1.2 Values of à 


Length L 


metres 


Expression for À 


150 m < L < 300m 


and above 


1.3 Definition of tiers 


1.3.1 The lowest, or first tier, is normally that which is 
directly situated on the deck to which D is measured. The 
second tier is the next tier above the lowest tier and so on. 


1.3.2 Where the freeboard corresponding to the required 
summer moulded draught for the ship can be obtained by 
considering the ship to have a virtual moulded depth at least 
one standard superstructure height less than the Rule depth, 
D, measured to the uppermost continuous deck, proposals 
to treat the first tier erection as a second tier, and so on, will 
be specially considered. The standard height of superstruc- 
ture is the height defined in the International Convention on 
Load Lines, 1966. 


Part 3, Chapter 8 


Sections 1 & 2 


1.4 Design pressure head 


1.4.1 The design pressure head, h, to be used in the 
determination of erection scantlings is to be taken as: 


h =ad($a-ym 


1.4.2 In no case is the design pressure head to be taken 
as less than the following: 
(a) Lowest tier of unprotected fronts: 
minimum h=2,5+0,01L>5 m 
(bo) All other locations: 
minimum A = 1,25 +0,005L5 m. 


| Section 2 
Scantlings of erections other than 
forecastles 


2.1 Thickness of bulkhead and side plating 


2.1.1 The thickness, t, of plating of the fronts, sides and 
aft ends of all erections, other than the sides of superstruc- 
tures where these are an extension of the side shell, is to be 
not less than: 


t = 0,008s ykh mm 


but in no case is the thickness to be less than: 
(a) for the lowest tier: 


t = (5,0+0,01L3) Yk mm 
(b) for the upper tiers: 
t = (4,0 + 0,01L3) yk mm but not less than 5,0 mm. 


2.1.2 The thickness of sides of poops and bridges is to 
be as required by Ch 6,3 or Pt 4, Ch 1,5, as appropriate. 


2.2 Stiffeners and their connections 


2.2.1 The modulus of stiffeners, Z, on front, side and end 
bulkheads of all erections, other than sides of superstructures, 
is to be not less than: 


Z = 0,0085hs1,2k cm? 
2.2.2 The section modulus of side frames of poops and 
bridges is to comply with the requirements of Ch 6,4 or 
Pt 4, Ch 1,6, as appropriate. 
2.2.3 The end connections of stiffeners are to be as given 
in Table 8.2.1. 
2.3 Deck plating 


2.3.1 The thickness of erection deck plating is to be not 
less than that required by Table 8.2.2. 
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Table 8.2.1 Stiffener end connections 


Position Attachment at top and bottom 


. Front stiffeners of lower 
tiers and of upper tiers 
when L is 160 m or greater 


See Chapter 10 


. Front stiffeners of upper 
tiers when L is less than 
160m 


. Side stiffeners of lower tiers | Bracketed, unless stiffener 
where two or more tiers are | modulus is increased by 20 per 
fitted cent and ends are welded to the 

deck all round 


See Chapter 10 


May be unattached 


. Side stiffeners if only one 
tier is fitted, and aft end 
stiffeners of after deck- 
houses on deck to which D 
is measured 


See Chapter 10 


. Side stiffeners of upper 


tiers when L is 160 m or 
greater 


. Side stiffeners of upper May be unattached 
tiers when L is less than 


160m 


. Aft end stiffeners except as 
covered by item 4 


May be unattached 


. Exposed machinery and Bracketed 
pump-room casings — 
Front stiffeners on amid- 
ship casings and all 
stiffeners on aft end 
casings which are situated 
on the deck to which D is 
measured 


. All other stiffeners on 
exposed machinery and 
pump-room casings 


6,5 cm? of weld 


Table 8.2.2 Thickness of deck plating 


Thickness of deck plating, in mm 
Position 


L<100m 


Top of first 


tier erection 65+ aa Ss 


Top of second 
tier erection 


(5,0 + 0,02L) 


Top of third 


tier and above (m 002) 


2.3.2 When decks are fitted with approved sheathing, the 
thicknesses derived from Table 8.2.2 may be reduced by 
10 per cent for a 50 mm sheathing thickness, or 5 per cent for 
25,5 mm, with intermediate values in proportion. The steel 
deck is to be coated with a suitable material in order to 
prevent corrosive action, and the sheathing or composition is 
to be effectively secured to the deck, see a/so Pt 6, Ch 4. 
Inside deckhouses the thickness may be reduced by a further 
10 per cent. 
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2.4 Deck longitudinals and beams 


2.4.1 The section modulus of superstructure deck 
longitudinals and beams is to be in accordance with the 
requirements for location (2) in Table 1.4.4 and location (8) in 
Table 1.4.5 in Pt 4, Ch 1, using design heads not less than 
those specified in Table 3.5.1 in Chapter 3 for superstructure 
decks. 


2.4.2 Transverse deck beams in deckhouses and deck 
longitudinals other than as in 2.7 are to have a section modulus, 
Z, not less than: 

Z = 0,0048h5S1,2k cms, but in no case less than: 

Z = 0,025s cm3 
and the value of hy», the load head, is to be taken as not less 
than: 

on first tier decks 0,9 m 

on second tier decks 0,6 m 

on third tier decks and above 0,45 m. 


2.5 Deck girders and transverses 


2.5.1 The section modulus of deck girders and transverses 
is to be in accordance with the requirements for location (1) in 
Table 1.4.6 in Pt 4, Ch 1, using design heads not less than 
those specified in Table 3.5.1 in Chapter 3 for superstructure 
decks. 


2.6 Strengthening at ends and sides of erections 


2:64 Web frames or partial bulkheads are to be fitted 
within poops and bridges that have large deckhouses or other 
erections above. 


2.6.2 Web frames or equivalent strengthening are also to 
be arranged to support the sides and ends of large deck- 
houses. 


2.6.3 These web frames should be spaced about 9 m 
apart and are to be arranged, where practicable, in line with 
watertight bulkheads below. Webs are also to be arranged in 
way of large openings, boats, davits and other points of high 
loading. 


2.6.4 Arrangements are to be made to minimise the 
effect of discontinuities in erections. All openings cut in the 
sides are to be substantially framed and have well rounded 
corners. Continuous coamings or girders are to be fitted 
below and above doors and similar openings. House tops are 
to be strengthened in way of davits. Special care is to be 
taken to minimise the size and number of openings in the side 
bulkheads in the region of the ends of erections within 0,5L 
amidships. Account is to be taken of the high vertical shear 
loading which can occur in these areas. 
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2.6.5 Adequate support under the ends of erections is to 
be provided in the form of webs, pillars, diaphragms or bulk- 
heads in conjunction with reinforced deck beams. At the 
corners of houses and in way of supporting structures, 
attention is to be given to the connection to the deck, and 
inserts or equivalent arrangements are generally to be fitted 
especially for erections that are effective in resisting vertical 
hull girder bending as defined in Pt 3, Ch 3,3.4.2. 


2.6.6 The side plating of bridges having a length of 0,15L 
or greater is to be increased in thickness by 25 per cent at the 
ends of the structure, and is to be tapered into the upper deck 
sheerstrake. This plating is to be efficiently stiffened at the 
upper edge and supported by web plates not more than 
1,5 m from the end bulkhead. Proposals for alternative 
arrangements, including the use of higher tensile steel, will be 
individually considered. 


2.7 Erections contributing to hull strength 


2.7.1 Where a long superstructure or deckhouse is fitted, 
extending within 0,5L amidships, the scantlings of the first tier 
deck plating and longitudinals may be required to be 
increased, see also Ch 3,3.4 and Ch 4,2.3. 


2.8 Unusual designs 
2.8.1 Where superstructures or deckhouses are of 


unusual design, the strength is to be not less than that 
required by this Chapter for a conventional design. 


O Section 3 
Aluminium erections 


3.1 Scantlings 


3.1.1 Where an aluminium alloy complying with Chapter 8 
of the Rules for Materials is used in the construction of 
erections, the scantlings of these erections are to be 
increased (relative to those required for steel construction) by 
the percentages given in Table 8.3.1. 


3.1.2 The thickness, t, of aluminium alloy members is 
to be not less than: 


t = 2,5+0,022d,, mm but need not exceed 10 mm 


where 
dọ = depth of the section, in mm. 


3.1.3 The minimum moment of inertia, Z, of aluminium 
alloy stiffening members is to be not less than: 

I = §,25Z1, cm4 
Where /, is the effective length of the member in metres, as 
defined in 1.2.1, and Z is the section modulus of the stiffener 
and attached plating calculated using the formulae in 2.2.1 
and 2.4.2 as applicable taking k as 1. 
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Table 8.3.1 Percentage increase of scantlings 


Item Percentage increase 


Fronts, sides, aft ends, unsheathed 
deck plating 20 


Decks sheathed in accordance 
with 2.3.2 10 


Deck sheathed with wood, and on 
which the plating is fixed to the 
wood sheathing at the centre of 
each beam space 


Stiffeners and beams 


Scantlings of small isolated houses 


3.2 Bimetallic joints 


3.2.1 Where aluminium erections are arranged above a 
steel hull, details of the arrangements in way of the bimetallic 
connections are to be submitted. 


E Section 4 
Forecastles 


4.1 Construction 


4.1.1 Side plating and framing of forecastles are to comply 
with the requirements of Ch 5,3 and Ch 5,4 respectively. The 
end plating and its stiffening are to comply with the require- 
ments of 2.1.1 and 2.2.1 respectively. 


4.1.2 The bow height and the extent of the forecastle are 
to comply with the requirements of Ch 3,6. 


4.1.3 The thickness, t, of forecastle deck plating is to be 
not less than: 


t = (6+0,017L) s mm 


b 


4.1.4 Deck longitudinals and beams are to comply with 
Ch 5,2.3, using a head of 1,8 m forward of 0,075L and 1,5 m 
between 0,12L and 0,075L. 


4.1.5 Girders, transverses and pillars are to be in accor- 
dance with Ch 5,2.4, and the depth of the girder or transverse 
is to be not less than twice that of the beam or longitudinal 
supported. 
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o Section 5 
Bulwarks, guard rails and other 
means for the protection of crew 


5.1 General requirements 


Sll Bulwarks or guard rails are to be provided around 
all exposed decks. Bulwarks or guard rails are to be not less 
than 1,0 m in height measured above sheathing, and are to 
be constructed as required by this Section. Consideration will 
be given to cases where this height would interfere with the 
normal operation of the ship. 


5.1.2 The freeing arrangements in bulwarks are to be in 
accordance with 5.3. 


5.1.3 Guard rails fitted on superstructure and freeboards 
decks are to have at least three courses. The opening below 
the lowest course of guard rails is not to exceed 230 mm. The 
other courses are to be spaced not more than 380 mm apart. 
In the case of ships with rounded gunwales, the guard rail 
supports are to be placed on the flat of the deck. In other 
locations, guard rails with at least two courses are to be fitted. 


5.1.4 Guard rails are to be fitted with fixed, removable or 
hinged stanchions fitted no more than 1,5 m apart. 
Removable or hinged stanchions shall be capable of being 
locked in the upright position. 


5.1.5 At least every third stanchion is to be supported by 
a Stay. In lieu of this, flat steel stanchions shall be of increased 
breadth as given in Fig. 8.5.1, and aligned with a member 
below deck unless the deck plating thickness exceeds 
20 mm. Guard rail stanchions of increased breadth are to be 
welded to the deck with double continuous fillet weld with a 
minimum leg size of 7 mm or in compliance with a standard 
recognised by LR. 


5.1.6 Where necessary for the normal operation of the 
ship, steel wire ropes may be accepted in lieu of guard rails. 
Wires are to be made taut by means of turnbuckles. Chains 
are only permitted in short lengths in way of access openings. 


ST Satisfactory means, in the form of guard rails, life- 
lines, handrails, gangways, underdeck passageways or other 
equivalent arrangements, are to be provided for the protec- 
tion of the crew in getting to and from their quarters, the 
machinery space and all other parts used in the necessary 
work of the ship in accordance with Table 8.5.1. 


5.1.8 Where gangways on a trunk are provided by 
means of a stringer plate fitted outboard of the trunk side 
bulkheads (port and starboard), each gangway is to be a solid 
plate, effectively stayed and supported, with a clear walkway 
at least 450 mm wide, at or near the top of the coaming, with 
guard rails complying with 5.1.3 and hatch cover securing 
appliances accessible from the gangway. 


5.1.9 Where permitted by the National Authority, 
gangways or walkways may be omitted on ships engaged on 
protected or extended protected water service. However, 
life-lines are to be provided on tankers and flush deck ships, or 
where the cargo hatch coamings are less than 600 mm high. 
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In lieu of at least every third stanchion supported by stay, 
alternatively: 
at least every third stanchion shall be of increased 
breadth: kb; = 2,96, 
at least every second stanchion shall be of increased 
breadth: kbg = 2,46, 
every stanchion shall be of increased breadth: 
kbs = 1,9bs 
where 
bs breadth of normal stanchion as specified in an appropriate 
standard recognised by LR 


Stanchions with increased breadth are to be aligned with 
members below deck, minimum 100 x 12 flat bar welded to 
deck by double continuous fillet weld. Stanchions with increased 
breadth need not be aligned with under deck structure for deck 
plating exceeding 20 mm. 


Fig. 8.5.1 Support of stanchions 


5.1.10 For a Type ‘A’ ship with freeboards assigned 
greater than, or equal to, Type ‘B’, a life-line may be provided 
in lieu of a walkway. 


5.2 Bulwark construction 


52:1 Plate bulwarks are to be stiffened by a strong rail 
section and supported by stays from the deck. The spacing of 
these stays forward of 0,07L from the forward perpendicular 
is to be not more than 1,2 m on Type ‘A’, Type ‘B-60’ and 
Type ‘B-100’ ships (as defined in Ch 11,1.1), and not more 
than 1,83 m on other Types. Elsewhere, bulwark stays are to 
be not more then 1,83 m apart. Where bulwarks are cut to 
form a gangway or other opening, stays of increased strength 
are to be fitted at the ends of the openings. Bulwarks are to 
be adequately strengthened in way of eyeplates for cargo 
gear, and in way of mooring pipes the plating is to be doubled 
or increased in thickness and adequately stiffened. 
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Table 8.5.1 Protection of crew (see continuation) 


Acceptable arrangements according to type of 
Assigned freeboard assigned 
Ship type Location in ship Summer 


; Type Type 
Freeboard, 
reeboard, in mm (B-60) (6 & B+) 


Oil tankers, 1.1 Access to bow a a 
chemical tankers 1.1.1. Between poop and bow or e e 
and gas carriers 1.1.2 Between a deckhouse containing (1 a 
(see 1.1.5) living accommodation or (5 (5 
navigation equipment, or both, 
and bow, or 

In the case of a flush deck vessel, 
between crew accommodation 
and the forward ends of ship 


1.2 Access to after end 


In the case of a flush deck vessel, , — , : 
between crew accommodation and the As required in item 2.2.4 in Table 8.5.1 for other types of ships 


after end of ship 


Symbols 


= the minimum summer freeboard calculated as Type A ship regardless of type freeboard actually assigned 
the standard height of superstructure as defined in /nternational Convention on Load Lines, Regulation 33 


Acceptable arrangements: 

Acceptable arrangements referred to in the Table are defined as follows: 

a A well lighted and ventilated under-deck passageway (clear opening 0,8 m wide, 2 m high) as close as practicable to the freeboard deck, 
connecting and providing access to the locations in question. 

b A permanent and efficiently constructed gangway fitted at or above the level of the superstructure deck on or as near as practicable to 
the centreline of the ship, providing a continuous platform at least 0,6 m in width and a non-slip surface, with guard rails extending on each 
side throughout its length. Guard rails shall be at least 1 m high with courses as required in 5.1, and supported by stanchions spaced not 
more than 1,5 m; a foot-stop shall be provided. 


A permanent walkway at least 0,6 m in width fitted at freeboard deck level consisting of two rows of guard rails with stanchions spaced 
not more than 3 m. The number of courses of rails and their spacing are to be as required by 5.1. On Type B ships, hatchway coamings 
not less than 0,6 m in height may be regarded as forming one side of the walkway, provided that between the hatchways two rows of guard 
rails are fitted. 


A 10 mm minimum thickness diameter wire rope life-line supported by stanchions about 10 m apart, or a single hand rail or wire rope 
attached to hatch coamings, continued and adequately supported between hatchways. 
A permanent and efficiently constructed gangway fitted at or above the level of the superstructure deck on or as near as practicable to 
the centreline of the ship: 
e located so as not to hinder easy access across the working areas of the deck; 
e providing a continuous platform at least 1,0 m in width; 
e constructed of fire resistant and non-slip material; 
e fitted with guard rails extending on each side throughout its length; guard rails should be at least 1,0 m high with courses as required 
by Regulation 25(3) and supported by stanchions spaced not more than 1,5 m; 
provided with a foot stop on each side; 
having openings, with ladders where appropriate, to and from the deck. Openings should not be more than 40 m apart; 
having shelters of substantial construction set in way of the gangway at intervals not exceeding 45 m if the length of the exposed deck 
to be traversed exceeds 70 m. Every such shelter should be capable of accommodating at least one person and be so constructed 
as to afford weather protection on the forward port and starboard sides. 
A permanent and efficiently constructed walkway fitted at freeboard deck level on or as near as practicable to the centre line of the ship 
having the same specifications as those for a permanent gangway listed in (e) except for foot-stops. On Type B ships (certified for the 
carriage of liquids in bulk), with a combined height of hatch coaming and fitted hatch cover of together not less than 1 m in height the 
hatchway coamings may be regarded as forming one side of the walkway, provided that between the hatchways two rows of guard rails 
are fitted. 


Alternative transverse locations for c, d and f: 
At or near centreline of ship; or 
fitted on hatchways at or near centreline of ship. 
Fitted on each side of the ship. 
Fitted on one side of the ship, provision being made for fitting on either side. 
Fitted on one side of the ship only. 
Fitted on each side of hatchways as near to the centreline as practicable. 
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Section 5 


Table 8.5.1 Protection of crew (conclusion) 


Acceptable arrangements according to type of 
Assigned freeboard assigned 
Summer 


Freeboard, in mm 


Ship type Location in ship Type Type Type Type 
A 


(B-100) (B-60) (B & B+) 


Other ship type 2.1 Access to midship quarters 


2.1.1 Between poop and bridge, or 


Q 
(1 iar e E 


= 
— 


2.1.2 Between poop and deckhouse 
containing living accommodation 
or navigation equipment, or both 


> 3000 mm 


© 
DZT w 


al 


hb 
RS O 


2.2 Access to ends 


2.2.1 Between poop and bow (if there 
is no bridge), 
2.2.2 Between bridge and bow, or 


< 3000 mm 


0 O 
DoT 


e 
f(1) 
(2) 


Between a deckhouse containing 
living accommodation or 
navigation equipment, or both, 
and bow, or 


O 


Q 


> 3000 mm 
In the case of a flush deck vessel, 
between crew accommodation 
and the forward and after ends 
of ship 


On: OF.O 0 
®GNSENST® 


QaQaq 
RoNeo® 


aR 
N= 
Raz 
AN 
Ya 


NOTES 
. In all cases where wire ropes are fitted, adequate devices are to be provided to ensure their tautness. 
Wire ropes may only be accepted in lieu of guard rails in special circumstances and then only in limited lengths. 
Lengths of chain may only be accepted in lieu of guard rails if fitted between two fixed stanchions. 
Where stanchions are fitted, every third stanchion is to be supported by a bracket or stay. 
Removable or hinged stanchions shall be capable of being locked in the upright position. 
A means of passage over obstructions, if any, such as pipes or other fittings of a permanent nature, should be provided. 
Generally, the width of the gangway or deck-level walkway should not exceed 1,5 m. 


5.2.2 Bulwarks should not be cut for gangway or other 
openings near the breaks of superstructures, and are also to 
be arranged to ensure their freedom from main structural 
stresses. See shell plating in appropriate Chapters. 


5.2.3 The section modulus, Z, at the bottom of the 
bulwark stay is to be not less than: 


Z (33,0 + 0,44L) h2s cms 
where 


h = height of bulwark from the top of the deck plating to 
the top of the rail, in metres 


S = spacing of the stays, in metres, in accordance with 
5.2.1 
L = length of ship, in metres (as defined in Ch 1,6.1), 


but to be not greater than 100 m. 


5.2.4 In the calculation of the section modulus, only the 
material connected to the deck is to be included. The bulb or 
flange of the stay may be taken into account where 
connected to the deck, and where, at the ends of the ship, 
the bulwark plating is connected to the sheerstrake, a width of 
plating not exceeding 600 mm may also be included. The free 
edge of the stay is to be stiffened. 


5.2.5 Bulwark stays are to be supported by, or to be in 
line with, suitable underdeck stiffening, which is to be 
connected by double continuous fillet welds in way of the 
bulwark stay connection. 


5.2.6 It should be noted that the above requirements do 
not allow for any loading from deck cargoes. 
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5.3 Freeing arrangements 


5.3.1 The requirements of 5.3.2 to 5.3.11 apply to ships 
of Type ‘B’. Additional requirements applicable to ships of 
Type ‘A’, Type ‘B-100’ and Type ‘B-60’ are indicated in 5.3.18 
and 5.3.20. The ship Types are as defined in Ch 11,1.1. 


5.3.2 Where bulwarks on the weather portions of free- 
board or superstructure decks form wells, ample provision is 
to be made for rapidly freeing the decks of large quantities of 
water by means of freeing ports, and also for draining them. 


5.3.3 The minimum freeing area on each side of the ship, 
for each well on the freeboard deck or raised quarterdeck, 
where the sheer in the well is not less than the standard sheer 
required by the /nternational Convention on Load Lines, 1966, 
is to be derived from the following formulae: 
(a) where the length, /, of the bulwark in the well is 20 m or 
less: 
area required = 0,7 + 0,035/ m2 
(o) where the length, 7, exceeds 20 m: 
area required = 0,077 m2 
I need not be taken greater than 0,7L,, where L, is the length 
of the ship as defined in Ch 1,6.1. 


5.3.4 If the average height of the bulwark exceeds 1,2 m 
or is less than 0,9 m, the freeing area is to be increased or 
decreased, respectively, by 0,004 m2 per metre of length of 
well for each 0,1 m increase or decrease in height respectively. 


5.3.5 The minimum freeing area for each well on a first 
tier superstructure is to be half the area calculated from 5.3.3. 


5.3.6 Two-thirds of the freeing port area required is to be 
provided in the half of the well nearest to the lowest point of 
the sheer curve. 


5.3.7 When the deck has little or no sheer, the freeing 
area is to be spread along the length of the well. 


5.3.8 In ships with no sheer the freeing area as calculated 
from 5.3.3 is to be increased by 50 per cent. Where the sheer 
is less than the standard, the percentage is to be obtained by 
linear interpolation. 


5.3.9 Where the length of the well is less than 10 m, or 
where a deckhouse occupies most of the length, the freeing 
port area will be specially considered but in general need not 
exceed 10 per cent of the bulwark area. 


5.3.10 Where it is not practical to provide sufficient 
freeing port area in the bulwark, particularly in small ships, 
credit can be given for bollard and fairlead openings where 
these extend to the deck. 


5.3.11 | Where a ship fitted with bulwarks has a continuous 
trunk, or hatch side coamings that are continuous, or 
substantially continuous, the minimum freeing area is to be 
not less than 20 per cent of the total bulwark area where the 
width of trunk or hatchway is 0,4B or less, and not less than 
10 per cent of the total bulwark area when the width of the 
trunk or hatch is 0,75B or greater. The freeing area required 
for an intermediate width of trunk or hatch is to be obtained by 
linear interpolation. 
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5.3.12 Where the trunk referred to in 5.3.11 or its equivalent 
is included in the calculation of freeboard, open rails are to be 
fitted for at least 50 per cent of the length of the exposed part 
of the weather deck. Alternatively, if a continuous bulwark is 
fitted, the minimum freeing area is to be at least 33 per cent of 
the bulwark area. The freeing area is to be placed in the lower 
part of the bulwark. 


5.3.13 Where a deckhouse has a breadth less than 
80 per cent of the beam of the ship, or the width of the side 
passageways exceeds 1,5 m, the arrangement is considered 
as one well. Where a deckhouse has a breadth equal to or 
more than 80 per cent of the beam of the ship, or the width of 
the side passageways does not exceed 1,5 m, or when a 
screen bulkhead is fitted across the full breadth of the ship, 
this arrangement is considered as two wells, before and abaft 
the deckhouse. 


5.3.14 Suitable provision is also to be made for the rapid 
freeing of water from recesses formed by superstructures, 
deckhouses and deck cargo arrangements, etc., in which 
water may be shipped and trapped. Deck gear, particularly on 
fishing vessels, is not to be stowed in such a manner as to 
obstruct unduly the flow of water to freeing ports. 


5.3.15 The lower edges of freeing ports are to be as near 
to the deck as practicable, and should not be more than 
100 mm above the deck. 


5.3.16 Where freeing ports are more than 230 mm high, 
vertical bars spaced 230 mm apart may be accepted as an 
alternative to a horizontal rail to limit the height of the freeing port. 


5.3.17 Where shutters are fitted, the pins or bearings are to 
be of a non-corrodible material, with ample clearance to 
prevent jamming. The hinges are to be within the upper third of 
the port. Shutters are not to be fitted with securing appliances. 


5.3.18 Ships of Type ‘A’ and Type ‘B-100’ are to have 
open rails for at least half the length of the exposed part of 
the weather deck. Alternatively, if a continuous bulwark is 
fitted, the minimum freeing area is to be at least 33 per cent of 
the total area of the bulwark. The freeing area is to be placed 
in the lower part of the bulwark. 


5.3.19 Where superstructures are connected by trunks, 
open rails are to be fitted for the whole length of the exposed 
part of the freeboard deck. 


5.3.20 Ships of Type ‘B-60’ are to have a minimum freeing 
area of at least 25 per cent of the total area of the bulwark. The 
freeing area is to be placed in the lower part of the bulwark. 


5.3.21 Gutter bars greater than 300 mm in height fitted on 
the weather decks of tankers are to be treated as bulwarks 
and freeing ports arranged as required by this Section. 
Closures for use during loading and discharge operations are 
to be arranged in such a way that jamming cannot occur while 
at sea. 


5.38.22 In ships having superstructures which are open at 
either or both ends to wells formed by bulwarks on the open 
deck, adequate provision for freeing the open spaces are to 
be provided as follows: 
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The freeing port area, Aw for the open well: 
0,5hs ) 
h 


Aw = (0,07l + Ao) (So) ( 


w 


The freeing port area, A, for the open superstructure: 


a -oos (1-() (2%) 


where 
ly, = the length of the open deck enclosed by bulwarks, 
in metres 
l = the length of the common space within the open 
superstructure, in metres 
4 = y+, but if 20 m or less then the freeing area is to 
be calculated in accordance with 5.3.3(a) 
Sẹ = sheer correction factor, maximum 1,5 as defined in 
5.3.8 
bo = breadth of openings in the end bulkhead of the 
enclosed superstructure, in metres 
hy = distance of the well deck above the freeboard 
deck, in metres 
h, = one standard superstructure height, see 7.3.2 
Mp = actual height of the bulwark, in metres. 
As = bulwark height correction factor taken as; 
= 0 for bulwarks between 0,9 and 1,2 m in height 
(Mp =] 2) 
ol ae 


) (0,004) m2 for bulwarks of height 


greater than 1,2 m, and 
(Mp — 0,9) 
= 1,(——= 


E ) (0,004) m2 for bulwarks of height 


less than 0,9 m. 


To adjust the freeing port area for the distance of the well deck 
above the freeboard deck, for decks located more than 0,5h, 
above the freeboard deck, multiply by the factor 0,5 (h,/h). 


5.4 Free flow area 


5.4.1 The effectiveness of the freeing port area in 
bulwarks of vessels not fitted with a continuous deck 
obstruction, depends on the free flow across the deck. 


5.4.2 The free flow area is the net total longitudinal area 
of the transverse passageways or gaps between hatchways 
and superstructures or deckhouses, due account being made 
for any obstructions such as equipment or other fittings. The 
height of passageways or gaps used in the calculation of the 
area is the height of the bulwark. 


5.4.3 The provision of freeing area in bulwarks should be 

related to the net free flow area as follows: 

(a) If the free flow area is equal to, or greater than the free- 
ing port area calculated from 5.3.11 when the hatchway 
coamings are continuous, then the minimum freeing area 
calculated from 5.3.3 is sufficient. 

(o) If the free flow area is less than the freeing port area 
calculated from 5.3.3, then the minimum freeing area is 
to be that calculated from 5.3.11. 
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(c) If the free flow area is less than the freeing port area 
derived from (a) but greater than that derived from (b), 
the minimum freeing area, F, in the bulwark is to be 
obtained from the following formula: 

F =F +F- m2 
where 
fy = total net area of passages and gaps between 
hatchways, superstructures and deckhouses (the 
free flow area) 


F, = minimum area from 5.3.3 
Fo = minimum area from 5.3.11. 
5.5 Special requirements for tugs and offshore 
supply ships 
5.5.1 In tugs and offshore supply ships where there is a 


recess at the after end of the forecastle for the towing winch, 
the freeing port area in way of the recess is to be calculated as 
follows: 


B = breadth of ship 

b = breadth of recess 

L = length of well 

l = mean length of recess 

a = freeing area for well length L 


Freeing port area in way of recess: 
l 


A =a T 
Reduction due to breadth of recess: 
Aj = b 
B 
Reduce A, by 25 per cent for winch area: 
Ao = 0,75A, 
= required freeing port area each side in way of the 
recess 


Where the winch is enclosed in a non-weathertight compart- 
ment freeing ports are not required but adequate drainage by 
means of scuppers is to be provided. 
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Section 

1 General 

2 Timber deck cargoes 

3 Decks loaded by wheeled vehicles 

4 Movable decks 

5 Helicopter landing areas 

6 Lifting appliances and support arrangements 

7 Bottom strengthening for loading and unloading 
aground 

8 Strengthening for regular discharge by heavy 
grabs 


E Section 1 
General 


1.1 Application 


1.1.1 The requirements of this Chapter are to be taken in 
conjunction with the Chapters of Parts 3 and 4 applicable to 
the particular ship type. 


1.2 Symbols 


1.2.1 The following symbols and definitions are applica- 
ble to this Chapter: 
k higher tensile steel factor, see Ch 2,1.2 
l = overall length, of the stiffening member, in metres 
e = effective length, in metres, of the stiffening member, 
measured between span points, see Ch 3,3.3 
S = spacing, of stiffeners, in mm 
B = moulded breadth of ship, in metres, see Ch 1,6.1 
L = length of ship, in metres, see Ch 1,6.1 
Z = section modulus of the stiffening member, in cm3, 
see Ch 3,3.2. 


~ 
| 


1.2.2 Other symbols are defined in the appropriate 
Section. 


a Section 2 
Timber deck cargoes 


2.1 Application 


2.1.1 Where timber load lines are to be assigned, the full 
requirements of this Section are to be complied with, and the 
ship will be eligible to be assigned the notation ‘timber deck 
cargoes’. 
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2.1.2 In other cases, proposals to carry timber deck 
cargoes which will impose on the weather deck a mean cargo 
loading in excess of 8,5 kN/m? (0,865 tonne-f/m2) will be 
considered on the basis of these requirements. In particular, 
the requirements of 2.9 to 2.12 are to be complied with. 


2.2 Symbols and definitions 


2.2.1 The term ‘timber deck cargo’ means a cargo of 
timber carried on an uncovered part of the freeboard or super- 
structure deck. The term does not include wood pulp or 
similar cargo. 


2.2.2 The symbols used in this Section are defined as 
follows: 

C = mean stowage rate, in m3/tonne, of the timber deck 
cargo, making allowance for normal battens, etc. 
the height, in metres, to which the timber deck 
cargo is to be stowed, measured vertically from the 
deck or hatch cover as applicable. 


h 


2.2.3 Other symbols are defined in 1.2. 


2.3 General 


2.3.1 Attention is drawn to the requirements of the 
International Convention for the Safety of Life at Sea, 1974, 
Chapter VI, as amended, the International Load Line 
Convention, 1966, concerning timber deck cargoes, and its 
1988 Protocol, and to National Regulations. Attention is also 
drawn to IMO Resolution A.1048(27) Code of Safe Practice 
for Ships Carrying Timber Deck Cargoes, 2011. 


2.3.2 Timber deck cargoes are to be loaded, stowed and 
secured throughout the voyage, in accordance with the Cargo 
Securing Manual approved by the Flag Administration as 
required by SOLAS Chapter VI. 


2.3.3 Each cargo securing arrangement for timber deck 
cargoes detailed in the ship’s Cargo Securing Manual is to be 
documented by a lashing plan that shows the following: 

a) maximum cargo weight for which the arrangement is 
designed; 

b) maximum stowage height; 

c) required number and strength of blocking devices and 
lashings, as applicable; 

d) required pre-tension in lashings; 

e) other cargo properties of importance for the securing 
arrangement, such as friction, rigidity of timber pack- 
ages; 

f) illustrations of all securing items that might be used; 

g) any restrictions regarding maximum accelerations, 
weather criteria, restricted sea areas and for non-winter 
conditions only; 

h) the walkway/life-line arrangements; and 

() | stowage arrangement, which is to be in accordance with 
2.7. 

The Cargo Securing Manual is to be submitted for approval, 

and a copy placed on board the ship. 
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2.3.4 All timber deck cargoes must be compactly 
stowed, lashed and secured. Friction alone is not deemed 
sufficient and such methods are not endorsed by Lloyd's 
Register. 


2.3.5 Timber freeboards cannot be used where wood 
pulp is being carried as the deck cargo. Packaged timber 
(timber which has been prelashed) may be carried on deck 
with the ship at its timber freeboards. 


2.3.6 Type ‘B-60’ ships may have timber freeboards 
assigned based on ordinary Type ‘B’ freeboards. 


2.3.7 Timber freeboards are not appropriate for ships 
which are assigned freeboards from a second deck. However, 
where the maximum geometric upper deck draught is 
restricted, a restricted timber draught may be assigned. 


2.3.8 It is the Master’s responsibility to ensure loose gear 
(e.g., uprights, wire lashings and life-lines) are supplied and 
fitted onboard in accordance with the approved timber deck 
cargo loading and lashing plan when the ship is carrying 
timber deck cargoes. However, it is not a requirement that 
loose gear remains permanently on board a ship assigned 
timber freeboards. 


2.4 Arrangements 
2.4.1 Double bottom tanks within the midship half-length 
are to have adequate longitudinal subdivision. 


2.4.2 A forecastle of at least standard height of a 
superstructure, defined by Regulation 33 of the International 
Load Line Convention, as amended, and of length at least 
0,07L is to be fitted. In addition, in ships of less than 100 m in 
length, a poop of at least standard height, or a raised 
quarterdeck with a deckhouse or strong steel hood of at least 
the same total height, is to be fitted. 


2.5 Uprights 


2.5.1 Uprights are to be of adequate strength but are not 
to exceed the strength of the bulwark. Where timber uprights 
are used, it is the responsibility of the Master to use timber 
which is of a type and grade which has proved satisfactory 
for the purpose. Where a timber load line is not assigned and 
uprights are not connected to the bulwark, uprights are to be 
of adequate strength but need not relate to that of the 
bulwark, see 2.1.2. 


2.5.2 Uprights are to be used for all timber deck cargoes 
with the exception that, where only packaged timber is to be 
carried, uprights may be omitted, depending on racking 
strength and not including uprights or stoppers (low uprights) 
situated either side of hatch covers. 


2.5.3 The spacing of the uprights is to be suitable for the 
length and character of the timber to be carried but is not to 
exceed 3 m. 


| 2.5.4 


| 2.5.6 
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Each upright is to extend above the top of the 
cargo and be fitted with a strap or bracket support at the top 
of the bulwark to hold it upright whilst loading. 


2.5.5 Strong permanent bulwarks, or efficient rails of 
specially strong construction, are to be fitted. Steel bulwarks, 
along with guard rails and stanchions, are acceptable as 
supports for uprights, provided substantial sockets are built 
for each upright. 


Deck sockets are to be of a size to suit the 
dimensions of the uprights and are to be not less than 
100 mm in depth with drainage provided. They are to be 
efficiently connected to the hull structure. A locking pin or 
wedge is to be provided to prevent the upright lifting out of 
the socket. 


2.6 Lashings 


2.6.1 The timber deck cargo is to be secured along its 
length by independent top over lashings. 


2.6.2 The spacing of top over lashings is to be deter- 

mined by the height of the cargo above the deck or by the 

type of timber, see 2.6.3 and 2.6.4: 

(a) For heights not more than 2,5 m, the spacing is to be 
not more than 3 m. 

(o) For heights above 2,5 m, the spacing is to be not more 
than 1,5 m. 


2.6.3 Where only packaged timber is to be carried, and 
uprights are omitted, see 2.5.2, lashings are to be spaced not 
more than 1,5 m apart. 


2.6.4 Round wood timber deck cargo is to be secured 
throughout its length by top over lashings spaced not more 
than 1,5 m apart. 


2.6.5 At the fore and aftermost ends of each continuous 
timber deck stow, the spacing of the lashings determined 
from 2.6.2, 2.6.3 or 2.6.4 is to be halved. 


2.6.6 The spacing of lashings is to be such that lashings 
are positioned as close as practicable to the ends of each 
continuous timber deck stow. 


2.6.7 Round wood timber deck cargo stowed over and 
above hatches, in addition to 2.6.4, is to be further secured by 
a system of athwartship lashings connecting respective port 
and starboard uprights at three quarters of the height of the 
stow. If the height of the hatch cover over which the cargo is 
stowed is less than 2 m, a further athwartship lashing is to be 
installed 1 m above the hatch cover. 


2.6.8 Lashings and fittings must not: 

(a) have a breaking strength of less than 133 kN; 

(o) elongate more than 5 per cent at 80 per cent of the 
breaking strength; 

(c) show any permanent deformation at less than 40 per 
cent of the breaking strength. 
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2.6.9 Where timber is in lengths of less than 3,6 m, the 
spacing of lashings is to be reduced, or other suitable 
provisions made to suit the length of the timber. 


2.6.10 Open hooks, which may loosen if the lashing 
becomes slack, are not to be used in securing arrangements 
for timber deck cargoes and web lashing is not to be used in 
combination with chain or wire lashing. 


2.6.11 Slip hooks or other appropriate methods may be 
used for quick and safe adjustment of lashings. Pelican 
hooks, when used, are to be moused. 


2.6.12 Corner protectors are to be used to prevent lashings 
from cutting into the cargo and to protect lashings from 
damage at sharp corners. 


2.6.13 Every lashing is to be provided with a tightening 
device or system, situated so that it can be safely and efficiently 
operated when required. The magnitude of the components 
of the resolved load produced by the tightening device or 
system is not to be less than: 

(a) 27 kN in the horizontal; and 

(o) 16 kN in the vertical. 


2.6.14 Once the lashings are secured, the tightening 
device or system is to have not less than half the tightening 
capacity available for further use. 


2.6.15 If wire rope clips are used to make a joint in a wire 
lashing, the following conditions are to be observed to avoid 
a significant reduction in strength: 

(a) the number and size of rope clips utilised are to be in 
proportion to the diameter of the wire rope and no fewer 
than three, each spaced at intervals of not less than 
150 mm. 

(b) the saddle portion of the clip is to be applied to the live 
load segment; and 

(c) rope clips are to be initially tightened so that they visibly 
compress the wire rope and are subsequently to be 
re-tightened after the lashing has been stressed. 


2.6.16 Bulldog grips are only suitable for a standard wire 
rope of right-hand lay having six strands. Such grips are not to 
be used for wire rope of left-hand lay or different construction. 


2.6.17 Rounded angle pieces of suitable material and 
design are to be used along the upper outboard edge of the 
stow to bear the stress and permit free reeving of the lashings. 


2.6.18 Eye plates are to be of substantial construction, 
effectively connected to the hull structure, and placed at 
intervals determined from 2.6.2 to 2.6.5. The distance from a 
superstructure end bulkhead to the first eye plate and lashing 
is to be not more than 2 m. 


2.7 Stowage 


2.7.1 The stowage arrangements are to be detailed 
within the lashing plan, see 2.3.3. 
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2.7.2 Timber deck cargoes are to extend over at least the 
entire available length, which is the total length of the well or 
wells between superstructures. Where there is no limiting 
superstructure at the after end, the timber is to extend at least 
to the after end of the aftermost hatchway. 


2.7.3 The timber deck cargo is to extend athwartships as 
close as possible to the ship’s side, due allowance being 
made for obstructions, provided any gap thus created at the 
side of the ship does not exceed a mean of four per cent of 
the breadth. 


2.7.4 The timber is to be stowed as solidly as possible to 
at least the standard height of a superstructure other than a 
raised quarter deck. It is not to interfere in any way with the 
safe navigation and necessary work of the ship. 


2.7.5 On a ship within a seasonal winter zone in winter, 
the height of the deck cargo above the deck exposed to 
weather must not exceed one third of the extreme breadth of 
the ship. 


2.7.6 Cargo which overhangs hatch coamings or other 
structures in the longitudinal direction by more than a third of 
their individual or packed length is to be supported at the 
outer end by other cargo stowed on deck or by structure of 
adequate strength. 


2.8 Safety arrangements 


2.8.1 If there is no convenient passage on or below the 
deck of the ship, a walkway is to be provided over the timber 
deck cargo. This walkway is either to be: 

(a) At, or near, the centreline of the ship, consisting of two 
sets of guard wires, spaced 1 m apart, each with more 
than three courses of wire. The opening below the 
lowest course is not to exceed 230 mm; the remaining 
courses are to be spaced not more than 380 mm apart 
to a height of at least 1 m above the timber deck cargo. 
The guard wires are to be secured to stanchions. The 
stanchions are to be not more than 3 m apart, and these 
are to be secured to the timber cargo by spikes, or other 
equivalent means. 

(o) Alternatively, where uprights are used, guard wires, 
spaced vertically not more than 330 mm apart, are to be 
secured to the uprights along the length of the timber 
deck cargo on both port and starboard sides to a height 
of not less than 1 m above the cargo. A wire life-line is 
also to be fitted at the centreline of the ship, adequately 
supported by stanchions spaced not more than 10 m 
apart. 

A safe walking surface, not less than 600 mm in width, is to 

be fitted over the cargo and effectively secured to the top of it 

in line with the walkway or adjacent to the life-line. All lines are 
to be taut using tightening devices. 


2.8.2 Safe access is to be provided to the top of the 
timber deck cargo by means of properly constructed ladders, 
steps or ramps fitted with guard lines or handrails. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Special Features 


2.8.3 All openings in the weather deck are to be 
capable of being properly closed and secured tight. 
Ventilators, air pipes and other fittings enclosing openings are 
to be efficiently protected against damage. 


2.8.4 Access hatches, vents, air pipes, fire hydrants, hoses, 
valve operating positions, sounding pipes and other essential 
equipment are to be clearly marked and left accessible. 


2.9 Longitudinal strength 


2.9.1 The proposed timber deck loading conditions are 
to be taken into account in the longitudinal strength calcula- 
tions, see Chapter 4, and details are to be included in the 
ship’s Loading Manual. 


2.10 Deck loading and scantlings 


2.10.1 In general, the stowage rate, C, of timber deck 
cargoes is to be taken as: 
(a) for round timber and logs: 

C = 2,1 ms/tonne 
(b) for packaged sawn timber: 

C = 1,45 mS/tonne. 
These values are based on the total volume occupied by the 
cargo, including normal battens, etc., measured from bulwark 
to bulwark, and deck, or hatch cover, to top of cargo. 


2.10.2 Where it is proposed to store timber more densely 
than that corresponding to the above values, the appropriate 
value of C is to be used. 


2.10.3 The load height, h, of the cargo at any position is 
to be determined from the overall heights of cargo stowage 
as supplied by the Shipbuilder. Where the height of cargo 
varies, a mean effective load height is to be adopted. 
Attention is drawn to the limitation on height of cargo 
contained in the Load Lines Conventions where these apply. 


2.10.4 A scantling correction factor, K, is to be 


determined from K = and the hull scantlings are to 


A 
1,08C 
be increased as follows: 

(a) Deck longitudinals. The section modulus is to be 
multiplied by the factor 0,5 (1 + K). 

(o) Deck beams. The load head contained in the expres- 
sion for section modulus is to be multiplied by K, and the 
section modulus determined using the increased value. 

(c) Deck girders and transverses. The section modulus is 
to be multiplied by the factor K. 

(d) Pillars and deck supporting structure. The design load 
is to be multiplied by the factor K, and scantlings deter- 
mined using the increased value. 

(e) Side structure. The arrangement and scantlings of side 
structure are to be considered, and increased scantlings 
of framing may be required. 
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| 2.11 Scantlings of hatch covers 


2.11.1 The scantlings of primary supporting members and 
secondary stiffeners are to comply with Ch 11,2.3.4 for 
distributed cargo load p, using pc =h/C. 


2.11.2 The hatch cover securing and support arrangements, 
stoppers, etc., and coamings are to be suitably reinforced to 
take account of increased loading from timber deck cargoes, 
see Ch 11,4.2. 


| 2.12 Direct calculations 


2.12.1 As an alternative to the above, the scantlings of the 
deck and side structure, and of hatch covers, may be 
assessed using direct calculations based on the proposed 
loading of the ship. 


2.12.2 |n the case of hatch covers, the stress and 
deflection criteria given in Ch 11,2.4 corresponding to a 
uniformly distributed weather load are not to be exceeded. 


a Section 3 
Decks loaded by wheeled vehicles 


3.1 General 


3.1.1 Where it is proposed either to stow wheeled 
vehicles on the deck or to use wheeled vehicles for cargo 
handling, the deck and supporting structure are to be 
designed on the basis of the maximum loading to which they 
may be subjected in service. Where applicable, the hatch 
covers are to be similarly designed. In no case, however, are 
the scantlings to be less than would be required as a weather 
or cargo deck or hatch cover, as applicable. 


3.7.2 The vehicles, types and axle loads, for which the 
vehicle carrying decks including, where applicable, hatch 
covers have been approved, are to be stated in the Loading 
Manual and be contained in a notice displayed on each deck. 


3.2 Symbols 


3.2.1 The symbols used in this Section are defined in 1.2 
and in the appropriate sub-Section. 


3.3 Loading 


3.3.1 Details of the deck loading resulting from the 
proposed stowage or operation of vehicles are to be supplied 
by the Shipbuilder. These details are to include the wheel load, 
axle and wheel spacing, tyre print dimensions and type of tyre 
for the vehicles. 


3.3.2 For design purposes, where wheeled vehicles are 
to be used for cargo handling, the deck is to be taken as 
loaded with a normal head cargo, except in way of the vehicle. 
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Table 9.3.1 Deck plate thickness calculation 


Symbols Expression 


u, and v as defined in Fig. 9.3.1 xP 
tyre correction factor, see Table 9.3.3 #192036 Pw 
load, in tonnes, on the tyre print. For closely spaced 
wheels the shaded area shown in Fig. 9.3.1 may be 24 411s 
taken as the combined print u4 + 1,1S 
corrected patch load, in tonnes 
dynamic magnification factor 1,0 foru < (a-s) 
patch aspect ratio correction factor 
panel aspect ratio correction factor fora zu> (a-s) 
wide patch load factor 


foru>a 


for v<s 


S v 
0,67 +0,4 for 1,5 >"> 2 1,0 


Ss 
127 ior 21,5 


1,25 for harbour conditions 
(1 + 0,7n) for sea-going conditions 


S 


s and a are panel dimensions, in mm 
u and v are print dimensions, in mm 


Note: For intermediate values of v/s linear 
interpolation may be used 


Fig. 9.3.1 Tyre print chart 
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3.4 Deck plating 


3.4.1 The deck plate thickness, t, is to be not less than: 


t =t,+t, mm 
where 
t, = wear and wastage allowance determined from 
Table 9.3.2 


SAS in 
1000 /k 
P, = corrected patch load obtained from Table 9.3.1 


a = thickness coefficient obtained from Fig. 9.3.1 
B = tyre print coefficient used in Fig. 9.3.1 


P, k2 
= logig z x 107 


3.4.2 Where transversely framed decks contribute to the 
hull girder strength, or where secondary stiffening is fitted 
perpendicular to the direction of vehicle lanes, the thickness, 
t, derived from 3.4.1 is to be increased by 1,0 mm. 


3.4.3 Where decks are designed for the exclusive carriage 
of unladen wheeled vehicles, the deck plate thickness, t, may 
be reduced as follows: 


t = (t,-0,75)+t, mm. 


3.4.4 Where it is proposed to carry tracked vehicles, the 
patch dimensions may be taken as the track print dimensions 
and Py is to be taken as half the total weight of the vehicle. 
The wear and wastage allowance from Table 9.3.2 is to be 
increased by 0,5 mm. Deck fittings in way of vehicle lanes are 
to be recessed. 


Table 9.3.2 Wear and wastage allowance 


Location 


Strength deck, weather decks, decks 


forming crown of tank, inner bottom 


Internal decks elsewhere 


Table 9.3.3 Tyre correction factor, n 


Number of 
wheels in 
idealised patch 


Steel or 
solid tyres 


Pneumatic Solid 
tyres rubber tyres 


1 0,6 0,8 
2 or more 0,75 0,9 


1,0 
1,0 


3.4.5 If wheeled vehicles are to be used on insulated 
decks or tank tops, consideration will be given to the permis- 
sible loading in association with the insulation arrangements 
and the plating thickness. 
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3.5 Deck longitudinals and beams 


3.5.1 The section modulus, Z, of deck longitudinals or 
beams is to be not less than that required for a weather or 
cargo deck as appropriate, nor less than the following: 
(a) For general purpose cargo decks where fork lift trucks 
are to be used: 
Z = (0,375K4P lę + 0,001 25Kyh S lẹ?) k cms, 
(b) For permanent vehicle decks in association with a value 
of h which need not exceed 2,5 m: 
h = normal load height on the deck, in metres 
P = total weight, in tonnes, of the vehicle divided by the 
number of axles. Where distribution of weight is not 
uniform, P is to be taken as the maximum axle load. 
For fork lift trucks the total weight is to be applied to 
one axle 
Z = (0,536K4 P lę + 0,00125 K2 h S 1,2) k cms 
where the values of K; and K> are given in 
Table 9.3.4. 
(c) For decks designed for the carriage of wheeled vehicles 
only that required to satisfy the most severe arrangement 
of print wheel loads on the stiffener in association with 


a bending stress of ~ N/mm? (22 koimme) 


assuming 100 per cent end fixity. 


Table 9.3.4 Values of K4 and K3 


Wheel spacing* 
Beam span 


Ky Ko 


15,4 1,89 
14,6 1,845 
13,35 1,730 
11,8 1,55 
10,1 1,30 


* Outer wheel to outer wheel on axles with multiple wheel 
arrangements 


3.6 Deck girders and transverses 


3.6.1 Where the load on deck girders and transverses is 
uniformly distributed, the section modulus is to be not less than: 
Z = 4,75bh1,2k cms 
where 
h is defined in 3.5.1 
b = mean width of plating supported by a deck girder 
or transverse, in metres. 


3.6.2 Where the member supports point loads, with or 
without the addition of uniformly distributed load, the section 


modulus is to be based on a stress of za N/mm2 


Ta katimm?), assuming 100 per cent end fixity. 


3.6.3 Where it is proposed to carry tracked vehicles, the 
total weight of the vehicle is to be taken when determining the 
section modulus of the transverse at the top of a ramp or at 
other changes of gradient. 
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3.7 Direct calculations 


3.7.1 As an alternative to the above, permissible deck 
loads may be determined by direct calculation. The assumed 
loadings in these calculations are to include suitable allowance 
for weather, generally 2,16 kN/m2 (0,22 tonne-f/m2), where 
applicable. 


3.8 Hatch covers 


3.8.1 Where wheeled vehicles are to be used, the hatch 
cover plating is to be not less in thickness than that required 
by 3.4, and the modulus of the stiffeners is to be not less than: 
Z = (K3P1,+0,00167K,h s 1,2) k 
where the values of Kz and Ky are given in Table 9.3.5 and P 
and h are defined in 3.5.1. 
In no case, however, are the scantlings of plating and stiffeners 
to be less than would be required as a weather or cargo deck 
hatch cover, as applicable. 


Table 9.3.5 Values of K3 and K4 


Wheel spacing* 
Stiffener span 


K3 Ka 


11,96 2,32 
10,69 1,89 
9,58 1,55 
8,46 1,28 
7,46 1,07 
6,51 0,91 
5,55 0,73 
4,23 0,36 
2,38 0,11 


* Outer wheel to outer wheel on axles with multiple wheel 
arrangements 


3.8.2 Where unusual arrangements of hatch cover 
stiffening are proposed, the scantlings may be determined by 
direct calculations using a two-dimensional grillage idealisation, 
and the parameters given in Table 11.2.3 in Chapter 11. 


3.9 Train decks 

3.9.1 Decks for the transport of railway rolling stock on 
fixed rails will be specially considered. 

3.10 Heavy and special loads 

3.10.1 Where heavy or special loads, such as machinery 
transporters, are proposed to be carried, the scantlings and 
arrangements of the deck structure will be individually 
considered. 

3.11 Securing arrangements 


3.17.1 Details of the connections to the hull of vehicle 
securing arrangements are to be submitted for approval. 
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|_| Section 4 
Movable decks 


4.1 Classification 


4.1.1 Movable vehicle decks hoisted by means of a 
hydraulic or electrical winch, or lifted by a mechanical lift on 
board the ship, are to comply with Chapter 6 of LR's Code 
for Lifting Appliances in a Marine Environment. 


4.1.2 Movable decks other than described in 4.1.1, and 
which are subjected to general cargo loading, are to comply 
with the requirements of this Section. 


4.2 Symbols 


4.2.1 The symbols used in this Section are defined in 1.2 
and in the appropriate sub-Section. 


4.3 Arrangements and design 


4.3.1 Movable decks are generally to be constructed as 
pontoons comprising a web structure with top decking. Other 
forms of construction will be individually considered. 


4.3.2 These requirements assume that the pontoons are 
to be constructed of steel. Other materials will be considered 
on the basis of equivalent strength. 


4.3.3 Positive means of control are to be provided to 
secure decks in the lowered position. 


4.3.4 The decks are to be efficiently supported, and 
hinges, pillars, chains or other means (or a combination of 
these) are to be designed on the basis of the imposed loads. 
Where supporting chains and fittings are required, they are to 
have a factor of safety of at least two on the proof load. 


4.3.5 Plans showing the proposed scantlings and 
arrangements of the system are to be submitted. 


4.3.6 Where it is proposed to stow the pontoons on 
deck, when not in use, details of the proposals for racks, 
fittings, etc., are to be submitted for consideration. 


4.4 Loading 

4.4.1 Design loading for general cargo is to be specified 
on the plans, together with details of fork lift trucks where 
appropriate, and submitted for consideration. 

4.5 Pontoon deck plating 

4.5.1 Where the pontoon is constructed of steel decking 


with stiffening webs, the deck plate thickness, t, is to be not 
less than that required by 3.4. 
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4.5.2 The plate thickness, t, for aluminium pontoons is to 
be not less than: 

t = (1,4t, + 0,75) mm 
where 

t4 is the mild steel thickness as determined from 3.4. For 


aluminium pontoons designed for the exclusive carriage 
of unladen wheeled vehicles: 


t = 1,4t, mm 


4.5.3 Where it is proposed to use plywood decking, the 
arrangement and thickness will be considered. Plywood 
alone, is not, generally, to be used for axle loads in excess of 
7,8 kN (0,8 tonne-f). 


4.5.4 Attention is drawn to National fire regulations which 
in certain cases may ban the use of plywood and certain other 
materials in ‘special category spaces’ on passenger ships. 


4.6 Pontoon webs and stiffeners 


4.6.1 The section modulus of webs and stiffening of steel 
pontoons is to be not less than: 


Z = (0,375K4 P lę + 0,00125K3h S 1,2) k cms 
for general-purpose cargo decks where fork lift 
trucks may be used 
where the values of K; and Kọ are given in 
Table 9.4.1, and 


h = load height of cargo on the deck, where this is 
proposed to be carried, in metres 
P = the total fok lift truck load, in tonnes, is to be 
applied to one axle. 
Table 9.4.1 Values of K, and K3 


Wheel spacing* 
Beam span 


Ky Ko 


15,4 1,89 
14,6 1,845 
13,35 1,730 
0,4 11,8 1,55 
0,5 and greater 10,1 1,30 


* Outer wheel to outer wheel on axles with multiple wheel 
arrangements 


4.6.2 The section modulus of webs and stiffening of 
aluminium pontoons is to be not less than that defined in 4.6.1 
replacing k by k, where k, is defined in Ch 2,1. 


4.6.3 Where plywood decking is proposed, or in other 
arrangements where the decking is not integral with the 
stiffening webs, the arrangement of the grillage of webs is to 
be such as to provide the required strength. 
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4.7 Deflection 


4.7.1 Where wheeled vehicles are to be used, the 
supporting arrangements are to be such that the movement 
at the edge of one pontoon relative to the next does not 
exceed 50 mm during loading or unloading operations. 


4.8 Direct calculations 


4.8.1 As an alternative to 4.3 to 4.7, the structure may be 
designed on the basis of a direct calculation using a grillage 
idealisation. The method adopted and the stress levels 
proposed for the material of construction are to be submitted 
for consideration. 


E Section 5 
Helicopter landing areas 


5.1 General 


5.1.1 Where it is proposed to provide a helicopter landing 
area on the ship, the structure is to be designed to suit the 
largest helicopter type which it is intended to use. 


5.1.2 Attention is drawn to the requirements of National 
and other Authorities concerning the construction of helicopter 
landing platforms and the operation of helicopters as they 
affect the ship. These include SOLAS Chapter Il-2 Regulation 18 
and Chapter IIl Regulation 28 as applicable. Guidance on the 
provision and operation of helicopter landing or winching 
facilities may be drawn from international standards such as 
the International Chamber of Shipping (ICS) Guide to 
Helicopter/Ship Operations and the International Aeronautical 
Search and Rescue Manual (IAMSAR). 


5.1.3 Plans are to be submitted showing the proposed 
scantlings and arrangements of the structure. The type, size 
and weight of helicopters to be used are also to be indicated. 
Details of the helicopter types to be used are to be included in 
the Loading Manual (see Ch 4,8.2) and be contained in a 
notice displayed on the helicopter landing deck. 


5.1.4 Where the landing area forms part of a weather or 
erection deck, the scantlings are to be not less than those 
required for decks in the same position. 


5.2 Symbols 


5.2.1 The symbols in this Section are defined in 1.2 and 
in the appropriate sub-Section. 


5.3 Arrangements 


5.3.1 The landing area is to be sufficiently large to allow 
for the landing and manoeuvring of the helicopter, and is to 
be approached by a clear landing and take-off sector complying 
in extent with the applicable Regulations, International 
Standards, or to the satisfaction of the National Authority. 
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5.3.2 The landing area is to be free of any projections 
above the level of the deck. Projections in the zone surrounding 
the landing area are to be kept below the heights permitted 
by the Regulations, International Standards, or to the satis- 
faction of the National Authority. 


5.3.3 Suitable arrangements are to be made to minimise 
the risk of personnel or machinery sliding off the landing area. 
A non-slip surface and anchoring devices are to be provided. 


5.3.4 Engine uptake arrangements are to be sited such 
that exhaust gases cannot be drawn into helicopter engine 
intakes during helicopter take off or landing operations. 


5.4 Landing area plating 


5.4.1 The deck plate thickness, t, within the landing area 
is to be not less than: 


t =t,+1,5 mm 
where 
ty = asr mm 
1000 k 
a = thickness coefficient obtained from Fig. 9.3.1 


B = tyre print coefficient used in Fig. 9.3.1 


2 
= logi9 (25 x 107) 
s2 


The plating is to be designed for the emergency landing case 
taking: 
P4 = 2,5616063fyPy tonnes 


in which 64, 69, 63 are to be determined from Table 9.3.1 
f = 1,15 for landing decks over manned spaces, e.g., 
deckhouses, bridges, control rooms, etc. 
= 1,0 elsewhere 
P, = the maximum all-up weight of the helicopter, in 
tonnes 
Pw = landing load, on the tyre print in tonnes; 
for helicopters with a single main rotor, Py is to be 
taken as P} divided equally between the two main 
undercarriage wheels, 
for helicopters with tandem main rotors, P,, is to be 
taken as P} distributed between all main undercar- 
riage wheels in proportion to the static loads they 
carry 
For helicopters fitted with landing gear consisting 
of skids, P\, is to be taken as Ph distributed in 
accordance with the actual load distribution given 
by the airframe manufacturer. If this is unknown, Pw 
is to be taken as 1/6P, for each of the two forward 
contact points and 1/3P, for each of the two aft 
contact points. The load may be assumed to act as 
a 300 mm x 10 mm line load at each end of each 
skid when applying Fig. 9.3.1. 
y = alocation factor given in Table 9.5.1. 
For wheeled undercarriages, the tyre print dimensions speci- 
fied by the manufacturer are to be used for the calculation. 
Where these are unknown, it may be assumed that the print 
area is 300 x 300 mm and this assumption is to be indicated 
on the submitted plan. 
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For skids and tyres with an asymmetric print, the print is to be 
considered oriented both parallel and perpendicular to the 
longest edge of the plate panel and the greatest 
corresponding value of a, taken from Fig. 9.3.1. 


Table 9.5.1 Location factor 


Location 


On decks forming part of the 
hull girder 

(a) within 0,4L amidships Values for inter- 

mediate locations 

are to be determined 


by interpolation 


(b) at the F.P. or A.P. 


Elsewhere 


5.4.2 The plate thickness for aluminium decks is to be 
not less than: 


t = 1,4t,+1,5 mm 


where 
t4 is the mild steel thickness as determined from 5.4.1. 


5.5 Deck stiffening and supporting structure 


5.5.1 The helicopter deck stiffening and the supporting 
structure for helicopter platforms are to be designed for the 
load cases given in Table 9.5.2 in association with the permis- 
sible stresses given in Table 9.5.3. The helicopter is to be 
positioned so as to produce the most severe loading 
condition for each structural member under consideration. 


5.5.2 The minimum moment of inertia, Z, of aluminium 


secondary structure stiffening is to be not less than: 
p = 228 Zl, om" 
ka 


where 
Z is the required section modulus of the aluminium 
stiffener and attached plating and k, as defined in 4.6.2. 


5.5.3 Where a grillage arrangement is adopted for the 
platform stiffening, it is recommended that direct calculation 
procedures be used. 


5.6 Bimetallic connections 
5.6.7 Where aluminium alloy platforms are connected to 


steel structures, details of the arrangements in way of the 
bimetallic connections are to be submitted. 
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Table 9.5.2 


Loadcase 


Part 3, Chapter 9 


Design load cases for deck stiffening and supporting structure 


Section 5 


Landi 


ng area 


Supporting structure 
(See Note 1) 


UDL, in KN/m2 
(tonne-f/m2) 


Helicopter patch load 


(See Note 2) Self weight 


Horizontal load 
(See Note 2) 


(1) Overall distributed loading 


2 
(0,2) 


(2) Helicopter emergency landing 


0,5 
(0,05) 


0,5Ph 


(3) Normal usage 


0,5 
(0,05) 


Symbols 


0,5Ph + 0,5Wh 


Ph,Pw as defined in 5.4.1 


UDL = Uniformly distributed vertical load over entire landing area 
Wh = structural self-weight of helicopter platform 


NOTES 


1. For the design of the supporting structure for helicopter platforms, applicable self weight and horizontal loads are to be added to the land- 


ing area loads. 


2. The helicopter is to be so positioned as to produce the most severe loading condition for each structural member under consideration. 


Table 9.5.3 


Loadcase 
(See Table 9.5.2) 


Permissible stresses for deck stiffening and supporting structure 


Permissible stresses, in N/mm? (kgf/mm?) 


Deck secondary 
structure (beams, 
longitudinals) 


Primary structure 
(transverses, girders, 
pillars, trusses) 


All structure 


(See Notes 1 and 2) 


Combined 
Ben bending 
and axial 


(1) Overall distributed loading 1r af 0,606 


(2) Helicopter emergency landing ae 220,5 0,906 


k 


(3) Normal usage 1 fe 1 0,606 


Symbols 


a material factor : 

as defined in 1.2 for steel members 

k, as defined in 4.6.2 for aluminium alloy members 

6, = yield stress, 0,2% proof stress or compressive buckling stress, in N/mm? (kgf/mm2), whichever is the lesser 


NOTES 
1. For strength deck longitudinals and girders, the permissible bending stresses are to be reduced as follows: 
(a) within 0,4L of amidships — by 30% 
(b) at the F.P. or A.P. - by 0% 
Values at intermediate locations are to be determined by interpolation between (a) and (b). 
When determining bending stresses in secondary structure, for compliance with the above permissible stresses, 100% end fixity may 
be assumed. 
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E Section 6 
Lifting appliances and support 


arrangements 
6.1 General 
6.1.1 Masts, derrick posts, crane pedestals and similar 


supporting structures are classification items, and the 
scantlings and arrangements are to comply with LR’s require- 
ments whether or not LR is also requested to issue the 
Register of Ships’ Cargo Gear and Lifting Appliances. 


6.1.2 Where the lifting appliance is considered to be an 
essential feature of a classed ship, the special feature class 
notation LA will, in general, be mandatory. 


6.1.3 Elsewhere, classification of lifting appliances is 
optional and may be assigned at the request of the Owner on 
compliance with the appropriate requirements. 


6.1.4 Certain movable support structures and lifting 
appliances on special purpose vessels which are considered 
an essential feature of the vessel are to be included in the 
classification of the vessel. 


6.7.5 Proposals to class lifting appliances on unclassed 
ships will be specially considered. 


6.2 Masts, derrick posts and crane pedestals 


6.2.1 The scantlings of masts and derrick posts, intended 
to support derrick booms, conveyor arms and similar loads, 
and of crane pedestals, are to comply with the requirements 
of LR’s Code for Lifting Appliances in a Marine Environment 
(hereinafter referred to as LAME). 


6.2.2 In addition to the information and plans requested 

in LR’s LAME the following details are to be submitted: 

(a) Details of masthouses or other supports for the masts, 
derrick posts or crane pedestals, together with details of 
the attachments to the hull structure. 

(b) Details of any reinforcement or additional supporting 
material fitted to the hull structure in way of the mast, 
derrick post or crane pedestal. 


Table 9.6.1 


Special features 


Lifting appliance F 
Beene ee class notation 
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6.3 Support structure for masts, derrick posts 
and crane pedestals 


6.3.1 The requirements of 6.3.2 and 6.3.3 are not 
applicable to Double Hull Oil Tankers or Bulk Carriers with a 
CSR notation, see Pt 1, Ch 2,2.3. 


6.3.2 Masts, derrick posts and crane pedestals are to be 
efficiently supported and, in general, are to be carried through the 
deck and satisfactorily scarfed into a transverse hold or ‘tween 
deck bulkhead. Alternatively, the masts, derrick posts or crane 
pedestals may be carried into a mast house, in which case the 
mast house is to be of substantial construction. Proposals for 
other support arrangements will be specially considered. 


6.3.3 Deck plating and underdeck structure are to be 
reinforced under masts, derrick posts or crane pedestals and, 
where the deck is penetrated, the deck plating is to be 
suitably increased locally. 


6.4 Lifting appliances 


6.4.1 Ships or offshore units fitted with lifting appliances 
built in accordance with LR’s LAME in respect of structural 
and machinery requirements will be eligible to be assigned 
Special Features class notations as listed in Table 9.6.1. This 
notation will be retained so long as the appliances are found 
upon examination at the prescribed surveys to be maintained 
in accordance with LR’s requirements. 


Special features class notations associated with lifting appliances 


Remarks 


Derricks, derrick cranes or cranes on ships CG 


Cranes on offshore installations 


Lifts and ramps on ships 


Lifting appliances forming an essential feature 
of the vessel, e.g., cranes on crane barges 
or pontoons, lifting arrangements for diving 
on diving support ships, etc. 


Optional notation. 
ndicates that the ship’s cargo gear is included in class. 


Optional notation. 
ndicates that the installation’s platform cranes are 
included in class. 


Optional notations. 
ndicate that the ship’s cargo lifts (CL), passenger lifts 
PL) or cargo ramps (CR) are included in class. 


Mandatory notation. 
ndicates that the lifting appliance is included in class. 
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Section 7 


a Section 7 
Bottom strengthening for loading 
and unloading aground 


7.1 Application 


7.1.1 Where a ship of length, L, less than 90 m has the 
bottom structure additionally strengthened for loading and 
unloading aground in accordance with Table 9.7.1, it will be 
eligible for the special features notation ‘bottom strengthened 
for loading and unloading aground’. Ships of length, L, 90 m 
or more intended for this service will receive individual 
consideration. 


7.1.2 For dredgers intended to operate aground, the 
requirements of Pt 4, Ch 12 are to be applied. 


Table 9.7.1 Bottom strengthening for loading and unloading aground 


Item Requirement 


The following requirements are to be applied to the bottom structure upon which the ship is likely to be supported whilst aground 


(1) Bottom shell and kee Thickness to be increased by 20% over the minimum requirements given in Part 4 for the particular type 
plating of ship with a minimum of 8 mm 


Bottom longitudinals in way | For dry cargo ships, as required in way of double bottoms, see item (3) 
of single bottoms 


For oil tankers, scantlings as required by Table 9.5.1 in Pt 4, Ch 9 in taking c4 = 1,0 


Bottom longitudinals in way | For dry cargo ships, scantlings as required by Table 1.6.1 in Pt 4, Ch 1 in taking c4 = 1,0 
of double bottoms, see 
Note 1 


Bilge longitudinals (where Scantlings to be the same as bottom longitudinals 
fitted) 


Transverse framing Longitudinal framing 


Primary stiffening in way of Floors to be fitted at every frame with vertical stiff- | (a) The arrangements and scantlings will receive 
single bottoms, see Notes eners spaced, in general, not more than 1,25 m individual consideration depending on the 
2 and 3 apart structural arrangements of the particular ship 


One side girder is to be fitted on each side of the type 

centreline in addition to the requirements of Pt 4, The spacing of transverse or floors is, in 
Ch 1,7 and intermediate 150 x 10 bulb plate general, not to exceed 1,85 m 
longitudinals or equivalent fitted 


Primary stiffening in way of Plate floors are to be fitted at every frame and The spacing of floors is, in general, not to 
double bottoms, see Notes vertical stiffening arranged to give panel widths, in exceed 1,85 m 


aande general; Nobexcseding 125m One side girder is to be fitted on each side of 


One side girder is to be fitted on each side of the the centreline in addition to the requirements of 
centreline in addition to the requirements of Pt 4, Pt 4, Ch 1,8 

Ch 1,8 and intermediate 150 x 10 bulb plate 
longitudinals or equivalent fitted 


NOTES 

For oil tankers, to be specially considered. 

The scantlings of floors, girders and transverses are to be determined from Part 4, for the particular ship type. 

The number and sizes of holes in floors, girders and transverses are to be kept to a minimum; see Pt 4, Ch 1,8 and Pt 4, Ch 9,6. 
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Section 8 
Strengthening for regular 
discharge by heavy grabs 
| 8.1 Application 
8.1.1 For bulk carriers where cargoes are regularly 


discharged by heavy grabs and the thickness of the plating of 
the hold inner bottom, hopper and transverse bulkhead 
bottom stool is increased in accordance with the requirements 
of this Section, the ship will, at the Owner’s option, be 
assigned the notation ‘strengthened for regular discharge by 
heavy grabs’. 


| 8.1.2 It should be noted that damage to the plating 
cannot be excluded even when complying with these require- 
ments and can result from the mishandling of the grabs during 
the discharge of cargo. 


8.1.3 The grab weight given in 9.2.1 does not preclude 
the use of heavier grabs. It is intended as an indication to the 
Builders, Owners and operators of the increased risk of local 
damage and the possibility of accelerated diminution of the 
plating thickness if grabs heavier than this are used regularly 
to discharge cargo. 


8.1.4 The maximum unladen weight of the grab is to be 
recorded in the Loading Manual, see also Ch 4,8.2.4(e). 


8.1.5 The requirements in this Section are not applicable 
to Double Hull Oil Tankers or Bulk Carriers with a CSR 
notation. See Pt 1, Ch 2,2.3. 


| 8.2 Inner bottom plating 

8.2.1 The thickness of the inner bottom plating in the 
holds is to be not less than required by the greater of the 
following: 


(i090 (1 775P (£7) + 5,7633)s -344,5 
40,875 VK 


(b) t= the Rule required thickness, in mm in accordance with 
Pt 4, Ch 7,8 for the intended class notation. 


(a) t= +1,5mm 


where 
P = specified unladen grab weight for the hold, in 
tonnes, and is not to be taken as less than 
25 tonnes 
s = spacing of inner bottom longitudinals, in mm 
k = higher tensile steel factor as defined in Ch 2,1.2. 


Part 3, Chapter 9 


Section 8 


8.3 Hopper side tank sloped bulkhead plating 
8.3.1 The thickness of the sloped bulkhead plating 
adjacent to the inner bottom knuckle is to be as required by 
8.2.1 but based on the actual spacing of stiffeners. The 
plating of increased thickness is to extend for a minimum 
distance corresponding to a vertical height of 1,5 m above the 
line of the inner bottom. Outboard of the plating of increased 
thickness, the thickness of the adjacent strakes is to be 
tapered to the Rule thickness for plating, as required by Pt 4, 
Ch 1,8.4.1, at the top corner of the tank, see also Pt 4, 
Ch 7,9.2.3 where, in addition, the ‘strengthened for heavy 
cargo’ notation is desired. 


8.4 Transverse bulkhead plating 

8.4.1 The thickness of the bulkhead or stool plating 
adjacent to the inner bottom is to be as required by 8.2.1 but 
based on the actual spacing of the bulkhead or stool 
stiffeners. The plating of increased thickness is to extend for a 
minimum distance corresponding to a vertical height of 
1,5 m above the line of the inner bottom. 


LLOYD'S REGISTER 


13 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Welding and Structural Details 


Section 

1 General 

2 Welding 

3 Secondary member end connections 

4 Construction details for primary members 

5 Structural details 

6 Access arrangements for oil tankers and bulk 
carriers 


va Section 7 
General 


1.1 Application 


1.1.1 This Chapter is applicable to all ship types and 
components. 


1.1.2 
following: 
(a) Welding-connection details, defined practices and 
sequence, consumables and equipment, procedures, 
workmanship and inspection. 
(o) End connection scantlings and constructional details for 
longitudinals, beams, frames and bulkhead stiffeners. 
(c) Primary member proportions, stiffening and construction 
details. 
Additional requirements for primary structure of tankers and 
similar ships are given in Pt 4, Ch 9,6. 


Requirements are given in this Chapter for the 


1.7.3 The requirements in this Chapter are not applicable 
to Double Hull Oil Tankers or Bulk Carriers with a CSR 
notation (see Pt 1, Ch 2,2.3) with the exception of 2.5 to 2.9 
which are to be complied with. 


1.2 Symbols 


1.2.1 Symbols are defined as necessary in each Section. 
1.2.2 The Notation ESP serves to identify the ships as 
being subject to an Enhanced Survey Programme as detailed 
in Pt 1, Ch 3,3 and Ch 3,7, see also Pt 1, Ch 2,2. 


Part 3, Chapter 10 


Sections 1 & 2 


m Section 2 
Welding 


2.1 General 


2.1.1 The plans to be submitted for approval are to 
indicate clearly details of the welded connections of main 
structural members, including the type and size of welds. This 
requirement includes welded connections to steel castings. 
The information to be submitted should include the 


following: 
(a) Whether weld sizes given are throat thicknesses or leg 
lengths. 


(b) Grades and thicknesses of materials to be welded. 

(c) Location, types of joints and angles of abutting 
members. 

(d) Reference to welding procedures to be used. 

(e) Sequence of welding of assemblies and joining up of 
assemblies. 


2.1.2 Unless otherwise indicated, all welding is to be in 
accordance with the requirements of Chapter 13 of the Rules 
for Materials. 


2.2 Fillet welds 
2.2.1 The throat thickness of fillet welds is to be deter- 
mined from: 


Throat thickness = tp x weld factor x d 
S 


where 
d = the distance between start positions of successive 
weld fillet, in mm 
s = the length, in mm, of correctly proportioned weld 
fillet, clear of end craters, and is to be not less than 
75mm 
tọ = plate thickness, on which weld fillet size is based, 
in Mmm 
see also Fig. 10.2.1 
Weld factors are given in Tables 10.2.1, 10.2.3 and 10.2.4. 


2.2.2 Where double continuous fillet welding is proposed, 


d 
the throat thickness is to be determined taking ( Ss ) equal to 
1,0. 


2.2.3 The leg length of the weld is to be not less than 
2 times the specified throat thickness. 


2.2.4 The plate thickness, tp, to be used in the above 
calculation is generally to be that of the thinner of the two 
parts being joined. Where the difference in thickness is 
considerable, the size of fillet will be considered. 
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Throat thickness 


tp = lesser of t4 or ty 
Leg length 


(a) Weld fillet dimensions 


somm 
———8§ 
; max 


E 
dee 


(c) Chain intermittent 


(b) Staggered intermittent 


Welding to be carried 
round ends of all lugs 


Depth of scallop not greater 
than 0,25d\, or 75 mm, 
whichever is the lesser 


Fees 


ax. 


Radius not less 
than 25 mm 


(d) Scalloped construction 


NOTE sto be not less than 75 mm, in all cases 


Fig. 10.2.1 Weld types 


2.2.5 Where the thickness of the abutting member of the 

connection (e.g., the web of a stiffener) is greater than 15 mm 

and exceeds the thickness of the table member (e.g., plating), 

the welding is to be double continuous and the throat 

thickness of the weld is to be not less than the greatest of the 

following: 

(a) 0,21 x thickness of the table member. The table member 
thickness used need not exceed 25 mm. 

(b) 0,21 (0,27 in tanks) x half the thickness of the abutting 
member. 

(c) As required by Table 10.2.2. 


2.2.6 Except as permitted by 2.2.5, the throat thickness 
of the weld is not to be outside the limits specified in 
Table 10.2.2. 


Part 3, Chapter 10 


Section 2 


2.2.7 Double continuous fillet welding is to be adopted in 

the following locations, and may be used elsewhere if desired: 

a) Boundaries of weathertight decks and erections, 

including hatch coamings, companionways and other 

openings. 

b) Boundaries of tanks and watertight compartments. 

c) All structure in the after peak and the after peak bulk- 
head stiffeners. 

d) All welding inside tanks intended for chemicals or edible 
liquid cargoes. 

e) All lap welds in tanks. 

f) Primary and secondary members to bottom shell in the 
0,3L forward. 

g) Primary and secondary members to plating in way of end 
connections, and end brackets to plating in the case of 
lap connections. 

h) Where 2.2.5 applies. 

() | All water ballast tanks. 

k) Other connections or attachments, where considered 
necessary, and in particular the attachment of minor 
fittings to higher tensile steel plating. 


2.2.8 Where intermittent welding is used, the welding is 
to be made double continuous in way of brackets, lugs and 
scallops and at the orthogonal connections with other 
members. 


2.2.9 As an alternative to intermittent welding, single 
sided welding may be used. Only mechanised single sided 
welding is acceptable although manual single sided welding 
may be used at non-critical locations e.g., deck house 
stiffeners. Where single sided welding is used, the welding is 
to be made double continuous in way of brackets, lugs and 
scallops and at the orthogonal connections with other 
members. 


2.2.10 Where structural members pass through the 
boundary of a tank, and leakage into the adjacent space 
could be hazardous or undesirable, full penetration welding is 
to be adopted for the members for at least 150 mm on each 
side of the boundary. Alternatively a small scallop of suitable 
shape may be cut in the member close to the boundary 
outside the compartment, and carefully welded all round. 


2.3 Welding of primary structure 


2.3.1 Weld factors for the connections of primary struc- 
ture are given in Table 10.2.3. 


2.3.2 The weld connection to shell, deck or bulkhead is 
to take account of the material lost in the notch where longitu- 
dinals or stiffeners pass through the member. Where the width 
of notch exceeds 15 per cent of the stiffener spacing, the 
weld factor is to be multiplied by: 

0,85 x stiffener spacing 


length of web plating between notches 


2.3.8 Where direct calculation procedures have been 
adopted, the weld factors for the 0,2 x overall length at the 
ends of the members will be considered in relation to the 
calculated loads. 
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Table 10.2.1 Weld factors (see continuation) 


(1) General application: 
Watertight plate boundaries 
Non-tight plate boundaries 


Longitudinals, frames, beams, and other 
secondary members to shell, deck or 
bulkhead plating 


Panel stiffeners, etc. 
Overlap welds generally 
Longitudinals of the flat-bar type to plating 


Weld factor 


Part 3, Chapter 10 


Section 2 


Remarks 


except as required below 


in tanks 
in way of end connections 


see Note 5 


(2) Bottom construction in way of holds or tanks: 


Non-tight centre girder: to keel 


to inner bottom 


Non-tight boundaries of floors, girders and 
brackets 


Inner bottom longitudinals or reverse frames 


Connection of floors to inner bottom in way of 
plane bulkheads, bulkhead stools, or 
corrugated and double plate bulkheads 
supported on inner bottom. The supporting 
floors are to be continuously welded to the 
inner bottom 


no scallops 


in way of 0,2 x span at ends 
in way of brackets at lower end of main frame 


under holds strengthened for heavy cargoes 


Weld size based on floor thickness 
Weld material compatible with floor material 
see Note 4 


(3) Hull framing: 


Webs of web frames and stringers: 
to shell 
to face plate 


Tank side brackets to shell and inner bottom 


(4) Decks and supporting structure: 
Strength deck plating to shell 


Other decks to shell and bulkheads (except 
where forming tank boundaries) 


Webs of cantilevers to deck and to shell in way 
of root bracket 


0,21 


as shown in Table 10.2.5 but alternative proposals 
will be considered 


generally continuous 


0,44 
0,21 


0,10 
0,34 
full penetration 


Webs of cantilevers to face plate 


Pillars: fabricated 
end connections 
end connections (tubular) 


see Note 1 


Girder web connections and brackets in way 
of pillar heads and heels 


0,21 continuous 


2.3.4 The throat thickness limits given in Table 10.2.2 are 
to be complied with. 


2.4.3 The area of weld, Aw, is to be applied to each arm 
of the bracket or lapped connection. 


2.4.4 Where a longitudinal strength member is cut at a 
2.4 Welding of primary and secondary member primary support and the continuity of strength is provided by 
end connections brackets, the area of weld is to be not less than the cross- 
sectional area of the member. 
2.4.1 Welding of end connections of primary members is 


to be such that the area of welding is not less than the cross- 
sectional area of the member, and the weld factor is to be not 
less than 0,34 in tanks or 0,27 elsewhere. 


2.4.2 The welding of secondary member end connec- 
tions is to be not less than as required by Table 10.2.4. Where 
two requirements are given the greater is to be complied with. 
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Table 10.2.1 Weld factors (continued) 


Weld factor 


(5) Bulkheads and tank construction, see also 
Pt 4, Ch 7,10: 

Plane, double plate and corrugated watertight 
bulkhead boundary at bottom, bilge, inner 
bottom, deck and connection to shelf plate, 
where fitted 


Shelf plate connection to stool 


Plane, double plate and corrugated bulkhead 
boundaries in way of deep tanks, holds in 
bulk carriers (see 1.1.3) which are floodable for the; 
sea going ballast condition or for the carriage 
of oil cargoes (Holds in bulk carriers (see 1.1.3) 
which are partially flooded for harbour 
conditions will be specially considered): 


— Boundary at bottom, bilge, inner bottom 0,44 
and deck 


— Connection of stool and bulkhead to lower full penetration 
stool shelf plating 

— Connection of stool and bulkhead plating 0,44 
to upper stool shelf plate 

— Connection of bulkhead plating to hopper 
and topside tanks 

— Connection of bulkhead plating to side shell 


Secondary members where acting as pillars 


Non-watertight pillar bulkhead boundaries 


Perforated flats and wash bulkhead boundaries 


Part 3, Chapter 10 


Section 2 


Remarks 


weld size to be based on thickness of bulkhead 
plating 

weld material to be compatible with bulkhead plating 
material 


weld size to be based on thickness of stool at 
junction with shelf plate. Weld material to be 
compatible with stool material 


(6) Structure in cargo oil tanks of tankers, see 1.1.3: 
Bottom longitudinals to shell 
Longitudinal of flat-bar type to plating 


Connections between primary structural 0,44 
members 0,34 


Oiltight bulkhead boundaries: 
longitudinal bulkhead 0,44 
transverse bulkhead 0,44 
0,34 


Vertical corrugations to an inner bottom full penetration 


Non-tight bulkhead boundaries to plating 0,21 


for forward of 0,3L 
see 2.2.5 


at bottom 
at deck 


see Note 2 
at bottom, see Note 3 
at deck, sides and longitudinal bulkhead 


(7) Structure in cargo tanks of chemical tankers: 


Tank boundary bulkheads: 
Type 1 ship full penetration 
Type 2 ship 

longitudinal bulkheads 

transverse bulkheads 

Type 3 ship 

longitudinal bulkheads 

transverse bulkheads 

transverse bulkheads at 
deck, sides and 
longitudinal bulkhead 


see Note 2 


see Note 2 
at bottom see Note 3 


(8) Structure in hoppers of hopper dredgers, etc.: 


Bulkhead boundary connections 0,44 
0,34 


Cross members to bulkheads and keel 0,44 


Pillar end connections 0,34 


Hopper door hinges full penetration 


at bottom and bilge 
at deck and coamings 


generally 
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Section 2 


Table 10.2.1 Weld factors (continued) 


(9) Structure in machinery space: 
Centre girder to keel and inner bottom 0,27 


Floors to centre girder in way of engine, 
thrust and boiler bearers 0,27 


Floors and girders to shell and inner bottom 0,21 


Main engine foundation girders: 
to top plate deep penetration to edge to be prepared with maximum root 0,33tp deep 
to hull structure depend on design penetration generally 


Floors to main engine foundation girders 0,27 


Brackets, etc., to main engine foundation 0,21 
girders 


Transverse and longitudinal framing to shell 0,13 


(10) Construction in 0,25L forward: 
Floors and girders to shell and inner bottom 
Bottom longitudinals to shell 
Transverse and longitudinal side framing to shell 


Tank side brackets to frame and inner bottom 


Panting stringers to shell and frames 


Fore peak construction: 
all internal structure ess a greater weld factor is required 


(11) After peak construction: 


All internal structure and stiffeners on after 
peak bulkhead ess a greater weld factor is required 


(12) Superstructure and deckhouses: 


Connection of external bulkheads to deck 1St and 2nd tier erections 
elsewhere 


Internal bulkheads 


(13) Hatchways and closing arrangements: 
Hatchways coamings to deck 0,44 at corners 
Hatch cover rest bar 
Hatch coaming stays to coaming 


Hatch coaming stays to deck 


Cleats and fittings full penetration welding may be required 


Primary and secondary stiffening of hatch 0,13 for tank covers and where covers strengthened 
covers for loads over 


(14) Steering control systems: 


Rudder: 
Fabricated mainpiece and mainpiece to 
side plates and webs 


Slot welds inside plates 
Remaining construction 


Fixed and steering nozzles: 
Main structure 
Elsewhere 


Fabricated housing and structure of 
thruster units, stabilisers, etc.: 
Main structure 
Elsewhere 
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Table 10.2.1 Weld factors (conclusion) 


(15) Miscellaneous fittings and equipment: 


Rings for manhole type covers, to deck or 
bulkhead 


Frames of shel 
doors 


and weathertight bulkhead 


Stiffening of doors 


Ventilator, air pipe, etc., coamings to deck 


Ventilator, etc., fittings 
Scuppers and discharges, to deck 


Masts, derrick posts, crane pedestals, etc., 
to deck 


Deck machinery seats to deck 
Mooring equipment seats 


Bulwark stays to deck 

Bulwark attachment to deck 

Guard rails, stanchions, etc., to deck 
Bilge keel ground bars to shell 


Bilge keels to ground bars 


Fabricated anchors 


Weld factor 


0,34 


0,34 
0,21 


0,34 
0,21 


0,21 
0,44 


0,44 
0,21 
0,21 


0,21 
0,34 
0,34 
0,34 


0,21 


full penetration 


Part 3, Chapter 10 


Section 2 


Remarks 


Load Line Positions 1 and 2 
elsewhere 


full penetration welding may be required 
generally 


generally, but increased or full penetration welding 
may be required 


Continuous fillet weld, minimum throat thickness 
4mm 


Light continuous fillet weld, minimum throat thickness 
3mm 


NOTES 
1. Where pillars are fitted inside tanks or under watertight flats, 
the end connection is to be such that the tensile stress in the 
weld does not exceed 108 N/mm? (11 kgf/mm2). 

t, need not be taken greater than the thickness determined 
from item 1(a) or 1(b) and Notes, as appropriate, of Table 9.6.1 
in Pt 4, Ch 9, but in no case is the weld throat thickness to be 
less than 0,34 x actual plate thickness. 

t, need not be taken greater than the Rule thickness deter- 
mined from Table 9.7.1 of Pt 4, Ch 9 for stiffener spacing of 
760 mm, but in no case is the weld throat thickness to be less 
than 0,34 x actual plate thickness. 


2.4.5 Where the secondary member passes through, and 
is supported by, the web of a primary member, the weld 
connection is to be in accordance with the following: 
(a) In strengthening of bottom forward 
Comply with the requirements of Ch 5,1.5. 


region: 


(b) Elsewhere: 
Comply with the requirements of 5.2. 
2.4.6 The throat thickness limits given in Table 10.2.2 are 


to be complied with. 


2.5 Welding equipment 

2.5.1 Welding plant and equipment are to be in accor- 
dance with the requirements specified in Ch 13,1.8 of the 
Rules for Materials. 


In way of bulkhead stools in ballast holds of bulk carriers or in 
tanks at longitudinal girder/transverse floor intersection, cut- 
outs are to be omitted and full penetration welding is to be 
applied to both floor and girder for a distance of 150 mm on 
either side of intersection. 

The throat thickness of the weld is to be determined by 2.2.5. 
For longitudinals within D/4 of the strength deck and with a 
thickness less than 100 mm, the throat thickness need not 
exceed 5,5 mm. 


2.6 Welding consumables and equipment 

2.6.1 Welding consumables used and associated equip- 
ment is to be in accordance with the requirements specified in 
Ch 13,1.8 of the Rules for Materials. 


2.7 Welding procedures and welder qualifications 
2.7.1 Welding procedures are to be established for the 
welding of all joints in accordance with the requirements 
specified in Ch 13,1.9 of the Rules for Materials. 


2.7.2 All welding procedures are to be tested and 
qualified in accordance with the requirements of Chapter 12 of 
the Rules for Materials and are to be approved by the 
Surveyor prior to construction. 


2.7.3 Welders and welding operators are to be proficient 
in the type of work to be undertaken and are to be qualified in 
accordance with the requirements specified in Chapter 12 of 
the Rules for Materials. 
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Table 10.2.2 Throat thickness limits 


Throat thickness, 
inmm 


Minimum Maximum 


(1) Double continuous welding 


0,21tp 
0,27tp 


0,44t, 


0,44t, 
or 4,5 


(2) Intermittent welding 


(3) All welds, overriding minimum: 


(a) Plate thickness tp $ 7,5 mm 
Hand or automatic welding 
Automatic deep penetration 

welding 


(b) Plate thickness tp > 7,5 MM 
Hand or automatic welding 
Automatic deep penetration 

welding 


3,0 


3,25 


3,0 


NOTES 

1. In all cases, the limiting value is to be taken as the greatest 
of the applicable values given above. 

2. Where tp exceeds 25 mm, the limiting values may be 

calculated using a notional thickness equal to 

0,4 (tp +25) MM. 

The maximum throat thicknesses shown are intended only 

as a design limit for the approval of fillet welded joints. Any 

welding in excess of these limits is to be to the Surveyor’s 

satisfaction. 


2.8 Workmanship and shipyard practice 
2.8.1 


stages of welding operations. 


Table 10.2.3 Connections of primary structure 


Primary member face area, in cm2 


A sufficient number of skilled supervisors is to be 
provided to ensure an effective and systematic control at all 
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Section 2 


2.9 Inspection of welds 

2.9.1 Effective arrangements are to be provided by the 
Shipbuilder for the inspection of finished welds to ensure that 
all welding has been satisfactorily completed. 


2.9.2 All finished welds are to be subjected to non- 
destructive examination by personnel designated by the 
Builder in accordance with the requirements specified in 
Ch 13,2.12 of the Rules for Materials. 


2.9.3 In addition to the requirements of 2.9.2, a number 
of checkpoints are to be examined by volumetric examination 
as detailed in 2.9.4 to 2.9.9. 


2.9.4 Typical locations and number of checkpoints to be 
taken are shown in Table 10.2.6. Critical locations as identified 
by ShipRight FDA Procedure (see Chapter 16) are also to be 
considered. A plan of the proposed checkpoint locations is to 
be submitted for approval. 


2.9.5 Checkpoints are not to be identified on the ship’s 
structural components prior to the welding taking place. 
Special treatment is not to be given at these locations except 
critical locations as identified by ShipRight FDA Procedure. 


2.9.6 For ultrasonic examination the length of each 
checkpoint is to be 0,5 m and for radiographic examination 
the length is to be a minimum of 0,3 m. At weld intersections, 
examination is to be in both weld directions. 


Weld factor 


Position(?) 


Exceeding Not exceeding 


To face plate 


In tanks In dry spaces 


To face plate To plating 


30,0 


65,0 


95,0 


130,0 


NOTES 

1. The weld factors ‘at ends’ are to be applied for 0,2 x the 
overall length of the member from each end, but at least 
beyond the toes of the member end brackets. On vertical 
webs the increased welding may be omitted at the top, but is 
to extend at least 0,3 x overall length from the bottom. 
Weld factor 0,34 in cargo oil tanks. 
Where the web plate thickness is increased locally, the weld 
size may be based on the thickness clear of the increase, but 
is to be not less than 0,34 x the increased thickness. 


0,21 
0,10 


0,21 
0,13 


0,34 


0,27) 


0,34 


0,27(2) 


0,44 
0,34 


0,21 
0,10 
0,21 
0,13 
0,21 
0,16 


0,27 
0,21 


0,34 
0,27 


0,21 
0,13 


0,21 
0,16 


0,27 
0,21 


0,34 
0,27 


0,44(8) 
0,34 


In tankers over 122 m in length, the weld factor of the 
connection of bottom transverses to shell, and of side 
transverses to shell and vertical webs to longitudinal and 
transverse bulkheads all in the lower half depth, is to be not 
less than 0,34. 

. The final throat thickness of the weld fillet to be not less than 
0,341, in cargo oil tanks. 
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Table 10.2.4 Secondary member end connection welds 


Connection 


Part 3, Chapter 10 


Section 2 


Weld area, Aw, in cm2 Weld factor 


Stiffener welded direct to plating 


Bracketless connection of stiffeners or stiffener lapped to bracket or bracket lapped 


to stiffener: 
(a) in dry space 


(b) in tank 
(c) main frame to tank side bracket in 0,15L forward 


Bracket welded to face of stiffener and bracket connection to plating 
Stiffener to plating for 0,1 x span at ends, or in way of end bracket if that be greater — 


0,25A, or 6,5 cm? 0,34 
whichever is the greater 


TANZ 
1,44 Z 
as (a) or (b) 


Symbols 


cross sectional area of the stiffener, in cm2 


= the area of the weld, in cm2, and is calculated as total length of weld, in cm, x throat thickness, in cm 
= the section modulus, in cm2, of the stiffener on which the scantlings of the bracket are based, see Section 3 


NOTE 
For maximum and minimum weld fillet sizes, see Table 10.2.2. 


Table 10.2.5 Weld connection of strength deck 
plating to sheerstrake 


Stringer 
plate thickness, Weld type 
mm 


Double continuous fillet weld with a 
weld factor of 0,44 


Single vee preparation to provide 
included angle of 50° with root 

R < 1/3t in conjunction with a con- 
tinuous fillet weld having a weld 
factor of 0,39 

or 

Double vee preparation to provide 
included angles of 50° with root 
R< Vat 


Double vee preparation to provide 
included angles of 50° with root 
R < 1/3t but not to exceed 10 mm 


Where t = thickness of stringer plate, in mm 


Single vee preparation Double vee preparation 


NOTES 
Welding procedure, including joint preparation, is to be 
specified. Procedure is to be qualified and approved for 
individual Builders. 
See also 2.2.10. 
For thickness t in excess of 20 mm the stringer plate may be 
bevelled to achieve a reduced thickness at the weld 
connection. The length of the bevel is in general to be based 
on a taper not exceeding 1 in 3 and the reduced thickness is 
in general to be not less than 0,65 times the thickness of 
stringer plate or 20 mm, whichever is the greater. 
Alternative connections will be considered. 


2.9.7 The Builder is to provide the Surveyor with all the 
NDE reports of the checkpoints. These reports are to be 
available for the Surveyor to review within a short time after 
inspection, normally considered to be within 10 working days 
of the examination being carried out. Where welds are 
repaired the NDE report is to include details of examination of 
both the defective weld and of the re-weld. 


2.9.8 Where the Surveyor notes that a checkpoint has 
been repaired without record of the original defect, the ship- 
yard is to carry out additional examinations on additional 
lengths of weld. These lengths are to be adjacent to and on 
both sides of the defective checkpoint. These additional 
examinations are to be carried out in the presence of the 
Surveyor and reported in accordance with 2.9.7. 


2.9.9 Where checkpoints are found to contain continu- 
ous or semi-continuous defects, additional lengths of weld 
adjacent to and on both sides of the defective length are to 
be subject to further volumetric examination. The NDE reports 
are to be submitted in accordance with 2.9.7. 


2.9.10. The following non-destructive examination is to be 
carried out on ships to be assigned the class notation 
‘Chemical tanker’: 

(a) All crossings of butts and seams of cargo tank bulkhead 
plating which are welded in assembly areas or on the 
berth. 

(o) Where cargo tank boundary welding is completed in 
assembly areas or on the berth, a minimum of 10 per 
cent of the total weld length is to be crack detected. 

(c) Where side and bottom longitudinal framing and 
longitudinal stiffeners terminate at transverse bulkheads, 
a minimum of 10 per cent of the bulkhead boundary 
connections is to be crack detected in addition to the 
requirement given in (b). 
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Table 10.2.6 Checkpoint locations 


Item 


Location 


Part 3, Chapter 10 


Sections 2 & 3 


Checkpoints 


Intersections of butts and seams of fabrication 
and section welds 


SDA/FDA 


Throughout: 
hull envelope, shell envelope and deck 
structure plating: 
e at highly stressed areas, see Note 1 
e remainder 
longitudinal and transverse bulkheads 
inner bottom and hopper plating 


At critical locations identified by SDA or FDA, 
see Note 2 


all 


Butt welds in plating 


Throughout 


m in 25 m, see Notes 3 and 4 


Seam welds in plating 


Throughout 


m in 100 m 


Butt welds in longitudinals 


Hull envelope within 0,4L amidships 


Hull envelope outside 0,4L amidships 


in 10 welds, see Note 5 


in 20 welds 


Bilge keel butt welds 


Within 0,4L amidships 


Remainder 


all 


Structural items when made with full 
penetration welding as follows: 
e connection of stool and bulkhead to lower 
stool shelf plating 
vertical corrugations to an inner bottom 
hopper knuckles 
sheerstrake to deck stringer 
hatchways coaming to deck 


Throughout 


Hatchway ends within 0,4L amidships 
Hatchway ends outside 0,41 amidships 
Remainder 


NOTES 
. Typically those at sheerstrake, deck stringer, keel strake and turn of bilge. 
SDA signifies the ShipRight Structural Design Assessment Procedure, FDA signifies the ShipRight Fatigue Design Assessment Procedure. 
Checkpoints in butt welds and seam welds are in addition to those at intersections. 
Welds at inserts used to close openings in hull envelope plating are to be checked by non-destructive examination. 
Particular attention is to be given to repair rates in butt welds in longitudinals. Additional welds are to be tested if defects such as lack of 
fusion or incomplete penetration are observed in more than 10 per cent of the welds examined. 


(d) Where longitudinal framing and longitudinal bulkhead a 
stiffeners are continuous through transverse bulkheads, 
30 per cent each of the bottom and shipside boundaries 
and 20 per cent of the longitudinal bulkhead boundaries 


are to be crack detected in addition to the requirement 


given in (b). 


3.1 General 


(e) Where transverse framing members are continuous 


through the cargo tank boundary, a minimum of 10 per 


3.1.1 


Section 3 
Secondary member end 
connections 


Secondary members, that is longitudinals, beams, 


frames and bulkhead stiffeners forming part of the hull 
structure, are generally to be connected at their ends in 
accordance with the requirements of this Section. Where it is 
desired to adopt bracketless connections, the proposed 
arrangements will be individually considered. 


cent of boundary connections is to be crack detected. 


3.1.2 Where end connections are fitted in accordance 
with these requirements, they may be taken into account in 
determining the effective span of the member. 


3.1.3 Where the section modulus of the secondary 
member on which the bracket is based (see 3.3.2) exceeds 
2000 cm8, the scantlings of the connection will be considered. 
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3.2 Symbols 


3.2.1 The symbols used in this Section are defined as 
follows: 

a,b = the actual lengths of the two arms of the bracket, in 
mm, measured from the plating to the toe of the 
bracket 

b; = the breadth of the flange, in mm 
t the thickness of the bracket, in mm 
Z = the section modulus of the secondary member, 
incms, 


3.3 Basis for calculation 


3.3.1 Where a longitudinal strength member is cut at a 
primary support and the continuity of strength is provided by 
brackets, the scantlings of the brackets are to be such that 
their section modulus and effective cross-sectional area are 
not less than those of the member. Care is to be taken to 
ensure correct alignment of the brackets on each side of the 
primary member. 


3.3.2 In other cases the scantlings of the bracket are to 

be based on the modulus as follows: 

(a) Bracket connecting stiffener to primary member: 
modulus of the stiffener. 

(o) Bracket at the head of a main transverse frame where 
frame terminates: 
modulus of the frame. 


Part 3, Chapter 10 


Section 3 


(c) Brackets connecting lower deck beams or longitudinals 
to the main frame in the forward 0,15L: 
modulus of the frame. 

(d) Elsewhere: 
the lesser modulus of the members being connected by 
the bracket. 


3.3.3 Typical arrangements of stiffener end brackets are 
shown diagrammatically in Fig. 10.3.1. 
3.4 Scantlings of end brackets 
3.4.1 The lengths, a and b, of the arms are to be 


measured from the plating to the toe of the bracket and are to 
be such that: 


(a) a+b2>2,0] 
(b) a > 0,8l 
(c) b 2 0,8l 
where 


| Z 
l = 90 (2 = mm 
144+ Z 


but in no case is / to be taken as less than twice the web 
depth of the stiffener on which the bracket scantlings are to 
be based. 


Fig. 10.3.1 Diagrammatic arrangements of stiffener end brackets 
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Table 10.3.1 Thickness of brackets 


Thickness, 


Bracket , 
in mm 


Part 3, Chapter 10 


Section 3 


Limits 


Minimum Maximum 


With edge stiffened: 
a) in dry spaces 


3,5 + 0,254 Z 


b) in tanks 4,5 +0,25¥ Z 


iffened brackets: 
a) in dry spaces 


b) in tanks 


6,5 
7,5 
See Note 


7,5 


8,5 
See Note 


NOTE 


In the cargo tank region of tankers, the minimum thickness is to be not less than the compartment minimum thickness, see Pt 4, Ch 9,10. 


The scantlings of main frames are normally to be 
based on these standard brackets at top and bottom, while 
the scantlings of ‘tween deck frames are normally to be based 
on a standard bracket at the top only. Where the actual arm 
lengths fitted, a, and b4 (in mm) are smaller than Rule size, or 
bracket is omitted, an equivalent arm length, /,, for the 
calculation of end connection factor, see Table 1.6.2 in Pt 4, 
Ch 1, is to be derived from: 


a,+b 
(@) i= Bitev 
(e) a2 0,84 
() 6,2 0,8l 
(9) la = 0, where: 


(i) bracket is omitted from the upper or lower ends 
of the frame, or 

(ii) lower frame bracket at bilge is at same level as 
the inner bottom, or 

(ii) lower frame is welded directly to the inner 
bottom. 


3.4.2 The length of arm of tank side and hopper side 
brackets is to be not less than 20 per cent greater than that 
required above. 


3.4.3 The thickness of the bracket is to be not less than 
as required by Table 10.3.1. 


3.4.4 The free edge of the bracket is to be stiffened 

where any of the following apply: 

(a) The section modulus, Z, exceeds 2000 cms. 

(b) The length of free edge exceeds 50t mm. 

(c) The bracket is fitted at the lower end of main transverse 
side framing. 


3.4.5 Where a flange is fitted, its breadth is to be not less 
than: 


Z 
= 40(1+ Ta) 
by O{1+ 1000 mm 


but not less than 50 mm 


3.4.6 Where the edge is stiffened by a welded face flat, 
the cross-sectional area of the face flat is to be not less than: 
(a) 0,009b;t cm2 for offset edge stiffening. 
(b) 0,0146,t cm? for symmetrically placed stiffening. 


3.4.7 Where the stiffening member is lapped on to the 
bracket, the length of overlap is to be adequate to provide for 
the required area of welding. In general, the length of overlap 


should be not less than 10 4/Z mm, or the depth of stiffener, 
whichever is the greater. 


3.4.8 Where the free edge of the bracket is hollowed out, 
it is to be stiffened or increased in size to ensure that the 
modulus of the bracket through the throat is not less than that 
of the required straight edged bracket. 


3.5 Arrangements and details 


3.5.1 The arrangement of the connection between the 
stiffener and the bracket is to be such that at no point in the 
connection is the modulus reduced to less than that of the 
stiffener with associated plating. 


3.5.2 The design of end connections and their supporting 
structure is to be such as to provide adequate resistance to 
rotation and displacement of the joint. 


3.5.3 For arrangements where end brackets are not 
perpendicular to the adjacent plating the strength of the 
brackets, in terms of lateral stability, may need to be specially 
considered. 


LLOYD'S REGISTER 


11 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Welding and Structural Details 


a Section 4 
Construction details for primary 
members 


4.1 General 


4.1.1 The requirements for section modulus and inertia 
(if applicable) of primary members are given in the appropriate 
Chapter. This Section includes the requirements for propor- 
tions, stiffening and construction details for primary members 
in dry spaces and in tanks of all ship types other than tankers. 


4.1.2 The requirements for construction details for the 
primary structure of tankers are given in Pt 4, Ch 9,10. 


4.1.3 The requirements of this Section may be modified 
where direct calculation procedures are adopted to analyse 
the stress distribution in the primary structure. 


4.2 Symbols 


4.2.1 The symbols used in this Section are defined as 
follows: 
dy = depth of member web, in mm 
kk = higher tensile steel factor, see Ch 2,1.2 
ty = thickness of member web, in mm 
A; = area of member face plate or flange, in cm2 
Fp = local scantlings reduction factor as defined in 
Ch 4,5.6 
Sw = spacing of stiffeners on member web, or depth of 
unstiffened web, in mm. 


4.3 Arrangements 


4.3.1 Primary members are to be so arranged as to 
ensure effective continuity of strength, and abrupt changes of 
depth or section are to be avoided. Where members abut on 
both sides of a bulkhead, or on other members, arrangements 
are to be made to ensure that they are in alignment. Primary 
members in tanks are to form a continuous line of Support and 
wherever possible, a complete ring system. 


4.3.2 The members are to have adequate lateral 
stability and web stiffening and the structure is to be arranged 
to minimise hard spots and other sources of stress concen- 
tration. Openings are to have well rounded corners and 
smooth edges and are to be located having regard to the 
stress distribution and buckling strength of the panel. 


4.3.3 Primary members are to be provided with adequate 
end fixity by end brackets or equivalent structure. The design 
of end connections and their supporting structure is to be 
such as to provide adequate resistance to rotation and 
displacement of the joint and effective distribution of the load 
from the member. 


4.3.4 Where the primary member is supported by 
structure which provides only a low degree of restraint against 
rotation, the member is generally to be extended for at least 
two frame spaces, or equivalent, beyond the point of support 
before being tapered. 


Part 3, Chapter 10 


Section 4 


4.3.5 Where primary members are subject to concen- 
trated loads, particularly if these are out of line with the 
member web, additional strengthening may be required. 


4.4 Geometric properties and proportions 

4.4.1 The geometric properties of the members are to be 
calculated in association with an effective width of attached 
plating determined in accordance with Ch 3,3.2. 

4.4.2 The minimum thickness or area of material in each 


component part of the primary member is given in Table 10.4.1. 


Table 10.4.1 Minimum thickness of primary 


members 


Item Requirement 


Member web plate 
see Note 


ty = 0,01S\, 

but not less than 7 mm in dry 
spaces 

and not less than 8 mm in 
tanks 


A; not to exceed wiw om? 
150 


Member face plate 


Deck plating forming the Plate thickness not less than 
upper flange of underdeck At 
girders TBk 


greater for hatch side girders 
Width of plate not less than 
700 mm 


mm, and 10 per cent 


(4) Primary members in cargo 
oil tanks in tankers 


As required by Pt 4, Ch 9,10 


NOTE 

For primary members having a web depth exceeding 1500 mm, 
the arrangement of stiffeners will be individually considered, and 
stiffening parallel to the member face plate may be required. 


4.4.3 Primary members constructed of higher tensile 
steel are to comply with Table 10.4.1. 


4.5 Web stability 


4.5.1 Primary members of asymmetrical section are to be 
supported by tripping brackets at alternate secondary 
members. If the section is symmetrical, the tripping brackets 
may be four spaces apart. 


4.5.2 Tripping brackets are also to be fitted at the toes of 
end brackets and in way of heavy or concentrated loads such 
as the heels of pillars. 


4.5.3 Where the ratio of unsupported width of face plate 
(or flange) to its thickness exceeds 16:1, the tripping brackets 
are to be connected to the face plate and on members of 
symmetrical section, the brackets are to be fitted on both 
sides of the web. 
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4.5.4 Intermediate secondary members may be welded 
directly to the web or connected by lugs. 


4.5.5 Where the depth of web of a longitudinal girder at 
the strength deck within 0,4L amidships exceeds: 
(a) 55t,, for mild steel members 


Ik 
(0) 55tw F for higher tensile steel members 


additional longitudinal web stiffeners are to be fitted at a spacing 
not exceeding the value given in (a) or (b) as appropriate, with a 
maximum of 65tw lk. for higher tensile steel members. In 
cases where this spacing is exceeded, the web thickness is, 
in general, to be suitably increased. 


4.5.6 The arm length of unstiffened end brackets is not 
to exceed 100t,,. Stiffeners parallel to the bracket face plate 
are to be fitted where necessary to ensure that this limit is not 
exceeded. 


4.5.7 Web stiffeners may be flat bars of thickness tw and 
depth 0,1d,,, or 50 mm, whichever is the greater. Alternative 
sections of equivalent moment of inertia may be adopted. 


4.6 Openings in the web 


4.6.1 Where openings are cut in the web, the depth of 
opening is not to exceed 25 per cent of the web depth, and 
the opening is to be so located that the edges are not less 
than 40 per cent of the web depth from the face plate. The 
length of opening is not to exceed the web depth or 60 per 
cent of the secondary member spacing, whichever is the 
greater, and the ends of the openings are to be equidistant 
from the corners of cut-outs for secondary members. Where 
larger openings are proposed, the arrangements and 
compensation required will be considered. 


4.6.2 Openings are to have smooth edges and well 
rounded corners. 


4.6.3 Cut-outs for the passage of secondary members 
are to be designed to minimise the creation of stress 
concentrations. The breadth of cut-out is to be kept as small 
as practicable and the top edge is to be rounded, or the 
corner radii made as large as practicable. The extent of direct 
connection of the web plating, or the scantlings of lugs or 
collars, is to be sufficient for the load to be transmitted from 
the secondary member. 


4.7 End connections 


4.7.1 End connections of primary members are generally 
to comply with the requirements of Section 3, taking Z as the 
section modulus of the primary member. 


4.7.2 The thickness of the bracket is to be not less than 
that of the primary member web. The free edge of the bracket 
is to be stiffened. 
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Sections 4 & 5 


4.7.3 Where a deck girder or transverse is connected to 
a vertical member on the shell or bulkhead, the scantlings of 
the latter may be required to be increased to provide 
adequate stiffness to resist rotation of the joint. 


4.7.4 Where a member is continued over a point of 
support, such as a pillar or pillar bulkhead stiffener, the design 
of the end connection is to be such as to ensure the effective 
distribution of the load into the support. Proposals to fit 
brackets of reduced scantlings, or alternative arrangements, 
will be considered. 


4.7.5 Connections between primary members forming a 
ring system are to minimise stress concentrations at the 
junctions. Integral brackets are generally to be radiused or well 
rounded at their toes. The arm length of the bracket, 
measured from the face of the member, is to be not less than 
the depth of the smaller member forming the connection. 


m Section 5 
Structural details 


5.1 Continuity and alignment 


5:1:1 The arrangement of material is to be such as will 
ensure structural continuity. Abrupt changes of shape or 
section, sharp corners and points of stress concentration are 
to be avoided. 


Si 12 Where members abut on both sides of a bulkhead 
or similar structure, care is to be taken to ensure good 
alignment. 


5.1.3 Pillars and pillar bulkheads are to be fitted in the 
same vertical line wherever possible, and elsewhere arrange- 
ments are to be made to transmit the out of line forces 
satisfactorily. The load at head and heel of pillars is to be 
effectively distributed and arrangements are to be made to 
ensure the adequacy and lateral stability of the supporting 
members. 


5.1.4 Continuity is to be maintained where primary 
members intersect and where the members are of the same 
depth, a suitable gusset plate is to be fitted. 


5.1.5 End connections of structural members are to 
provide adequate end fixity and effective distribution of the 
load into the supporting structure. 


5.1.6 The toes of brackets, etc., should not land on 
unstiffened panels of plating. Special care should be taken to 
avoid notch effects at the toes of brackets, by making the toe 
concave or otherwise tapering it off. 
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5.1.7 Where primary and/or secondary members are 
constructed of higher tensile steel, particular attention is to be 
paid to the design of the end bracket toes in order to minimise 
stress concentrations. Sniped face plates which are welded 
onto the edge of primary member brackets are to be carried 
well around the radiused bracket toe and are to incorporate a 
taper not exceeding 1 in 3. Where sniped face plates are 
welded adjacent to the edge of primary member brackets, 
adequate cross sectional area is to be provided through the 
bracket toe at the end of the snipe. In general, this area 
measured perpendicular to the face plate, is to be not less 
than 60 per cent of the full cross-sectional area of the face 
plate, see Fig. 10.5.1. See also Pt 4, Ch 1,4.3, Pt 4, Ch 1,6.1, 
Pt 4, Ch 9,5.7 and Pt 4, Ch 9,10.13. 


Bracket toe area 


Faceplate area 


Fig. 10.5.1 Bracket toe construction 


5.2 Arrangements at intersections of continuous 
secondary and primary members 


5.2.1 Cut-outs for the passage of secondary members 
through the web of primary members, and the related 
collaring arrangements, are to be designed to minimise stress 
concentrations around the perimeter of the opening and in the 
attached hull envelope or bulkhead plating. The critical shear 
buckling stress of the panel in which the cut-out is made is to 
be investigated. Cut-outs for longitudinals will be required to 
have double lugs in areas of high stress, e.g., in way of cross 
tie ends and floors under bulkhead stools in ore and ballast 
holds. 


5.2.2 Cut-outs are to have smooth edges, and the corner 
radii are to be as large as practicable, with a minimum of 
20 per cent of the breadth of the cut-out or 25 mm, whichever 
is the greater. It is recommended that the web plate 
connection to the hull envelope or bulkhead should end in a 
smooth tapered ‘soft toe’. Recommended shapes of cut-out 
are shown in Fig. 10.5.3, but consideration will be given to 
other shapes on the basis of maintaining equivalent strength 
and minimising stress concentration. Consideration is to be 
given to the provision of adequate drainage and unimpeded 
flow of air and water when designing the cut-outs and 
connection details. 
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5.2.3 Asymmetrical secondary members are to be 
connected on the heel side to the primary member web plate. 
Additional connection by lugs on the opposite side may be 
required. 


5.2.4 Symmetrical secondary members are to be connected 
by lugs on one or both sides, as necessary. 


5.2.5 The cross-sectional areas of the connections are to 
be determined from the proportion of load transmitted 
through each component in association with its appropriate 
permissible stress. 


5.2.6 The total load, P, transmitted to the primary 
member is to be derived in accordance with Table 10.5.1. 


5.2.7 This load is to be apportioned between the connec- 
tions as follows: 
(a) Transmitted through the collar arrangement: 
S4 A 
P. -P(S + a] 


Sy, 


where A, is derived in accordance with 5.2.8 and 5 
Ww 


not to be taken as greater than 0,25 
The collar load factor, C;, is to be derived as follows: 
Symmetrical secondary members 


C; = 1,85 forA;< 18 
Cy = 1,85- 0,0341 (A; - 18) for 18 <A; < 40 
Cy = 1,1-0,01 (A;- 40) for A; > 40 


Asymmetrical secondary members 


C; = 0,68 + 0,0224 - 
f 

where 

A; = the area, in cm2, of the primary member web 

stiffener in way of the connection including backing 

bracket, where fitted, see 5.2.10 

bı = the length of lug or direct connection, in mm, as 
shown in Fig. 10.5.3. Where the lug or direct 
connections differ in length, a mean value of by is 
to be used. 

(o) — Transmitted through the primary member web stiffener: 

Py = P-P} KN (tonne-f) 
(c) Where the web stiffener is not connected to the 
secondary member, P4 is to be taken equal to P. 


5.2.8 The effective cross-sectional area A, of the collar 
arrangements is to be taken as the sum of cross-sectional 
areas of the components of the connection as follows: 
(a) Direct connection: 

A; = 0,01b; ty cm? 
(o) Lug connection: 

A, = 0,01f, bit cm? 
where 


fy 1,0 for symmetrical secondary member connections 


i but not greater than 1,0, for asymmetrical 
secondary member connections 

W thickness of primary member web, in mm 

thickness, in mm, of lug connection, and is to be 

taken not greater than the thickness of the adjacent 

primary member web plate 


œ 
Il 
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Table 10.5.1 


Ship type 


Head, h4, in metres 


Part 3, Chapter 10 


Section 5 


Total load transmitted to connection of secondary members (see continuation) 


Total load, P, transmitted to connection 


(1) Oil tankers, bulk chemical 
tankers and combination 
carriers, see 1.1.3 

the 
For she 


a) Wi 


b) Wi 


Wi 


Wit 


(i) 


(il) 


base line, 
hy =f D By 


and (b) 
The val 
interpol 


base line 
The val 
interpo 


greater 


framing members: 


h4 = load height, in metres, derived in accordance with 
the following provisions, but to be taken as not 


L 
less than 7 or (0,01L4 + 0,7) m whichever is 


h mid-point of span at base line, 


h4 = 0,8D2 


h mid-point of span at a distance 0,6D above 


h mid-point of span intermediate between (a) 


ue of h4 is to be obtained by linear 
ation between values from (a) and (b). 


h mid-point of span higher than 0,6D, above 


For framing members 
ocated at and abaft 
0,2L from the forward 
perpendicular 

see Fig. 10.5.2(a)) 
For framing members 
forward of cargo tank 


ue of h4 is to be obtained by linear 
ation between the values from (b) and the 
values at the following points: 


Zero value at the 
level of the deck 
edge amidships 


Value of f Dp (By — 1) 
at the level 3 m 


(a) In general 
P = 10,06 (Sy —$4/2) s4h, kN 
(P = 1,025 (Sy —$4/2) s4 h4 tonne-f) 


(b) For wash bulkheads 
P = 11,77 (Sw- 84/2) S44 KN 
(P = 1,2 (Sy -—s4/2) 84h; tonne-f) 


above the minimum 
bow height 
determined from 
the Load Lines 
Conventions 
(iii) Intermediate values between locations (i) and 
ii) are to be determined by linear interpolation 
For secondary stiffening members of transverse and 
longitudinal bulkheads, and inner hull and inner 
bottom of double hull tankers, see 1.1.3: 
h4 = distance from mid-point of span to top of 
tank but need not exceed 0,8D5 


region 
see Fig. 10.5.2(b)) 


(2) Other ship types for which oil 
tanker, (see 1.1.3) requirements 
are not applicable 


Side and bottom shell longitudinals 10,06 (Sy - 84/2) s4 h4 KN 
1,025 (Sw - 84/2) sy h4 tonne- 
As for (1) except as follows: (Sy — $4/2) Sy h4 f) 


(a) hy to be derived in accordance with (1) above but 


Ly 
to be taken as not less than => 


56 m for type 


‘B — 60’ and the greater of ot , or 1,20 m for 


Type 'B' ships 


(b) h4 for item (1)(d)(ii) above to extend forward of 
0,15L from the forward perpendicular 


W = overall width of the cut-out, in mm 5.2.10 Where a bracket is fitted to the primary member 
W = width for cut-out asymmetrical to secondary web plate in addition to a connected stiffener it is to be 
member web, in mm arranged on the opposite side to, and in alignment with the 

see Fig. 10.5.3 stiffener. The arm length of the bracket is to be not less than 

the depth of the stiffener, and its cross-sectional area through 

5.2.9 The values of A; and A, are to be such that the the throat of the bracket is to be included in the calculation 


stresses given in Table 10.5.3 are not exceeded. of Ay. 
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Table 10.5.1 


Ship type 


Head, h4, in metres 


Part 3, Chapter 10 


Section 5 


Total load transmitted to connection of secondary members (conclusion) 


Total load, P, transmitted to connection 


(3) Other ship types for which oil Internal tank boundaries 


tanker (see 1.1.3) requirements 


= 1,5m 


cargoes’ 
hy = 1,39T 


cargoes’ 
hy=H 


hy =HKy 


hatchway coaming 


hy=H 


(a) Topside tank longitudinals 

are not applicable (continued) hy= distance from the longitudinal under 
consideration to the highest point of 
he tank with the ship inclined 30° 
either way, or 

he greater of the distance from the 
longitudinal under consideration to the 
op of the tank, or half the distance to 
he top of the overflow, or 


whichever is the greatest 

(0) Inner bottom and hopper longitudinals 
(i) For cargo ships and bulk carriers (see 1.1.3) 
without the notation ‘strengthened for heavy 


For cargo ships and bulk carriers (see 1.1.3) 
with the notation ‘strengthened for heavy 


For longitudinal bulkheads of ore carriers 


For bulk carriers (see 1.1.3) where the 
topside wing tank is interconnected with 
hopper side and double bottom tanks 

h4 = the distance from the longitudinal 
under consideration to the top of the topside 
ith the ship inclined 25° either way 

k carriers (see 1.1.3) in way of ballast 


he distance from the longitudinal 
under consideration to the top of the 


(vi) | For cargo ships and bulk carriers (see 1.1.3) 
with double hull where tank at side 1,025 (Sy — 84/2) s4 hy tonne-f) 
interconnected with double bottom 


Longitudinals of inner hull of double hull cargo 
ships and bulk carriers (see 1.1.3) 
h,= the distance from the longitudinal 
under consideration to the top of the 
tank, or half the distance to the top of 
the overflow, whichever is the greater 


P = 10,06 (Sy - 84/2) shy kN 
(P = 1,025 (Sy =- $4/2) sy h4 tonne-f) 


P = 9,81 (Sy —$4/2) s4 h4/C kN 
P = (Sw —$4/2) s4 h4/C tonne-f 
but not to be taken less than the load derived 
from (b)(iv), (o)(v), (b)(vi) or (c) where applicable 


P = 10,06 (Sw = $4/2) S4 hy kN 
(P = 1,025 (Sw — 84/2) s4 h4 tonne-f) 


10,06 (Sw = $4/2) s4 h4 KN 
1,025 (Sw — $4/2) Sy h4 tonne-f) 


= 10,06 (Sw = $4/2) S4 hy kN 


10,06 (Sw - $4/2) S4 hy kN 
1,025 (Sw — 4/2) sy h4 tonne-f 


= bow fullness factor determined from Fig. 5.4.3 in Chapter 5 to 
be considered. To be taken as 1 for framing members 

ocated at and abaft 0,2L from the forward perpendicular 

oad height factor at level 0,6D above base line, see 

Table 10.5.2 

= load height, in metres, see also Fig. 10.5.2 

= stowage rate, in m°/tonne, as defined in Ch 3,5.2. For cargo 

ships without the notation ‘strengthened for heavy cargoes’, 

he value to be used is 1,39 m®/tonne. For cargo ships and 

bulk carriers (see 1.1.3) with the notation ‘strengthened for 

heavy cargoes’, the actual stowage rate is to be used, but the 

value is not to be taken greater than 0,865 m®/tonne 


5.2.11 In general where the primary member stiffener is 
connected to the secondary member it is to be aligned with 
the web of the secondary member, except where the face 
plate of the latter is offset and abutted to the web, in which 
case the stiffener connection is to be lapped. Lapped connec- 
tions of primary member stiffeners to mild steel bulb plate or 
rolled angle secondary members may also be permitted. 
Where such lapped connections are fitted, particular care is 
to be taken to ensure that the primary member stiffener wrap 
around weld connection is free from undercut and notches, 
see also 2.9. 


H = height from inner bottom at position under consideration, to 
deck at side amidships, in metres, for inner bottom 
longitudinals 

height from the longitudinal under consideration to the 
underside of the topside tank sloped bulkhead, in metres, for 
hopper longitudinals 

spacing of primary members, in metres 

spacing of secondary members, in metres 

the summer draught, in metres, measured from top of keel 

D in metres, but need not be taken greater than 1,67 

L but need not be taken as greater than 190 m 

as defined in Table 11.7.1 in Pt 4, Ch 11 


5.2.12 Fabricated longitudinals having the face plate 
welded to the underside of the web, leaving the edge of the 
web exposed, are not recommended for side shell and 
longitudinal bulkhead longitudinals. Where it is proposed to fit 
such sections, a symmetrical arrangement of connection to 
transverse members is to be incorporated. This can be 
achieved by fitting backing brackets on the opposite side of 
the transverse web or bulkhead. The primary member 
stiffener and backing brackets are to be lapped to the 
longitudinal web, see 5.2.11. 
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Table 10.5.2 Load height factor, f 


Part 3, Chapter 10 


Section 5 


Ship depth, D metres 


22,5 25 


(1) (a) For oil tankers, bulk chemical 
tankers and combination 
carriers (see 1.1.3), tank 
boundaries wholly within 
parallel mid-body 


For other ship types, at and 
abaft 0,2L from the forward 
perpendicular 


For oil tankers, bulk chemical 
tankers and combination 
carriers (see 1.1.3), tank 
boundaries wholly or partially 
outside parallel mid-body 


For other ship types, forward 
of 0,15L from the forward 
perpendicular 


NOTE 
Intermediate values to be obtained by linear interpolation. 


2937/01 


Load height diagrams for framing members (a) 
at and abaft 0,2L from the forward perpendicular 
and (b) forward of cargo tank region for oil tankers, 
bulk chemical tankers and combination carriers 
(see 1.1.3) and forward of 0,15L from the forward 
perpendicular for other ship types 


5.2.13 For ship types for which oil tanker (see 1.1.3) require- 
ments are not applicable, the collar arrangement is to satisfy the 
requirements of 5.2.1 to 5.2.12 inclusive. In addition the weld area 
of the connections is to be not less than the following: 

(a) Connection of primary member stiffener to the 

secondary member: 

w = 0,254; or 6,5 cm?, whichever is the greater, corres- 
ponding to a weld factor of 0,34 for the throat 
thickness 

(b) Connection of secondary member to the web of the 

primary member: 


Aw = 0,5 UZ corresponding to a weld factor of 0,34 in 
tanks or 0,27 in dry spaces for the throat thickness 
where 
Ay = weld area, in cm?, and is calculated as total length 
of weld, in cm, multiplied by throat thickness, in cm 


A 


A; = cross-sectional area of the primary member web 
stiffener, in cm2, in way of connection 


Z = the section modulus, in cm3, of the secondary 
member. 
5.2.14 Where the stiffeners of the double bottom floors, 


and the hopper primary members are unconnected to the 
secondary members and offset from them (see Fig. 10.5.4) 
the collar arrangement is to satisfy the requirements of 5.2.1 
to 5.2.13 inclusive. In addition, the fillet welds attaching the lugs 
to the secondary members are to be based on a weld factor of 
0,44 for the throat thickness. To facilitate access for welding the 
offset, stiffeners are to be located 50 mm from the slot edge 
furthest from the web of the secondary member. The ends of 
the offset stiffeners are to be suitably tapered and softened. 


5.2.15 Alternative arrangements will be considered on 
the basis of their ability to transmit load with equivalent 
effectiveness. Details of the calculations made and testing 
procedures are to be submitted. 


5.3 Openings 


5.3.1 Manholes, lightening holes and other cut-outs are 
to be avoided in way of concentrated loads and areas of high 
shear. In particular, manholes and similar openings are not to 
be cut in vertical or horizontal diaphragm plates in narrow 
cofferdams or double plate bulkheads within one-third of their 
length from either end, nor in floors or double bottom girders 
close to their span ends, or below the heels of pillars, unless 
the stresses in the plating and the panel buckling characteristics 
have been calculated and found satisfactory. 


5.3.2 Manholes, lightening holes and other openings are 
to be suitably framed and stiffened where necessary. 
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Primary 

member 
web plate 
stiffener 


a (max. 40 mm) 


y 


Part 3, Chapter 10 


Section 5 


Primary 
member max. 


web plate 150 mm 
stiffener 


a (max. 40 mm) 


(min. 25 mm) 


2932/01 


Fig. 10.5.3 Cut-outs and connections 


Primary member 
stiffener offset 
from secondary 
member 


Stiffener view 'A'-'A' 


2932/02 


Fig. 10.5.4 Arrangement with offset stiffener 


5.3.3 Air and drain holes, notches and scallops are to be 
kept at least 200 mm clear of the toes of end brackets and 
other areas of high stress. Openings are to be well rounded 
with smooth edges. Details of scalloped construction are 
shown in Fig. 10.2.1. Closely spaced scallops are not 
permitted in higher tensile steel members. Widely spaced air 
or drain holes may be accepted, provided that they are of 
elliptical shape, or equivalent, to minimise stress concentra- 
tion and are, in general, cut clear of the weld connection. 


5.4 Sheerstrake and bulwarks 


5.4.1 Where an angled gunwale is fitted, the top edge of 
the sheerstrake is to be kept free of all notches and isolated 
welded fittings. Bulwarks are not to be welded to the top of 
the sheerstrake within the 0,5L amidships. 
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Section 5 


Table 10.5.3 Permissible stresses 


Direct stress, Shear stress, 


in N/mm? (kgf/mm?) 
(see Notes 1 and 2) 


in N/mm2 


(see N 


kgf/mm?) 
ote 1) 


Other ship types for 
which oil tanker 
requirements are not 
applicable 


Oil tankers 


Oil tankers and ship 
types where primary 
member stiffener 
unconnected 


Other ship types for 
which oil tanker 
requirements are not 
applicable 


Primary member web plate stiffener within 


distance a of end, see Fig. 10.5.3 147,2 (15,0) 


157 (16,0) 


Butted 98,1 (10,0) 
(double continuous 


fillet) 


Welding of primary member 


147,2 (15,0) 
(automatic deep 
penetration) 


web plate stiffener to 
secondary member 


(double continuous 


117,7 (12,0) 
fillet) 
157 (16,0) 


(automatic deep 
penetration) 


Lapped 


83,4 (8,5) 
See Note 2 


98,1 (10,0) 
See Note 2 


Single 
Lug or collar plate and weld 
Double 


68,6 (7,0) 
98,1 (10,0) 


83,4 (8,5) 


NOTES 


1. The welding requirements of Section 2 and, where applicable 5.2.13 are also to be complied with, see 1.1.3. 
2. Where longitudinals are of higher tensile steel having a yield stress of 32 kg/mm? or more, these stresses are to be divided by the 
factor 1,2 for application to side longitudinals above 0,3D% from the base-line. For definition of Dy see Table 10.5.1. 


5.4.2 Where a rounded gunwale is adopted, the welding 
of fairlead stools and other fittings to this plate is to be kept to 
the minimum, and the design of the fittings is to be such as to 
minimise stress concentration. 


5.4.3 Arrangements are to ensure a smooth transition 
from rounded gunwale to angled gunwale towards the ends of 
the ship. 


5.4.4 At the ends of superstructures where the side 
plating is extended and tapered to align with the bulwark 
plating, the transition plating is to be suitably stiffened and 
supported. Where freeing ports or other openings are 
essential in this plate, they are to be suitably framed and kept 
well clear of the free edge. 


5.5 Fittings and attachments - General 


5.5.1 The quality of welding and general workmanship of 
fittings and attachments as given in 5.6 and 5.7 are to be 
equivalent to that of the main hull structure. Visual examination 
of all welds is to be supplemented by non-destructive testing 
as considered necessary by the Surveyor. 


5.6 Bilge keels and ground bars 
5.6.1 It is recommended that bilge keels should not be 


fitted in the forward 0,3L region on ships intended to navigate 
in severe ice conditions. 


5.6.2 Bilge keels are to be attached to a continuous 
ground bar as shown in Fig. 10.5.5. Butt welds in shell 
plating, ground bar and bilge keels are to be staggered. 


Shell plating 


As close as 
practicable 


Fig. 10.5.5 Bilge keel construction 


5.6.3 The minimum thickness of the ground bar is to be 
equal to the thickness of the bilge strake or 14 mm, whichever 
is the lesser. 
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5.6.4 The material class, grade and quality of the ground 
bar are to be in accordance with Table 2.2.1, Note 9 in 
Chapter 2. 


5.6.5 The ground bar is to be connected to the shell with 
a continuous fillet weld and the bilge keel to the ground bar 
with a light continuous fillet weld. 


5.6.6 Direct connection between ground bar butt welds 
and shell plating, and between bilge keel butt welds and 
ground bar is to be avoided. 


5.6.7 The design of single web bilge keels is to ensure 
that failure to the web occurs before failure of the ground bar. 
In general, this may be achieved by ensuring the web 
thickness of bilge keels does not exceed that of the ground 
bar. 


5.6.8 The end details of bilge keels and intermittent bilge 
keels, where adopted, are to be as shown in Fig. 10.5.6. 


5.6.9 The ground bar and bilge keel ends are to be 
tapered or rounded. Where the ends are tapered, the tapers 
are to be gradual with ratios of at least 3:1, see Figs. 10.5.6(a) 
and (b). Where the ends are rounded, details are to be as 
shown in Fig. 10.5.6(c). Cut-outs on the bilge keel web within 
zone ‘A’ (see Fig. 10.5.6(b)) are not permitted. 


5.6.10 The end of the bilge keel web is to be between 
50 mm and 100 mm from the end of the ground bar, see 
Fig. 10.5.6(a). 


5.6.11 An internal transverse support is to be positioned 
as close as possible to halfway between the end of the bilge 
keel web and the end of the ground bar, see Fig. 10.5.6(b). 


5.6.12 | Where an internal longitudinal stiffener is fitted in 
line with the bilge keel web, the longitudinal stiffener is to 
extend to at least the nearest transverse member outside 
zone ‘A’, see Fig. 10.5.6(b). In this case, the requirement of 
5.6.10 does not apply. 


5.6.13 For ships over 65 m in length, holes are to be drilled 
in the bilge keel butt welds. The size and position of these 
holes are to be as illustrated in Fig. 10.5.5. Where the butt 
weld has been subject to non-destructive examination the 
stop hole may be omitted. 


5.6.14 Bilge keels of a different design from that shown in 
Fig.10.5.5 and Fig. 10.5.6 will be specially considered. 


5.6.15 — Within zone ‘B’ (see Fig. 10.5.6(a)) welds at the end 
of the ground bar and bilge plating, and at the end of the bilge 
keel web and ground bar, are to have weld factors of 0,44 and 
0,34 respectively. These welds are to be ground and to blend 
smoothly with the base materials. 


5.6.16 A plan of the bilge keels is to be submitted for 
approval of material grades, welded connections and detail 
design. 


Part 3, Chapter 10 


Section 5 


5.7 Other fittings and attachments 


Dll Gutterway bars at the upper deck are to be so 
arranged that the effect of main hull stresses on them is 
minimised. 


D2 Minor attachments, such as pipe clips, staging lugs 
and supports, are generally to be kept clear of toes of end 
brackets, corners of openings and similar areas of high stress. 
Where connected to asymmetrical stiffeners, the attachments 
may be in line with the web providing the fillet weld leg length 
is clear of the offset face plate or flange edge. Where this 
cannot be achieved the attachments are to be connected to 
the web, and in the case of flanged stiffeners they are to be 
kept at least 25 mm clear of the flange edge. On symmetrical 
stiffeners, they may be connected to the web or to the 
centreline of the face plate in line with the web. 


5.7.3 Where necessary in the construction of the ship, 
lifting lugs may be welded to the hull plating but they are not 
to be slotted through. Where they are subsequently removed, 
this is to be done by flame or mechanical cutting close to the 
plate surface, and the remaining material and welding ground 
off. After removal the area is to be carefully examined to 
ensure freedom from cracks or other defects in the plate 
surface. 
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bilge keel web 


The width of flat ground bars is to be 
sufficiently small to facilitate good quality 
welding to the shell 


taper 3:1 (minimum) ground par 


shell plating 
1 


T 
rql 


2r = ground bar width / i 


Alternative end detail of ground bar 


Zone 'A' 


bilge keel web 
! ground bar 


bh SSA NA SIRS SSA SAAN T E T T E T A T a T T T E SSS TT T A T SSS SSN T T SSA 
EZ ELLLLELL ER LÄ LËR RLRRÄ LLLE LL LRE LLLE ILI PLE aa LLL 
1 


3H (minimum) 


internal longitudinal stiffener shell plating 
(if fitted) 


i 
internal transverse internal transverse 
member member 


max. 15 mm bilge keel web 
ground bar 


1 
1 
1 
1 
1 
i 
i 
1 
1 
i 
' 
1 
i 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


SS See eeasaaS SEES e ass SaaS SETS E aaa saa SSE Sea SaaS aes x 


l 1 
ių 3H (minimum) > 
l shell plating 


5794/01 


Fig. 10.5.6 Bilge keel end design 
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| Section 6 
Access arrangements for oil 
tankers and bulk carriers 


6.1 Application 

6.1.1 Access arrangements are to be provided as required 
by SOLAS. 

6.2 Information for approval 

6.2.1 Details of the attachment of the access arrange- 


ments to the ship’s structure are to be submitted for approval 
and suitable designs are to take into account proper location, 
strength, detail and reinforcement of all attachments to hull 
structural members. 


Part 3, Chapter 10 


Section 6 
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Section 

1 General 

2 Steel hatch covers 

3 Hatch beams and wood covers 

4 Hatch cover securing arrangements and 
tarpaulins 

5 Hatch coamings 

6 Miscellaneous openings 

7 Tanker access arrangements and closing 
appliances 

8 Side and stern doors and other shell openings 

9 Watertight doors in bulkheads below the 


freeboard deck 


10 External openings and openings in watertight 
bulkheads and internal decks in cargo ships 


E Section 1 
General 


1.1 Application 


1.1.1 This Chapter applies to all ship types detailed in 
Part 4, unless otherwise stated, with the exception of 
Sections 1 to 5 which are not applicable to Bulk Carriers with 
a CSR notation, see Pt 1, Ch 2,2.3. Additional provisions 
regarding access arrangements for oil tankers and chemical 
carriers are contained in Pt 4, Ch 9, Ch 10 and the Rules and 
Regulations for the Construction and Classification of Ships 
for the Carriage of Liquid Chemicals in Bulk (hereinafter 
referred to as the Rules for Ships for Liquid Chemicals), 
respectively. 


T2 Requirements are given for steel and wooden hatch 
covers, securing arrangements, tarpaulins, coamings and side 
shell doors for main openings, also closing arrangements for 
other miscellaneous openings. 


1.1.3 Where relevant, the contents of this Chapter 
conform with the requirements of the International Convention 
on Load Lines, 1966. Attention should, however, be given to 
any additional Statutory Requirements of the National 
Authority of the country in which the ship is to be registered 
and to the relevant regulations of the international Convention 
for the Safety of Life at Sea, 1974 and applicable amendments. 
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Section 1 


1.1.4 For the purpose of this Chapter the basic types of 
ships are those defined in the International Convention on 
Load Lines, 1966, namely: 


Type ‘A’ Ships designed solely for the carriage of 
liquid cargoes. 
Type ‘B’ Cargo ships, other than Type ‘A’, with steel 


weathertight hatch covers. 

Type ‘B-100’ | Cargo ships of type ‘B’ with reduced free- 
boards on account of their ability to survive 
a stipulated damage. 

Cargo ships with increased freeboard on 
account of hatch cover arrangements. 


Type ‘B-60’ 
Type ‘B +’ 


7.7.5 The type of hatch covers on the weather decks of 

the basic ship types defined in 1.1.4 are detailed below and 

may be used in the types of ships as indicated in Table 11.1.1: 

(a) Steel plated cargo hatch covers stiffened by webs or 
stiffeners and secured by clamping devices. Weather- 
tightness to be achieved by means of gaskets. Hatch 
covers used for holds containing liquid cargoes are 
included in this category. 

(bo) Steel plated cargo hatch pontoon covers having interior 
webs and stiffeners extending for the full width of the 
hatchway. A pontoon cover is defined as a portable cover, 
secured weathertight by tarpaulins and battening devices. 

(c) Hatch covers of wood or steel used in conjunction with 
portable beams. Weathertightness to be obtained by 
tarpaulins. 

(d) Access hatch covers for cargo oil tanks and adjacent 
spaces. The hatch covers are to be of steel and gasketed. 

(e) Access hatch covers other than (d). For Type ‘A’, Type 
‘B-100’ and Type ‘B-60’ ships, the covers are to be of 
steel, and weathertightness is to be achieved by means 
of gaskets. 


Table 11.1.1 Covers associated with ship types 


Type of ship 


‘B-60’ 


Not applicable 
X X 


1.7.6 The positions of hatches on weather decks are 
defined in Ch 1,6.5. 


1.1.7 ‘Tween deck hatch covers may be any of the types 
defined in 1.1.5, but need not be weathertight unless fitted to 
deep tanks or water ballast holds or compartments, in which 
case the covers are to be of type (a) and oiltight or watertight 
as appropriate. 
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1.1.8 The scantlings specified in the following Sections 
are applicable to covers of mild steel or higher tensile steel. 
Where other materials are used, equivalent scantlings are to 
be provided. The scantlings apply basically to rectangular 
covers, with the stiffening members arranged primarily in one 
direction and carrying a uniformly distributed load. The covers 
are assumed to be simply supported. Where covers are 
stiffened by a grillage formation, and also where point loads 
are applied to any type of cover, the scantlings are to be 
determined from direct calculations. 


1.1.9 In the case of flush hatch covers or of covers on 
coamings of lesser height than required by 5.1.1, their 
scantlings, the securing and sealing arrangements and the 
drainage of gutterways will be specially considered. 


1.1.10 The scantlings of hatch covers need to be 
increased only if the loading exceeds that given in 2.3. The 
scantlings of the surrounding deck structure are to be suffi- 
cient to support this loading. Heavier loading may be 
permitted only if the scantlings of the cover are capable of 
withstanding this increased loading, satisfying the stress and 
deflection criteria given in this Chapter. The deck structure is 
also to be capable of withstanding this increased loading. 


1.1.11 Where timber cargo is to be carried on the hatch 
covers the requirements of Ch 9,2.11 are to be satisfied in 
addition to the requirements of this Chapter. 


1.1.12 Where hatchways are trunked through one or more 
‘tween decks, and hatchway beams and covers are dispensed 
with at the intermediate decks, the hatchway beams, coamings 
and covers immediately below the trunk are to be adequately 
strengthened. Plans are to be submitted for approval. 


1.1.13. The net plate thickness, tye, is the calculated 
minimum thickness of the plating and stiffeners. The required 
thickness is the net thickness plus a corrosion addition, tg, 
given in Table 11.1.2. 


Table 11.1.2 Corrosion addition t, 


Application Structure 
Weather deck 
hatches of container 
ships, car carriers, 
paper carriers, 
passenger vessels 


Hatch covers 


Hatch coamings 


Weather deck 
hatches of all other 
ship types except 
bulk carriers, ore 
carriers and 
combination 
carriers, see 

Pt 4, Ch 7,12.1.2 


Hatch covers in general 


Weather exposed plating 
and bottom plating of double 
skin hatch covers 


Internal structure of double 
skin hatch covers and 
closed box girders 


Hatch coamings 


Coaming stays and stiffeners 


‘Tween deck 
hatches 


Hatch covers in general 
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Ei Section 2 
Steel hatch covers 


2.1 General 


2.1.1 The requirements of Section 2 are not applicable to 
hatch covers of bulk carriers, ore carriers and combination 
carriers. 


2.1.2 The strength requirements in 2.1 to 2.16 are applicable 
to hatch covers and closing arrangements of stiffened plate 
construction. The strength requirements are applicable to 
exposed weather deck hatch covers and 'tween deck hatch 
covers, unless otherwise stated. 


2.1.3 Sub-Sections 2.1 to 2.16 are not applicable to 
portable covers secured weathertight by tarpaulins and 
battening devices, or pontoon covers, see 2.17. 


2.1.4 Unless otherwise stated, the thicknesses referred 
to in the following Sections are net thicknesses. The net 
thicknesses are the member thicknesses necessary to obtain 
the minimum net scantlings required in this Section. The 
required gross thicknesses are obtained by adding corrosion 
additions, tẹ given in Table 11.1.2. Strength calculations 
using beam theory, grillage analysis or FEM are to be 
performed with net scantlings. 

2.1.5 Material class | is to be applied for hatch covers. 
2.1.6 The strength and closing arrangements of hatch 
covers are to comply with Pt 4, Ch 7,12 in addition to the 
requirements in this Chapter when hatch covers are 
subjected to internal ballast or oil cargo pressure. 


2.1.7 Hatch covers are to comply with Pt 4, Ch 8,11 in 
addition to the requirements in this Chapter when containers 
are carried on covers. 


2.2 Stiffener arrangement 


2.2.1 The primary supporting members and secondary 
stiffeners of hatch covers are to be continuous over the 
breadth and length of hatch covers, as far as practical. When 
this is impractical, sniped end connections are not to be used 
and appropriate arrangements are to be adopted to ensure 
sufficient load-carrying capacity. 


2.2.2 The spacing of primary supporting members 
parallel to the direction of secondary stiffeners is not to 
exceed one-third of the span of primary supporting members. 
When strength calculation is carried out by FE analysis using 
plane strain or shell elements, this requirement can be 
waived. 
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2.3 Load model 


2.3.1 The structural assessment of hatch covers is to be 
carried out using the design loads defined in this Section. The 
following symbols and definitions are applicable to this 
Section: 
x = longitudinal co-ordinate measured from the AP to 
mid point of assessed structural member 


Tæ = draught, in metres, corresponding to the assigned 
summer load line 
hy = standard superstructure height in metres 
= 1,05+0,01L,, 1,8<hy<2,3 
where 
L} = load line length, as defined in Pt 3, Ch 1,6.1.8. 


2.3.2 The vertical weather design pressure, py, in 
kN/m?, on the hatch cover panels is to be taken from 
Table 11.2.1. When cargo is carried on the cover, cargo loads 
according to 2.3.4, 2.3.5 and Pt 4, Ch 8,11.2 are to be 
considered. The vertical weather design load needs not to be 
combined with the cargo load. For 'tween deck hatch covers 
not exposed to weather load, the structural assessment is to 
be carried out using the cargo loads defined in 2.3.4 and 
2.3.5. Covers carrying wheeled vehicles are also to comply 
with Ch 9,3 and where it is proposed to provide a helicopter 
landing area, covers are also to comply with Ch 9,5. Where 
an increased freeboard is assigned, the design load for hatch 
covers according to Table 11.2.1 on the actual freeboard 
deck may be as required for a superstructure deck, provided 
the summer freeboard is such that the resulting draught will 
not be greater than that corresponding to the minimum 
freeboard calculated from an assumed freeboard deck 
situated at a distance at least equal to the standard 
superstructure height, hy, below the actual freeboard deck, 
see Fig. 11.2.2. 


2.3.8 The horizontal weather design pressure, in KN/m2, 
for determining the scantlings of outer edge girders (skirt 
plates) of weather deck hatch covers is: 


Pa =ac(bc, f-2) kN/m? 
L 


f = — +4,1 for L < 90 m 
25 
= 10,75 - (S00 -L) tS  forgom<L<300m 
100 
= 10,75 for 300 m < L < 350 m 
= 10,75 - (+50) "5 for 350m<L<500m 
150 
L 
CL = Noo for L < 90 m 
=1 forL > 90m 
E 
a= 20+ a for unprotected front coamings 
and hatch cover skirt plates 
L 
a= 10+ aa for unprotected front coamings 


and hatch cover skirt plates 
where the distance from the actual freeboard deck 
to the summer load line exceeds the minimum non- 
corrected tabular freeboard according to ICLL by 
at least one standard superstructure height, hy 
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L 
a=5+—1 for side and protected front 
15 coamings and hatch cover skirt 
plates 
Lir g | 
a=7+ T00 ~ 8 T for aft ends of coamings and aft 
hatch cover skirt plates abaft 
amidships 
L ; 
a=5+ rae -4 : for aft ends of coamings and aft 
hatch cover skirt plates forward 
of amidships 
L4 = L, need not be taken greater than 300 m 
, 2 
= -0,45 
= = x 
b =1,0+ C, +02 for (X) <0.45 
, 2 
= -0,45 
X 
= =R 2) 
b = 10+1,8| oroa for (X) > 0.48 


0,6 < Cy < 0,8, when determining scantlings of aft 
ends of coamings and aft hatch cover skirt plates 
forward of amidships, C, need not be taken less 


than 0,8 
Cp = block coefficient, as defined in Pt 3, Ch 1,6.1.6 
xX’ = distance, in metres, between the transverse coaming 


or hatch cover skirt plate considered and aft end of 
the length L. When determining side coamings or 
side hatch cover skirt plates, the side is to be 
subdivided into parts of approximately equal length, 
not exceeding 0,15L each, and x’ is to be taken as 
the distance between aft end of the length L and 
the centre of each part considered 

Z = vertical distance in metres from the summer load 
line to the mid point of stiffener span, or to the 
middle of the plate field 


2 b" 
c =0,3+0,7 B 
b' = breadth of coaming in metres at the position 
considered 
B' = actual maximum breadth of ship in metres on the 


exposed weather deck at the position considered 
b'/B' is not to be taken less than 0,25 
The design pressure pa is not to be taken less than the 
minimum values given in Table 11.2.2. 
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Table 11.2.1 Design pressure py of weather deck hatches 


oN Pp, in kN/m2 


0,75< ~ <1,0 
L 


For 24 m < L < 100m 


(1,5L, + 116) on freeboard deck 


2 | (4,281, +28) © - 1,711, +95 
76 Le 


upon exposed superstructure decks located at least one superstructure standard height 
above the freeboard deck 


g 
76 (1,15LL + 116) 


For L > 100m 


on freeboard deck for type B ships according to ICLL 
X 


L 7002224 + 1,22] 


g | 0.02961, + 3,04) 


on freeboard deck for ships with less freeboard than type B according to ICLL 
X 

i 

Ly = L} but not more than 340 m 


g [ 014521, - 8,52) —— -0,1089L; + 9.89 


upon exposed superstructure decks located at least one superstructure standard height 
above the freeboard deck 
3,5g 


For 24 m < L < 100m 


g9 
1,1L, +87,6 
76 IELE 876) 


For L > 100 m 


2,6g 


upon exposed superstructure decks located at least one superstructure standard height above the lowest Position 2 deck 
2,19 


Symbols 


Ly load line length, as defined in Pt 3, Ch 1,6.1.8 
g acceleration due to gravity, 9,81 m/s2 


NOTE 
The positions 1 and 2 are illustrated for example ships in Fig. 11.2.1 and Fig. 11.2.2. 


Table 11.2.2 Minimum design load, Pamin 


Pain KN/m2 


For unprotected fronts Elsewhere 
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Freeboard deck 


Length LL 


* 


reduced load upon exposed superstructure decks located at least one standard height of superstructure above 
the freeboard deck 

reduced load upon exposed superstructure decks of vessels with L > 100 m located at least one 
superstructure standard height of superstructure above the lowest Position 2 deck 


** 


Fig. 11.2.1 Positions 1 and 2 


Actual Freeboard deck 
Assumed Freeboard deck 


Length LL 


* 


reduced load upon exposed superstructure decks located at least one standard height of superstructure 
above the freeboard deck 

reduced load upon exposed superstructure decks of vessels with LL > 100 m located at least one 
superstructure standard height of superstructure above the lowest Position 2 deck 


** 


Fig. 11.2.2 Positions 1 and 2 for an increased freeboard 
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2.3.4 The pressure on hatch covers due to distributed 
cargo loads p,, in KN/m2, resulting from heave and pitch, is 
to be determined according to the following formula: 

PL =P +a) kN/m2 
where 

Po = uniform cargo load, in kN/m2 
NOTE 
For 'tween deck hatch covers, p, is not to be taken less than 
7,07 Hig KN/m?2, see Ch 3,5.2.1, Table 3.5.1 and Fig. 3.5.1. A 
design load less than this will be specially considered. 

a, = acceleration addition as follows: 


ay =Fm 
F = oft —& 
"a 
m = m-5(Mọo Na forO< ae 
= 1,0 for 0,2 < a < OF 
Mo +1 X X 
= 1 —< 
are a 0,7) for0,7< Ž <1,0 
Mo = 1O4+F 
Vo = Maximum speed at summer load line draught, Vo is 


not to be taken less than YL , in knots. 


2.3.5 Point loads due to single forces, P, in KN, resulting 
from heave and pitch are to be determined as follows: 

P =P,(1+a,) KN 

P, = single force, in kN. 


2.3.6 In addition to the loads defined in this Section, 
hatch covers are loaded in the ship's transverse direction by 
forces due to elastic deformations of the ship's hull. Hatch 
covers are to be designed such that the sum of stresses 
does not exceed the permissible values given in 2.4.1. 


2.4 Allowable stress and deflection 


2.4.1 The equivalent stress, oy, in steel hatch cover 
structures related to the net thickness shall not exceed 0,805, 
where o, is the minimum yield stress, in N/mm?, of the 
material. For design loads according to 2.3.3 to 2.3.6 and 
Pt 4, Ch 8,11.2, the equivalent stress, o,, related to the net 
thickness shall not exceed 0,96, when the stresses are 
assessed by means of FEM using plane stress or shell 
elements. 

For beam element calculations and grillage analysis, the 
equivalent stress may be taken as follows: 


No? + 312 , in N/mm? 


Oy = 
o = normal stress in N/mm2 
t = shear stress in N/mm2 


For FEM calculations, the equivalent stress may be taken as 
follows: 


oy = oe -= 0,Gy + oy? + 31? , in N/mm? 
ox = normal stress, in N/mm2, in x-direction 
Sy = normal stress, in N/mm2, in y-direction 


= shear stress, in N/mm2, in the x-y plane 


a 
| 
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Indices x and y are coordinates of a two-dimensional 
Cartesian system in the plane of the considered structural 
element. 

In the case of FEM calculations using shell or plane strain 
elements, the stresses are to be read from the centre of the 
individual element. Where shell elements are used, the 
stresses are to be evaluated at the mid plane of the element. 
Stress concentrations are to be considered. FEM calculations 
are to be carried out in accordance with the ShipRight 
procedure Assessment of Steel Hatch Covers using Finite 
Element Analysis. 


2.4.2 The vertical deflection of primary supporting 
members due to the vertical weather design load according 
to 2.3.2 is to be not more than 0,0056/, where ly is the 
greatest span of primary supporting members. 

For 'tween deck hatch covers not exposed to the vertical 
weather design load according to 2.3.2, the vertical deflection 
of primary supporting members due to the cargo loads 
according to 2.3.4, 2.3.5 and Pt 4, Ch 8,11.2 is to be not 
more than 0,007, where ly is the greatest span of primary 
supporting members. 


2.5 Local net plate thickness 


2.5.1 The local net plate thickness, f, in mm, of the hatch 
cover top plating is not to be less than: 


t = F,0,0158s,4/—2 
R 0,9509 
and to be not less than 1 per cent of the spacing of 
the stiffener or 6 mm, whichever is greater 
Fy = factor for combined membrane and bending 


response 

= 1,5 in general 

=19 >, fr& 208 
Oa Oa 


for the attached plate flange of primary supporting 
members 
s = stiffener spacing, in mm 
p = pressure pp and p,, in kN/m2, as defined in 2.3 
o = normal stress, in N/mm2, of hatch cover top plating 
oa = 0,806, in N/mm? 
For flange plates under compression, sufficient buckling 
strength according to 2.11 is to be demonstrated. 
The normal stress o of the hatch cover plating may be 
determined in a distance s from webs of adjacent primary 
supporting members perpendicular to secondary stiffeners, 
and in a distance s/2 from the web of an adjacent primary 
supporting member parallel to secondary stiffeners, see 
Fig. 11.2.3. The greater of both stresses is to be taken. For 
the distribution of normal stress o between two parallel 
girders, see 2.14.1. 


2.6 Local plate thickness of hatch covers for 
wheel loading and helicopter landing 


2.6.1 The local gross plate thickness of hatch covers for 
wheel loading is to comply with Ch 9,3. 
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o = max. [oy4 (y = 8/2); syo (X =S)] 


Fig. 11.2.3 
Determination of normal stress of the 
hatch cover plating 


2.6.2 The local gross plate thickness of hatch covers for 
helicopter landing is to comply with Ch 9,5. 


2.7 Lower plating of double skin hatch covers and 
box girders 


2.7.1 The thickness to fulfil the strength requirements is 
to be obtained from the calculation according to 2.10 under 
consideration of permissible stresses according to 2.4.1. The 
net thickness must not be less than the larger of the following 
values when the lower plating is taken into account as a 
strength member of the hatch cover: 


t = 0,0065s, in mm 
thin = 9mm 
s = stiffener spacing, in mm. 
2.8 Net scantling of secondary stiffeners 


2.8.1 The net section modulus, Z, and net shear area, 
Ag, Of uniformly loaded hatch cover stiffeners constrained at 
both ends is not to be less than: 


0,104 

a s [2 p, in cms 
=] 

As = 201 1p, incm? 
Oo 


l = secondary stiffener span, in metres, to be taken as 
the spacing, in metres, of primary supporting 
members or the distance between a primary 
supporting member and the edge support, as 
applicable 

s = secondary stiffener spacing, in mm 

p = pressure py and pL, in kN/m2, as defined in 2.3. 


2.8.2 The net section modulus of the secondary 
stiffeners is to be determined, based on an attached plate 
width assumed equal to the stiffener spacing. 
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2.8.3 For flat bar secondary stiffeners and buckling 
stiffeners, the ratio h/ty, is to be not greater than 15k®5 
where 


> 
Il 


height of the stiffener 
tw = net thickness of the stiffener 
k = 235/5% 


2.8.4 Stiffeners parallel to primary supporting members 
and arranged within the effective breadth according to 2.10 
must be continuous when crossing primary supporting 
members and may be considered when calculating the 
cross-sectional properties of primary supporting members. It 
is to be verified that the combined stress of those stiffeners, 
induced by the bending of primary supporting members and 
lateral pressures, does not exceed the permissible stresses 
according to 2.4.1. 


2.8.5 For hatch cover stiffeners under compression, 
sufficient safety against lateral and torsional buckling 
according to 2.15 and 2.16 is to be verified. 


2.8.6 For hatch covers subject to wheel loading, stiffener 
gross scantlings are to comply with Ch 9,3. 


2.8.7 For hatch covers subject to helicopter landing, 
stiffener gross scantlings are to comply with Ch 9,5. 


2.9 Net scantling of primary supporting members 


2.9.1 Scantlings of primary supporting members are 
obtained from calculations according to 2.10, under 
consideration of permissible stresses according to 2.4.1. 


2.9.2 For all components of primary supporting 
members, sufficient safety against buckling must be verified 
according to 2.11 to 2.16. For biaxial compressed flange 
plates, this is to be verified within the effective widths 
according to 2.14.1. 


2.9.3 The net thickness, t, in mm, of webs of primary 
supporting members is not to be less than: 
(a) 0,0065s, in mm 
(o) 5mm 
where 
s = stiffener spacing, in mm. 


2.9.4 Scantlings of edge girders (skirt plates) are 
obtained from the calculations according to 2.10, under 
consideration of permissible stresses according to 2.4.1. 


2.9.5 The net thickness, t, in mm, of the outer edge 
girders exposed to wash of sea is not to be less than the 
largest of the following values: 


Pa 
a) 0,0158s 
(a) \ 0,956, 


(b) 0,0085s mm 


(c) 5mm 
where 
Pa = horizontal pressure, as defined in 2.3.3 
s = stiffener spacing, in mm. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Closing Arrangements for Shell, Part 3, Chapter 11 
Deck and Bulkheads Section 2 


2.9.6 The stiffness of edge girders is to be sufficient to 
maintain adequate sealing pressure between securing 
devices. The moment of inertia, in cm4, of edge girders is not 
to be less than: 
I =6q Sp 
q = packing line pressure, in N/mm, minimum 5 N/mm 
Ssp = spacing, in metres, of securing devices. 


2.10 Strength calculations 


2.10.7 Strength calculation for hatch covers may be 
carried out by using either beam theory, grillage analysis or 
FEM. 


2.10.2 The effective cross-sectional properties for 
calculation by beam theory or grillage analysis are to be 
determined considering the effective breadth. Cross-sectional 
areas of secondary stiffeners parallel to the primary 
supporting member under consideration within the effective 
breadth can be included, see Fig. 11.2.5. The effective 
breadth of plating, €m, of primary supporting members is to 
be determined according to Table 11.2.3, considering the 
type of loading. Special calculations may be required for 
determining the effective breadth of one-sided or non- 
symmetrical flanges. The effective cross-sectional area of 
plates is not to be less than the cross-sectional area of the 
face-plate. For flange plates under compression with 
secondary stiffeners perpendicular to the web of the primary 
supporting member, the effective width is to be determined 
according to 2.14.1. 


Fig. 11.2.5 
Stiffening parallel to web of 
primary supporting member 


Longitudinal 
stiffener Single field Partial fie 


Longitudinal : stiffener in the direction of the length a 
Transverse : stiffener in the direction of the length b 


Fig. 11.2.6 
Fig. 11.2.4 Stiffening perpendicular to web of 
General arrangement of panel primary supporting member 
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Table 11.2.3 


3 
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Effective breadth e,, of plating of primary supporting members 


0,64 0,82 


0,65 


Symbols 


is to be applied where primary supporting members are loaded by uniformly distributed loads or else by no fewer than six equally 
spaced single loads 


is to be applied where primary supporting members are loaded by three or fewer single loads. Intermediate values may be 


obtained by direct interpolation 
length of zero-points of bending moment curve: 


l = Ip for simply supported primary supporting members 


l = 0,6lọ for primary supporting members with both ends constrained 


is the unsupported length of the primary supporting member 


width of plating supported, measured from centre to centre of the adjacent unsupported fields 


2.11 Buckling strength of hatch cover structures 


2.11.1 For hatch cover structures, sufficient buckling 
strength is to be demonstrated. 


a = length of the longer side of a single plate field, in 
mm 
b = breadth of the shorter side of a single plate field, in 
mm 
a = aspect ratio of single plate field 
= a/b 


n = number of single plate field breadths within the 
partial or total plate field 


t = net plate thickness, in mm 
o, = membrane stress, in N/mm2, in x-direction 
Oy = membrane stress, in N/mm2, in y-direction 
t = shear stress, in N/mm2, in the x-y plane 
E = modulus of elasticity, in N/mm2, of the material 


= 2,06 x 105 N/mm? for steel 
op = minimum yield stress, in N/mm2, of the material. 

Gompiécsie and shear stresses are to be taken positive, 
tension stresses are to be taken negative. 

If stresses in the x- and y-direction already contain the 
Poisson effect (calculated using FEM), the following modified 
stress values may be used. Both stresses ox and Gy are to 
be compressive stresses, in order to apply the stress 
reduction according to the following formulae. 


eee lox - 0,30, 


0,91 
* 985." 
oy = (oy Ox) 
0,91 
Ox, oy = stresses containing the Poisson effect where 
compressive stress fulfils the condition 
oy <0,30,’, then oy = 0 and ox = ox 
where compressive stress fulfils the condition 
ox <0,30,,, then ox = 0 and oy = oy 


y , 
F, = correction factor for boundary condition at the 
longitudinal stiffeners according to Table 11.2.4 
Ge = reference stress, in N/mm2, taken equal to 
t \2 
= 0,9E (—— 
(>) 


y = edge stress ratio taken equal to 


92 
a 
where 
cq = maximum compressive stress 
© = minimum compressive stress or tension stress 


S = safety factor (based on net scantling approach), 
taken equal to 
= 1,25 for hatch covers when subjected to the vertical 
weather design load according to 2.3.2 
= 1,10 for hatch covers when subjected to loads 
according to 2.3.3 to 2.3.6 and Pt 4, Ch 8,11,2 
à = reference degree of slenderness, taken equal to: 


20: 
Koe 
K = buckling factor according to Table 11.2.6. 


Table 11.2.4 Correction factor F4 


Stiffeners sniped at both 
ends 


for flat bars 

for bulb sections 

for angle and tee-sections 
for u-type sections, see 
Note 2, and girders of 
high rigidity 


Guidance values, see 
Note 1, where both ends 
are effectively connected 
to adjacent structures 


An average value of F, see Note 1, is to be used for plate panels 
having different edge stiffeners 


NOTES 

ii Exact values may be determined by direct calculations. 

2. A higher value, but not greater than 2,0, may be taken if it is 
verified by a buckling strength check of the partial plate field 
using non-linear FEA. The calculations are to be submitted 
to LR for approval. 
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2.11.2 Proof is to be provided that the following condition 
is complied with for the single plate field a b: 


(=S) eD 5 eae (iss8)" aap 


2 
Kx Oo Ky Oo Oo Kı Oo 


The first two terms and the last term of the above condition 
shall not exceed 1,0. 

The reduction factors xx, xy and «, are given in Table 11.2.6. 
Where ox < O (tension stress), Ky = 1,0. 

Where oys O (tension stress), ky = 1,0. 

The exponents €;, €2 and e3 as well as the factor B are to be 
taken as given by Table 11.2.5. 


Table 11.2.5 Coefficients e,, e2, e3 and factor B 


Exponents e4 to e3 and factor B Plate panel 


1 +4 


4 
1+ ky 


1 + ky ky K,2 


B (kx Ky)? 
oy and oy positive 
(compression stress) 


B 
©, OF oy negative 
(tension stress) 


2.12 Webs and flanges of primary supporting 
members 


2.12.1 For non-stiffened webs and flanges of primary 
supporting members, sufficient buckling strength, as for the 
hatch cover top and lower plating, is to be demonstrated 
according to 2.11.2. 


2.13 Longitudinal and transverse secondary 
stiffeners 


2.13.1 It is to be demonstrated that the continuous 
longitudinal and transverse stiffeners of partial and total plate 
fields comply with the conditions set out in 2.15 and 2.16. 


2.14 Effective width of top and lower hatch cover 
plating 


2.14.71 For demonstration of buckling strength according 
to 2.15 and 2.16, the effective width of plating may be 
determined by the following formulae: 

bm =k, for longitudinal stiffeners 

am = kya for transverse stiffeners 
see also Fig. 11.2.4. 
The effective width of plating is not to be taken greater than 
the value obtained from 2.10.2. 
The effective width e'm of stiffened flange plates of primary 
supporting members may be determined as follows: 
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(a) Stiffening parallel to web of primary supporting member: 
DS “<6 

ee, f= N Dih 

integer number of stiffener spacings b inside the 

effective breadth e,, according to 2.10.2 


n ($) 


(b) Stiffening perpendicular to web of primary supporting 


3 
Il 


member: 
a 2 em 
e'm = Nam< em 
RI 2S D7 <m <l 
e width of plating supported according to 2.10.2 


For b 2 em Or a < em, respectively, b and a are to be 
exchanged. 

âm and bp for flange plates are in general to be determined 
for y =1. 

Scantlings of plates and stiffeners are in general to be 
determined according to the maximum stresses o, (y) at 
webs of primary supporting member and stiffeners, 
respectively. For stiffeners with spacing b under compression 
arranged parallel to primary supporting members, no value 
less than 0,250, shall be inserted for o, (y=). 

The stress distribution between two primary supporting 
members can be obtained by the following formula: 


oly) = Oy fi A É + Cy 4Co 2 A (1 + Cy 207] } 


where 
Oo 
c = —* 0<c;s1 
Ox1 
1,5 " " 
C2 = > (mi + &m2)- 0,5 
emi = proportionate effective breadth €m; or propor- 


tionate effective width e,,4° of primary supporting 
member 1 within the distance e, as appropriate 
em?" = proportionate effective breadth em2 or propor- 
tionate effective width em2 of primary supporting 
member 2 within the distance e, as appropriate 
Oy, 0x9 = normal stresses in flange plates of adjacent 
primary supporting member 1 and 2 with spac- 
ing e, based on cross-sectional properties 
considering the effective breadth or effective 
width, as appropriate 
y = distance of considered location from primary 
supporting member 1 
Shear stress distribution in the flange plates may be assumed 
linearly. 
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Table 11.2.6 Buckling and reduction factors for plane elementary plate panels 


Asp. ratio 


Edge stress a Buckling factor K Reduction factor « 


Buckling load case ratio y a= 5 


k- 4 Kx=1 forA<Ag 


y+1,1 0.22 
= - aa) for A > àg 


anes - y (8,26 - 104) = (1,25 - 0,124) < 1,25 


K =5,975 (1 - y)2 


Y (13,9- 10v) 
Q 


1\2 

K =F; [(" + aa) ce Ey) [t Y 
-Æ (6,87 + 1,8702 + 
Qa 


8, 


az ~ 10v)| 


- 2 
K = 5,975F4 (= 


for à < 0,7 


for à > 0,7 


for à < 0,84 


for 7 > 0,84 


Explanations for boundary conditions plate edge free 
plate edge simply supported 
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2.15 Lateral buckling of secondary stiffeners 


2.15.1 The secondary stiffeners are to comply with the 
following criteria: 


Og + Ob S<] 


Oo 


oa = uniformly distributed compressive stress, in N/Mm2, 
in the direction of the stiffener axis 

O, = ©, for longitudinal stiffeners 

Sa = oy for transverse stiffeners 

op = bending stress, in N/mm2, in the stiffener 

Mo + M, 

Zot x 108 

Mo = bending moment, in Nmm, due to the deformation 
w of stiffener, taken equal to: 


PzW ' 
Mo = Fx Cops with (C — Pz) > O 
M, = bending moment, in Nmm, due to the lateral load 
p equal to: 
_ pba? PENR ; 
Mı = 24 x 103 for longitudinal stiffeners 
2 
Mı = pambe for transverse stiffeners 
8c, x 103 
n is to be taken equal to 1 for ordinary transverse 
stiffeners 
p = lateral load, in kN/m2 
Fx; = ideal buckling force, in N, of the stiffener 
2 
Fix = aa E I, x 104 for longitudinal stiffeners 
me , 
Fky = E I, x 104 for transverse stiffeners 
(n b)2 y 
Ig; ly = net moments of inertia, in cm4, of the longitudinal 
or transverse stiffener, including effective width of 
attached plating according to 2.14.1. I, and L, are 
to comply with the following criteria: 
bts 
> — 
pee 12x 104 
ats 
> — 
nE 12x 104 


Pz = nominal lateral load, in N/mm, of the stiffener due 
to oy, oy and t 


t 2 
Px = 5G (ox (z2) + 20y0 +421 ) 


for longitudinal stiffeners 


t 2 A 
Py = £ loooto 22) i 2) +n) 


for transverse stiffeners 


Ax 
Ox) = Ox be ee 


Cy, Cy = factor taking into account the stresses perpendicular 
to the stiffener's axis and distributed variably along 
the stiffener's length 

= 0,5(1+ wy) forO<w<t1 


Part 3, Chapter 11 


Section 2 


= 05 forw<0O 
1-y 


A,, A, = net sectional area, in mm2, of the longitudinal or 


transverse stiffener, respectively, without attached 
plating 


mı Mo 
T4 = |tt OE ge Be >0 


for longitudinal stiffeners: 


22,0 :m,=1,47 my =0,49 


a 
b 
a 
a <2, :m,=1,96 mM = 0,37 
for transverse stiffeners: 


2236.8 : m 2037 m, = +8 


nb n2 
4 <0,5 : mı =0,49 m= 142 
nb n2 
wW =WotWy 
Wọ = assumed imperfection, in mm 
Wox =< min( z5 ; mws 5 10) for longitudinal stiffeners 
250 250 
Woy = < min ECA ; nb , 10) for transverse stiffeners 
250 250 


NOTE 
For stiffeners sniped at both ends, wọ must not be taken less 
than the distance from the mid point of plating to the neutral 
axis of the profile, including effective width of plating 

w4 = deformation of stiffener, in mm, at mid point of 

stiffener span due to lateral load p 

In the case of uniformly distributed load, the following values 
for w4 may be used: 


pbat as 
Wy = 384 x 107 EI, for longitudinal stiffeners 
5a p (n b)4 
~ 384x 107 E I, cg? 


c; = elastic support provided by the stiffener, in N/mm2 
(i) For longitudinal stiffeners: 


W4 for transverse stiffeners 


T 
Cy = Fkix a2 (1 + Cpx) 
1 
Spx = ea ) 
(a Ne 
Cxa 
2 
Gye = (35 + a) for a = 2b 


a \2\2 
Cw. = ( + (5) ) fora < 2b 
(ii) | For transverse stiffeners: 


ae (1 + Cpy) 


Cty = Cs Fxiy 
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1 


py ogi (I 1) 
, Ba ~ 


C, 


ya 


nb , 2a 2 forn b 2 2a 
2a nb 


( + eal) fornb < 2a 
a 


Cs = factor accounting for the boundary conditions of 
the transverse stiffener 

= 1,0 for simply supported stiffeners 

= 2,0 for partially constrained stiffeners 

= net section modulus of stiffener (longitudinal or 
transverse), in cm3, including effective width of 
plating according to 2.14.1. 

If no lateral load p is acting, the bending stress op is to be 

calculated at the mid point of the stiffener span for that fibre 

which results in the largest stress value. If a lateral load p is 

acting, the stress calculation is to be carried out for both 

fibres of the stiffener's cross-sectional area (if necessary for 

the biaxial stress field at the plating side). 


st 


2.16 Torsional buckling of secondary stiffeners 
2.16.1 The longitudinal secondary stiffeners are to comply 
with the following criteria: 
oS 
Krop, To < 1,0 
where 
xy = Coefficient taken equal to: 
ky = 1,0 foray <0,2 


1 


T ay - a7? 


for àq > 0,2 


$ = 0,5 (1 +0,21 (àņ- 0,2) + Az?) 
Aq = reference degree of slenderness taken equal to: 
OF 
At = Af—— 
1 OKiT 
n? 1102 
okr = E (—— e+ 0,38577); in N/mm? 
p 
Table 11.2.7 Moments of inertia 


Section 


For Ip, 


I, 


Part 3, Chapter 11 


Section 2 


Iœ, see Fig. 11.2.7 and Table 11.2.7 

net polar moment of inertia of the stiffener, in cm4, 
related to the point C 

net St.Venant's moment of inertia of the stiffener, 
in cm4 

net sectorial moment of inertia of the stiffener, 
in cm6, related to the point C 

degree of fixation taken equal to: 


1+ 10-3 a 
as 
= mfg +) 
4 8 3S 


web height, in mm 

net web thickness, in mm 

flange breadth, in mm 

net flange thickness, in mm 

net web area equal to: Aw = Aw tw 
net flange area equal to: A; = bs ts 


t 
Ay + =, in mm 


stiffener spacing, in mm 
local net plate thickness of the attached plate, in 


mm. 


ef = hy + ty /2 


Fig. 11.2.7 Dimensions of stiffener 


Flat bar 


Sections with bulb 


for bulb and angle sections: 


or flange 


At ef b? c + aa) 


12x 106 \ Ar+Aw 


for tee sections: 
bÉ te? 
12x 106 
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2.16.2 For transverse secondary stiffeners loaded by 
compressive stresses and which are not supported by 
longitudinal stiffeners, sufficient torsional buckling strength is 
to be demonstrated analogously in accordance with this sub- 
Section. 


2.17 Pontoon covers 

2.17.1 The structural assessment of pontoon covers, as 
defined in 1.1.5(b), is to be carried out by direct calculations, 
which are to be submitted for approval, using the minimum 
design pressures acting on the hatch covers defined in 
Table 11.2.8. The permissible stress, deflection and buckling 
criteria are given in Table 11.2.10. 


Table 11.2.8 


For ships of 100 m in length and above: 


Pontoon cover minimum design pressures 


Part 3, Chapter 11 


Section 2 


2.17.2 The gross thickness of the plating of steel pontoon 
covers is to be not less than the greater of: 
(a) t = 0,01s mm 
(b) t = 6,0 mm as required by Table 11.2.8 
where 
s = stiffener spacing in mm 
t = thickness as required by 2.17.1. 


2.17.3. The gross scantlings of steel pontoon cover 
primary and secondary webs or stiffeners are to be not less 
than would be required to satisfy the requirements of 
Table 11.2.11. Alternatively, scantlings may be determined by 
direct calculations, which are to be submitted for approval. In 
no case are the stresses and deflections given in 
Table 11.2.10 to be exceeded. 


Position 1 hatch covers located in the forward quarter of the ship's length shall be designed for wave pressures at the forward 


perpendicular, calculated from the following equation: 


Minimum design pressure, p = 49,05 + 9,81 (L4 -100) a in kN/m2 


where 


Ly is L for ships of not more than 340 m but not less than 100 m in length and equal to 340 m for ships of more than 340 m in length: 


a = 0,0074 for Type B freeboard ships 


= 0,0363 ships assigned reduced freeboard 
The pressure, p, is to be reduced linearly to 34,3 kN/m? at the end of the forward quarter's length, as shown in Table 11.2.9 
The design pressure used for each hatch cover panel shall be that determined at its mid point location: 
All other position 1 hatch covers shall be designed to 34,3 kN/m2 
Position 2 hatch covers shall be designed to 25,5 kN/m2 
Where a position 1 hatchway is located at least one superstructure standard height higher than the freeboard deck, it may be designed 


to 34,3 kKN/m2 


For ships 24 m in length: 


(a) Position 1 hatch covers located in the forward quarter of the ship's length shall be designed for wave pressures of 23,8 kN/m2 at the 
forward perpendicular and reduced linearly to 19,6 kN/m at the end of the forward quarter's length, as shown in Table 11.2.9 
The design pressure used for each hatch cover panel shall be that determined at its mid point location 


All other position 1 hatch covers shall be designed to 19,6 kN/m2 


Position 2 hatch covers shall be designed to 14,7 kN/m2 


Where a position 1 hatchway is located at least one superstructure standard height higher than the freeboard deck, it may be designed 


to 19,6 t/m2 


For ships between 24 m and 100 m in length, and for positions between FP and 0,25L, wave pressures shall be obtained by linear 


interpolation of the values shown in Table 11.2.9 


Table 11.2.9 


Deck location 


Summary of pontoon cover minimum design pressures 


Longitudinal position 


0,25L Aft of 0,25L 


L>100 m 


Freeboard deck Equation given in Table 11.2.8(a) 


34,3 kN/m2 


Superstructure deck 


34,3 kN/m2 


L=100m 


Freeboard deck 49,05 kN/m2 


34,3 kN/m2 


Superstructure deck 


/m2 


Freeboard deck 23,84 kN/m2 


19,6 kN/m2 


Superstructure deck 


19,6 kN/m2 
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Table 11.2.10 Steel pontoon cover permissible stress, deflection and buckling criteria 


Permissible bending stress, Permissible shear stress, Permissible deflection, 


Location N/mm2 N/mm2 metres 


Weather deck — Positions 1 and 2 0,6809 0,3909 0,004.41 


Buckling requirements 


Symbols 


= length of panel (longer panel dimension), in mm, in transverse direction, see Fig. 11.2.8 
spacing of webs and stiffeners (shorter panel dimension), in mm 
thickness of plating, in mm 
= corrected critical buckling stress, in N/mm2 
the compressive bending stress, in N/mm2, in the steel cover plating, calculated by taking the cover as a loaded beam simply 
supported at its ends 
critical buckling stress of panel, in N/mm? 
yield stress of cover plating material, in N/mm? 


2 
18,6Ro (+) x 104 N/mm? 


fey 
= 90 (1- a N/mm? 


46, 


(a) Where primary bending stress acts on longer panel edge b, see Fig. 11.2.8: 


2 
Ze (or m) 213 where R, = (o + J 
Ob Ob b S 


Where primary bending stress acts on shorter panel edge s: 


2 
paea (or ge) 212 where Ro = 4 (=) 
Ob Ob Ss 


If 6, > 0,5 Gp, then corrected value cag is used 
It is recommended that b < 5,0 

S 
Where covers are stiffened in two directions by a grillage formation, buckling checks are to be carried out as per (a) above for bending 
stresses acting on both the longer and shorter edges of the panel 
For the derivation of the section modulus for primary members, an effective width of plating to achieve a balanced section is to be 
adopted 
However, a greater width of plating in accordance with Ch 3,3.2 may be adopted where this is suitably stiffened in the directions being 
considered from the buckling aspect 


= ' I 


Al ia 
~~ Cover to be taken as a loaded __ ———_ | 


beam simply supported at its ends 


Compressive stress oy in the top 
plate due to loading on the cover 


Cover with stiffening fitted normal to the axis of 
primary bending 
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Table 11.2.11 


Symbols 


Steel pontoon cover webs and stiffeners 


Primary and secondary stiffening requirements 


= shear area, in cm? 

= higher tensile steel factor, see Ch 2,1.2 
1281 
696 
moment of inertia at mid-span, in cm4 
moment of inertia at supports, in cm4 


0,05 Ip 

unsupported span, in metres, measured as shown in 
Fig. 11.2.9 

proportion of the span, in metres, measured as shown in 
Fig. 11.2.9. The depth and face area over the remainder 
of the span is assumed to be constant 

minimum design pressure, in KN/m2, acting on the hatch 


covers as defined in Table 11.2.8 
section modulus at mid-span, in cm3 
section modulus at supports, in cm3 


BaH? (1 -BH 
0,2 +3 By 


3,204 - yH - 0,8 
7,0¥y + 0,4 


but not less than 1,0. To be specially considered when 
discontinuities in area of face material occur 


lo 


Mid-span 


Fig. 11.2.9 
Diagrammatic profile of web or stiffener or 
portable beam 


E Section 3 
Hatch beams and wood covers 


3.1 Portable hatch beams 


3.1.1 The section modulus and moment of inertia of 
portable web plate beams stiffened at their upper and lower 
edges by continuous flat bars are to satisfy the requirements 
of 2.17 for pontoon covers. Alternatively, direct calculations 
may be used, provided the requirements of 2.17 for pontoon 
covers are complied with. 


_ 0,01282p s lo e 


A 
S (o 


(0) 


NOTE 

Where the ends of the secondary panel stiffeners are effectively 
bracketed or continuous, the values of modulus and inertia of the 
secondary panel stiffeners may be reduced respectively by 33% and 
80%. 


3.1.2 The ends of web plates are to be doubled, or 
inserts fitted for at least 180 mm along length of web. 


3.1.3 At beams which carry the ends of wood or steel 
hatch covers, a vertical 50 mm flat is to be arranged on the 
upper face plate. The width of bearing surface for hatch 
covers is to be not less than 65 mm. 


3.1.4 Carriers or sockets, or other suitable arrangements, 
of suitable construction are to provide means for the efficient 
fitting and securing of portable hatch beams. The width of 
bearing surface is to be not less than 75 mm. 


3.1.5 Sliding hatch beams are to be provided with an 
efficient device for locking them in their correct fore and aft 
positions when the hatchway is closed. 


3.2 Wood covers 


3.2.1 Wood covers are to have a finished thickness of not 
less than 60 mm in association with an unsupported span of not 
more than 1,5 m. Where the ‘tween deck height, measured 
vertically on the centreline of the ship from ‘tween deck to under- 
side of the hatch cover stiffeners on deck above, exceeds 2,6 m, 
the thickness of the wood covers is to be increased at the rate 
of 16,5 per cent per metre excess in ‘tween deck height. 


3.2.2 The ends of all wood hatch covers are to be 
protected by encircling galvanised steel bands, about 65 mm 
wide and 33 mm thick, efficiently secured. 
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a Section 4 
Hatch cover securing 
arrangements and tarpaulins 


4.1 Cargo oil tank and adjacent spaces 


4.1.1 For access hatchways to cargo oil tanks and 
adjacent spaces, see Section 7. 


4.2 Steel covers - Clamped and gasketed 


4.2.1 These requirements, unless stated otherwise, apply 
to steel hatch covers in Positions 1 and 2 fitted with gaskets 
and securing devices and situated above dry cargo holds. 


4.2.2 Where steel hatch covers are fitted to hatch 
openings on weather decks, the arrangements are to be such 
that weathertightness can be maintained. A sufficient number 
of securing devices is to be provided at each side of the hatch 
cover, considering the requirements of 2.9.4 to 2.9.6. This 
applies also to hatch covers consisting of several parts. 


4.2.3 The weight of the covers and weather loading may 
be transmitted to the ship’s structure by means of continuous 
steel to steel contact of the cover skirt plate with the ship’s 
structure in association with a maximum bearing pressure of 
200 kgf/cm?. Alternatively the weight may be transmitted by 
means of defined bearing pads. For covers loaded by 
containers or other cargo, the total load together with inertial 
forces generated by the ship’s motion, are to be transmitted 
by means of defined bearing pads only. 


4.2.4 For the design of the securing devices against shifting, the 
horizontal mass forces F} = m a are to be calculated with the 
following accelerations: 

a, = 0,2 g in longitudinal direction 

ay = 0,5g in transverse direction 
m = sum of mass of cargo lashed on the hatch cover 


and mass of hatch cover. 


4.2.5 For the transmission of the support forces resulting 
from the load cases specified in 2.3 and of the horizontal 
mass forces specified in 4.2.4, hatch cover supports are to 
be provided, which are to be designed such that the nominal 
surface pressures do not, in general, exceed the following 
values: 
Pn max = dPn, in N/mm? 
3,75 — 0,015L 
dmax = 3,0 
Admin = 1,0 in general 
2,0 for partial loading conditions, see Pt 4, Ch 8, 
11.2.4 

Pn = see Table 11.4.1 
For metallic supporting surfaces not subjected to relative 
displacements, the nominal surface pressure applies: 


Pnmax = SPn, in N/mm? 


The supports are to be designed such that the permissible 
stresses according to 2.4.1 are not exceeded. 


Q 
II 
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Table 11.4.1 Permissible nominal surface 


pressure p,, 


Pn in N/mm? when loaded by 


Support material Horizontal force 


Vertical force (on stoppers) 


Hull structural steel 25 40 


Hardened steel 35 50 


Plastics materials on steel 50 — 


4.2.6 Drawings of hatch cover supports which specify the 
permitted maximum pressure related to long-term stress, 
given by the material manufacturer, must be submitted. 


4.2.7 Where large relative displacements of the supporting 
surfaces of hatch cover supports are to be expected, the use 
of material having low wear and frictional properties is recom- 
mended. If necessary, sufficient abrasive strength may be 
shown by tests demonstrating an abrasion of support 
surfaces of not more than 0,3 mm per year in service, at a 
total distance of shifting of 15 000 m/year. 


4.2.8 The substructures of the hatch cover supports 
must be of such a design that a uniform pressure distribution 
is achieved. Irrespective of the arrangement of stoppers, the 
supports must be able to transmit the following force P} in the 
longitudinal and transverse direction: 


P. 
Py, = x 
h u a 
where 
P, = vertical supporting force 
u = frictional coefficient 
= 0,5 in general 


For non-metallic, low-friction support materials on steel, the 
friction coefficient may be reduced, but is not to be less than 
0,35. The substructures are to be designed such that the 
permissible stresses according to 2.4.1 are not exceeded. 


4.2.9 For substructures and adjacent structures of 
supports subjected to horizontal forces Ph, as defined in 
4.2.8, a fatigue strength analysis is to be carried out. 


4.2.10 Hatch covers are to be sufficiently secured against 
horizontal shifting. Stoppers are to be provided for hatch 
covers on which cargo is carried. The greater of the loads 
resulting from 2.3.3 and 4.2.4 is to be applied for the dimen- 
sioning of the stoppers and their substructures. The 
permissible stress in stoppers and their substructures in the 
cover and in the coamings is to be determined according to 
2.4.1. In addition, the provisions in 4.2.5 are to be observed. 


4.2.11 The sealing is to be obtained by a continuous 
gasket of relatively soft elastic material compressed to achieve 
the necessary weathertightness. Similar sealing is to be 
arranged between cross-joint elements. Where fitted, 
compression flat bars or angles are to be well rounded where 
in contact with the gasket and are to be made of a corrosion- 
restraint material or suitably protected against corrosion. 
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4.2.12 Special consideration is to be given to the gasket 
and securing arrangements in ships with large relative 
movements between cover and ship structure or between 
cover elements. The relative horizontal and vertical deflections 
are to be calculated and submitted with the hatch cover 
plans. Where applicable, deflections due to thermal effects 
and internal pressure loads are also to be included. 


4.2.13 The suitability of the gasket material and the securing 
adhesive is the responsibility of the Builder and Owner. When 
selecting such material, consideration is to be given to its 
suitability for the environmental conditions likely to be 
experienced by the ship and its compatibility with the cargo 
carried. The material and form of gasket selected are to be 
considered in conjunction with the type of cover, the securing 
arrangement and the expected relative movement between 
cover and ship structure. The gasket is to be effectively secured 
to the cover. 


4.2.14 Drainage is to be arranged inside the line of gasket 
by means of a gutter bar or vertical extension of the hatch side 
and end coaming; drain openings are to be provided at 
appropriate positions on the drain channels. This requirement 
need not be complied with for special ships carrying container 
cargoes when the requirements of Pt 4, Ch 8,11 are satisfied. 


4.2.15 Where the arrangement includes continuous steel 
to steel contact between hatch cover and coaming or 
between hatch cover and ship structure or at cross-joints, 
drainage on both sides of the gasket is to be provided. 


4.2.16 Drain openings are to be arranged at the ends of 
drain channels and are to be provided with non-return valves 
for preventing ingress of water from outside. 

The following requirements are to be complied with: 

(a) If manufactured from steel, the minimum drain pipe wall 
thickness is to be not less than 4,5 mm. 

(o) If not manufactured from steel, details of the drain, 
including the material specification, method of manu- 
facture and details of any tests carried out, are to be 
submitted for consideration. 

(c) The drains are to be securely attached to the hatch 
coaming and adequately protected if in an exposed 
position. 

(d) When the drain is fitted to a hold also designed to carry 
liquids, a shut-off valve is to be incorporated into the 
assembly. 

(e) Drain openings in hatch coamings are to be arranged 
with sufficient distance to areas of stress concentration 
(e.g., hatch corners, transitions to crane posts). 


4.2.17 Panel hatch covers are to be secured by appropriate 
devices (bolts, wedges or similar) suitably spaced alongside 
the coamings. The securing devices are not to have a vertical 
clearance but are to be pre-tensioned when the cover is in the 
closed position. The devices are also to be arranged in close 
proximity horizontally to the gasket. Arrangement and spacing 
are to be determined with due attention to the effectiveness 
for weathertightness, depending upon the type and the size of 
the hatch cover, as well as on the stiffness of the cover edges 
between the securing devices. A minimum of two securing 
devices for each side of a panel are to be fitted. The securing 
devices should be arranged as close to the panel corners as is 
practicable. 
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4.2.18 Between cover and coaming and at cross-joints, a 
gasket pressure sufficient to obtain weathertightness is to be 
maintained by the securing devices. This pressure is to be 
specified. Securing devices of a design other than rod or bolts 
will be specially considered, see 4.2.26. 


4.2.19 | The net sectional area of each securing device is to 
be not less than: 


A = 1,48, w m2 ( 1,45] w om?) 


50f 5,1f 
where 
Bae 
Oe ( 235 ) 

S4 = spacing between securing devices, in metres, not 
to exceed 6 m and not to be taken less than 2 m 

W4 = the gasket loading per unit length, in N/cm (kgf/cm), 
but not less than 50 N/cm (5,1 kgf/cm) 

6, = specified minimum upper yield stress in N/mm2 


(kgf/mm?) of the steel used for cleats or securing 
devices, to be taken not greater than 70 per cent 
of the ultimate tensile strength 

e = 0,75 for o, = 235 (24) 

1,0 for og < 235 (24). 


4.2.20 Rods or bolts are to have a gross diameter not less 
than 19 mm for hatchways exceeding 5 m2 in area. 


4.2.21 In order to ensure compression between gasket 
and compression bar along the full length, the cover edge 
stiffness is to be examined. The inertia of the cover edge is to 
be not less than: 

Te = 0,6W, S44 cm4 

(I£ = 5,89W4 S44 cm’) 
where 

W, and S, are as defined in 4.2.12. 


4.2.22 Securing devices are to be constructed of reliable 
design and securely attached to the hatchway coamings, 
decks or covers. Individual securing devices on each cover are 
to have approximately the same stiffness characteristics. 


4.2.23 Where rod cleats are fitted, resilient washers or 
cushions are to be incorporated. 


4.2.24 Where hydraulic cleating is adopted, a positive 
means is to be provided to ensure that it remains mechani- 
cally locked in the closed position in the event of failure of the 
hydraulic system. 


4.2.25 The cross-joints of multi-panel covers are to be 
arranged with wedges, or locators (male and female) to retain 
the hatch covers in the correct sealing position, the number and 
spacing are to be arranged to suit the size and type of cover, 
gasket arrangements and stiffness of cover edges at cross- 
joints. Means are also to be provided to prevent excessive 
relative vertical deflections between loaded and unloaded 
panels. The arrangement of the gasket retaining angle and the 
compression bar at the cross-joints is to be such that the 
gasket compression is maintained between loaded and 
unloaded panels. 
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4.2.26 |In addition to the requirements given above, all 
hatch covers, especially those carrying deck cargo are to be 
effectively secured against horizontal shifting due to the 
horizontal forces arising from the ship motions. 


4.2.27 To prevent damage to hatch covers and ship 
structure, the location of stoppers is to be compatible with the 
relative movements between hatch covers and ship structure. 
The number should be as small as practically possible. 


4.2.28 Towards the ends of the ship, vertical acceleration 
forces may exceed gravity forces. The resulting lifting forces 
must therefore be also considered when dimensioning the 
securing devices. Also lifting forces from cargo secured on the 
hatch cover during rolling are to be taken into account. 


4.2.29 Hatch coamings and supporting structure are to be 
adequately stiffened to accommodate the loading from hatch 
covers and cargo carried thereon. 


4.2.30 Upon completion of installation of hatch covers, a 
hose test with a pressure of water as specified in Table 1.9.1 in 
Chapter 1 is to be carried out. Alternative methods of tightness 
testing will be considered. This does not apply to covers with 
reduced securing arrangements as specified in Pt 4, Ch 8,11. 


4.2.31 All hatch covers are to be tested to prove satisfac- 
tory operation. 


4.2.32 Itis recommended that ships with steel hatch 

covers are supplied with an operation and maintenance 

manual including: 

(a) opening and closing instructions; 

(b) maintenance requirements and specifications for packings, 
securing devices and operating items; 

c) cleaning instructions for the drainage system; 

(d) corrosion prevention instructions; 

(e) list of spare parts. 


4.2.33 The spacing and size of securing devices in hatch 
covers for holds which may be flooded and used for ballast 
tanks and holds in OBO, ore or oil and similar types of ship 
are to correspond to the reaction forces at the cover edges 
found by calculation. The loading is to be as required by Pt 4, 
Ch 7,12.4.1(c) 
The permissible stress in the securing devices is not 
to exceed the following: 
Ge = 0,9x 235 f N/mm? 
where 
f = material factor as defined in 4.2.19 
o = bending stress in N/mm? 


Ge = equivalent stress, in N/mm2 
= N (6? + 313) 
t = shear stress in N/mm2. 
4.2.34 On tank hatch covers in ‘tween decks the 


maximum spacing of cleats is to be 600 mm, but cleats are to 
be arranged as close to the corners as practicable. 


4.2.35 Steel hatch covers with special sealing arrange- 
ments, insulated covers, flush hatch covers, and covers 
having coamings less than required by 5.1, will be specially 
considered. 
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4.2.36. The material and weld specifications of stoppers and 
securing devices are to be shown in the drawings of the hatch 
covers. 


4.2.37 Securing devices of special design in which signifi- 
cant bending or shear stresses occur may be designed as 
anti-lifting devices according to Pt 4, Ch 8,11.2.5. The packing 
line pressure, as defined in 4.2.12, multiplied by the spacing 
between securing devices, as defined in 4.2.12, is to be applied 
as design load. 


4.3 Portable covers - Tarpaulins and battening 
devices 
4.3.1 At least two layers of tarpaulin in good condition are 


to be provided for each hatchway in Positions 1 and 2. 


4.3.2 Tarpaulins are to be free from jute, waterproof and 
of ample strength. The minimum mass of the material before 
treatment is to be 0,65 kg/m2 if the material is to be tarred, 
0,60 kg/m? if to be chemically dressed, or 0,55 kg/m? if to be 
dressed with black oil. A certificate to this effect is to be 
supplied by the makers of the tarpaulins. Special consideration 
will be given to the use of synthetic materials for tarpaulins. 


4.3.3 Cleats are to be of an approved pattern, at least 
65 mm wide, with edges so rounded as to minimise damage 
to the wedges, and are to be spaced not more than 600 mm 
from centre to centre: the first and last cleats along each side 
or end are to be not more than 150 mm from the hatch 
corners. Cleats should be so set as to fit the taper of the 
wedges. 


4.3.4 Battens and wedges shall be efficient and in good 
condition. Wedges are to be of tough wood, generally not 
more than 200 mm in length and 50 mm in width. They should 
have a taper of not more than 1 in 6 and should not be less 
than 13 mm at the point. 


4.3.5 For all hatchways in Positions 1 and 2, steel bars 
or other equivalent means are to be provided in order to 
secure each section of hatch covers efficiently and indepen- 
dently after the tarpaulins are battened down. Hatch covers 
of more than 1,5 min length are to be secured by at least two 
such securing appliances. Where hatchway covers extend 
over intermediate supports, steel bars or their equivalent are 
to be fitted at each end of each section of covers. At all other 
hatchways in exposed positions on weather decks, ring bolts 
or other fittings suitable for lashings are to be provided. 


4.4 Packing material 


4.4.1 Packing material is to be suitable for all expected 
service conditions of the ship and is to be compatible with the 
cargoes to be transported. The packing material is to be 
selected with regard to dimensions and elasticity in such a way 
that expected deformations can be carried. Forces are to be 
carried by the steel structure only. 
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4.4.2 Packing material is to be compressed so as to give 
the necessary tightness effect for all expected operating 
conditions. Special consideration will be given to the packing 
arrangement in ships with large relative movements between 
hatch covers and coamings or between hatch cover sections. 


E Section 5 
Hatch coamings 


5.1 General 


5.1-1 The height of coamings above the upper surface of 
the deck, measured above sheathing if fitted, for hatchways 
closed by portable covers secured weathertight by tarpaulins 
and battening devices, is to be not less than: 

600 mm at Position 1, 

450 mm at Position 2. 


5.1.2 The height of coamings of hatchways situated in 
Positions 1 and 2 closed by steel covers fitted with gaskets and 
clamping devices is to be as specified in 5.1.1, but may be 
reduced, or the coamings may be omitted entirely, if the safety of 
the ship is not thereby impaired in any sea condition. Special 
attention will be given in such cases to the scantlings of the 
covers, to their gasketing and securing arrangements and to the 
drainage of recesses in the deck. The agreement of the National 
Authority concerned will also be required. 


5.1.3 The height of coamings may be required to be 
increased on ships of Type ‘B-100’ or Type ‘B-60’ where this is 
shown to be necessary by the floatability calculations required by 
the International Convention on Load Lines, 1966. 


5.2 Construction 


5.2.1 Vertical cargo hatch coamings 600 mm or more in 
height are to be stiffened on their upper edges by a horizontal 
bulb flat or equivalent which is to be not less than 180 mm in 
width for ships where L is greater than 75 m. Additional support 
is to be afforded by fitting brackets or stays from the bulb flat to 
the deck at intervals of not more than 3 m. Each bracket or stay 
is to be aligned with suitable underdeck stiffeners and is to have 
a softened nose. 


5.2.2 Vertical coamings less than 600 mm in height are 
to be stiffened at their upper edge by a substantial rolled or 
fabricated section. Additional support is to be arranged as 
required by 5.2.2. 


5.2.3 Cargo hatchways on other decks, in positions not 
specified in Ch 1,6.5, are to be suitably framed. 


5.2.4 The scantlings and arrangements of hatch coamings 
acting as girders will be specially considered. The coamings 
are to be arranged with intermediate continuous horizontal 
stiffeners supported by the bracket stays. 
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5.2.5 Sloped cargo hatch coamings will be specially 
considered. In general, the sloped coaming arrangement is to 
be restricted to the hatch side coamings with vertical 
coamings at the ends. The sloped coaming is not to have a 
knuckle and the angle to the vertical is not to exceed 30°. The 
scantlings are to be in accordance with 5.2.1, 5.2.2 and 5.3, 
except that the end coamings are to be increased by 20 per 
cent for a distance of 0,15 from the side coamings where b is 
the width of the hatchway at the deck. Particular care is to be 
taken where the proposed loadings exceed those given in 2.3 
and Ch 3,5, and where the coamings are not in alignment with 
the topside tank vertical strake in bulk carriers. 


5.2.6 A radiused coaming plate at the corner junction of the 
longitudinal and transverse cargo hatch coamings is acceptable 
for ships where L < 90 m and the heights of coamings are not in 
excess of that specified in 5.1.1. Where L > 90 m the corner 
junctions are to be rectangular and arranged with continuation 
brackets as required by 5.2.8. 


5.2.7 The deck plating is to extend inside the coamings 
and the side coamings are to be extended in the form of 
tapered brackets. A recommended arrangement is shown in 
Fig. 11.5.1. Continuation brackets are also to be arranged 
athwartships in line with the hatch end coamings and the 
under deck transverse. In bulk carriers the athwartship 
brackets, in conjunction with the hatch end beams should be 
arranged to achieve a satisfactory overlap with the top side 
tank transverses. In cases where the hatch end beam is 
formed by the transverse bulkhead top stool the horizontal 
knuckle of the stool should be arranged well clear of the 
topside tank knuckle line. 


Integral athwartship 
gusset bracket 


Side coaming 


Symmetrical 
\«— face bar 


Integral 
athwartship 
gusset bracket 


0,44 weld factor for 
extent of corner radius 


1 
| 
iz 


Topside tank 


or hatch side girder Weld factor 


Additional upper deck 
stiffener if clear of the 
normal stiffening member 


Full penetration weld fora  @ Full penetration weld for a 
distance of 0,2H, at hatch distance of 0,15H, from toe of 
side, and end coamings and side coaming continuation 
side continuation brackets bracket and for connection of 
athwartship gusset bracket to deck 


Fig. 11.5.1 
Coaming continuation bracket - Recommended 
arrangement 
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5.2.8 In bulk carriers where the hatch side coaming does 
not align with the topside tank vertical strake the arrangement 
and scantlings will be specially considered. In general, 
suitable underdeck girders and cantilever brackets are to be 
arranged taking into consideration the hatch cover loading. 
The underdeck girders are to continue beyond the hatch end 
for a distance of 2H, mm. Alternative arrangements incorpo- 
rating bulkhead top stool structure or cross-deck structure will 
be considered. 


5.2.9 Extension brackets or rails arranged approximately 
in line with the cargo hatch side coamings and intended for 
the stowage of steel covers are not to be welded to a deck- 
house, masthouse or to each other unless they form part of 
the longitudinal strength members. 


5.2.10 The arrangement and scantlings of continuous 
hatchway coamings on the strength deck will be specially 
considered. The material of the coamings is to comply with 
Tables 2.2.1 and 2.2.2 in Chapter 2 and is to be of the same 
strength level as the deck plating. Discontinuous coamings of 
length greater than 0,09L are also to satisfy this requirement. 


5.2.11 Where containers are carried on multi-panel hatch 
covers, the hatch coaming in way of the loaded panel will be 
required to be reinforced to resist the lateral loads imposed on 
the coaming due to rolling of the ship. Thrust blocks are to be 
fitted on the coaming rest bar to prevent the covers from 
moving. Where one-piece hatch covers are fitted with locating 
devices, the coamings are to be reinforced in way of the 
locators. 


5.2.12 Cut outs in the top of hatch coamings are to be 
avoided. Where these are necessary for the securing devices 
they are to be circular or elliptical in shape. Also any local 
reinforcements should be given a tapered transition in the 
longitudinal direction with a taper the rate of which should not 
exceed 1 in 3. Cut-outs and drain holes are to be avoided in 
the hatch side coaming continuation brackets. Where these 
are necessary the size, shape and position will be specially 
considered. 


5.2.13 Material for hatch coamings is to be steel, accord- 
ing to the requirements for ship’s hull. Alternative materials will 
be subject to special consideration. 


5.2.14 Secondary stiffeners of hatch coamings are to be 
continuous over the breadth and length of hatch coamings. 


5.2.15 Longitudinal hatch coamings with a length 
exceeding 0,1L m are to be provided with tapered brackets or 
equivalent transitions and a corresponding substructure at 
both ends. At the end of the brackets they are to be connected 
to the deck by full penetration welds of minimum 300 mm in 
length. 


5.2.16 Hatch coamings and supporting structures are to 
be adequately stiffened to accommodate the loading from 
hatch covers, in longitudinal, transverse and vertical directions. 
Structures under deck are to be checked against the load 
transmitted by coaming stays. 
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5.2.17 On ships carrying cargo on deck, such as timber, 
coal or coke, coaming stays are to be spaced not more than 
1,5 m apart. 


5.2.18 Coaming plates are to extend to the lower edge 
of the deck beams; they are to be flanged or fitted with face 
bars or half-round bars. Fig.11.5.2 gives an example. 


Fig. 11.5.2 
Example for the extent of coaming plates 


5.3 Strength criteria 


5.3.1 The strength requirements in this Section are 
applicable to hatch coamings of stiffened plate construction. 


5.3.2 The local net plate thickness of weather deck 
hatch coamings is not to be less than the larger of the 
following values: 


t = 0,0142s || —2A— inmm 
0,95 5o 
Ly 
tmin = 6+ TOO inmm 
where 
s = stiffener spacing, in mm 
L4 = L need not be taken greater than 300 metres 


Pa = pressure, in KN/m2, as defined in 2.3.3 
Longitudinal strength aspects are to be observed. 
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5.3.3 Secondary stiffeners of coamings must be 
continuous at the coaming stays. For stiffeners with both 
ends constrained, the elastic net section modulus Z in cm? 
and net shear area As in cm2, calculated on the basis of net 
thickness, are not to be less than: 


Z = 20,089.: s [2 pa cms 
Oo 
0,01s l 
As = aS PA om? 
Oo 
where 


~ 
Il 


secondary stiffener span, in metres, to be taken as 
the spacing of coaming stays 

s = stiffener spacing in mm 

pressure, in KN/m2, as defined in 2.3.3. 


D 
> 
lI 


5.3.4 For sniped stiffeners at coaming corners, section 
modulus and shear area at the fixed support are to be 
increased by 35 per cent. The gross thickness of the 
coaming plate at the sniped stiffener end is not to be less 
than: 


t N mm 


0,001s pa (L — 0,0005 s) 
6 Go 


where 
Pa = pressure, in kN/m?, as defined in 2.3.3. 


5.3.5 Coaming stays are to be designed for the loads 
transmitted through them, and permissible stresses 
according to 2.4.1. 


5.3.6 The net section modulus Z of coaming stays, with 
a height of h, < 1,6 m and which are to be designed for the 
load Pa, is not to be less than: 


Z = 226 Shpa in cms 
So 


e = spacing of coaming stays, in metres 
pressure, in KN/m2, as defined in 2.3.3. 


xe) 
> 
lI 


5.3.7 Coaming stays of coamings having a height of 
1,6 m or more are to be designed using direct calculations 
under consideration of the permissible stresses according to 
2.4.1. The effective breadth of the coaming plate is not to be 
larger than the effective plate breadth according to 2.10.2. 


5.3.8 Coaming stays are to be supported by appropriate 
substructures. Face-plates may be included in the calculation 
only if an appropriate substructure is provided and welding 
ensures an adequate joint. 


5.3.9 The web gross thickness of coaming stays at the 
root point is not to be less than: 


2e hs PA 

tw = He 

So hy 
where 

hy = web height of coaming stay at its lower end, in 
metres 

te = corrosion addition, in mm, according to 1.1.13 

Pa = pressure, in kN/m2, as defined in 2.3.3. 
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5.3.10 | Webs of coaming stays are to be connected to the 
deck by fillet welds on both sides with a throat thickness of 
a = 0,441t,,. 


5.3.17. For coaming stays which transfer friction forces at 
hatch cover supports, sufficient fatigue strength is to be 
verified, see 4.2.5 to 4.2.8. 


5.3.12 Hatch coamings which are part of the longitudinal 
hull structure are to be designed according to the 
requirements for longitudinal strength in Pt 3, Ch 4. 


5.3.13 For structural members welded to coamings and 
for cut-outs in the top of coamings, sufficient fatigue strength 
is to be verified. 


5.4 Rest bars in hatchways 

5.4.1 Rest bars are to provide at least 65 mm bearing 
surface and are to be aligned if required to suit the slope of 
the hatches. 

5.5 Loading in excess of Rule requirements 

5.5.1 For weather deck hatch side coamings forming part 


of a hatch side girder subjected to loading exceeding that 
defined in 2.3, see Pt 4, Ch 1,4. 


E Section 6 
Miscellaneous openings 


6.1 Small hatchways on exposed decks 


6.1.1 Hatches which: 

e are designed for access to spaces below the deck; 

e are capable of being closed weathertight or watertight, 
as applicable; 
have an opening 2,5 m2 or less; 

e are located on the exposed deck over the forward 0,25L 
of the ship’s rule length; 

e are ona ship of sea-going service of length 80 m or 
more, where the height of the exposed deck in way of 
the hatch is less than 0,1L or 22 m above the summer 
load waterline, whichever is the lesser; 

are to comply with the requirements of 6.6. All other small 

hatchways or access openings in the positions defined in 

1.1.6 are to comply with the following requirements. 


6.1.2 The number and size of hatchways and other 
access openings are to be kept to the minimum consistent 
with the satisfactory operation of the ship. 


6.1.3 The height of coamings is to be in accordance with 
5.1.1. Lower heights may be considered in relation to 
operational requirements and the nature of the spaces to 
which access is given. 
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6.1.4 Rope hatches may be accepted with reduced 
coamings, but generally not less than 380 mm, provided they 
are well secured and closed before the ship leaves port. A 
suitable notice is to be displayed at the hatch stating that it is to 
be closed whilst the ship is at sea. 


6.1.5 The thickness of the coamings is to be not less than 
the Rule minimum thickness for the deck inside line of openings 
for that position, or 11 mm, whichever is the lesser. Stiffening of 
the coaming is to be appropriate to its length and height. 


6.1.6 Hatch covers are to be of steel, weathertight and 
generally hinged. The means of securing are to be such that 
weathertightness can be maintained in any sea condition. 
Where toggles are fitted, their diameter and spacing are to be 
in accordance with ISO Standard or equivalent. 


6.1.7 Hinges are not to be used as securing devices 
unless specially considered. 


6.1.8 The thickness of covers is to be not less than the 
Rule minimum thickness inside the line of openings for the 
deck at that point, or 8 mm, whichever is the lesser. 


6.1.9 The covers are to be adequately stiffened. 


6.1.10 To facilitate a swift and safe means of escape to the 

lifeboat and life raft embarkation deck, the following provisions 

apply to overhead hatches fitted along the escape routes 

addressed by SOLAS Reg. II-2/13: 

(a) escape hatches and their securing devices shall be of a 
type which can be opened from both sides; 

(b) the maximum force needed to open the hatch cover 
should not exceed 150 N; and 

(c) the use of a spring equalising, counterbalance or other 
suitable device on the hinge side to reduce the force 
needed for opening is acceptable. 


6.1.77. Small hatches, including escape hatches, are to be 
situated clear of cargo containment areas, particularly in the 
case of offshore supply ships. 


6.1.12 Where portable plates are required in decks for 
unshipping machinery, or for other similar reasons, they may 
be accepted provided they are of equivalent strength to the 
unpierced deck and are secured by gaskets and closely 
spaced bolts at a pitch not exceeding five diameters. 


6.1.13 Satisfactory means are to be provided to prevent 
inadvertent flooding of chain lockers. See Ch 13,8.10.5 and 
8.10.7. 


6.1.14 | Where permitted by the National Authority, access 
hatch coaming heights may be reduced on ships engaged on 
protected or extended protected water service. Coaming 
heights are to be as high as practicable with a minimum 
height of 230 mm. 
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6.2 Manholes and flush scuttles 


6.2.1 Manholes and flush scuttles fitted in Positions 1 
and 2, or within superstructures other than enclosed super- 
structures, are to be closed by substantial covers capable of 
being made watertight. Unless secured by closely spaced 
bolts, the covers are to be permanently attached. 


6.3 Hatchways within enclosed superstructures 
or ‘tween decks 


6.3.1 The requirements of 6.1 are to be complied with 
where applicable. 


6.3.2 Access hatches within a superstructure or deck- 
house in Positions 1 or 2 need not be provided with means 
for closing if all openings in the surrounding bulkheads have 
weathertight closing appliances. 


6.4 Companionways, doors and accesses on 
weather decks 


6.4.1 Companionways on exposed decks are to be of 
equivalent construction, weathertightness and strength to a 
deckhouse in the same position and effectively secured to the 
deck. 


6.4.2 Access openings in: 

(a) bulkheads at ends of enclosed superstructures; 

(o) deckhouses or companionways protecting openings 
leading into enclosed superstructures or to spaces 
below the freeboard deck; and 

(c) deckhouse on a deckhouse protecting an opening 
leading to a space below the freeboard deck; 

are to be fitted with doors of steel or other equivalent material, 

permanently and strongly attached to the bulkhead and 

framed, stiffened and fitted so that the whole structure is of 
equivalent strength to the unpierced bulkhead, and weather- 
tight when closed. The doors are to be gasketed and secured 
weathertight by means of clamping devices or equivalent 
arrangements, permanently attached to the bulkhead or to 
the door. Doors are generally to open outwards and are to be 
capable of being operated and secured from both sides. The 

sill heights are to be as required by 6.4.5. See also Section 7 

and Pt 4, Ch 9,13 and Ch 11,1 and the Rules for Ships for 

Liquid Chemicals, Chapter 3 concerning access openings in 

tankers, chemical tankers and ore or oil ships. Double doors 

are to be equivalent in strength to the unpierced bulkhead, 
and in Position 1, a centre pillar is to be provided which may 
be portable. 


6.4.3 Elsewhere doors may be of hardwood not less than 
50 mm in thickness or of equivalent material and strength. 


6.4.4 Fixed lights in doors in Positions 1 and 2 are to 
comply with the requirements for side scuttles as given in 
6.5.1 and 6.5.2. Hinged steel deadlights may be external. 


6.4.5 The height of doorway sills above deck sheathing, 
if fitted, is to be not less than 600 mm in Position 1, and not 
less than 380 mm in Position 2. 
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6.4.6 Where access is provided from the deck above as 
an alternative to access from the freeboard deck, the height of 
sill into a bridge or a poop is to be not less than 380 mm. The 
same requirement applies to deckhouses on the freeboard 
deck. The sill height for doorways in a forecastle, if protecting a 
companionway, is to be 600 mm regardless of whether or not 
access is provided from above. If not protecting a companion- 
way, the sill height may be 380 mm. 


6.4.7 When the closing appliances of openings in super- 
structures and deckhouses do not comply with 6.4.2, interior 
deck openings are to be treated as if exposed on the weather 
deck. 


6.4.8 Where an access opening, in the top of a deck- 
house situated on a raised quarterdeck, gives access below 
the freeboard deck or to an enclosed superstructure, the 
closing appliances in the surrounding bulkheads are not 
required to be gasketed, provided the raised quarterdeck is 
at least standard height, and the deckhouse is at least 
standard superstructure height. 


6.4.9 The height of door sills may be required to be 
increased on ships of Type ‘A’, Type ‘B-100’ or Type ‘B-60’ 
where this is shown to be necessary by the floatability 
calculations required by the International Convention on Load 
Lines, 1966. 


6.4.10 Direct access from the freeboard deck to the 
machinery space through exposed casings is not permitted 
on ships of Type ‘A’, Type ‘B-100’ or Type ‘B-60’. A door 
complying with 6.4.2 may, however, be fitted in an exposed 
machinery casing on these ships, provided that it leads to a 
space or passageway which is of equivalent strength to the 
casing and is separated from the machinery space by a 
second weathertight door complying with 6.4.2. The outer 
and inner weathertight doors are to have sill heights of not less 
than 600 mm and 230 mm, respectively and the space 
between is to be adequately drained by means of a screw 
plug or equivalent. 


6.4.11. Fora Type ‘A’ ship with freeboards assigned greater 
than, or equal to, Type ‘B’, inner doors are not required for 
direct access to the engine-room. 


6.4.12 If internal access is provided from a wheelhouse in 
Position 2, or below, to spaces below the weather deck either 
directly or through other spaces, the opening should be 
protected by a hinged weathertight cover adequately secured, 
fitted on a coaming appropriate to its position, or by an equivalent 
arrangement, and the space adequately drained. 


6.4.73 In way of amoonpool, where a working or platform 
deck is provided below the weather deck, openings in the 
surrounding bulkheads are to be kept to a minimum. Access 
or companionway openings are to be provided with weather- 
tight closing appliances as for an exposed superstructure 
bulkhead, with 600 mm high coamings. 


6.4.14 | Where portable plates are required in casings for 
unshipping machinery, or for other similar reasons, they may 
be accepted provided they are of equivalent strength to the 
unpierced bulkhead and are secured by gaskets and close 
spaced bolts at a pitch not exceeding five diameters. 
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6.4.15 The sill heights of accesses closed by covers which 
are secured by closely spaced bolts or otherwise kept 
permanently closed at sea will be specially considered. 


6.4.16 Where permitted by the National Authority, 
companionway coaming heights may be reduced on ships 
engaged on protected or extended protected water service. 
Coaming heights are to be as high as practicable with a 
minimum height of 230 mm. Where the wheelhouse is on the 
freeboard deck, or located in the forward quarter of the ship’s 
length, with internal access below, a weathertight cover, fitted 
to acoaming not less than 230 mm high, is to be provided for 
the access. Alternatively, storm covers are to be provided for 
windows in exposed positions. The wheelhouse is to be 
adequately drained. 


6.5 Side scuttles, windows and skylights 


6.5.1 Side scuttles are defined as being round or oval 
openings with an area not exceeding 0,16 m2. 


6.5.2 Windows are defined as being rectangular openings 
generally, and round or oval openings with an area exceeding 
0,16 m2. 


6.5.3 A plan showing the location of side scuttles and 
windows is to be submitted. Attention is to be given to any 
relevant Statutory Requirements of the National Authority of 
the country in which the ship is to be registered. 


6.5.4 Side scuttles and windows together with their 
glasses and deadlights if fitted, are to be of an approved design 
or in accordance with a recognised National or International 
Standard, see also Pt 4, Ch 4,6.3 for offshore supply ships. 


6.5.5 Side scuttles to spaces below the freeboard deck, 
or to spaces within the first tier of enclosed superstructures, 
or to first tier deckhouses on the freeboard deck protecting 
openings leading below or considered buoyant in stability 
calculations, are to be fitted with efficient, hinged, inside dead- 
lights and capable of being effectively closed and secured 
watertight. 


6.5.6 Deadlights are to be capable of being closed and 
secured watertight if fitted below the freeboard deck or 
weathertight if fitted above. 


6.5.7 No side scuttle is to be fitted in such a position that 
its sill is below a line drawn parallel to the freeboard deck at 
side and having its lowest point 2,5 per cent of the breadth B 
above the load waterline corresponding to the summer free- 
board (or timber summer freeboard if assigned), or 500 mm, 
whichever is the greater distance, see Fig. 11.6.1. 


6.5.8 If the required damage stability or floatability 
calculations indicate that the side scuttles would become 
immersed at any intermediate stages of flooding or the final 
equilibrium waterline, these are to be of the non-opening type. 
Windows are not to be fitted in such locations. 


6.5.9 Windows are not to be fitted in machinery space 
boundaries. However this does not preclude the use of glass 
in control rooms within the machinery space. 
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Line drawn parallel to freeboard deck on side 
below which no sidescuttles are allowed 
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Summer load waterline or Timber summer load 
waterline if timber freeboards are assigned 


Allowed 


Not allowed 


2,5 per cent of breadth (B) or 500 mm 
whichever is the greater 


Fig. 11.6.1 Side scuttle positioning 


6.5.70 If fitted in a deckhouse in Position 1, windows are 
to be provided with strong, hinged, steel, weathertight storm 
covers. However, if there is an opening leading below deck in 
this deckhouse, this opening is to be treated as being on an 
exposed deck and is to be protected as required by 6.4.2. 


6.5.11 Windows are not to be fitted below the freeboard 
deck, in first tier end bulkheads or sides of enclosed super- 
structures, or in first tier deckhouses that are considered 
buoyant in stability calculations. 


6.5.12 Side scuttles and windows at the shell in Position 
2, protecting direct access below, are to be provided with 
strong permanently attached deadlights. 


6.5.73 Side scuttles and windows at the shell in Position 2, 
not protecting direct access below, are to be provided with 
strong portable steel covers for 50 per cent of each size, with 
means for securing at each side scuttle and window. 


6.5.14 Side scuttles and windows set inboard from the 
shell in Position 2, protecting direct access below, are either to 
be provided with strong permanently attached deadlights or, 
where they are accessible, strong permanently attached 
external steel storm covers instead of internal deadlights. 


6.5.15 Side scuttles and windows set inboard from the 
shell in Position 2, not protecting direct access below, do not 
require deadlights or storm covers. 


6.5.16 In Position 2, cabin bulkheads and doors are 
considered effective between side scuttles or windows and 
access below. 


6.5.17 — Windows in the shell, located at least one standard 
height of superstructure above the lowest Position 2 deck, are 
to be provided with strong portable internal storm covers for 
25 per cent of each size of window, with means of securing 
being provided at each window. 


6.5.18 | Where windows are permitted in an exposed bulk- 
head on the weather deck in the forward 0,25L,, strong 
external storm covers which may be portable and stored 
adjacent are to be provided. 


6.5.19 Where the wheelhouse is in Position 2, in lieu of 
storm covers being provided for the wheelhouse windows, a 
weathertight cover, fitted to a coaming of not less than 
230 mm in height around the internal stairway opening within 
the wheelhouse, may be accepted. If this arrangement is 
accepted, adequate means of draining the wheelhouse are to 
be provided. 


6.5.20 If necessary, for practical considerations, the storm 
covers may be in two parts. 


6.5.21 | Deckhouses situated on a raised quarter deck may 
be treated as being in Position 2 as far as the provision of 
deadlights is concerned, provided the height of the raised 
quarter deck is equal to, or greater than, the standard height. 


6.5.22 Skylights, where fitted, are to be of substantial 
construction and securely attached to their coamings. The 
height of the lower edge of opening is to be as required by 
5.1.1. The scantlings of the coaming are to be as required by 
this Section or Section 5, as appropriate. The thickness of 
glasses in fixed or opening skylights is to be appropriate to 
their size and position as required for side scuttles or windows. 
Glasses in any position are to be protected from mechanical 
damage, and where fitted in Positions 1 or 2 are to be provided 
with robust deadlights or storm covers permanently attached. 
Cargo pump room and machinery space skylights are not to 
contain glass. 


6.5.23 Skylights to cargo pump rooms are to be capable 
of being closed from outside the pump room. 
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6.5.24 Laminated toughened safety glass may also be 
used for windows but the total thickness will need to be 
greater than that required for the equivalent sized window 
using toughened safety glass. The equivalent thickness of 
laminated toughened safety glass is to be determined from 
the following formula: 


Ta? + To? + «Tin? = To? 


where: 
n = number of laminates 
Tọ = thickness of glass laminate 
Tg = thickness of toughened safety glass. 


Alternative arrangements that do not meet the above 
thickness requirement will be specially considered, provided 
that equivalent strength and bending stiffness to that of a 
single, thermally toughened pane of thickness, t, can be 
demonstrated in a four-point bending test in accordance with 
EN-ISO 1288-3 or an equivalent recognised National or 
International Standard, using not less than ten samples. The 
lower limit of the 90 per cent confidence level interval for the 
laminated pane shall not be less than the same for monolithic 
toughened safety glass. Small scale punch test or ring-in-ring 
test methods shall not be used. 


6.5.25 Rubber frames are not acceptable for windows in 
Positions 1 and 2, and are not generally acceptable in any 
other position in external casings. Any proposals to fit rubber 
frames are to be submitted for consideration, and are to be 
acceptable to the administration. The proposed locations, 
frame dimensions, glass thicknesses and the results of any 
tests carried out, are to be forwarded. 


6.6 Small hatchways on exposed fore decks 
6.6.1 For the application of the following requirements, 
see 6.1.1. 


6.6.2 The number and size of hatchways and other 
access openings are to be kept to the minimum consistent 
with the satisfactory operation of the ship. 


6.6.3 The height of coamings is to be in accordance with 
5.1.1. Lower heights may be considered in relation to 
operational requirements and the nature of the spaces to 
which access is given. 


6.6.4 Rope hatches may be accepted with reduced 
coamings, but generally not less than 380 mm, provided they 
are well secured and closed before the ship leaves port. A 
suitable notice is to be displayed at the hatch stating that it is 
to be closed whilst the ship is at sea. 


6.6.5 Where permitted by the National Authority, access 
hatch coaming heights may be reduced on ships engaged on 
protected or extended protected water service. Coaming 
heights are to be as high as practicable with a minimum 
height of 230 mm. 


6.6.6 The thickness of the coamings is to be not less than 
the Rule minimum thickness for the deck inside line of 
openings for that position, or 11 mm, whichever is the lesser. 
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6.6.7 The upper edge of the hatchway coamings is to be 
suitably reinforced by a horizontal section, normally not more 
than 170 to 190 mm from the upper edge of the coamings. 


6.6.8 Hatches are to be fitted with primary securing 
devices such that their hatch covers can be secured in place 
and weather-tight by means of a mechanism employing any 
one of the following methods: 

(a) Butterfly nuts tightening onto forks (clamps), 

(b) Quick acting cleats, or 

(c) Central locking device. 

Emergency escape hatches are excluded from options (a) 
and (b). 


6.6.9 Dogs (twist tightening handles) with wedges are not 
acceptable as primary securing devices. 


6.6.10 Escape hatches are to be capable of being opened 
from either side and are to have a quick-acting type securing 
device, e.g., one action wheel handle central locking device 
for latching/unlatching the hatch cover. 


6.6.11 For a primary securing method using butterfly nuts, 
the forks (clamps) are to be of robust design. They are to be 
designed to minimise the risk of butterfly nuts being dislodged 
while in use; by means of curving the forks upward, a raised 
surface on the free end, or a similar method. The plate 
thickness of unstiffened steel forks is not to be less than 
16 mm. An example arrangement is shown in Fig. 11.6.3. 


6.6.12 The hatch cover is to be fitted with a gasket of elastic 
material. This is to be designed to allow a metal to metal 
contact at a designed compression and to prevent over 
compression of the gasket by green sea forces that may cause 
the securing devices to be loosened or dislodged. The 
metal-to-metal contacts are to be arranged close to each 
securing device in accordance with Fig. 11.6.2, and of sufficient 
capacity to withstand the bearing force. 


6.6.73 The primary securing method is to be designed and 
manufactured such that the designed compression pressure 
can be achieved by one person without the need of any tools. 


6.6.14 For small rectangular steel hatch covers, the plate 
thickness, stiffener arrangement and scantlings are to be in 
accordance with Table 11.6.1 and Fig. 11.6.2. Stiffeners, 
where fitted, are to be aligned with the metal-to-metal contact 
points required in 6.6.11, see Fig. 11.6.2. Primary stiffeners 
are to be continuous. All stiffeners are to be welded to the 
inner edge stiffener, see Fig. 11.6.3. 


6.6.75 For hatch covers constructed of materials other 
than steel, the required scantlings are to provide equivalent 
strength. 


6.6.16 For small hatch covers of circular or similar shape, 
the cover plate thickness and reinforcement are to be of 
equivalent strength to that of the small rectangular steel hatch 
covers described in 2.2.1. 
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Nominal size 630 x 630 


= 


Nominal size 830 x 830 


Nominal size 1030 x 1030 


Hinge 


Primary stiffener 
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Nominal size 630 x 830 


Nominal size 830 x 630 


Nominal size 1330 x 1330 


Secondary stiffener 
Securing device/metal to metal contact 


Fig. 11.6.2 Arrangement of stiffeners 


6.6.17 For hatch covers located on the deck forward of the 
fore-most cargo hatch, the hinges are to be fitted such that 
the predominant direction of green sea will cause the cover 
to close. The hinges are normally to be located on the fore 
edge. 


6.6.18 On small hatches located between the main 
hatches, for example between Numbers 1 and 2, the hinges 
are to be placed on the fore edge or outboard edge, 
whichever is practicable for protection from green water in 
beam sea and bow quartering conditions. 
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Table 11.6.1 


Nominal 
size 
(mm x mm) 


630 x 630 
630 x 830 
830 x 630 
830 x 830 
1030 x 1030 
1330 x 1330 


Scantlings for small steel hatch 
covers on exposed deck 


Cover 
plate 
thickness 
(mm) 


OPO SO Ol > 


5 (min. 16 mm) 


/ 


VITIFITIIIT IT 


butterfly nut (Note: Dimensions in millimeters) 
bolt 

pin 

centre of pin 

fork (clamp) plate 

hatch cover 

gasket 

hatch coaming 

bearing pad welded on the bracket of a toggle bolt for metal to metal contact 
stiffener 

inner edge stiffener 


Fig. 11.6.3 Example of a primary securing method 


6.6.19 Hatches, excluding emergency escape hatches, 
are to be fitted with an independent secondary securing 
device, e.g., by means of a sliding bolt, a hasp or a backing 
bar of slack fit, which is capable of keeping the hatch cover in 


Primary Secondary , : : 
stiffeners stiffeners place, even in the event that the primary securing device 
| became loosened or dislodged. It is to be fitted on the side 
Flat bar (mm x mm); opposite to the hatch cover hinges. 


number 
6.6.20 Small hatches, including escape hatches, are to be 
z situated clear of cargo containment areas, particularly in the 


100 x 8,1 ; 
’ case of offshore supply ships. 
100 x 8,1 ppYy p 


100 x 10,1 : ; 
120x121 80 x 8,2 6.6.21 Where portable plates are required in decks for 


150x122 100 x 10,2 unshipping machinery, or for other similar reasons, they may be 
accepted provided they are of equivalent strength to the 
unpierced deck and are secured by gaskets and closely spaced 
bolts at a pitch not exceeding five diameters. 
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6.6.22 Satisfactory means are to be provided to prevent 
inadvertent flooding of chain lockers, see Ch 13,8.10.5 and 
8.10.7. 


a Section 7 
Tanker access arrangements and 
closing appliances 


7.1 Materials 


7.1.1 Covers for access hatches, tank cleaning and other 
openings to cargo tanks and adjacent spaces are to be 
manufactured from steel complying with the Rules for 
Materials. 


7.1.2 Consideration will be given to the use of bronze, 
brass or other materials; however, aluminium alloy is not to be 
used for the covers of any openings to tanks. 


7.1.3 Synthetic materials will be considered, taking into 
account their fire resistance and physical and chemical 
properties in relation to the intended operating conditions. 
Details of the properties of the material, the design of the cover 
and the method of manufacture are to be submitted for 
approval. 


7.1.4 The hatch cover packing material is to be compatible 
with the cargoes to be carried and is to be efficiently held in 
place. 


7.2 Cargo tank access hatchways 


7.2.1 Attention is drawn to IMO Resolutions concerning 
safe access to, and working in, large tanks. 


7.2.2 Oiltight hatchways are to be kept to the minimum 
size required to provide reasonable access and ventilation. 
Where tanks are large or subdivided by wash bulkheads, 
additional hatchways may be required. In determining the size 
and location of hatchways, consideration should be given to 
the handling of materials and staging for maintenance in the 
tank. 


7.2.3 The size and location of hatchways should also 
take into account access for personnel wearing breathing 
apparatus, and removal of injured personnel (possibly on a 
stretcher) from the bottom of the tank. 


7.2.4 The height of hatch coaming is to be not less than 
600 mm, measured above the upper surface of the freeboard 
deck, unless a lower height is permitted by the Administration 
of the country in which the ship is to be registered. 


7.2.5 Taking account of sheer and camber, the height of 
any cargo tank hatch coaming is to be such as to ensure that 
the top of the hatch coaming is above the highest point of the 
tank over which it is fitted. 
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7.2.6 The height of the coaming may be required to be 
increased if this is shown to be necessary by the floatability 
calculations required by the /nternational Convention on Load 
Lines, 1966. 


7.2.7 The thickness of the coaming plate is to be not less 
than 10 mm, but may be required to be increased, and edge 
stiffening fitted, where the coaming height exceeds 600 mm. 


7.2.8 Unstiffened plate covers are to be not less than 
12,5 mm in thickness, but if the area of the cover exceeds 
1,2 m2 this thickness may be required to be increased or 
stiffening fitted. 


7.2.9 Unstiffened covers are to be secured by fastenings 
spaced not more than 600 mm apart on circular hatchways. 
On rectangular hatchways the spacing of fastenings is generally 
not to exceed 450 mm, and the distance between hatch 
corners and adjacent fastenings is to be not more than 
230 mm. 


7.2.10 The arrangement of fastenings on stiffened hatch- 
way covers and covers of special design will be specially 
considered. 


7.2.11 Where the cover is hinged, adequate stiffening of 
the coaming and cover in way of the hinge is to be provided. 
In general, hinges are not to be used as securing devices for 
the cover. 


7.3 Enlarged cargo tank access openings 


7.3.1 Proposals to fit enlarged cargo tank accesses 
closed by bolted plate covers will be considered. Such 
openings may be of extended dimensions for ease of access 
and evacuation of personnel, see 7.2.3, and may incorporate 
a smaller access hatch for normal use constructed as required 
by 7.2. 


7.3.2 The plate cover is to be not less than 15 mm in 
thickness and is to be secured by closely spaced studs to a 
ring of suitable dimensions, welded to the deck. The studs are 
not to penetrate the deck plating. 


7.4 Miscellaneous openings 


7.4.1 Small openings for tank cleaning, ullage and 
similar purposes may be closed by flush covers which are to 
be not less than 12,5 mm in thickness and secured by studs 
not more than 100 mm apart. Studs are to be arranged ina 
ring of suitable width and thickness attached to the deck, and 
are not to penetrate the deck plating. 


7.4.2 Small diameter holes provided for staging wires are 
to be closed by plugs of an approved pattern. The plugs are 
to be provided with a thick washer of suitable material which 
is also compatible with the intended cargoes. Spare plugs 
equal to at least 10 per cent of the number of holes are to be 
provided and maintained on board, see also Pt 4, Ch 9,4. If 
these openings are threaded they are to be protected while 
in use with a protective sleeve of suitable material. 
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7.5 Access to spaces other than cargo tanks 


7:29:41 Access to clean ballast or dry tanks and to 
cofferdams may be either by access hatch or by manhole 
generally complying with the preceding requirements. 


7.6 Equivalents 


7.6.1 Alternative access cover designs and securing 
arrangements will be considered on the basis of equivalence 
to the above requirements and taking into account any 
relevant National Requirements. 


7.7 Other openings 
7.7.1 For access to structure within cargo tanks, see 
Pt 4, Ch 9,13. 


E Section 8 
Side and stern doors and other 
shell openings 


8.1 Symbols 
8.1.1 The symbols used in this Section are defined as 
follows: 


d = distance between closing devices, in metres 

k = material factor, see Ch 2,1.2, but is not to be taken 
less than 0,72 unless demonstrated otherwise by a 
direct strength analysis with regard to relevant 
modes of failure 

I = moment of inertia, in cm4, of the stiffener or girder, in 
association with an effective width of attached 
plating determined in accordance with Ch 3,3 

o = bending stress, in N/mm? (kgf/mm?) 


Ge = equivalent stress, in N/mm? (kgf/mm?) 
= Ņ (02 + 312) 
Og = Minimum yield stress of the bearing material, in 


N/mm (kgf/mm?) 
t = shear stress, in N/mm? (kgf/mm2). 


8.2 General 


8.2.1 These requirements cover cargo and service doors 
in the ship side (abaft the collision bulkhead) and stern area, 
below the freeboard deck and in enclosed superstructures. 


8.2.2 For the requirements of bow doors, see Pt 4, Ch 2,8. 


8.2.3 Side and stern doors are to be so fitted as to 
ensure tightness and structural integrity commensurate with 
their location and the surrounding structure, see also 
Ch 1,6.3.2 and 6.4.2. 
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8.2.4 In general, and for passenger ships in particular, the 
lower edge of door openings is not to be below a line drawn 
parallel to the freeboard deck at side, which has at its lowest 
point at least 230 mm above the upper edge of the upper- 
most Load Line. 


8.2.5 When the lower edge is below the line specified in 
8.2.4, the arrangement will be specially considered. Special 
consideration is to be given to preventing the spread of leak- 
age water over the deck. The reference to the uppermost Load 
Line is to be taken as the tropical fresh waterline or, if timber 
freeboards are assigned, the timber tropical fresh waterline. 


8.2.6 Watertight doors below the freeboard deck, with the 
exception of pilot doors which are to open inwards, are to open 
outwards. Weathertight doors are generally to be arranged to 
open outwards, however inward opening doors will be 
considered provided these satisfy the requirements of 8.2.7. 


8.2.7 Inward opening doors situated in the first two ‘tween 
decks above the summer load waterline are to be fitted with a 
second independent securing device, such as a strongback or 
equivalent arrangement, capable of providing weathertight 
integrity. Where the consequences of water ingress due to 
failure of the door are minimal, such as a small pilot door giving 
access to a watertight trunk leading to the bulkhead deck, the 
required enhancements will be specially considered. 


8.2.8 For passenger ships the following are also 

applicable: 

(a) Gangway, cargo and service ports fitted below the 
margin line, see Ch 3,4.3, are to satisfy the strength 
requirements given for side doors in this Section. They 
are to be effectively closed and secured watertight 
before the ship leaves port, and are to be kept closed 
during navigation. Such ports are not to have their lowest 
point below the deepest subdivision Load Line. 

(o) Where the inboard end of a rubbish chute is below the 
margin line in a passenger ship, the inboard end cover is 
to be watertight and, in addition to the discharge flap 
interlock, a screwdown automatic non-return valve is to 
be fitted in an easily accessible position above the 
deepest subdivision. The valve is to be controlled from a 
position above the bulkhead deck and provided with an 
open/shut indicator, and kept closed when not in use. A 
suitable notice is to be displayed at the valve position. 


8.2.9 For ships complying with the requirements of this 
Section, the securing, supporting and locking devices are 
defined as follows: 

(a) A securing device is used to keep the door closed by 
preventing it from rotating about its hinges or other 
pivoted attachments to the ship. 

(o) A supporting device is used to transmit external and 
internal loads from the door to a securing device and 
from the securing device to the ship’s structure, or a 
device other than a securing device, such as a hinge, 
stopper or other fixed device, that transmits loads from 
the door to the ship’s structure. 

(c) A locking device locks a securing device in the closed 
position. 
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8.2.10 Ro-ro cargo spaces are spaces not normally sub- 
divided in any way and extending to either a substantial length 
or the entire length of the ship, in which motor vehicles with 
fuel in their tanks for their own propulsion and/or goods 
(packaged or in bulk, in or on rail or road cars, vehicles 
(including road or rail tankers), trailers, containers, pallets, 
demountable tanks in or on similar stowage units or other 
receptacles) can be loaded and unloaded normally in a 
horizontal direction. 


8.2.11 Special category spaces are those enclosed 
spaces above and below the bulkhead deck, into and from 
which vehicles can be driven and to which passengers have 
access, and which may be accommodated on more than one 
deck where total overall clear height for vehicles does not 
exceed 10 m. 


8.3 Scantlings 


8.3.1 In general the strength of side and stern doors is to 
be equivalent to the strength of the surrounding structure. 


8.3.2 Door openings in the side shell are to have well 
rounded corners and adequate compensation is to be 
arranged with web frames at sides and stringers or equiva- 
lent above and below, see Pt 4, Ch 1,5. 


8.3.3 Doors are to be adequately stiffened, and means 
are to be provided to prevent movement of the doors when 
closed. Adequate strength is to be provided in the connec- 
tions of the lifting/manoeuvring arms and hinges to the door 
structure and to the ship structure. 


8.3.4 The thickness of the door plating is to be not less 
than the shell plating calculated with the door stiffener 
spacing, and in no case to be less than the minimum adjacent 
shell thickness. 


8.3.5 Where stern doors are protected against direct 
wave impact by a permanent external ramp, the thickness of 
the stern door plating may be reduced by 20 per cent relative 
to the requirements of 8.3.4. Those parts of the stern door 
which are not protected by the ramp are to have the thick- 
ness of plating in full compliance with 8.3.4. 


8.3.6 Where higher tensile steel is proposed, the plating 
thickness required in 8.3.4 and 8.3.5 may be reduced by fk. 


8.3.7 The section modulus of horizontal or vertical 
stiffeners is to be not less than required for the adjacent shell 
framing using the actual stiffener spacing. Consideration is to 
be given, where necessary, to differences in fixity between 
ship’s frames and door stiffeners. 


8.3.8 Where necessary, door secondary stiffeners are to 
be supported by primary members constituting the main 
stiffening elements of the door. 
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8.3.9 The scantlings of such primary members are to be 
based on direct strength calculations. Normally, formulae for 
simple beam theory may be applied to determine the bending 
stress. Members are to be considered to have simply 
supported end connections. The design load is the uniformly 
distributed external sea pressure, Pz, as defined in 8.8.1. For 
minimum scantlings, Pe, is to be taken as 25 kN/m2 
(2,55 tonne-f/m2) and the permissible stresses as follows: 


t= ° N/mm ers katimm) 

o = 120 N/mm2 i kat/mm?) 
k k 

Oe = Fa N/mm2 aaa kat/mm?) 


8.3.10 The webs of primary members are to be adequately 
stiffened, preferably in a direction perpendicular to the shell 
plating. 


8.3.11. The stiffness of the edges of the doors and the hull 
structure in way are to be sufficient to ensure weathertight 
integrity. Edge stiffeners/girders are to be adequately stiffened 
against rotation and are to have a moment of inertia not less 
than: 


I = 0,8p; d4 cm4 


(I = 8py;d* cm‘) 
where 
Py = packing line pressure along edges, not to be taken 


less than 50 N/cm (5,1 kgf/cm). 
For edge girders supporting main door girders between 
securing devices, the moment of inertia is to be increased in 
relation to the additional force. 


8.3.12 The buckling strength of primary members is to be 
specially considered. 


8.3.13 All load transmitting elements in the design load 
path from door through securing and supporting devices into 
the ship structure, including welded connections, are to be to 
the same strength standard as required for the securing and 
supporting devices. These elements include pins, supporting 
brackets and back-up brackets. Where cut-outs are made in 
the supporting structure, the strength and stiffness will be 
specially considered. 


8.4 Doors serving as ramps 


8.4.1 Where doors also serve as vehicle ramps, the 
plating and stiffeners are to be not less than required for 
vehicle decks, see Ch 9,3. 


8.4.2 The design of the hinges for these doors should 
take into account the ship angle of trim or heel which may 
result in uneven loading of the hinges. 
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8.5 Arrangements for the closing, securing and 
supporting of doors 


8.5.1 Doors are to be fitted with adequate means of closing, 
securing and support so as to be commensurate with the 
strength and stiffness of the surrounding structure. The hull 
supporting structure in way of the doors is to be suitable for 
the same design loads and design stresses as the securing 
and supporting devices. Where packing is required, the 
packing material is to be of comparatively soft type, and the 
supporting forces are to be carried by the steel structure only. 
Other types of packing may be considered. Maximum design 
clearance between securing and supporting devices is 
generally not to exceed 3 mm. 


8.5.2 Devices are to be simple to operate and easily 
accessible. They are to be of a design approved by Lloyd’s 
Register for the intended purpose. 


8.5.3 Securing devices are to be equipped with positive 
locking arrangements. Arrangements are to be such that the 
securing devices are retained in the closed position within 
design limits of inclination, vibration and other motion-induced 
loads and in the event of loss of any actuating power supply. 


8.5.4 Systems for door opening/closing and securing/ 
locking are to be interlocked in such a way that they can only 
operate in a proper sequence. Hydraulic systems are to 
comply with Pt 5, Ch 14,9. 


8.5.5 Means are to be provided to enable the doors to be 
mechanically fixed in the open position taking into account the 
self weight of the door and a minimum wind pressure of 
1,5 kN/m2 (0,153 tonne-f/m2) acting on the maximum 
projected area in the open position. 


8.5.6 The spacing for cleats or closing devices should not 
exceed 2,5 m and there should be cleats or closing devices 
positioned as close to the corners as practicable. Alternative 
arrangements for ensuring weathertight sealing will be 
specially considered. 


8.5.7 Control and monitoring arrangements are to comply 
with the applicable requirements of Pt 6, Ch 2,19. 


8.6 Design loads 


8.6.1 The design force considered for the scantlings of 
primary members, securing and supporting devices of side 
shell doors and stern doors are to be taken not less than: 
(a) Design forces for securing or supporting devices of 
doors opening inwards: 
External force: 
P, = APe+ Po kN (tonne-f) 
Internal force: 
P, =P,)+10W kN 
(Pi = P+ 1,02W  tonne-f) 
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(o) Design forces for securing or supporting devices of 
doors opening outwards: 
External force: 
Pe = Ape KN (tonne-f) 
nternal force: 
P; =P o+10W+P, kN 
(P; = Po + 1,02W +P, tonne-f) 
(c) Design forces for primary members: 
External force: 
Pe = Ape kN (tonne-f) 
nternal force: 
P, =P 5+10W kN 
(Pi = Po + 1,02W_  tonne-f) 
whichever is the greater. 
The symbols used are defined as follows: 
Pe = external sea pressure, in kN/m2 (tonne-f/m2), 
determined at the centre of gravity of the door 
opening and is not to be taken less than: 


for Zg <T 10 (T-Zg) + 25 kN/m2 
(1,02 (T-Zg) +2,55 tonne-f/m?2) 
for Zg =T 25 kN/m? 


(2,55 tonne-f/m2) 
For stern doors of ships fitted with bow doors, pe 
is not to be taken less than: 
Pemin = 0,6ACy (0,8 + 0,6L0.5)2 kN/m? 
(Pemin = 0,061ACy, (0,8 + 0,6L9:5)2  tonne-f/m?) 
T = summer draught, in metres 
Za = height of the centre of area of the door, in m, above 
the base line 
L = length of ship, but need not be taken greater than 200 m 
à = coefficient depending on the area where the ship is 
intended to be operated: 
= 1 for sea-going ships 
= 0,8 for ships operated in coastal waters 
= 0,5 for ships operated in sheltered waters 
Cy = 0,0125L forL <80m 
= 1 forL>80m 
A = area, in m2, of the door opening 
W = weight of the door, in tonnes 
Pp) = total packing force, kN (tonne-f). When packing is 
fitted, the packing line force per unit length is to be 
specified, normally not to be taken less than: 
5 kN/m (0,51 tonne-f/m) 
= the greater of P, and 5A kN (0,5A tonne-f) 
© = accidental force, in KN (tonne-f), due to loose cargo, 
etc., to be uniformly distributed over the area A and 
not to be taken less than 300 kN (80,6 tonne-f). For 
small doors such as bunker doors and pilot doors, 
the value of P, may be taken as zero, provided an 
additional structure such as an inner ramp is fitted, 
which is capable of protecting the door from 
accidental force due to loose cargoes. 
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8.7 Design of securing and supporting devices 


8.7.1 Securing devices and supporting devices are to be 
designed to withstand the forces given above using the 
following permissible stresses: 


T S T N/mm2 (= kotimm?) 
o = a N/mm2 Ta kgf/mm?) 
Se = a N/mm? Ge katimm?) 


The terms ‘securing device’ and ‘supporting device’ are 
defined in Pt 4, Ch 2,8.2.8. 


8.7.2 The arrangement of securing and supporting 
devices is to be such that threaded bolts are not to carry 
support forces. The maximum tensile stress in way of threads 
of bolts, not carrying support forces, is not to exceed: 


125 N/mm? Geng 


k katimm) 


8.7.3 For steel to steel bearings in securing and supporting 
devices, the normal bearing pressure is not to exceed 0,80%, 
see 8.1.1. For other bearing materials, the permissible 
bearing pressure is to be determined according to the 
manufacturer’s specification. The normal bearing pressure is 
to be calculated by dividing the design force by the projected 
bearing area. 


8.7.4 The distribution of the reaction forces acting on the 
securing and supporting devices may require to be supported 
by direct calculations taking into account the flexibility of the 
hull structure and the actual position and stiffness of the 
supports. Small and/or flexible devices, such as cleats, 
intended to provide load compression of the packing material 
are not generally to be included in these calculations. 


8.7.5 Only the active supporting and securing devices 
having an effective stiffness in the relevant direction are to be 
considered in the calculation of the reaction forces acting on 
the devices. 


8.7.6 The number of securing and supporting devices is 
generally to be the minimum practicable whilst complying with 
8.5.3 and taking account of the available space in the hull for 
adequate support. 


8.7.7 The arrangement of securing devices and supporting 
devices in way of these securing devices is to be designed with 
redundancy so that in the event of failure of any single securing 
or supporting device the remaining devices are capable of 
withstanding the reaction forces, without exceeding, by more 
than 20 per cent, the permissible stresses as defined in 8.7.1. 
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8.8 Operating and Maintenance Manual 


8.8.1 An Operating and Maintenance Manual for the 

doors is to be provided on board and is to contain necessary 

information on: 

(a) main particulars and design drawings, 

(o) service conditions, e.g., service area restrictions, accept- 
able clearances for supports, 

(c) maintenance and function testing, 

(d) register of inspections, repairs and renewals. 


8.8.2 For passenger/vehicle ferries and roll on-roll off cargo 
ships, see Pt 4, Ch 2,1.1.1, an Operating and Maintenance 
Manual for the doors, as defined in Pt 4, Ch 2,8.7.1, is to be 
provided on board instead of that required by 8.8.1. 


8.8.3 The Manual is to be submitted for approval, and is 
to contain a note recommending that recorded inspections of 
the door supporting and securing devices be carried out by 
the ship’s staff at monthly intervals or following incidents that 
could result in damage, including heavy weather or contact in 
the region of the doors. Any damages recorded during such 
inspections are to be reported to LR. 


8.8.4 Documented operating procedures for closing and 
securing the doors are to be kept on board and posted at an 
appropriate place. 


E Section 9 
Watertight doors in bulkheads 
below the freeboard deck 


9.1 Openings in bulkheads 


9.1.1 Certain openings below the freeboard deck are 
permitted, but these must be kept to a minimum and provided 
with means of closing to watertight standards. All such openings 
are to be to the satisfaction of the Surveyor. 


9.2 Watertight doors 


9.2.1 Watertight doors are to be of equivalent strength to 
the unpierced bulkhead, efficiently constructed and fitted, and 
are to be capable of being closed watertight when the ship is 
listed up to 15° either way. They are to be operated under 
working conditions and hose tested in place, see Table 1.9.1 
in Chapter 1. 


9.2.2 The scantlings of the watertight doors are to 
comply with Pt 4, Ch 1,9 using the actual stiffener spacing of 
the door. 


9.2.3 The scantlings of the frames of the watertight doors 
are to satisfy the requirements of watertight bulkheads given 
in Table 1.9.1(5) in Pt 4, Ch 1,9 taking into account the 
arrangement of door stiffeners and securing arrangements. 
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9.2.4 Watertight doors of the sliding type are to be 
capable of being operated both at the door itself and from an 
accessible position above the bulkhead deck. Means are to 
be provided at all the remote operating positions to indicate 
whether the door is open or closed. Doors are to be capable 
of being remotely closed from the bridge. The relevant regu- 
lations regarding openings in watertight bulkheads, contained 
in the International Convention for the Safety of Life at Sea, 
1974 and applicable amendments, are also to be complied 
with. 


9.2.5 Hinged watertight doors of approved pattern may 
be fitted in ‘tween decks in approved positions. The hinges of 
these doors are to be fitted with gunmetal pins or gunmetal 
bushes. 


9.2.6 The frames of vertical watertight doors shall have 
no groove at the bottom in which dirt might lodge and prevent 
the door closing properly. 


9.2.7 Means are to be provided on the navigating bridge 
to indicate whether the watertight doors are open or closed. 
A notice is to be affixed to both sides of each such door or 
hatch cover to the effect that it is not to be left open. 


9.2.8 In passenger ships the number and construction of 
the watertight doors in bulkheads will be specially considered. 
Each watertight door is to be tested, see Table 1.9.1 in 
Chapter 1. The test may be carried out either before or after 
the door is fitted. The relevant regulations regarding openings 
in watertight bulkheads in passenger ships, contained in the 
International Convention for the Safety of Life at Sea, 1974 
and applicable amendments, are also to be complied with. 


a Section 10 
External openings and openings in 
watertight bulkheads and internal 
decks in cargo ships 


10.1 Shell and watertight subdivision openings 


10.1.1 In addition to the requirements of Sections 8 and 9, 
for cargo ships of 80 m in length and above, the relevant 
regulations concerning shell and watertight subdivision 
openings contained in the International Convention for the 
Safety of Life at Sea, 1974, and amendments thereto are also 
to be complied with. 
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Section 
1 General 
2 Ventilators 


3 Air and sounding pipes 
4 Scuppers and sanitary discharges 


5 Air pipes, ventilator pipes and their securing 
devices located on the exposed fore deck 


H Section 1 
General 


1.1 Application 


Takt This Chapter applies to all ship types detailed in 
Part 4, and provides requirements for ventilators, air and 
sounding pipes and overboard discharges. 


1.1.2 The requirements conform, where relevant, with 
those of the International Convention on Load Lines, 1966. 
Reference should also be made to any additional require- 
ments of the National Authority of the country in which the 
ship is to be registered and to the relevant regulations of the 
International Convention for the Safety of Life at Sea, 1974 
and applicable amendments. 


1.2 Protection 


1.2.1 In all cargo spaces and other areas where mechanical 
damage is likely, all air and sounding pipes, scuppers and 
discharges, including their valves, controls and indicators, are 
to be well protected. This protection is to be of steel or other 
equivalent material. 


| Section 2 
Ventilators 


2.1 General 


2.1.1 Ventilators located on the exposed deck over the 
forward 0,25L of the rule length, of ships of sea-going service 
of length 80 m or more, where the height of the exposed deck 
in way of the item is less than 0,1L or 22 m above the summer 
load waterline, whichever is the lesser, are to comply with the 
requirements of Section 5. All other ventilators are to comply 
with the following requirements. 


Part 3, Chapter 12 


Sections 1 & 2 


21:2 Special care is to be taken in the design and 
positioning of ventilator openings and coamings, particularly in 
the region of the forward end of superstructures and other 
points of high stress. The deck plating in way of the coamings 
is to be efficiently stiffened. 


2.1.3 Ventilators from deep tanks and tunnels passing 
through ‘tween decks are to have scantlings suitable for with- 
standing the pressures to which they may be subjected, and 
are to be made watertight. 


2.1.4 For height and location of cargo tank vent outlets, 
see Pt 5, Ch 15,4 and see also Ch 8,8.2.9 and 8.2.10 of the 
Rules and Regulations for the Construction and Classification 
of Ships for the Carriage of Liquefied Gases in Bulk (here- 
inafter referred to as the Rules for Ships for Liquefied Gases), 
or Ch 8,8.2.2, of the Rules and Regulations for the 
Construction and Classification of Ships for the Carriage of 
Liquid Chemicals in Bulk (hereinafter referred to as the Rules 
for Ships for Liquid Chemicals), where applicable. 


2.2 Coamings 


2.2.1 The scantlings and height of ventilator coamings 
exposed to the weather are to be not less than required by 
Table 12.2.1 but the thickness need not exceed that of the 
adjacent deck or bulkhead plating. In particularly exposed 
positions, the height of coamings and scantlings may be 
required to be increased. 


Table 12.2.1 Ventilator coaming requirements 


Feature Requirements 


Height (measured 
above sheathing 
if fitted) 


(1) Zo = 900 mm at Position 1 
(see Ch 1,6.5) 


Zo = 760 mm at Position 2 
(see Ch 1,6.5) 


Thickness 


(2) to = 5,5 + 0,018, mm 
where 7,5 mm < tẹ < 10,0 mm 


Support (3) If Zo > 900 mm the coaming is to 


be specially supported 


Symbols 


thickness of coaming, in mm 
height of coaming, in mm 
internal diameter of coaming, in mm 


Where the height of the ventilator exceeds that given in Item (1), 
the thickness given by (2) may be gradually reduced, above that 
height, to a minimum of 6,5 mm. The ventilator is to be adequately 
stayed. 


2.2.2 The height of ventilator coamings may be required 
to be increased on ships of Type ‘A’, Type ‘B-100’ and 
Type ‘B-60’ where this is shown to be necessary by the 
floatability calculations required by the /nternational Convention 
on Load Lines, 1966. 
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2.2.3 For gooseneck ventilators, the coaming height is to 
be measured to the underside of the bend, this being the 
lowest point through which water on deck could pass freely to 
spaces below. 


2.2.4 Where wall vents are fitted with an internal baffle 
which rises above the lower edge of the exterior opening, the 
coaming height is measured to the top of the baffle. 


2.2.5 Where permitted by the National Authority, 
ventilator coaming heights may be reduced on ships engaged 
on protected or extended protected water service. Coaming 
heights are to be as high as practicable, with a minimum 
height of 450 mm in Position 1 and 300 mm in Position 2. 


2.3 Closing appliances 


2.3.1 All ventilator openings are to be provided with 

efficient weathertight closing appliances of steel or other 

equivalent material unless: 

(a) the height of the coaming is greater than 4,5 m where 
Table 12.2.1 requires a minimum height of 900 mm; or 

(o) the height of the coaming is greater than 2,3 m where 
Table 12.2.1 requires a minimum height of 760 mm. 


2.3.2 In ships where the load line length, L, (see 
Ch 1,6.1), is not more than 100 m, the closing appliances are 
to be permanently attached to the ventilator coaming. Where 
not so provided in other ships, they are to be conveniently 
stowed near the ventilator to which they are to be fitted. 


2.3.3 Where, in ferries, ventilators are proposed to be led 
overboard in an enclosed ‘tween deck, the closing arrange- 
ments are to be submitted for approval. If such ventilators are 
led overboard more than 4,5 m above the main vehicle deck, 
closing appliances may be omitted, provided that satisfactory 
baffles and drainage arrangements are provided, as in the 
case of air intakes or exhaust openings for machinery spaces, 
which may be arranged in the sides of the ship. 


2.3.4 On offshore supply ships, to ensure satisfactory 
operation in all weather conditions, machinery space 
ventilation inlets and outlets are to be located in such 
positions that closing appliances will not be necessary. 


2.3.5 Mushroom ventilators closed by a head revolving 
on a centre spindle (screw down head) are acceptable in 
Position 2, and also in sheltered positions in Position 1, 
excluding those described in 2.1.1, but the diameter is not to 
exceed 300 mm if situated within the forward 0,25L, . 


2.3.6 Mushroom ventilators with a fixed head and closed 
by a screw down plate (screw down cover) may be accepted 
in exposed positions within the forward 0,25L, , excluding 
those described in 2.1.1, up to a diameter of 750 mm. 


2.3.7 Wall ventilators (jalousies) may be accepted provided 
they are capable of being closed weathertight by hinged steel 
gasketed covers secured by bolts or toggles. 


2.3.8 A ventilator head not forming part of the closing 
arrangements is to be not less than 6,5 mm thick. 
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2.3.9 In order to limit the fire growth potential in every 

space of the ship, the main inlets and outlets of all ventilation 

systems shall be capable of being closed from outside the 

spaces being ventilated. The means of closing shall be easily 

accessible as well as prominently and permanently marked 

and shall indicate whether the inlet or outlet is open or 

closed. Battery room ventilators are only to be fitted with a 

means of closing, whenever: 

(a) the battery room does not open directly on to an 
exposed deck; or 

(o) the ventilation opening for the battery room is required 
to be fitted with a closing device according to the Load 
Line Convention; or 

(c) the battery room is fitted with a fixed gas fire 
extinguishing system. 

Where a battery room ventilator is fitted with a closing device 

see Pt 6, Ch 2,12.5.2. 


2.4 Machinery spaces 


2.4.1 In general, ventilators necessary to continuously 
supply the machinery space are to have coamings of sufficient 
height to comply with 2.3.1 without having to fit weathertight 
closing appliances. Ventilators to emergency generator rooms 
are to be so positioned that closing appliances are not required. 


2.4.2 Where due to ship size and arrangement this is not 
practicable, lesser heights for machinery space ventilator 
coamings fitted with weathertight closing appliances may be 
permitted by the administration in combination with other 
suitable arrangements to ensure uninterrupted, adequate 
supply of ventilation to these spaces. 


a Section 3 
Air and sounding pipes 


3.1 General 


3.1.1 Air pipes located on the exposed deck over the 
forward 0,25L of the rule length, of ships of sea-going service 
of length 80 m or more, where the height of the exposed deck 
in way of the item is less than 0,1L or 22 m above the summer 
load waterline, whichever is the lesser, are to comply with the 
requirements of Section 5. All other air and sounding pipes are 
to comply with the following requirements in addition to the 
applicable requirements of Pt 5, Ch 13,12 and Ch 13,15.2. 


3.1.2 Striking plates of suitable thickness, or their equiva- 
lent, are to be fitted under all sounding pipes. 


3.1.3 On offshore supply ships, air pipes are to be 
situated clear of the cargo containment areas. 
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3.2 Height of air pipes 


3.2.1 The height of air pipes from the upper surface of 
decks exposed to the weather, to the point where water may 
have access below, is normally to be not less than: 

e 760 mm on the freeboard deck; 

e 450 mm on the superstructure deck; 

these heights being measured above deck sheathing, where fitted. 


3.2.2 Lower heights may be approved in cases where 
these are essential for the working of the ship, provided that 
the design and arrangements are otherwise satisfactory. In 
such cases, efficient, permanently attached closing appliances 
of an approved automatic type will generally be required. 


3.2.3 The height of air pipes may be required to be 
increased on ships of Type ‘A’, Type ‘B-100’ and Type ‘B-60’ 
where this is shown to be necessary by the floatability 
calculations required by the International Convention on Load 
Lines, 1966. An increase in height may also be required or 
recommended by individual Administrations when air pipes to 
oil fuel and settling tanks are situated in positions where sea- 
water could be temporarily entrapped, e.g., in recesses in the 
sides and ends of superstructures or deckhouses, between 
hatch ends, behind high sections of bulwark, etc. This may 
entail an increase in tank scantlings, see also Chapter 3. 


3.2.4 Air pipes are generally to be led to an exposed 
deck. For alternative arrangements in an enclosed space on 
a main vehicle deck, see Pt 4, Ch 2,9. 


3.2.5 Where air pipes are led through the side of super- 
structures, the opening is to be at least 2,3 m above the 
summer load waterline. 


3.2.6 The minimum wall thickness of air pipes in positions 

indicated in 3.2.1 is to be: 

e 6,0 mm for pipes of 80 mm external diameter or smaller; 

° 8,5 mm for pipes of 165 mm external diameter or 
greater. 

Intermediate minimum thicknesses are to be determined by 

linear interpolation. 


3.2.7 Where permitted by the National Authority, air pipe 
coaming heights may be reduced on ships engaged on 
protected or extended protected water service. Coaming 
heights are to be as high as practicable, with a minimum 
height of 450 mm on the freeboard deck and 300 mm on a 
superstructure deck. 


3.3 Closing appliances 


3.3.1 All openings of air and sounding pipes are to be 
provided with permanently attached, satisfactory means of 
closing to prevent the free entry of water, see also 3.2.2. 


3.3.2 Closing appliances are to be of an approved 
automatic type. 


3.3.3 Pressure/vacuum valves as required by Pt 5, 
Ch 15,4 may be accepted as closing appliances for cargo 
tanks. 
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a Section 4 
Scuppers and sanitary discharges 


4.1 General 


4.1.1 Scuppers sufficient in number and size to provide 
effective drainage are to be fitted in all decks. 


4.1.2 Scuppers draining weather decks and spaces 
within superstructures or deckhouses not fitted with efficient 
weathertight doors are to be led overboard. 


4.1.3 Where the freeboard is such that the freeboard 
deck edge is immersed when the ship heels 5° or less, 
scuppers and discharges which drain spaces below the free- 
board deck, or spaces within intact superstructures or 
deckhouses on the freeboard deck fitted with efficient 
weathertight doors, are to be led to the bilges in the case of 
scuppers or to suitable sanitary tanks in the case of sanitary 
discharges. Where the freeboard is such that the freeboard 
deck edge is immersed when the ship heels greater than 5° 
then they may be led overboard and fitted with means of 
preventing water from passing inboard in accordance with 
4.2. 


4.1.4 In ships where an approved fixed pressure water 
spray fire-extinguishing system is fitted in vehicle or cargo 
spaces, deck scuppers of not less than 150 mm diameter are 
to be provided port and starboard, spaced about 9,0 m apart. 
The scupper area will require to be increased if the design 
capacity of the drencher system exceeds the Rule required 
capacity by 10 per cent or more. After installation, the two 
adjacent sections with the greatest aggregate drencher 
capacity are to be tested in operation to ensure that there is 
no build up of water on the deck, see also Pt 4, Ch 2,11.2.2. 
The mouth of the scupper is to be protected by bars. 


4.1.5 Where a sewage system is fitted, the shipside 
valves on the discharge pipe from the effluent tank(s) and the 
by-pass system are to comply with 4.2. 


4.1.6 The minimum wall thickness of pipes not indicated 
in 4.2.6 is to be: 

° 4,5 mm for pipes of 155 mm external diameter or smaller; 
° 6,0 mm for pipes of 230 mm external diameter or greater. 
Intermediate minimum thicknesses are to be determined by 
linear interpolation. 


4.1.7 For the use of non-metallic pipe, see Pt 5, Ch 12,5. 


4.1.8 Scuppers and discharge pipes should not normally 
pass through fuel oil or cargo oil tanks. Where scuppers and 
discharge pipes pass, unavoidably, through fuel oil or cargo 
oil tanks, and are led through the shell within the tanks, the 
thickness of the piping should be at least the same thickness 
as Rule shell plating in way, derived from the appropriate 
Chapters, but need not exceed 19 mm. 


4.1.9 Piping within tanks is to be tested in accordance 
with Ch 1,8. 


4.1.10 All piping is to be adequately supported. 
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4.1.11. See also the Rules for Ships for Liquefied Gases or 
the Rules for Ships for Liquid Chemicals, where applicable. 


4.1.12 For additional requirements for scuppers and 
sanitary discharges on dredging and reclamation craft, see 
Pt 4, Ch 12,15. 


4.2 Closing appliances 

4.2.1 In general, each separate overboard discharge is to 
be fitted with a screw-down non-return valve capable of being 
operated from a position always accessible and above the 
freeboard deck. An indicator is to be fitted at the control 
position showing whether the valve is open or closed. A 
machinery space, whether manned or unattended (i.e., with 
UMS notation), is considered accessible. Cargo holds or 
spaces with access only by hatches or bolted manholes are 
not considered accessible. 


F less than 0,01L,_ 
Scupper from enclosed space 


Freeboard deck 


Positive control 


valve 


One automatic non-return valve on shell 
operated from above the freeboard deck OR 
fitted with controls and indicators 


F more than 0,01L, but less than 0,02L,_ 
Scupper from enclosed space 


Freeboard deck 


One automatic non-return valve in the line 
with positive control valve on shell 
operated from above the freeboard deck 


Part 3, Chapter 12 


Section 4 


4.2.2 Where a drencher fire-extinguishing system is 
provided in an enclosed vehicle space of a ferry, the scupper 
controls are to be operated from a position above the bulk- 
head deck, and outside the vehicle space protected by the 
drencher system, and are to be protected from mechanical 
damage. 


4.2.3 Where the vertical distance from the summer load 
waterline to the inboard end of the discharge pipe exceeds 
0,01L, the discharge may be fitted with two automatic non- 
return valves without positive means of closing, instead of the 
screw-down non-return valve, provided that the inboard valve 
is always accessible for examination under service conditions. 


4.2.4 Where the vertical distance from the summer load 
waterline to the inboard end of the discharge pipe exceeds 
0,02L,, a single automatic non-return valve without positive 
means of closing may be fitted, see Fig. 12.4.1. 


Positive control 
valve 


In manned machinery spaces one locally 
operated positive control valve on shell 
but with one automatic non-return valve 
in the line 


F more than 0,02L,_ 


Scupper from enclosed space 
Freeboard deck 


Positive 


ANRV 


Deepest J seasonal load 


control valve 


Two automatic non-return valves without 
positive means of closing, one on shell and 
one always accessible under service 
conditions 


OR 


If not practicable to fit inboard valve above 
the specified waterline then it can be 
accepted below provided positive control 
valve with indicators is fitted between the 


One automatic non-return valve without 
positive means of closing 


two automatic non-return valves in readily 


accessible position 


Automatic non-return valve L_= Load line length of ship 


Positive control valve F = Vertical distance between the inboard end of the discharge 
pipe and the summer load waterline or timber summer load 
waterline, if assigned. 


N 
DK 
N 


ANRV of screw-down type 


Fig. 12.4.1 Diagrammatic arrangement of discharge valves 
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4.2.5 The requirements for non-return valves are 
applicable only to those discharges which remain open during 
the normal operation of the ship. For discharges which are 
closed at sea, such as gravity drains from topside ballast 
tanks, a single screw down valve operated from the freeboard 
deck is considered to provide sufficient protection. 


4.2.6 Scuppers and discharge pipes originating at any 
level which penetrate the shell either more than 450 mm 
below the freeboard deck or less than 600 mm above the 
summer load waterline, are to be fitted with an automatic non- 
return valve at the shell. This valve, unless required by 4.1.3, 
may be omitted provided the piping has a minimum wall 
thickness of: 
° 7,0 mm for pipes of 80 mm external diameter or smaller; 
° 10,0 mm for pipes of 180 mm external diameter; 
° 12,5 mm for pipes of 220 mm external diameter or 
greater. 
Intermediate minimum thicknesses are to be determined by 
linear interpolation. Unless required by 4.1.8, the maximum 
thickness need not exceed 12,5 mm. 


4.2.7 The outboard valve is to be mounted directly on the 
shell and secured in accordance with Pt 5, Ch 13,2.5.1. If this 
is impracticable, a short distance piece of rigid construction 
may be introduced between the valve and the shell. Valves 
should not be fitted in cargo tanks. 


4.2.8 If a valve is required by 4.1.3, this valve should 
preferably be fitted as close as possible to the point of entry of 
the pipe into the tank. If fitted below the freeboard deck, the 
valve is to be capable of being controlled from an easily 
accessible position above the freeboard deck. Local control 
is also to be arranged, unless the valve is inaccessible. An 
indicator is to be fitted at the control position showing whether 
the valve is open or closed. 


4.2.9 In a ship to which timber freeboards are assigned, 
the summer load waterline is to be regarded as that 
corresponding to the timber summer freeboard. 


4.2.10 For ship side valves and fittings (other than those 
on scuppers and sanitary discharges), see Pt 5, Ch 13,2 and 
Pt 6, Ch 1,2. 


4.3 Rubbish chutes, offal and similar discharges 


4.3.1 Rubbish chutes, offal and similar discharges should 
be constructed of mild steel piping or plating of shell thickness. 
Other materials will be specially considered. Openings are to 
be kept clear of the sheerstrake and areas of high stress 
concentration. 


4.3.2 Rubbish chute hoppers are to be provided with a 
hinged weathertight cover at the inboard end with an inter- 
lock so that the discharge flap and hopper cover cannot be 
open at the same time. The hopper cover is to be secured 
closed when not in use, and a suitable notice displayed at the 
control position. 
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4.3.3 Where the inboard end of the hopper is less than 
0,01L, above the summer load waterline, a suitable valve with 
positive means for closing is to be provided in addition to the 
cover and flap in an easily accessible position above the 
deepest seasonal waterline. The valve is to be controlled from 
a position adjacent to the hopper and provided with an 
open/shut indicator. The valve is to be kept closed when not 
in use, and a suitable notice displayed at the valve operating 
position. 


4.3.4 Where damage stability requirements apply and the 
inboard end of the chute is below the equilibrium waterlines, 
or in passenger ships, where the inboard end of a rubbish 
chute is below the margin line; see Ch 11,8.2.8(b). 


4.3.5 In trawlers or fish factory ships, offal discharges in 
the fish working spaces are to be provided with either a non- 
return flap, preferably fitted at the shell which can be positively 
secured weathertight, or a separate positively controlled valve 
kept closed when not in use. A suitable notice is to be 
displayed at the flap or valve operating position. 


4.4 Materials for valves, fittings and pipes 


4.4.1 All shell fittings and valves required by 4.2 are to be 
of steel, bronze or other approved ductile material; ordinary 
cast iron or similar material is not acceptable. Materials are to 
satisfy the requirements of the Rules for the Manufacture, 
Testing and Certification of Materials. 


4.4.2 All these items, if made of steel or other approved 
material with low corrosion resistance, are to be suitably 
protected against wastage. 


4.4.3 The lengths of pipe attached to the shell fittings, 
elbow pieces or valves are to be of galvanised steel or other 
equivalent approved material. 


E Section 5 
Air pipes, ventilator pipes and 
their securing devices located on 
the exposed fore deck 


5.1 General 


5.1.1 For the application of the following requirements 
relating to ventilators, see 2.1.1. For the application of the 
following requirements relating to air pipes, see 3.1.1. Air 
pipes complying with the following requirements are also to 
comply with the applicable requirements of Pt 5, Ch 13,12 
and Pt 5, Ch 15,2.5. 


5.1.2 Special care is to be taken in the design and 
positioning of ventilator openings and coamings, particularly in 
the region of the forward end of superstructures and other 
points of high stress. The deck plating in way of the coamings 
is to be efficiently stiffened. 
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5.1.3 Ventilators from deep tanks and tunnels passing 
through ‘tween decks are to have scantlings suitable for 
withstanding the pressures to which they may be subjected, 
and are to be made watertight. 


5.1.4 For height and location of cargo tank vent outlets, 
see Pt 5, Ch 15,4 and see also Ch 8,8.2.9 and 8.2.10 of the 
Rules for Ships for Liquefied Gases, or Ch 8,8.2.2, of the 
Rules for Ships for Liquid Chemicals, where applicable. 


5:1:9 On offshore supply ships, air pipes are to be 
situated clear of the cargo containment areas. 


5.2 Loading 


5.2.1 The design pressure acting on air pipes, ventilator 
pipes and their closing devices is to be taken as not less than: 
p = 0,5p V2 Cy Cs Cp kN/m2 
where 
p density of sea-water (1,025 t/m3) 
V = velocity of water over the fore deck 
= 13,5 m/sec for d < 0,5d, 


13,5 Pia) for d > 0,5d, 


d = distance from summer load waterline to exposed 
deck 

d4 = 0,1L but need not be taken as greater than 22 m 

Cy = shape coefficient (0,5 for pipes, 1,3 for air pipe or 
ventilator heads in general and 0,8 for an air pipe 
or ventilator head of cylindrical form with its axis in 
the vertical direction) 

C, = slamming coefficient (3,2) 

Cp = protection coefficient (0,7 for pipes and ventilator 
heads located immediately behind a breakwater or 
forecastle and 1,0 elsewhere and immediately 
behind a bulwark). 


5.2.2 Forces acting in the horizontal direction on the pipe 
and its closing device are to be not less than those calculated 
from 5.2.1 using the largest projected area of each component. 


5.3 Strength requirements 


5.3.1 Bending moments and stresses in air and ventilator 
pipes are to be calculated at critical positions: 

e at penetration pieces; 

e at weld or flange connections; and 

e at toes of supporting brackets. 


5.3.2 Bending stresses in the net section are not to 
exceed 0,8c,, where Oy is the specified minimum yield stress 
or 0,2 per cent proof stress of the steel at room temperature. 
Irrespective of corrosion protection, a corrosion addition to 
the net section of 2,0 mm is then to be applied. 
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Table 12.5.1 Air pipe thickness and bracket 


standards 


Minimum fitted Maximum 
gross projected area 
thickness, of head, 
inmm in cm2 


Nominal pipe 
diameter, 
inmm 


Height) of 
brackets, 
in mm 


65A 6,0 480 
80A 6,3 460 
100A 7,0 380 
125A 7,8 300 
150A 8,5 300 
175A 8,5 300 
200A 52) 1900 300 
250A (2) 2500 300 
) 3200 300 
) 

) 


350A 
400A 


3800 300! 
4500 300! 


8,5( 
8,56 
300A 8,5( 
8,5( 
8,56 


,5(2 


Brackets (see 5.3.3) need not extend over the joint flange 
for the head. 

Brackets are required where the as fitted (gross) thickness 
is less than 10,5 mm, or where the tabulated projected 
head area is exceeded. 


NOTE 
For other pipe heights, the relevant requirements of 5.3 are to 
be applied. 


5.3.3 For standard air pipes of 760 mm coaming height 
closed by heads of not more than the tabulated projected 
area, pipe thicknesses and bracket heights are specified in 
Table 12.5.1. Where brackets are required, three or more 
radial brackets are to be fitted. Brackets are to be of gross 
thickness 8 mm or more, of minimum length 100 mm, and 
height according to Table 12.5.1 but need not extend over the 
joint flange for the head. Bracket toes at the deck are to be 
suitably supported. 


5.3.4 For other configurations, loads according to 5.2 are 
to be applied, and means of support determined in order to 
comply with the requirements of 5.3.1 and 5.3.2. Brackets, 
where fitted, are to be of suitable thickness and length 
according to their height. Pipe thickness is not to be taken 
less than as indicated in Pt 5, Ch 12. 


5.3.5 For standard ventilators of 900 mm coaming height 
closed by heads of not more than the tabulated projected 
area, pipe thicknesses and bracket heights are specified in 
Table 12.5.2. Brackets, where required, are to be as specified 
in 5.3.3. 


5.3.6 For ventilators of coaming height greater than 
900 mm, the coaming support will be specially considered. 
Pipe thickness is not to be taken less than as indicated in 
Pt 5, Ch 12. 


5.3.7 All component parts and connections of the air pipe 
or ventilator are to be capable of withstanding the loads 
defined in 5.2. 
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Table 12.5.2 900 mm ventilator pipe thickness and 


bracket standards 


Minimum fitted Maximum 
gross projected area 
thickness, of head, 


Nominal pipe 
diameter, 
inmm 


Height of 
brackets, 
inmm 


inmm in cm2 


80A 6,3 

100A 7,0 

150A 8,5 

200A 8,5 550 
250A 8,5 880 
300A 8,5 1200 
350A 8,5 2000 
400A 8,5 2700 
450A 8,5 3300 
500A 8,5 4000 


NOTE 
For ventilator heights other than 900 mm, the relevant 
requirements of 5.3 are to be applied. 


5.4 Ventilator coamings 


5.4.1 The heights of ventilator coamings is to be not less 
than 900 mm, this height being measured above deck 
sheathing, where fitted. In particularly exposed positions, the 
heights of coamings and scantlings may be required to be 
increased. 


5.4.2 The height of ventilator coamings may be required 
to be increased on ships of Type ‘A’, Type ‘B-100’ and 
Type ‘B-60’ where this is shown to be necessary by the 
floatability calculations required by the International Convention 
on Load Lines, 1966. 


5.4.3 For gooseneck ventilators, the coaming height is to 
be measured to the underside of the bend, this being the 
lowest point through which water on deck could pass freely to 
spaces below. 


5.4.4 Where wall vents are fitted with an internal baffle 
which rises above the lower edge of the exterior opening, the 
coaming height is measured to the top of the baffle. 


5.4.5 Where permitted by the National Authority, 
ventilator coaming heights may be reduced on ships engaged 
on protected or extended protected water service. Coaming 
heights are to be as high as practicable, with a minimum 
height of 450 mm. 


5.5 Height of air pipes 


5.5.1 The height of air pipes from the upper surface of 
decks exposed to the weather, to the point where water may 
have access below is normally to be not less than 760 mm, this 
height being measured above deck sheathing, where fitted. 


5.5.2 Lower heights may be approved in cases where 
these are essential for the working of the ship, provided that 
the design and arrangements are otherwise satisfactory. In 
such cases, efficient, permanently attached closing appliances 
of an approved automatic type will generally be required. 
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5.5.3 The height of air pipes may be required to be 
increased on ships of Type ‘A’, Type ‘B-100’ and Type ‘B-60’ 
where this is shown to be necessary by the floatability 
calculations required by the /nternational Convention on Load 
Lines, 1966. An increase in height may also be required or 
recommended by individual Administrations when air pipes to 
oil fuel and settling tanks are situated in positions where sea- 
water could be temporarily entrapped, e.g., in recesses in the 
sides and ends of superstructures or deckhouses, between 
hatch ends, behind high sections of bulwark, etc. This may 
entail an increase in tank scantlings, see also Chapter 3. 


5.5.4 Air pipes are generally to be led to an exposed 
deck. For alternative arrangements in an enclosed space on 
a main vehicle deck, see Pt 4, Ch 2,9. 


5.5.5 Where air pipes are led through the side of super- 
structures, the opening is to be at least 2,3 m above the 
summer load waterline. 


5.5.6 Where permitted by the National Authority, air pipe 
coaming heights may be reduced on ships engaged on 
protected or extended protected water service. Coaming 
heights are to be as high as practicable, with a minimum 
height of 450 mm. 


5.6 Closing appliances for ventilators 


5.6.1 All ventilator openings are to be provided with 
efficient weathertight closing appliances unless the height of 
the coaming is greater than 4,5 m. 


5.6.2 In ships where the load line length, L (see 
Ch 1,6.1), is not more than 100 m, the closing appliances are 
to be permanently attached to the ventilator coaming. Where 
not so provided in other ships, they are to be conveniently 
stowed near the ventilator to which they are to be fitted. 


5.6.3 Where, in ferries, ventilators are proposed to 
be led overboard in an enclosed ‘tween deck, the closing 
arrangements are to be submitted for approval. If such 
ventilators are led overboard more than 4,5 m above the main 
vehicle deck, closing appliances may be omitted, provided that 
satisfactory baffles and drainage arrangements are provided, 
as in the case of air intakes or exhaust openings for machinery 
spaces, which may be arranged in the sides of the ship. 


5.6.4 On offshore supply ships, to ensure satisfactory 
operation in all weather conditions, machinery space 
ventilation inlets and outlets are to be located in such 
positions that closing appliances will not be necessary. 


5.6.5 Rotating type mushroom ventilator heads are 
unsuitable for application on the exposed fore deck. 


5.6.6 Wall ventilators (jalousies) may be accepted 
provided they are capable of being closed weathertight by 
hinged steel gasketed covers secured by bolts or toggles. 


5.6.7 A ventilator head not forming part of the closing 
arrangements is to be not less than 6,5 mm thick. 
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5.7 Closing appliances for air pipes 


5.7.1 All openings of air pipes are to be provided with 
permanently attached, satisfactory means of closing to prevent 
the free entry of water, see also 5.5.2. 


D2, Closing appliances are to be of an approved 
automatic type where, with the ship at its summer load water- 
line, the openings are immersed at an angle of heel of 40° or, 
the angle of down flooding if this is less than 40°, see also 
Ch 3,7. 


5.7.3 Where the closing appliances are not of an auto- 
matic type, provision is to be made for relieving vacuum when 
the tanks are being pumped out. 


5.7.4 In a ship to which timber freeboards are assigned, 
air pipes which will be inaccessible when the deck cargo is 
carried are to be provided with approved automatic closing 
appliances. 


5.7.5 Pressure/vacuum valves as required by Pt 5, 
Ch 15,4 may be accepted as closing appliances for cargo 
tanks. 
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Section 
1 General 


2 Rudders 


3 Fixed and steering nozzles 

4 Steering gear and allied systems 

5 Bow and stern thrust unit structure 

6 Stabiliser structure 

7 Equipment 

8 Windlass design and testing 

9 Mooring of ships at single point moorings 


10 Emergency towing arrangements 


E Section 1 
General 


1.1 Application 


1.1.1 This Chapter applies to all the ship types detailed 
in Part 4, and requirements are given for rudders, nozzles, 
steering gear, bow and stern thrust unit structure, stabiliser 
structure, anchoring and mooring equipment, and emergency 
towing arrangements. 


1.1.2 The requirements in this Chapter are not applicable 

to Double Hull Oil Tankers or Bulk Carriers with a CSR notation 

(see Pt 1, Ch 2,2.3) with the exception of the following: 

° For Double Hull Oil Tankers; Sections 2 to 6 and 
Section 9 are to be complied with as applicable. 

° For Bulk Carriers; Sections 3 to 6, 9 and 10 are to be 
complied with as applicable. 


1.2 General symbols 


1.2.1 The following symbols and definitions are applica- 
ble to this Chapter, unless otherwise stated: 
L, B and Cy as defined in Ch 1,6.1 
© = minimum yield stress or 0,5 per cent proof stress 
of the material, in N/mm? (kgf/mm?) 
k = higher tensile steel factor, see Ch 2,1.2. 


1.3 Navigation in ice 
1.3.1 Where an ice class notation is included in the class 


of a ship, additional requirements are applicable as detailed 
in Part 8. 
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1.4 Podded propulsion 


1.4.1 Where podded propulsion is included in the class 
of a ship, additional requirements as detailed in Pt 5, Ch 9 are 
to be complied with, as applicable. 


1.5 Materials 


1.5.1 The requirements for materials are contained in 
the Rules for the Manufacture, Testing and Certification of 
Materials (hereinafter referred to as the Rules for Materials). 


1.5.2 Stern frames, rudder horns, shaft brackets, rudder 
stocks, pintles, coupling bolts, keys, and other rudder members 
are to be made of rolled, forged or cast carbon-manganese 
steel in accordance with Chapters 3, 4 and 5 of the Rules for 
Materials. Cast steel stern frames, rudder horns, shaft brackets 
and sole pieces are to be manufactured from special grade 
material as specified in Ch 4,2 of the Rules for Materials. 


E Section 2 


Rudders 
2.1 Design considerations 
2.1.1 Effective means are to be provided for supporting 


the weight of the rudder without excessive bearing pressure, 
e.g., by a rudder carrier attached to the upper part of the 
rudder stock. The hull structure in way of the rudder carrier is 
to be suitably strengthened. 


2.1.2 Suitable arrangements are to be provided to 
prevent the rudder from lifting. 


2.1.3 In rudder trunks which are open to the sea, a seal 
or stuffing box is to be fitted above the deepest load waterline, 
to prevent water from entering the steering gear compartment 
and the lubricant from being washed away from the rudder 
carrier. If the top of the rudder trunk is below the deepest 
waterline, two separate stuffing boxes are to be provided. 
Rudder trunk boundaries, where exposed to the sea, are to 
have a corrosion protection coating applied in accordance 
with the manufacturer’s instructions. 


2.2 Lateral force on rudder blade 


2.2.1 The lateral rudder force at the centre of pressure is 
to be determined for both ahead and stern conditions from 
the following formula: 


PL = 132c; Co C3 CryAr V2 N 


> 
a 
II 


rudder blade area, in m2 

Ar = sum of rudder blade area Ap and area of rudder 
post or rudder horn, if any, within the rudder mean 
height hp, in m2 

factor depending on the aspect ratio A of the 
rudder area 


2 
i 
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-2+2 pat 

= -3 An 
Cp = rudder profile coefficient, see Table 13.2.1 As = portion of the rudder blade area, situated in front of the 
C3 = 1,0 in general centreline of the rudder stock, in m2, see Fig. 13.2.2. 


= 0,8 for rudders outside the propeller jet 
= 1,15 for rudders behind a fixed propeller nozzle 
Cp} = thrust coefficient, is generally to be taken as 1 
P = lateral force acting on the rudder, in N, is to be 
calculated for both ahead and astern conditions. 
The greater of these two values is to be used 
throughout Section 2 
V = maximum service speed, in knots, which the ship is 
designed to maintain, at the summer load waterline. 
Maximum ahead service soeed means the maximum 
service speed which the ship is designed to 
maintain, at the summer load waterline at maximum 
propeller RPM and corresponding engine MCR. 
When the speed is less than 10 knots, V is to be 
V+20 
3 


NACA-O0 profile 


replaced by the expression Vmin = . For the Hollow profile 
astern condition the actual astern speed, in knots, 
or 0,5V, whichever is the greater is to be used (for 
bow rudders V = Vy) 


hp2 
à = x , but not to be taken greater than 2 Flat sided profile 
T 
hpg = mean height, in metres, of the rudder area, 
see Fig. 13.2.2. 
Table 13.2.1 Rudder profile coefficient, co High lift profile 


Profile type 


. Fig. 13.2.1 Rudder profiles 
(see Fig. 13.2.1) 


Astern 


NACA-00 0,8 


Hollow profiles 0,9 


Flat si fil 0,9 
atsido prones mean breadth bR = 0,5 (Xo +X3-X4) 


High lift profile to be specially 
considered 


mean height hR = 0,5 (Z3 + Z4- Z2) 


NOTE 

For rudder profiles not defined above, the value of Cp may be deter- 
mined on the basis of experimental results. These results are to be 
submitted for consideration. 


2.3 Rudder torque calculation for rudders without 
cut-outs 


2.3.1 The rudder torque, Mrz, is to be determined for both 
the ahead and astern conditions according to the following 
formula: 


My = P| Xp Nm 


d 
= 
| 


= lateral force acting on rudder, as calculated in 2.2 
xp = bgla - k), in metres, but not less than 0,1bp Fig. 13.2.2 Rudder co-ordinate system 
Mz = the rudder torque, in Nm, to be calculated for both 
ahead and astern conditions. The greater of these 
two values are to be used throughout Section 2 
bp = mean breadth of rudder, in metres, see Fig. 13.2.2 
as given in Table 13.2.2 


QR 
Il 
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Table 13.2.2 Coefficient, a 


Behind fixed Not behind a 
structure (see Note) fixed structure 


Condition 


Ahead 0,25 0,33 


Astern 0,55 0,66 


Ay = AtatAitt 


NOTE 
For rudder parts behind a fixed structure such as a rudder horn. 


2.4 Rudder torque calculation for rudders with 
cut-outs 

A2 = Aza + A2f 
2.4.1 The rudder torque, M+, is to be determined for both 
the ahead and astern conditions as follows. The rudder area, 
Ap, used in the derivation of the rudder torque may be divided 
into two rectangular or trapezoidal parts with areas A, and A», 
so that Ap = A4 + Ao, see Fig. 13.2.3. 


My = M, +M, Nm 


Fig. 13.2.3 Rudder areas 


where 
Mı = PiyXpy Nm Table 13.2.3 Rudder stock diameter 
Mz = PipXp2 Nm 
Mz = the rudder torque, in Nm, to be calculated for both Item Requirement 
ahead and astern conditions. The greater of these - - 
two values are to be used throughout Section 2 (1) a pi se ea 
P = lateral force acting on the rudder, in N, as calculated lowest bearing 
in 2.2.1 
A; (2) Diameter, 8;, in way 
== of tiller 
Puy An P, N 
A2 
Po = An PLN = Total rudder torque, in Nm, as calculated in 2.3 or 2.4 
R = bending moment, in Nm, at section considered. If direct 
Xp, = Dp, (a - kı), in metres calculations of bending moment distribution are not 
Xp? = bpo (a — ko), in metres carried out, then Mp at the lowest main bearing or rudder 
Ay = Aja + Ayt, in m2, see Fig. 13.2.3 ilies! bla iea as 
A2 = Apa + Ag, in m?, see Fig. 13.2.3 Mp = = PĻ , for rudders with heel support 
bp, = mean breadth, in metres, of partial area A4 10C, 
bpo = mean breadth, in metres, of partial area A> Mpg = bP}, for spade rudders 
a = as given in Table 13.2.2 
R 
A Mg= >> PL. for semi-spade rudders 
k Ta B5 {Joq peg L’ '0rSem-epade rudder 
Aor 
kn = == 
2 Ao 


distance, in metres, from centroid of rudder area to the 
centre of lowest bearing, see Fig. 13.2.4 
mean breadth of rudder, in metres, see Fig. 13.2.2 


For ahead condition My is not to be taken less than 
A4 Op, + Ap b 
19R1 BORO Nm 


Mi min = 0,1PL A = mean depth of rudder, in metres, see Fig. 13.2.2 
R = rudder force, as defined in 2.2.1 
= as defined in Table 13.2.4 
2.5 Rudder stock and bearings 
2.5.3 The rudder stock diameter is to be dimensioned 
2.5.1 The scantlings of the stock are to be not less than such that the stresses do not exceed the permissible stresses 
required by Table 13.2.3. given in Table 13.2.5. 


2.5.2 For the purpose of this Section, the material factor, 
ky, applicable to rudder stocks, pintles, coupling flanges, 
bolts, keys, etc., is defined in Table 13.2.4. For higher tensile 
steel rudder stocks, welding, including cladding, is not 
generally permitted. 
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Table 13.2.4 Material factor k, 


For og > 235 (24) 


0,75 / 24 \0,75 
J (a0) 


For 6g < 235 (24) 


Symbols 


minimum yield stress in N/mm? (kgf/mm?) 
higher tensile steel correction factor 


NOTE 

Gq is to be taken not greater than 70 per cent of the ultimate tensile 
strength or 450 N/mm? (45,9 kgf/mm?), whichever is the lesser. oo 
is not to be less than 200 N/mmé2, see Ch 5,2.4.6 of the Rules for 

Materials. 


2.5.4 Where reductions in rudder stock diameter due to 
the application of steels with yield stresses exceeding 
235 N/mm? are requested, evaluation of the rudder stock 
deformations may be required. Large deformations are to be 
avoided in order to avoid excessive edge pressures in way of 
bearings. 


2.5.5 For spade rudders the stock diameter corrected for 
higher tensile steel is to be greater than 90 per cent of the 
uncorrected stock diameter unless direct calculations are 
submitted showing that the slope of the stock at the lowest main 
bearing does not exceed 0,0035 when the rudder blade is 
loaded by a lateral force of P|, acting at the centre of pressure. 


Table 13.2.5 Permissible stresses 


Mode 
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Upper 
„/ bearing 
i Centre EOS 
i of area 1” mainbearing 
im 
Centre 
of area 


Lowest main 4 


Lowest main |! 


bearing \, 


main 
bearing 


on 


L : Upper 
Centre i pintle 


of area i S. 
i Lower 


> J pintle 
d) 


Fig. 13.2.4 
Centroid of rudder area for common rudder types 


2.5.6 For rudders having an increased diameter of the 
rudder stock in way of the rudder, the increased diameter is to 
be maintained to a point as far as practicable above the top of 
the lowest bearing. The diameter may then be tapered to the 
diameter required in way of the tiller. The length of the taper is 
to be at least three times the reduction in diameter. Particular 
care is to be taken to avoid the formation of a notch at the 
upper end of the taper, see Fig. 13.2.5. 


Permissible stress, N/mm? (kgf/mm?) 


(1) Torsional shear stress, ty 


(2) Equivalent stress, o, 


68/ko (6,9/ko) 
118/ko (12/ko) 


Symbols and parameters 


equivalent stress 
Mop2 +312 N/mm? (kgf/mm?) 
bending stress 
M| M 
10,2 = 103 N/mm2 (1.04 ZB 403 komm?) 


5.3 


ös S 


torsional shear stress 


M M 
5,1 — 103 N/mm2 (ose — 103 komm?) 


ös ös 


actual stock diameter, as calculated in Table 13.2.3 


bending moment, in Nm, at the section considered. If direct calculations of bending moment distribution are not carried out, then 
Mp at the lowest main bearing or rudder coupling may be taken as given in Table 13.2.3 


= total rudder torque, in Nm, as calculated in 2.2 or 2.3 
as defined in Table 13.2.4 
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Fig. 13.2.5 Rudder stock taper 


2.5.7 Sudden changes of section or sharp corners in way 
of the rudder coupling, jumping collars and shoulders for 
rudder carriers, are to be avoided. Jumping collars are not to 
be welded to the rudder stock. Keyways in the rudder stock 
are to have rounded ends and the corners at the base of the 
keyway are to be radiused. For stainless steel liners formed 
by weld deposit, see 2.9.3. 


2.5.8 Bearings are to comply with the requirements of 
Table 13.2.6. The fitting of bearings is to be carried out in 
accordance with the manufacturer’s recommendations to 
ensure that they remain secure under all foreseeable 
operating conditions. 


2.5.9 On dredging and reclamation craft classed A1 
protected water service, the rudder stock diameter may be 
84 per cent of that required for ships classed 100A1. 


2.6 Rudder construction - Double plated 


2.6.1 The scantlings of a double plated rudder are to be 
not less than required by Table 13.2.8. 


2.6.2 The rudder is to be dimensioned such that the 
stresses do not exceed the permissible stresses given in 
Table 13.2.9. 


2.6.3 In way of rudder couplings and heel pintles, the 
plating thickness is to be suitably increased. 


Part 3, Chapter 13 


Section 2 


2.6.4 On semi-spade/mariner type rudders the following 

items are to be complied with: 

(a) The main vertical web forming the mainpiece is to be 
continuous over the full depth of the rudder. 

(o) The thickness of the main vertical web is to be not less 
than two times the thickness required by Table 13.2.8(4) 
from the top of the rudder to the lower pintle. The thick- 
ness is to be not less than required by Table 13.2.8(4) from 
the lower pintle to approximately a point midway between 
the lower pintle and bottom of the rudder. Below this the 
thickness, to, is to be not less than the thickness required 
by Table 13.2.8(2). See Fig. 13.2.6. 

(c) Where an additional continuous main vertical web is 
arranged to form an efficient box mainpiece structure, the 
thickness of each web is to be not less than that required by 
Table 13.2.8(4) from the top of the rudder to approximately 
a point midway between the lower pintle and bottom of the 
rudder. Below this the thickness, ty, is not to be less than 
that required by Table 13.2.8(2). 

(d) The internal radius, r, of the cut-out for the rudder pintle is 
to be as large as practicable. See Fig. 13.2.6. 

(e) To reduce the notch effect at the corners of the cut-out 
for the lower pintle, an insert plate 1,6 times the Rule 
thickness of the side plating is to be fitted. The insert plate 
is to extend aft of the main vertical web and to have well 
rounded corners. 


2.6.5 Adequate hand or access holes are to be arranged in 
the rudder plating in way of pintles as required, and the rudder 
plating is to be reinforced locally in way of these openings. 
Continuity of the modulus of the rudder mainpiece is to be 
maintained in way of the openings. 


2.6.6 Connection of rudder side plating to vertical and 
horizontal webs, where internal access for welding is not 
practicable, is to be by means of slot welds on to flat bars on 
the webs. The slots are to have a minimum length of 75 mm 
and, in general, a minimum width of twice the side plating 
thickness. The ends of the slots are to be rounded. The space 
between the slots is not to exceed 150 mm and welding is to 
be based on a weld factor of 0,44. 

2.6.7 For testing of rudders, see Table 1.9.1 in Chapter 1. 
2.6.8 Where the fabricated mainpiece of a spade rudder 
is connected to the horizontal coupling flange by welding, a 
full penetration weld is required. 


2.7 Rudder construction - Single plated 


2.7.1 The scantlings of a single plated rudder are to be 
not less than required by Table 13.2.8. 


2.7.2 Rudder arms are to be efficiently attached to the 


mainpiece. 


2.8 Rudder couplings 


2.8.1 Rudder coupling design is to be in accordance with 
Table 13.2.10. 
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Table 13.2.6 Bearing requirements for rudder stock and pintles 


Item Requirement 


(1) Bearing surface area B mm? 
qa 


(2) Bearing length The length/diameter ratio of the actual bearing surface is not to be greater than 1,2 


(3) Clearance Bearing material Minimum clearance 
(on diameter) 


Metal 0,0018 + 1,0 


Synthetic See Notes 1, 3, 4 and 5 


(4) Rudder stock main bearing wall thickness Lesser of 0,28 or 100 See Note 2 


(5) Gudgeon thickness in way of pintle bg = 0,258 but need not normally exceed 125 mm 
(measured outside bush if fitted) 


Symbols 


bearing surface area, in mm2, defined as the projected area (length x diameter) of liner 

distance, in metres, from centre of rudder area to the centre of lowest bearing 

thickness of gudgeon material in way of pintle, in mm 

distance, in metres, from centre of lower pintle to the centre of lowest bearing 

distance, in metres, from centre of lowest bearing to the centre of upper bearing. In the case of semi spade rudder with two 
pintles, d, is to be measured between the centre of upper pintle and centre of upper bearing 

diameter of stock, ôs, given in Table 13.2.3, or pintle, õp}, given in Table 13.2.11, in mm 

length of bearing, in mm 

maximum surface pressure, see Table 13.2.7 

bearing force, in N. If direct calculations are not carried out, the bearing force at various positions can be taken as: 


= ( — 2 ) PĻ, at lowest main bearing for single pintle rudders and semi-spade rudders, see Fig. 13.2.4(a), (c) and (d). Bo is not to be less 


than 0,35P,_ 
By = P+ Ba, at lowest main bearing for spade rudders, see Fig. 13.2.4(b). 
Mp 


FE at upper bearing for spade rudders, see Fig. 13.2.4(b). For bearing force at pintles, see Table 13.2.11. 


NOTES 

1 If non-metallic bearing material is applied, the bearing clearance is to be specially determined considering the material's swelling and 
thermal expansion properties. This clearance is not to be less than 1,5 mm on bearing diameter unless a smaller clearance is supported 
by the manufacturer’s recommendation and there is documented evidence of satisfactory service history with a reduced clearance. 
Where web stiffening is fitted on the bearing, a reduction in wall thickness will be considered. 
For bearings which are pressure lubricated the clearance must be restricted to enable the pressure to be maintained. 
The value of the proposed minimum clearance is to be indicated on plans submitted for approval. 
Proposals for higher pressures or other materials will be specially considered on the basis of satisfactory test results. 


Table 13.2.7 Maximum surface pressure 2.8.2 Where coupling bolts are required they are to be fitted 
bolts. Suitable arrangements are to be made to lock the nuts. 


: , qa (N/mm?) 
Bearing material Gee Note 1) 2.8.3 For rudders with horizontal coupling arrangements 
the rudder stock should be forged when the stock diameter 
Lignum vitae 2,5 exceeds 350 mm. Where the stock diameter does not exceed 
eset 350 mm the rudder stock may be either forged or fabricated. 
White metal, oil lubricated 4,5 Where the upper flange is welded to the rudder stock, a full 
, he penetration weld is required and its integrity is to be confirmed 
Synthetic material with hardness between 5,5 ; Poa hea 
by non-destructive examination. The flange material is to be 
60 and 70 Shore D (see Note 2) : : 
from the same welding materials group as the stock. Such 
Steel (see Note 3) and bronze and hotpressed 7,0 rudder stocks are to be subjected to a furnace post-weld heat 
bronze-graphite materials treatment (PWHT) after completion of all welding operations. 
For carbon or carbon manganese steels, the PWHT temper- 
NOTES ature is not to be less than 600°C. 


1. Proposals for higher pressures will be specially considered 
on the basis of satisfactory test results. 

2. Indentation hardness test at 23°C and with 50% moisture, 
according to a Recognised Standard. Synthetic bearing 
materials are to be of an approved type. 

Stainless and wear-resistant steel in an approved 
combination with stock liner. 
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Table 13.2.8 Single and double plated rudder construction 


Type Item Requirement 


Double plated rudder construction Rudder side, top and B 104 
bottom plating L 
5,5Smin Se T+ AR k +2,5 mm 


Webs 


Jefita ana honzontal 0,7t from (1) but is not to be less than 8 mm 


Nose plate tn 1,25t from (1) but need not exceed 22 mm 


Mainpiece fabricated Breadth and width > ôg 
rectangular, see Note 1 I, af, 
3 tM = 8,5 + 0,56 bs k mm 
Minimum fore and aft extent of side plate = 0,2bp 


Stress due to bending, see Table 13.2.9 


inpiece tubular, see 


1 Inside diameter 2 ôs 
e 


tm as for (4) 
Side plating as for (1) 
Bending stress as for (4) 


Mainpiece semi-spade Bending moment applied at section ‘AA’ (see Fig. 13.2.6) by the 
(Mariner) type rudders in | underhung position to result in stresses not greater than those given 
way of lower pintle in Table 13.2.9 

regions, see Note 2 


Single plated rudder construction Blade thickness tg = 0,0015V yw +2,5 mm 
with a minimum of 10 mm 


Arms Spacing < 1000 mm 
Za = 0,0005 V2 x,2 yy cm 
thickness = tp in mm with a minimum of 10 mm 


Mainpiece Diameter 2 ôs 


for spade rudders, the lower third may be tapered 
down to 0,7585 mm at the bottom end 


Symbols 


mean breadth of rudder at centreline of stock, in mm 
see Note 3 


2 
S 
if -0,5 ( m ) but not more than 1,00 if Smax/Smin 2 2,5 


max 


greatest unsupported width of plating, in metres 

smallest unsupported width of plating, in metres 

thickness, in mm 

thickness of webs, in mm 

thickness of side plating and vertical webs forming mainpiece, in mm 

thickness of nose plate, in mm 
= horizontal distance from the aft edge of the rudder to the centre of the rudder stock, in metres 
= vertical spacing of rudder arms, in mm. Not to exceed 1000 mm 

rudder area, in m2 

rudder force, as defined in 2.1.1 

as given in Ch 1,6.1 

as defined in 2.1.1 

section modulus of arm, in cm3 

basic stock diameter, given by Table 13.2.3, in mm 


NOTES 

1. The value of the basic stock diameter ôg, used in (4) and (5), is that for mild steel, as given in Table 13.2.3. 

2. The effective breadth of the side plate may be taken as 0,16hp. 

3. For higher tensile steels, the material factor k = 0,78 for steels with by = 315 N/mm? and k = 0,72 for steels with by = 355 N/MM. 
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Permissible stresses for rudder blade scantlings 


Permissible stresses, in N/mm? (kgf/mm?) 


Bending stress 


Shear stress Equivalent stress 


Rudder blades clear of cut-outs, 110 ( os 
see Fig. 13.2.2 k k 


T 


Rudder blades in way of cut-outs, 7,6 
see Fig. 13.2.2 and Note k 


(5) 


Symbols 


k is as defined in 1.2.1 


NOTE 


Requirements in way of cut-outs apply to semi-spade/mariner type rudders. 


= Table 13.2.8(4) 
= Table 13.2.8(2) 


t4 = Table 13.2.8(4) 
to = Table 13.2.8(2) 


Fig. 13.2.6 Main vertical web thickness 


2.8.4 For a spade rudder, the fillet radius between the 
rudder stock and the flange is to conform to the requirements 
of Fig. 13.2.7. Where space permits between the upper face 
of the flange and the lowest main bearing, it is preferable to 
use a compound fillet design of the parabolic or Morgenbrod 
form having similar dimensions to those of Fig. 13.2.7. 
Alternative arrangements will be specially considered. 


2.8.5 The connecting bolts for coupling the rudder to the 
rudder stock are to be positioned with sufficient clearance to 
allow the fitting and removal of the bolts and nuts without 
contacting the palm radius, R, see Fig. 13.2.8(a). The surface 
forming the palm radius is to be free of hard and sharp 
corners and is to be machined smooth to the Surveyor’s 
satisfaction. The surface in way of bolts and nuts is to be 
machined smooth to the Surveyor’s satisfaction. 


2.8.6 For spade rudders fitted with a fabricated rectangular 
mainpiece, the mainpiece is to be designed with its forward 
and aft transverse sections at equal distances forward and aft 
of the rudder stock transverse axis, see Fig. 13.2.8(b). 


2.8.7 Where a rudder stock is connected to a rudder by 
a keyless fitting, the rudder is to be a good fit on the rudder 
stock cone. During the fit-up, and before the push-up load is 
applied, an area of contact of at least 80 per cent of the 
theoretical area of contact is to be achieved, and this is to be 
evenly distributed. The relationship of the rudder to stock at 
which this occurs is to be marked, and the push-up then 
measured from that point. The upper edge of the upper 
mainpiece bore is to have a slight radius. After final fitting of 
the stock to the rudder, positive means are to be used for 
locking the securing nut to the stock. 


2.8.8 Where a keyed conical fitting of a rudder stock to a 
rudder is proposed, a securing nut is to be provided. 
Minimum dimensions for the securing nut are given in 
Table 13.2.10. After final fitting of the stock to the rudder, 
positive means are to be used for locking this nut. 


2.8.9 Guidelines for keys and keyways are given in 
Table 13.2.10. 
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Table 13.2.10(a) Rudder couplings to stock - Bolted couplings 


Requirement 
Item 


Horizontal coupling Vertical coupling 


Number of bolts in 
coupling n26 


Diameter of coupling 5. - 0.62 ös kp 
by ; 


bolts lan ks = 0,8185 


b 
nks 


First moment of area kp 
of bolts about centre m = 0,00071n õs 82 i = 0,0004355 
of coupling S 


Thickness of kp 
coupling flange th = ob kg (see Notes 1 and 2) 


Stress concentration 
factor for as built Qas built € max (see Note 3) 
scantlings 


Maximum allowable 303 R \ t-ta 
stress concentration Omax = (83,82 - 35,29k max) ns ee (1 B =OS ) (see Note 3) 
factor hP, 108 ôs fia 


Width of flange 
material outside the wę = 0,678p 
bolt holes 


Symbols 


Qas built stress concentration factor for as built scantlings 


0,73 
R 


ös 


maximum allowable stress concentration factor 

diameter of coupling bolts, in mm 

basic stock diameter as defined in Table 13.2.3, in mm 

breadth of the flange, in mm 

vertical distance, in metres, between the centre of pressure and the centre point of the palm radius, see Fig. 13.2.8 
coupling bolt material factor, see 2.5.2 

the greater of k, and ky 

upper coupling flange material factor, see 2.5.2 

rudder stock material factor, see 2.5.2 

the mean of the horizontal distances between the centres of the bolts and the centre of the coupling, in mm 
first moment of area of bolts about a longitudinal axis through centre of coupling, in cm3 

number of bolts in coupling 

lateral force on rudder as defined in 2.2.1, in N (tonne-f) 

palm radius, in mm, between the rudder stock and connection flange, see 2.8.4 and 2.8.5. 

minimum thickness of coupling flange, in mm 

as built flange thickness, in mm 

width of flange material outside the bolt holes, in mm 


NOTES 

1. For spade rudders with horizontal couplings, t; is not to be less than 0,33554 ks. The mating plate on the rudder is to have the same 
thickness as the flange on the stock 

2. For a twin spade rudder arrangement with single screw where the rudders are within the slipstream of the propeller: 


(a) the thickness of the palm is not to be less than 0,35899 ks 
(o) where the stock is welded to the palm plate, the stock diameter, 5g is to be increased by 14 %. 
This requirement is applicable only for spade rudders with horizontal couplings, see Fig. 13.2.6. 
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Rudder couplings to stock - Conical couplings (see continuation) 


Requirement 


Taper of conical coupling on the 
diameter 


Length of taper 


> 1,585 


Required mean grip stress — 
keyless connection 


2 
Fao * atr 1084 Ka (cmp 1) (*:) 
2000My 2 


PM = 


3 21 {K 0)? 
DOO TN A= 


Required mean grip stress — 
keyed connection 


Pm = 20 


Corresponding push-up of 


9,6 10-6 PM ÖCTM 


rudder stock 


a (1-3 


( 0,95 1074 PM ÖCTM ) 
6: (1 - fu?) 


Corresponding push-up load 


Approximately equal to Py = 0,87 Py h CTM (ks + a) 
2 


Corresponding pull-off load 


Approximately equal to Po = 2,830 4 CTM (k - *«) 
2 


Minimum yield stress of stock 


and gudgeon 


123 500 w 6; /3 + f4 ( 12600 w 0; V3 + f4 ) 


cT 


SCT 


Recommended minimum 
effective sectional area of the key 
in shear 


M7 Kmi 
Akey = ~I min (see Note) 


3,330TM 


Minimum thickness of key 


67Ake 


8key = H 


Minimum dimensions of securing 


ög = 0,6585 


nut ön = 1,285y Or 1,55g whichever is the greater 


2.9 Pintles 


2.9.1 Rudder pintles and their bearings are to comply 
with the requirements of Table 13.2.11. 


2.9.2 The distance between the lowest rudder stock 
bearing and the upper pintle should be as short as possible. 


2.9.3 Where liners are fitted to pintles, they are to be 
shrunk on or otherwise efficiently secured. If liners are to be 
shrunk on, the shrinkage allowance is to be indicated on the 
plans. Where liners are formed by stainless steel weld deposit, 
the pintles are to be of weldable quality steel and details of 
the procedure are to be submitted, see also 2.10.4. 


hn = 0,68, 


2.9.4 The bottom pintle on semi-spade (Mariner) type 

rudders and all pintles over 500 mm in diameter are: 

(a) if inserted into their sockets from below, to be keyed to 
the rudder or sternframe as appropriate or to be 
hydraulically assembled, with the nut adequately locked, 
or 

(b) if inserted into their sockets from above, to be provided 
with an appropriate locking device, the nut being 
adequately secured. 


2.9.5 Fitting of pintle bearings is to be carried out in 
accordance with the bearing manufacturer’s recommenda- 
tions to ensure that they remain secure under all foreseen 
operating conditions. 


2.9.6 Where an *IWS (In-water Survey) notation is to be 
assigned (see Pt 1, Ch 2,2.3.11), means are to be provided 
for ascertaining the rudder pintle and bush clearances and for 
verifying the security of the pintles in their sockets with the 
vessel afloat. 
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Rudder couplings to stock - Conical couplings (conclusion) 


Symbols 


minimum required length of securing nut, in mm, see Fig. 13.2.9 


Scr 
3GH 


ÖCTM 
GHM 


taken as ko, where og is the minimum nominal upper yield point of the key, stock or coupling material, in N/mm2, whichever 


is less 


material factor as defined in Table 13.2.3, for the appropriate item 


length of taper, in mm 
required mean grip stress, in N/mm2 
corresponding push-up of rudder stock, in mm 


recommended minimum effective sectional area of the key in shear, in cm2 


= length of the key, in mm 
= rudder torque, in Nm, as given in Table 13.2.5 
effective weight of rudder, in N (kgf) 


corresponding push-up, pull-off loads respectively, in N (kgf) 
minimum external thread diameter, in mm, see Fig. 13.2.9 
minimum outer diameter of nut, in mm, see Fig. 13.2.9 


diameter of coupling taper in any position, in mm 
mean diameter of coupling taper, in mm 
ds + dsy 
2 


external diameter of gudgeon housing at any position, in mm 


mean external diameter of gudgeon housing, in mm 


minimum thickness of key. See Fig. 13.2.9 


basic stock diameter as defined in Table 13.2.3, in mm 


= see Fig. 13.2.9, in mm 


= minimum yield stress of stock and gudgeon material, in N/mm2 (kgf/mm?) So is not to be taken greater than 70 % of the 
ultimate tensile strength or 450 N/mm? (45,9 kgf/mm?) whichever is the lesser 


taper of conical coupling, on the diameter, e.g. r = 0,067 


Ky, Ko, K3 


constants depending on the type of assembly adopted as follows: 


Type of assembly 


Ky 


Oil injection ith key 


12 


ithout key 


0,0036 


Dry fit method ith key 


ithout key 


NOTE 


The keyway is to have a smooth fillet at the bottom of the keyway. The radius of the fillet is to be at least 0,0125 of the diameter of the rudder 


stock at the top of the cone. 


2.9.7 For axle type rudder support used with Simplex 
rudders, see Ch 6,7. 


2.10 Ancillary items 

2.10.1 Internal surfaces of double plate rudders are to be 
efficiently coated. Alternatively, where it is intended to fill the 
rudder with plastic foam or use a corrosion inhibitor, details 
are to be submitted. Means for draining the rudder are to be 
provided. 


2.10.2 Where a bow rudder is fitted for use when 
navigating astern, a locking device is to be arranged to ensure 
that the rudder is kept in the central position when the ship is 
navigating ahead. 


2.10.3. Where the weight of the rudder is supported by a 
carrier bearing attached to the rudder head, the structure in 
way is to be adequately strengthened. The plating under all 
rudder head bearings or rudder carriers is to be increased in 
thickness. 
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tt >0,33865 


0,150 
te/b¢ 


Fig. 13.2.7 Rudder stock horizontal flange fillet radius for spade rudders 


2.10.4 Where it is proposed to use stainless steel for liners 
or bearings for rudder stocks and/or pintles, the chemical 
composition is to be submitted for approval. Synthetic rudder 
bearing materials are to be of a type approved by Lloyd’s 
Register (hereinafter referred to as ‘LR’). When this type of 
lining material is used, arrangements to ensure an adequate 
supply of sea-water to the bearing are to be provided. 
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Upper coupling 
flange 


Transverse 


axis Oe N, 


Centroid of 


Mainpiece 


5231/01 


Fig. 13.2.8 Rudder stock connection 


Table 13.2.11 Pintle requirements 


Item Requirement 


(1) Pintle diameter ôpL = 0,354/Bkg mm 


(2) Pintle taper Method of assembly Taper (on diameter) 


Keyed and other manually assembled pintles 1:8-1:12 


Pintles mounted with oil injection and hydraulic nut 1:12 - 1:20 


Symbols 


distance in metres, from centroid of rudder area to the centre of lowest main bearing, see Fig. 13.2.4 

distance, in metres, from centre of bearing of lower pintle to the centre of lowest main bearing, see Fig. 13.2.4 

as defined in Table 13.2.3 or 13.2.4 

bearing force, in N. If direct calculations are not carried out, the bearing force at various positions can be taken as: 


= a PĻ for single pintle rudders and lower pintle of semi-spade rudders 


b 
(: =e Je. at upper pintle on semi-spade rudder. B4uy is not to be less than 0,35P,_ 


1 
B = NpL P, for rudders with two or more pintles (except semi-spade rudders) 


number of pintles on the rudder 
rudder force, as defined in 2.2.1 


The length of the pintle housing in the gudgeon is not to be less than the maximum pintle diameter. 
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Fig. 13.2.9 Conical coupling 


| Section 3 
Fixed and steering nozzles 


3.1 General 


3.1.1 The requirements for scantlings for fixed and steering 
nozzles are given, for guidance only, in 3.2 to 3.4 and 
Table 13.3.1. 


3.1.2 The requirements, in general, apply to nozzles with 
a numeral not greater than 200, see Table 13.3.1. Nozzles 
exceeding this value will be specially considered. 


3.2 Nozzle structure 


3.2.1 For basic scantlings of the structure, see Table 13.3.1, 
in association with Fig. 13.3.1. 


3.2.2 The shroud plating in way of the propeller tips is to 
be carried well forward and aft of this position, due allowance 
being made on steering nozzles for the rotation of the nozzle 
in relation to the propeller. 


3.2.3 Fore and aft webs are to be fitted between the inner 
and outer skins of the nozzle. Both sides of the headbox and 
pintle support structure are to be connected to fore and aft 
webs of increased thickness. For thicknesses, see Table 13.3.1. 


Table 13.3.1 


Part 3, Chapter 13 


Sections 2 & 3 


Nozzle construction requirements 


Item Requirement 


Nozzle numeral Ny = 0,01P5 


(Ny =0,00736H8,) 


Shroud plating in 
way of propeller 
blade tips 


For Nn < 63ts = 

(11 +0,1N\j) mm 
For Ny > 63t, = 

(14 + 0,052NŅ) mm 


Shroud plating clear tp = (t7) mm but not less 
of blade tips, flare than 8 mm 
and cone plating, 
wall thickness of 
leading and trailing 
edge members 
Webs and ring webs As item (3) except in way of 
headbox and pintle support where 
tw =(ts +4) mm 


Combined stresses in stock at lower 
bearing 
< 92,7 N/mm? (9,45 kgf/mm2) 


Torsional stress in upper stock 
< 62,0 N/mmé (6,3 kgf/mm?) 


Nozzle stock 


Solepiece and strut Bending stresses not to exceed 


70,0 N/mm? (7,1 kgf/mm?) 


Symbols 


a numeral dependent on the nozzle requirements 
power transmitted to the propellers, in kW 

power transmitted to the propellers, in shp) 

diameter of the propeller, in metres 

thickness of shroud plating in way of propeller tips, in mm 
thickness of plating, in mm 

thickness of webs and ring webs in way of headbox and 
pintle support, in mm 


Thicknesses given are for mild steel. Reductions in thickness will 
be considered for certain stainless steels. 


Leading edge 
member 
Cone Ring webs 
plating 
Fore and aft 
webs 


Trailing edge | Shroud 


' member plating Flare 


plating 


Shroud plating 
in way of propeller 


TRANSVERSE SECTION FORE AND AFT SECTION ON 


MIDDLE LINE 


Fig. 13.3.1 Nozzle construction 
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3.2.4 The transverse strength of the nozzle is to be main- 
tained by the fitting of ring webs. Two ring webs are to be 
fitted in nozzles not exceeding 2,5 m diameter. Nozzles 
between 2,5 and 3,0 m in diameter are generally to have two 
full ring webs and a half-depth web supporting the flare 
plating. The number of ring webs is to be increased as 
necessary on nozzles exceeding 3,0 m in diameter. Where 
ring webs are increased in thickness in way of the headbox 
and pintle support structure in accordance with Table 13.3.1, 
the increased thickness is to be maintained to the adjacent 
fore and aft web. 


3.2.5 Local stiffening is to be fitted in way of the top and 
bottom supports which are to be integrated with the webs 
and ring webs. Continuity of bending strength is to be main- 
tained in these regions. 


3.2.6 Fin plating thickness should be not less than the 
cone plating, and the fin should be adequately reinforced. 
Solid fins should be not less than 25 mm thick. 


3.2.7 Care is to be taken in the manufacture of the nozzle 
to ensure its internal preservation and watertightness. The 
preservation and testing are to be as required for rudders, see 
2.7 and Table 1.9.1 in Chapter 1. 


3.3 Nozzle stock and solepiece 


3.3.1 Stresses, derived using the maximum side load on 
the nozzle and fin acting at the assumed centre of pressure, 
are not to exceed the values given in Table 13.3.1, in both the 
ahead and astern conditions. 


3.4 Ancillary items 
3.4.1 The diameter and first moment of area about the 
stock axis of coupling bolts and the diameter of pintles, are to 


be derived from 2.5 and 2.6. 


3.4.2 Suitable arrangements are to be provided to 
prevent the steering nozzle from lifting. 


a Section 4 
Steering gear and allied systems 


4.1 General 


4.1.1 
Ch 19. 


For the requirements of steering gear, see Pt 5, 


Part 3, Chapter 13 


Sections 3 to 7 


|_| Section 5 
Bow and stern thrust unit 
structure 


5.1 Unit wall thickness 

5.1.1 The wall thickness of the unit is, in general, to be in 
accordance with the manufacturer’s practice, but is to be not 
less than either the thickness of the surrounding shell 
plating plus 10 per cent or 15 mm, whichever is greater. 


5.2 Framing 


5.2.1 The unit is to be framed to the same standard as 
the surrounding shell plating. 


5.2.2 
stiffened. 


The unit is to be adequately supported and 


E Section 6 
Stabiliser structure 


6.1 Fin stabilisers 


6.1.1 The box into which the stabilisers retract is to have 
perimeter plating of the same thickness as the surrounding Rule 
shell plating plus 2 mm, but is to be not less than 12,5 mm, and 
is to be stiffened to the same standard as the shell. 


6.1.2 The stabiliser machinery and surrounding structure 
are to be adequately supported and stiffened. Where bending 
stresses are induced in the structure under fatigue conditions 
the maximum stress is not to exceed 39,0 N/mm2 
(4 kgf/mm2). 


6.2 Stabiliser tanks 


6.2.1 The general structure of the tank is to comply with 
the Rule requirements for deep tanks. Sloshing forces in the 
tank structure are to be taken into account. Where such 
forces are likely to be significant, the scantlings will be 
required to be verified by additional calculation. 


a Section 7 
Equipment 


7.1 General 


ZV To entitle a ship to the figure 1 in its character of 
classification, equipment in accordance with the requirements 
of Table 13.7.1 is to be provided. The regulations governing 
the assignment of the character figure 1 for equipment are 
given in Pt 1, Ch 2,2. 
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Table 13.7.1 Equipment requirements (see continuation) 


Ship type Service 


Part 3, Chapter 13 


Section 7 


Required equipment 


Cargo ships, bulk 
carriers, tankers, ferries, 
dredgers, etc. (see 1.1.2) 


Unrestricted service 


(1) See Tables 13.7.2 and 13.7.3, using No 


Certain restricted 
Services, see Pt 1, 
Ch 2,2.3.9 


Ferries 


Mass of bower anchor 
Chain cable length 
and diameter 


(2) See Tables 13.7.2 and 13.7.3, using Nc and Na as appropriate 


Na = one grade below No 


Stream anchor may be omitted 


(3) As per 


Specified coastal service, 


Fermes see Pt 1, Ch 2,2.3.8 


Anchor chains 


item (2), also 


Where L < 30 m, may be replaced with wire 
ropes of equal minimum breaking strength 
which should: 
(a) have a length 1,5 times that for chain 
cable required by Table 13.7.2 and 
(b) have a length of Grade U2/U1 chain 
cable not less than 12,5 m between 
anchor and wire rope. 


Where 30 m < L < 40 m one chain cable may 
be replaced with wire rope meeting the 
requirements of L > 40 m. The other may be 
replaced with wire rope meeting the require- 
ments of L < 30 m. 


Where 40 m < L < 90 m, both chain cables 
may be replaced with wire rope of equal 
minimum breaking strength which should 
have a length 1,5 times that for chain 
cable required by Table 13.7.2 and 
have a minimum mass per unit length of 
30% that of Grade U2 chain cable 
required by Table 13.7.2 and 

have a length of Grade U2/U1 chain 
cable not less than 12,5 m between 
anchor and wire rope. 


Extended protected 
waters service, see 
Pt 1, Ch 2,2.3.7 


Stream anchor 


(4) See Tables 13.7.2 and 13.7.3, using Nç and Na as appropriate 


Na = Nc reduced by two grades, except for stream anchors, 
or mooring lines 


— not required if ship fitted with positioning spuds 


Dredging and reclamation 
craft 


Protected waters service, 
see Pt 1, Ch 2,2.3.6 


Wire ropes 


7.1.2 For ships intended to be operated only in suitable 
areas or conditions which have been agreed by the 
Committee, as defined in Pt 1, Ch 2,2.3.6 to 2.3.10, equip- 
ment differing from these requirements may be approved if 
considered suitable for the particular service on which the ship 
is to be engaged, see also Table 13.7.1. 


Mass of bower anchor 
Chain cable diameter 


Bower anchors 


Chain cable length 


Mooring lines 


(5) See Tables 13.7.2 and 13.7.3 using No and N4 as appropriate 


} Na = 0,5No 


- greater of 2L m or 10,07p m, but need not 
exceed requirements for an ordinary cargo 
ship with anchors of the same mass 


powered ships — two anchors 
unpowered (manned) ships — one anchor 


— as required for Ng 


— may be substituted for chain cable on bower 
anchors if breaking strength 21,5 times that of 
the chain cable 


7.1.3 Where the Committee has agreed that anchoring 
and mooring equipment need not be fitted in view of the 
particular service of the ship, the character letter N will be 
assigned, see also Pt 1, Ch 2,2.2.2. 


7.1.4 Where the ship is intended to perform its primary 
designed service function only while it is anchored, moored, 
towed or linked, the character letter T will be assigned, see 
also Pt 1, Ch 2,2.2.2. 
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Table 13.7.1 


Ship type 


Equipment requirements (continued) 


Part 3, Chapter 13 


Section 7 


Required equipment 


Trawlers, stern trawlers, 
fishing vessels 


Unrestricted service 


For symbols, see continuation 


of Table 


(6) See Table 13.7.4, and Notes to Table 13.7.3 using No 


Where L < 30 m, may be replaced with wire 

ropes of equal strength. 

Where 30 m < L< 40 m, one chain cable may 

be replaced with wire rope of equal strength 

provided normal chain cable maintained for 

the second line. 

Wire ropes of trawl winches complying with 

above may be used as anchor cables. 

Wire ropes substituted for anchor chains should 

(a) have a length 1,5 times that for chain cable 
required by Table 13.7.4 and 

(b) have a length Grade U2/U1 of chain not less 
than 12,5 m between anchor and wire rope. 


Anchor chains 


Hawsers and warps — Sufficient in number and strength for proper 


working of the ship 


Unrestricted and 
restricted service 


(7) See Table 13.7.2 and Table 13.7.3 using Nc except as stated below 


Stream anchor — not required 


Towlines — adequate for tug’s maximum bollard pull with 


factor of safety > 2,0 


Service restricted, see 
Pt 1, Ch 2,2.3.7 to 2.3.10 


(8) See Table 13.7.2 and Table 13.7.3 using No 


reduced to correspond to two Equipment 
Letters below that required for No 


Mass of bower anchor 
Chain cable diameter } 


Anchor chains As item (3) in this Table 


Protected waters service, 
see Pt 1, Ch 2,2.3.6 


(9) See Table 13.7.2 and Table 13.7.3 using Na 


Mass of bower anchor 
Chain cable diameter 


} Na = 0,5Nc 


Chain cable length = 0,5 times length required by Na 
Where Nc < 90, the requirements for anchors and chain cable will be specially 
considered 


Anchor chains As item (3) in this Table 


Offshore supply ships 


Unrestricted service 


(10) See Tables 13.7.2 and 13.7.3, using Ng 


Chain cable length 
and diameter 


— increased to correspond to two Equipment 
Letters above that required for Ng. Need not be 
applied for ships with DP(AAA), DP(AA) or 
DP(AM) notations 


Manned barges and 
pontoons 


7.1.5 


Service restricted, see 
Pt 1, Ch 2,2.3.7 to 2.3.10 


For classification purposes, the character figure 1, 
or either of the character letters N or T, is to be assigned. 


(11) 
As item (4) in this Table 


7.2.2 Anchors which must be specially laid the right way 
up, or which require the fluke angle or profile to be adjusted 
for varying types of sea bed, will not generally be approved 
for normal ship use, but may be accepted for offshore units, 


7.2 Anchors floating cranes, etc. In such cases suitable tests may be 
required. 

7.2.1 Anchors are to be of an approved design. The 

design of all anchor heads is to be such as to minimise stress 7.2.3 The mass of each bower anchor given in 


concentrations, and in particular, the radii on all parts of cast 
anchor heads are to be as large as possible, especially where 
there is considerable change of section. 


Table 13.7.2 is for anchors of equal mass. The masses of 
individual anchors may vary by +7 per cent of the masses 
given in the Table, provided that the total mass of the anchors 
is not less than would have been required for anchors of equal 
mass. 
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Table 13.7.1 Equipment requirements (conclusion) 


Ship type 


Part 3, Chapter 13 


Section 7 


Required equipment 


Anchors 


Unrestricted service, or 
service restricted, see 
Pt 1, Ch 2,2.3.7 to 2.3.10 


Unmanned barges and 
pontoons 


Symbols 


length of ship as defined in Ch 1,6.1 

actual equipment number to be used, if different 
from No 

calculated equipment number for ship as required 
by Ch 1,7 

maximum depth at which ship is designed to 
dredge, in metres 


7.2.4 The mass of the head, including pins and fittings, 
of an ordinary stockless anchor is to be not less than 60 per 
cent of the total mass of the anchor. 


7.2.5 When stocked bower or stream anchors are to be 
used, the mass ‘ex-stock’ is to be not less than 80 per cent of 
the mass given in Table 13.7.2 for ordinary stockless bower 
anchors. The mass of the stock is to be 25 per cent of the 
total mass of the anchor, including the shackle, etc., but 
excluding the stock. 


7.3 High holding power anchors 

7.3.1 When high holding power anchors are used as 
bower anchors, the mass of each such anchor may be 75 per 
cent of the mass given in the Table for ordinary stockless 
bower anchors. 


7.3.2 Anchor designs for which approval is sought as 
high holding power anchors are to be tested at sea to show 
that they have holding powers of at least twice those of 
approved standard stockless anchors of the same mass. 


7.3.3 If approval is sought for a range of sizes, then at 
least two sizes are to be tested. The smaller of the two 
anchors is to have a mass not less than one-tenth of that of 
the larger anchor, and the larger of the two anchors tested is 
to have a mass not less than one-tenth of that of the largest 
anchor for which approval is sought. 


Anchor cable length 

(a) Unrestricted service: 
mass of anchors and chain cable diameters as for Ng 

(b) Protected water service, see Pt 1, Ch 2,2.3.6: 
mass of anchors and chain cable diameters, Na = 0,5Ng 

(c) Service restriction, see Pt 1, Ch 2,2.3.7 to 2.3.10: 
mass of anchor and chain cable diameter, N4 reduced to correspond to 
two Equipment Letters below No 


Mooring lines 


(12) See Tables 13.7.2 and 13.7.3, using No and Na as appropriate 


{ L < 30 m, no anchor need be carried 
L > 30 m, one anchor to be fitted 


— greater of 40 m or 2L m 


{ L < 65 m, two mooring lines to be fitted 

L 2 65 m, three mooring lines to be fitted 
ength of mooring lines to be the greater of 

2L or 80 m, but need not exceed that for 
manned ships 

Strength of each line to be that required by Nc 
Consideration will be given to proposals to omit 
anchoring equipment in association with the 
assignment of the character figure 1, see Pt 1, 
Ch 2,2.2. 
Where L < 65 m consideration will be given to 
the omission of anchoring and mooring equip- 
ment, in which case the character letter N will 
be assigned in the character of classification, 
see Pt 1, Ch 2,2.2 


7.3.4 High holding power anchors are to be of a design 
that will ensure that the anchors will take effective hold of the 
sea bed without undue delay and will remain stable, for 
holding forces up to those required by 7.3.2, irrespective of 
the angle or position at which they first settle on the sea bed 
when dropped from a normal type of hawse pipe. In case of 
doubt, a demonstration of these abilities may be required. 


7.3.5 The test should normally be carried out from a tug 
or other suitable vessel, and the pull measured by 
dynamometer or derived from recently verified curves of tug 
rev/min against bollard pull. The tests are to be conducted on 
no fewer than three different types of bottom, which should 
normally be soft mud or silt, sand or gravel, and hard clay or 
similarly compacted material. A scope of 10 is recommended 
for the anchor cable, but in no case should a scope of less 
than six be used. The same scope is to be used for the 
anchor for which approval is sought and the anchor that is 
being used for comparison purposes. 


7.4 Chain cables 

7.4.1 Chain cables may be of mild steel, special quality 
steel or extra quality steel in accordance with the requirements 
of Chapter 10 of the Rules for Materials and are to be graded 
in accordance with Table 13.7.5. 


7.4.2 Grade U1 material having a tensile stress of less 
than 400 N/mmé2 (41 kgf/cm?) is not to be used in association 
with high holding power anchors. Grade U3 material is to be 
used only for chain 20,5 mm or more in diameter. 


18 


LLOYD’S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Ship Control Systems 


Table 13.7.2 


Equipment - Bower anchors and chain cables 


Equipment 
number 


Exceeding 


Not 
exceeding 


Equipment 
Letter 


Stoc 


less 


bower anchors 


Part 3, Chapter 13 


Stud link chain cables for 
bower anchors 


Section 7 


Number 


Mass of 
anchor, 
in kg 


Total length, 
in metres 


Diameter, in mm 


Mild steel 
(Grade 1 
or U1) 


Special 
quality steel 
(Grade U2) 


Extra special 
quality steel 
(Grade U3) 


TA SSI OTT GOW SNK xS< CHM VOV OZEZrAc -IO mM OU 


N <x <C 930 WOZ 


MPNMNNM PNN PNN PONN NNN PONN PAON PANN DON NNN NNN PAON NYNMNM PAON PNN PAON PANN PNN PONN PNN PONN NNN 


180 
240 
300 
360 
420 
480 


220 
220 
247,5 
247,5 
275 
275 


302,5 
302,5 
330 


357,5 
357,5 
385 


385 
412,5 
412.5 
440 
440 
440 


467,5 
467,5 
467,5 
495 
495 
495 


522,5 
522,5 
522,5 


550 
550 
550 


577,5 
577,5 
577,5 


605 
605 
605 


632,5 
632,5 
632,5 
660 
660 
660 
687,5 
687,5 
687,5 


715 
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7.4.3 Where stream anchors are used in association with 
chain cable, this cable may be either stud link or short link. 


7.4.4 The form and proportion of links and shackles are 
to be in accordance with Chapter 10 of the Rules for 
Materials. 


7.4.5 Where Owners require equipment for anchoring at 
depths greater than 82,5 m, it is their responsibility to specify 
the appropriate total length of the chain cable required for this 
purpose. In such cases, consideration can be given to 
dividing the chain cable into two unequal lengths. 


7.5 Towlines and mooring lines for ships under 
90 m in length 


7.5.1 Ships under 90 m require mooring lines as 
specified in Table 13.7.3. Towlines are not required for 
classification and the details given in the Table are for 
guidance purposes only. Mooring lines may be of wire, 
natural fibre or synthetic fibre. The diameter, construction and 
specification of wire or natural fibre mooring lines are to 
comply with the requirements of Chapter 10 of the Rules for 
Materials. Where it is proposed to use synthetic fibre ropes, 
the size and construction will be specially considered. 


7.6 Towlines and mooring lines for ships over 
90 m in length 


7.6.1 Ships 90 m and over in length do not require 
towlines and mooring lines as a classification item. It is recom- 
mended, however, that the number, length and strength of 
mooring lines provided on board the ship not be less than that 
given in Table 13.7.3. 


Part 3, Chapter 13 


Section 7 


7.6.2 For ease of handling, fibre ropes are to be not less 
than 20 mm in diameter. All ropes having breaking strengths 
in excess of 736,0 kN (75,0 tonne-f) and used in normal 
mooring operations are to be handled by, and stored on, 
suitably designed winches. Alternative methods of storing 
should give due consideration to the difficulties experienced in 
manually handling ropes having breaking strengths in excess 
of 490,0 KN (50,0 tonne-f). 


7.6.3 Mooring winches should be fitted with drum 
brakes, the strength of which is sufficient to prevent unreeling 
of the mooring line when the rope tension is equal to 80 per 
cent of the breaking strength of the rope as fitted on the first 
layer on the winch drum. 
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Section 7 


Table 13.7.3 Equipment - Stream anchors, stream wires, towlines and mooring lines (see continuation) 


Equipment 
Sees Stream wire or chain Towline (1) Mooring lines 


Equip- — = = = 
ment Minimum Minimum Minimum Minimum Minimum Minimum 
Exceeding Not Letter length breaking strength, length breaking strength, length of breaking 


lexceeding ‘immaetres in KN in metres in KN each line,| strength, in kN 
(tonne-f) in metres (tonne-f) 


80 34 
100 37 
110 39 


110 44 
120 49 
120 54 


120 59 
120 64 
120 
140 
140 
140 
140 
140 
160 
160 
160 
160 
170 
170 
170 
170 
180 
180 
180 
180 
180 
180 
190 
190 
190 
190 
190 
200 
200 
200 


200 
200 
200 


200 
200 
200 


200 
200 
200 


200 
200 
200 


200 
200 
200 


200 
200 
200 


200 
200 
200 


200 
200 
200 


200 
200 
200 


200 
200 
200 
200 


64,7 180 
73,5 180 
81,4 180 


89,2 : 180 
98,1 180 
107,9 180 


117,7 180 
180 
180 


180 
180 
180 


180 
180 
190 


190 
190 
190 


190 
190 
190 


190 
200 
200 


200 
200 
200 


200 
220 
220 


220 
220 
220 


240 
240 
240 


260 
260 
260 


280 
280 
280 


300 
300 
300 


300 
300 
300 


300 
300 
300 


300 
300 
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Table 13.7.3 


NOTES 
Towline specified for guidance only, see 7.5.1. For tugs see 
Table 13.7.1 item (6). 
The rope used for stream wire is to be constructed of not less 
than 72 wires, made up into six strands. 
Wire ropes used for towlines and mooring lines are generally to 
be of a flexible construction with not less than: 
144 wires in six strands with seven fibre cores for 
strengths up to 490 KN (50 tonne-f). 
222 wires in six strands with one fibre core for strengths 
exceeding 490 kN (50 tonne-f). 
The wires laid round the fibre centre of each strand are to be 
made up in not less than two layers. 
Wire ropes for towlines and mooring lines used in association 
with mooring winches (on which the rope is stored on the 
winch drum) are to be of suitable construction. 


Table 13.7.4 Trawlers, stern trawlers and fishing 


vessels 


Stud link chain cables 
for bower anchors 


Stockless 
bower anchors 


Equipment 
number 


Diameter, in mm 


Mass Total Special 


Not of ; Mild ‘ 
length in steel quality 


exceeding anchor metres steal 


in kg (Grade 
1 or U1) ne 


120 12,5 
140 12,5 
160 14,0 


180 14,0 
210 16,0 
240 16,0 


270 17,5 
300 17,5 
340 19,0 


390 19,0 
480 22,0 
570 24,0 


660 26,0 
780 28,0 
900 30,0 


1020 32,0 
1140 34,0 
1290 36,0 


1440 38,0 
1590 40,0 
1740 42,0 


1920 44,0 
2100 46,0 
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Part 3, Chapter 13 


Sections 7 & 8 


Equipment - Stream anchors, stream wires, towlines and mooring lines (conclusion) 


The lengths of individual mooring lines may be reduced by up to 
seven per cent of the Table length, provided that the total length 
of mooring lines is not less than would have resulted had all lines 
been of equal length. 

Tests. See Chapter 10 of the Rules for Materials for wire ropes 
and fibre ropes respectively. 

For individual mooring lines with breaking strength above 490 
N the breaking strength may be reduced with corresponding 
increase of the number of the mooring lines and vice versa, 
provided that the total breaking strength of all lines aboard the 
ship is not less than the Rule value. In this case the number of 
ines is not to be less than 6 and no one line is to have a 
strength of less than 490 kN. 

Where wire rope is used in lieu of chain cable for anchoring, see 
Table 13.7.1, galvanised wire rope with an independent wire core 
in accordance with Ch 10,6 of the Rules for Materials is to be 
used. Wire rope terminal fittings are to comply with an accept- 
able code or standard. The strength of terminations, connecting 
ittings, shackles or links is not to be less than that of the anchor 
ine. 


Table 13.7.5 Chain cable steel grades 


Tensile strength 


Material 
N/mm? (kgf/mm?) 


Mild steel 300 — 490 


Special 
quality stee 
(wrought) 


490 — 690 


Special 
quality stee 
(cast) 


490 - 690 


Extra special 
quality stee 


a Section 8 
Windlass design and testing 


8.1 Windlass design 


8.1.1 A windlass of sufficient power and suitable for the 
size of chain is to be fitted to the ship. Where Owners require 
equipment significantly in excess of Rule requirements, it is 
their responsibility to specify increased windlass power. 


8.1.2 The following performance criteria are to be used 
as a design basis for the windlass: 
(a) The windlass is to have sufficient power to exert a 
continuous duty pull over a period of 30 minutes of: 
° for specified design anchorage depths up to 
82,5 m: 


Chain cable grade Duty pull, P, in N (kgf) 


Ut 37,5d,2 (3,82d,2) 
U2 42,5d,2 (4,33d,2) 
U3 47,5d,2 (4,84d,2) 
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° for specified design anchorage depths greater 
than 82,5 m: 
P4 =P + (Da — 82,5) 0,27d,2 N 
[P4 = P + (Da — 82,5) 0,0275d,2 kgf] 
where 
de is the chain diameter, in mm 
D, is the specified design anchorage depth, in metres 
P is the duty pull for anchorage depth up to 82,5 m 
P, is the duty pull for anchorage depths greater than 82,5 m. 
(b) The windlass is to have sufficient power to exert, over a 
period of at least two minutes, a pull equal to the greater 
of: 
(i) short term pull: 
1,5 times the continuous duty pull as defined in 
8.1.2(a), or 
(ii) anchor breakout pull: 


7,0, d,2 
100 


12,18Wa + N 


( 7,1Lh6 d2 ) 

1,24Wa + T000 kgf 
where 
L, is the total length of chain cable on board, in 
metres, as given by Table 13.7.2 
W, is the mass, in kilograms, of bower anchor as 
given in Table 13.7.2. 

(c) The windlass, with its braking system in action and in 
conditions simulating those likely to occur in service, is to 
be able to withstand, without permanent deformation or 
brake slip, a load, applied to the cable, given by: 

Kpdo2 (44 -0,08d,) N 
(Kpd? (44 -0,08d,) kgf) 
where Kp is given in Table 13.8.1. 

The performance criteria are to be verified by means of shop 

tests in the case of windlasses manufactured on an individual 

basis. Windlasses manufactured under LR’s Type Approval 

Scheme for Marine Engineering Equipment will not require 

shop testing on an individual basis. 


Table 13.8.1 Values of K, 


Windlass used 
in conjunction with 
chain stopper 


Chain stopper 
not fitted 


N (kgf) (kgf) 


4,41 (0,45) (0,8) 


6,18 (0,63) (1,12) 


8,83 (0,9) (1,6) 


8.1.3 Calculations for torque transmitting components 
are to be based on 1500 hours of operation with a nominal 
load spectrum factor of Km = 1,0. Alternatively unlimited hours 
with Km = 0,8 can be applied. 


8.1.4 Where the available input torque exceeds the 
torque required for anchor breakout then torque overload 
protection is to be fitted. 
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8.1.5 An arrangement to release the anchor and chain in 
the event of windlass power failure is to be provided. 


8.1.6 The design of the windlass is to be such that the 

following requirements or equivalent arrangements will 

minimise the probability of the chain locker or forecastle being 
flooded in bad weather: 

(a) a weathertight connection can be made between the 
windlass bedplate, or its equivalent, and the upper end 
of the chain pipe, and 

(o) access to the chain pipe is adequate to permit the fitting 
of a cover or seal, of sufficient strength and proper 
design, over the chain pipe while the ship is at sea. 


8.2 Calculations 


8.2.1 Where shop testing is not possible and Type 
Approval has not been obtained, calculations demonstrating 
compliance with 8.1.2 are to be submitted together with 
detailed plans and an arrangement plan showing the following 
components: 


e — Shafting 
e — Gearing 
e Brakes 

e Clutches. 


8.2.2 The maximum stress from load cases stated in 
Table 13.8.2 are not to exceed the limits stated in 
Table 13.8.3. 


Table 13.8.2 Design load cases for windlass and 


chainstopper 


Load case Condition Note 


Continuous pull See 8.1.2(a) 
See 8.1.2(b) 


See 8.1.2(c) 


Over load pull 
Brake holding load 


8.2.3 The following criteria are to be used for gearing 

design: 

a) Torque is to be based on the performance criteria 
specified in 8.1.2. 

b) The use of an equivalent torque, Teq, for dynamic 
strength calculations is acceptable but the derivation is 
to be submitted to LR for consideration. 

c) The application factor for dynamic strength calculation, 
Kg, is to be 1,15. 

d) Calculations are to be based on 1500 hours of operation. 

e) The static torque is to be 1,5 x Tp where Th is the 
nominal torque. 

f) The minimum factors of safety for load capacity of spur 
and helical gears, as derived using ISO 6336 or a 
relevant National or International standard acceptable to 
LR, are to be 1,5 for bending stress and 0,6 for contact 
stress. 


8.2.4 Keyways are to be designed to a relevant National 
or International standard acceptable to LR. 


8.2.5 The maximum stress in brake components is not to 
exceed the permissible stress stated in Table 13.8.3. 
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Table 13.8.3 Permissible stress for design load 


cases 


Load case 


Stress 1 and 2 3 


Permissible stress 


Tension 0,8Y 0,9Y 
Compression or bending 0,8Y 0,9Y 
Shear 0,7Y 0,7Y 
Combined 0,85Y 0,9Y 


NOTES 

1. Where a component is subjected to axial tensile, axial 
compressive, bending or shear stress, F, is to be calculated in 
the normal manner. 
Where a component is subjected to a combination of 
co-existent stresses, F, is the combined stress which is to be 
calculated as follows: 
Combined bending and tension 
Fo = 1,25fs + fot 
Combined bending and compression 
Fs = fo + fo 
Combined bending, tension and shear 


1,25h + fo)? + Sty? 


Combined bending, compression and shear 
fo + foo)? + Shy? 


is the calculated axial tensile stress 

is the calculated axial compressive stress 

is the calculated maximum tensile stress due to bending 
about both principal axes 

is the calculated maximum compressive stress due to 
bending about both principal axes 

is the calculated shear stress 

is the specified 0,2 per cent proof stress for the material 


8.3 Control arrangements 


8.3.1 All control devices are to be capable of being 
controlled from readily accessible positions and protected 
against unintentional operation. 


8.3.2 The maximum travel of the levers is not to exceed 
600 mm if movable in one direction only, or 300 mm to either 
side from a central position if movable in both directions. They 
are to move toward the right when hauling and toward the left 
when paying out. Alternatively, they are to move backward 
when hauling and forward when paying out. 


8.3.3 Wherever practical, the lever is to move in the direc- 
tion of the intended movement. 


8.3.4 For lever-operated brakes, the brake is to engage 
when the lever is pulled and disengage when the lever is 
pushed. The physical effort on the brake for the operator is 
not to exceed 160 N. 


8.3.5 For pedal-operated brakes the maximum travel is 
not to exceed 250 mm and the physical effort for the 
operator is not to exceed 320 N. 
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8.3.6 The handwheel or crankhandle is to actuate the 
brake when turned clockwise and release it when turned 
counterclockwise. The physical effort for the operator is not 
to exceed 250 N for speed regulation and 500 N at any 
moment. 


8.3.7 When not provided with automatic sequential 
control, separate push-buttons are to be provided for each 
direction of operation. 


8.3.8 The push-buttons are to actuate the machinery 
when depressed and stop and effectively brake the machinery 
when released. 


8.3.9 The above mentioned individual push-buttons may 
be replaced by two ‘start’ and ‘stop’ push-buttons. 


8.3.10 Control systems, whether electric, pneumatic or 
hydraulic, are to comply with the general requirements of Pt 6, 
Ch 1,2. 


8.4 Maintenance arrangements 


8.4.1 Access is to be provided for inspection of reduction 
gears, bearings, brakes, etc. 


8.4.2 Accessible manual lubrication points, including 
nipples, are to be provided for both for oil and grease, as 
applicable. 


8.4.3 Gear-boxes are to be provided with adequate 
access arrangements for monitoring and replacing oil. 


8.5 Protection arrangements 


8.5.1 Where applicable, moving parts of windlass 
machinery are to be provided with suitable railings and/or 
guards to prevent injury to personnel. 


8.5.2 Protection is to be provided for preventing persons 
from coming into contact with surfaces having temperatures 
over 50°C. 


8.5.3 Steel surfaces not protected by lubricant are to be 
protected by a coating in accordance with the requirements of 
a relevant National or International Standard acceptable to LR. 


8.5.4 For arrangements of power transmission systems 
and relief requirements see Pt 5, Ch 14,9.1. 

8.6 Marking and identification 

8.6.1 Controls are to be permanently marked for identifi- 


cation, unless their functions are readily apparent. If required, 
instructions are to be permanently marked and readily visible. 
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8.7 Testing and acceptance 


8.7.1 During trials on board ship, the windlass is to be 

shown to be capable of: 

(a) for all specified design anchorage depths: raising the 
anchor from a depth of 82,5 m to a depth of 27,5 mata 
mean speed of 9 m/min; and 

(b) for specified design anchorage depths greater than 
82,5 m: in addition to (a), raising the anchor from the 
specified design anchorage depth to a depth of 82,5 m 
at a mean speed of 3 m/min. 

Where the depth of the water in the trial area is inadequate, 

suitable equivalent simulating conditions will be considered as 

an alternative. Following trials, the ship will be eligible to be 
assigned a descriptive note specified design anchorage 
depth ... metres, which will be entered in column 6 of the 

Register Book. 


8.7.2 Windlass performance characteristics specified in 

8.1.2 and 8.7.1 are based on the following assumptions: 

(a) one cable lifter only is connected to the drive shaft; 

(b) continuous duty and short term pulls are measured at 
the cable lifter; 

(c) brake tests are carried out with the brakes fully applied 
and the cable lifter declutched; 

(d) the probability of declutching a cable lifter from the motor 
with its brake in the off position is minimised; 

(e) hawse pipe efficiency assumed to be 70 per cent. 


8.8 Winch design and testing 


8.8.1 A winch of sufficient power and suitable for the size 
of wire rope and chain cable is to be fitted to the ship. Where 
owners require equipment significantly in excess of Rule 
requirements, it is their responsibility to specify increased 
winching power. 


8.8.2 The requirements of 8.1.2, 8.2.1 and 8.7.1 are to 
be applied as performance criteria for winches assuming an 
equivalent U2 Grade chain cable diameter and Rule length for 
the same equipment letter. When applying the requirements 
of 8.1.2(c) the factor K, is to be taken as specified for when a 
chain stopper is not fitted. 


8.9 Testing of equipment 


8.9.1 All anchors and chain cables are to be tested at 
establishments and on machines recognised by the Committee 
and under the supervision of LR’s Surveyors or other Officers 
recognised by the Committee, and in accordance with 
Chapter 10 of the Rules for Materials. 


8.9.2 Test certificates showing particulars of weights of 
anchors, or size and weight of cable and of the test loads 
applied are to be furnished. These certificates are to be 
examined by the Surveyors when the anchors and cables are 
placed on board the ship. 


8.9.3 Steel wire and fibre ropes are to be tested as 
required by Chapter 10 of the Rules for Materials. 
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8.9.4 For holding power testing requirements relating to 
high holding power anchors, see Ch 10,1.7 of the Rules for 
Materials 


8.10 Structural requirements associated with 
anchoring 


8.10.1. The windlass or winch is to be efficiently bedded 
and secured to the deck. The thickness of the deck in way of 
the windlass or winch is to be increased, and adequate 
stiffening is to be provided, to the Surveyor’s satisfaction. The 
structural design integrity of the bedplate is the responsibility 
of the Shipbuilder and windlass or winch manufacturer. 


8.10.2 An easy lead of the cables from the windlass to the 
anchors and chain lockers is to be arranged. Where cables 
pass over or through stoppers, these stoppers are to be 
manufactured from ductile material and be designed to 
minimise the probability of damage to, or snagging of, the 
cable. They are to be capable of withstanding without 
permanent deformation a load equal to 80 per cent of the Rule 
breaking load of the cable passing over them. 


8.10.3 Hawse pipes and anchor pockets are to be of 
ample thickness and of a suitable size and form to house the 
anchors efficiently, preventing, as much as practicable, 
slackening of the cable or movements of the anchor being 
caused by wave action. The shell plating and framing in way 
of the hawse pipes are to be reinforced as necessary. 
Reinforcing is also to be arranged in way of those parts of 
bulbous bows liable to be damaged by anchors or cables. 
Substantial chafing lips are to be provided at shell and deck. 
These are to have sufficiently large, radiused faces to minimise 
the probability of cable links being subjected to high bending 
stresses. Alternatively, roller fairleads of suitable design may be 
fitted. Where unpocketed rollers are used, it is recommended 
that the roller diameter be not less than eleven times the chain 
diameter. Where hawse pipes are not fitted, alternative 
arrangements will be specially considered. 


8.10.4 The chain locker is to be of a capacity and depth 
adequate to provide an easy direct lead for the cable into the 
chain pipes, when the cable is fully stowed. Chain or spurling 
pipes are to be of suitable size and provided with chafing lips. 
The port and starboard cables are to be separated by a division 
in the locker. 


8.10.5 Where means of access is provided to the chain 
locker it is to be closed by a substantial cover and secured by 
closely spaced bolts. Where a means of access to spurling 
pipes or cable lockers is located below the weather deck, the 
access cover and its securing arrangements are to be in accor- 
dance with ISO 5894-1999, or an equivalent National Standard 
acceptable to LR, recognised standards or equivalent for 
watertight manhole covers. Butterfly nuts and/or hinged bolts 
are prohibited as the securing mechanism for the access cover. 


8.10.6 Chain lockers and spurling pipes are to be watertight 
up to the exposed weather deck and the space is to be 
efficiently drained. However, bulkheads between separate 
chain lockers, or which form a common boundary of chain 
lockers, need not be watertight. 
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8.10.7 Spurling pipes are to be provided with permanently 

attached closing appliances to minimise water ingress. 

Examples of acceptable arrangements are: 

(a) steel plates with cutouts to accommodate chain links, or 

(b) canvas hoods with a lashing arrangement that maintains 
the cover in the secured position. 


8.10.8 Provision is to be made for securing the inboard 
ends of the cables to the structure. This attachment should 
have a working strength of not less than 63,7 kN (6,5 tonne-f) 
or 10 per cent of the breaking strength of the chain cable, 
whichever is the greater, and the structure to which it is 
attached is to be adequate for this load. Attention is drawn to 
the advantages of arranging that the cable may be slipped from 
an accessible position outside the chain cable locker. The 
proposed arrangement for slipping the chain cable, if 
constructed outside the chain locker, must be made watertight. 


8.10.9 Satisfactory arrangements are to be made for the 
stowage and working of the stream anchor, if provided. 


8.10.10 On dredging and reclamation craft the following are 

to be complied with: 

(a) On unpowered ships, the windlass may be hand 
operated. 

(b) On split type vessels, the arrangements are to be such 
that jamming of the anchor cable during opening and 
closing operations of the hull will not occur. 
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8.10.11 When wire rope instead of chain is used for the 
anchor cable, it is to be stored on a suitably designed drum or 
reel. Fairleads intended for use with wire rope cable are to be 
designed to minimise wear and to avoid kinking or other 
damage occurring to the rope. Fairleads should, in general, 
be fitted with rollers having a diameter not less than eleven 
times the diameter of the anchor cable or as specified/ 
recommended by the rope manufacturer. 


8.11 Structural requirements for windlasses on 
exposed fore decks 


8.11.1. Windlasses located on the exposed deck over the 
forward 0,25L of the rule length, of ships of sea-going service 
of length 80 m or more, where the height of the exposed deck 
in way of the item is less than 0,1L or 22 m above the summer 
load waterline, whichever is the lesser, are to comply with the 
following requirements. Where mooring winches are integral 
with the anchor windlass, they are to be considered as part 
of the windlass. 


8.11.2 The following pressures and associated areas are 

to be applied, see Fig. 13.8.1: 

e 200 kN/m? normal to the shaft axis and away from the 
forward perpendicular, over the projected area in this 
direction; 

° 150 kN/m2 parallel to the shaft axis and acting both 
inboard and outboard separately, over the multiple of f 
times the projected area in this direction; 

where 
f = 1+ B/H, but not greater than 2,5 


Centreline of vessel 


~ 


~ 
Teg 
ae 
~. 
=. 
Ssa 
~~ 
~. 
Ssg 
~. 
~. 


Centreline of windlass 


NOTE: 

Py is to be examined from both inboard and 
outboard directions separately, see 8.8.1 

The sign convention for y; is reversed when Py 
is from the opposite direction as shown. 


Fig. 13.8.1 Windlass loading 
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Centreline of windlass 
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Coordinates x; and y; are shown as either 
positive (+ve) or negative (-ve) 


Forward 


~ 


ay (Ve) 


Fig. 13.8.2 Direction of forces and weight 


B = width of windlass measured parallel to the shaft 
axis, in metres 


H overall height of windlass, in metres. 


8.17.3 Forces in the bolts, chocks and stoppers securing 
the windlass to the deck are to be calculated. The windlass 
is supported by N bolt groups, each containing one or more 
bolts, see Fig. 13.8.2. 


8.11.4 — The axial force R; in bolt group (or bolt) /, positive in 
tension, may be calculated from: 

Ry = Ph x, Aly in KN 
Ry = Phy; A/I, in kN 


D 
| 


| = Ri + Ry -Rii in KN 


P, = force acting normal to the shaft axis, in KN 
force acting parallel to the shaft axis, either inboard 
or outboard whichever gives the greater force in 
bolt group /, in KN 
h = shaft height above the windlass mounting, in cm 
Xi, Yi = x andy coordinates of bolt group / from the centroid 
of all N bolt groups, positive in the direction 
opposite to that of the applied force, in cm 
A; = cross sectional area of all bolts in group /, in cm2 
I, = 2A;x? for N bolt groups, in cm4 
I, = ZAj\yi for N bolt groups, in cm4 
Rg = static reaction at bolt group /, due to weight of 
windlass, in KN. 


U 
Il 


8.11.5 Shear forces F,;, Fy; applied to the bolt group /, and 
the resultant combined force F; may be calculated from: 


Fy = (Py-agM)/N inkN 


Fy = (Py-agM)\/N in KN 
and 
F = (Fy? +t Fy?) kN 
where 
a = coefficient of friction (0,5) 
M = mass of windlass, in tonnes 


g = gravity acceleration (9,81 m/sec?) 
N = number of bolt groups. 


8.11.6 Tensile axial stresses in the individual bolts in each 
bolt group / are to be calculated. The horizontal forces F,; and 
Fy are normally to be reacted by shear chocks. Where ‘fitted’ 
bolts are designed to support these shear forces in one or both 
directions, the von Mises equivalent stresses in the individual 
bolts are to be calculated, and compared to the stress under 
proof load. Where pourable resins are incorporated in the 
holding down arrangements, due account is to be taken in the 
calculations. 


8.11.7 The safety factor against bolt proof strength is to be 
not less than 2,0. 


8.11.8 Bolts are to be of ISO 898/1 material Grade 8.8, 
10.9 or 12.9 or equivalent and are to be pretensioned by 
controlled means to 70 to 90 per cent of their yield stress. 
Pretensioning is to be in accordance with the manufacturer's 
instructions and, in general, pretensioning by bolt torqueing up 
to bolt size M30 may be used. Beyond this, pretensioning is to 
be carried out by an hydraulic tensioning device and the 
elongation of the bolts measured to determine pre-load. Where 
resin chocks are proposed plans and calculations are to be 
submitted for consideration. 
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8.11.9 The windlass is to be efficiently bedded and 
secured to the deck. The thickness of the deck in way of the 
windlass is to be increased. Adequate stiffening of the deck in 
way of the windlass is to be provided. The scantlings of the 
supporting structure and deck are to be determined by 
additional calculations applying the weight of the windlass 
combined with the resultant force on the seat due to the 
application of the following design loads: 

° P, (as defined in 8.11.4); 

e Py; 

e P, and Py combined; 

e a load no less than the maximum pull developed by the 
windlass under normal operating conditions; 

e —aload no less than the ultimate breaking strength of the 
chain stopper, but need not be taken greater than the 
maximum brake holding capacity of the windlass. 
Requirements for chain stoppers are described in 
Section 9. 

The allowable stresses given in Table 13.8.4 are not to be 

exceeded. 


Table 13.8.4 Allowable stress in windlass 


supporting structure 


Combined 
stress, 
in N/mm2 


Bending stress, | Shear stress, 
in N/mm? in N/mm? 


Allowable 150 87 213 
stress k k k 


k =material factor, see Pt 3, Ch 2,1.2 


8.11.10 The axial tensile and compressive forces in 8.11.4 
and the lateral forces in 8.11.5 are also to be considered in 
the design of the supporting structure. 


8.12 Structural requirements associated with 
towing and mooring 


8.12.1 The following requirements are applicable to 
bollards and bitts, fairleads, stand rollers and chocks used for 
the normal mooring and towing of the vessel, the supporting 
structure and their attachment to it. They are also applicable 
to the supporting structure of capstans, winches and similar 
items used for the normal mooring and towing of the vessel. 
Any weld, bolt or equivalent device connecting the shipboard 
fitting to the supporting structure is part of the shipboard 
fitting and is subject to the National or International standard 
applicable to that shipboard fitting. 


8.12.2 The design criteria in this sub-Section are to be 
used to derive the net scantlings of the supporting structure. 
A corrosion addition of 2 mm is to be added to the net 
thickness derived. 


8.12.3 Shipboard fittings for towing or mooring are to be 
located on longitudinals, beams and/or girders, which are 
part of the deck construction so as to facilitate efficient 
distribution of the load. Other arrangements will be specially 
considered provided that the strength is confirmed as 
adequate for the service. 
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8.12.4 The design load applied to shipboard fittings and 
supporting hull structure is not to be less than that given in 
Table 13.8.5. 


Table 13.8.5 Minimum design load for deck fittings 


and supporting structure 


Use/Item Minimum design load?) 


Normal towing 
(harbour/manoeuvring) 


1,25 times the intended maximum 
towing load as indicated on the 
towing and mooring arrangements 
plan 


Escort towing minimum breaking strength of the 
towline given in Table 13.7.3 for the 
ship’s corresponding equipment 


number) 


Mooring 


1,25 times the breaking strength of 
the mooring line given in Table 13.7.3 
for the ship’s corresponding 
equipment number(2)(8) 


Winches, etc. 1,25 times the intended maximum 


brake holding power 


Capstans 1,25 times the maximum hauling in 
force 


NOTES 
If a greater design load is specified by the designer then this 
load is to be used. 
The equipment number calculation is to include the maximum 
projected area of all deck cargo. 

Note 7 in Table 13.7.3 is applicable. 


Fitting 


Fig. 13.8.3 Design load applied to fittings 


8.12.5 The design load is to be applied according to the 
arrangement shown on the towing and mooring arrangement 
plan. The point of action of the force on the fitting is to be 
taken as the point of attachment of the mooring line or 
towline or at a change in its direction. The total design load 
applied to a fitting need not be more than twice the design 
load, see Fig. 13.8.3. 
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8.12.6 The selection of shipboard fittings is to be made by 
the shipyard in accordance with an acceptable National or 
International standard (e.g. 1503913 Shipbuilding Welded 
Steel Bollards). If the shipboard fitting is not selected from an 
acceptable National or International Standard then the design 
load used to assess its strength and its attachment to the 
ship is to be in accordance with the design load given in 
Table 13.8.5 and the design is to be submitted for approval. 


8.12.7 The reinforced members beneath shipboard fittings 
are to be effectively arranged for any variation of the direction, 
in both the lateral and vertical plane, of the forces acting 
through the arrangement. 


8.12.8 The stress within the supporting structure of fittings 
is not to exceed that given in Table 13.8.6. 


Table 13.8.6 Allowable stress within the supporting 


structure of shipboard fittings 


Shear stress, 
in N/mm?2 


Normal stress, 
in N/mm? 


235 141 


Allowable stress k k 


90 


specified minimum yield strength of the material in 
N/mm? 


8.12.9 The Safe Working Load (SWL) of a shipboard fitting 
used for normal towing and mooring is not to be greater than 
80 per cent of the design load. The SWL of a shipboard fitting 
used for escort towing is not to be greater than the design 
load. For fittings used for both operations, the greater design 
load is to be used. 


8.12.10 The SWL of each shipboard fitting is to be marked, 
by weld bead or equivalent, on the fitting and relates to a 
single post basis. 


8.12.11 When determining the minimum design load for 
deck fitting and supporting structure the ‘Mooring Equipment 
Number’ is to be calculated as follows: 


Mooring Equipment Number = A?/3 + 2BH + P 


where 
A = area, in m2, in profile view of the hull including the 
projected area of all deck cargo, within the Rule 
length of the vessel, and of superstructures and 
houses above the summer load waterline, which 
are within the Rule length of the vessel, and also 


having a breadth greater than 7 


See also 8.12.12 and 8.12.13 
B = greatest moulded breadth, in metres 
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freeboard amidships, in metres, from the summer 
load waterline to the upper deck, plus the sum of 
the heights at the centreline, in metres, of each tier 


of houses having a breadth greater than > 
See also 8.12.12, 8.12.13 and 8.12.14 


moulded displacement, in tonnes, to the summer 
load waterline. 


> 
Il 


8.12.12 In the calculation of H and A, sheer and trim are to 
be ignored. Where there is a local discontinuity in the upper 
deck, H is to be measured from a notional deckline. 


8.12.13 |f a house having a breadth greater than va is above 


a house with a breadth of Bor less, then the wide house 
is to be included, but the narrow house ignored. 


8.12.14 Screens and bulwarks more than 1,5 m in height 
are to be regarded as parts of houses when determining H 
and A. Where a screen or bulwark is of varying height, the 
portion to be included is to be that length, the height of which 
exceeds 1,5 m. 


| Section 9 
Mooring of ships at single point 
moorings 


9.1 General 


9.1.1 These requirements are applicable to ships 
intended to utilise the fittings standardised for single point 
moorings and include the type, strength and location of the 
required fittings. 


9.1.2 A ship provided with mooring arrangements in accor- 
dance with the requirements of this Section will be eligible to be 
assigned the Class notation SPM4 where a single mooring line 
arrangement is provided for and DSPM4 where a dual mooring 
line arrangement is provided for, see Fig. 13.9.1. 


9.2 Arrangements 


9.2.1 The ship is to be fitted with bow chain stoppers 
and/or Smit-Type Brackets, and bow fairleads. In addition, 
pedestal roller fairleads may be required for alignment purposes 
but a direct straight lead from the chain stopper to the winch 
storage drum is the preferred arrangement. However, consider- 
ation of safety and protection from risk of injury to mooring 
personnel should take priority in determining whether pedestal 
rollers should be fitted as well as their number and positioning. 


9.2.2 In order to ensure matching with terminal mooring 
equipment, the requirements for shipboard fittings are 
specified in association with ranges of ship deadweight as 
shown in Table 13.9.1. 
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BOWSTOPPER ARRANGEMENT SMIT-TYPE ARRANGEMENT 


Minimum distance from 
chain G to baseplate 
bottom 216 mm Bowstopper 


Underdeck stiffening 
as required 


To winch 


storage drum For minimum dimension 


via pedestal 
rollers 


Winch 
storage 
drums 


see 9.2.7(c) 


seating 


Forward end of stopper seating 
to be faired and rounded to permit 
unimpeded entry of chain 


Half breadth of chain 


Line of chain 
parallel to 


Fairlead heigh 
determined by 
extension of lead line 
through bowstopper 


600 x 450 fairlead 


l 


= 


without 
pedestal 
rollers 


Bowstopper 


Distance between fairlead 


and bowstopper to be I 
between 2,7 and 3,7 m 


For minimum dimension 


see 9.2.7(c) 


Winch 
storage 


600 x 450 fairleads 


P&S set low 
in bulwark 


drums 
without 
pedestal 
rollers 


Between 
2,0 and 
3,0m 


i 


/ ~ Distance between fairlead 


To winch 
storage drum 
via pedestal 
rollers 


Fig. 13.9.1 


Table 13.9.1 


É and bowstopper to be 
between 2,7 and 3,7 m 


Minimum distance from 
chain © to 
baseplate 216 mm 


To winch 
storage drum 
via pedestal 
rollers 


Winch 
storage 
drums 
without 
pedestal 
rollers 


Winch 
storage 
drums 
without 
pedestal 
rollers 


To winch 
storage drum 
via pedestal 
rollers 


Fairlead height 
determined by extension 
. of lead line through 
Smit Smit bracket 


bracket i 
i Line of chain 


Half-breadth of 
chain 


Underdeck stiffening 137 
mm 


as required 


For minimum dimension 600 x 450 fairlead 


see 9.2.7(c) 


Smit bracket 


Distance between fairlead 
and Smit bracket to be 
between 2,7 and 3,7 m 


600 x 450 fairleads 
P&S set low 
in bulwark 


For minimum dimension 
see 9.2.7(c) 


l 
T20anaT 
3,0m 


m 
| Between | 


Distance between fairlead 
and Smit bracket to be 
between 2,7 and 3,7 m 


Positioning of fairleads, chainstoppers and pedestal roller leads 


Deadweight group for shipboard 


(d) The safety factor on yield of bow chain stoppers should 


fittings requirements 


be a minimum of 2 when the safe working load is applied. 


(e) Details of bow chain stoppers should be submitted for 


Deadweight in tonnes approval. 


< 100 000 


Table 13.9.2 Fittings requirements for deadweight 


group 


> 100 000 < 150 000 


> 150 000 


Chain size, 


No. of chain 


SWL, in kN 


in mm stoppers (tonnes) 
9.2.3 Bow chain stoppers: 76 1, see Note | 1960 (200) 
(a) The number, chain cable size and minimum safe working 76 1,see Note | 2450 (250) 
load of bow chain stoppers should be as given in 76 2 3430 
Table 13.9.2. 


NOTE 
Ships in this size range may elect to fit two stoppers to ensure full 
range terminal acceptance, see 9.1.2. 


(o) Bow chain stoppers should be located between 2,7 m 
and 3,7 m aft of the bow fairlead and should be 
positioned so as to give correct alignment with the bow 
fairlead and the pedestal fairlead or the storage drum of 
the winch, see Fig. 13.9.1. 

(c) The leading edge of the stopper base plate is to be 
suitably faired to allow unimpeded entry of the combina- 
tion chafe chain into the stopper. The chain referred to, 
forms part of the standardised SPM equipment. 
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9.2.4 Smit-Type Brackets: 

(a) Smit-Type Brackets may be fitted in lieu of bow chain 
stoppers for Group | and II. The fitting of Smit-Type 
Brackets in lieu of bow chain stoppers for Group III will 
be specially considered. The required number and safe 
working load are as given in Table 13.9.2 for bow chain 
stoppers. 

(o) The scantlings of the pin, connecting brackets and 
welded attachments to the baseplate are to be deter- 
mined in association with a horizontal load of 2 x SWL 
and a permissible shear stress of 78 N/mm? (8 kg/mm2). 

(c) Where fitted, Smit-Type Brackets should be located 
between 2,7 m and 3,7 m aft of the bow fairlead and 
should be positioned so as to give correct alignment with 
the bow fairlead and pedestal fairlead or the storage 
drum of the winch, see Fig. 13.9.1. 

(d) To facilitate connection to the terminal equipment it is 
recommended that each Smit-Type Bracket be provided 
with a length of chain cable comprising a pear link, an 
open link, and a special shackle, see Fig. 13.9.2. The 
safe working load should be as given in Table 13.9.2 for 
bow stoppers. 

(e) Adjacent to each Smit-Type Bracket a lug with a 
recommended safe working load of 490 kN (50 tonnes) 
should be attached to the doubler plate. The lug should 
be provided with a hole of sufficient size to accept the pin 
of a 490 kN (50 tonnes) SWL shackle and should be used 
as a securing point for the chafe chain holding stopper. 

(f) Details of Smit-Type Brackets should be submitted for 
approval. 


9.2.5 The forecastle deck in way of bow chain stoppers or 
Smit-Type Brackets is to have a minimum thickness of 15 mm 
and is to be suitably reinforced to resist horizontal loads equal 
to 2 x SWL as given in Table 13.9.2. 


9.2.6 Bow fairleads: 

(a) One centrally located bow fairlead should be provided 
for ships fitted with one bow chain stopper or Smit-Type 
bracket. Two bow fairleads should be provided for ships 
fitted with two bow chain stoppers or Smit-type brackets, 
see Fig. 13.9.1. 

(b) Bow fairlead openings should be at least 600 x 450 mm 
for 76 mm chafe chain size. Where more than one bow 
fairlead is installed, the spacing of centres should be 
between 2 m and 3 m. 

(c) The height of the centre of the bow fairlead opening 
above the forecastle deck should be determined by the 
extension, parallel to the deck, of the lead line of the 
chain cable to the bow chain stopper or Smit-Type 
Bracket, see Fig. 13.9.1. The fairlead should have a 
minimum radius equal to seven times the chain radius. 

(d) The scantlings of the fairlead are to be determined in 
association with a load of 2 x SWL with hawser angles 
up to 90 degrees from the ship’s centre line, both port 
and starboard in the horizontal plane and to 30 degrees 
above and below horizontal in the vertical plane. 

(e) Details of bow fairleads and their attachment to the 
bulwark should be submitted for approval. 
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90 dia. hole 97 dia. hole 


1960 kN (200 t) Group | 
2450 kN (250 t) Group Il 


Fig. 13.9.2 Special shackle 
Dimensions in mm unless otherwise stated 


9.2.7 Pedestal roller fairleads: 

(a) Pedestal roller fairleads should have a minimum radius 
equal to 10 times the radius of wire mooring ropes with 
a fibre core, seven times the radius of wire mooring 
ropes with a steel core or three times the radius of 
synthetic mooring ropes. 

(bo) The number of pedestal roller fairleads used for each 
bow chain stopper should not exceed two and the angle 
subtended by the change of direction of the pick-up rope 
should be minimal. 

(c) The minimum distance of pedestal roller fairleads from 
the bow chain stopper or Smit-Type Bracket should be 
3,0 m. Any variation in the minimum distance will be 
specially considered. 

(d) Details of local strengthening of the forecastle deck in 
way of pedestal roller fairleads should be submitted for 
approval. 


9.2.8 The winch drum used for handling the mooring gear 
should be capable of exerting a continuous duty pull of not 
less than 147 KN (15 tonnes) and be of sufficient size to 
accommodate 150 m of 80 mm diameter rope. Winch drum 
ends (warping ends) to handle pick-up ropes should be 
avoided. Remotely-operated winch storage drums are 
recommended. 
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a Section 10 
Emergency towing arrangements 


10.1 Structural requirements 


10.1.1 For ships equipped with emergency towing 
arrangements in accordance with IMO Resolution MSC 35(63), 
the deck and its supporting structure in way of strongpoints 
and fairleads are to be suitably reinforced to resist design 
loads of at least 1,3 x specified breaking strength of the 
weakest component of the emergency towing arrangement, 
for angles of tow as specified in IMO Resolution MSC 35(68). 
The deck in way of strongpoints and fairleads is to have a 
minimum thickness of 15 mm. 


10.1.2 Where a ship is provided with an emergency towing 
arrangement and the supporting structure complies with the 
requirements of this Section, the ship will be eligible to be 
assigned the descriptive note ETA which will be entered in 
column 6 of the Register Book. 


10.1.3. Stresses induced in the supporting structure and 
welds in way of strongpoints and fairleads, determined using 
the design loads from 10.1.1, are not to exceed the 
permissible values given in Table 13.10.1. The capability of 
the structure to withstand buckling is also to be assessed. 


Table 13.10.1 Permissible stress values 


Permissible stress N/mm? (kgf/mm?) 


Direct stress 


Shear stress 


Combined stress 


Symbols 


So = specified minimum yield stress, in N/mm? (kgf/mm?) 


10.1.4 The structural arrangement is to be such that 
continuity will be ensured. Abrupt changes of shape or section, 
sharp corners and other points of stress concentration are to 
be avoided. 


10.2 Chafing chain and wire or fibre rope for 
Emergency Towing Arrangements 


10.2.1. Chafing chains are to be manufactured, tested and 
certified in accordance with Ch 10,2 of the Rules for Materials 
Grades U2 and US. 


10.2.2 The outboard end of the chafing chain is to include 
a pear-shaped link allowing connection to a shackle 
corresponding to the type of ETA and chain grade. A typical 
arrangement is shown in Fig. 13.10.1. 
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Studless 
end link 


Common links Enlarged Pear shaped 


open link 


(diameter = aì link 


2,2d 


Towards 


towing pennant 


5,75d 
approx 


Fig. 13.10.1 Typical outboard chafing chain end 


10.2.3 The chafing chain is to be able to withstand a 
breaking load not less than twice the safe working load (SWL). 
The nominal diameter of common link for chafing chains is to 
comply with the value indicated in Table 13.10.2. 


Table 13.10.2 Nominal diameter of common link 


for chafing chains for ETA 


Nominal diameter of common link, d, min 
Type of ETA 


Grade U2 Grade U3 


ETA 1000 62 mm 52 mm 


ETA 2000 90 mm 76mm 


10.2.4 Steel wire ropes are to be manufactured, tested 
and certified in accordance with Ch 10,6 of the Rules for 
Materials. 


10.2.5 Fibre ropes are to be manufactured, tested and 
certified in accordance with Ch 10,7 of the Rules for Materials. 
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Section 

1 General 

2 Fixed cargo securing fittings, materials and 
testing 

3 Loose container securing fittings, materials and 
testing 

4 Ship structure 

5 Container securing arrangements for stowage 


on exposed decks without cell guides 


6 Container securing arrangements for underdeck 
stowage without cell guides 


7 Container securing arrangements for stowage 
using cell guides 


8 Determination of forces for container securing 
arrangements 
9 Strength of container securing arrangements 


10 Surveys 


H Section 1 
General 


1.1 Application 


1.1.1 All cargo ships, regardless of tonnage, except 
those engaged solely in the carriage of either liquid or solid 
bulk cargoes, are to be provided with a Cargo Securing 
Manual approved by the Flag Administration, as required by 
SOLAS 1974 (as amended). Sections 2, 4, 7 (if applicable) 
and 10 apply to all ships for which a Cargo Securing Manual 
is required. It is recommended that the container securing 
arrangements in the Cargo Securing Manual be designed in 
accordance with Sections 3, 5, 6, 8 and 9. Furthermore, it is 
recommended that the container securing arrangements be 
submitted to Lloyd’s Register (hereinafter referred to as LR), 
for formal approval. In cases where LR is authorised to carry 
out the approval of the Cargo Securing Manual on behalf of a 
National Administration and the container securing arrange- 
ments have not been designed on the basis of the LR Rules 
nor received formal LR approval, the Cargo Securing Manual 
will be annotated accordingly, highlighting this fact. In general, 
Cargo Securing Manuals can be approved by LR if authorised 
by the National Authority. 
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1.1.2 Fixed fittings which are part of the container 
lashing equipment or which may affect the strength of the 
ship’s hull are subject to approval on the basis of the require- 
ments of this Chapter. Details of the connection and the 
supporting ship structure require approval to satisfy the 
design loads determined in accordance with Section 8 or the 
safe working load of the fixed fitting, as applicable. Drawings 
are to be submitted showing details of the fittings, the attach- 
ment, the local foundations and information about the 
intended materials and welding. 


1.1.3 The requirements for container securing arrange- 
ments have been framed in relation to ISO Standard Series 1 
ISO 1496-1:1990, including Amendment Nos. 1, 2 and 3, 
Freight Containers. For previous ISO 1496-1:1984 containers, 
reference should be made to the July 2008 LR Rules. 
Proposals to consider higher allowable forces in accordance 
with ISO 1496-1, including Amendment No. 4, 2006, will be 
specially considered. Proposals for the securing of other types 
of containers will be specially considered. 


1.1.4 Containers are to be loaded so as not to exceed 
the weights and distribution within the stack according to the 
Cargo Securing Manual (CSM). The permissible loading 
patterns are to be clearly indicated on the Container Securing 
Arrangement Plan carried on board the ship. 


1.1.5 Containers may be approved and certified using 
LR’s Container Certification Scheme. 


1.1.6 Where it is intended and specified that loose or 
fixed parts of the container securing system are used for 
lifting appliance purposes, e.g., pedestal sockets and fittings 
used for lifting of hatch covers, or twistlocks used for vertical 
tandem lifting, the requirements of LR’s Code for Lifting 
Appliances in a Marine Environment are applicable. If no 
approval from lifting aspects is sought, the devices will be 
considered as part of a container securing arrangement only. 


1.1.7 For ships having the class notation Container 
Ship, an effective breakwater is to be fitted to protect the 
containers against green sea impact loads. As a minimum, an 
effective breakwater is to extend above the mid-height of the 
outermost containers that are to be considered as protected. 
For other ships which are equipped for the carriage of 
containers on deck, protection of the cargo is recommended 
by the provision of a breakwater. 


1.1.8 Forward of 0,75L, it is recommended that all door 
ends face aft in order to improve the performance of the 
container walls to withstand green sea loads. 


1.1.9 Improper ship handling related to course and speed 
or threshold phenomena like parametric rolling can create 
adverse forces acting on the ship and the cargo which are in 
excess of the forces determined on the basis of Section 8. It 
is the responsibility of the Master to apply good seamanship 
in order to mitigate excessive ship motions to reduce forces 
acting on the cargo stowage arrangements. 
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1.2 Classification notations and descriptive notes 


1.2.1 Ships with container securing arrangements which 
are designed and constructed in accordance with this 
Chapter will be eligible to be assigned the special features 
notation CCSA (certified container securing arrangements). In 
addition to the fixed fittings, the Initial and Periodical Survey 
requirements of Section 10 for all loose fittings are applicable. 
Where loose container securing fittings are supplied for part 
container stowage only, the special features notation will be 
suitably modified. 


1.2.2 Ships with container securing arrangements which 
are designed and constructed in accordance with this 
Chapter, but where the Initial and Periodical Survey require- 
ments for loose fittings in Section 10 are not requested, will 
be eligible to be assigned the descriptive note CSA (container 
securing arrangement) and for an entry to be made in 
column 6 of the Register Book. 


1.2.3 The advantage of having an onboard lashing 
program to calculate forces acting on the stowage arrange- 
ment is highlighted. It is recommended that all ships carrying 
containers on a regular basis be equipped with such a tool. 
This may be an extension to the loading instrument covered 
under Ch 4,8.3. It is recommended that the program be 
approved by LR. If the program to carry out lashing calcula- 
tions is approved by LR and installed and maintained in 
accordance with the requirements of this Chapter, the ship 
will be eligible to be assigned the special features notation 
BoxMax. 


1.2.4 It is a prerequisite for assignment of the special 
features notation BoxMax that the container securing 
arrangements in the Cargo Securing Manual are designed in 
accordance with this Chapter and submitted to Lloyd’s 
Register for formal approval. 


1.2.5 The container securing arrangements of a container 
ship may take into account specific voyage routes and 
seasons, provided the ship is eligible for the special features 
notation BoxMax, see 1.2.3, the onboard lashing program is 
capable of performing calculations specific to defined sea 
areas and seasons and the weather-dependent factors for 
these areas and seasons have been supplied by LR. In this 
case, if the weather-dependent factors have been supplied by 
LR for specific sea areas, the ship will be eligible to be 
assigned the special features notation BoxMax(V). If the 
factors have been supplied by LR for specific sea areas and 
seasons, the ship will be eligible to be assigned the special 
features notation BoxMax(V,W). See Ch 4,8.4. 


1.3 Plans and information required 


1.3.1 For all fixed cargo securing arrangements, except 

container securing arrangements, the following information 

and plans are to be submitted: 

(a) Details of certification including safe working load (SWL) 
of fixed cargo securing fittings. 

(o) Plans of structure in way of fixed cargo securing fittings. 

(c) Direction of loads imposed on the ship’s fixed cargo 
securing fittings. 

(d) Ageneral arrangement of fixed cargo securing fittings. 
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1.3.2 For container securing arrangements, the following 

plans and information are to be submitted: 

a) General arrangement plan showing the disposition and 
design weights of the containers. 

b) Details of materials, design, scantlings of cell guides 
structure, lashing bridges, pedestals, and other 
container securing arrangements, where fitted. 

c) Details of certification, including safe working load (SWL), 
of fixed and loose container securing fittings. 

d) Plans of structure in way of fixed container securing 
fittings and arrangements. 

e) Design values of the following ship parameters for the 
container load departure and arrival conditions: 

(i) Moulded draught (7,) 
(ii) | Transverse metacentric height (GM). 

(f) Design wind speed (Vw). 

(g) The lashing calculations in the Cargo Securing Manual 
are to be based on two design GM values. The lower 
design value is to be taken as 2,5 per cent of the breadth 
B, and the upper design value is to be taken as 7,5 per 
cent of B. In addition to these two design GM values, 
actual GM values of the ship in the container loaded 
condition from the approved trim and stability booklet are 
to be included when the actual design GM values are 
outside the above range. 


1.3.3 Where containers of types other than ISO containers 
are to be incorporated in the stowage arrangement, the Cargo 
Securing Manual is to indicate clearly the locations where 
these containers are stowed. The manual is also to indicate 
the container weights and required securing arrangements for 
stacks composed entirely of ISO Standard containers. 


1.4 Securing systems 


1.4.1 Containers are to be secured by one, or a combi- 
nation, of the following systems: 

e — Corner locking devices. 

e — Rod, wire or chain lashings. 

° Buttresses, shores or equivalent structural restraint. 

e Cell guides. 

Alternative systems will be considered on the basis of their 
suitability for the intended purpose. 


1.4.2 Dunnage is not to be used in association with 
approved container securing systems except where forming 
part of an approved line load stowage, see 5.5. 


1.5 Symbols and definitions 


1.5.1 The following definitions are applicable to this 
Chapter, except where otherwise stated: 
a = breadth of the container in metres (for 
longitudinally stowed containers) 


b = length of the container, in metres (for longitudinally 
stowed containers) 
Ci = height of container /, in metres 


d; = flange thickness of container securing device (e.g., 
twistlock) below container /, in metres 
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ao 


acceleration parameter 


2,4 34 600 
fag (1,58 - 0,4709 = i, ) 
longitudinal acceleration due to surge, in m/s2 
0,275a) 9 
transverse acceleration due to sway, in m/s2 
0,55a 9 
vertical acceleration due to heave, in m/s2 
ao 9 


roll acceleration at the centre of motion of the 
vessel, in rad/s2 


4. 
069 +5 


acceleration due to pitch, in rad/s2 
0,98) Y 
IE) T 
period of pitch of the ship, in seconds, to be taken 
as specified in Table 14.8.1 

period of roll of the ship, in seconds, to be taken as 
specified in Table 14.8.1 

maximum single amplitude of roll, in degrees, to be 
taken as specified in Table 14.8.1 

maximum single amplitude of pitch, in degrees, to 
be taken as specified in Table 14.8.1 

base of natural logarithms 

2,/183 

hull form coefficient 

for Motion Case MC1: 

= | ,2Rp 0:8 for Ra > 1,0 

= 1,2 for Ra < 1,0 

for all other Motion Cases: 

= 10 

area ratio factor for combined stern and bow 
shape, defined in Pt 4, Ch 2,2.4. For the purpose 
of container stowage calculation, Ra is to be taken 
as 1,5 if this value is not available 

bilge keel coefficient 

1,2 for ships without bilge keels 

1,0 for ships with bilge keels 

weather-dependent factor for acceleration 

1,0 for unrestricted worldwide service 


0,69 ( + 


Ji 


Part 3, Chapter 14 


Section 1 


weather-dependent factor for pitch 
1,0 for unrestricted worldwide service 


= weather-dependent factor for roll 


1,0 for unrestricted worldwide service 


= weather-dependent factor for whipping acceleration 


4 


,O for unrestricted worldwide service 


= hull whipping factor 


1 + fuc fwn THsw 


= Motion Case coefficient 


1,Ofwy for MC1 
=0 for MC2 
0,5fw1 for MC3 
0,254, for MC4 
0,5fw1 for MCS 
= 0 for MC6 


whipping coefficient 


0,55 = forx/L < 0,25 
0,20 atx/L=0,5 
0,45 for x,/L 20,75 


intermediate values are to be obtained by linear 
interpolation 

length-dependent factor for whipping 

0 for L < 250m 

1,0 for L > 350 m 

intermediate values are to be obtained by linear 
interpolation 

acceleration due to gravity and is to be taken as 
9,81 m/s2 

longitudinal centre of gravity of a container forward 
of the AP, in metres 

vertical centre of gravity of a container above the 
keel, in metres 

longitudinal coordinate of the centre of container /, 
in metres, from O,, measured positive forwards in 
ship coordinate system, see Fig. 14.1.1 

Xo = Xom 

transverse coordinate of the centre of container i, in 
metres, from Om measured positive to port in ship 
coordinate system, see Fig. 14.1.1 

vertical coordinate of the centre of container /, in 
metres, from Om measured positive upwards in 
ship coordinate system, see Fig. 14.1.1 


Zo = Zom 


Transverse case (rolling) 


Fig. 14.1.1 


Longitudinal case (pitching) 


Diagrammatic representation of symbols 
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Xom = longitudinal centre of motion forward of the AP. To 
be taken at the LCF of the ship 
Zom = vertical centre of motion above the keel. To be 
taken as the greater of 27,/3 + KG/3 above the 
keel To or D/2 
A = side area of the container, in m2 
GM = transverse metacentric height of the ship, in metres 
KG = vertical distance of the centre of gravity of the ship 
above the keel, in metres 
L = Rule length, in metres, see Ch 1,6.1.1 
Cy = block coefficient, see Ch 1,6.1.6 
MCn = Motion Casen 
LCF = longitudinal centre of flotation. To be taken as 
0,48L 
Om = centre of motion, to be taken on the centreline at 
Xom ANd Zom: See Figs. 14.1.1 and 14.1.2 
R = the rating, or maximum operating gross weight for 
which the container is certified, and is equal to the 
tare weight plus payload of the container, in tonnes 
Te = moulded draught in the container load condition, in 
metres 
Vw = wind speed, in m/s. For ships with an unrestricted 
worldwide service area notation, a wind speed of 
40 m/s is to be applied 
W = weight of the container and contents, in tonnes. 
The following minimum weights W are to be used: 


= 2,5 tonnes for 20 ft containers 
= 3,5 tonnes for 40 ft containers 
= 4,0 tonnes for 45 ft containers 
= 4,5 tonnes for 48 ft and 58 ft containers. 


7.5.2 The sign convention for ship motions and 
accelerations is shown in Fig. 14.1.2. This is based on a 
right-handed coordinate system. The roll, pitch and yaw 
motions are defined positive clockwise as shown. For 
instance, positive sway is defined as the translation toward 
port and positive pitch as the rotation of the bow down and 
stern up. 


Fig. 14.1.2 
Ship coordinate system and sign convention of 
motions 
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a Section 2 
Fixed cargo securing fittings, 
materials and testing 


2.1 General 


2.1.1 Randomly selected samples of fixed cargo securing 
fittings are to be subjected to prototype testing and, upon 
satisfactory completion, will be granted General Approval. 


2.1.2 Randomly selected samples drawn from produc- 
tion runs are to be subjected to production testing prior to 
delivery to the ship. 


2.1.3 Cargo securing fittings, certified by an organisation 
other than LR, will be accepted where the certification 
scheme is to the satisfaction of LR. 


2.2 Materials and design 


2.2.1 Steel used for the construction of the fixed cargo 
securing fittings is to comply with the requirements of the 
Rules for the Manufacture, Testing and Certification of 
Materials (hereinafter referred to as the Rules for Materials) or 
with an equivalent specification acceptable to LR. Due 
account is to be taken of the grade and tensile strength of the 
hull material in way of the attachment. The chemical compo- 
sition of the steel is to be such as to ensure acceptable 
qualities of weldability. Where necessary, tests are to be 
carried out to establish specific welding procedures. 


2.2.2 Where securing arrangements are intended to 
operate at low ambient temperatures, special consideration 
is to be given to the specification of the steel. 


2.2.3 Proposals for the use of materials other than steel 
will be specially considered. 


2.2.4 Attention is drawn to the need for measures to be 
taken to prevent water accumulation in pockets or recesses 
that could lead to excessive corrosion. 


2.3 Prototype testing 


2.3.1 Prototype tests to determine the breaking or failure 
loads are to be carried out on at least two randomly selected 
samples of each item used in the securing system. The 
relationship between design breaking load and safe working 
load (SWL) is to be as indicated in Table 14.2.1. 


2.3.2 The Surveyor is to be satisfied that the design and 
materials of the fittings are in accordance with the approved 
plans. 


2.3.3 For acceptance, no permanent deformation (other 
than due to initial embedding of component parts) is to be 
induced by test loads up to the proof load given in 
Table 14.2.1. 
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Table 14.2.1 


Minimum design breaking load 


Part 3, Chapter 14 


Section 2 


Design breaking loads and proof loads for fixed cargo securing fittings 


Minimum proof load 


for SWL < 400 kN for SWL > 400 kN 


for SWL < 400 kN for SWL > 400 kN 


2x SWL SWL + 400 KN 


1,5 x SWL SWL + 200 kN 


NOTE 


Breaking and proof loads for fixed cargo securing fittings of a material other than steel will be specially considered. 


2.3.4 When considering the test modes, all expected 
directions of operation are to be taken into account. Jigs are 
to be employed, where necessary, in order that satisfactory 
simulation is obtained. 


2.3.5 In the interest of standardisation of the strength of 
container securing fittings, safe working loads in accordance 
with Table 14.2.2 are recommended. 


2.3.6 Where one of the required two randomly selected 

test samples fails before the design breaking load is reached, 

this can be accepted, provided that: 

(a) the failure is not less than 95 per cent of the design 
breaking load; 

(b) an additional randomly selected sample is tested satis- 
factorily; and 

(c) the average failure load of the three randomly selected 
samples is equal to or greater than the design breaking 
load. 


Table 14.2.2 


Description 


Required test modes 


2.4 Production testing 


2.4.1 The nature and extent of proposed production test- 

ing will be considered by LR, but the arrangements are to be 

at least equivalent to one of the following testing procedures: 

(a) One randomly selected sample from every 50 pieces, or 
from each batch if fewer than 50 pieces, is to be proof 
loaded in accordance with Table 14.2.1. 

(o) All fittings are to be loaded to the SWL of the item. 


2.4.2 Consideration will be given to a reduced frequency 
of the mechanical production testing proposed in 2.4.1, 
provided that: 

(a) the prototype test results indicate a breaking load at 
least 50 per cent greater than that required by 
Table 14.2.1; and 

(b) a suitable non-destructive inspection procedure is 
agreed. 


Test loads and test modes for fixed container securing fittings 


Recommended minimum, in KN 


Breaking 


SWL Proof load load 


Flush socket 


gam gy 


Pull-out load 250 375 500 


i 


Pull-out load 250 375 500 


Pedestal socket 


Tangential load 200 300 400 


fani 
ro 
om: 


‘D’ ring 


Tensile load 250 375 500 


Lashing plate 


5° 
on 


NOTES 


Tensile load 


For items 3 and 4, where specifically designed for use with chain or steel wire rope (SWR) lashings, a lesser SWL may be considered. 
For items 1 and 2, where multiple flush sockets or pedestal sockets are involved, test loads are to be applied simultaneously to each 


socket opening which can be loaded simultaneously in service. 


For item 4, where multiple lashing points are fitted in one deck plate fitting, testing is to be similarly arranged as for Note 2. 
Where containers with strength higher than required for ISO containers are used, consideration will be given to the required minimum 


loads. 
The test modes illustrated above are diagrammatic only. 
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2.4.3 Permanent deformation (other than that due to 
initial embedding of component parts) will not be accepted 
unless tests are conducted in accordance with 2.4.1(a) and 
the SWL of the sample is 250 kN or greater. In this case, 
consideration may be given to acceptance of permanent 
deformation in the load range between SWL + 125 kN and 
the proof load, provided that satisfactory manual operation 
can be achieved after completion of tests. 


2.4.4 In the event of premature failure or serious plastic 
deformation occurring in a test sample, a further randomly 
selected sample is to be selected for testing. In the event that 
this sample is found to be unsatisfactory, the associated 
batch will be rejected. 


a Section 3 
Loose container securing fittings, 
materials and testing 


3.1 General 


3.1.1 Randomly selected samples of loose container 
securing fittings are to be subjected to prototype testing and, 
upon satisfactory completion, will be granted General 
Approval. 


3.1.2 Randomly selected samples drawn from produc- 
tion runs are to be subjected to production testing prior to 
delivery to the ship in accordance with 3.4. 


3.1.3 Loose container securing fittings, certified by an 
organisation other than LR, will be accepted where the certi- 
fication scheme is to the satisfaction of LR. 


3.1.4 In the following, the term ‘fully automatic fitting’ is 
used to describe fittings which do not require manual 
operation during unloading of the containers. It should be 
noted that usually these fittings do not mechanically secure 
the container in the vertical direction (perpendicular to the 
hatch cover) in the upright condition when subjected to pure 
vertical motions. Other modes of operation and novel design 
will be specially considered. 


Table 14.3.1 


Min. proof load 


Part 3, Chapter 14 


Sections 2 & 3 


3.2 Materials and design 


3.2.1 Steel used for loose container securing fittings is to 
comply with the requirements of the Rules for Materials or with 
an equivalent specification acceptable to LR. 


3.2.2 Where loose container securing fittings are intended 
to operate at low ambient temperatures, special considera- 
tion is to be given to the specification of the steel. 


3.2.3 Proposals for the use of materials other than steel 
will be specially considered. 


3.2.4 Locking devices and other fittings which are 
inserted into the container castings on the quayside before 
lifting on board are to be such as to minimise the risk of them 
working loose under the effects of vibration and the risk of 
them falling out. 


3.2.5 For twistlocks, bottom twistlocks, midlocks, stackers 
with intermediate plates and fully automatic fittings, the 
contact areas, for both tension and compression between the 
fitting and the corner castings of the containers, are to be 
such as not to exceed a bearing stress of 300 N/mm? under 
the safe working load of the fitting. No increase in the 
permissible stress level will be given due to higher strength 
material of the fittings. In the case where the design is such 
that the contact area is sloped or inclined and not parallel to 
the container corner casting, the effective contact area will be 
specially considered. 


3.3 Prototype testing 


3.3.1 Prototype tests are to be in accordance with 2.3.1 
to 2.3.6, except that Tables 14.3.1 and 14.3.2 are to be 
applied in lieu of Tables 14.2.1 and 14.2.2 respectively. For 
vertical lashing, see 5.4.7(b). 


3.4 Production testing 
3.4.1 The nature and extent of proposed production testing 


will be considered by LR, but the arrangements are to be at 
least equivalent to one of the following testing procedures: 


Design breaking loads and proof loads for loose container securing fittings 


Min. design breaking load 


SWL < 400 kN 


SWL > 400 kN SWL < 400 kN SWL > 400 kN 


Lashings 

Wire rope 

Rod: higher tensile steel 
Chain: mild steel 

higher tensile steel 


1,5 x SWL 


Other loose container securing fittings 


3 x SWL 
2 x SWL 
3 x SWL 
2,5 x SWL 


SWL + 200 kN SWL + 400 kN 


2 x SWL 


NOTES 


1. Higher tensile steel is defined for this purpose as steel having a yield stress not less than 315 N/mm2. 
2. Breaking and proof loads for lashings of material other than steel will be considered. 
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Table 14.3.2 


Description 


Required test modes 


Part 3, Chapter 14 


Section 3 


Test loads and test modes for loose container securing fittings 


Recommended minimum, in KN 


Breaking 


SWL Proof load load 


Lashing rod 


Lashing rod (HTS) 


Lashing chain (MS) 


Lashing chain (HTS) 


Lashing steel wire 
rope 


180 360 


250 500 


80 200 


300 


360 


Turnbuckle 


Tensile load 500 


Twistlock (manual, 
semi-automatic and 
fully automatic 
fittings) 


Shear load 


Tensile load 


Midlock 


Shear load 


Tensile load 


Stacker 


— 


Shear load 


NOTES 


1. Where containers with strength higher than required for ISO containers are used, special consideration will be given to the required 


minimum loads. 
The test modes illustrated above are diagrammatic only. 


2. 

8. Other fittings not covered in this Table may be specially considered, see also 3.5.1. 

4. For assessment of a para-lash arrangement, see 5.4.4, where each lashing rod is modelled, the SWL is to be taken as 0,75 times the 
SWL of a single lashing. Where a single lashing rod is used to model both rods, the SWL is to be taken as 1,5 times the SWL of a single 


lashing. See also 9.5.2. 


(a) For: 

(i) Loose container securing fittings except chain 
or wire rope lashings. One randomly selected 
sample from every 50 pieces, or from each batch 
if fewer than 50 pieces, is to be proof loaded in 
accordance with Table 14.3.1. 

(i) | Chain or wire rope lashings. One randomly 
selected sample from every 50 pieces, or from 
each batch if fewer than 50 pieces, is to be 
tested to breaking. 

(b) All fittings, securing devices and lashings are to be proof 
loaded to the SWL of the item and in addition, one 
randomly selected sample from every batch of chain or 
wire rope lashings is to be tested to breaking. 


3.4.2 Permanent deformation (other than that due to 
initial embedding of component parts) will not be accepted 
unless tests are conducted in accordance with 3.4. 1(a)(i) and 
the SWL of the sample is 250 kN or greater. In this case, 
consideration may be given to acceptance of permanent 
deformation in the load range between SWL + 125 kN and 
the proof load, provided that satisfactory manual operation 
can be achieved after completion of tests. 


3.4.3 In the event of premature failure or serious plastic 
deformation occurring in a test sample, a further randomly 
selected sample is to be selected for testing. In the event that 
this sample is found to be unsatisfactory, the associated 
batch will be rejected. 


3.5 Function and environmental testing 


3.5.1 For fittings of novel design or with special features, 
in addition to the prototype and production testing, a function 
test may be required to demonstrate that the fitting is fit for 
purpose. Details of the function test will be considered on an 
individual basis, taking into consideration the mode of opera- 
tion of the fitting. In addition, LR reserves the right to require 
environmental tests. The actual test depends on the individual 
design of the fitting. The tests are to verify that environmental 
and ageing effects, such as corrosion, icing, debris contami- 
nation, etc., do not impinge on the safe operation of the fitting. 
In this case, LR reserves the right to require the submission 
of maintenance instructions as part of the approval procedure. 
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a Section 4 
Ship structure 


4.1 General 


4.1.1 The ship structure and hatch covers in way of fixed 
cargo securing fittings are to be strengthened as necessary, 
see 1.1.2. 


4.1.2 A breakwater may be required, see 1.1.7. 


4.2 Strength 


4.2.1 The SWL of the fixed cargo securing fitting is to be 
used as the design load when approving the weld attach- 
ments and the support structure of the fixed cargo securing 
fitting. 


4.2.2 For container securing arrangements, the design 
load when approving the weld attachment and supporting 
structure is to be calculated in accordance with Section 9. 


4.2.3 When considering the loads, all expected directions 
of operation are to be taken into account. 


4.2.4 Stresses induced in the weld attachments, supporting 
structure, cell guides, lashing bridges and other structures 
serving as fixed cargo securing points, determined using the 
design loads as defined in 4.2.1 to 4.2.3, are not to exceed 
the permissible values given in Table 14.4.1. 


Table 14.4.1 Permissible stress values 


Permissible stress, 
N/mm2 


Normal stress (bending, tension, 0,67059 
compression) 


Shear stress 0,405 


Combined stress 0,8669 


Symbols 


specified minimum yield stress, in N/mm? 


E Section 5 
Container securing arrangements 
for stowage on exposed decks 
without cell guides 


5.1 General 
5.1.1 Containers stowed on deck or on hatch covers are 


generally to be aligned in the fore and aft direction (longitudi- 
nally stowed), but alternative arrangements will be considered. 


Part 3, Chapter 14 


Sections 4 & 5 


5.1.2 Containers are to be stowed so that they do not 
extend beyond the ship’s side. Adequate support is to be 
provided where they overhang hatch coamings or other deck 
structures. The stowage arrangements are to be such as to 
permit safe access for personnel in the necessary working of 
the ship, and to provide sufficient access for operation and 
inspection of the securing devices. 


5.1.3 Where containers are stowed on hatch covers, the 
covers are to be effectively restrained against sliding by 
approved type stoppers or equivalent. Details of the locations 
of stoppers relative to the supporting structure are to be 
submitted at an early stage. 


5.1.4 Stanchions and similar structure supporting 
containers and securing devices, such as D-rings for lashings, 
are to be of adequate strength for the imposed loads and of 
sufficient stiffness to minimise any deflection which could lead 
to a reduction in the effectiveness of the securing device. 


5.1.5 In the region forward of 0,75L, additional securing 
devices may be required due to green sea forces, see 8.2.8. 


5.1.6 In general, stowage of heavy containers on top of 
lighter containers is to be avoided, unless validated as being 
satisfactory by an approved onboard lashing program or 
covered by the approved container securing arrangement. 


5.1.7 Regarding the use of fully automatic fittings, the 

following requirements apply: 

(a) For fittings where the locking method requires defined 
clearances between the corner castings and the fixed 
foundations, such fittings are not to be used at the 
lowest tier of a stack which is resting with one side ona 
hatch cover panel and bridging to a container stanchion. 
The same applies if the stack is resting on different hatch 
cover panels or foundations where relative deflection 
during ship operation can occur. 

(o) Ifthe lashing system consists of a combination of fully 
automatic fittings with lashing rods, only internal cross 
lashings are to be used. No external lashings or vertical 
lashings are to be applied, unless the clearance of the 
loose securing fitting under safe working loads is 
insignificantly small. Alternative arrangements will be 
specially considered, taking into consideration the 
clearances of the fittings. 


5.2 Containers in one tier 


5.2.1 Containers are to be secured at their lower corners 
by approved locking devices. 


5:22 Alternatively, containers may be secured by lashings 
fitted diagonally or vertically at both ends of each container, 
in association with cone fittings at each container corner. 


5.3 Containers in two tiers 


5.3.1 Containers are to be secured at their lower corners 
at each tier by approved locking devices. 
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5.3.2 Where the calculations indicate that separation 
forces will not occur at any point in the stack, double stacking 
cones may be fitted at all internal corners of the stack and 
bridge fittings used to connect the tops of the rows in the 
transverse direction. Locking devices are to be fitted at all 
external corners. 


5.3.3 Alternatively, containers may be secured by lash- 
ings in association with stacking cones or, where the 
calculations indicate that separation forces may occur, with 
locking devices. 


5.4 Containers in more than two tiers 


5.4.1 Containers are to be secured at their lower corners 
at each tier by approved locking devices. 


5.4.2 Alternatively, containers may be secured by lashings. 
One or two tiers of lashings may be fitted in association with 
stacking cones or, where the calculations indicate that 
separation forces may occur, with locking devices. 


5.4.3 When lashings are employed, they are usually fitted 
to the bottom corner casting of a container. Proposals to 
attach lashings to the top casting of a container will be 
considered. The reduced strength of the upper corner casting 
compared to the lower corner castings is to be taken into 
account. 


5.4.4 Proposals to use lashings in pairs (para-lash 
arrangements) will be considered. Lashings in pairs are gener- 
ally to be attached one to the bottom corner fitting of the 
upper tier and the other to the top corner fitting of the lower 
tier container. Suitable connections are to be provided at the 
lower ends. The effectiveness of paired lashings is to be taken 
as equal to 1,5 times that of a single lashing. 


5.4.5 Where tiers are fitted at higher levels, they are to be 
secured by locking devices at each corner and each tier. 


5.4.6 Proposals to use horizontal lashings connected to 

lashing bridges will be specially considered. The forces in 

such securing systems are to be determined by direct 

calculations, taking into account the following effects: 

° stiffness of the container walls, the lashings and the 
lashing bridge; and 

° the possible horizontal displacements of the containers 
relative to the lashing bridge due to the clearances of the 
hatch cover stoppers and the container securing fittings. 


5.4.7 When vertical lashings are used in combination with 

container securing fittings, consideration is to be given to the 

vertical clearances between the fittings and the container 
corner castings: 

(a) The lashing assembly is to remain elastic when subject 
to an elongation equating to the number of interface 
fittings fitted below the point where the vertical lashing 
is applied to the stack. In order to avoid overstressing of 
the rod and the turnbuckle, provision of spring or elastic 
elements incorporated into the turnbuckle may be 
advantageous. When lashing from lashing bridge level, 
the number of interfaces is to be counted down to the 
level where the lowest container is resting. The lashing 
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rod is to be fitted to the bottom casting of the container. 
For container securing fittings having design clearances 
in accordance with ISO 3874, a nominal clearance per 
fitting of 10 mm is to be taken to determine the total 
elongation of the lashing system. For fittings having 
clearances in excess of 10 mm, the total elongation is to 
be calculated, taking into consideration the higher clear- 
ances. 

(b) A prototype test is to be carried out to demonstrate that 
the vertical lashing has a safe working load of 150 KN 
when elongated up to the calculated total design 
clearance plus 10 per cent without plastic deformation. 

(c) It is recommended that the load-bearing effect of vertical 
lashing arrangements be explicitly taken into account 
when performing lashing calculations. Where this is not 
done, it is acceptable to allow the permissible calculated 
lifting force to be increased by 150 kN in addition to the 
safe working load of the container securing fitting. The 
nominal lifting force is not to exceed 400 kN at the secur- 
ing fittings below the fitting position of the vertical 
lashing. 


5.4.8 For stowage arrangements incorporating fully auto- 
matic fittings which do not mechanically secure the container 
in pure vertical direction when subject to vertical motions, it is 
to be ensured that no separation occurs under the load cases 
specified in Section 8. In addition, where exposed stacks are 
secured with fully automatic fittings without internal cross 
lashings, provision is to be made to prevent buoyancy forces 
acting on the container which could disengage the 
containers. In this case, the use of effective side screens is 
required. Otherwise, the first tier of containers is to be secured 
by manual or semi-automatic twistlocks. 


5.4.9 If the carriage of one or more tiers of 20 ft containers 
being overstowed with at least one tier of 40 ft containers, the 
so-called ‘Russian Stow Arrangement’, is desired, the 
following requirements apply. 

(a) At the 20 ft gap the containers are to be secured by 
means of midlocks, whereas the fore and aft ends are to 
be secured by twistlocks and if necessary supplemented 
by lashing rods. 

(b) The 40 ft overstow container is to be secured by twist- 
locks or if necessary with a combination of twistlocks 
and lashing rods. The stack is to be assessed in a two- 
step procedure, as follows: 

(i) For location at the 40 ft ends, the entire mixed 
stack is to be considered as a 40 ft stack. The 
weights of the 40 ft containers are to be 
considered in the calculations. For the tiers of 
20 ft containers, the weight of one 20 ft container 
is to be taken as the basis for the calculation at 
each tier. 

(ii) For the location of the 20 ft tiers at the mid-bay 
position, the assessment is to be carried out as 
for an unlashed stack. The 40 ft overstow 
container does not need to be taken into consid- 
eration. 
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5.5 Line Load stowage 


5.5.1 Where the containers are supported on bearers 
placed to distribute the stackweight as Line Loads, the 
following requirements are to be complied with: 

(a) The stack is, in general, to comprise a maximum of two 
tiers of loaded containers. 

(b) The load from the upper tier is to be transferred through 
the container corners. Line loading is not to be used 
between tiers. 

(c) The load on each vertical corner post of the bottom tier, 
calculated in accordance with Section 9, is not to exceed 
one half of the Rated Load of the container. 

(d) Where the calculations indicate that lifting forces may 
occur, locking devices are to be fitted at the container 
corners. 

(e) The clearance below the bottom container corner casting 
is to be such that the stacking cone or equivalent cannot 
be dislodged under shear loading. 


5.5.2 Where an approved Line Load stowage system is 
installed, the special features notation will be suitably 
modified. 


5.6 Systems incorporating structural restraint 


5.6.1 Containers may be secured by the use of a fixed 
structure providing permanent buttresses in association with 
portable frameworks. Proposals to adopt such systems will 
be considered on the basis of the loads developed in the 
structure and the corresponding stresses. 


5.6.2 The framework or other devices securing the 
containers are to be aligned with the container corner fittings 
and any clearance gap is to be kept to the minimum to reduce 
shifting. 


a Section 6 
Container securing arrangements 
for underdeck stowage without 
cell guides 


6.1 General 


6.1.1 Containers are generally to be stowed in holds in 
the fore and aft direction, but alternative arrangements will be 
considered. The securing arrangements are to be designed 
on the basis of the most severe distribution of loads which 
may arise in the container stack. 


6.1.2 Containers may be secured by locking devices only 
or by a combination of locking devices, buttresses, shores or 
lashings. Containers are, in general, to be restrained at every 
corner at the base of the stack and at all intermediate levels. 


6.1.3 Where stacks consist of one or two tiers only, 
consideration will be given to the omission of corner locking 
devices. Containers must, however, be secured by a minimum 
of two corner locking devices. 
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6.1.4 Where the calculations indicate that separation 
forces could occur at any particular level, twistlocks or equiv- 
alent means of securing are to be fitted at that level. 
Elsewhere, consideration will be given to the use of double 
stacking cones. 


6.1.5 Where the calculations indicate that separation 
forces will not occur between containers at any level, consid- 
eration will be given to the use of stacking cones in lieu of 
locking devices throughout. 


6.1.6 Buttresses are generally to be of the tension and 
compression type and are to be provided with means of 
adjustment to ensure tightness when fitted in place. Where 
applicable, the attachment to the ship’s structure is also to 
include means for vertical adjustment of the buttress to match 
container stacks of different heights. 


6.1.7 Shores of the compression-only type may be 
permanently attached to the ship structure or they may be 
hinged or portable. When in place they are to abut the 
container corner fittings with minimal clearance. Means are to 
be provided to prevent slackening of the device. 


6.1.8 Adjacent stacks of containers are to be linked in line 
with buttresses or shores in order to transmit lateral loads. 
The fittings used for these linkages are to be of adequate 
strength to transmit the loads imposed. 


6.1.9 The ship’s structure supporting shores and 
buttresses is to be reinforced as necessary. 


6.1.10 Proposals for alternative securing systems, including 
systems relying on minimal clearance between containers and 
hull structure, will be specially considered. 


6.1.11 Attention is drawn to the safety at work aspects for 
fittings which require operation on top of containers, e.g., 
double stacking cones, bridge fittings, buttresses and shores. 
Where these fittings are used, fall protection is to be provided. 


E Section 7 
Container securing arrangements 
for stowage using cell guides 


7.1 General 


7.1.1 Cell guide systems may be fitted to support 
containers stowed in holds or on exposed decks. 


7.1.2 The cell guides are not to form an integral part of 
the ship’s structure. The guide system is generally to be so 
designed as to keep it free of the main hull stresses. 


7.1.3 Cell guides are to be designed to resist loads 
caused by loading and unloading of the containers, to prevent 
shifting of the containers and to transmit the loads caused by 
motions of the ship into the main hull structure. 
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7.2 Arrangement and construction 


7.2.1 Cell guides are to be of robust construction and 
generally fabricated from steel plate and rolled sections. They 
are to have sufficient vertical extent and continuity to provide 
efficient support to containers. Guide bars are to be effectively 
attached to the supporting structure to prevent tripping or 
distortion resulting from container loading. 


7.2.2 The intersection between cell guide and cross ties 
is to provide adequate torsional stability. 


7.2.8 Intermediate brackets are to be fitted to vertical cell 
guides at suitable intervals. 


7.2.4 The cell guides are to give a total clearance 
between the container and guide bars not exceeding 25 mm 
in the transverse direction and 40 mm in the longitudinal 
direction. The deviation of the cell guide bar from its intended 
line is not generally to exceed 4 mm in the transverse direction 
and 5 mm in the longitudinal direction. 


7.2.5 Athwartship cross ties are to be fitted between cell 
guides at a spacing determined from the loading on the 
guides but, generally, not more than 3,0 m apart. Wherever 
possible, cross ties are to be arranged in line with the corners 
of the containers as stowed and are to be supported against 
fore and aft movement at a minimum of two points across the 
breadth of the hold. Where, however, the maximum fore and 
aft deflection in the cross tie can be shown not to exceed 
20 mm, one support point may be accepted. 


7.2.6 Longitudinal tie bars may be required to be fitted 
where shown necessary by the force calculations for the 
structure. Where fitted, they are to comply with the require- 
ments of 7.2.5. 


7.2.7 Where, at the sides or ends of holds, the guide rails 
are fitted to transverse or longitudinal bulkheads, the bulkhead 
is to be locally reinforced to resist the additional loads. 


7.2.8 If the carriage of 45 ft Euro containers complying 
with EU Directive 96/53 is specified to be carried in 45 ft cell 
guides, attention is to be paid to the arrangement of the 
corner castings, see Fig. 14.7.1. The guide bars need to be 
increased in order to ensure that a minimum design overlap, 
a, of 20 mm is achieved, taking into account the design 
clearances and tolerances defined in 7.2.4. Consideration is 
to be given to the torsional loads being applied to the guide 
bars. 


7.3 Carriage of 20 ft containers in 40 ft cell guides 
in holds 


7.3.1 Where the cell guides are arranged for the carriage 
of 40 ft containers, provision may be made for the installation 
of temporary intermediate cell guides for 20 ft containers. The 
permanent structure is to be designed such that it is suitable 
for either loading pattern. 
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Fig. 14.7.1 45 ft euro container in cell guides 


7.3.2 Alternatively, permanent means for the support of 
20 ft containers at the mid-length of a cell arranged for 40 ft 
containers will be considered. Such means may include the 
following: 

(a) A pillar (inboard) and vertical rest bar (on the longitudinal 
bulkhead) against which the container stack may rest. 
The pillar is to be supported laterally by the deck struc- 
ture over and is to be sufficiently stiff to control lateral 
deflection of the container stacks. 

(b) Guide bars supported transversely by slim structure 
within the gap between containers and with longitudinal 
ties as necessary. 

Details of proposals will be individually considered, taking into 

account the loads on the support structure and the resulting 

deflections. 


7.3.3 Where it is desired to stow 20 ft containers without 
external support at the mid-bay location with or without 40 ft 
overstow, so-called ‘mixed stowage’ arrangements meeting 
the following requirements are applicable: 

(a) Maximum homogeneous container weights for 20 ft 
containers stowed in cell guides with no 40 ft container 
overstowed can be derived from Tables 14.7.1 and 
14.7.2, depending on the transverse acceleration and 
the number of tiers in the stack. 

(b) Maximum homogeneous container weights for 20 ft 
containers stowed in cell guides with at least one 40 ft 
container overstowed can be derived from Table 14.7.3, 
depending on the transverse acceleration and the 
number of tiers in the stack. 

(c) Tables 14.7.1 to 14.7.3 have been derived on the basis 
of all containers in a stack having the same homoge- 
neous weight. Where it is intended to carry 
non-homogeneous mixed stowage stacks, containers 
heavier than specified in Tables 14.7.1 to 14.7.3 can be 
loaded in the lower tiers provided that the total stack 
weight derived from the Tables is not exceeded. 
Furthermore, no container having a weight in excess of 
the maximum weight stated in the Tables is to be stowed 
on top of a lighter container. However, the total accu- 
mulated stack weight derived from the above mentioned 
Tables may be increased by loading the lowest container 
in the stack up to its maximum rated weight. 

(d) Means are to be provided to prevent transverse sliding 
of the bottom of the stacks of 20 ft containers at the 
mid-bay position. This is to be in the form of permanently 
attached chocks at the inner bottom or equivalent. The 
design clearance is to be the same as for the cell guides 
and in accordance with 7.2.4. 
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(e) Stacking cones are to be fitted at each corner between 
tiers of the 20 ft containers to prevent transverse and 
longitudinal sliding. In addition, where a 40 ft container 
is required to be stowed above 20 ft containers, stacking 
cones are to be fitted at the ends of the 40 ft container 
between the 40 ft container and the 20 ft containers 
below. 

(f) The 20 ft containers are to have closed steel walls and 
top (no open frame containers, e.g., tank or bulk 
containers). 

(g) The orientation of the containers is to be such that all 
front ends or door ends are facing in one direction. 

(h) Cones are to be fitted on the inner bottom in way of the 
cell guides to restrain container movement in the 
longitudinal direction. 

(j) |The containers are to be stowed in the hold in block 
stowage. In general, free standing stacks due to 
adjacent empty stacks are to be avoided. 

Proposals for stowage arrangements other than the above 

will be individually considered and are to be accompanied by 

supporting calculations. 


7.4 Cell guide systems on exposed decks 


7.4.1 Analysis methods for the strength of the cell guide 
structure are to take due account of the interactive effects 
between guide structure and supporting deck structure and 
also of the deformation of the hull girder. 


7.4.2 At its lower end the guide structure is to be 
efficiently connected to the deck structure. Cross ties are to 
be arranged between guides in a transverse direction at a 
spacing determined by the loading on the guides but in 
general not more than 3 m apart. Cross-bracing members of 
adequate strength and sufficient number are to be fitted in the 
transverse and longitudinal directions to prevent excessive 
deflection of the guide structure. 


7.4.3 The height of guide bars above the deck is to be 
sufficient to ensure adequate restraint to the uppermost 
container tiers. 


7.4.4 Where the cell guide structure is attached to highly 
stressed hull or deck elements, such as sheerstrakes, special 
attention is to be given to the design of the connection and 
the grade and quality of steel utilised. 


7.5 Entry guide devices 


Zo A device to pre-centre the container and direct it 
into the cell guides is normally to be fitted at the top of the 
guide bars. Such devices include: 

e fixed even peaks, 

e fixed high and low peaks, 

° ‘flip-flop’ systems, 

but other devices will be considered. The device is to be of 
robust construction. 
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Table 14.7.1 Maximum container weights of ISO 1496-1:1990 20 ft containers stowed in 40 ft cell guides with no 
overstow; Container’s rated Weight = 24 t 


Lowest tier transverse Maximum homogeneous container weights, in tonnes 
acceleration 
(= ay/Q), see 8.2.5 


wo 
=A 


4 tiers i 6 tiers 7 tiers i 9 tiers 10 tiers i 12 tiers 


0,350 
0,355 
0,360 
0,365 
0,370 
0,375 
0,380 
0,385 
0,390 
0,395 


0,400 
0,405 
0,410 
0,415 
0,420 
0,425 
0,430 
0,435 
0,440 
0,445 


24,0 | 20,2 17,3 13,4 
24,0 | 20,2 13,3 
24,0 | 13,2 
24,0 | 13,1 
24,0 13,0 
24,0 12,9 
24,0 12,7 9,1 
24,0 12,6 9,0 
24,0 12,5 9,0 
24,0 12,4 8,9 


24,0 12,3 8,9 
24,0 12,1 8,8 
24,0 12,0 8,8 
24,0 11,8 8,7 
24,0 | 11,7 8,7 
24,0 | 11,5 8,6 
24,0 | 11,4 8,6 
24,0 | 4 11,3 8,5 
24,0 4 11,1 8,5 
23,9 | 11,0 


23,7 10,9 8,3 
23,6 | 10,8 8,3 
23,4 10,7 
23,3 10,6 
23,1 10,6 
23,0 10,5 
22,9 10,5 
22,7 10,4 
22,6 10,3 
22,5 10,3 


9,5 
9,4 
9,3 
9,3 
9,2 
9,2 


|=NWMoOoOKROAOOD 


PONNNNNNNDND N 
a ae ae ae ee = =e ee = 


PONNNNNNNDND PY 
w =e =e ee gee > a 


0,450 
0,455 
0,460 
0,465 
0,470 
0,475 
0,480 
0,485 
0,490 
0,495 


PONNNNNNNDND PY 
EE ee ae =e ae ee ee =e n 


0,500 
0,505 
0,510 
0,515 
0,520 
0,525 
0,530 
0,535 
0,540 
0,545 


0,550 
0,555 
0,560 
0,565 
0,570 
0,575 
0,580 
0,585 
0,590 
0,595 


10,2 
10,1 
10,1 
10,0 
9,9 
9,9 
9,8 
9,7 
9,6 
9,6 


9,5 
9,4 
9,3 
9,3 
9,2 
9,1 
9,0 
9,0 
8,9 
8,8 


PONNNNNNNDND PY 
Be Pe Bi Rae Re Re Be Bi Re. 


O+-NNwAWKRIA®NO 


PONNNNNNNDND PY 
ee ee =e ae ee 


0,600 
0,605 
0,610 
0,615 
0,620 
0,625 
0,630 
0,635 
0,640 
0,645 
0,650 


8,8 
8,7 
8,7 
8,6 
8,6 
8,6 
8,5 
8,5 


oo kokoRolonolonkonhononm Lokolokolonononkolonomlohononhonolonolononomolonkolonkolonononkolom olokononkonolononononolokolonkononkononone) 


NNNNNNNNNNN 
Be i E A E o Se ie ca ae N 
OMOO]-=+NNHORRGIDONDOO 


oo 
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Table 14.7.2 Maximum container weights of ISO 1496-1:1990 20 ft containers stowed in 40 ft cell guides with no 
overstow; Container’s rated weight = 30,5 t 


Lowest tier transverse Maximum homogeneous container weights, in tonnes 
acceleration 
(= ay/Q), see 8.2.5 3 tiers 4 tiers i 6 tiers 7 tiers i 9 tiers 10 tiers i 12 tiers 


0,350 30,5 28,1 20,2 17,3 13,4 
0,355 30,5 27,8 | 20,0 13,3 
0,360 30,5 27,6 | 13,2 
0,365 30,5 27,3 | 13,1 
0,370 30,5 27,0 13,0 
0,375 30,5 26,7 12,9 
0,380 30,5 26,4 12; 
0,385 30,5 26,2 12,6 9,0 
0,390 30,5 25,9 12,5 9,0 
0,395 30,5 25,7 12,4 8,9 


9,5 
9,4 
9,3 
9,3 
9,2 
9,2 
9,1 


|=N0OoOKROOO 


© 


Vuy 
œ to 
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Table 14.7.3 Maximum container weights of ISO 1496-1:1990 20 ft containers stowed in 40 ft cell guides with 
overstow 


Lowest tier transverse Maximum homogeneous container weights, in tonnes 
acceleration 
(= ay/Q), see 8.2.5 


A 
a 


jers 5 tiers 6 tiers 7 tiers 8 tiers 


0,400 
0,405 
0,410 
0,415 
0,420 
0,425 
0,430 
0,435 
0,440 
0,445 
0,450 
0,455 
0,460 
0,465 
0,470 
0,475 
0,480 
0,485 
0,490 
0,495 
0,500 
0,505 
0,510 
0,515 
0,520 
0,525 
0,530 
0,535 
0,540 
0,545 
0,550 


24,0 19,6 17,1 15,2 
23,6 19,4 17,0 15,1 
23,3 
22,9 
22,5 
22541 
21,8 
21,5 
21,2 
21,0 
20,8 


ADVT YNN DA D DMN DOMN PY 
BRA AHRAAHRAAHAAHAA 
COOOCCOCOCCOCOCCOOC0O0O 


COODDOTODDODOCOCODOOCOCOCDOOCOCOCO0OO 


NOTE 
AOft overstow containers not included in the number of tiers. 


8.1.3 Forces due to pre-tensioning the securing devices 
need not, in general, be included in the calculation, provided 
that they do not exceed 5 KN in any one item. Special consid- 


a Section 8 eration will be given to cases where forces obtained from 
Determination of forces for pre-stressing are an integral part of the design of the system. 
container securing arrangements 

8.2 Ship motion, wind and green sea forces 

8.1 General acting on containers 

8.1.7 The forces acting in the securing system are to be 8.2.1 The forces acting on each container due to gravity, 

determined for each loading condition and associated set of ship motion accelerations, ship rolling and pitching angles and 

motions of the ship. Although the operation of anti-roll devices wind forces and green sea forces are to be calculated as 
or other systems may improve the behaviour of the ship in a follows. 

seaway, the effect of such devices is not to be taken into 

account to reduce the determination of the forces for 8.2.2 The ship motion amplitude and period for roll and 

container securing arrangements. pitch motions are given in Table 14.8.1. The equations for ship 

; motion accelerations and other motion parameters are given 

8.1.2 The following forces are to be taken into account: in 1.5. These are to be used for the calculation of accelera- 

e — Static gravity forces. a tions to derive the forces for the container securing 

e Inertial forces generated by the ship motions in a seaway. arrangements. Alternatively, the ship motion values may be 

e = Wind forces. l derived by direct calculation methods using the same 

° Forces imposed by the securing arrangements. principles as those used to derive the Rule equations. 

e Wave impact forces and effects of consequential hull 

girder whipping. 
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Table 14.8.1 Ship motions 


Motion Maximum single amplitude, in degrees Period, in seconds 


$ = 55fBk fsp ef 0.0798) 


6 is not to be taken less than fsp 22° but need not exceed 
30° 


1,2 
y = 135017094 ( 0 H ) ) fHsP 


L 


,95 for MC1 
,52 for all other Motion Cases 


y need not exceed 8° 


8.2.3 The following six Motion Cases (MCs) are to be 2. When the green sea force Hg is also 
considered: applicable, the wind force is only to be 
MC1: Head sea case that maximises vertical applied to container í when the wind force Qpi 
acceleration is greater than the green sea force Hg; acting 


on container /. In this case the wind force is to 
be reduced such that the total combined 


MC2: Beam sea case that maximises roll motion 
MC3: Oblique sea case that maximises pitch accel- 


eration green sea and wind force is not greater than 
MC4: Oblique sea case with forward speed that the originally calculated wind force. 
maximises roll motion 3. See also 8.2.6 and 8.2.7. 
MCS: Oblique sea case that maximises combined Hg = green sea force acting on container i, in KN in 
transverse and vertical accelerations transverse direction parallel to deck, positive to 
MC6: Beam sea case that maximises heave acceler- port 
ation = -b C; Pys for port side exposed containers 
Each Motion Case comprises 2 or 4 Motion Combination = b ci Pos for starboard side exposed containers 
Factor (MCF) sets representing an incoming wave crest or Jai = green sea force acting on container i, in kN in 


trough coming from either the port or starboard sides. Each longitudinal direction parallel to deck, positive 


MCF set represents an Equivalent Design Wave (EDW) that forward 
generates response values equivalent to the long-term = -a Cj Pgs 
response values of the critical load components for ship Pg = green sea force acting on container i, in KN in the 
motion forces acting on containers. The Motion Combination upwards direction normal to deck 
Factors are given in Table 14.8.4. = 1,5ab 
where 
8.2.4 The individual force components for each Motion Pgs = green sea pressure in kN/m2, see 8.2.8 and 8.2.9. 
Case due to gravity, ship motions, wind and green seas acting 
on a container į are to be determined as follows, see Figs. 
14.1.1 and 14.9.1: Table 14.8.2 Wind force coefficient Cyt 
Hp, = force acting on container / in KN in transverse 
direction parallel to deck, positive to port Wind force coefficient Cy 
= Way + Hai - - 
Jp; = force acting on container i in kN in longitudinal Incoming wave Incoming wave 
direction parallel to deck, positive forward : from port iromi:starnoard 
, Motion Case (1P and 2P cases) (1S and 2S cases) 
= Wa, + Jai see Note 1 
Pp; = upwards force acting on container / in kN normal to Only applied to the | Only applied to the 
deck port exposed faces | starboard exposed 
= Wa,+Pn of containers, faces of containers, 
eS ae ee see Note 3 see Note 3 
Qp; = wind force acting on exposed container j in KN in 
transverse direction parallel to deck MC1, see Note 2 (0) (0 
= , 2 2 -4 MC2 -8,25 8,25 
ee PNR ete MC3 -7,18 7,18 
Cwr is given in Table 14.8.2 and Cyg is given in he he oe 
Table 14.8.4 MC6 -8,25 8,25 
NOTES 


1. Qrp; is only to be applied when Qp; will increase 
the transverse force Hpi. 


NOTES 
1. For definition of Motion Cases, see 8.2.3. 
2. No wind loads are to be applied to Motion Case MC1. 
3. For definition of exposed faces, see 8.2.7. 
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8.2.5 The total instantaneous acceleration values acting 
on container /, including the static gravitational term, are to be 
taken as: 
e Longitudinal acceleration (parallel to deck, positive 
forward) 
a = Cys Agurge + Cxp Apitch Zi - 9 SIN (Cyg Y) m/s? 
e Transverse acceleration (parallel to deck, positive to port) 
a = Ca — Cyp aro Zi + g Sin (Cyg 6) m/s2 
y yS sway yR ĉroll <i yG 
e Vertical acceleration (normal to deck, positive upwards) 
az = Cp1 (CzH Aheave + Cz Aro Yi — fap CzP Apitch Xi ) - 

g COS (Cxe Y) Cos (Cyg ) m/s2 
where the Motion Combination Factors Cys, Cyp, Cxe, Cys» 
Cyr, Cya: CzH, CzR and Czp for each Motion Case are given in 
Table 14.8.4. 


8.2.6 Wind forces are generally to be based on a maxi- 
mum wind speed, Vw, of 40 m/s. Only positive forces of wind 
pressure are to be applied; suction forces need not be 
included. 


8.2.7 Wind forces are to be taken as acting athwartships 
on the exposed faces of the container stack. Where the air gap 
between adjacent rows of containers does not exceed one 
metre, wind forces on the adjacent inner stack may be taken 
as zero. Where the air gap is 5 m or more, the adjacent inner 
stack is to be treated as fully exposed. Wind forces on the 
inner stack for intermediate air gaps may be obtained by linear 
interpolation, see Fig. 14.8.1. 


Wind exposed, partial wind exposed and protected containers 


tfttttt 


Fig. 14.8.1 Application of wind forces 
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8.2.8 The green sea force is to be applied as follows, see 

Fig 14.8.2: 

e When the transverse force Hp; is acting inwards, the 
green sea force Hg; is to be added to Hp; for each 
container in the lowest three tiers of the outermost two 
stack positions where x, > 0,75L, unless they are 
protected by another container or effective wraparound 
breakwater or equivalent. 

e When the longitudinal force Jp; is acting aftwards, the 
green sea force Jg is to be added to Jp; for each 
container in the lowest three tiers where x, > 0,75L, 
unless the forward end of the container is protected by 
another container or effective breakwater or equivalent. 

e When the vertical acceleration a, > -9,81m/s? (less 
than g), the green sea force Pg; is to be added to Pp; on 
the exposed underside of the lowest outboard container 
where xX, > 0,75L. The underside is considered exposed 
if it is raised above the hatch cover or deck by more than 
0,5 m and not protected by an effective breakwater or 
equivalent. 

NOTE 

In general, Tier 1 position corresponds to lowest tier of 

containers sitting just above the deck and Tier 2 position 

corresponds to the lowest tier of containers sitting just above 

the hatch covers, see Fig. 14.8.2. 


8.2.9 The green sea pressure is given by: 
for L >100 
Pgs = Coi L2 + Ceo L+ Ces kN/m2 but not less than O 
for L < 100, Pgg is to be taken as: 
= 1,5 for Tier 1 
= 1,0 for Tier 2 
= 0,5 for Tier 3 
where 
Cg1, Ceo, Ceg are defined in Table 14.8.3 
Proposals to use other values for green sea forces will be 
specially considered. 


Table 14.8.3 Green sea pressure coefficients 


CG1 


-0,000017 
-0,000020 
-0,000023 
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AAAA 


(a) Green sea loading on lowest three tiers only — Effective breakwaters (Forward and wrap around) 


t 


0,75L 


(b) Green sea loading on lowest three tiers only — No effective breakwater 


Fig. 14.8.2 Example of application of green sea forces 
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a Section 9 
Strength of container securing 
arrangements 


9.1 General 


9.1.1 The securing system is to be designed on the basis 
of the most severe combination of the forces specified in 
Section 8 in such a manner that the resultant forces on the 
containers and securing devices are within allowable limits. 
Where different arrangements of securing devices are 
proposed for different locations on the ship, the forces are to 
be calculated for the most severe condition applicable to each 
arrangement. 


9.1.2 The resultant forces in the containers are not to 
exceed the allowable values given in 9.6. 


9.1.3 The resultant forces in the securing devices and 
supports are not to exceed the allowable working loads for 
which the device has been approved, see Sections 2 and 3. 


9.1.4 The forces in lashing devices, where fitted, are not 
to exceed the allowable safe working loads (SWLs) of the lash- 
ings as determined from Section 3. 


9.2 Applied forces to each container 


9.2.1 The applied forces due to ship motion and environ- 
mental loads acting on each container in the stack in 
accordance with Section 8 are illustrated in Fig.14.9.1 and are 
assumed to be divided equally between the walls of the 
container, as follows: 


Hn; 
H; = transverse force on each end wall = > kN 


Ja: 
longitudinal force on each side wall = a kN 


P, = vertical downwards force at the bottom of each 
-Pbi 
corner post = 7 kN 
Qoi 
Q; = wind force on each end wall = 7 kN 


The subscript i refers to any particular container. 


9.2.2 Forces H; and J; are assumed to act at one third of 
the height of the container above its base. These forces are 
distributed as follows: 


H. ; 
7 (or +) acting at the top of the container, and 


2H; 2J; : 
3B loz acting at the bottom. 


9.2.3 Wind force is assumed to be uniformly distributed 
over the side of the container and is therefore divided equally 
between the top and bottom of the container. 
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9.3 Total resulting forces in an unlashed stack 


9.3.1 Where the stack is supported only by approved 
devices between the tiers of containers and at the base of the 
stack, the total forces in the stack are determined from 
Table 14.9.1. Fig.14.9.1 illustrates the applied forces acting 
on each container and the resulting total forces. 


9.3.2 For exposed stacks forward of 0,75L, see 8.1.4. 


9.3.3 To illustrate this calculation, the equations for 
calculation of the transverse forces only for the three-tier stack 
shown in Fig. 14.9.1 are listed below. For simplicity, the 
equations below do not include the longitudinal forces. The 
complete method to combine longitudinal and transverse 
forces for an unlashed stack is given in Table 14.9.1. 
(a) Transverse racking force in each end wall: 

Tier3: RA% = F3 

Tier2: RA = Fa +Fo 

Tier 1: RAY, = Fa t+Fo+Fy 
(o) Transverse shear force at each bottom corner fitting: 

Tier 3: SFyg = 0,55 (Ha pu Q3) 

Tier2: SFyp = 0,55 (H3 + H2 + Q3 + Qo) 

Tier 1: SFy, = 0,55 (H3 + Hp + Hy + Qg + Qo + Q4) 
(c) Compressive force at bottom of each port side corner 

post (i.e., force on the container below): 


, Fs 
Tier 3: V3 = Po + a (Ca + d3) 


Tier2: Vp2 = P3 + P2 +63 (C3 + Co + d3 + do) + 


Fo 

a (Co + də) 
l Fs 
Tier 1: Voy = Pg +Po+Py+ > (C3 +C + C4 + 


d3 + dp + dh) + 2 (Co + C1 + dp + 


d4) + 4 (c4 + d4) 


(d) Compressive force at bottom of each starboard side 
corner post (i.e., force on the container below): 
Tier3: Veg = P3- a (C3 + d3) 


F. 
Tier 2: Veg = P3 +Po- (C3 + C2 + d3 + da) - 


F. 
-2 (Cp +d) 


Tier 1: V1 


F3 
Pat Poe Py a (C3 + C2 + C4 + 
Fo 
d3 + dy + d4) - y Cateye 


F4 
dı)- z (C1 +04) 


A negative value in equations (c) and (d) indicates a separation 
force at that level. 
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Table 14.9.1 Total resulting forces in each end/side wall of an unlashed stack 


Force Equations for an unlashed stack 


(a) Racking force in end/side wall of container i 


N 
Transverse RAyi = ds Fj kN 
j=i 
where the transverse force at level j is given by 


2H; f Qi Qi 
- z (+1) j (+1) j f 
Fj 3 + 3 + 5 + 5 kN forj<Nand 


Fi 


Longitudinal RA\j 


where the longitudinal force at level j is given by 
2Ji J; 
Gje $ eLa + - kN forj<N and 


Gj 


- i kN forj=N 


(b) Shear force acting at bottom corner device of container i 


N 
Transverse SF; = 0,55 pa (Hj +Q) kN 
j=i 


N 
Longitudinal i = 0,55 >) yj kN 
j=i 


Total shear force A A ISF,i2 + SFy? 


(c) Compressive force in each corner post of container i 


Port fwd 


Port aft 


Starboard fwd 


Starboard aft 


Symbols 


is the height from the bottom of the fitting (e.g., twistlock) below corner post / to the top of container j, in metres 
J 
= > (+o) 
k=i 
is the total numbers of tiers 
is only applied to the exposed container faces 


9.3.4 The transverse displacements of the container õyi is to be calculated for each end wall of the 
stack are to be calculated as follows. The displacement of the container 
top corner of container í under the actions of the applied where 
forces is given by: PAyi = transverse racking force in end wall of container /, 
i RA, see also Table 14.9.1 
og = È (5) mm Ñ 
j= cy z 2 F kN 


j= 
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| 
Ta — 


(i) Applied loads to each container (ii) Resultant applied forces for each container 


(iii) Resultant shear and compressive forces in each end of an unlashed stack 


Fig. 14.9.1 Force derivation at one end of a three-tier stack 


ky = shear spring stiffness of the end wall being 9.3.5 The longitudinal displacements of the container 
considered, see Table 14.9.2. stack are to be calculated as follows. The displacement of the 
top corner of container í under the actions of the applied 

forces is given by: 


Table 14.9.2 Shear spring stiffness of container ; 
i RA, 
walls bj = b (2 ) mm 
j=1 cx 
Schlag Door end Closed and Side wall i is to be calculated for each side wall of the 
ath kN/mm container. 


metres 


16,7 
15,4 
14,3 
13,3 
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9.4 Total resulting forces in a stack incorporating 
lashings 


9.4.1 Where the securing arrangements incorporate 
lashings, proper allowance is to be made for flexibility of the 
system. For this purpose, the following values may be 
adopted: 

(a) Racking deformation of the container. Full scale test- 
ing of containers indicates that values of the shear spring 
stiffness constant (see Fig. 14.9.2) may be taken as in 
Table 14.9.2. 

(o) Horizontal movement of the containers. Initial 
displacement of containers due to tolerances in 
container fittings will be considered in conjunction with 
the stowage arrangement proposed. Generally, initial 
displacement may be neglected in calculation proce- 
dures for conventional stowages. 

(c) Elongation of the lashings. Elongation may be deter- 
mined by reference to an effective cross-sectional area of 
lashing device and an effective modulus of elasticity of 
the lashing (allowance for straightening and stretching), 
which in the absence of actual test values may be taken 
as specified in Table 14.9.3. 


Table 14.9.3 Effective modulus of elasticity of 


lashing devices 


Effective modulus 
of elasticity (E,) 
see 9.5.2 


Lashing equipment 


Steel rod lashings of hook type, including 98 kN/mm? 


turnbuckle 

Short (one tier) steel rod lashings (knob 140 kN/mm? 
type), including turnbuckle and lashing eyes 
Long (two tier) steel rod lashings (knob 175 kN/mm?2 
type), including turnbuckle and lashing eyes 


Steel wire rope lashings 90 kN/mm2 


80 kN/mm? 


Steel chain lashings (based on the nominal 
diameter of the chain) 
Adjustable tension/compression buttress 120 kN/mm2 


To be specially 
considered 


Aluminium or other materials 


9.4.2 Any other element introducing flexibility into the 
structure between the lashing point and the base of the 
container stack is to be evaluated and taken into account, if 
necessary. Examples of this could be flexibility of a lashing 
bridge, sliding of a hatch cover or torsional deformations of 
the hull. 


9.4.3 The following lashing devices may be used: 

e Ashore device or similar that only accepts compressive 
loads, see 6.1.7. This may be modelled in a similar way 
to alashing rod. However, where more than one stack is 
supported by the use of linkages between adjacent 
containers in line with the shore, the calculation model is 
to take this into account. 
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e A lashing bridge to allow lashing devices to be arranged 
high up in the container stack. Where open framework 
systems are fitted on deck to provide structural restraint, 
they are to be designed to absorb the full horizontal 
component of force at that level and to prevent move- 
ment of the container stack. For the purpose of these 
calculations, the deformation of the ship’s structure in 
way of supports may be neglected. 

e A buttress connection or tension/compression device 
that accepts compressive and tensile forces, see 6.1.6. 
These are normally used for hold stowage. Where more 
than one stack is supported by the use of linkages 
between adjacent containers in line with the buttress, the 
calculation model is to take this into account. 


9.4.4 The applied forces due to ship motion and environ- 
mental loads on containers in the stack are to be determined 
in accordance with 9.2. 


9.4.5 The tensile or compressive forces in lashing devices 
supporting the container stack are to be determined in accor- 
dance with 9.5. 


9.4.6 The load system for a four-tier stack of containers 
with transverse upper and lower lashings is illustrated in 
Fig. 14.9.2. The containers and lashings are modelled as a 
system of springs whose stiffness may be calculated and 
hence the equilibrium condition for the system may be found, 
see Fig. 14.9.2(iii). 


9.4.7 The calculations are to be made for each end of the 
container stack, that is, with all door ends together and with 
all closed ends together, and also for each side wall. 


9.4.8 The transverse displacements of the container 
stack are to be calculated as follows. The displacement of the 
top corner of container / under the actions of the applied 
forces and supporting lashing devices is given by: 


yi 5 (=) mm 


j= Koy 


[e7] 
Il 


õyi is to be calculated for each end wall of the 
container, taking into account lashing devices 
attached to the top corner of container / and the 
bottom corner of container (i + 1) 
where 
PAyi = transverse racking force in end wall of container /, 
taking into account lashing rods and otherlashing 
devices attached to the top corner of container / 
and above attached to the end wall being 
considered, see also Table 14.9.4 
N R 
= LA + L Thy kN 
j=i r=1 
Ky = shear spring stiffness of the end wall being 
considered, see Table 14.9.2 
TLy = force in lashing device r, measured in the 


transverse direction, see 9.5. 
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(i) Example of single and doub 
cross lashings 


(ii) Modelling of the resultant stack system 


iii) Equivalent stiffness model 


Shear spring stiffness of end walls 


3 


Transverse spring stiffness of 
. W * lashing rods 


Example of lashings at one end of a four-tier stack 


9.4.9 The longitudinal displacements of the container 
stack are to be calculated as follows. The displacement of the 
top corner of container / under the actions of the applied 
forces and supporting lashing devices is given by: 


by = 3 (=) mm 


j=1 Kox 


3x) is to be calculated for each side wall of the 
container, taking into account lashing devices 
attached to the top corner of container į and the 
bottom corner of container (i + 1). 


9.4.10 — The final distribution of forces in the stack is to be 
obtained by equating the total transverse displacements of 
the container stack 5,; due to the applied loads with the trans- 
verse elongations in the attached lashing devices €_y-. This is 
illustrated in Fig. 14.9.2. Hence, at each lashing device, the 
following equation is to be satisfied: 
Syi = Eļyr MM 
where 
Ely, = elongation or strain in the transverse direction in 
the lashing device, in mm. 


9.4.11 The equations for deriving the total forces in the 
stack with lashings are given in Table 14.9.4. The final 
distribution of forces in a stack can also be solved using 
matrix methods. 


9.4.12 — Similar calculations are to be applied in the longitu- 
dinal direction if any lashing device will resist longitudinal 
forces. For such lashings, the fixed lashing plates are to be 
suitably arranged to accommodate the additional forces due 
to the fore and aft inclination of the lashing rods. In addition, 
the design of the lashing rod head should be suitable for the 
angle of inclination of the lashing rod. 


9.4.13 The above stiffness model assumes that the secur- 
ing devices between tiers of containers are capable of 
resisting negative (separation) forces. That is, where separa- 
tion forces are found, suitable locking devices are assumed 
to be fitted and transmitting load. When this is not the case, 
special consideration of the vertical displacements of the 
corners and forces in the lashing devices is necessary. 
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Table 14.9.4 Total resulting forces in each end/side wall of a lashed stack 


Force Equations for lashed stack 


(a) Racking force in end/side wall of container / 
Taking into account lashing rods and other lashing devices attached to the top corner of container į and above 


N R 
Transverse PA = L F+ X Thy KN 
j=i r=1 
To be evaluated for each end wall of the container taking into account lashing devices attached to the wall being 
considered 


N R 
Longitudinal RA = X G+ DL Thy kN 
j=i r=1 


To be evaluated for each side wall of the container taking into account lashing devices attached to the wall being 
considered 


(b) Shear force acting at bottom corner device (or similar) of container i 
Taking into account lashing rods and other lashing devices attached to the bottom corner of container į and above 


N R 
Transverse SFy, =0,55 È (Hj +Q)+0,55 È TLy, kN 
j=i r=1 
To be evaluated for each end wall of the container, taking into account lashing devices attached to the wall being 
considered 
N R 
Longitudinal SF =0,55 2 (J) +0,55 È Thy, kN 
j=i r=1 
To be evaluated for each side wall of the container, taking into account lashing devices attached to the wall being 
considered 


Total shear force SF; = al SFyj2 + SF? kN 


To be evaluated for each corner 


(c) Compressive force in each corner post of container i 
Taking into account lashing rods and other lashing devices attached to the top corner of container į and above. The lashing device 
forces appropriate to the wall and corner are to be taken into account 


N 4 
Port fwd =} P -5 G 
j=i j=i j=i 
N 4 R 
Port aft => P “hi hy + > Thy si 
j=i j=i j=i r=1 
N 1 R 
Starboard fwd =>; Fi Ae > ih + > TL, si 


=i j=i j=i r=1 


N R 
Starboard aft =>P ihi- s È Ghe+ È TL; si 


; an ; 
=i =i r=1 


(d) Compressive/lifting force at the bottom fitting of each corner post of container i 
Taking into account lashing rods and other lashing devices attached to the bottom corner of container į and above. The lashing device 
forces appropriate to the wall and corner are to be taken into account. The equations for the ‘Compressive force in each corner post’ 
R 
are applied except that the lashing rods attached to the bottom of the container are included. This only affects the x TL; sin8, term 
r=1 


Symbols 


is the height from the bottom of the lower corner device of container / to lashing point r, in metres 
is the total number of lashing devices 
is only applied to the exposed container faces 
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9.5 Forces in the lashing devices 


9.5.1 The tensile or compressive force in a lashing device 
is given by: 

TL, = & Ki, KN 
The lashing device force in the positive transverse direction 
(i.e., positive to port) is given by: 

Thy = Er Klr COSOLy SINOL yy, KN 
The lashing device force in the positive longitudinal direction 
(i.e., positive forwards) is given by: 

TLy = Er Ki, COS), SİNO yy, KN 
where 


kų, = Stiffness of lashing rod or device r, in kN/mm, see 
9.4.1. 


9.5.2 The stiffness of a lashing rod may be derived as 
follows: 
E, Ar 


l 


if E and A, are specified otherwise k,, may be 
directly specified 
E, = effective modulus of elasticity, see Table 14.9.3 
A, = cross-sectional area of lashing device 
For a para-lash arrangement, where two lashing devices are 
modelled as a single device, the effective area is to be taken 
as 1,5 times the area of one device. If each device in a para- 
lash arrangement is modelled, the effective area for each 
device is to be taken as 0,75 times the area of the single 
device. 
€,, = total elongation, in mm, of lashing rod or device r 


er = Vk ôx)? + Uy 8yo)? + Uy + Bin)? -1 

O for a lashing rod device 

O for a shore device (compression-only device), see 

6.1.7 

Lr can be negative or positive for a buttress lashing 
connection or tension/compression lashing device, 
see 6.1.6 

iy = 1-1 if lashing device is connected to the bottom of 

the container 
iy = İ if lashing device is connected to the top of the 


kN/mm 


kir 
A 


Elr 


IA IV 


container 

lą = longitudinal distance of lashing foundation from 
container corner fitting, in mm, positive forward 

ly = transverse distance of lashing foundation from 


container corner fitting, in mm, positive to port 
l, = vertical separation of lashing foundation from 
container corner fitting, in mm, positive downwards 


I, = length of lashing rod or device, in mm 
= \ (x)? + (ly)? + (1)? 
ô = total longitudinal racking deflection of the top 
corner of container /, in mm 
öy; = total transverse racking deflection of the corner of 
container /, in mm 
6,; = total vertical displacement of the bottom corner of 
container /, in mm 
©, = angle of the lashing rod r in the vertical plane 
A 
Oi, = tan! degrees 
beaks 
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NOTE 
Or is 90° when /, and J, are both zero 
Bir = angle of the lashing rod r in the xy plane (projection 


onto the horizontal plane) 


= tan! (+) degrees 
I 
Use the atan2 function to maintain sign of angle. 

81 xyr IS 0° when J, is positive and Jy is Zero, 0, xyr ÎS +90° 
when J, is O and Jy is positive, O} xyr is -90° when J, is O 
and ly is negative. 


9.5.3 Where external support is provided by a buttress or 
shore, the load is to be transmitted between adjacent stacks 
by linkages in line with the support. The force in the transverse 
end wall members of the containers adjacent to the support is 
given by: 


Fp i N 1 ) kN and the force in the linkage to the adjacent 


container is Fp rae kN 


where 
Fp = Calculated force in the buttress or shore, in kN 
N = number of rows of containers supported by the 
buttress or shore. 
9.6 Allowable forces on containers 
9.6.1 For ISO containers, the securing arrangements are 


to be designed so that the forces on the containers do not 
exceed the values shown in Table 14.9.5. The maximum 
forces for ISO 1496-1: 1990 including Amendment Nos. 1, 2 
and 3 containers are illustrated in Fig. 14.9.3. Proposals to 
carry out the lashing calculations for containers manufactured 
in accordance with ISO 1496-1:1990/Amendment No. 4, 
2006 will be specially considered. 


9.6.2 The allowable forces for containers of other dimen- 
sions, e.g., 24 ft, 48 ft and 53 ft, will be determined on the 
basis of the values in Table 14.9.5 and of the forces for which 
the container has been certified. 


9.6.3 Where 45 ft containers in accordance with 
ISO 1496-1:1990/Amendment No. 4, 2006 are stowed on top 
of a 40 ft container, the corner post load of the top castings of 
the 45 ft container is not to exceed a compression force of 
404 kN. Consideration should be given to the strength of the 
container bottom structure to withstand the forces trans- 
mitted. No lashings are to be applied to the ends of the 45 ft 
container if stowed on top of a 40 ft unit. 
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Table 14.9.5 Allowable forces on ISO containers 


ISO 1496-1:1990 including up to Amendment No. 3 
20ft AOft 


Horizontal force from a container fitting acting parallel to the side face 150 150 


Horizontal force from lashing on container fitting acting parallel to the end face, 225 225 
see Note 1 


Vertical force from lashing on container fitting acting parallel to the end or side 250 250 
face, see Note 1 


Racking force on container end 150 150 


Racking force on container side 150 150 


Vertical forces at each top corner, tension 250 250 
Vertical forces at each bottom corner, tension 250 250 
Vertical forces at each top corner post, compression 848 848 


Vertical forces at each bottom corner casting of the lowest container in a stack, 848 + (1,8Rg/4) 848 + (1,8Rg/4) 
compression see Note 3 see Note 3 


Transverse forces acting at the level of and parallel to the top face, tension or 340 340 
compression, see Note 2 


Transverse forces acting at the level of and parallel to the bottom face, tension 500 500 
or compression, see Note 2 


NOTES 
1 In no case is the resultant of the horizontal and the vertical forces to exceed the limiting values derived from Fig. 14.9.3(a).The horizontal 
and vertical forces are the maximum components of a diagonal force and are not to be used as the maximum load if horizontal or vertical 
lashings are employed. 

Where a buttress supports the stack at an intermediate level, the total transverse force in the containers at the level is not to exceed the 
sum of the appropriate top and bottom forces. 

The vertical compression force on the lower corner casting on the closed end of the lowest container may exceed 848 + (1,8Rg/4) kN, 
provided the following conditions are complied with: 

(a) The vertical compression force acting on the lowest container from the container above does not exceed 848 kN. 

(b) The horizontal racking force acting on the lowest container from the container above does not exceed 150 kN. 

(c) The local ship side or hatch cover container foundation is designed and approved for the increased design compression force. 

(d) The loose bottom container securing fittings should have a contact area fulfilling the requirements of 3.2.5. 
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20 ft or 40 ft containers 20 ft or 40 ft containers 


150 ky (b) Racking loads 
(a) Corner casting lashing loads 20 ft (40 ft) container, tension or compression 


ee aol 20 ft or 40 ft 


848 KN + 
(1,8 Rg/4) ie 


(c) Vertical corner pull-out and compressive forces (d) Transverse compressive forces 


Fig. 14.9.3 
Allowable forces for 20 ft or 40 ft containers constructed to ISO 1496-1:1990 including Amendment Nos. 1, 2 and 3 


10.1.2 The Surveyor is to be satisfied that the materials, 
workmanship and arrangements are satisfactory and in 
accordance with the requirements and the approved plans. 
l] Section 10 Any items found not to be in accordance with the require- 
Surveys ments or the approved plans, or any material, workmanship or 
arrangements found to be unsatisfactory are to be rectified. 


10.1 Initial Survey 


10.1.1. The following requirements are mandatory for fixed 
fittings, including cell guides, if fitted, on all ships. For ships 
having a CCSA class notation the requirements are also 
applicable for loose fittings. 
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10.1.3 A Register or plan is to be kept on board and up to 
date, and is to be made available to the Surveyor upon 
request. The Register or plan is to contain sufficient details to 
enable all fittings to be identified, including: 

° a simple sketch; 

the name of the item; 

the number supplied; 

the manufacturer’s mark or code; and 

the safe working load with the corresponding breaking 
load. 


10.1.4 For container securing arrangements, a suitable 
Container Stowage Arrangement Plan is to accompany the 
Register. Where containers of types other than ISO containers 
are proposed to be carried, their stowage locations are to be 
clearly indicated on the plan. 


10.1.5 The Register and stowage plans, if applicable, may 
be included in the Cargo Securing Manual. 
10.2 Periodical Surveys 


10.2.1 For the requirements for Periodical Surveys, see 
Pt 1, Ch 3,2.2 and Pt 1, Ch3,5.3. 
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Section 

1 General 

2 Application 

3 Particulars to be submitted 

4 Requirements of Parts 1 and 2 of the Scheme 

5 Additional requirements for Part 2 of the 
Scheme 

6 Initial assessment of the shipyard 


7 Approval of the shipyard 
8 Maintenance of approval 


9 Suspension or withdrawal of approval 


E Section 1 
General 


1.1 Definitions 


1.1.1 Quality Assurance Scheme. Lloyd’s Register’s 
(hereinafter referred to as ‘LR’) Quality Assurance requirements 
for the hull construction of ships are defined as follows: 

e Quality Assurance. All activities and functions concerned 
with the attainment of quality including documentary 
evidence to confirm that such attainment is met. 

e Quality system. The organisation structure, responsibilities, 
activities, resources and events laid down by Management 
that together provide organised procedures (from which 
data and other records are generated) and methods of 
implementation to ensure the capability of the shipyard 
to meet quality requirements. 

e Quality programme. A documented set of activities, 
resources and events serving to implement the quality 
system of an organisation. 

e Quality plan. A document derived from the quality 
programme setting out the specific quality practices, 
special processes, resources and activities relevant to a 
particular ship or series of sister ships. This document 
will also indicate the stages at which, as a minimum, 
direct survey and/or system monitoring will be carried 
out by the Classification Surveyor. 

e Quality control. The operational techniques and activities 
used to measure and regulate the quality of hull 
construction to the required level. 

e Inspection. The process of measuring, examining, 
testing, gauging or otherwise comparing the item with 
the approved drawings and the shipyard’s written 
standards including those which have been agreed by 
LR for the purposes of classification of the specific ship 
type concerned. 

e Assessment. The initial comprehensive review of the 
shipyard’s quality systems, prior to the granting of 
approval, to establish that all the requirements of these 
Rules have been met. 


Part 3, Chapter 15 


Sections 1 & 2 


e Audit. A documented activity aimed at verifying by 
examination and evaluation that the applicable elements 
of the quality programme continue to be effectively 
implemented. 

e Hold point. A defined stage of manufacture beyond 
which the work must not proceed until the inspection 
has been carried out by all the relevant personnel. 

e — System monitoring. The act of checking, on a regular 
basis, the applicable processes, activities and associ- 
ated documentation that the Shipbuilder’s quality system 
continues to operate as defined in the quality 
programme. 

e Special process. A process where some aspects of the 
required quality cannot be assured by subsequent 
inspection of the processed material alone. Manufacturing 
special processes include welding, forming and the 
application of protective treatments. Inspection and 
testing processes classified as special processes include 
non-destructive examination and pressure and leak 
testing. 


1.2 Scope of the Quality Assurance Scheme 


1.2.1 This Chapter specifies the minimum Quality System 
requirements for a shipyard to construct ships under LR’s 
Quality Assurance Scheme. 


1.2.2 For the purposes of this Chapter of the Rules, hull 
construction comprises the hull structure; containment 
systems, including those which are independent of the main 
hull structure; appendages; superstructures; deckhouses; 
and closing appliances all as required by the Rules. 


1.2.3 Although the requirements of this Scheme are, in 
general, for steel ships of all welded construction, other 
materials for use in hull construction will be considered. 


a Section 2 
Application 


2.1 Certification of the shipyard 


2.1.1 LR will give consideration to a shipyard’s Quality 
Assurance System provided, at all times, there is full commit- 
ment by all the shipyard personnel to the implementation and 
maintenance of this system. On satisfactory completion of 
assessments and audits LR will issue certificates of approval 
to the shipyard as indicated in 2.1.2. 


2.1.2 LR’s Quality Assurance Scheme comprises: 

Part 1 The requirements of the Quality System for hull 
construction which are applicable to shipyards 
operating a quality programme but not necessarily 
constructing to LR’s Class. Certificates of 
approval valid for three years will be issued, with 
intermediate audits at intervals of 6 months. 
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Part 2 The Quality System requirements for hull 
construction for application to ships under 
construction to LR’s Class as part of the Special 
Survey. LR’s particular requirements for construc- 
tion of ships to its Class, and the continuous 
involvement in the hull construction process by a 
combination of direct survey and systems 
monitoring by LR’s Surveyors, are provided for by 
Part 2. Where LR considers that there is a stage 
in construction at which a high degree of direct 
inspection by the Surveyors is desirable, this 
stage will be described on the Part 2 Approval 
Certificate. 

Certificates of approval for Part 2 will be valid for one year, 

and will be issued after satisfactory assessment/audit carried 

out at a suitable stage during construction to LR’s Class. 

Part 1 certification will automatically be issued, or re-issued 

as applicable, on attainment of Part 2 approval. 


2.1.3 Chemical carriers with cargo tank structure of 
material other than carbon manganese steel and the cargo 
containment system on ships for liquefied gases will be 
specially considered. The procedure relating to the construc- 
tion of such structure on chemical carriers and liquefied gas 
containment systems is to be separately prescribed in the 
Quality Plan which will be subject to approval by LR. 


2.1.4 The Quality System at a shipyard will be examined 
for compliance with these Rules by the assessments and 
audits as laid down in Sections 4, 5 and 6. Initial and 
periodical approval of the system will be considered by the 
Committee on receipt of satisfactory assessment and audit 
reports. 


2.1.5 All information and data submitted by a Shipbuilder 
for approval under this Scheme and for maintenance of 
approval will be treated by LR in strict confidence and will not 
be disclosed to any third party without the prior written 
consent of the Shipbuilder. 


2.1.6 A list of shipyards approved under the Scheme will 
be held in the List of Shipyards Approved to the Requirements 
of the Quality Assurance Scheme. 


E Section 3 
Particulars to be submitted 


3.1 Documentation and procedures 


3.1.1 Under either Part of the Scheme, the documenta- 
tion to meet the requirements of Section 4 is to be submitted. 
This documentation includes the Quality Manual, Quality 
Plans, documented procedures and work instructions. 


3.1.2 Additionally, under Part 2 of the Scheme the 
documentation to meet the requirements of Section 5 is to be 
submitted for approval. Construction plans and all necessary 
particulars are also to be submitted for approval in accordance 
with the relevant requirements of the Rules, see Pt 1, Ch 2,3.2.1. 
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3.2 Amendments 


3.2.1 Any major changes to the documentation or proce- 
dures required by Sections 4 or 5 are to be re-submitted. 


E Section 4 
Requirements of Parts 1 and 2 of 
the Scheme 


4.1 General 


4.1.1 The requirements of this Section are applicable to 
shipyards seeking approval under Parts 1 and 2 of the 
Scheme. 


4.2 Policy statement 


4.2.1 A policy statement, signed by the Chief Executive 
of the shipyard concerned, confirming the full commitment of 
all levels of personnel in the shipyard to the implementation 
and sustained operation of quality assurance methods is to 
be included in the Quality Manual. 


4.3 Responsibility 


4.3.1 Personnel responsible for functions affecting 
quality are to have defined responsibility and authority to 
identify, control and evaluate quality. 


4.4 Management Representative 


4.4.1 The Shipbuilder is to appoint a Management 
Representative, who is to be independent of other functions 
unless specifically agreed otherwise by LR, and who is to have 
the necessary authority and responsibility for ensuring that the 
requirements of the Scheme are complied with. 


4.4.2 The Management Representative is to have the 
authority to stop production if serious quality problems arise. 


4.5 Quality control and testing personnel 


4.5.1 The Shipbuilder is to utilise quality control and 
testing personnel whose performance and continued freedom 
of influence from production pressures is to be systematically 
confirmed by the Management Representative. 


4.6 Resources 
4.6.1 Sufficient resources shall be provided by the ship- 


yard to enable the requirements identified by the Quality 
Management System to be effectively implemented. 
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4.7 The Quality Management System 


4.7.1 The Shipbuilder is to establish, document and 
maintain an effective Quality Management System that will 
ensure and demonstrate that materials and consumables 
used, and working processes employed, conform to the 
requirements for hull construction. 


4.7.2 Quality Manual. The basic documentation is to be 
in the form of a Quality Manual which sets out the general 
quality policies and which references the detailed procedures, 
standards, etc., and includes the requirements of 4.2 to 4.24 
and, where appropriate, 5.1 to 5.10. 


4.7.3 Procedures. The Shipbuilder is to establish, docu- 
ment and maintain an adequate and defined control of the hull 
construction process comprising: 

(a) defined and documented controls, processes, proce- 
dures, tolerances, acceptance/rejection criteria and 
workmanship standards; and 

(b) the provision of Quality Plans for each ship or series of 
sister ships for the processes and procedures for 
manufacture, inspection and testing involved from 
receipt of material through to completion of the hull 
construction process. 


4.7.4 Work instructions. The Shipbuilder is to develop 
and maintain clear and complete documented work 
instructions for the processes and standards involved in the 
construction of the hull. Such instructions are to provide 
directions to various levels of personnel. 


4.8 Regulatory requirements 


4.8.1 The Shipbuilder is to establish that the requirements 
of all applicable Regulations are clearly specified and agreed 
with the Owner/Classification Society/Regulatory Authority. 
These Regulations are to be made available for all functions 
that require them and their suitability is to be reviewed. 


4.8.2 The Shipbuilder is to establish a design verification 
procedure to ensure that the regulatory requirements have 
been incorporated into the design output. 


4.9 Control of hull drawings 


4.9.1 The Shipbuilder is to establish, document and 
maintain a procedure for the submission to the Classification 
Society and other regulatory bodies of all the necessary 
drawings required for approval sufficiently early and in such a 
manner that the requirements of the Classification Society and 
other regulatory bodies can be included in the design before 
construction commences. This procedure is to include a 
provision which ensures that all amendments to approved 
drawings are incorporated in the working drawings and that 
design revisions are re-submitted for approval. 


Part 3, Chapter 15 


Section 4 


4.10 Documentation and change control 


4.10.1 The Shipbuilder is to establish a procedure to 

ensure that: 

a) valid drawings, specifications, procedures, work instruc- 
tions and other documentation necessary for each 
phase of the fabrication process are prepared; 

b) all necessary documents and data are made readily 
available at all appropriate work, testing and inspection 
locations; 

c) all amended drawings and changes to documentation 
are processed in a timely manner to ensure inclusion in 
the production process; 

d) records are maintained of amendments and changes to 
documentation; and 

e) provision is made for the prompt removal or immediate 
identification of all superseded drawings and documen- 
tation throughout the shipyard. 


4.11 Purchasing data and receipt 


4.11.1. The Shipbuilder is to maintain purchasing documents 
containing a clear description of the materials ordered for use 
in hull construction and the standards to which material must 
conform, and the identification and certification requirements. 


4.11.2 For the requirements for receiving inspection of 
purchased items, see 4.15. 


4.12 Owner supplied material 


4.12.1 The Shipbuilder is to have procedures for the 
inspection, storage and maintenance of Owner supplied 
materials and equipment. 


4.13 Identification and traceability 


4.13.1 The Shipbuilder is to establish and maintain a 
procedure to ensure that materials and consumables used in 
the hull construction process are identified (by colour-coding 
and/or marking as appropriate) from arrival at the shipyard 
through to erection in such a way as to enable the type and 
grade to be readily recognised. The procedure is to ensure 
that the Shipbuilder has the ability to identify material in the 
completed vessel and ensure traceability to the mill sheets. 


4.14 Fabrication control 


4.14.1 The Shipbuilder is to establish, document and 
maintain suitable procedures to ensure that fabrication and 
construction operations are carried out under controlled 
conditions. Controlled conditions are to include: 

(a) clearly documented work instructions defining material 
treatment, marking, cutting, forming, sub-assembly, 
assembly, erection, fitting of closing appliances, use of 
fabrication aids and associated fit-up, weld preparation, 
welding and dimensional contro! procedures; 
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(o) criteria for workmanship and manufacturing tolerances. 
These are to be documented in a clear manner and 
made available to the appropriate workforce, and are to 
include acceptance/rejection criteria; and 

(c) documented instructions for the control of equipment 
and machines used in fabrication. These are to be made 
available to the appropriate workforce and supplied to 
individuals where necessary. 


4.14.2 The Shipbuilder is to establish and control 
welding, non-destructive examination and painting which are 
part of the fabrication system, the equipment used in such 
processes and the environment in which they are employed. 
Operators of these special processes are to be properly 
qualified. Details of these processes are to be included in the 
relevant Quality Plans. 


4.14.3 A list of approved welding procedures is to be 
maintained and made available to relevant personnel. Records 
of the results of testing for approval are also to be maintained. 
Lists of appropriately qualified welders are to be maintained. 
Procedures for distribution and recycling of welding consum- 
ables are to be implemented. 


4.14.4 The Shipbuilder is to establish, document and 
maintain adequate maintenance schedules and standards for 
all equipment associated with the hull construction process. 


4.15 Control of inspection and testing 


4.15.1 The Shipbuilder is to be responsible for ensuring 
that all incoming plates, sections, castings, components, 
fabrications and consumables and other materials used in the 
hull construction process are inspected or otherwise verified 
as conforming to purchase order requirements. 


4.15.2 The Shipbuilder is to provide an inspection system 
at suitable stages of the fabrication process from the material 
delivery to the completion of hull construction. The inspection 
system is to confirm and record the inspections carried out. 


4.16 Indication of inspection status 


4.16.1 The Shipbuilder is to establish and maintain a 
system for identifying the inspection status of structural 
components at appropriate stages of the fabrication process. 
This may include the direct marking of components. Records 
of inspection and measurements are to be identifiable to 
components to which they refer and be readily accessible to 
production and inspection personnel and to Classification 
Surveyors. 


4.17 Inspection, measuring and test equipment 


4.17.1. The Shipbuilder is to be responsible for the control, 
calibration, and maintenance of the inspection, measuring and 
test equipment used in the fabrication and non-destructive 
examination of the hull structure. 
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4.17.2 The calibration system is to allow traceability back 
to appropriate National Standards. Where these do not exist 
the basis of calibration is to be defined. 


4.18 Non-conforming materials and corrective 
action 


4.18.1 | The Shipbuilder is to establish and define proce- 

dures to provide for: 

(a) the clear identification and segregation from production 
areas of all plates, sections, castings, components, 
fabrications, consumables and other materials which do 
not conform to the agreed specification; and 

(b) the initiation of authorised corrective or alternative action. 


4.19 Protection and preservation of quality 


4.19.1 The Shipbuilder is to establish and maintain a 
procedure to control handling and preservation processes for 
both the material used in fabrication and the structural 
components at all stages of the fabrication process. This 
procedure is to ensure conformance to specified requirements 
and established standards. 


4.19.2 Welding consumables are to be stored, handled 
and recycled according to maker’s recommendations. 


4.20 Records 


4.20.1. |The Shipbuilder is to develop and maintain records 
that demonstrate achievement of the required quality and the 
effective operation of the Quality System. Records demon- 
strating sub-contractor achievement of these requirements 
are to be maintained. These records are to be retained and 
available for a defined period. These records are to include 
identification of materials and consumables used in fabrica- 
tion, the number and class of defects found during fabrication 
and information regarding corrective action taken. Records of 
particular processes, e.g. plate surface preparation and 
priming, marking, cutting, forming, accuracy control, non- 
destructive examination, audits and all other records 
pertaining to the operation of the Quality System are also to 
be maintained. 


4.21 Internal audit and management review 


4.21.1 Internal audits of the performance of all aspects of 
the systems relating to design, production and testing are to 
be carried out systematically by appointed staff and recorded 
under the authority of the Management Representative. These 
staff members will not normally audit functions for which they 
are directly responsible. 


4.21.2 Using data obtained from the audits and any other 
available relevant information, management reviews are to 
take place at specified intervals or more frequently as deemed 
necessary in order to review the performance of the Quality 
System. 
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4.21.3. The Shipbuilder is to establish, document and 
maintain a procedure for corrective application of data feed- 
back from previous construction, including previous ships 
during the guarantee period. 


4.21.4 The Shipbuilder is to establish, document and 
maintain a procedure to provide for the analysis of departures 
from manufacturing standards, steel material scrapped, 
reworked or repaired during the fabrication and construction 
process in order to detect trends, investigate the cause to 
determine the action needed to correct the processes and 
work procedures, or to identify the further training of opera- 
tors as appropriate. 


4.21.5 Agreed improvements to the Quality System are to 
be implemented within a time scale appropriate to the nature 
of the improvement. 


4.22 Training 


4.22.1 The Shipbuilder is to establish and maintain a 
system to identify training needs and ensure that all personnel 
involved in the fabrication, erection and quality-involved 
functions have adequate experience, training and qualifica- 
tions. This requirement extends to sub-contractor personnel 
working within the shipyard. Records are to be available to the 
Classification Surveyor. 


4.23 Sampling 


4.23.1 Any sampling processes used by the Shipbuilder 
are to be in accordance with specified or Statutory Require- 
ments or to the satisfaction of the Classification Surveyor as 
applicable. 


4.24 Sub-contracted personnel, services and 
components 


4.24.1 | The requirements of the Scheme are applicable, as 
appropriate, to all sub-contractor personnel and sub- 
contracted services operating within the shipyard. 


4.24.2 The requirements of the Scheme are not applicable 
to sub-contractor personnel or sub-contracted services 
operating at locations outside the shipyard. In these circum- 
stances it will be necessary for inspections to be carried out 
by the LR Surveyor using conventional survey methods. 


E Section 5 
Additional requirements for Part 2 
of the Scheme 


5.1 Quality System procedures 


5.1.1 The procedures detailed in 4.7 are to be submitted 
for approval. 


Part 3, Chapter 15 


Sections 4 & 5 


5.2 Quality Plans 


5.2.1 Quality Plans for ships which are to be classed by 
LR are to be submitted for approval well in advance of 
commencement of work, irrespective of any submissions that 
may have been made for sister ships under Part 1 of the 
Scheme. Such Quality Plans are to outline all of the manufac- 
turing, testing and inspection operations to be performed by 
the Shipbuilder and by which personnel they will be carried 
out. The Quality Plans are then to be submitted to the LR 

Surveyors who will indicate all the stages at which they will 

perform system monitoring, carry out direct inspection and 

participate in hold point inspections. These hold points will 
include, but not be limited to, the following: 

(a) Radiographs and other test records of non-destructive 
examinations as required for Classification purposes, 
see Ch 13,2.12 of the Rules for Materials. 

(b) The items described in Ch 1,8 relevant to the scope of 
this Chapter. 


5:2:2 Notwithstanding what may have been agreed in the 
Quality Plans, the LR Surveyors have the discretion to 
increase their involvement, see also 8.1.5. 

5.3 Material supplier approval 

5.3.1 The Shipbuilder is to ensure that hull construction 
materials and consumables used are selected from manufac- 
turers who are approved by LR. 

5.4 Identification and traceability 

5.4.1 The procedure required by 4.13.1 is to be submit- 
ted for approval. 


5.5 Fabrication control 


5.5.1 The information required by 4.14.1(b) will be 
examined for acceptability. 


5.5.2 Procedures for material treatment, forming, weld 
preparation and welding are to be submitted for approval. 


5.5.3 Procedures required by 4.14.3 are to be submitted 
to the LR Surveyors for approval. 
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5.6 Control of inspection and testing 


5.6.1 The inspection stages incorporated into the 
Scheme are to include specific checks for fit-up and welding 
which are to be carried out at each sub-assembly, assembly, 
pre-erection and erection stage as well as self-checking by 
the operator. The number of recorded checks at each stage 
will be agreed with the LR Surveyor, after consideration of 
documentary evidence of quality being achieved. Repairs, 
where required, are to be effected after each check. Collated 
Quality Control data to demonstrate the efficiency of the 
above self-check system are to be made available to the LR 
Surveyor by the Shipbuilder. The Quality Plans referred to in 
4.7.3(6) provide the opportunity for the Shipbuilder and the 
LR Surveyor to consider the structural design and ship type 
fully in order to determine the most efficient and effective 
inspection stages. 


5.7 Control of non-conforming materials and 
corrective action 


5.7.1 All predetermined repair procedures are to be 
consistent with the requirements of 4.7.3(a) and are to be to 
the satisfaction of the LR Surveyor. Where a defect is found, 
whether by the LR Surveyor or through shipyard inspection, 
for which no agreed repair procedure exists, approval is to be 
obtained from the LR Surveyor before any corrective action is 
effected. 


5.8 Records 


5.8.1 The shipyard is to make data available to the LR 
Surveyor, to demonstrate the efficiency of the inspection 
system, see 5.6.1. 


5.9 Training 


5.9.1 The competence of the welding operators, non- 
destructive examination and other personnel involved in 
special processes and inspection are to be to the satisfaction 
of the LR Surveyor. 


5.10 Sub-contracted personnel, services and 
components 


5.10.1 The requirements of the Scheme are not applicable 
to those services operating at locations outside the shipyard. 
It will be necessary for inspections to be carried out by the LR 
Surveyor using conventional survey methods. 


5.10.2 The methods of control for the requirements of 
4.24.1 are to be submitted to the LR Surveyor. 


Part 3, Chapter 15 


Sections 5, 6 & 7 


a Section 6 
Initial assessment of the shipyard 


6.1 General 


6.1.1 In the first instance applications for approval under 
this Scheme will be considered on the recommendation of the 
local Surveyors. 


6.1.2 After receipt and appraisal of the main quality 
documentation, an assessment of the shipyard is to be 
carried out by the Surveyors to examine all aspects of the 
Quality System applicable to hull construction. 


6.1.3 The Surveyors will review the quality arrangements 
proposed by the Shipbuilder at the shipyard. They may advise 
as to how the proposed Quality System might be improved 
and where it is considered inadequate, advise how it might be 
revised to be acceptable to LR. 


6.1.4 For assessment to Part 1 of the Scheme, the 
Surveyors will review the Quality System in association with 
the quality documentation and will check that all aspects of 
the System are established and in accordance with the 
requirements of Section 3. 


6.1.5 For assessment of Part 2 of the Scheme, the 
Surveyors will confirm that the requirements given in Section 3 
have been fully implemented and are complied with by a 
detailed examination of work in progress and by confirming 
that workmanship and the quality level being consistently 
achieved are to their satisfaction. 


a Section 7 
Approval of the shipyard 


7.1 General 


LAA If the initial assessment confirms that the shipyard’s 
quality arrangements are satisfactory, the Committee will issue 
Part 1 or Part 2 and Part 1 of LR’s Quality Assurance Approval 
Certificates as appropriate. Maintenance of approval will be 
subject to the provisions of Section 8. 


Laka, Approval by another organisation will not be 
accepted as sufficient evidence that the arrangements for hull 
construction comply with these requirements. 
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a Section 8 
Maintenance of approval 


8.1 General 


8.1.1 For Part 2 of the Scheme, the arrangements 
approved at the shipyard are to be kept under review by the 
Surveyors to ensure that the approved Quality System is 
being maintained in a satisfactory manner. This is to be carried 
out by: 

(a) Regular and systematic audits by the LR Surveyor. 

(bo) Comprehensive Annual Audits. The audit team leader will 

be formally nominated by LR. 


8.1.2 Where a comprehensive audit cannot be carried 
out due to lack of a current building programme to Class, 
demonstration that the requirements of Part 1 of the Scheme 
are being maintained may be confirmed by audit review at 
intervals of six months, normally by the local Surveyors. Where 
necessary a comprehensive triennial audit would be carried 
out by a Surveyor formally nominated by LR. The degree of 
re-assessment for re-approval at the recommencement of 
building to LR’s Class would be at the discretion of the 
Committee. 


8.1.3 All documentation, including reports, is to be 
available to the Surveyors. 


8.1.4 Minor alterations in the approved procedures may 
be permitted provided that the Surveyors are advised and 
their prior concurrence obtained. Major alterations would need 
to be submitted for approval and may require an additional 
audit. 


8.1.5 In a shipyard constructing ships to LR’s Class, the 

following are applicable: 

(a) The LR Surveyor is to be allowed access at all reason- 
able times to all records pertaining to quality and to all 
parts of the shipyard involved in the implementation and 
maintenance of the Quality Assurance Programme. 

(o) The LR Surveyor is immediately to advise the 
Management Representative of any matter pertaining to 
the Quality System with which he is not satisfied. 

(c) When minor deficiencies in the approved procedures are 
discovered during audits, or if workmanship is consid- 
ered unsatisfactory, the LR Surveyor will apply more 
intensive auditing and inspection. 

(d) Notwithstanding any of the provisions of the Quality 
System, all work related to Classification of ships with LR 
is to be to the satisfaction of the LR Surveyor. 


Part 3, Chapter 15 
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a Section 9 
Suspension or withdrawal of 
approval 


9.1 General 


9.1.1 When the Surveyors have drawn attention to 
significant faults or deficiencies in the Quality System or its 
operation and these have not been rectified within a period of 
time acceptable to LR, the approval of the system, together 
with the associated certification, will be withdrawn and the 
shipyard’s name deleted from the List of Shipyards Approved 
to the Requirements of the Quality Assurance Scheme. 


9.1.2 If a significant period of time elapses between such 
withdrawal and any application for reinstatement, the 
reapproval procedures, if agreed to by the Committee, may 
require a restructuring of the Quality Management System and 
will always require a complete re-examination as for an initial 
assessment. 
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Section 

1 General 

2 Structural design assessment 
3 Fatigue design assessment 

4 Construction monitoring 


5 Ship Event Analysis 


6 Enhanced scantlings 

7 Corrosion protection of internal tanks and 
spaces 

8 Ship Emergency Response Service 

9 Assessment of Ballast Water Management Plans 

10 Inventory of hazardous materials 

11 Safe return to port and orderly evacuation 


Bi Section 7 
General 


1.1 Application 


1.1.1 This Chapter is applicable to all ship types and 
components with the exception of Sections 2 and 3 which are 
not applicable to Bulk Carriers or Double Hull Oil Tankers with 
a CSR notation, see Pt 1, Ch 2,2.3. The requirements are to 
be applied in conjunction with the relevant Chapters of 
Parts 3 and 4 applicable to the particular ship type, and the 
ShipRight procedures. 


1.1.2 Details of Lloyd’s Register’s (hereinafter referred to 
as ‘LR’) ShipRight procedures are given in the ShipRight 
Procedures Manual and in this Chapter where related to 
particular items and notations. 


1.1.3 Details of machinery ShipRight procedures are to 
be found in Pt 5, Ch 21. 


1.2 Classification notations and descriptive notes 


1.2.1 In addition to the hull class notations defined in 
Pt 1, Ch 2, ships complying with the requirements of this 
Chapter will be eligible to be assigned the additional class 
notations defined in Pt 1, Ch 2,2.1 and Ch 2,2.3 or descriptive 
notes as defined in Pt 1, Ch 2,2.7 and associated with the 
ShipRight procedures. 


Part 3, Chapter 16 
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1.3 Information and plans required to be 
submitted 


1:3:1 The information and plans required to be 
submitted are as specified in the relevant Chapters of Parts 3 
and 4 applicable to the particular ship type and in this Chapter 
where related to particular items and notations. 


a Section 2 
Structural design assessment 


2.1 Structural Design Assessment notation - SDA 


2.1.1 The ship structure is to be examined using finite 

plate element methods to assess both the overall and detailed 

structural capability to withstand static and dynamic loadings. 

See: 

° the applicable ShipRight SDA Procedures Manual for 
the procedure for each ship type; and 

° the Section dealing with direct calculations in the 
relevant Chapter of Part 4 applicable to the particular 
ship type. 


2.1.2 This procedure is mandatory, and additional to 

normal Rule structural design approval, for: 

a) bulk carriers and oil tankers without a CSR notation 
(see 1.1.1) greater than 190 m in length; 

b) container ships with a beam greater than 32 m; 

c) The primary structure of LNG ships; 

d) The primary structure of Type A LPG ships; 

e) Other ships of Type B and C where the type, size and 
structural configuration demand; 

f) passenger ships where it is considered that the super- 
structure will be subjected to a significant load from 
flexure of the hull girder; or, where it is required to utilise 
the load carrying capability of the superstructure for 
longitudinal strength; and 

(g) other ships where type, size and structural configuration 
demand, see also Pt 1, Ch 2,2.3 and Ch 2,2.7. 


2.1.3 In addition, and where applicable, the ship structure 
is to be examined for the structural capability to withstand 
dynamic loadings from partially filled tanks or the influence of 
thermal loadings. 


a Section 3 
Fatigue design assessment 


3.1 Fatigue Design Assessment notations - FDA, 
FDA plus and FDA ICE 


3.1.1 The ShipRight FDA procedures for assignment of 
the notations ShipRight FDA or ShipRight FDA plus are to 
be applied in conjunction with controls in construction toler- 
ances, in addition to the normal Rule structural detail design 
appraisal. 
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3.1.2 At the Owner’s request and in order to enhance 
safety, the ShipRight FDA ICE Fatigue Induced by Ice 
Loading Procedure may be applied. This procedure is supple- 
mentary to the FDA procedures and is to assess fatigue 
damage induced by ice loads for ships navigating in ice- 
covered regions. The objective of ShipRight FDA ICE 
procedure is to provide technical guidelines to assess fatigue 
at the end connections of ice belt regions under ice loading. 
See Pt 1, Ch 2,2.3.17. 


a Section 4 
Construction monitoring 


4.1 Construction Monitoring notation - CM 


4.1.1 Extended controls on structural alignment, fit up 
and workmanship standards will be applied to areas, shown 
by the structural design assessment and fatigue design 
assessment procedures specified in Sections 2 and 3, to be 
in need of particular attention. This procedure is mandatory 
for all ship types where either the SDA and/or FDA procedures 
have been applied on a mandatory basis. The procedure may 
also be applied on a voluntary basis in conjunction with the 
voluntary application of SDA and FDA procedures to ensure 
that the ship is designed and constructed to an enhanced 
structural standard. The requirements of Chapter 10, and the 
relevant procedures contained in the Construction Monitoring 
Procedure are to be complied with, see also Pt 1, Ch 2,2.3 
and Ch 2,2.7. 


4.1.2 The procedure is mandatory for all Bulk Carriers or 
Double Hull Oil Tankers greater than 190 m in length with a 
CSR notation, see Pt 1, Ch 2,2.3. 


E Section 5 
Ship Event Analysis 


5.1 Ship Event Analysis 


ST At the Owner’s request and in order to enhance 

safety and awareness on board during ship operation, the 

ShipRight Ship Event Analysis Procedure applies to all ships 

where it is intended to provide a hull surveillance system for: 

(a) Monitoring of the ship’s hull girder stresses and motions, 
and warning the ship’s personnel that these stress levels 
or the frequency and magnitude of slamming motions 
are approaching a level where corrective action is 
advisable. 

(b) Monitoring of the ship’s hull girder stresses and local ice 
loads when the ship is navigating in ice, and warning the 
ship’s personnel that the load levels or the frequency and 
magnitude of ice impacts are approaching a level where 
corrective action is advisable. 
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E Section 6 
Enhanced scantlings 


6.1 Enhanced Scantlings - Descriptive note ES 


6.1.1 Where scantlings in excess of the approved Rule 
minimum are fitted at defined locations, a descriptive note ES, 
Enhanced Scantlings, will be entered in column 6 of the 
Register Book. For example, the note ES+1 will indicate that 
an extra 1 mm has been fitted to the hull envelope plating 
(i.e., deck, side and bottom). 


a Section 7 
Corrosion protection of internal 
tanks and spaces 


7.1 Protective coating systems in dedicated 
sea-water ballast tanks and double-side skin 
spaces - ShipRight Notations ACS(B) or 
ACS(B,D) 


7.1.1 For ships that are required to comply with IMO 
Resolution MSC.215(82), Performance Standards for 
Protective Coatings, all dedicated sea-water ballast tanks for 
all ship types and double-side skin spaces of bulk carriers are 
to have approved coating systems applied according to 
ShipRight Procedure Anti-Corrosion Systems Notation. 


7.1.2 ShipRight ACS(B) or ShipRight ACS(B,D) will be 
entered in Column 4 of the Register Book to indicate that the 
ship’s sea water ballast tanks and double-side skin spaces of 
bulk carriers are coated with approved coating systems 
according to IMO Resolution MSC.215(82), Performance 
Standards for Protective Coatings. 


7.2 Protective coating systems in the cargo oil 
tanks of crude oil tankers - ShipRight 
Notation ACS(C) 


7.2.1 For ships that are required to comply with IMO 
Resolution MSC.291(87), Adoption of Amendments to the 
International Convention for the Safety of Life at Sea, 1974, 
as amended, Owners may request to receive the optional 
notation ShipRight ACS(C), which indicates that the cargo 
oil tanks are protected in compliance with IMO Resolution 
MSC.288(87), Performance Standard for Protective Coatings 
for Cargo Oil Tanks of Crude Oil Tankers, see ShipRight 
Procedure Anti-Corrosion System Notation. 


7.2.2 ShipRight ACS(C) will be entered in Column 4 of 
the Register Book to indicate that the ship’s cargo oil tanks 
are protected using approved materials in accordance with 
IMO Resolution MSC.291(87), Adoption of Amendments to 
the International Convention for the Safety of Life at Sea, 
1974, as amended. 
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7.2.3 When in compliance with IMO Resolution 
MSC.291(87), but the ShipRight ACS(C) notation is not 
requested, this compliance may be indicated on the 
applicable certification. 


7.3 Alternative means of corrosion protection for 
cargo oil tanks in crude oil tankers - 
ShipRight notation ACS(C*) 


7.3.1 For ships that are required to comply with the IMO 
Resolution MSC.291(87), Adoption of Amendments to the 
International Convention for the Safety of Life at Sea, 1974, 
as amended, Owners may request to receive the optional 
notation ShipRight ACS(C*), which indicates that all cargo 
tanks are protected in accordance with IMO Resolution 
MSC.289(87) Performance Standard for Alternative Means of 
Corrosion Protection for Cargo Oil Tanks of Crude Oil Tankers, 
by application of Corrosion Resistant Steel, see 
Ch 3,1.3 of the Rules for Materials and ShipRight Procedure 
Anti-Corrosion System Notation. 


7.3.2 ShipRight ACS(C*) will be entered in Column 4 of 
the Register Book to indicate that the ship’s cargo oil tanks 
are protected using approved materials in accordance with 
IMO Resolution MSC.291(87), Adoption of Amendments to 
the International Convention for the Safety of Life at Sea, 
1974, as amended. 


7.3.3 When in compliance with IMO Resolution 
MSC.291(87), but the ShipRight ACS(C*) notation is not 
requested, this compliance may be indicated on the applicable 
certificate. 


7.4 Protective coatings for void spaces on bulk 
carriers and oil tankers — ShipRight Notation 
ACS(V) 


7.4.1 For ships within the scope of IMO Resolution 
MSC.244(83), Adoption of Performance Standard for Protective 
Coatings for Void Spaces on Bulk Carriers and Oil Tankers, 
Owners may request to receive the optional notation 
ShipRight ACS(V), which indicates that the void spaces are 
protected according to the ShipRight Procedure Anti Corrosion 
System Notation. 


7.4.2 ShipRight ACS(V) will be entered in Column 4 of 
the Register Book to indicate that the ship’s void spaces are 
protected in accordance with IMO Resolution MSC.244(83), 
Adoption of Performance Standard for Protective Coatings 
for Void Spaces on Bulk Carriers and Oil Tankers. 


7.4.3 When in compliance with IMO Resolution 
MSC.244(83), but the ShipRight ACS(V) notation is not 
requested, this compliance may be indicated on the applicable 
certificate. 
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Sections 7, 8 & 9 


7.5 Protective coating systems in dedicated sea- 
water ballast tanks - Descriptive note PCWBT 


7.5.1 For ships that are not required to comply with IMO 
Resolution MSC.215(82), Performance Standards for 
Protective Coatings, all sea-water ballast spaces having 
boundaries formed by the hull envelope are to have a 
corrosion protection coating applied, see ShipRight 
Procedure Protective Coatings in Water Ballast Tanks 
(PCWBT). 


7.5.2 Where requested, a descriptive note PCWBT 
(Protective Coating in Water Ballast Tanks) will be entered in 
column 6 of the Register Book to indicate that all sea-water 
ballast spaces having boundaries formed by the hull envelope 
have a corrosion protection coating applied, and that the 
coating remains efficient and is maintained in good condition. 
If the coatings have broken down, particularly at more critical 
areas, and no effort is being made to maintain the coatings, 
then this note will be placed in parentheses, i.e., (PCWBT). 
In either case, the date of the last survey will be placed in 
parentheses after the note. 


a Section 8 
Ship Emergency Response 
Service 


8.1 Ship Emergency Response Service - 
Descriptive note SERS 


8.1.1 This service, offered by LR, provides a rapid 
computer assisted analysis of a damaged ship’s stability and 
damaged longitudinal strength in the event of a casualty to 
the ship. 


8.1.2 Where an Owner adopts this service, the 
descriptive note SERS, ‘Ship is registered with LR’s Ship 
Emergency Response Service’, will be entered in column 6 of 
the Register Book. 


it] Section 9 
Assessment of Ballast Water 
Management Plans 


9.1 Ballast Water Management Plan - 
Descriptive note BWMP 


9.1.1 Compliance with this procedure is optional. A ship 
meeting the requirements of this procedure will be eligible for 
an appropriate ShipRight BWMP descriptive note, which will 
be recorded in column 6 of the Register Book. 
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ShipRight Procedures for the Design, 
Construction and Lifetime Care of Ships 


E Section 10 
Inventory of hazardous materials 


10.1 Inventory of hazardous materials - Descriptive 
note IHM 


10.1.1 | Compliance with this procedure is optional. A ship 
meeting the requirements of this procedure will be eligible for 
a ShipRight IHM Descriptive Note, which will be recorded in 
column 6 of the Register Book, except as indicated in 10.1.2. 


10.1.2 Ifa ship has been assigned the ECO notation, then 
it will not be eligible for an IHM Descriptive Note. Instead, IHM 
will be referenced in the ECO notation, i.e., ECO(IHM). 


a Section 11 
Safe return to port and orderly 
evacuation 


11.1 Safe Return to Port and Orderly Evacuation - 
Descriptive Note SRtP 


11.1.1. | Compliance with this procedure is optional. A ship 
meeting the requirements of this procedure will be eligible for 
a ShipRight SRtP Descriptive Note, which will be recorded in 
column 6 of the Register Book. 
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Section 

1 General 

2 Materials and protection 
3 Longitudinal strength 

4 Deck structure 

5 Shell envelope plating 

6 Shell envelope framing 

7 Single bottom structure 
8 Double bottom structure 
9 Bulkheads 


E Section 1 
General 


1.1 Application 


1.1.1 This Chapter applies to sea-going ships designed 
primarily for the carriage of general cargo. The requirements 
are intended to cover the midship region, but may also apply 
with suitable modification to the taper regions forward and aft 
in way of cargo spaces. 


1.2 Structural configuration 


1:21 The Rules provide for a basic structural configuration 
of a multi-deck or a single deck hull which includes a double 
bottom, or a single bottom arrangement. The structural 
configuration may also include a single or multiple arrange- 
ment of cargo hatch openings, and side tanks. 


1.2.2 Individual consideration may be required where the 
ship incorporates double hull construction, large deck 
openings or other special design features. 


7.2.3 Longitudinal framing is, in general, to be adopted 
at the strength deck outside line of openings and at the 
bottom, but special consideration will be given to proposals 
for transverse framing in these regions. 


1.3 Class notations 


1.3.1 In general, ships complying with the requirements 
of this Chapter will be eligible to be classed 100A1. 


1.3.2 Where a ship has been specially strengthened for 
heavy cargoes in accordance with the requirements listed in 
Ch 7,8.2, it will be eligible to be classed 100A1 strengthened 
for heavy cargoes. 
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1.3.3 The following additional notations and annotations 
can be appended to the main class notation giving further 
detailed description of the loading criteria incorporated into 
the design: 
(a) RD (Relative density): 
Where a ship has tanks appraised for a maximum 
permissible relative density greater than 1,025, the 
notation RD(specified tank names, density) may be 
added. 
(b) WDL(+) (Weather deck load): 
The notation WDL(+) may be added. If requested, the 
maximum permissible weather deck load and extent can 
be identified in the notation, e.g., WDL(5,0 t/m2 from Aft 
to Fr. 26). 


1.3.4 Ships intended to be operated only in suitable areas 
or conditions which have been agreed by the Committee, as 
defined in Pt 1, Ch 2,2.3.6 to 2.3.10, will receive individual 
consideration on the basis of the Rules with respect to the 
environmental conditions agreed for the design basis and 
approval. 


1.3.5 The Regulations for classification and the assign- 
ment of class notations are given in Pt 1, Ch 2, to which 
reference should be made. 


1.4 Information required 


1.4.1 For the information required, see Pt 3, Ch 1,5. In 

addition the following are to be supplied: 

(a) Cargo loadings on decks, hatchways and inner bottom if 
these are to be in excess of Rule. Where concentrated or 
point loads occur, their magnitude and points of 
application are to be defined. 

(b) The maximum pressure head in service on tanks, also 
details of any double bottom tanks interconnected with 
side tanks. 

(c) Details of the proposed depths of any partial fillings 
where water ballast or liquid cargo is intended to be 
carried in the holds, or large deep tanks. 


1.5 Symbols and definitions 


1.5.1 The following symbols and definitions are applicable 
to this Chapter unless otherwise stated: 
L, B, D, T and V as defined in Pt 3, Ch 1,6 
k,,k = higher tensile steel factor, see Pt 3, Ch 2,1 
e = base of natural logarithms, 2,7183 
l = overall length of stiffening member, or pillar, in 
metres, see Pt 3, Ch 3,3 
lẹ = effective length of stiffening member, or pillar, in 
metres, see Pt 3, Ch 3,3 
t = thickness of plating, in mm 
s = spacing of secondary stiffeners, in mm 
A = cross-sectional area of stiffening member, in cm2 
C = stowage rate, in m3/tonne, see Pt 3, Ch 3,5 
Cy = awave head in metres 
= 7,71 x 10-2 Le-9,0044L where L is not to be taken 
greater than 227 
I = inertia of stiffening member, in cm4, see Pt 8, 
Ch 3,3 
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S = spacing or mean spacing of primary members, 


in metres 

Z = section modulus of stiffening member, in cm3, see 
Pt 3, Ch 3,3 

p = relative density (specific gravity) of liquid carried in a 


tank but is not to be taken less than 1,025. 


oO Section 2 
Materials and protection 


2.1 Materials and grades of steel 


2.1.1 Materials and grades of steel are to comply with the 
requirements of Pt 3, Ch 2. 


2.2 Protection of steelwork 


2.2.1 For the protection of steelwork, in addition to the 
requirements specified in Pt 3, Ch 2,3 the requirements of 
2.2.2 to 2.2.4 are to be complied with. 


2.2.2 Ceiling is to be laid on the inner bottom under cargo 
hatchways, but may be omitted provided that the inner 
bottom plating is increased by 2 mm. In any ship which is 
regularly to be discharged by grabs, ceiling is to be laid on the 
inner bottom, and the inner bottom plating increased by 
3 mm. Alternatively, the ceiling may be omitted provided that 
the inner bottom plating is increased in thickness by a 
minimum of 5 mm. The ceiling is to be 76 mm thick in soft- 
wood or 65 mm thick in hardwood, and is to be laid at right 
angles to the inner bottom stiffening. Where it is intended to 
use plywood or other forms of ceiling of an approved type 
instead of planking, the thickness will be considered for each 
case. Ceiling is also to be laid over bilges, and fitted with 
portable sections which are to be readily removable. The 
spaces between the frames at the top of the bilge ceiling are 
to be closed by steel plates, wood chocks, cement or other 
suitable means. Inner bottom manhole covers or fittings, 
where projecting above the inner bottom plating, are to be 
provided with a steel protection coaming around each 
manhole, and a wood or steel cover is to be fitted. 


2.2.3 Where plated decks are sheathed with wood or 
approved compositions, the minimum thicknesses given in 
4.2, Pt 3, Ch 5,2 and Pt 3, Ch 6,2 may be reduced by 
10 per cent for a 50 mm sheathing thickness or five per cent 
for 25 mm, with intermediate values in proportion. The steel 
deck is to be coated with a suitable material in order to 
prevent corrosive action, and the sheathing or composition is 
to be effectively secured to the deck. See also the fire 
protection requirements relating to deck coverings in the 
relevant SOLAS Regulations or Pt 6, Ch 4,3 as applicable. 
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2.2.4 Where cargo battens or equivalent are fitted in the 
holds of dry cargo ships, the descriptive note ‘SF’ will be 
entered in the Register Book. The battens, when fitted, are to 
extend from above the upper part of the bilge to the under- 
side of beam knees in the holds, and in all cargo spaces in 
the ‘tween decks and superstructures, up to the underside of 
beam knees. Wood cargo battens are to be not less than 
50 mm in thickness, and the clear space between adjacent 
rows is, in general, not to exceed 230 mm. The dimensions 
and spacing of battens made of other materials will be 
considered. Nets may be adopted in lieu of battens, and other 
alternative proposals will be specially considered. For arrange- 
ments in way of a refrigerated hold, see Pt 6, Ch 3,4. 


a Section 3 
Longitudinal strength 


3.1 General 


3.17.1 Longitudinal strength calculations are to be made 
in accordance with the requirements given in Pt 3, Ch 4. 


3.1.2 The requirements of Pt 3, Ch 4,8.3 regarding loading 
instruments are not applicable to general cargo ships under 
120m. 


3.2 Fast cargo ships 


3.2.1 The hull section modulus for ships of length, L, 
between 120 m, and 170 m, and maximum service speed 
greater than 17,5 knots in association with a bow shape 
factor, w, of more than 0,15, is to comply with the require- 
ments of this sub-Section. 


3.2.2 The bow shape factor is defined as: 


100 LA, 
~ “LSB 
where 
ao = projection of upper deck at waterline (F.P.), 
in metres 
a, = projection of upper deck at waterline (0,1L 


from F.P.), in metres 

a) = projection of upper deck at waterline (0,2L 
from F.P.), in metres 

b = projection of upper deck at waterline (F.P. to bow 
line), in metres 


bao 
ZAp = -5 +0,1L (ay +a) m2 


See also Fig. 1.3.1. 


3.2.3 For longitudinal strength requirements, the Rule 
minimum hull midship section modulus and the distribution of 
longitudinal material in the forward half-length will be 
considered. In general, the following requirements are to be 
complied with: 
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Upper deck 


Scantling draught 


Profile 


Section AA 


Fig. 1.3.1 Derivation of bow shape factor 


The vertical hull midship section modulus, about the 
horizontal neutral axis, at deck is to be not less than 
331LkZA;, cm5, or that required by Pt 3, Ch 4,5, which- 
ever is the greater. XAp is defined in 3.2.2. 

The horizontal hull midship section modulus, about a 
vertical axis through the ship centreline, is to be not less 
than 32,5L2D cms. 

In the forward half-length, the hull section modulus is not 
to be a lesser percentage of the midship value than that 
shown in Table 1.3.1. 

Any load or ballast condition resulting in a sagging still 
water bending moment, or a hogging moment less than 
80 per cent of the Rule value of still water bending 
moment, will be specially considered with a view to 
minimising the compressive stresses in the deck in 
waves. 


Fast cargo ships 


Percentage of 
midship 
vertical modulus 
(modulus about 
horizontal axis) 


Percentage of 
midship 
horizontal modulus 
(modulus about 
vertical axis) 


Position 


Station 10 (mid-Lpp) 


12 


NOTES 


1. 


Intermediate values to be obtained by interpolation. 


2. Lpp as defined in Pt 3, Ch 1,6. 


3.2.4 
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For local strength, in general the following require- 


ments are to be complied with: 


(a) 


Longitudinal deck stiffening is to be carried forward to 
the fore peak bulkhead or as far forward as practical. 
Where a long forecastle is fitted, the buckling strength of 
the proposed structure will be specially considered. 
Substantial web frames in way of deck transverses are to 
be fitted in the forward half-length. Scantlings of webs 
and frames are to be based on actual lengths, not 
‘tween deck heights, and collars are to be fitted at ends 
of members in way of high shear. 

Scantlings of bottom structure in forward part are to be 
specially considered. 

Deck and side shell panels forward of 0,5L from F.P. are 
to be examined to establish the critical buckling stress 
from the following formula: 


2 2 
eo (£) Ko N/mm? (kgf/mm?) 


12 (1 -v2) 
where 


length of shorter edge, in mm 
thickness of plating, in mm 


S 


s 
t 
E = Young’s modulus, in N/mm2 (kgf/mm?) 


K, = a factor depending on aspect ratio and boundary 


restraint 
= 4 for longitudinally stiffened plating or as shown in 
Fig. 1.3.2 for transversely stiffened plating 


v = Poisson’s ratio (0,3 for steel and aluminium alloy). 


Where the buckling stresses, as evaluated, exceed 
50 per cent of yield stress, the actual critical buckling 
stress is given by: 


fey 
Sag = So ( = a N/mm2 (kgf/mm2) 
So 
where 
Gag = corrected critical buckling stress, in N/mm? 
(kgf/mm?) 


6, = Yield stress, in N/MM? (kgf/mm2) 


Oo 
wd 
= 
ie) 
© 
Q 
© 
g 
£ 
& 
ae 


The critical buckling stress from the above formulae 
must be not less than 176,6 N/mm2 (18,0 kgf/mm?) 
within 0,4L amidships, nor less than 147,2 N/mm2 
(15,0 kgf/mm2) for the deck forward of this, nor less than 
117,7 N/mm? (12,0 kgf/mm?) for the side shell between 
the first and second deck forward of 0,5L from F.P. For 
higher tensile steel plating, the above permissible 
stresses are to be divided by k. 


1,2 14 1,6 


0 1,8 2,0 
a 
b 


Fig. 1.3.2 Plate factor, K, 
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(e) In order to obtain the necessary critical buckling 
strength, either of the following is to be applied: 
(i) plate thickness to be increased, or 
(ii) panel aspect ratio to be altered by the fitting of 
additional panel stiffening. 


E Section 4 
Deck structure 


4.1 General 


4.1.1 Longitudinal framing is, in general, to be adopted 
at the strength deck outside line of openings, but special 
consideration will be given to proposals for transverse 
framing. Requirements are given in this Section for longitudinal 
and transverse framing systems of all deck structure, except 
decks in way of erections. For erection decks, see Pt 3, Ch 8. 


4.2 Deck plating 


4.2.1 The thickness of strength/weather deck plating in 
the midship region is to comply with the requirements of 
Table 1.4.1. Outside the line of openings the thickness is also 
to be that necessary to give the hull section modulus required 
by Pt 3, Ch 4,5. 


4.2.2 The thickness of lower deck plating in the midship 
region is to comply with the requirements of Table 1.4.2. 


Table 1.4.1 Strength/weather deck plating 


Part 4, Chapter 1 


Sections 3 & 4 


4.2.3 The thickness of the strength deck stringer plate is 
to be increased by 20 per cent at the ends of bridges, poop 
and forecastle. 


4.2.4 The deck plating thickness and supporting structure 
are to be suitably reinforced in way of cranes, masts, derrick 
posts and deck machinery. 


4.2.5 Where long, wide hatchways are arranged on lower 
decks, it may be necessary to increase the deck plating 
thickness to ensure effective support for side framing. 


4.3 Deck stiffening 


4.3.1 The scantlings of strength/weather deck longitudinals 
in the midship region are to comply with the requirements of 
Table 1.4.3. 


4.3.2 The lateral and torsional stability of longitudinals 
together with web and flange buckling criteria are to be 
verified in accordance with Pt 3, Ch 4,7. 


4.3.3 The scantlings of cargo and accommodation deck 
longitudinals are to comply with the requirements of 
Table 1.4.4. 


4.3.4 End connections of longitudinals to bulkheads are 
to provide adequate fixity and, so far as is practicable, direct 
continuity of longitudinal strength. Where L exceeds 215 m, 
the deck longitudinals are to be continuous through transverse 
structure, including bulkheads, but alternative arrangements will 
be considered. Higher tensile steel deck longitudinals are to be 
continuous irrespective of the ship length. 


Minimum thickness, in mm, see also 4.2.1 


Location 


Longitudinal framing 


Transverse framing 


(1) Outside line of openings 
(see Notes 1 and 2) 


The greater of the following: 


0,00083s4 Lk +2,5 


The greater of the following: 


Fp Fp 
0,001s4 (0,059L; + 7)4| 2. 0,00184 f4 (0,083L1 + 10) 4| -> 
L 


kL 


0,001s, VLk +2,5 


(2) Inside line of openings (see Note 2) t 


0,00083s4 VLk + 2,5 t 
but not less than 6,5 


0,00083s4 V Lk + 1,5 
but not less than 6,5 


(3) In way of the crown of a tank 


t= o0,004s¢ A| PPA 1 3.5 
aie Vas 7° 


or as (1) or (2), whichever is the greater, 


but not less than 7,5 mm where L > 90 m, or 


6,5 mm where L < 90 m 


Symbols 


L, kL, k, p, S, S as defined in 1.5.1 


5 
f = 1,1~ 55008 
1 


but not to be taken greater than 1,0 


“ecu 


tank head, in metres, as defined in Pt 3, Ch 3,5 
s but is not to be taken less than the smaller of 


470 +4 mm or 700 mm 
0,6 


as defined in Pt 3, Ch 4,5.7 
L but need not be taken greater than 190 m 


NOTES 


1. The thickness derived in accordance with (1) is also to satisfy the buckling requirements of Pt 3, Ch 4,7. 
2. The deck thickness is to be not less than the basic end deck thickness as given in Pt 3, Ch 5 and Ch 6. 
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Table 1.4.2 Lower deck plating 


Minimum thickness, in mm 
Symbols Location 


Second deck Third or platform decks 


k, p as defined in 1.5.1 Outside line of openings t=0,012s, Vk t=0,01s, Vk 
breadth of increased plating, in mm but not less than 6,5 but not less than 6,5 


tis but not to be taken 


S 
2500S Inside line of openings t = 0,01s44/k 
greater than 1,0 but not less than 6,5 
tank head, in metres, as defined in 


Pt 3, Ch 3,5 


| pkħ4 

| fth tt = pein 

= s but is not to be taken less than f way ot the crównor bottom See 1,025 ie 
L of a tank 


the smaller of 470 +——- mm but not less than 7,5 where L > 90 m, or 
0,6 6,5 where L < 90 m 
or 700 mm 


girder face area, in cm2 A 
2,5 mm at bottom of tank Plating forming the upper flange Clear of deck openings, t = f 
3,5 mm at crown of tank of underdeck girders 1,8k 


In way of deck openings, t = 1,1 4; —— 
i aai 1,8k 


Minimum breadth, b = 760 mm 


NOTE 
Where a deck loading exceeds 43,2 kN/m? (4,4 tonne-f/m2), the thickness of plating will be specially considered. 


Table 1.4.3 Strength/weather deck longitudinals 


Inertia, 


3 ; 3 
Symbols Location Modulus, in cm in cm4 


L, s, ky, k, p as defined in 1.5.1 (1) In way of dry cargo spaces, 
b — =1,4 for rolled or built see Note 1 
7 eae Bare (a) Outside line of openings 0,043 s k hry le2 Fy 
60 (b) Inside line of openings S k(400h, + 0,005 (le L2)2) x 1074 


~ 225-165 F] 

6a Fp (2) In way of the crown or bottom 0.01130 skh, L2 
depth of longitudinal, in mm of a tank = , P SK N4 le 
0,25c4 b 
weather head, in metres, as 
defined in Pt 3, Ch 3,5 or as (1)(a) or (1)(b) above, 
farce head. in’ metres: as whichever is the greater 
defined in Pt 3, Ch 3,5 
as defined in 1.5.1, but not 
to be taken less than 1,5 m 


, : NOTES 
aS defined. PES, ORG et 1. Where weather decks are intended to carry deck cargo and the load is in excess of 8,5 kN/m2 


_ Ly for Type ‘B-60’ ships (0,865 tonne-f/m2), the scantlings of longitudinals may be required to be increased to comply 
56 with the requirements for location (1) Table 1.4.4 using the equivalent design head, for specified 
L cargo loading, for weather decks given in Table 3.5.1 in Pt 3, Ch 3. 
the greater of = or 1,20m . The buckling requirements of Pt 3, Ch 4,7 are to be complied with. The ratio of the web depth dw 
70 to web thickness t is to comply with the following requirements: 
for Type ‘B’ ships (a) Built up profiles and rolled angles: 
L4 = L but need not be taken Ay 
greater than 190 m S 60 Vk, 
Ly = L but need not be taken 
greater than 215 m (0) Flat bars: 


dw 


(3) In way of superstructure To be specially considered 


< 184/ k when continuous at bulkheads 


d 
EJ < 154 k when non-continuous at bulkheads 


3. The web depth of longitudinals, dẹ is to be not less than 60 mm. 
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Table 1.4.4 Cargo and accommodation deck longitudinals 


Symbols Location Modulus, in cm? 


L, s, k, p as defined in 1.5.1 (1) Cargo decks 
= web depth of longitudinal, a) L>90m sk(5,9L4 + 25h9 142) x 10-4 

in mm, see Note 2 
cargo head, in metres, as b) L<90m 0,005s k hy le? 
defined in Pt 3, Ch 3,5 
accommodation head, in (2) Accommodation decks 
les as defined in Pt 3, a) L>90m Z = sk(6,1L4 + 25h3 162) x 10-4 
tank head, in metres, as b) L<90m Z = 0,00425s k hg le? 
defined in Pt 3, Ch 3,5 See Note 1 
as defined in 1.5.1, but not 
to be taken less than 1,5 m n way of the crown or bottom of | As in (1) or (2) as applicable, or 
L but need not be taken a tank 0.01130 skh, 1.2 
greater than 190 m Z : PSN te 
1,4 for rolled or built Y 
sections 

1,6 for flat bars 


NOTES 
1. The section modulus of accommodation deck longitudinals 2. The web depth of longitudinals, dy, to be not less than 60 mm. 
need not be taken greater than the value required by location 
(1)(a), in Table 1.4.3. 


whichever is the greater 


Table 1.4.5 Strength/weather, cargo and accommodation deck beams 


Symbols Location Modulus, in cm? 


Strength/weather The lesser of the following: 
decks (a) Z = (Ky Ko TD+K3By hy 12) k x 1074 
(o) Z = 2K3Byskhylo2 x 1074 


T, S, k, p as defined in 1.5.1 
= depth of beam, in mm 
weather deck head in metres 
cargo head see Pt 3. 
accommodation head | Gy 35 _ Cargo decks Z = (400K; TD + 38,88 họ lę?) k x 1074 
ank head , 
efined in 1.5.1, but to be taken as 
not less than 1,83 m 
B, but need not be taken greater 
han 21,5 m 
a factor dependent on the number In way of the crown | As (1), (2) or (3) as applicable, or 
of decks (including poop and bridge or bottom of a tank 0,0113p sk h4 l2 
superstructures) at the position of Z= 
he beam under consideration: 
1 deck 20,0 3 decks 10,5 
2 decks 13,3 4ormore 9,3 
a factor dependent on the location NOTES 


of the beam: 1. Where weather decks are intended to carry deck cargo and the load is in excess of 

at short bridge and poops 133 8,5 kN/m2 (0,865 tonne-f/m?), the scantlings of beams may be required to be increased 
elsewhere 530 to comply with the requirements for location (2) using the equivalent design head, for 

a factor dependent on the location specified cargo loading, for weather decks given in Table 3.5.1 in Pt 3, Ch3. 


of the beam: ao 2. The web depth of beams, d,„, is to be not less than 60 mm. 
span adjacent to the ship side 3,6 


elsewhere 3,3 
1,4 for rolled or built sections 
1,6 for flat bars 


~ 

@O 
fev) 
n 


Accommodation 


ain Z = (630K; TD + 38,88 hg le2)k x 10-4 


Y 
whichever is the greater 


4.3.5 The scantlings of strength/weather, cargo and 4.4 Deck supporting structure 

accommodation deck transverse beams are to comply with 

the requirements of Table 1.4.5. 4.4.1 Girders and transverses supporting deck longitu- 
dinals and beams, also hatch side girders and hatch end 

4.3.6 The end connections of beams are to be in beams, are to comply with the requirements of Table 1.4.6. 

accordance with the requirements of Pt 3, Ch 10,3. In general, transverses, webs or frames of increased scant- 


lings, see Table 1.6.2, are to be arranged in way of hatch end 
beams and deck transverses, and these are to be in line with 
the double bottom floors where practicable. Equivalent 
transverse ring scantling arrangements will be considered. 
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Table 1.4.6 Deck girders, transverses and hatch beams 


Location and arrangements Modulus, in cm3 Inertia, in cm4 


(1) Girders and transverses in way of dry cargo spaces and 
clear of hatch openings: See also Note 
(a) supporting up to three point loads Z to be determined from calculations using Note 


and stress _ N/mm? (728 = kgf/mm 2) and 


assuming fixed ends 


(b) supporting four or more point loads or a uniformly Z =4,75kS Hg l2 
distributed load 


Hatch side girders in way of dry cargo spaces at 
weather decks (with deep coamings): 
(a) supporting up to three point loads Z to be determined from calculations using Note 


and stress aii N/mm? e- 25 


kgf/mm? } and 
assuming fixed ends 


(b) supporting four or more point loads or a uniformly Z =5,85k S4 Hg l2 
distributed load 


Hatch side girders in way of dry cargo spaces at lower 
decks (without deep coamings): 
(a) supporting up to three point loads Z to be determined from calculations using stress 


112,5 ate 5 
k 


N/mm kgf/mm? 


(b) supporting four or more point loads or a uniformly Z =5,20k S} Hg 1,2 
distributed load 


Hatch end beams in way of dry cargo spaces and 

supported at centreline, see Fig. 1.4.1: 

(a) In association with longitudinal framing when there 19k Ky Hg le S4 l4 + 2,37k SgHg lo? 
is no transverse between the hatch end beam and 
adjacent transverse bulkhead or equivalent 
supporting structure 

n association with longitudinal framing where there 19k Ky Hg le (S4 l4 + So l2) 
is one or more transverse between the hatch end 
beam and adjacent transverse bulkhead or equiva- 
ent supporting structure 

In association with transverse framing when the 19k Ky Hg le (S4 l4 + Sg l3) 
hatch end beam supports the hatch side girder and 
in line girder only 

In association with transverse framing when the 19k Hg le (Ky (S4 l4 + S4 l4) + Ko S5 l5) 
hatch end beam supports the hatch side girder, an 

in line girder and an additional girder between the 

hatch side and the centreline 


Girders and transverses in way of the crown or bottom Z =11,7p khyS 1 2,8 LZ 
of a tank = Fle 


Symbols 


S, lg, k, p as defined in 1.5.1 K4, Ko = factors, dependent on the girder arrangements, as 
hy = tank head, in metres, as defined in Pt 3, Ch 3,5 follows: 
14, Lo, 1g, l4, L5, in metres, as indicated in Fig. 1.4.1 Bn or x 
h breadth of hatchway, in metres, as used to determine K4 ale le 
Hg weather head hy, or cargo head ho, or accommodation 0,143 
head hg, in metres, as defined in Pt 3, Ch 3,5, 0,177 


whichever is applicable 0,191 
0,187 


0,179 
0,169 
0,144 
0,085 
0,000 


Ky or Ko 


P in metres as indicated in Fig. 1.4.1 
distance, in metres, from centreline of ship to an 
additional girder, if fitted, as shown in Fig. 1.4.1, as used 
to determine Ko 


NOTE 
In single deck ships the section modulus of deck transverses is to be increased by 15 per cent. 
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Bulkhead 

Hatch end beam 
Transverse 
Transverse 
Transverse 
Hatch end beam 
Transverse 
Bulkhead 


eae 
N 


la 
T 
D 
E 
€ 
a 
o] 
Ẹ 2 
D 
N 
Yn 


(no Ç, girder fitted) 


Pillars 


LONGITUDINAL FRAMING 


Part 4, Chapter 1 


Section 4 


Hatch end beam 
Hatch end beam 


Bulkhead 
Bulkhead 


(Girder in line) 


S3(no © girder fitted) 


Additional 
girder 


TRANSVERSE FRAMING 


Fig. 1.4.1 Hatch end beam arrangements 


4.4.2 Transverses supporting deck longitudinals are, in 
general, to be spaced not more than 3,8 m apart where the 
length, L, is 100 m or less, and (0,006L + 3,2) m apart where 
L is greater than 100 m. 


4.4.3 The web thickness, stiffening arrangements and 
end connection of primary supporting members are to be in 
accordance with Pt 3, Ch 10,4. 


4.4.4 Where a girder is subject to concentrated loads, 
such as pillars out of line, the scantlings are to be suitably 
increased. Also, where concentrations of loading on one side 
of the girder may occur, the girder is to be adequately 
stiffened against torsion. Reinforcements may be required in 
way of localised areas of high stress. 


4.4.5 Pillars are to comply with the requirements of 
Table 1.4.7. 


4.4.6 Pillars are to be fitted in the same vertical line 
wherever possible, and effective arrangements are to be 
made to distribute the load at the heads and heels of all 
pillars. Where pillars support eccentric loads, they are to be 
strengthened for the additional bending moment imposed 
upon them. 


4.4.7 Tubular and hollow square pillars are to be attached 
at their heads to plates supported by efficient brackets, in 
order to transmit the load effectively. Doubling or insert plates 
are to be fitted to the inner bottom under the heels of tubular 
or hollow square pillars, and to decks under large pillars. The 
pillars are to have a bearing fit and are to be attached to the 
head and heel plates by continuous welding. At the heads and 
heels of pillars built of rolled sections, the load is to be well 
distributed by means of longitudinal and transverse brackets. 


4.4.8 In double bottoms under widely spaced pillars, the 
connections of the floors to the girders, and of the floors and 
girders to the inner bottom, are to be suitably increased. 
Where pillars are not directly above the intersection of plate 
floors and girders, partial floors and intercostals are to be 
fitted as necessary to support the pillars. Manholes are not to 
be cut in the floors and girders below the heels of pillars. 
Where longitudinal framing is adopted in the double bottom, 
equivalent stiffening under the heels of pillars is to be 
provided, and where the heels of pillars are carried on a 
tunnel, suitable arrangements are to be made to support the 
load. 


4.4.9 Where pillars are fitted inside tanks or under 
watertight flats, the tensile stress in the pillar and its end 
connections is not to exceed 108 N/mm? (11,0 kgf/mm?) at 
the test heads. In general, such pillars should be of built 
sections, and end brackets may be required. 


4.4.10 Pillars are to be fitted below deckhouses, 
windlasses, winches, capstans and elsewhere where 
considered necessary. 


4.4.11 Non-watertight pillar bulkheads are to comply 
with the requirements of Table 1.4.8. 


4.4.12 Cantilevers and their supporting frames are to 
comply with the requirements of Table 1.4.9. 
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Table 1.4.7 Pillars 


Symbols 


Parameter 


Part 4, Chapter 1 


Section 4 


Requirement 


breadth of side of a hollow rectangu- 
ar pillar or breadth of flange or web 
of a built or rolled section, in mm 
mean diameter of tubular pillars, 

in mm 

ocal scantling higher tensile steel 
actor, see Pt 3, Ch 2,1.2.3, but not 
ess than 0,72 

overall length of pillar, in metres 
effective length of pillar, in metres, 
and is taken as: 

or hold pillars 0,65/ 

or ‘tween deck pillars 0,80/ 
distance, in metres, between centres 
of the two adjacent spans of girder, 
or transverse, supported by the pillar 
east radius of gyration of pillar 
cross-section, in mm, and may be 
taken as: 


I 
r=10 n mm 
| Ap 


Ap = cross-sectional area of pillar, in cm2 
C, S as defined in 1.5.1 
Hg as defined in Table 1.4.6 
least moment of inertia of cross- 
section, in cm4 
load, in kN (tonne-f), supported by 
the pillar and is to be taken as 


9,81 SHg lp +P, SHg lp +P, 
C C 


but not less than 19,62 kN 

(2 tonne-f) 

load, in kN (tonne-f), from pillar or 
pillars above (zero if no pillars over) 


(1) Cross-sectional area of all types of 
pillar 


kP one 


le 
12,36 - 51,5 —2— 
7 


lk 


kP cm2 
le 


Nk 


1,26 - 5,25 


See Note 


(2) Minimum wall thickness of tubular 
pillars 


The greater of the following: 
P 


(a) t= 


= I mm 
dy (0.092 - 1532} 
; 


P 


(a) p= mm 


le 
dp( 0,04 - 0,156 2 
7 


g mm 
40 
but not to be less than 
t 5,5 mm where L < 90 m, or 
7,5 mm where L > 90 m 


(3) Minimum wall thickness of hollow 
rectangular pillars or web plate 
thickness of 7 or channel sections 


The lesser of (b) and (c), but not to be less 
than (a): 


P 


1 
b (os -1,95 2 
r 


mm 


P 


le 
b (0,05 -0,2 
7 


mm 


but to be not less than 
t 5,5 mm where L < 90 m, or 
7,5 mm where L > 90m 


(4) Minimum thickness of flanges of angle 
or channel sections 


The lesser of the following: 
br 


200 le 


(5) Minimum thickness of flanges of built or 
rolled J sections 


The lesser of the following: 
br 


400 Ig 


NOTE 


\kP 


9,32 


As a first approximation Ap may be taken as 


the radius of gyration estimated for a suitable section having this 


area. 


0,95 


(Se 


If the area calculated using this radius of gyration differs by more 
than 10 per cent from the first approximation, a further calculation 
using the radius of gyration corresponding to the mean area of the 
first and second approximation is to be made. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


General Cargo Ships 


Table 1.4.8 Non-watertight pillar bulkheads 


Symbols Parameter 


Part 4, Chapter 1 


Section 4 


Requirement 


Ships with L < 90 m Ships with L > 90 m 


Aw, ty, b, € as defined in Pt 3, Ch 3,3 
r= radius of gyration, in mm, 

of stiffener and attached plating 

plating 


Minimum thickness of bulkhead 


7,5 mm in holds 
5,5 mm in holds and 


‘tween decks 


6,5 mm in ‘tween decks 


[I 
10 A mm for rolled, 


Maximum stiffener spacing 


1500 mm 1500 mm 


built or swedged stiffeners 
3b +c 
WY 12(b+o0) 
for symmetrical corrugation 


corrugations 


Minimum depth of stiffeners or 


100 mm in holds 150 mm in holds 


75 mm in ‘tween decks 100 mm in ‘tween decks 


moment of inertia, in cm4, 
of stiffener and attached 


spacing of stiffeners, in mm 
cross-sectional area, in 
cm2, of stiffener and 
attached plating 


P cm2 


Cross-sectional area (including 
plating plating) for rolled, built or swedged 
stiffeners supporting beams, 
longitudinals, girders or transverses 


(a) Where + < 80 A=Ay 
(o) Where + > 120 A=Ap 


A is obtained by 
interpolation between 
A1 and A2 


(c) Where 80 < > < 120 


le 
12,36 -51,5 


s ad 
le 
1,26 - 5,25 = 


As a first approximation A; may be 
taken as 


4 2 
9,32 \ 0,95 


———! =) 
te 
0,5-1,5% 


As a first approximation Ap 
may be taken as 


ee iy pale 
3,92 \0,4 


R, lẹ as defined in Table 1.4.7 


4.5 Deck openings 


4.5.1 The corners of main cargo hatchways in the 
strength deck within 0,5L amidships are to be elliptical, 
parabolic or rounded, with a radius generally not less than 1/24 
of the breadth of the opening. Rounded corners are to have a 
minimum radius of 300 mm if the deck plating extends inside 
the coaming, or 150 mm if the coamings are welded to the 
inner edge of the plating in the form of a spigot. Where 
elliptical corners are arranged, the major axis is to be fore and 
aft, the ratio of the major to minor axis is to be not less than 
2 to 1 nor greater than 2,5 to 1, and the minimum half-length 
of the major axis is to be defined by J, in Fig. 1.4.5. Where 
parabolic corners are arranged, the dimensions are also to be 
as shown in Fig. 1.4.5. 


Cross-sectional area (including 750M 
plating) for symmetrical corrugation 


(a + 0,25) r 


750Al, 
(A + 0,25) r 


4.5.2 Where the corners of large openings in the strength 
deck are parabolic or elliptical, insert plates are not required. 
For other shapes of corner, insert plates of the size and extent 
shown in Fig. 1.4.6 will, in general, be required. The required 
thickness of the insert plate is to be not less than 25 per cent 
greater than the adjacent deck thickness, outside line of 
openings with a minimum increase of 4 mm. The increase 
need not exceed 7 mm. 


4.5.3 Welded attachments close to or on the free edge 
of the hatch corner plating are to be avoided (e.g., welded 
protection strips or shedder plates) and the butt welds of 
corner insert plates to the adjacent deck plating are to be 
located well clear of butts in the hatch coaming. 
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Table 1.4.9 Cantilever beams (see continuation) 


Required modulus, in cm3, see Notes 


Location and supporting arrangements 


Cantilever beam Supporting frame 


(1) Any position — no support from end girders Zo = 8,67kM, (Zo = 85kKM,) 


(2) At hatch side — uniform loading, partial 
support received from hatch side girder, see 
Fig. 1.4.3: 

Hatch side girder supported by Rule hatch 
end beams or pillars at hatch corners 
Hatch side girder supported by end bulk- 
heads of hold — no Rule hatch end beams 
or pillars 


Zu =0,9Z -KG 


Z,, as in (a) or the following formula, whichever is 
the greater: 


(=) (0.45(1 +) Zo -kBG - (1 -B) KE) 


No transverse bulkheads between hatch- Z as in (a) or the following formula, whichever is 
ways, no Rule hatch end beams or pillars, the greater: 


see Notes 
Z, 
EN(G -se) 
n B 


At hatch side - concentrated loading Z, as in (a), (b) or (c), whichever is applicable, or 
as the following formula, whichever is the greater: 
Zo -kGy 


Required inertia, in cm4 


Case (1) or (2) Iy=—Zy 


k 


NOTES 

1. Where a transverse bulkhead is fitted at only one end of a 
hatchway the section modulus of cantilever beams is to be a 
mean of the values obtained from (2)(b) and (2)(c). 
Where only cantilevers in the length of a hatchway consist of 
two or three close together at the mid-length of hatchway, 
their modulus is to be determined by calculating the modulus 
of a single cantilever at mid-length and dividing this by the 
actual number of cantilevers. 


8. The scantlings of the cantilever bracket within the shaded area 
shown in Fig. 1.4.2 are to be as follows: 
(a) Where tripping brackets are not fitted: 


t =(0,0075d,+5) k mm 


27Zy e et 2 
A =( e (: aa) 500 ) em 
If a negative value is obtained for the required section (b) Where tripping brackets are fitted at the positions 


modulus, cantilevers are not necessary for the arrangement indicated in Fig. 1.4.2: 


considered. t =(0,0075d, + 5) k mm 

In calculating the actual section modulus of a cantilever or 20Z t 

supporting frame, the effective area of attached plating is to be At = ( d ( e ) F ) k cm2 
as given in Pt 3, Ch 3,3. Intermediate beams or frames within e 1420f/ 200 


the effective breadth may be included in the calcu ation. n general the radius at the throat of the cantilever bracket is to 
Rule hatch end beams are those with scantlings determined 


from Table 1.4.6, assuming that the hatch side girder has a 
span between hatch end beams. 

The section modulus of cantilever beams is to be not less than 
that determined from Table 1.4.5 for beams in the same 
position. 

The section modulus of side frames, pillars or pillar bulkhead 
stiffeners supporting cantilevers is to be not less than that 
required for ordinary side frames. pillars or pillar bulkhead 
stiffeners, as determined from the appropriate Sections of the 
Rules. 


be not less than do. 

The cantilever beam and supporting frame face plates may be 
gradually tapered from the limits of the shaded area shown in 
Fig. 1.4.2. The web depth of the supporting frame may be 
tapered to a minimum of 0,5q; at the base. 


. Where the web thickness of cantilevers or supporting frames 


d 


is less than w__ transverse web stiffeners are to be fitted 


spaced approximately 1,5q\,, apart. In no case is the web thick- 

ness outside the limits of the cantilever brackets to be less than 
dw 

854k 


Where stiffeners are fitted parallel to the face plates, the 
stiffening arrangements will be specially considered. 
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Table 1.4.9 Cantilever beams (conclusion) 


Part 4, Chapter 1 


Section 4 


Symbols 


overall length of cantilever, in metres 

higher tensile steel factor as defined in 1.5.1 
distance, in metres, between transverse bulkheads, 
see Fig. 1.4.4. Where there is no bulkhead midway 
between hatchways, lp is to be measured to a point 
midway between hatchways 

length of hatchway, in metres, see Fig. 1.4.4 

cargo stowage rate in m3/tonne as defined in Pt 3, 
Ch 3,5, and is to be taken as 1,39 m3/tonne unless 
specified otherwise 

section modulus, in cm3, of hatch side girder which 
is to be not less than that calculated from 

Table 1.4.6, taking the span between cantilevers 
mean of section moduli, in cm3, of longitudinal 
girders in line with hatch side girder (Zp is to be 
taken not greater than Z,) 

Zy 

u 


section modulus, in cm3, of cantilever beam, not 


supported by end girder, at distance u from outer 
end 
section modulus, in cm3, of frame or stiffener above 
cantilever, see Fig. 1.4.2. (Where there is no frame 
or stiffener above cantilever Z4 = 0) 
section modulus, in cm3, of cantilever beam, 
partially supported by hatch side girder at end, at 
distance u from outer end 
section modulus, in cm3, of supporting frame, at 
distance v from lower end 
mean of section moduli, in cm3, of hatch end 
beams calculated for the positions shown in 
Fig. 1.4.3. Zp is to be taken as the smaller modulus 
of the two sections adjacent to the hatch side 
lh 
Tp 

Eis determined as follows: 

When centreline bulkheads or pillars are fitted: 


4 2u 
E = g (ei+zZ0+ 2 Zaza) 


4.5.4 Openings in the strength deck outside the line of 
hatch openings are to be kept to the minimum number 
consistent with operational requirements. Openings are to be 
arranged clear of hatch corners and, so far as possible, clear 
of one another. Where, within 0,4L amidships, deck openings 
have a total breadth or shadow area breadth, in one 
transverse section that exceeds the limitation given in Pt 3, 
Ch 3,3.4.4 and 3.4.5, compensation will be required to restore 
the excess. This is generally to be arranged by increasing the 
deck plate thickness, but other proposals will be considered. 
Plate panels in which openings are cut are to be adequately 
stiffened, where necessary, against compression and shear 
buckling. The corners of all openings are to be well rounded 
and the edges smooth. 


Where there is no centreline support: 

de web depth of cantilever, at root of bracket, in mm, 
see Fig. 1.4.2 
web depth of frame at root of bracket, in mm, see 
Fig. 1.4.2 
web depth of cantilever or frame, in mm 
web depth, in mm, as shown in Fig. 1.4.2 
number of cantilevers between the hatch end 
beams 
thickness of cantilever bracket, in mm 
lever arms, in metres, as shown in Fig. 1.4.2 
sectional area, in cm?, of cantilever bracket face 
plate 
breadth of hatch, in metres, see Fig. 1.4.4 


mean height of hold or ‘tween deck, in metres, as 
shown in Fig. 1.4.2. At weather decks, Hp and Hg 
are to be taken equivalent to the weather head h4 
as defined in Pt 3, Ch 3,5 

bending moment, in KN m (tonne-f m), on the 
cantilever beam due to the load supported by a 
single cantilever. This bending moment is to be 
calculated about an axis at a distance u from the 
end. For hatch side cantilevers with uniformly 
distributed loading this will equal 


4,9S,u 
C 


O, 
‘eo (H2Bh + H3 u) 


(H2Bn + Hg u) 


C 
spacing of cantilevers, in metres, see Fig. 1.4.4 


4.5.5 Openings in the strength deck outside the line of 
hatch openings having a stress concentration factor in excess 
of 2,4 will require edge reinforcements in the form of a spigot 
of adequate dimensions, but alternative arrangements will be 
considered. The area of any edge reinforcement which may 
be required is not to be taken into account in determining the 
required sectional area of compensation for the opening. 
Alternatively, the shape of the opening is to be such that a 
stress concentration factor of 2,4 is not exceeded. In this 
respect, reinforcement will not in general, be required in way 
of: 
(a) elliptical openings having their major axis fore and aft and 
a ratio of length to breadth not less than 2 to 1, or 
(b) openings of other shapes provided that it has been 
shown by suitable tests that the stress concentration 
factor does not exceed 2,4. 
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Upper deck 


Shaded area is part defined 
as cantilever bracket 


Tripping brackets when fitted 
to be in these positions __ 


Second deck 


Minimum : 


radius = Oo 


The dimensions shown are for calculating the second deck cantilevers. 
When other decks are being considered the deck indicated 
as second deck is to be considered as the deck in question. 


Tank top or 
lower deck 


Minimum depth 
at base = 0,5d 


Fig. 1.4.2 Deck cantilevers 


(c) reinforcement will not generally be required for circular 
Hatch side openings, provided that the plate panels in which they 
are situated are otherwise adequately stiffened against 
compression and shear buckling. 


4.5.7 All openings are to be adequately framed; attention 
is to be paid to structural continuity, and abrupt changes of 
shape, section or plate thickness are to be avoided. 
Arrangements in way of corners and openings are to be such 
as to minimise the creation of stress concentrations. Where a 
deck longitudinal is cut, compensation is to be arranged to 
ensure full continuity of strength. 


Fig. 1.4.3 Section moduli of hatch end beams 


4.5.6 Lower deck openings should be kept clear of main 
hatch corners and the areas of high stress, so far as 
possible. Compensation will not, in general, be required 
unless the total width of openings in any frame space, or 
between any two transverses, exceeds 15k per cent of the 
original effective plating width. The requirements of 4.5.4 also 
apply to lower deck openings except that: 

(a) the thickness of inserts, if required, for the second deck 
hatch corners is to be 2,5 mm greater than the deck 
thickness, 

(b) inserts will not generally be required for hatch corners on 
third decks, platform decks and below, and 
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Section 4 


Bulkhead Hatch end beam Cantilevers Intermediate transverse beams 


Fig. 1.4.4 Deck supporting structure 


l4 not less than 2 l9 One frame space fore and aft 


l -f 


= Bp/20 
but is to be not less than 305 mm 
nor need exceed 610 mm 


“minimum 


l2 


Butt of insert plate is to 
be kept well clear of butt 
in coaming 


Bn breadth 
of hatchway opening 
Minimum distance to 
be well clear of radius 


Fig. 1.4.5 Elliptical and parabolic corners 


Fig. 1.4.6 Insert plates for large openings 
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o Section 5 
Shell envelope plating 


5.1 General 


5.1.1 Requirements are given in this Section for 
longitudinal or transversely framed shell plating, and attention 
is drawn to the requirements of 6.1.1. In ships with a 
transversely framed bottom construction, the bottom shell 
plating is, in general, to be reinforced with additional 
continuous, or intercostal, longitudinal stiffeners, see also 
7.1.2. Alternative arrangements will be considered. 


5.12 For ships intended to load or unload while aground, 
see Pt 3, Ch 9,9. 


5.2 Keel 


5.2.1 The cross-sectional area and thickness of bar 
keels, and the width and thickness of plate keels, are to 
comply with the requirements of Table 1.5.1. Forged or rolled 
bar keels are also to comply with the material requirements of 
Chapter 3 of the Rules for the Manufacture, Testing and 
Certification of Materials (hereinafter referred to as the Rules 
for Materials). 


Table 1.5.1 Bar and plate keels 


Item and parameter Requirement 


(1) Bar keels: 
Cross-sectional 
area (1,8L — 16) cm2 


Thickness (0,6L + 8) mm 


(2) Plate keels: 
Breadth 70B mm 

but need not exceed 1800 mm 

and is not to be less than 

750 mm 

(ty +2) mm 

where t4 is as in location (1) in 

Table 1.5.2, using the spacing 

in way of the keel plate t is to 

be taken not less than the 

adjacent bottom shell 

thickness 


Thickness 


Symbols 


L, B as defined in 1.5.1 
b breadth of keel, in mm 
t thickness of keel, in mm 


cross-sectional area, in cm2 


5.3 Bottom shell and bilge 


5.3.1 In the midship region the thickness of bottom shell 
plating to the upper turn of bilge is to be that necessary to 
give the hull section modulus required by Pt 3, Ch 4,5, and is 
to be not less than the minimum values given by Table 1.5.2. 


Part 4, Chapter 1 


Section 5 


5.4 Side shell 


5.4.1 In the midship region, the thickness of side shell 
and sheerstrake plating including the sides of bridge super- 
structures is to be not less than the values given by 
Table 1.5.3, but may be required to be increased locally on 
account of high shear forces in accordance with Pt 3, Ch 4,6. 


5.4.2 Sea inlets, or other openings, are to have well 
rounded corners and so far as possible, are to be kept clear 
of the bilge radius. Openings on, or near to, the bilge radius 
are to be elliptical. The thickness of sea inlet box plating is to 
be the same as the adjacent shell, but not less than 12,5 mm 
and need not exceed 25 mm. 


5.4.3 Where a rounded sheerstrake is adopted the radius 
should, in general, be not less than 15 times the thickness. 


5.4.4 The sheerstrake thickness is to be increased by 
20 per cent at the ends of a bridge superstructure extending 
out to the ship’s side. In the case of a bridge superstructure 
exceeding 0,15L, the side plating at the ends of the super- 
structure is also to be increased by 25 per cent and tapered 
gradually into the upper deck sheerstrake. 


5.4.5 In general, compensation will not be required for 
holes in the sheerstrake which are clear of the gunwale or any 
deck openings situated outside the line of the main hatchways 
and whose depth does not exceed 20 per cent of the depth 
of the sheerstrake or 380 mm, whichever is the lesser. 
Openings are not to be cut in a rounded gunwale. Cargo door 
openings are to have well rounded corners, and the proposed 
compensation for the door openings will be individually 
considered. 
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Section 5 


Table 1.5.2 Bottom shell and bilge plating 


Minimum thickness, in mm, see also 5.3.1 
Location 


Longitudinal framing Transverse framing 


Bottom plating, The greater of the following: The greater of the following: 
see Notes 1 and 2 Fg Fg 
= 0,001s4 (0,043L4 + 10) k (see Note 4) = 0,001s4f, (0,056L4 + 16,7) k 

L (see Note 4) L 


hrok Fok 
= 0,005254 Ten. = 0,0063514] 75 F 
10° E 12 = FB 


t as for (1) t as for (1) 


Bilge plating — where 
framed, see Notes 1 and 2 


Bilge plating — where Provided that transverses or adequate bilge brackets are spaced not more than 
unframed, see Note 3 8t2 7 


6 
DPs Pg x 10° mm apart 


RF 
t= ae but is to be not less than the adjacent bottom plating 
L 


Symbols 


L, D, T, s, S, k, k as defined in 1.5.1 s, but is not to be taken less than the smaller of 
Cw is as defined in 1.5.1. Where L > 227 m, Cw is not to be L 
taken less than 6,446 m 470 + gog mmor 700 mm 
1 , 
f= | +( s j as defined in Pt 3, Ch 4,5.7 
1000S L but need not be taken greater than 190 m 
bilge radius, in mm, see Note 3 


hto= (T +0,5 Cy), in metres but need not be taken greater 
than 1,27 m 


NOTES 
The thickness derived in accordance with (1) is also to satisfy the buckling requirements of Pt 3, Ch 4,7. 
The thickness of bottom shell or bilge plating is to be not less than the basic shell end thickness for taper as given in Pt 3, Ch 5,3 and 
Ch 6,3. 


Where longitudinally framed and the lowest side longitudinal lies a distance a mm above the uppermost turn of bilge and/or the outer- 


most bottom longitudinal lies a distance b inboard of the lower turn of bilge, the bilge radius is to be taken as Rg + a : b mm. 


In no case is a or b to be greater than s. 
Where separate maximum sagging and hogging still water bending moments are assigned, Fg may be based on the hogging moment. 
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Table 1.5.3 


Locat 


Part 4, Chapter 1 


Section 5 


Side shell plating 


Thickness, in mm, see also 5.4.1 


ion 


Longitudinal framing 


Transverse framing 


(1) Side shell clear of sheerstrake, 


see Notes 1, 2, 


(2) Sheerstrake, 


see Notes 1, 2 and 5 


D 
(a) Above > from base: 
4 and 5 


The greater of the following: 


= 0,0042s, V h74 k 


Fp 
(i = 0,00184 (0,059L4 +7) A| Fe 


D 
(a) Within 4 from the gunwale: 


The greater of the following: 


Fy 
= 0,00085s4 f4 (0,083L, + 10) A] a 


= 0,0042s, hy K 


he greater of the following: 


= 0,0054s, 


At upper turn of bilge, see Note 3: 


Fe 
= 0,001s, (0,059L; +7) A| k 


Aya k 
2-fp 


D 
Within ra from mid-depth: 
The greater of the following: 


= 0,001s, (0,059L; + 7) 


= 0,0051s4 \/ h74 k 


kL 


The greater of the following: 

(i) t from (b)(i) 

(ii 
(oii) 


The greater of the following: 


(i) t 


(i) t = 


adjacent side plating 


D 
Between upper turn of bilge and > from base: 


t from interpolation between (a)(ii) and 


= 0,001s, (0,059L, + 7) 


0,00083s4VLk + 2,5 
but t is to be not less than the thickness of the 


D 
Within 4 from base (excluding bilge plating), 


see Note 3: 
The greater of the following: 


F; 
= 0,00085s4 f4 (0,083L4 + 10) N a 


hro k 


= 0,0056s4 18 Fg 


The greater of the following: 


at) 0,0018; f, (0,083L, + 10) 4] -2 
A () t= 0,00184 fy (0,083L4 + 10) 4] 77 


(ii) t = 0,001syVLk + 2,5 


but t is to be not less than the thic 
adjacent side plating 


ness of the 


Symbols 


L, D, T, S, s, k k, as defined in 1.5.1 


Cw is as defined in 


1.5.1. Where L > 227 m, Cy, is not to be taken 


less than 6,446 m 


1 


2 
1+ Cran ) 
1000S 


T + Cy M but need not be taken greater than 1,367 
T + 0,5C\y, m but need not be taken greater than 1,27 


s, but 
470 + 


as defi 


L, but 


s not to be taken less than the smaller of 


mm or 700 mm 


L 
0,6 
ned in Pt 3, Ch 4,5.7 
the greater of Fp or Fg 


need not be taken greater than 190 m 


NOTES 
1s 


2. 


[he thickness is also to satisfy the buckling requirements of Pt 3, 
Ch 4,5.6. 

The thickness of side shell or sheerstrake is to be not less than 
the basic shell end thickness for taper, as given in Pt 3, Ch 5,3 
and Ch 6,3. The width of the sheerstrake (where of different 
thickness from the side shell) is to be not less than that required 
by Table 2.2.1 in Pt 3, Ch 2. 

The thickness of side shell need not exceed that determined from 
Table 1.5.2 for bottom shell, but using the spacing of side frames 
or longitudinals. 

Outside the Rule minimum region of higher tensile steel as 
defined in Pt 3, Ch 3,2.6.1 the value of k may be taken as 1,0. 
For the expressions contained in (i), where separate maximum 
sagging and hogging still water bending moments are assigned, 
Fp may be based on the sagging moment and Fg on the hogging 
moment. 
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a Section 6 
Shell envelope framing 


6.1 General 


6.1.1 Longitudinal framing is, in general, to be adopted 
at the bottom, but special consideration will be given to 
proposals for transverse framing in this region. Transverse or 
longitudinal framing can be adopted for the side shell. 
Requirements are given in this Section for longitudinal and 
transverse framing systems. 


6.1.2 End connections of longitudinals to bulkheads are 
to provide adequate fixity and, so far as practicable, direct 
continuity of longitudinal strength. Where L exceeds 215 m, 
the bottom longitudinals are to be continuous in way of both 
watertight and non-watertight floors, but alternative arrange- 
ments will be considered. Higher tensile steel longitudinals 
within 10 per cent of the ship’s depth at the bottom and deck 
are to be continuous irrespective of the ship length, see also 
Pt 3, Ch 10,5.2. 


6.1.3 Stiffeners and brackets on side transverses, where 
fitted on one side and connected to higher tensile steel 
longitudinals between the base line and 0,8D, above the base 
line, are to have their heels well radiused to reduce stress 
concentrations. Where a symmetrical arrangement is fitted, 
i.e., bracket or stiffening on both sides, and it is connected to 
higher tensile steel longitudinals, the toes of the stiffeners or 
brackets are to be well radiused. Alternative arrangements will 
be considered if supported by appropriate direct calculations, 
see also Pt 3, Ch 10,5.2. 


6.1.4 Where higher tensile steel side longitudinals pass 
through transverse bulkheads in the cargo area, well radiused 
brackets of the same material are to be fitted on both the fore 
and aft side of the connection between the upper turn of bilge 
and 0,8D, above the base line. Particular attention should be 
given to ensuring the alignment of these brackets. Alternative 
arrangements will be considered if supported by appropriate 
direct calculations, see also 6.2.3. 


6.7.5 For ships intended to load or unload while aground, 
see Pt 3, Ch 9,9. 


6.2 Longitudinal stiffening 


6.2.1 For non-CSR tankers, bulk carriers and ore 
carriers (see Pt 1, Ch 2,2.3) the scantlings of bottom and side 
longitudinals in the midship region are to comply with the 
requirements given in Table 1.6.1(b). In general other ships are 
to comply with Table 1.6.1(a). 


6.2.2 The lateral and torsional stability of longitudinals 
together with web and flange buckling criteria are to be 
verified in accordance with Pt 3, Ch 4,7. 


Part 4, Chapter 1 


Section 6 


6.2.3 Where higher tensile steel asymmetrical sections 
are adopted in double bottom tanks which are interconnected 
with double skin side tanks or combined hopper and topside 
tanks the requirements of 6.1.3 and 6.1.4 are to be complied 
with regarding arrangements to reduce stress concentrations. 
Alternatively, it is recommended that bulb plate or symmetrical 
sections are adopted. 


6.3 Transverse stiffening 


6.3.1 The scantlings of main and ‘tween deck frames, 
and bottom frames in way of bracket floors, in the midship 
region are to comply with the requirements given in 
Table 1.6.2. 


6.3.2 The scantlings of main frames are normally to be 
based on Rule standard brackets at top and bottom, whilst 
the scantlings of ‘tween deck frames are normally to be based 
on a Rule standard bracket at the top only. 


6.3.3 End connections of transverse main and ‘tween 
deck frames are to be in accordance with Pt 3, Ch 10,3. 


6.4 Primary supporting structure 


6.4.1 Side transverses supporting longitudinal stiffening, 
and webs and stringers supporting transverse side stiffening, 
are to comply with the requirements of Table 1.6.3. 


6.4.2 Side transverses are to be spaced not more than 
3,8 m apart when the length, L, is less than 100 m and 
(0,006L + 3,2) m apart where L is greater than 100 m. 
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Table 1.6.1(a) Shell framing (longitudinal) 


Side longitudinals in way of dry spaces, including | The lesser of the Lee: 

double skin construction, see Note 2 Z = 0,056 skhyy le? Fy Fs 

Z from (3)(a) evaluated using s, k and lę for the longitudinal under 
consideration and the remaining parameters evaluated at the base line 


Side longitudinals in way of double skin tanks or | The greater of the following: 
deep tanks, see Note 2 a) Zas from (1) 
b) As required by Ch 1,9 for deep tanks 


Bottom and bilge longitudinals, see Notes 1, 2, 3 | The greater of the following: 
and 4 a) Z = yskhrle Fy 
b) Z = yskhqgle? Fy Feb 


Symbols 


k, k, p as defined in 1.5.1 by, = the minimum distance, in mm, from the edge of the face 
as defined in 1.5.1, but is not to be taken less than 1,5 m plate of the side longitudinal under consideration to the 
except in way of the centre girder brackets required by centre of the web plate, see Fig. 9.5.1 in Chapter 9 
8.5.3 where a minimum span of 1,25 m may be used 
lẹ in metres, but is not to be taken less than 2,5 m and 
need not be taken greater than 5,0 m 


; he ; 
—— 80 ge eat waterline, at draught T, where Cw (: 7 ot) is not to 
225 — 165Fp 


he oe 
hy, = Cw (: Dz -T ) F,, in metres, for longitudinals above the 


Ly 
intermediate be taken less than z5 m for Type ‘B-60’ ships and the 
1,0 at D2 values by 


2 interpolation Ly 
75 greater of 70 or ,20 m for Type ‘B’ ships 


= at base line 
225 — 150F 


he , eee 
Dy Do, in metres, but is not to be taken less than 10 and [hs + Cy (: -T )] F,, in metres, for longitudinals 
need not be taken greater than 16 
Də = D, in metres, but need not be taken greater than 1,6T below the waterline at draught 7 
Fg Fp as defined in Pt 3, Ch 4,5.7 
Do cy ; Tae D2 
Fy = 4Dp + 20n; for side longitudinals above -> 


D 
hq; need not exceed 0,86 (hs + 3) for Fy < 0,14 and 


minimum (hs + "i ) for Fy > 0,14 
D2 Cy en Dg | F4 =0,14 8 
25D; 20m, 10" Side longitudinals below = (T + 0,5Cw), in metres for bottom longitudinals 
need not be taken greater than 1,27 m 
h4 — 0,257, in metres 
load head required by Ch 1,9 for deep tanks 
vertical distance, in metres, from longitudinal to deck at 
2b depth, Do 
ac A, fi : vertical distance, in metres, from the waterline at draught 
La k | T b = J at 0/005 abovethe Danelle T to the longitudinal under consideration 
; the width of the face plate, in mm, of the side longitudinal 
= 1,0 at Do and above, and Fp at the base line under consideration, see Fig. 9.5.1 in Chapter 9 
intermediate values by linear interpolation = a wave head, in metres = 7,71 x 10-2Le-9,0044L 
be where e = base of natural logarithms 2,7183 
(b) For flat bars and bulb plates D may be taken as 0,5 1,0 for L < 200 m 
[1,0 + 0,0023(L — 200)] for L > 200 m 
0,002761 + 0,046 


and bottom longitudinals 
L4 = L but need not be taken greater than 190 m 
F, is a fatigue factor for side longitudinals to be taken as follows: 
(a) For built sections and rolled angle bars 


Fop is a fatigue factor for bottom longitudinals = 0,5 (1 + F, at 0,6D9) 
where 
NOTES 
1. The buckling requirements of Pt 3, Ch 4,7 are to be complied with. The ratio of the web depth, d, to web thickness, t, is to comply with 
the following requirements: 
(a) Built up profiles and rolled angles: 


ow < 600K, 


(b) Flat bars: 


7 < 184/ k when continuous at bulkheads 


< 15% k when non-continuous at bulkheads 


2. Where struts are fitted midway between transverses in way of double bottom tanks, or double skin construction, the modulus of the 
bottom or side longitudinals may be reduced by 50k per cent from that obtained from the locations (1), (2), or (3) as applicable. 

3. Where the bilge radius exceeds the Rule height of a double bottom the modulus of the longitudinal above this nominal height is to be 
derived from the location (1) or (2) as applicable. 

4. Where no bilge longitudinals are fitted and bilge brackets are required by location (3) in Table 1.5.2, at least two brackets are to be fitted. 
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Table 1.6.1(b) Shell framing (longitudinal) 


Side longitudinals in way of dry spaces, including | The lesser of the following: 
double skin construction, see Note 2 (a) Z = 0,056 skhņ4 le? Fy Fg 
(b) Z from (3)(a) evaluated using s and /, for the longitudinal under consideration 
and the remaining parameters evaluated at the base line 


Side longitudinals in way of double skin tanks or | The greater of the following: 
deep tanks, see Note 2 (a) Zas from (1) 
(b) As required by Ch 1,9 for deep tanks, using hy3 instead of hy, but need not 
exceed Z from (3)(b) evaluated using y, s and lę for the longitudinal under 
consideration and the remaining parameters evaluated at the base line 


Bottom and bilge longitudinals, see Notes 1, 2, 3 | The greater of the following: 
and 4 (a) Z = yskhto le? Fy Fsb 
(o) Z = ys khs le? Fy Fsb 


Symbols 


k, p as defined in 1.5.1 Fp is a fatigue factor for bottom longitudinals = 0,5 (1 + Fs at 0,6D9) 
as defined in 1.5.1, but is not to be taken less than 1,5 m where 

except in way of the centre girder brackets required by be the minimum distance, in mm, from the edge of the face 
8.5.3 where a minimum span of 1,25 m may be used plate of the side longitudinal under consideration to the 
lę in metres, but is not to be taken less than 2,5 m and centre of the web plate, see Fig. 9.5.1 in Chapter 9 

need not be taken greater than 5,0 m 

60 
225 — 165Fp 


he , mor 
h74 Cw (: DaT ) F,, in metres, for longitudinals above the 


at deck 


D intermediate waterline, at draught 7, where (: - 58) is not to be 
1.0 at 2 values by 2 
2 interpolation taken less than 0,7 
75 
225 — 150FR 


Do, in metres, but is not to be taken less than 10 and below the waterline at draught T 
need not be taken greater than 16 
2 D, in metres, but need not be taken greater than 1,6T 
Fg,Fp as defined in Pt 3, Ch 4,5.7 D; 
Do C4 se Do (ns+ 22) for F4 > 0,14 
Fy = 4D; + 20h5 for side longitudinals above => 


h 
at base line = [hs + Cw (1 - se )] F,, in metres, for longitudinals 


D 
ht and h72 need not exceed 0,86 (hs + z) for F4 < 0,14 and 


ESIA hy (T + 0,5Cw) F}, in metres for bottom longitudinals 
Do cy nE 2 se h4 -0,25T, in metres, at the base line 
25D; — 20hz for side longitudinals below -57 h4, in metres, at and above 7/4 from the base line, 
intermediate values by linear interpolation 
and bottom longitudinals load head required by Ch 1,9 for deep tanks 
L4 = L but need not be taken greater than 190 m vertical distance, in metres, from longitudinal to deck at 
F, is a fatigue factor for side longitudinals to be taken as follows: depth, Də 
(a) For built sections and rolled angle bars vertical distance, in metres, from the waterline at draught 
1,1 2b;4 : T to the longitudinal under consideration 
ke í - Be (1- J at 0,6D above the base line the width of the face plate, in mm, of the side longitudinal 
under consideration, see Fig. 9.5.1 in Chapter 9 
= 1,0 at Do and above, and Fep at the base line a wave head, in metres = 7,71 x 10-2Le~0,0044L 
intermediate values by linear interpolation where e = base of natural logarithms 2,7183 
be 1,0 for L < 200 m 
(b) For flat bars and bulb plates D; may be taken as 0,5 [1,0 + 0,0023(L — 200)] for L > 200 m 
t 0,00264 + 0,046 


F, = 


NOTES 
1. The buckling requirements of Pt 3, Ch 4,7 are to be complied with. The ratio of the web depth, dw, to web thickness, t, is to comply with 
the following requirements: 
Built up profiles and rolled angles: 


ow < 60K, 


Flat bars: 


< 18/k, when continuous at bulkheads 


a <15 ak, when non-continuous at bulkheads 

Where struts are fitted midway between transverses in way of double bottom tanks, or double skin construction, the modulus of the 
bottom or side longitudinals may be reduced by 50k per cent from that obtained from the locations (1), (2), or (3) as applicable. 

Where the bilge radius exceeds the Rule height of a double bottom the modulus of the longitudinal above this nominal height is to be 
derived from the location (1) or (2) as applicable. 

Where no bilge longitudinals are fitted and bilge brackets are required by location (3) in Table 1.5.2, at least two brackets are to be fitted. 
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Table 1.6.2 


Shell framing (transverse) 


Location 


Modulus, in cm3 Inertia, in cm4 


Main, ‘tween deck and superstructure frames in dry spaces, 
see Note 3 


The greater of the following: 


(a) Z 
(b) Z 


CskhyH2x103 


3.2 pz 
9,1s k Dy x 1073 k 


Main an 


d ’tween deck frames in way of fuel or water ballast 


tanks or cargo holds used for water ballast 


(b) Z 


The greater of the following: 
(a) 1,15 x Z from (1) 


6,7s k h H32 x 10-3 


Frames 


supporting hatch end beams or deck transverses, 


see Note 2 


(b) Z 


The greater of the following: 
(a) Z from (1) 


2,5 (0,212 + Hy2)k SyHg 


Bottom 


frames of double bottom bracket floors 


Z = 215skTl.x 104 


Symbols 


D,T,s, kas 
C a 


defined in 1.5.1 

end connection factor 

3,4 where two Rule standard brackets are fitted 

3,4 (1,8 — 0,8 (1/2) where one Rule standard bracket 
and one reduced bracket are fitted 


= 3,4 (2,15 -= 1,15 (lamean//)) where two reduced 


brackets are fitted 

6,1 where one Rule standard bracket is fitted 

6,1 (1,2 — 0,2 (/,/I)) where one reduced bracket is fitted 
7,3 where no bracket is fitted 

The requirements for frames where brackets larger 
than Rule standard are fitted will be specially 
considered 


= equivalent arm length, in mm, as derived from Pt 3, 


NOTES 
1. 
2. 


Ch 10,3.4.1 
mean equivalent arm length, in mm, for both brackets 
head, in metres, at middle of H 
h 
Cw (1 - Det) F,,, in metres for frames where the 


mid-length of frame is above the waterline, at draught T 


h 
where (1 = pot) is not to be taken less than 0,7 


h 
[hs + Cw (1 z z )] F}, in metres for frames 


where the mid-length of frame is below the waterline 
at draught T 

h4 or hs, whichever is the greater 

tank head, in metres, as defined in Pt 3, Ch 3,5 


head, in metres, measured from the mid-length of H, 
to the deck at side 

vertical distance in metres, from waterline at draught T 
to the mid-length of H 

distance, in metres, from side shell to inboard support 
of beam or transverse 


= effective length, in metres, of bottom frames for 


double bottom bracket floors 

length, in metres, of hatch side girder 

a wave head, in metres, 

7,71 x 1072 Le-0,0044L 

where e = base of natural logarithms 2,7183 

1,0 for L < 200m 

(1,0 + 0,0023 (L — 200)) for L > 200 m 

D, but need not be taken greater than 1,6T 

Hyr Or HTf as applicable, see Note 1 

vertical framing depth, in metres, of main frames, as 
shown in Fig. 1.6.1, but is to be taken not less than 
3,5 m 

vertical framing depth, in metres, of ‘tween deck 
frames, as shown in Fig. 1.6.1, but is to be taken not 
less than 2,5 m 

H, but need not be taken greater than 3,5 m 


H, where Hyr is to be taken not less than 2,5 m 
weather head, h4, or cargo head, ho, in metres, as 
defined in Pt 3, Ch 3,5, whichever is applicable 
spacing, in metres, of deck transverses 

l 

=z for hatch end beams 


S for transverses 


Where frames are inclined at more than 15° to the vertical, Hyp or Hyp is to be measured along a chord between span points of the frame. 
If the modulus obtained from (8) for frames under deck transverses exceeds that obtained from (1) and (2), the intermediate frames 


may be reduced provided that the combined modulus is maintained and the reduction in any intermediate frame is not greater than 35 
per cent. The reduced modulus is to be not less than that given by (1)(b). 
The scantlings of main frames are not to be less than those of the ‘tween deck frames above. 
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Fig. 1.6.1 Framing depths for various structural configurations 
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Table 1.6.3 Primary structure 


Item and location 


Part 4, Chapter 1 


Sections 6 & 7 


Modulus, in cm? Inertia, in cm4 


Longitudinal framing system: 


(1) Side transverses in dry cargo spaces 


(2) Side transverses in deep tanks 


10k S hy4 le? 


11,7p k S h4 le? 
or as (1) above, whichever is the greater 


Transverse framing system: 


(3) Side stringers in dry cargo spaces 


(4) Side stringers in deep tanks 


(5) Web frames supporting side stringers 


Z determined from calculation based on following 
assumptions: 

(a) fixed ends 

(b) point loadings 

(c) head hy or hy as applicable 


(d) bending stress — N/mm? ( 


(e) shear stress n N/mm2 E- kgt/mm?) 


7,75k S h4 le? 


11,7p k S h4 le? 
or as (3) above, whichever is the greater 


9,5 


22 kaf 2) 
k gf/mm 


8,5 


Symbols 


p as defined in 1.5.1 
tank head, in metres, as defined in Pt 3, Ch 3,5 
head, in metres, at mid-length of span 


h 
= Cw (1 = pT) F}, in metres where the mid-length 


of span is above the waterline at draught T, where 


h 
(1 = pot) is not to be taken less than 0,7 
= 


h 
= [hs + Cw (1 = = )] F}, in metres where the 


mid-length of span is below the waterline at draught T 


a Section 7 
Single bottom structure 


7.1 General 


fide Requirements are given in this Section for single 
bottom construction in association with transverse framing, 
and are generally applicable to the following ships: 

(a) Cargo ships of less than 500 tons gross tonnage. 

(b) Ships not propelled by mechanical means. 

(c) Trawlers and fishing vessels. 

Cases where a single bottom structure is adopted in 
association with longitudinal framing will be considered. 


vertical distance, in metres, from the waterline at 
draught 7, to the mid-length of span 

1,0 for L < 200 m 

[1,0 + 0,0023 (L — 200)] for L > 200 m 

a wave head, in metres 

7,71 x 1072 Le~0,0044L 

where e = base of natural logarithms 2,7183 

D but need not be taken greater than 1,67 


lielie Ships with single bottoms are to have a centre 
girder fitted. In addition, one side girder is to be fitted on each 
side of the centreline where B does not exceed 10 m, and two 
side girders on each side where B is greater than 10 m and 
does not exceed 17 m. In addition, continuous or intercostal 
longitudinal stiffeners are to be fitted where the panel size 
exceeds the ratio 4 to 1. Centre and side girders are to extend 
as far forward and aft as practicable, and where they are cut 
at bulkheads the longitudinal strength is to be maintained. 


7.1.3 Plate floors are to be fitted at every frame, and the 
tops of floors, in general, may be level from side to side, but in 
ships having considerable rise of floor, and towards the ends, 
the depth of the floor plates is to be increased. Floor plates 
forming part of a watertight or deep tank bulkhead are to be 
not less than 900 mm in depth measured at the centreline, 
and the thickness is to be not less than that required for the 
bottom strake of a bulkhead. 


7.1.4 For ships intended to load or unload while aground, 
see Pt 3, Ch 9,9. 
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Table 1.7.1 Single bottom girders and floors 


Item Depth, in mm 


Part 4, Chapter 1 


Sections 7 & 8 


Thickness, in mm Face plate area, in cm? 


(1) Centre girder As for floors 


t = VLk+2 Ay = 0,67Lk 
but not less than 6,0 but not less than 12,5 
See Notes 2 and 3 


(2) Side girders As for floors 


t = Lk Ar = (0,25. +5)k 
but not less than 6,0 but not less than 10,0 
See Note 3 


(3) Floors 


Where B< 10m = 40(6+7) 


Where B > 10 m 
(see Note 1) 


40 (1,5B + T) - 200 


d 
EEES 


S4 100 S4 
See Notes 2 and 3 


but not less than 6,0 


Symbols 


k as defined in 1.5.1 
breadth of face plate, in mm 
overall depth of floor at the centreline, in mm 


Sy a standard frame spacing, in mm, and is to be taken as 
2(L + 240) 
At cross-sectional area of face plate, in cm2 


If the side frames are attached to the floors by brackets, the Rule 
depth of floor may be reduced by 15 per cent and the floor thick- 
ness determined using the reduced depth. The brackets are to 
be flanged and have the same thickness as the floors, and their 
arm lengths clear of the frame and are to be the same as the 
reduced floor depth given above. 


LAGS Provision is made for the free passage of water 
from all parts of the bottom to the suctions, taking into 
account the pumping rates required. 


7.2 Girders and floors 


7.2.1 The scantlings of girders and floors are to comply 
with the requirements of Table 1.7.1. 


| Section 8 
Double bottom structure 


8.1 Symbols and definitions 


8.1.1 The symbols used in this Section are defined as 
follows: 
L, B, T as defined in 1.5.1 
dpg = Rule depth of centre girder, in mm 
Appa = actual depth of centre girder, in mm 
hpg = head from top of inner bottom to top of over-flow 
pipe, in metres 
S = spacing of stiffeners, in mm 
Hpg = height from tank top, at position under considera- 
tion, to deck at side amidships, in metres 
Zpp = section modulus of bottom frame at bracket floor, 
in cms, 


The face plate thickness of floors and centre girder is to be not 
less than the floor plate thickness. 
The thickness of face plates is to be: 
bs 
16Vk 


by 


not less than nor more than 


8.2 General 


8.2.1 Except as specified in 8.2.4, cargo ships other than 
tankers are to be fitted with a double bottom extending from 
the collision bulkhead to the after peak bulkhead, as far as 
this is practicable and compatible with the design and proper 
working of the ship. 


8.2.2 Where a double bottom is required to be fitted, its 
depth at the centreline, App, is to be in accordance with 8.3.1 
and the inner bottom is to be continued out to the ship's side 
in such a manner as to protect the bottom to the turn of the 
bilge. 


8.2.3 Small wells constructed in the double bottom, in 
connection with the drainage arrangements of holds, are not 
to extend in depth more than necessary. A well extending to 
the outer bottom, may however, be permitted at the after end 
of the shaft tunnel of the ship. Other well arrangements (e.g., 
for lubricating oil under main engines) may be considered 
provided they give protection equivalent to that afforded by 
the double bottom. In no case shall the vertical distance from 
the bottom of such a well to a plane coinciding with the keel 
line be less than 500 mm for passenger ships and cargo ships 
other than tankers. Keel line is defined in SOLAS Chapter II-1, 
Part A, Regulation 1. 


8.2.4 A double bottom need not be fitted in way of water- 
tight compartments used exclusively for the carriage of 
liquids, provided the safety of the ship in the event of bottom 
damage is not thereby impaired. In addition, a double bottom 
need not be fitted on the following ships: 

(a) Cargo ships of less than 500 tons gross tonnage. 

(b) Ships not propelled by mechanical means. 

(c) Trawlers and fishing vessels. 
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6.2.5 This Section provides for longitudinal or transverse 
framing in the double bottom, but for ships exceeding 120 m 
in length and for ships strengthened for heavy cargoes, 
longitudinal framing is, in general, to be adopted. For the 
additional requirements for ships specially strengthened for 
heavy cargoes, see Ch 7,1.3. 


8.2.6 For ships intended to load or unload while aground, 
see Pt 3, Ch 9,9. 


8.2.7 Girders and the side walls of duct keels are to be 
continuous, and the structure in way is to be sufficient to 
withstand the forces imposed by dry-docking the ship. 


8.2.8 Adequate access is to be provided to all parts of 
the double bottom. The edges of all holes are to be smooth. 
The size of opening should not, in general, exceed 50 per cent 
of the double bottom depth, unless edge reinforcement is 
provided. In way of ends of floors and fore and aft girders at 
transverse bulkheads, the number and size of holes are to be 
kept to a minimum, and the openings are to be circular or 
elliptical. Edge stiffening may be required in these positions. 


8.2.9 Provision is to be made for the free passage of air 
and water from all parts of the tank to the air pipes and 
suctions, account being taken of the pumping rates required. 
To ensure this, sufficient air holes and drain holes are to be 
provided in all longitudinal and transverse non-watertight 
primary and secondary members. The drain holes are to be 
located as close to the bottom as is practicable, and air holes 
are to be located as close to the inner bottom as is 
practicable, see also Pt 3, Ch 10,5.3 and Pt 4, Ch 9,5.8. 


8.3 Girders 


8.3.1 The minimum depth of the centre girder is to be 
taken as the greater of the following: 


(@) dps = 28B +205VT mm 

(0) dpg = 50B mm, but need not be taken as greater than 
2000 mm 

(c) dpg = 760mm. 


8.3.2 The centre girder thickness is to be not less than: 
t = (0,008dpg +4) Vk mm 
nor less than 6,0 mm. The thickness may be determined 


using the value for dpg without applying the minimum depths 
specified in 8.3.1(b) and (c). 
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8.3.3 In transversely framed ships where the breadth, 
B, does not exceed 10 m, no side girders are required, and 
one vertical stiffener is to be fitted to the floors on each side, 
about midway between the centreline and the margin plate. 
One side girder is to be fitted where the breadth, B, exceeds 
10 m but does not exceed 20 m, and for greater breadths two 
girders are to be fitted on each side of the centreline. The 
non-watertight side girders are to extend as far forward and 
aft as practicable and are to have a thickness not less than: 


t = (0,008dpg + 1) Vk mm 


nor less than 6,0 mm. 


8.3.4 Vertical stiffeners are to be fitted at every bracket 
floor (see 8.5.7), and are to have a depth not less than the 
depth of the tank top frame or 150 mm, whichever is the 
greater. For ships with a length, L, less than 90 m, stiffeners 
are to have a depth of not less than 1,65L mm with a 
minimum of 50 mm. The thickness is to be as required for the 
girder. Watertight side girders are to have a thickness 1 mm 
greater than required by 8.3.3 for non-watertight side girders. 
Where the double bottom tanks are interconnected with side 
tanks or cofferdams, the thickness is to be as for deep tanks 
(see 9.2.1) with h, in metres, measured to the highest point at 
the side tank or cofferdam. 


8.3.5 In longitudinally framed ships one side girder is 
to be fitted where the breadth, B, exceeds 14 m, and two 
girders are to be fitted on each side of the centreline where B 
exceeds 21 m. The girders are to extend as far forward and 
aft as practicable and are to have a thickness not less than: 


t = (0,0075dpg + 1) Vk mm 


nor less than 6,0 mm. 

In general, a vertical stiffener, having a depth not less than 
100 mm and a thickness equal to the girder thickness, is to be 
arranged midway between floors. 


8.3.6 Watertight side girders are to have a plating thick- 
ness corresponding to the greater of the following: 


(a) t =(0,0075dpg + 2) Vk mm, or 


(b) thickness t as for deep tanks (see 9.2.1) with h, in 
metres, measured to the highest point of the side tank, 
or cofferdam if the double bottom is interconnected with 
these tanks. 


8.3.7 Watertight side girder stiffeners are to be in 
accordance with the requirements for watertight floors, see 
8.5.4 and 8.5.5. 


8.3.8 Duct keels, where arranged, are to have a 

thickness of side plates corresponding to the greater of the 

following: 

(a) t = (0,008dpp + 2) Vk mm, or 

(o) thickness t, as for deep tanks (see 9.2.1) with h, in 
metres, measured to the highest point of the side tank, 
or cofferdam if the double bottom tank is interconnected 
with these tanks. 
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8.3.9 The sides of duct keels are, in general, to be 
spaced not more than 2,0 m apart. Where the sides of the 
duct keels are arranged on either side of a centreline or side 
girder, each side is, in general, to be spaced not more than 
2,0 m from the centreline or side girder. The inner bottom and 
bottom shell within the duct keel are to be suitably stiffened. 
The primary stiffening in the transverse direction is to be 
suitably aligned with the floors in the adjacent double bottom 
tanks. Where the duct keels are adjacent to double bottom 
tanks which are interconnected with side tanks or cofferdams, 
the stiffening is to be in accordance with the requirements for 
deep tanks, see 9.2.1. Access to the duct keel is to be by 
watertight manholes or trunks. 


8.3.10 The buckling requirements of Pt 3, Ch 4,7 are also 
to be satisfied. 


8.4 Inner bottom plating and stiffening 


8.4.1 The thickness of the inner bottom plating in the 
holds is to be not less than: 


4 
t = 0,00136 (s + 660) \/k2LT mm 


nor less than 6,5 mm in holds and 7,5 mm under hatchways 
if no ceiling is fitted. 


8.4.2 The thickness of the inner bottom plating as 
determined in 8.4.1 is to be increased by 2 mm under the 
hatchways if no ceiling is fitted. If cargo is to be regularly 
discharged by grabs, see 2.2.2. 


6.4.3 A margin plate, if fitted, is to have a thickness 
throughout 20 per cent greater than that required for inner 
bottom plating. 


8.4.4 Where the double bottom tanks are common with 
side tanks or cofferdams, the thickness of the inner bottom 
plating is to be not less than that required for deep tanks (see 
9.2.1), with h, in metres, taken to the highest point of the side 
tank or cofferdam, and K4 is to be taken as ‘elsewhere’. 


8.4.5 Inner bottom longitudinals, or tank top frames at 
bracket floors within the range of cargo holds, are to have a 
section modulus not less than 85 per cent of the Rule value 
for bottom longitudinals (see 6.2.1) or bottom frames in way of 
bracket floors (see 6.3.1), whichever is applicable. The un- 
supported span of tank top frames is generally not to exceed 
2,5 m. Where the double bottom tanks are inter-connected 
with side tanks, hopper and topside tanks or cofferdams, the 
scantlings are to be not less than those required for deep 
tanks, see 9.2.1. For higher tensile steel inner bottom 
longitudinals the requirements of 6.2.2 are to be complied 
with where applicable. 


8.4.6 The buckling requirements of Pt 3, Ch 4,7 are also 
to be satisfied. 
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8.5 Floors 


8:5:1 In longitudinally framed ships, plate floors are to 
be fitted under bulkheads and elsewhere at a spacing not 
exceeding 3,8 m. The thickness of non-watertight plate floors 
is to be not less than: 


t = (0,009dpg + 1) VK mm 


nor less than 6,0 mm. The thickness need not be greater than 
15 mm, but the ratio between the depth of the double bottom 
and the thickness of the floor is not to exceed 130Vk . This 
ratio may, however, be exceeded if suitable additional 
stiffening is fitted. Vertical stiffeners are to be fitted at each 
longitudinal, having a depth not less than 150 mm and a 
thickness equal to the thickness of the floors. For ships of 
length, L, less than 90 m, the depth is to be not less than 
1,65L mm, with a minimum of 50 mm. 


8.5.2 The thickness of watertight floors for longitudinally 
framed ships is to be not less than: 


(a) t = (0,008dpg + 3) VK mm, or 
(b) t = (0,009dp3 +1) kK mm 


whichever is the greater, 

but need not exceed 15 mm on floors of normal depth. The 
thickness is also to satisfy the requirements for deep tanks (see 
9.2.1) with h, in metres, taken to the highest point of the side 
tank, or cofferdam if the double bottom tank is interconnected 
with these tanks. The scantlings of stiffeners are to be in accor- 
dance with the requirements of 9.2.1 for deep tanks, or as 
required by 8.5.4 whichever is the greater. The stiffeners are to 
be connected to the inner bottom and shell longitudinals. 


8.5.3 Between plate floors, transverse brackets having a 
thickness not less than 0,009dpp mm are to be fitted, extending 
from the centre girder and margin plate to the adjacent 
longitudinal. The brackets, which are to be suitably stiffened at 
the edge, are to be fitted at every frame at the margin plate, 
and those at the centre girder are to be spaced not more than 
1,25 m. 


8.5.4 In transversely framed ships, plate floors are to 
be fitted under bulkheads, in way of change in depth of 
double bottom and elsewhere at a spacing not exceeding 
3,0 m. The shell inner bottom plating between these floors is 
to be supported by bracket floors. The thickness of non- 
watertight plate floors is to be not less than: 


t = (0,008dpp + 1) kK mm 


but need not exceed 15 mm and is to be not less than 6 mm. 
Watertight or strengthened floors are to be fitted below, or in 
the vicinity of, watertight bulkheads, and their thickness is to 
be 2 mm greater than that derived above for non-watertight 
floors, but need not exceed 15 mm on floors of normal depth. 
If the depth of such floors exceeds 915 mm but does not 
exceed 2000 mm, the floors are to be fitted with vertical 
stiffeners spaced not more than 915 mm apart and having a 
section modulus not less than: 


Zs = 5,41dpga? hpgs k X 10-9 cms 


The ends of the stiffeners are to be sniped. 
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8.5.5 Where the double bottom tanks are interconnected 
with side tanks or cofferdams, or where the depth of floor 
exceeds 2000 mm, the scantlings of watertight floors are to 
be not less than those required for deep tanks (see 9.2.1), and 
the ends of the stiffeners are to be bracketed top and bottom. 


8.5.6 Where floors form the boundary of a sea inlet box, 
the thickness of the plating is to be the same as the adjacent 
shell, but not less than 12,5 mm and need not exceed 25 mm. 
The scantlings of stiffeners, where required are, in general, to 
comply with 9.2.1 for deep tanks. Sniped ends for stiffeners 
on the boundaries of these spaces are to be avoided 
wherever practicable. The stiffeners should be bracketed or 
the free end suitably supported to provide alignment with 
backing structure. 


8.5.7 Where bracket floors are fitted, the bottom frames 
are to be derived from 6.3.1. The unsupported span of the 
frames is not to exceed 2,5 m. The breadth of the brackets 
attaching the frames and the reverse frames to the centre 
girder and margin plate is to be three-quarters of the depth of 
the centre girder. The brackets are to be flanged on the 
unsupported edge and are to have the same thickness as the 
plate floors. 


8.5.8 Where struts are fitted to reduce the unsupported 
span of the frames, reverse frames and longitudinals, they are 
to have a cross-sectional area of not less than: 


(a) A = 0,82Zpe cm? for Zpr < 83,5, or 


g 
d> 
| 


Z 
= 23,2+ SBE om2 for Zap > 83,5 

25 
where Zpr is the modulus, in cm3, of the frame or longitudinal 
based on the effective length between floors as defined in 
Pt 3, Ch 3,3. 


| Section 9 
Bulkheads 


9.1 General 


9.11 The requirements of this Section cover watertight 
and deep tank transverse and longitudinal bulkheads. 
Requirements are also given for shaft tunnel boundaries and 
non-watertight bulkheads. For transverse bulkheads in way 
of ballast holds, stools may be required, see Ch 7,10.2. 


9.1.2 The requirements of this Section apply to a vertical 
system of stiffening on bulkheads. They may also be applied 
to a horizontal system of stiffening provided that equivalent 
end support and alignment are provided. 


9.1.3 For number and disposition of transverse watertight 
bulkheads, see Pt 3, Ch 3,4. 


9.1.4 The buckling requirements of Pt 3, Ch 4,7 are also 
to be satisfied. 
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9.2 Watertight and deep tank bulkheads 


9.2.1 The scantlings of watertight and deep tank bulk- 
heads are to comply with the requirements of Tables 1.9.1 to 
1.9.3. Where bulkhead stiffeners support deck girders, 
transverses or pillars over, the requirements of 4.4.11 are also 
to be satisfied. 


9.2.2 In way of partially filled holds or tanks, the scantlings 
and structural arrangements of the boundary bulkheads are 
to be capable of withstanding the loads imposed by the 
movement of the liquid in those spaces. The magnitude of the 
predicted loadings, together with the scantling calculations 
may require to be submitted, see Pt 3, Ch 3,5.4. 


9.2.3 In deep tanks, oil fuel or oil carried as cargo is to 
have a flash point of 60°C or above (closed-cup test). Where 
tanks are intended for other liquid cargoes of a special nature 
the scantlings and arrangements will be considered in relation 
to the nature of the cargo. 


9.2.4 Where watertight bulkhead stiffeners are cut in way 
of watertight doors in the lower part of a bulkhead, the 
opening is to be suitably framed and reinforced. Where 
stiffeners are not cut but the spacing between the stiffeners 
is increased on account of watertight doors, the stiffeners at 
the sides of the doorways are to be increased in depth and 
strength so that the efficiency is at least equal to that of the 
unpierced bulkhead, without taking the stiffness of the door 
frame into consideration. Watertight recesses in bulkheads 
are generally to be so framed and stiffened as to provide 
strength and stiffness equivalent to the requirements for 
watertight bulkheads. 


9.2.5 A centreline bulkhead is, generally, to be fitted in 
deep tanks which extend from side to side of the ship and are 
intended for the carriage of oil fuel for the ship’s use. The bulk- 
head may be intact or perforated as desired. If intact, the 
scantlings are to be as required for boundary bulkheads. If 
perforated, the modulus of the stiffeners may be 50 per cent 
of that required for boundary bulkheads, using h4 measured to 
the crown of the tank. The stiffeners are to be bracketed at 
top and bottom. The area of perforation is to be not less than 
five per cent nor more than 10 per cent of the total area of the 
bulkhead. Where brackets from horizontal girders on the 
boundary bulkheads terminate at the centreline bulkhead, 
adequate support and continuity are to be maintained. 
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Table 1.9.1 Watertight and deep tank bulkhead scantlings 


Item and requirement Watertight bulkheads 
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Section 9 


Deep tank bulkheads 


(1) Plating thickness for plane, 
symmetrically corrugated and double t = 0,004sf hak mm 
plate bulkheads but not less than 5,5 mm 


t = 00048 rA PE +25 
= ee A ops Pee am 


but not less than 6,5 mm, where L < 90m 
nor less than 7,5 mm, where L> 90m 


In the case of symmetrical corrugations, s is to be taken as b or c in Fig. 3.3.1 in Pt 3, Ch 3, 
whichever is the greater 


Modulus of rolled and built stiffeners, 2 skh,1.2 
swedges, double plate bulkheads and = Shale cm3 = j 4e 
symmetrical corrugations TIy (@4 + @2 + 2) 22y (01 + @ + 2) 


In the case of symmetrical corrugations, s is to be taken as p, see also Note 2 


Inertia of rolled and built stiffeners and 2,3 4 
swedges ie lee com 


Symmetrical corrugations and double 


plate bulkheads Additional requirements to be complied with as detailed in Table 1.9.2 


Stringers or webs supporting vertical or 
horizontal stiffening 


(a) Modulus Z =5,5khyS1_2 cms Z = 11,7 pk hy Sle? cm3 


Inertia I = 224.7 om? 


k 


Symbols 


, p as defined in 1.5.1 applicable damage stability calculations, whichever 
web depth of stiffening member, in mm is the greater, see also Fig. 3.5.2 in Pt 3, Ch 3 
For deep tank bulkhead stiffeners or girders, the 
but not to be taken greater than 1,0 distance from the middle of the effective length to 
the top of the tank, or half the distance to the top of 
the overflow, whichever is the greater, see also 
Fig. 3.5.2 in Pt 3, Ch3 
effective length of stiffening member, in metres, and for 
bulkhead stiffeners, to be taken as / - e4 — @9 , see also 


=A 


$ 
2500S 
load head, in metres measured as follows: 
(a) For watertight bulkhead plating, the distance 
vertically from a point one-third of the height of the 
plate above its lower edge to a point 0,91 m above 
the bulkhead deck at side or perpendicular to the Fig. 1.9.1 


deepest equilibrium waterline in damaged condition ; : n Ei 

obtained from applicable damage stability e i of corrugations as shown in Fig. 3.3.1 of Pt 3, 
calculations, whichever is the greater, see also 

Fig. 3.5.2 in Pt 3, Ch 3 

For deep tank bulkhead plating, the distance from a 
point one-third of the height of the plate above its 
lower edge to the top of the tank, or half the 
distance to the top of the overflow, whichever is the 
greater, see also Fig. 3.5.2 in Pt 3, Ch 3 

For watertight bulkhead stiffeners or girders, the 
distance vertically from the middle of the effective 
length to a point 0,91 m above the bulkhead deck 
at side, or perpendicular to the deepest equilibrium 
waterline in damaged condition obtained from 


1,4 for rolled or built sections and double plate bulk- 
heads 
1,6 for flat bars 
1,1 for symmetrical corrugations of deep tank bulk- 
heads 
1,0 for symmetrical corrugations of watertight bulk- 
heads 

= as defined in Table 1.9.3, see also Fig. 1.9.1 


NOTES 
1. In no case are the scantlings of deep tank bulkheads to be less 8. For rolled or built stiffeners with flanges or face plates, the web 
than the requirements for watertight bulkheads where watertight ayy 
bulkheads are required by Pt 3, Ch 3,5. thickness is to be not less than whilst for flat bar 
In calculating the actual modulus of symmetrical corrugations, 60 tk 
the panel width b is not to be taken greater than that given by 
Pt 3, Ch 3,3.2. stiffeners the web thickness is to be not less than 
18k 
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End of stiffener unattached 
permitted in upper tween decks only —— Member B 


10O @,=0 E L 


DA 01 = 4,5 Zg or 1 for member flanges 
| M; aligned Member A 


End connections of this 
type not permitted at 
tank boundaries 


l 
l @4 = 0 otherwise 
@= 1 for member flanges aligned 


@p= 0 otherwise Member A 


1®%=1 ye 


—— Member B 
(b) 


= Ba, or 0,17 


@ = 1 


te, = ay or 0,1/ for type © yo2=1 
} 2 =0 for type © | e2 = Bag or 0,11 


Bracket with full line © ( 
— Floor 


Bracket with dotted line O) 
(d) 


To be considered as type 14 
where structural arrangement 


includes stool 
/ 


Member B [ Transverse stiffeners 


—— Floors to be aligned ———"] 
under flanges 


2689/05 


(9) 


Fig. 1.9.1 End connections 
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Table 1.9.2 Symmetrical corrugations and double plate bulkheads (additional requirements) 


Type of 


Symbols bulkhead 


Parameter Watertight bulkheads Deep tank bulkheads 


s, k as defined in 1.5.1 Not to exceed: Not to exceed: 
b = o as shown in Fig. 3.3.1 in 854K at top, and 70Vk at top, and 
d = depth, in mm, of symmetrical corruga- Symmetrically 
tion or double plate bulkhead corrugated, 
1, as defined in Table 1.9.1 see also 
Aw = shear area, in cm, of webs of double Notes 1 and 2 
plate bulkhead 


© = angle of web co ation to plane of 
bulkhead. nee j To be not less than 40° 


70k at bottom at bottom 


To be not less than: 39/, mm 


Not to exceed: 754k at top, and 


65k at bottom 


NOTES 
1. The plating thickness at the middle of span le 
of corrugated or double plate bulkheads is to Not to exceed: 85k at top, and 
extend not less than 0,27, m above mid-span. 
Where the span of corrugations exceeds 15 m, | Double plate, 75k at bottom 
a diaphragm plate is to be arranged at about see also 


mid-span. Notes 1 and 3 
See also Pt 3, Ch 10,5.2.1. — To be not less than: 39/, mm 


To be not less than: To be not less than: 


0,127 0,072 


Ea cm? at top, and cm? at top, and 


le 


0,102 
cm? at bottom Io cm? at bottom 


9.3 Shaft tunnels 


9.3.1 Where shaft tunnels are required as specified in 
Pt 3, Ch 3,4 the thickness of the tunnel plating is to comply 
with Table 1.9.1 for holds or deep tanks as appropriate. If the 
top plating is well curved, the thickness may be reduced by 
10 per cent in dry cargo holds. If the top plating is flat, it is to 
be not less than 1,1 times the thickness required for water- 
tight bulkheads in dry cargo holds. Under hatchways the top 
plating is to be increased by 2 mm, unless covered with wood 
not less than the thickness specified in 2.2.2, which is to be 
secured by fastenings which do not penetrate the plating. 
Where it is intended to use plywood or other forms of ceiling 
of an approved type instead of planking, the thickness will be 
considered in each case. The tunnel stiffeners are to comply 
with Table 1.9.1 for holds or deep tanks, as appropriate. 
When the section modulus of curved stiffeners is determined, 
the values of œ; and ws are to be taken as 1,0. The span of 
the stiffener, lẹ, is to be taken as the overall height of the 
tunnel, measured vertically at the centreline of the tunnel. If 
the tunnel top is flat, scantlings of the stiffeners are also to 
comply with 4.3. The lower end connection to the tank top is 
to be welded. Additional strengthening is to be fitted under 
the heels of pillars or masts stepped on the tunnel. 


9.4 Non-watertight bulkheads 


9.4.1 The scantlings are to be in accordance with 
Table 1.4.8. 
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Table 1.9.3 Bulkhead end constraint factors (see continuation) 


End connection (see Fig. 1.9.1) 


Rolled or built stiffeners and swedge: 


End of stiffeners unattached or attached to plating only o 


The lesser of 


Members with webs and flanges Adjacent member of B of smaller 4,5ZB mo 
modulus M , 


(or bulbs) in line and attached at 1 
deck or horizontal girder, 
see also Note 1 Adjacent member of B of same or 
larger modulus 


1,0 


Member A within length / 


Bracketless connection to 
longitudinal member 


Member A outside length / 


Bracket extends to The lesser of 


To transverse floor paor oti 


member 
Bracketed connection Otherwise (0) 


The lesser of 
Ba or 0,11 


To longitudinal member 


Symmetrical corrugations or double plate bulkheads 


No longitudinal brackets (0) 


Welded directly to deck — ; aa The lesser of 
no bulkhead in line With longitudinal brackets and 


transverse stiffeners supporting öte or 1,0 
corrugated bulkhead tm 


The least of 


Welded directly to deck or girder | Pulkhead B, having same section, in | 3ig „Šte 44 6 


tm m 


The least of 
Thickness at bottom same as that at òt ò te 
Welded directly to tank top and mid-span pR ad ma ai 
effectively supported by floors in 
line with each bulkhead flange, The least of The lesser of 
see also Note 2 Thickness at bottom greater than that | 6 t; Sty The lesser of 


at mid-span tm or I or 1,0 alora 
m 


For deep tank 
bulkheads 1,0 
For watertight 
bulkheads the The lesser of 
least of alora 
Sts or te or 1,0 
lii tm 


Welded to stool efficiently supported by ship’s structure 
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Table 1.9.3 Bulkhead end constraint factors (conclusion) 


Symbols 


S, L, p, k, as defined in 1.5.1 


ou dt a> 


height, in metres, of bracket or end stool or lowest 

strake of plating of symmetrically corrugated or 

double plate bulkheads, see Fig. 1.9.1 

overall depth, in mm, of adjacent member A 

effective length, in metres, of bracket or end stool, see 

Fig. 1.9.1 

h4 but measured from the middle of the overall length / 
4 as defined in Table 1.9.1 

thickness, in mm, of flange plating of member B 

thickness, in mm, of supporting floor 

thickness, in mm, of flange plating of corrugation or 

double plate bulkhead at mid-span or end, respectively 


Subscripts 1 and 2 when applied to œ, e, and a refer to the top 
and bottom ends of stiffener 


2 
use for watertight bulkheads 


2 
ae for deep tank bulkheads 


hos 12 


z for watertight bulkheads 


phasi? 
22 


In the case of symmetrical corrugations s = p 

section modulus, in cm3, of adjacent member B 
section modulus, in cm3, of horizontal section of stool 
adjacent to deck or tank top over breadth s or p (as 
applicable) 

All material which is continuous from top to bottom of 
stool may be included in the calculation 


for deep tank bulkheads 


a factor depending on u and determined as follows: 
where u < 1,0 a = 0 
1 


\/2u +2 


a factor depending on the end bracket stiffening and 
to be taken as: 

1,0 for brackets with face bars directly 

connected to stiffener face bars 

0,7 for flanged brackets 

0,5 for unflanged brackets 
a factor representing end constraint for symmetrical 
corrugation and double plate bulkheads 
an end constraint factor relating to the different types 
of end connection, see Fig. 1.9.1 
thickness, in mm, of stool adjacent to bulkhead 
1,0 generally 


0,932 k 
5 


1,0 where full continuity of corrugation webs is 
provided at the ends 
greater of 1,0 and (n + 0,333) where full continuity is 


not provided 
50 try Vk 
b 


60 try k 
b 


where u > 1,0 a = 0,5- 


for corrugated watertight bulkheads 


lesser of 1,0 and for welded sections 


lesser of 1,0 and for cold formed sections 


NOTES 


1. Where the end connection is similar to type 2 or 3, but member flanges (or bulbs) are not aligned and brackets are not fitted, œ = 0. 
2. Where the end connection is similar to type 12 or 13, but a transverse girder is arranged in place of one of the supporting floors, special 
consideration will be required. 
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Section 

1 General 

2 Longitudinal strength 

3 Deck structure 

4 Shell envelope plating 

5 Shell envelope framing 

6 Double bottom 

7 Peak, watertight and deep tank bulkheads 
8 Bow doors and inner doors 

9 Subdivision structure on vehicle deck 


10 Masts and standing rigging 
11 Miscellaneous openings 
12 Glass structures 


13 Direct calculation 


E Section 1 
General 


1.1 Application 


Takat This Chapter applies to sea-going roll on-roll off 
cargo ships, passenger ships, sailing passenger ships and 
passenger yachts, defined as follows: 

(a) A passenger ferry is defined as a ship specially designed 
and constructed for the carriage of passengers on a 
regular scheduled service between specified ports 
operating in reasonable weather conditions. 

(o) A passenger/vehicle ferry is defined as a ship specially 
designed and constructed for the carriage of passengers 
and vehicles on a regular scheduled service between 
specified ports operating in reasonable weather 
conditions. 

(c) A roll on-roll off cargo ship is defined as a ship specially 
designed and constructed for the carriage of vehicles, 
and cargo in pallet form or in containers, and loaded/ 
unloaded by wheeled vehicles. 

(d) A passenger ship is defined as a ship specially 
designed and constructed for the carriage of more than 
12 passengers. 

(e) A sailing passenger ship is defined as a ship specially 
designed and constructed for the carriage of more than 
12 passengers and incorporating sail devices which are 
intended to be the primary means of propulsion. 

(f) A passenger yacht is defined as a yacht that is specially 
designed and constructed in accordance with 
Administration requirements for passenger yachts with 
due regard to the applicability of the conventions as 
given in Pt 1, Ch 2,1.1.9, as determined in accordance 
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with the British Red Ensign Group Code of Practice for 
Yachts Carrying 13 to 36 Passengers (Passenger Yacht 
Code), and subsequent revisions. 


1.1.2 Ships intended to operate only in certain areas or 
conditions which have been agreed by the Committee, as 
defined in Pt 1, Ch 2, will receive individual consideration on 
the basis of the Rules with respect to the environmental 
conditions agreed for the design basis and approval. 


1.1.3 The scantlings and arrangements are to be as 
required by Chapter 1 except as otherwise specified in this 
Chapter. 


1.1.4 The scantlings of the primary supporting structure 

for multi-decked passenger ships are to be assessed by 

direct calculation, in accordance with the ShipRight Structural 

Design Assessment Procedure for passenger ships, 

wherever: 

(a) the superstructure will be subjected to significant load 
from flexure of the hull girder; or 

(o) itis required to utilise the load-carrying capability of the 
superstructure for longitudinal strength; or 

(c) a limited number of transverse bulkheads above the 
bulkhead deck are present to carry the racking 
response. 

See also 1.3.7 and Section 13. 


1.1.5 The scantlings of the primary supporting structure 
of a vehicle ferry, passenger/vehicle ferry, roll on-roll off cargo 
ship, roll on-roll off passenger ship or vehicle carrier are to be 
assessed by direct calculation in accordance with the 
ShipRight Structural Design Assessment Procedure for 
Ro-Ro ships and the ShipRight Construction Monitoring 
Procedure. See also 1.3.7 and Section 13. 


1.1.6 For the purpose of providing operational 
information to the Master for safe return to port after a 
flooding casualty, passenger ships having a Load Line length 
of 120 m or more or having three or more main vertical zones 
are to have: 

(a) an onboard stability computer; or 

(o) shore-based support. 

Where an onboard computer system having a stability 
computation capability is provided, the system is to be 
certified in accordance with LR’s document entitled Approval 
of Longitudinal Strength and Stability Calculations Programs, 
see also Pt 1, Ch 2,1.1.11. 


1.2 Structural configuration 


1.2.1 The requirements provide for a basic structural 
configuration of a multi-deck hull which includes a double 
bottom, and in some cases wing tanks up to the lowest deck. 


1.2.2 For passenger ships, the structural arrangements 
detailed in Chapter Il-1, Part B, of the International Convention 
for the Safety of Life at Sea, 1974, and applicable amend- 
ments as they apply to passenger ships are to be complied 
with in their entirety. 
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1.2.3 Where bulkheads are omitted in accordance with 
Pt 3, Ch 3,4, a system of partial bulkheads, web frames and 
deck transverses should be fitted to provide equivalent 
transverse strength. 


1.2.4 Longitudinal framing is, in general, to be adopted at 
the strength deck and at the bottom, but special considera- 
tion will be given to proposals for transverse framing in these 
regions. 


1.2.5 Reference should be made to the Regulations of 
the International Convention for the Safety of Life at Sea, 1974 
and applicable amendments and to the relevant Statutory 
Requirements of the National Authority of the country in which 
the ship is to be registered. 


1.2.6 Attention is also drawn to the requirements for 

passenger ships given in: 

° Bulkhead requirements, see Pt 3, Ch 3,4 

e — Closing arrangements for shell, deck and bulkheads, see 
Pt 3, Ch 11,6, Ch 11,8 and Ch 11,9 

° Electrical installations, see Pt 6, Ch 2 

e Fire protection, detection and extinction, see SOLAS 
Reg. Il-2/B and C. 


1.2.7 Attention is drawn to National Authority requirements 
relating to the stowage and securing of vehicles and cargo 
units on board roll on-roll off ships. Steel used for the 
construction of fixed securing fittings attached to the ship’s 
structure is to comply with the requirements of Rules for the 
Manufacture, Testing and Certification of Materials (hereinafter 
referred to as the Rules for Materials), or with an equivalent 
acceptable specification. Due account is to be taken of the 
grade and tensile strength of the hull material in way of the 
attachment and the chemical composition of the steel is to be 
such as to ensure acceptable qualities of weldability. 


1.2.8 Sailing passenger ships are to be fitted with auxiliary 
propulsive power to ensure adequate speed and manoeuvra- 
bility of the vessel in conditions when the sail systems are not 
available for use. The auxiliary propulsion and other essential 
machinery are to comply with the requirements of Part 5 of 
the Rules, as applicable. 


1.2.9 Sail systems may be made up in the form of soft 
sails, semi-rigid and rigid sail configurations including wind 
turbines or systems incorporating rotating cylinders. 


1.2.10 For sailing vessels, a continuous visual read out of 
the apparent wind speed and direction is to be available to the 
ship’s master when the vessel is under way. Sail control and 
service systems are to provide adequate speed of response to 
neutralise the sail system in the event of high wind conditions. 
Sufficient information and evidence is to be submitted to 
substantiate that the foregoing arrangements are in place. 


1.2.11 For sailing passenger ships, the Rules for classifi- 
cation will, in principle, apply to the mast arrangements and 
standing gear, but will exclude running gear, yards, booms 
and sail arrangements. 


1.2.12 For sailing passenger ships, the equipment require- 
ments will be in accordance with the letter and numeral two 
grades higher than that corresponding to the calculated 
Equipment Numeral. 
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1.3 Class notations 


1.3.1 In general, ships complying with the requirements 
of this Chapter will be eligible to be classed: 

‘100A1 passenger ferry’, or 

‘100A1 passenger/vehicle ferry’, or 

‘100A1 roll on-roll off cargo ship’, or 

‘100A1 roll on-roll off passenger ship’, or 

‘100A1 vehicle carrier’, or 

‘100A1 passenger ship’, or 

‘100A1 passenger yacht’, or 

‘100A1 sailing passenger ship’. 


1.3.2 For passenger ships that comply with the require- 
ments of the European Council Directive 98/18/EC of 
17 March 1998 on safety rules and standards for passenger 
ships, and subsequent revisions, the following class notations 
may be appended to the main class notation: 

(a) EU(A). This class notation will be assigned to a passen- 
ger ship engaged on domestic voyages other than 
voyages covered by Classes B, C and D. 

(b) EU(B). This class notation will be assigned to a passen- 
ger ship engaged on domestic voyages in the course of 
which it is at no time more than 20 miles from the line of 
coast, where shipwrecked persons can land, corre- 
sponding to the medium tide height. 

(c) EU(C). This class notation will be assigned to a passenger 
ship engaged on domestic voyages in sea areas where 
the probability of exceeding 2,5 m significant wave 
height is smaller than 10 per cent over a one-year period 
for all-year-round operation, or over a specific restricted 
period of the year for operation exclusively in such period 
(e.g., summer period operation), in the course of which it 
is at no time more than 15 miles from a place of refuge, 
nor more than 5 miles from the line of coast, where 
shipwrecked persons can land, corresponding to the 
medium tide height. 

(d) EU(D). This class notation will be assigned to a passenger 
ship engaged on domestic voyages in sea areas where 
the probability of exceeding 1,5 m significant wave 
height is smaller than 10 per cent over a one-year period 
for all-year-round operation, or over a specific restricted 
period of the year for operation exclusively in such period 
(e.g., summer period operation), in the course of which it 
is at no time more than 6 miles from a place of refuge, 
nor more than 3 miles from the line of coast, where ship- 
wrecked persons can land, corresponding to the 
medium tide height. 


1.3.3 A ship assigned a class notation incorporating the 
word ‘passenger’, which is also designed to fulfil other 
functions not associated with passenger carrying, is to 
comply with the requirements of this Chapter for passenger 
ships together with the requirements of the relevant Chapter 
of this Part for the particular ship type. 


1.3.4 Where ferries are specially reinforced for the 
carriage of trains on fixed rails, the class notation will also 
include the word ‘train’. 


1.3.5 The Regulations for the classification and assign- 
ment of class notations are given in Pt 1, Ch 2, to which 
reference should be made. 
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1.3.6 The ‘ShipRight Procedures’ for hull construction of 
ships are detailed in Pt 3, Ch 16 and the classification 
notations and descriptive notes associated with these 
procedures are given in Pt 1, Ch 2,2. 


1.3.7 The ‘Structural Design Assessment’ (SDA) and 
‘Construction Monitoring’ (CM) procedures detailed in the 
ShipRight Procedures Manual, published by Lloyd’s Register 
(hereinafter referred to as ‘LR’), are mandatory for passenger 
ships where it is considered that the superstructure will be 
subjected to a significant load from flexure of the hull girder; 
or, where it is required to utilise the load carrying capability of 
the superstructure for longitudinal strength, and for other 
passenger ships of abnormal hull form, or of unusual 
structural configuration or complexity. 


1.4 Information required 


1.4.1 In addition to the information and plans required by 

Pt 3, Ch 1,5, the following details are to be submitted: 

e The intended service areas required for ships designed 
to operate within specified geographical limits. 


° Stern or bow ramps. 
° Bow, stern and side doors. 
° Movable decks, if fitted, including stowing arrange- 


ments for portable components. 

e Sail plans and associated operational and design 
conditions, including apparent wind speeds (sailing 
ships). 

° Masts and all structural components of the standing 
rigging (sailing ships). 

° The standing rigging and all standing rigging 
attachments (sailing ships). 

° The design deck loadings including details of wheeled 
vehicles, see Pt 3, Ch 9,3, and trains, where applicable. 

e Locations of fixed securing points for wheeled vehicles, 
with indication of the magnitude and direction of the 
imposed lashing force. 


1.5 Symbols 


1.5.1 For the definition of symbols not defined in this 
Chapter, see Ch 1,1.5. 


1.5.2 The following definitions apply to ships employing 

sails: 

Standing rigging — Rigging of fixed length used to 
support masts/bowsprit. 

— Rigging used to control yards, 
booms and sails and which may 
pass over revolving sheaves. 

Apparent wind speed — The vector resultant of the 

combination of real wind speed 
and ship velocity. 


Running rigging 
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a Section 2 
Longitudinal strength 


2.1 General 


2.1.1 Longitudinal strength calculations are to be made 
in accordance with the requirements given in Pt 3, Ch 4 and 
the additional notes contained in this Section. 


2.1.2 The design vertical wave bending moments and 
design wave shear forces to be used in Pt 3, Ch 4 are to be 
determined in accordance with 2.3 and 2.4 below. For ships of 
unusual hullform or where their design parameters are outwith 
the applicability of the Rules, see Pt 3, Ch 4, special consid- 
eration will be given to the values and distributions of the wave 
induced global loads. 


2.1.3 The still water bending moment and shear force 
envelopes are to take into account the requirements of 2.3. 


2.1.4 For ships where the side shell or side casings 
contain large openings or where the effectiveness of the 
superstructures in resisting hull girder bending loads is 
expected to be reduced by the presence of large numbers of 
windows or openings, the combined hull and superstructure 
response may require to be verified using direct calculation 
techniques. 


2.2 Calculation of hull section modulus 


2.2.1 The calculation of section modulus is to be in 
accordance with Pt 3, Ch 3, 3.4 and the additional notes in 
this Section. In general, the effective sectional area of 
continuous longitudinal strength members, after deduction of 
openings, is to be used for the calculation of midship section 
modulus. For ships where the effectiveness of the super- 
structure is only partial due to the presence of large or 
numerous shell openings or discontinuities in the shell 
envelope, an equivalent section modulus for the purposes of 
this Section may be derived using direct calculations in accor- 
dance with the SDA procedure relevant to the ship type. 


2.2.2 Structural members which contribute to the overall 
hull girder strength are to be carefully aligned so as to avoid 
discontinuities resulting in abrupt variations of stresses and 
are to be kept clear of any form of openings which may affect 
their structural performances. 


2.2.3 In general, short superstructures, see also Pt 3, 
Ch 3,3.4.2, or deckhouses will not be accepted as contributing 
to the global longitudinal or transverse strength of the ship. 
However, where it is proposed to include substantial 
continuous stiffening members, special consideration will be 
given to their inclusion on submission of the designer’s/ 
Builder’s calculations, see also 2.6. 


2.2.4 Adequate transition arrangements are to be fitted 
at the ends of effective continuous longitudinal strength 
members in the deck and bottom structures. 
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2.2.5 Scantlings of all continuous longitudinal members 
of the hull girder based on the minimum section stiffness 
requirements determined from Ch 4,5 are to be maintained 
within 0,4L amidships. However, in special cases, based on 
consideration of type of ship, hull form and loading conditions, 
the scantlings may be gradually reduced towards the ends of 
the 0,4L part, bearing in mind the desire not to inhibit the 
ship’s loading and operational flexibility. 


2.2.6 Structural material which is longitudinally continuous 
but which is not considered to be fully effective for longitudinal 
strength purposes may be specially considered. The global 
longitudinal strength assessment must take into account the 
presence of such material when it can be considered 
effective. The consequences of failure of such structural 
material and subsequent redistribution of stresses into or 
additional loads imposed on the remaining structure is to be 
considered. 


2.2.7 In particular, all longitudinally continuous material 
will be fully effective in tension whereas this may not be so in 
compression due to a low buckling capability. In this case, it 
may be necessary to derive and apply different hull girder 
section moduli to the hogging and sagging bending moment 
cases. 


2.3 Still water bending moments and shear forces 
2.3.1 The design still water hogging and sagging bending 
moment distribution envelope, Ms, is to be taken as the maxi- 
mum sagging (negative) and maximum hogging (positive) still 
water bending moments, calculated at each position along 
the ship. The maximum moments from all loading conditions 
are to be used to define the still water bending moment 
distribution envelope. 


2.3.2 It is normal for ships which have a low deadweight 
requirement or a uniform loading rate in association with a low 
block coefficient to have a hogging still water bending 
moment in all conditions of loading. For these ships, the 
maximum design sagging still water bending moment may be 
taken as the minimum actual hogging bending moment. 


2.3.3 The design still water shear force distribution 
envelope, Qs, is to be taken as the maximum positive and 
negative shear force values, calculated at each position along 
the ship. The maximum shear forces from all loading 
conditions are to be used to define the still water shear force 
distribution envelope. 


2.4 Design vertical wave bending moments 

2.4.1 The minimum value of vertical wave bending 
moment, M,, at any position along the ship may be taken as 
follows: 


My = ff Co Myo KNm (tonne-f m) 


where 

Mwo = 0,1C4 L2 By, (Cp + 0,7) kNm 

(Myo = 0,0102C, L? Bw (Cp + 0,7) tonne-f m) 
Bw. = maximum waterline breadth, in metres 
Cy, Cy, L and Cy are given in Pt 3, Ch 4,5 

and 
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fy is given in Pt 3, Ch 4,5 

fo is the hogging, fy, or sagging, fg, correction factor 
based on the amount of bow flare, stern flare, 
length and effective buoyancy of the aft end of the 
ship above the waterline 

is the sagging (negative) moment correction factor 
and is to be taken as 

fig = -1,10R,%S for values of Ra > 1,0 


fig = -1,10 for values of Ra < 1,0 
fy is the hogging (positive) moment correction factor 
and is to be taken as 
1,9C, 
li =A 
(Cy + 0,7) 


R; is an area ratio factor, see 2.4.2. 


2.4.2 The area ratio factor, Ra, for the combined stern 
and bow shape is to be derived as follows: 


30 (Apr + 0,5Asp) 
L Bw 


Ra = 


where 
Apr is the bow flare area, in m2 
Asr is the stern flare area, in m2 


2.4.3 The bow flare area, App, is illustrated in Fig. 2.2.1 
and may be derived as follows: 


App = Aup-A.p m? 
where 
Aus is half the water plane area at a waterline of To y of 
the bow region of the hull forward of 0,8L from the 
AP 
ALB is half the water plane area at the design draught of 
the bow region of the hull forward of 0,8L from the 
AP 
NOTE 


The AP is to be taken at the aft end of L 
The design draught is to be taken as 7, see Pt 3, 
Ch 1,6.1. 
Alternatively the following formula may be used 


ABE = 0,05L (bo + 2b, + bo) F bo a/2 m? 
where 
bo = projection of To, y waterline outboard of the design 
draught waterline at the FP, in metres, see Fig. 2.2.1 
b, = projection of Toy waterline outboard of the design 
draught waterline at 0,9L from the AP, in metres 
by = projection of Tg y waterline outboard of the design 
draught waterline at 0,8L from the AP, in metres 
a = projection of Toy waterline forward of the FP, in 
metres 
Tou is a waterline taken C,/2 m above the design 
draught 


a 
Tou = ie m 


Cy is given in Pt 3, Ch 4, Table 4.5.1 
For ships with large bow flare angles above the To y water- 
line the bow flare area may need to be specially considered. 
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2.4.4 The stern flare area, Agr, is illustrated in Fig. 2.2.1 
and is to be derived as follows: 
Asp = Aus-Ats m? 


where 
Aus is half the water plane area at a waterline of To y of 
the stern region of the hull aft of 0,2L from the AP 
Als is half the water plane area at a waterline of To, of 
the stern region of the hull aft of 0,2L from the AP 
ToL = iS a waterline taken C,/2 m below the design 
draught 
Cy 
ToL = T- T 


For ships with tumblehome in the stern region, the 
maximum breadth at any waterline less than Tg y is to 
be used in the calculation of Ays. The effects of 
appendages including bossings are to be ignored in 
the calculation of A| s. 


2.4.5 Direct calculation methods may be used to derive 
the vertical wave bending moments, see Pt 3, Ch 4,2.5. 


2.4.6 The sagging correction factor, fig, in the vertical 
wave bending moment formulation in 2.3.1 may be derived 
by direct calculation methods. Appropriate direct calculation 
methods include a combination of long-term ship motion 
analysis, non linear ship motion analysis and static balance 
on a wave crest or trough. 


To, waterline 
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2.5 Design wave shear force 


2.5.1 The design vertical wave shear force, Qy, at any 
position along the ship is given by: 
Qw = 3f KeMwo/L KN (tonne-tf) 
where 
K; is to be taken as follows, see also Fig. 2.2.2: 
(a) Positive shear force: 
K;= Oat aft end of L 
= +0,836f between 0,2L and 0,3L from aft 
= +0,70fų between 0,4L and 0,5L from aft 
= —0,65fşs between 0,5L and 0,6L from aft 
= —0,91fs between 0,7L and 0,85L from aft 
= O at forward end of L 
(o) | Negative shear force: 
K;= O at aft end of L 
= +0,836f5 between 0,15L and 0,3L from aft 
= +0,65fs between 0,4L and 0,5L from aft 
= —0,70f,, between 0,5L and 0,6L from aft 
= -0,91f, between 0,7L and 0,85L from aft 
= Oat forward end of L 
Intermediate values to be determined by linear interpolation. 
fy, Mwos fig and fy are defined in 2.4.1. 


sai draught oasis 


Tc, waterline 


0,2L 


| 
Design draught waterline 
| 


Area ALs 
Stern flare area Agf = Ays ALS 


Area Ayp 
Area Arg 


Bow flare area Age = Aug -ALB 


Toy waterline 


Design draught waterline 


Section AA 


Fig. 2.2.1 Derivation of bow and stern flare areas 
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-0,91 fig 


0,836f;4 


-0,65fis 
0,70fir4 


| 
0,2 ; | 0,61 0,7; 0,85 
Distance from the aft end of L in terms of L 
| i l | | i Forward 
-0,7 0ffH q end of L 
0,65fts 


Ky 


-0,91 fi 


0,836fs, 4530/01 


Fig. 2.2.2 Shear force factor K; 


2.6 Buckling strength 


2.6.1 The buckling requirements in Pt 3, Ch 4,7 are to be 
applied to plate panels and longitudinals subject to hull girder 
compression and shear stresses. The design stresses are to 
be based on the design values of still water and wave bending 
moments and shear forces and are given in 2.4.1 and 2.5.1. 


2.6.2 The standard deduction for corrosion, a, to be 
applied to plating and longitudinals is to be taken in 
accordance with Table 4.7.1 in Pt 38, Ch 4. 


2.6.3 The buckling factors of safety, à, to be applied to 
the corrected critical buckling stress, ocrp, of plate panels 
and longitudinals subjected to hull girder compression are 
given in Table 2.2.1, where the corrected critical buckling 
stress is to be determined in accordance with Pt 3, Ch 4,7.3. 


2.6.4 The shear buckling requirements of Pt 3, Ch 4,7.3 
are to be applied. 


Table 2.2.1 Buckling factors of safety, A 
Buckling factor 


Structural item of safety, 2 


Longitudinally effective plating 1,0 


Longitudinal stiffeners 
when the buckling failure mode 
of the attached plating is elasto-plastic, see Note 


Longitudinal stiffeners 
when the buckling failure mode of the 


attached plating is elastic, see Note 


NOTE 
The buckling mode of failure of the attached plating is defined as 
follows: 
elastic og < 0,500 
elasto-plastic cg > 0,5 0p 
where 
OF the elastic critical buckling stress, see Pt 3, Ch 4,7.3 
5o specified minimum yield stress, in N/mm? (kgf/mm). 
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eal Section 3 
Deck structure 


3.1 Loading 


3.7.1 In general, loadings for decks should comply with 
the requirements of Chapter 1 except where specified in this 
Section. 


3.1.2 Vehicle decks for the carriage of cars, trucks, etc., 
are to have a loading for wheeled vehicles as specified in Pt 3, 
Ch 9,3. Where vehicle decks are also used for the carriage of 
cargo, the loadings derived from Pt 3, Ch 9,3 are to be not 
less than would be required by Chapter 1. 


3.1.3 For ferries and passenger ships classed 100A1, the 
minimum design loadings for decks are not to be taken as 
less than those in Table 2.3.1. 


Table 2.3.1 Design deck loadings (ferries and 


passenger ships only) 


Design pressures 
Pg, in kN/m? (tonne-f/m?) 


Secondary Primary 
structures | structures 


Decks in way of accommodation and 6,38 3,12 
public spaces, see Note (0,65) (0,32) 


Deck supporting baggage spaces 


Decks in way of stores and refrigerated 
spaces 


Decks in way of workshop and 
machinery spaces (excludes A/C 
machinery spaces) 


Magradomes 


Balconies 


Weather exposed superstructure decks 


Weather exposed lifeboat deck 


Symbols 


H; = ‘tween deck height, in metres 


NOTE 

The design pressure, Ps, may be reduced by 12 per cent for 
ferries and passenger ships with a specified operating area 
service notation. 


3.1.4 For ferries and passenger ships classed 100A1 with 
a specified operating area service notation, the loadings for 
decks in way of baggage and accommodation spaces are to 
be in accordance with Table 2.3.1. 
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3.1.5 Mooring decks, afterward and forward, other than 
when part of the strength deck, are to comply with the 
requirements for forecastles, see Pt 3, Ch 8. Canopy decks 
or aprons protecting mooring decks are to be designed using 
the weather head for forecastle decks reduced by 0,3 m. 


3.1.6 For movable decks, see Pt 3, Ch 9,4. 


3.1.7 For train decks, the minimum design loading will be 
specially considered. 


3.2 Deck plating 


3.2.1 For ferries and passenger ships classed 100A1 the 
minimum thicknesses of decks are to be in accordance with 
Table 2.3.2. 


Table 2.3.2 Thickness of deck plating 


Deck location Plating thickness (mm) 


Accommodation and public spaces t = 0,008s/k 
t = 0,00994 k 
t=0,01s4k 


t=0,01s4\k 


Baggage handling and storage 


Storerooms 


Workshops and machinery spaces 


t = 0,00083s, {Lk + 2,5 


Weather exposed lifeboat deck 


The thickness of deck plating is in no case to be less than 5,0 mm 


3.2.2 For roll on-roll off cargo ships, the thickness of deck 
plating (other than for vehicle decks) will generally be in 
accordance with Chapter 1. 


3.2.3 Where decks are required to resist hull girder 
bending, the thickness is to satisfy the requirements of Pt 3, 
Ch 4,7. 


3.2.4 Where deck plating is required to form the effective 
flange of deck primary members, the thickness may need to 
be increased locally taking account of the compressive forces 
acting, see also Pt 3, Ch 10, Table 10.4.1. 


3.2.5 Vehicle deck plating is to satisfy the requirements 
for plating loaded by wheeled vehicles as specified in Pt 3, 
Ch 9,3. Where vehicle decks are also to be used for the 
carriage of cargo, the thickness of plating derived from Pt 3, 
Ch 9,3 is to be not less than would be required by Ch 1,4.2. 


3.2.6 The thickness of all other decks will generally be in 
accordance with Chapter 1. 
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3.3 Deck stiffening 


3.3.1 For ferries, roll on-roll off cargo ships and 
passenger ships, the deck stiffening (other than for vehicle 
decks) will generally be in accordance with Chapter 1. 
However, in view of the complexity of some multi-deck 
arrangements in association with large freeboards, deck 
stiffening may require special consideration. 


3.3.2 Vehicle deck beams and longitudinals are to have 
scantlings in accordance with the requirements for wheeled 
vehicles as specified in Pt 3, Ch 9,3. Where vehicle decks are 
also to be used for the carriage of cargo, the scantlings 
derived from Pt 3, Ch 9,3 are to be not less than would be 
required by Ch 1,4.3. 


3.3.3 In multi-decked ships with high freeboards, the 
section modulus of deck beams and longitudinals is to be not 
less than the value given by Table 2.3.3. 


Table 2.3.3 Modulus of deck beams and 
longitudinals for multi-decked ships 


with high freeboards 


Modulus, in cm? 


Position of beam/longitudinal 


Z = 0,00083fp P; le?sk 
(Z = 0,0081fpPsle2sk) 
but not less than: Z = 0,025s 


Decks, excluding those for the 
stowage of cargo or vehicles 


Symbols 


I, S, Z, and k as defined in Ch 1,1.5 
= deck loading in KN/m2 (tonne-f/m2), see Table 2.3.1 
1, for ships with unrestricted service 
0,81 for ships with a specified operating area service 
notation 


3.4 Deck supporting primary structure 


3.4.1 The section modulus of primary members supporting 
four or more point loads or a uniformly distributed load is not to 
be taken as less than: 
Z = 0,673SP,5k1,2 (cm) 
(Z = 660SP,k1,2) (cms) 
where 
le, S, Z and k are as defined in Ch 1,1.5 
P, = deck design loading, in kN/m2 (tonnes/m?2), see 
Table 2.3.1. 


3.4.2 The moment of inertia of primary members 
supporting more than four point loads is not to be taken as 
less than: 


I = TOAZ (cm4) 


Z and /, as defined in 3.4.1. 
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3.4.3 Scantlings of primary structure are to be verified for 

the following cases using direct calculation methods. 

(a) The structural support arrangement is complex either 
due to arrangement or loading pattern. 

(o) Large openings are incorporated in the webs of primary 
members. 

(c) | The structure is of novel or unusual design. 

The stress criteria in Table 1.4.6 in Chapter 1 are to be 

complied with. 


3.4.4 Direct calculations should be carried out in accor- 
dance with the SDA procedure relevant to the ship type. 


3.4.5 Vehicle deck structure is to be of adequate strength 
for the upward forces imposed at fixed securing points. Local 
reinforcement is to be fitted as necessary. 


a Section 4 
Shell envelope plating 


4.1 Bottom and side shell 


4.1.1 For ferries and passenger ships classed 100A1 with 
a specified operating area service notation the keel 
thickness for 0,4L amidships is to be as required by Ch 1,5. 
At ends, the keel thickness may be reduced by 25 per cent 
from the above value, but is to be not less than that of the 
adjacent shell plating. 


4.1.2 The thickness of side shell plating above 1,67 
including superstructures may require special consideration 
depending on the particular structural arrangement, hull 
vertical bending and shear stresses and position of the shell 
above the waterline. In no case are the shell scantlings above 
1,67 be less than the following: 


ks 
(a) tem = tnei- (Zm — 1,67) (0,24 + 0,0012L) s 
b 


k sy 
(b) tom = (4 $ 0,02L) S 


(c) as required by Pt 3, Ch 8 


where 
tshe = Minimum required shell thickness above D/2 for the 
specific location, as calculated in Ch 1,5 
thm = minimum shell thickness at Zm 
Zm = vertical height in metres above base 


m 
L and T as defined in Pt 3, Ch1,1.5. 
S4, Sp as defined in Table 5.3.1 in Pt 3, Ch 5 for fore end 
or Table 6.3.1 in Chapter 6 for aft end. 


4.1.3 Openings in the side shell and superstructure 
plating for windows and doors are to be suitably stiffened and 
the thickness and grade of plating in way will be specially 
considered. 


4.1.4 For ships with broad flat counter stern sections 
which are liable to be subjected to large wave impact loading, 
the effect of wave impact loading on the plating and framing 
of the local shell structure is to be additionally considered, see 
4.3 and 5.2. 
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4.1.5 The plating and framing of the forward shell 
structure for ships with significant bow flare is to be 
additionally considered with regard to wave impact loading, 
see 4.3 and 5.2. 


4.1.6 The minimum thickness of the shell plating at ends 


and for taper is to be not less than the values given in 
Table 2.4.1, and is in no case to be less than 6 mm. 


Table 2.4.1 End shell thickness 


Thickness, in mm 


k s4 

(6,5 + 0,033L)4; —— - 1,0 
Sb 
ks4 

(6,5 + 0,033L) \| —— -0,5 
Sp 


Pt 3, Ch 5 and Ch 6 


Scantling length 


70 m and below 


Between 70 m and 110 m 


Over 110 m 


Symbols 


L as defined in Pt 3, Ch 1,1.5 
S4, Sp as defined in Table 5.3.1 in Pt 3, Ch 5 for fore end or 
Table 6.3.1 in Chapter 6 for aft end 


4.1.7 For ferries and passenger ships classed 100A1 with 
a specified operating area service notation, the bottom and 
side shell minimum thickness at ends may be taken 20 per 
cent less than that required by Table 2.4.1 and Pt 3, 
Ch 5 and Ch 6, but is in no case to be less than 6 mm. 


4.2 Bow flare and wave impact pressures 


4.2.1 This Section is applicable to: 

(a) bow flare region; 

(b) sides and undersides of sponsons; and 

(c) other parts of the side shell plating close to and above 
the design waterline that are expected to be subjected to 
wave impact pressures. 

The wave impact pressure, Pye , in KN/m2 due to relative 

motion is to be taken as: 


Pot 0,5 (Kp¢ Vor? + Ky Ary Viv) kN/m2 
where 


Kpt = hull form shape coefficient for wave impacts 
= — fory 210 
tany 
= 28 (1 — tan (2y)) fory < 10 
Vpr = wave impact velocity, in m/s, and is given by 


= Af VZinor + 2M; In (No) for Norz 1 
=0 for Nor < 1 
Vihor = threshold velocity for wave impact, in m/s, to be 
taken as: 
es el 
cosa 


p 
In () is the natural logarithm 
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Not No. of wave impacts in a three hour period and is 


given by 


mı 
1720 PRA a 
0 


PR; = probability of a wave impact and is given by 
=eu 
F (Za F Sa 
~\ 2mo 2m, 


Zu = distance of the centroid of the area of plating or 
stiffener above the local design waterline 
m4 = variance of the relative vertical velocity 


= 0,2506 fs) Hrm)? 

Mo = variance of the relative vertical motion 
= 0,25 (fot Hem)? 

@_ = effective encounter wave frequency 


( 0,4qa Ys) 
= o(1+4 a 
g 


where 
q = 1,0 for + > 0,5 
= -0,6 for ~ <0,5 
L 
œ = effective wave frequency based on 80 per cent ship 
length 
E 2ng 
0,8LwL 
fs, = probability level correction factor for relative vertical 
motion 
= 1,0 for Cp < 0,6 
= 1,2 for Cp > 0,6 
Va = 0,515V, in m/s 
Kw = hull form shape coefficient for impact due to 
forward speed 
sy WM c for ap < 80 
tan (90 - ap) 
= 28 (1 -tan (2 (90- ap))) for ap > 80 
Hy = relative wave heading coefficient 
X 
> 
for = 0,5 
=] for Yp > 45 
= cos(45 — Yp) for Yp < 45 
for — <0,5 
= 0 


The point at which the following angles are to be measured 
for assessment of plating and stiffeners is detailed in 
Table 2.4.2: 
Vy = relative forward speed, in m/s 
= 0,515V sin yp 
ap = buttock angle measured in the longitudinal plane, 
in degrees, see Fig. 2.4.1 and Table 2.4.2 
y = effective deadrise angle, in degrees 
For Cy > 0,6, w is to be taken as the maximum of 
ap and Bp, see Fig. 2.4.1 and Table 2.4.2 
For Cy < 0,6, w is to be taken as the maximum of 
a, and B 


where 


wD 
ll 


Bp — 10°, but is to be taken as not less than 0° 
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NOTE 
The 10° deduction is to allow for the effects of roll motion on 
the impact pressures. 
Yp = waterline angle measured in the horizontal plane, in 
degrees, see Fig. 2.4.1 and Table 2.4.2. 


Table 2.4.2 Positions at which ap, Pp and yp are to be 


measured 


Secondary stiffeners 


Framing system Plating 


Mid-distance 
between frames 


Longitudinally Mid-distance 
framed between 
longitudinals 


Transversely 0,5s from the bottom | Mid-distance 

framed edge of the plate between primary 
strake or primary members 
member 


NOTE 
Where only two angles are known and are measured in 
orthogonal planes, the third angle may be obtained by the 
following expression: 

ap = tan (tan Bp tan yp) 
The relative vertical motion, Hym, is to be taken as 


Cw,min 
[Zka 
Cy = a wave head in metres 
= 0,077 1Lw, (Cp + 0,2)03 e(-0,0044L yy) 


4,5 (0,5 - Xm)? 
km = 1+ 
(Cy + 0,2) 
Xm = 0,45-0,6F,, but is not to be less than 0,2 
0,515V 


NI Lw 


Lw_ = waterline length at summer load draught 


Xw = longitudinal distance, in metres, measured forwards 
from the aft end of the Ly, to the location being 
considered 

V = speed, in knots 
X 
A 
for TŽ 0,5 


= is to be taken as the maximum service speed, in 
knots, as defined in Pt 3, Ch 1,6. For passenger 
yachts not required to maintain high speeds in 
severe weather, the value of V may be specially 
considered, but is not to be taken as less than the 
greater 


of x or 5 knots. Where V has been specially 


considered it is to be noted in the classification 
records as a memorandum that should state: “A 
design speed of ... knots has been used for the 
assessment of bow structure with regards to bow 
flare impacts. It should be noted that this speed 
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lare impact 


Stern flare impact 


Fig. 2.4.1 Bow flare and bottom slamming angles 


may not be appropriate for all conditions and it is 
the responsibility of the Master to apply good 
Seamanship to minimise bow flare slamming.” 


for fg 0,5 Mean spacing 
L along chord, Sem 
= 0 knots, for passenger ships 
= 5 knots, for all other ship types Spacing along 
Cp = Rule block coefficient. chord, Se 


4.2.2 Alternatively, Pps may be derived by the direct 
calculations carried out in accordance with a procedure 
agreed by LR. 


4.3 Strengthening for wave impact loads 


Fig. 2.4.2 
Chord spacing and mean chord spacing 
for secondary members 


4.3.1 The shell envelope in the forward and after portions 
of the hull are to be strengthened against bow flare or wave 
impact pressure. Typically, strengthening is to be considered 
over the following areas: 

° over the after body in way of a flat counter stern which 


is close to the waterline; 10“ . 
° over the fore end side and bow structure above the On = ( So ) BUS None be taken eesti G02 OF 
waterline and up to the deck at side; 
e other areas where the hull exhibits significant flare. greater than 0,1 
l = overall panel length, in metres, measured along a 
4.3.2. The thickness of the side shell plating is to be not chord between the primary members. 


less than: 


4.3.3 The structural scantlings required in areas strengthened 
t = 3,2s,4/kh, Cpx 10-2 mm - ee g 


against bow flare slamming are to be tapered to meet the 


where normal shell envelope requirements. 
Se = is the length of the shorter edge of a plating panel 
framed by primary and secondary members, see 4.3.4 The side structure scantlings required by this 
Fig. 2.4.2 Section must in no case be taken less than those required by 
h, = equivalent wave impact head, in metres the remaining Sections of Chapter 2. 
hs = 0,1Pp¢ m 
Ppp = is defined in 4.2.1 


CR = panel ratio factor 
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a Section 5 
Shell envelope framing 


5.1 Side structure 


5.1.1 The scantlings of frames, or side longitudinals, web 
frames or transverses, and stringers below 1,6T above base 
are to satisfy the requirement of Chapter 1 and this Section, 
but may be required to be confirmed by direct calculation. 
The scantlings of these members above 1,67 from base may 
require special consideration on the basis of the particular 
structural arrangements, design deck loading, hull vertical 
bending stresses, and position of the member above the 
waterline. 


5:1:2 The scantlings of side transverses supporting shell 

longitudinals above 1,6T are to satisfy the requirements of: 

(a) Ch 1,6, Pt 3, Ch 5,4 and Pt 3, Ch 6,4. 

(o) The minimum geometric properties required in order to 
provide rotational constraint to the end of the deck 
transverse in way: 


0,677S k P, Lg8 


* (er) 


but is not to be less than 0,339S k P, Lg? cm8 


É Z 
Iis not to be less than Ig (=) ( =) cm4 
La /\ Za 


cm3 


where 
P, = deck design loading, in kN/m2, see Table 2.3.1 
Lg = span of adjacent deck transverse, in metres 
Zą = actual modulus of adjacent deck transverse, in cm3 
Zar = Rule modulus of adjacent deck transverse, in cm3 
Iy = moment of inertia of adjacent deck transverse, 


in cm4 
Ls, = span of side shell transverse, in metres 
I, = moment of inertia of side shell transverse, in cm4 


S 
S,k = as defined in 1.5.1 
Due account should be taken of the shell window dimensions 
when determining the effective width of attached plating. 


5.1.3 The required modulus of transverse main and 
‘tween deck frames, which may have reasonably constant 
convex curvature over their entire length, may be corrected 
for curvature as follows: 

1 3 


Zmin = Zue [| ——T5>v~ cm3 
cosh = 
e 
where 
Zrule = Modulus requirement, in cm3, from Chapter 1 using 


le 
lẹ = distance between span support points, in metres, 
as shown in Fig. 2.5.1 
Yo = Curvature measured from a line intersecting the end 
support points to the frame at mid-span, in metres, 
as shown in Fig. 2.5.1 
Zmin = Ís not to be less than 0,52; uIe. 


5.1.4 Where ramp openings are fitted adjacent to the 
ship’s side, adequate support for the side framing is to be 
provided. 
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Distance between 
span points, le 


Curvature, Yo 


Fig. 2.5.1 
Distance between span support points 
and curvature 


5.2 Strengthening for wave impact loads 


5.2.1 The side structure in the forward and after portions 

of the hull is to be strengthened against bow flare or wave 

impact pressure. Typically, strengthening is to be considered 

over the following areas: 

° over the after body in way of a flat counter stern which is 
close to the waterline. 

e over the fore end side and bow structure above the 
waterline and up to the deck at side. 

e — other areas where the hull exhibits significant flare. 


5.2.2 The scantlings of secondary stiffeners are not to be 
less than: 
(a) Effective plastic section modulus of stiffeners: 


Zp = 3,75hg Som K le x 103 cm3 
where 
h, = wave impact head, in metres, as defined in 4.3.2 
Som = mean spacing of secondary stiffeners, in mm, 


measured along a chord between parallel adjacent 
members or equivalent supports, as shown in 
Fig. 2.4.2 

Other symbols are as defined in 1.5.2. 

(o) Web area of secondary stiffeners 


S m 
A = 3,7Sunk Ng h- a. x 10-4 om? 
where 
Som = mean spacing of secondary stiffeners, in mm, 


measured along a chord between parallel adjacent 
members or equivalent supports, as shown in 
Fig. 2.4.2 
h, = wave impact head, in metres, as defined in 4.3.2 
Other symbols are as defined in 1.5.2. 


5.2.3 The effective section properties of secondary 

stiffeners are to be taken as: 

(a) Plastic section modulus of secondary stiffeners, Zo, is to 
be taken as: 


Zp = 2,8X 10 Som fp? — 1078 b; bio tein Oe + 5 x 
10-4 (hy ty, + 26; tg hy) cos 8, cms 
where 
Oe = Co (90-9) 
C 24 
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the angle between the stiffener and the side shell, 
in degrees 
big = 0,5 (b; - tw) for L profiles 
= 0 for flat bar and T profiles 
= see Fig. 4.7.1 in Pt 3, Ch 4, for bulb profiles 
Ay = height of stiffener web, in mm 
ty = web thickness, in mm 
b; = breadth of flange, in mm 
t; = flange thickness, in mm 
tb = thickness of attached plating, in mm 
(o) Web area of secondary stiffeners, A, is to be taken as: 
As = 0,01 (hy + tp) ty sing cm? 


s 
Il 


5.2.4 Where the stiffener web is not perpendicular to the 
plating, tripping brackets have to be fitted in order to obtain 
adequate lateral stability. 


5.2.5 The scantlings of primary members are not to be 
less than: 
(a) | Section modulus of primary members 
Z =2y, kh qV l2 cms 
(o) Web area of primary members 
A =0,2yakh,qv l, cm? 
where 
Ag 
and 
Ya and yz are strength factors dependent on the load position 


wave impact head, in metres, as defined in 4.3.2 


forg<1 ya = q8- 292 + 2 and yz = 398 - 8q2 + 6q 
forg=1 ya=landyz=1 
q = | buts 1 
le 


for web frames: 


u is the minimum of Opry Or ke 
v is the minimum of gpfh OF Sem 
for primary stringers: 
u is the minimum of Opi Or le 
v is the minimum of gpi OF Sem 
where 
lẹ is the effective length of the primary member, in 
metres 


Som İS the mean spacing between primary members along 
the plating, in metres, see Fig. 2.5.2 
Opty aNd gpn are defined in 5.2.6 
Other symbols are as defined in 1.5.2. 
(c) The web of the primary member is to be adequately 
stiffened. 


5.2.6 The extents of the wave impact pressure are to be 
derived as follows: 
(a) the vertical extent, gpf, is to be taken as: 


4 


= — = M 
Jot sin y 8Kpf 


(0) the horizontal extent, gpfn, is to be taken as: 
Joh = 4m 
where 
Kpr and y are given in 4.2.1. 


5.2.7 For primary members with cut-outs for the passage 
of secondary stiffeners, and which may have web stiffeners 
connected to the secondary stiffener, buckling checks are to 
be carried out to ensure that the primary member web plating 
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b frame 


Primary stringer 


Fig. 2.5.2 
Mean spacing between primary members, S,,,, and 
the extents of wave impact pressure gpfh and Opry 


and web stiffener will not buckle under the design load. The 
buckling procedure to be followed is given in Table 5.1.3 in 
Pt 3, Ch 5. Where the web stiffener is fitted with a bracket, 
the buckling capability of the web stiffener in way of the 
cut-out is to take account of the bracket. Where no web 
stiffener is fitted, the buckling capability of the primary 
member web plating is to be checked for the total load 
transmitted to the connection. 


5.2.8 Where the angle between the primary structure 
web and the plating is less than 70°, the effective section 
modulus and shear area are to take account of the non- 
perpendicularity. 


5.2.9 The structural scantlings required in areas 
strengthened against bow flare slamming are to be tapered 
to meet the normal shell envelope requirements. 


5.2.10 The side structure scantlings required by this 
Section must in no case be taken less than those required by 
the remaining Sections of Chapter 2. 
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ie Section 6 
Double bottom 


6.1 General 


6.1.1 A double bottom is to be fitted in accordance with 
Pt 4, Ch 1,8. 


6.1.2 Where podded drive systems are to be employed, 
adequate floors and girders are to be arranged in order to 
efficiently integrate the unit into the aft structure. The 
adequacy of the hull structure supporting the unit is to be 
verified using the maximum external forces and moments 
stated by the manufacturer. Due account is to be taken of 
additional forces induced by ship motion accelerations. 


6.2 Transmission of pillar loads 


6.2.1 In ships where the deck centreline supports are 
widely spaced, transmission of the pillar loads to the double 
bottom structure will be specially considered, and additional 
reinforcement may be required if high shear and bending 
stresses are induced by the concentrated loads. The 
reinforcement should take the form of additional floors, and 
fore and aft girders. The final reinforcement is to be confirmed 
by direct calculation. 


6.2.2 Where, in multi-decked passenger ships, the Rule 
deck loadings from Table 2.3.1 have been used to determine 
the primary deck supporting structure, the cumulative pillar 
load P, may be taken as: 

Po = 2 (bpSp) Ps kN 
where 

Dp breadth of deck supported by pillar 

Sp = mean spacing between pillars 

Ps see Table 2.3.1. 


6.2.3 Pillars are to be provided with suitable pads at their 
heels. Long pillars, and those terminating at the inner bottom 
are to be bracketed. At pillar heads, the free edges of deck 
primary structure face plates are to be at least 20 mm clear of 
the pillar head attachment weld. Where necessary, gusset 
plates are to be fitted at primary member intersections in way 
of pillars. These gussets may be applied as doublers onto the 
primary member face plates and should be at least equal in 
thickness to the pillar or the face plate, whichever is greater. 
Where pillars act in tension, the gussets are to be integral with 
the primary member face plates. The axial stress in tensile 
pillars is not to exceed 110/k N/mm? and full penetration 
welds are to be arranged in way of the end connections. 


6.3 Ferries and passenger ships with a specified 
operating area service 


6.3.1 The thickness of double bottom centre girders may 
be reduced by 10 per cent, and the thickness of double 
bottom side girders and floors may be reduced by five per 
cent, from the values required by Ch 1,8, but is in no case to 
be less than 6 mm. 
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a Section 7 
Peak, watertight and deep tank 
bulkheads 


7.1 General 


7.1.1 The scantlings of watertight and deep tank 
bulkheads are to comply with the requirements of Chapter 1. 


7.1.2 The load head, h; to be used in watertight bulkhead 
scantlings for passenger ships is, in addition, to comply with 
the following: 

° For watertight bulkhead plating, the distance from a 
point one-third of the height of the plate above its lower 
edge to a point 0,91 m above the bulkhead deck at side, 
or to the deepest intermediate/equilibrium waterline in 
damaged condition obtained from applicable damage 
stability calculations, whichever is the greater. 

e — For watertight bulkhead stiffeners or girders, the distance 
from the middle of the effective length to a point 0,91 m 
above the bulkhead deck at side, or to the deepest 
intermediate/equilibrium waterline in damaged condition 
obtained from applicable damage stability calculations, 
whichever is the greater. 


7.1.3 Partial watertight bulkheads and webs fitted above 
the bulkhead deck which are to be included in damage 
stability calculations, are to be assessed as watertight, see 
7.1.2. 


7.2 Ferries and passenger ships with a specified 
operating area service 


7.2.1 The thickness of bulkhead plating for peak tanks 
and deep tanks, other than the collision bulkhead, may be 
reduced by 0,5 mm, and the modulus of bulkhead stiffeners, 
swedges, corrugations and girders may, in general, be 
reduced by 20 per cent from the values required by Ch 1,9. 


|_| Section 8 
Bow doors and inner doors 


8.1 Symbols 


8.1.1 The symbols used in this Section are defined as 
follows: 
a = vertical distance, in metres, from the bow door 
pivot to the centroid of the vertical projected area 
of bow door, see Fig. 2.8.1 
b = horizontal distance, in metres, from the bow door 
pivot to the centroid of the horizontal projected area 
of the bow door, see Fig. 2.8.1 
c = horizontal distance, in metres, from bow door pivot 
to centre of gravity of bow door, see Fig. 2.8.1 
d = vertical distance, in metres, from bow door pivot to 
the centre of gravity of the bow door, see Fig. 2.8.1 
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es 


height of the door, in metres, between the levels of 
the bottom of the door and the upper deck or 
between the bottom of the door and the top of the 
door, whichever is the lesser, see Fig. 2.8.2 
material factor (see Pt 3, Ch 2,1.2), but is not to be 
taken less than 0,72 unless demonstrated other- 
wise by a direct strength analysis with regard to 
relevant modes of failure 

projected length, in metres, of the door at a height 


of £ above the bottom of the door, see Fig. 2.8.2 


width of bow door at half height, in metres 

area, in m2, of the horizontal projection of the bow 
door, between the bottom of the door and the top of 
the upper deck bulwark, or between the bottom of the 
door and the top of the door, including the bulwark, 
where it is part of the door, whichever is the lesser, see 
Fig. 2.8.1. Where the flare angle of the bulwark is at 
least 15 degrees less than the flare angle of the 
adjacent shell plating, the height from the bottom of 
the door may be measured to the upper deck or to 
the top of the door, whichever is the lesser 

area of stiffener web, in cm? 

area, in m2, of the transverse vertical projection of 
the bow door, between the bottom of the door and 
the top of the door or between the bottom of the 
door and the upper deck bulwark, or between the 
bottom of the door and the top of the door, 
including the bulwark, where it is part of the door, 
whichever is the lesser, see Fig. 2.8.1. Where the 
flare angle of the bulwark is at least 15 degrees less 
than the flare angle of the adjacent shell plating, the 
height from the bottom of the door may be 
measured to the upper deck or to the top of the 
door, whichever is lesser. In determining the height 
from the bottom of the door to the upper deck or 
to the top of the door, the bulwark is to be excluded 
area, in m2, of the longitudinal vertical projection of 
the bow door, between the bottom of the door and 
the top of the upper deck bulwark, or between the 
bottom of the door and the top of the door, 
including the bulwark, where it is part of the door, 
whichever is the lesser, see Fig. 2.8.1. Where the 
flare angle of the bulwark is at least 15 degrees less 
than the flare angle of the adjacent shell plating, the 
height from the bottom of the door may be 
measured to the upper deck or to the top of the 
door, whichever is the lesser 

weight of bow visor, in tonnes 

distance, in metres, from the centroid of the 
hydrostatic head profile, to the top of the cargo space 
0,0125L where L < 80m 

1,0 where L > 80 m 

length of ship, but need not be taken greater than 
200 m 

as defined in 1.5.1 

coefficient depending on the area where the ship is 
intended to be operated 

1,0 for sea-going ships 

0,8 for ships operated in coastal waters 

0,5 for ships operated in sheltered waters 

bending stress, in N/mm? (kgf/mm?) 
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X Upper deck © 
j line 


d 

f A 

L Stem line 
ae 

I 
i 


4532/01 


PLAN VIEW 


Fig. 2.8.1 Bow door (upward hinging) 


a 
Section B-B 


4532/02 


B 
Section A-A 


Fig. 2.8.2 Definition of a and ß 


equivalent stress, in N/mm? (kgf/mm?) 

= Ņ\ 02+ 312 

oy = yield stress of the bearing material, in N/mm2 
(kgf/mm?) 


t = shear stress, in N/mm? (kgf/mm2). 
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8.2 General 


8.2.1 Bow doors are defined by the following types: 

(a) Visor doors opened by rotating upwards and outwards 
about a horizontal axis through two or more hinges 
located near the top of the door and connected to the 
primary structure of the door by longitudinally arranged 
lifting arms. 

(b) Side-opening doors opened either by rotating outwards 
about a vertical axis through two or more hinges located 
near the outboard edges or by horizontal translation by 
means of linking arms arranged with pivoted attachments 
to the door and the ship. It is expected that side-opening 
bow doors will be arranged in pairs. 

Other bow door types will be specially considered. 


8.2.2 Bow doors are to be situated above the freeboard 
deck. A watertight recess in the freeboard deck located 
forward of the collision bulkhead and above the deepest 
waterline, fitted for arrangement of ramps or other related 
mechanical devices, may be regarded as a part of the free- 
board deck for the purpose of this requirement. 


8.2.3 Where bow doors lead to a complete or long forward 
enclosed superstructure, or to along non-enclosed superstruc- 
ture which is fitted to attain minimum bow height equivalence, an 
inner door is to be fitted. The inner door is to be part of the 
collision bulkhead. Where a sloping vehicle ramp forming the 
collision bulkhead above the freeboard deck is arranged, the 
inner door may be omitted if the ramp is weathertight over its 
complete length and fulfils the requirements of Pt 3, Ch 3 
concerning the position of the collision bulkhead. 


8.2.4 Bow doors are to be fitted with arrangement for 
ensuring weathertight sealing, such as gaskets, and to give 
effective protection to inner doors. 


8.2.5 Inner doors forming part of the collision bulkhead are 
to be watertight over the full height of the cargo space and 
arranged with fixed sealing supports on the aft side of the doors. 


8.2.6 Bow doors and inner doors are to be arranged so 
as to preclude the possibility of the bow door causing 
structural damage to the inner door or to the collision bulk- 
head in the case of damage to or detachment of the bow 
door. If this is not possible, a second separate inner weather- 
tight door, complying with 8.2.5, is to be installed. 


8.2.7 The requirements for inner doors are based on the 
assumption that vehicles and cargo are effectively lashed and 
secured against movement from the stowed position. 


8.2.8 For ships complying with the requirements of this 
Section, the securing, supporting and locking devices are 
defined as follows: 

(a) A securing device is used to keep the door closed by 
preventing it from rotating about its hinges. 

(o) A supporting device is used to transmit external and 
internal loads from the door to a securing device and 
from the securing device to the ship’s structure, or a 
device other than a securing device, such as a hinge, 
stopper or other fixed device, that transmits loads from 
the door to the ship’s structure. 
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(c) A locking device locks a securing device in the closed 
position. 


8.2.9 The scantlings and arrangements of side shell and 
stern doors are to be in accordance with the requirements of 
Pt 3, Ch 11,8. 


8.3 Scantlings 


8.3.1 The strength of the bow door is to be equivalent to 
the surrounding structure, as given in Pt 3, Ch 5,6. 


8.3.2 For bow doors, including bulwark, of unusual form 
or proportions, the areas and angles used for the determina- 
tion of design values of external forces are to be specially 
considered. 


8.3.3 Bow doors of the visor or hinged opening type are 
to be adequately stiffened, and means are to be provided to 
prevent lateral or vertical movement of the doors when closed. 
Care is to be taken to ensure that adequate strength is 
provided in the connections of the hinge or linking arms to the 
door structure and to the ship structure. 


8.3.4 The thickness of the bow door plating is not to be 
less than the side shell plating calculated with the door 
stiffener spacing, and in no case to be less than the minimum 
shell plate end thickness or forecastle side thickness as 
appropriate. 


8.3.5 The section modulus of horizontal or vertical 
stiffeners is not to be less than required for end framing. 
Consideration is to be given, where necessary, to differences 
in fixity between ship frames and bow door stiffeners. 


8.3.6 The stiffener webs are to have a net sectional area 
not less than: 


As = a cm? 


t is to be taken as ae N/mm2 (ae kotimme) 


where 
Q = shear force, in KN (tonne-f) calculated using the 
uniformly distributed external sea pressure, Pe, 
defined in 8.5.15. 


8.3.7 Bow door secondary stiffeners are to be supported 
by primary members constituting the main stiffening elements 
of the door. 


8.3.8 The scantlings of such primary members are to be 
based on direct strength calculations. Normally, formulae for 
simple beam theory may be applied to determine the 
bending stress. Members are to be considered to have simply 
supported end connections. The design load, Pz, is the 
uniformly distributed external sea pressure. The formulae for 
Pz given in 8.6.1, may be used with a and B defined as: 
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a = flare angle, in degrees, generally to be measured 
normal to the shell between the vertical axis and the 
vertical tangent to the outer shell of the door 
measured at the point on the bow door, one half of 
the projected length (//2) aft of the stern line on the 
plane at the half height of the door (h/2) (see 
Fig. 2.8.2) 

B = entry angle, in degrees, generally to be measured 
on the outer shell of the door between the longitu- 
dinal axis and the waterplane tangent measured at 
the point on the bow door, one half of the projected 
length (//2) aft of the stem line on the plane at the 
half height of the door (h/2) (see Fig. 2.8.2) 

The permissible stresses are as follows: 


eu N/mm2 a kgt/mm?) 


k 


1 N/mm2 re kotimm) 


Qa 
Il 


Oe 


150 N/mm2 Ea katimme). 


8.3.9 The webs of primary members are to be adequately 
stiffened, preferably in a direction perpendicular to the shell 
plating. 


8.3.10 The primary members of the bow doors and hull 
structure in way are to have sufficient stiffness to ensure the 
integrity of the boundary support of the doors. 


8.3.11 All load transmitting elements in the design load 
path, from door through securing arrangements and supporting 
devices into the ship structure, including welded connections, 
are to be to the same strength standard. These elements 
include pins, supporting brackets and back-up brackets. 
Where cut-outs are made in the supporting structure, the 
strength and stiffness will be specially considered. 


8.3.12 For bow doors and inner doors, the distribution of 
forces acting on the securing devices and the supporting 
devices is to be supported by direct calculations taking into 
account the flexibility of the structure and the actual position 
and stiffness of the supports. 


8.3.13 The buckling strength of primary members is to be 
specially considered. 


8.4 Vehicle ramps 


8.4.1 Where doors also serve as vehicle ramps, the 
scantlings are to be not less than would be required by 3.2.2 
and 3.3.2 and where they form part of the collision bulkhead 
the arrangement is to be in accordance with Pt 3, Ch 3,4.5. 


8.5 Arrangements for the closing, securing and 
supporting of doors 


8.5.1 Bow doors are to be fitted with adequate means of 
closing, securing and supporting so as to be commensurate 
with the strength and stiffness of the surrounding structure. 
The hull supporting structure in way of the bow doors is to be 
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suitable for the same design loads and design stresses as the 
securing and supporting devices. Where packing is required, 
the packing material is to be of a comparatively soft type, and 
the supporting forces are to be carried by the steel structure 
only. Maximum design clearance between securing and 
supporting devices is not to exceed 3 mm. 


8.5.2 Securing devices are to be simple to operate and 
easily accessible. They are to be of a design approved by LR 
for the intended purpose. 


8.5.3 Securing devices are to be equipped with positive 
ocking arrangements. Arrangements are to be such that the 
devices are retained in the closed position within design limits 
of inclination, vibration and other motion-induced loads and 
in the event of loss of any actuating power supply. 


8.5.4 Systems for door opening/closing and securing/ 
ocking are to be interlocked in such a way that they can only 
operate in a proper sequence. Hydraulic systems are to 
comply with Pt 5, Ch 14,9. 


8.5.5 Means are to be provided to enable the bow doors 
to be mechanically fixed in the open position taking into 
account the self-weight of the door and a minimum wind 
pressure of 1,5 kN/m2 (0,153 tonne-f/m2) acting on the 
maximum projected area in the open position. 


8.5.6 The spacing for side and top cleats should not 
exceed 2,5 m and there should be cleats positioned as close 
to the corners as practicable. Alternative arrangements for 
ensuring weathertight sealing will be specially considered. 


8.5.7 Control and monitoring arrangements are to 
comply with Pt 6, Ch 2,19. 


8.6 Design of securing and supporting devices 


8.6.1 The external design forces for securing devices, 
supporting devices and surrounding structure are to be taken 
not less than P, taking the direction of the pressure into 
account: 


Px = Ax Pe 

Py = Ay Pe 

P, = AzPe 
where 


Pe = external sea pressure, not to be taken less than: 
(a) For bow doors: 


Pe = 0,8(0,15V+0,6 {L )2 kN/m2 
(0,082 (0,15V + 0,6 YL _)2 tonne-f/m2) 
or 
Pe = 2,75 Cy (0,22 + 0,15 tan a) (0,4V sin B + 
0,6 YL )2 kN/m2 
or 
(0,28% Cy (0,22 + 0,15 tan a) (0,4V sin B + 
0,6 4L _)2_ tonne-f/m2) 
whichever is the greater. 
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(o) For inner doors: 
Pe = 0,45L kN/m2 
(0,046L tonne-f/m2) 
or 
De = 10q kN/m2 
(1,02q tonne-f/m2) 
whichever is the greater 
The symbols are as defined in 8.1.1. 


8.6.2 The inner door internal design pressure, considered 
for the scantlings of securing devices, is not to be less than 
25 kN/m2 (2,5 tonne-f/m2). 


8.6.3 For visor doors, the pivot arrangement is to be such 
that the visor is self-closing under external loads. The closing 
moment, Mz, is to be taken as: 


M, = P a=+10Wc-P,b kNm 
(P,a+1,02We-P,b tonne-fm) 
but is not to be less than: 
M, = 10We +0,1 4 (@2 +b?) (P2 +P) kNm 


(1 02Wce + 0,1 a (a2 + b?) (P,2 + P2) tonne-f m) 


8.6.4 For visor doors, two securing devices are to be 
provided at the lower part of the door, each capable of 
providing the full reaction force required to prevent opening of 
the door within the permissible stresses given in 8.6.7. The 
opening moment Mz, to be balanced by this reaction force, is 
to be taken as not less than: 


M, = 10Wd+5A,a kNm 
(1 02Wd +0,51A,a  tonne-f m) 


8.6.5 For visor type doors, the securing and supporting 
devices, excluding hinges, are to be capable of resisting the 
vertical design force (P, — 10W) kN ((P, - 1,02W) tonne-f, 
within the permissible stresses given in 8.6.7. 


8.6.6 For side-opening doors, securing devices are to be 
provided such that in the event of a failure of any single 
securing device the remainder are capable of providing the full 
reaction force required to prevent the opening of the door. 
The permissible stresses given in 8.6.7 are not to be 
exceeded. The opening moment about the hinges to be 
balanced by this reaction force is not to be less than that 
calculated when the following loads are applied: 

(a) An internal pressure of 5 kKN/m2 (0,51 tonne-f/m2). 

(o) A force of 10W KN (1,02W tonne-f) acting forward at 

the centroid of mass. 


8.6.7 Securing devices and supporting devices are to be 
designed to withstand the forces given above using the 
following permissible stresses: 


T = = N/mm2 ie kat/mnm) 


o = ay N/mm2 a kgf/mm? 
k k 
Sg = 40 Nimm (“728 kgt/mm?) 
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8.6.8 The arrangement of securing and supporting 
devices is to be such that threaded bolts are not to carry 
support forces. The maximum tensile stress in way of threads 
of bolts, not carrying support forces, is not to exceed: 


468 N/mm2 Ge kat/mnme). 


8.6.9 For steel to steel bearings in securing and supporting 
devices, the nominal bearing pressure is not to exceed 0,80y. 
For other bearing materials, the permissible bearing pressure 
is to be determined according to the manufacturer’s specifi- 
cation. The nominal bearing pressure is to be calculated by 
dividing the design force by the projected bearing area. 


8.6.10 The reaction forces to be applied to the effective 
securing and supporting devices are to be determined from 
the combination of external loads defined in Table 2.8.1. 


Table 2.8.1 Combination of external loads 
Combination of external loads 


Poly door type Case 1 Case 2 


(Head seas) (Quartering seas) 
P, and P}, 
see Note 3 


Visor doors, see 
Notes 1 and 2 


0,7Py acting on each 
side separately, 
together with 0,7P, 
and 0,7P, 


Side opening, see | Px, Py and P, acting 
Notes 1 on both doors, 
and 2 see Note 3 


0,7P, and 0,7P, 
acting on both doors 
and 0,7Py acting on 
each door separately 


NOTES 

1. Py, Py and P, are defined in 8.6.1. These forces are to be 
applied at the centroid of the projected areas. 

2. The self-weight of the door is to be included in the combination 
of external loads. 

3. The Case 1 forces are generally to give rise to a zero moment 
about the transverse axis through the centroid of area A,, see 
Fig. 2.8.1. 


8.6.11 The distribution of the reaction forces acting on the 
securing and supporting devices is to be supported by direct 
calculations taking into account the flexibility of the hull structure 
and the actual position and stiffness of the supports. Small 
and/or flexible devices, such as cleats, intended to provide load 
compression of the packing material are not to be included in 
these calculations. 


8.6.12 — The hinge or linking arms of a bow door and its 
supports are to be designed for the static and dynamic 
opening forces. A minimum wind pressure of 1,5 kN/m2 
(0,153 tonne-f/m2), acting on the transverse projected area 
of the door is to be taken into account. 


8.6.13 For side-opening doors, supporting devices are to 
be provided in way of girder ends at the closing of the two 
doors to prevent one side shifting towards the other under the 
effect of asymmetrical pressure. A typical arrangement is 
shown in Fig. 2.8.3. 


8.6.14 — Inner doors are to be gasketed and weathertight. 
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Fig. 2.8.3 Typical supporting device between doors 


8.6.75 Only the active supporting and securing devices 
having an effective stiffness in the relevant direction are to be 
included and considered to calculate the reaction forces 
acting on the devices. 


8.6.16 | The number of securing and supporting devices is 
to be the minimum practicable whilst complying with 8.6.4 
and 8.6.17 and taking account of the available space for 
adequate support in the hull structure. 


8.6.17 The arrangement of securing devices and supporting 
devices in way of these securing devices is to be designed 
with redundancy so that in the event of failure of any single 
securing or supporting device the remaining devices are 
capable of withstanding the reaction forces, resulting from the 
external loads defined in Table 2.8.1, without exceeding, by 
more than 20 per cent, the permissible stresses as defined in 
8.6.7. 


8.7 Operating and Maintenance Manual 


8.7.1 An Operating and Maintenance Manual for the bow 
doors and inner doors is to be provided on board and is to 
contain the following information: 
(a) main particulars and design drawings, 
special safety precautions; 
details of vessel; 
equipment and design loading for ramps; 
key plan of equipment for doors and ramps; 
manufacturers’ recommended testing for equip- 
ment; and 
° a description of the equipment for: 
bow doors; 
inner bow doors; 
bow ramp/doors; 
side doors; 
stern doors; 
central power pack; 
bridge panel; 
ramps leading down from the main deck; 
engine control room panel. 
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(b) service conditions: 


e limiting heel and trim of the ship for loading/ 
unloading; 
° limiting heel and trim for door operations; 


° operating instructions for doors and ramps; and 
° emergency operating instructions for doors and 


ramps. 
(c) maintenance: 
° schedule and extent of maintenance; 
. troubleshooting and acceptable clearances; and 
° manufacturers’ maintenance procedures. 


(d) register of inspections, including inspection of locking, 

securing and supporting devices, repairs and renewals. 
This Manual is to be submitted for approval, and is to contain 
a note recommending that recorded inspections of the door 
supporting and securing devices be carried out by the ship’s 
staff at monthly intervals or following incidents that could 
result in damage, including heavy weather or contact in the 
region of the doors. Any damages recorded during such 
inspections are to be reported to LR. 


8.7.2 Documented operating procedures for closing and 
securing the bow doors and inner doors are to be kept on 
board and posted at an appropriate place. 


B Section 9 
Subdivision structure on vehicle 
deck 


9.1 General 


9.1.1 The requirements of this Section cover subdivision 
structure fitted on the vehicle deck(s) of roll on-roll off passenger 
ships. Subdivision structure includes partition doors, bulk- 
heads and longitudinal casings. 


9.1.2 Where a ship is provided with subdivision 
structure that complies with the requirements of this Section, 
the ship will be eligible to be assigned the descriptive note 
SSDS which will be entered in column 6 of the Register Book. 


9.1.3 The fitting of subdivision structure on the vehicle 
deck(s) forms one option to mitigate the stability-reducing 
effects of water on the vehicle deck(s) after damage. Such 
measures may be required by the National Administration with 
whom the ship is registered and/or by the National 
Administration within whose territorial jurisdiction the ship is 
intended to operate, for example see The Stockholm 
Agreement. 


9.2 Design loads 


9.2.1 For calculation of the design loads, an equivalent 
depth of water on the first vehicle deck above the design 
waterline, d, in metres, is to be derived in accordance with the 
requirements of the National Administration, see 9.1.3. 


9.2.2 It is assumed that vehicles and cargo are effectively 
lashed and secured to prevent movement from the stowed 
position. 
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9.2.3 The design heads (see Fig. 2.9.1) are not to be 

taken less than the greater of 0,5 m and: 

(a) For transverse structure more than 1,5 m away from the 
longitudinal boundaries of the compartment: 


hz = 1,44/LgdK _ inmetres, forz < 1 


1,4 4L dK 1- (Gaya ) 
1,4NLedK-1 
in metres, for z > 1 
Symbols are as defined in 9.2.4. 
(b) For longitudinal structure more than L,/6 away from the 
transverse boundaries of the compartment: 


hL = Bd in metres, forz < 1 


=A Bod 1- a a in metres, forz > 1 
(1,4\/B,d- 1) 


Symbols are as defined in 9.2.4. 
(c) For structure elsewhere: 


L, K 
he = —<— +4R_ in metres, forz <1 


2 
Gms | Carer 


1,4 (5 R) -1 
2 


in metres, for z > 1 
Symbols are as defined in 9.2.4. 


Longitudinal direction of the ship 


561 oe 


Design heads for different locations in compartment 


Fig. 2.9.1 


9.2.4 Symbols, as used in 9.2.3, are defined as follows: 
d = equivalent depth of water on the vehicle deck, in 
metres, in the upright condition taking into account 
the volume of flooded and accumulated water on 
the vehicle deck calculated in accordance with the 
requirements of the National Administration, see 
9.1.3 and 9.2.1 
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z = vertical distance, between the point under 
consideration and the flooded vehicle deck, in 
metres. For plate panels the point under consider- 
ation is to be taken as one third of the panel height 
above its lower edge. For stiffeners the point under 
consideration is to be taken as the midspan of the 
effective length 


B, = breadth of compartment, in metres, see Fig. 2.9.1 
K = 0,21e(-0,0033Lpp) and need not exceed 0,14 
Lo = length of compartment, in metres, see Fig. 2.9.1 
L2 K2 
R =B,d- =£ and is not to be taken less than O 
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e = base of natural logarithms, 2,7183 
Lpp = as defined in Pt 3, Ch 1,6. 


9.2.5 The design heads calculated in 9.2.3 are based on 
the ship being in the upright condition. Where the actual 
damaged floating position is specified, the design heads will 
be specially considered taking this into account. 


9.2.6 The subdivision structure, and access doors within 
the subdivision structure, are to be capable of withstanding 
the design loading applied from the side of the compartment 
under consideration. 


9.2.7 Consideration will be given to the use of design 
heads agreed by the National Administration. 


9.3 Height of subdivision structure 


9.3.1 The height of the subdivision structure, Hp, is not 
to be less than: 
° 4m, or 
e 8d, but not less than 2,2 m, or 
e — the height between the vehicle deck under consideration 
and the underside of the next watertight deck above, 
whichever is the lesser 
where 
d = as defined in 9.2.4. 


9.3.2 For special arrangements, such as hanging car 
decks or wide side casings, other subdivision structure 
heights may be accepted on the basis of detailed model tests 
in the flooded conditions under investigation by the National 
Administration. 


9.4 Material 


9.4.1 Where materials other than steel are used, the 
scantlings are to be specially considered. 


9.5 Scantlings of subdivision structure other than 
doors 


9.5.1 The minimum scantlings of subdivision bulkheads 
and casings are to be derived in accordance with Table 1.9.1 
in Chapter 1 for watertight bulkheads, where hy is to be 
substituted by either of hy, AL or hg, depending on the location 
under consideration. 
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9.5.2 Where a cut-out is made in the subdivision 
structure for the fitting of an access door, the strength and 
integrity of the subdivision structure are to be maintained. 


9.6 Scantlings of subdivision doors 


9.6.1 The plate thickness of subdivision doors of single 
plate construction is not to be less than the greater of: 
t 0,004s f (h k)°5 mm, or 
t 5,0 mm 
where 
S,k = as defined in 1.5.1 
f as defined in Table 1.9.1 in Chapter 1 
h hz, h| or h, as defined in 9.2.3, as appropriate. 


9.6.2 For subdivision doors of a double plate construc- 
tion the plate thickness is to be specially considered. 


9.6.3 The scantlings of primary and secondary stiffeners 
of subdivision doors are to be based on direct strength 
calculations. 


9.6.4 The direct strength calculations are also to provide 
an assessment of the door, under the design load, to enable 
the leakage and hence the drainage requirements of 9.9 to be 
assessed. 


9.6.5 For the purpose of the direct strength calculations, 
the stresses induced in the subdivision door, determined 
using the design loads from 9.2, are not to exceed the 
permissible values given in Table 2.9.1. Checks are also to be 
carried out to ensure that the door will not buckle under the 
design loads. 


Table 2.9.1 Permissible stress values 


Stress type Permissible stress 
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(o) Securing devices and supporting devices are to be 
designed to withstand the design loads calculated in 
9.2.1 in association with the permissible stresses shown 
in Table 2.9.2. 

(c) The arrangement of securing and supporting devices is 
to be such that threaded bolts do not carry support 
forces. The maximum tensile stress in way of threads of 
bolts not carrying support forces is not to exceed 0,505. 

(d) For steel to steel bearings in securing and supporting 
devices, the bearing pressure is not to exceed 0,805. 
For other bearing materials, the permissible bearing 
pressure is to be determined according to the manufac- 
turer’s specification. The bearing pressure is to be 
calculated by dividing the design force by the projected 
bearing area. 

(e) Only the active supporting and securing devices having 
an effective stiffness in the relevant direction are to be 
included when calculating the reaction forces acting on 
the devices. 

(f) Securing devices are to be equipped with positive 
locking arrangements. Arrangements are to be such that 
the securing devices are retained in the closed position 
within design limits of inclination, vibration and other 
motion-induced loads and in the event of loss of any 
actuating power supply. 

(g) Hydraulic systems are to comply with Pt 5, Ch 14,9. 

Control and monitoring arrangements are to comply with 

Pt 6, Ch 2,19. 


5 


Table 2.9.2 Permissible stress values 


Stress type Permissible stress 


Direct stress 0,809 


Shear stress 0,509 


Combined stress 0,800 


Symbols 


Direct stress 


Shear stress 


Combined stress 


Symbols 


specified minimum yield stress, in N/mm (kgf/mm?) 


9.6.6 Where a cut-out is made within the subdivision 
door for the fitting of an access door, the strength of the 
subdivision door is to be maintained. 


9.7 Closing, securing and supporting of 
subdivision doors 


9.7.1 The closing and securing devices of doors are to 

comply with the following requirements: 

(a) Securing devices are to be simple to operate and easily 
accessible. They are to be of a design approved by LR 
for the intended purpose. 


specified minimum yield stress, in N/mm? (kgf/mm?) 


9.7.2 The reaction forces to be applied to the effective 
securing and supporting devices are to be determined using 
the applicable design loads calculated using the heads in 9.2 
together with the weight of the door. 


9.8 Access doors 
9.8.1 Access doors are permitted to be fitted in sub- 
division doors or bulkheads in order to provide access 
between compartments. 


9.8.2 Access doors may be manually operated. 


9.8.3 The strength of access doors is to be not less than 
that of the surrounding structure. 


9.8.4 Means are to be provided to ensure that access 
doors are closed and secured when not in use after the ship 
has left the berth. 
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9.8.5 A notice is to be displayed on the access doors 
stating that the door is to be closed and secured at all times 
when not in use, when the ship is under way. 


9.8.6 Means are to be provided on the navigation bridge 
to indicate whether the access doors are open or closed. 


9.9 Watertightness and drainage 


9.9.1 Subdivision doors and access doors are to be fitted 
with gaskets in order to minimise leakage. For access doors 
where down flooding could result, particular attention is to be 
paid to drainage requirements. 


9.9.2 The gasket arrangement shall provide sufficient 
flexibility to absorb possible racking deformation. 


9.9.3 Attention is drawn to the drainage requirements of 
Pt 5, Ch 13,3.1 with respect to the compartments created by 
subdivision structures. 


9.9.4 The drainage arrangement for each compartment 
is to have sufficient capacity to handle leakage from any 
adjacent flooded compartment. 


9.10 Ventilation of vehicle deck spaces 


9.10.1 Attention is drawn to the ventilation requirement of 
Pt 6, Ch 2,14.13.4, since subdivision structure could disrupt air 
flow. 


9.11 Operating and Maintenance Manual 


9.11.1 An Operating and Maintenance Manual for the 
subdivision doors is to be provided on board and is to contain 
the following: 

e main particulars and design drawings, 

e service conditions (e.g., service area restrictions), 

° maintenance and function testing, 

° register of inspections, repairs and renewals. 


9.11.2 | The Manual is to be submitted for approval. It is to 
contain a note recommending that recorded inspections of 
supporting and securing devices are to be carried out by the 
ship’s staff at monthly intervals, or following incidents that 
could result in damage, including heavy weather or contact in 
the region of the subdivision doors. Any damages recorded 
during such inspections are to be reported to LR. 


9.11.3. Documented operating procedures for closing and 
securing the subdivision doors are to be kept on board and 
posted in an appropriate place. 
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m Section 10 
Masts and standing rigging 


10.1 General 


10.1.1 Masts are generally to be of tubular construction 
and may be either stayed or unstayed. Special consideration 
will be given to other forms of construction. 


10.1.2 Masts are to be of sufficient strength to withstand 
the worst combination of loads from both the operational case 
with full sail, reduced sail configurations where applicable and 
survival conditions. 


10.1.3 Masts are to be adequately supported using stays 
if necessary. 


10.1.4 Drainage is to be provided to prevent the build-up 
of sea-water or condensation within the mast structure. Steel 
masts should, where possible, be coated internally with a 
suitable anti-corrosive preparation. 


10.1.5 Openings in the masts for entry and exit of running 
rigging or cables should be adequately compensated with 
suitable insert plates or doublers. 


10.1.6 Masts are to be efficiently integrated into the hull 
and in principle, carried through to the keel. Alternative 
arrangements of supporting masts will require to be specially 
considered. 


10.1.7 Where ship response data are not available the 
values for roll, pitch and heave given in Table 2.10.1 should 
be used. 


Table 2.10.1 Ship motions 
Maximum single Period, 


Motion amplitude in seconds 


0,7B 


Roll sin! @ degrees 

but need not exceed 
30° and is not to be 
taken less than 22° 


42¢@-0,0033L pp 


degrees, but need 
not exceed 8° 


where 
Lop: B as defined in Pt 3, Ch 1,6 
GM = transverse metacentric height of loaded ship, in metres 


p (0.45 +0 £) (054-4) 
B 1270 
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10.2 Design loadings and allowable stresses 


10.2.1 The mast and standing rigging design is to be 
considered with respect to the loads from the following 
conditions: 

R1- Operational case with full press of sails for the 
maximum operational apparent wind speed as 
specified by the designer. 

R2- Storm conditions with reduced sail. 

R3- Survival case with sails reefed/stowed/weather- 
vaning with the environmental loads resulting 
from the combination of a maximum wind speed 
of 63 m/sec and the accelerations produced by 
ship motions. 


10.2.2 The mast section is to be designed to have a 
margin against failure due to column buckling using the 
greatest combined design axial and bending stress in both 
the transverse and fore and aft directions. 


10.2.3. For loadcases R1 and R2 described in 10.2.1, the 
following condition is to be satisfied: 

fey 

2o 5 Za < 0,67 

Oy Og 
For loadcase R3 the following condition is to be satisfied: 


Gi F 
2b 3 28 < 0,85 
Oy Oc 

where 


Op is the bending stress in the mast section under consideration 
oy is the tensile yield stress for the material 

© is the axial stress in the mast section under consideration 
6, is the critical buckling stress for the mast section. 


10.2.4 For thin walled masts, constructed from either flat 
or curved shells, calculations are to be submitted demonstrating 
adequate margin against local elastic instability. 


10.3 Materials of mast construction 


10.3.1 In general masts are to be constructed from either 
steel or aluminium alloy tubular members, extrusions and/or 
welded constructions, and are, generally, to comply with LR’s 
Rules for the Manufacture, Testing and Certification of 
Materials, where appropriate. 


10.3.2 Other materials will be specially considered. 


10.4 Standing rigging 


10.4.1 | Standing rigging is to be so arranged such that it 
does not foul running rigging or interfere with the operation of 
the sails. Protection is to be provided against routine quay 
contacts. 


10.4.2 Standing rigging is to be effectively attached to the 
masts, deck and hull structure and is to be so designed that 
it cannot become disconnected during operation. 


10.4.3 Standing rigging is to be properly erected using 
tensioning devices to ensure that the correct pre-tension is 
applied as specified by the designer. 
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10.4.4 — The initial pre-tension applied to standing rigging is 
to be measured and recorded. 


10.5 Design loadings 


10.5.1 The forces in the standing rigging are to be 
obtained by direct calculation methods for the load conditions 
given in 10.2.1. 


10.5.2 The minimum factors of safety on the breaking 
strength of shrouds and stays are as follows: 

Sail cases R1 and R2 3,5 

Survival case R3 2,0 


10.6 Shroud and stay attachment points 


10.6.1 — Standing rigging is to be effectively attached to the 
masts, ship’s deck or bulwark structure. Chain plates, mast 
eyeplates and the structure in way are to be reinforced to 
withstand a load of 1,2 x breaking strength of the appropriate 
shroud or stay. 

Generally the hull structure in way of shroud/stay 
attachment should be capable of withstanding the wire 
breaking load without permanent deformation of the structure. 


10.6.2 Increased mast wall thickness, or internal or external 
mast stiffening rings or diaphragms are to be arranged in way of 
the toes of shroud and stay eyeplates to resist mast wall 
punching shear loads. Where additional mast stiffening rings or 
diaphragms are not fitted, the mast wall is not to be less than: 


2 eye Bg Kmast) 


t mm 
wall (tye Foye ) (mm) 
where 
heye = eyeplate pin axis from mast wall, mm, see Fig. 2.10.1 
B, = breaking strength, in kN, of attached rigging 
component 
kmas = Mast material factor, k 


teye = eyeplate thickness, mm, see Fig. 2.10.1 
leye = eyeplate length, mm, see Fig. 2.10.1. 


heye 


Fig. 2.10.1 Definition of heye and leye 
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10.6.3 The attachments of the stays and shrouds are to 
be efficiently integrated into the hull structure and due regard 
given to any attachments to the sheerstrake. 


10.6.4 Where it is intended to use mechanical attachments 
(bolting) of running rigging or other gear to the mast walls, the 
number of holes are to be kept to a minimum and are to be 
staggered in order to maintain the structural integrity of the 
mast. All details are to be submitted. 


10.7 Materials for rigging 


10.7.1 In general, standing rigging is to be made from 
galvanised steel wire rope (GSWR) with galvanised steel 
rigging screws, shackles and terminations, and is to comply 
with the requirements of LR. Special consideration will, 
however, be given to other rigging materials. 


10.7.2 Alternatively, stainless steel wire rope or solid rod 
rigging may be used in place of GSWR. 


10.7.3. The steel wire rope, solid rods and loose fittings 
used for standing rigging are to be manufactured to a 
recognised National or International Standard and at an LR 
approved works. 


10.7.4 Rigging components from other sources will be 
specially considered. 


10.7.5 Where stainless steel rigging is employed, particu- 
lar attention is to be given to the selection of the grade of 
material used as some stainless steels are prone to stress 
corrosion cracking and consequent fatigue failure, the onset 
of which is not readily observed. 


10.7.6 Attention is drawn to the requirements of the Flag 
Administration for the vessel who may have requirements 
regarding the application of certain materials, systems or 
criteria. 


10.8 Testing and certification 


10.8.1 All equipment items used for standing rigging, 
including loose items of gear such as shackles, bottle screws, 
sheaves, etc., are to be tested and surveyed in accordance 
with LR requirements. For systems employing specialised 
devices or materials, individual consideration will be given to 
the testing and survey requirements. 


10.8.2 For sailing passenger ships, the equipment require- 
ment will be in accordance with the letter and numeral two 
grades higher than that corresponding to the calculated 
Equipment Numeral. 
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a Section 11 
Miscellaneous openings 


11.1 General 


11.1.1 The requirements of Pt 3, Ch 11,6 are to be 
complied with. 


11.2 Openings in main vehicle deck 


11.2.1 Where the main vehicle deck is enclosed, all 
companionways and openings in the deck which lead to 
spaces below are generally to be protected by steel doors or 
hatch covers. Approved fire doors may be accepted in lieu of 
steel doors. The sills or coamings are to be not less than 
230 mm above the main vehicle deck, with the exception of 
those leading to machinery spaces which are to have sills or 
coamings not less than 380 mm. Exceptionally, when such 
openings are to be kept closed at sea, sills or coamings may 
be reduced in height, provided that the sealing arrangements 
are adequate. In such cases, the doors or hatch covers are 
to be secured weathertight by gaskets and a sufficient 
number of clamping devices. Such items as portable plates 
in the main vehicle deck arranged for the removal of machinery 
parts, etc., may be arranged flush with the deck, provided 
they are secured by gaskets and closely spaced bolts at a 
pitch not exceeding five diameters. 


11.2.2 Scuppers from vehicle or cargo spaces above the 
bulkhead deck fitted with an approved fixed pressure water 
spray fire-extinguishing system are to be led directly over- 
board and are to be fitted with means of preventing water 
from passing inboard in accordance with Pt 3, Ch 12,4.2. 


17.2.3 Inboard draining scuppers do not require valves but 
are to be led to suitable drain tanks (not engine room or hold 
bilges) and the capacity of the tanks should be sufficient to 
hold approximately 10 minutes of drenching water. The 
arrangements for emptying these tanks are to be approved 
and suitable high level alarms provided. 


11.2.4 A drainage system is to be arranged in the area 
between bow door and ramp, or where no ramp is fitted, 
between the bow door and inner door. The system is to be 
equipped with an audible and visual alarm function to the 
navigation bridge being set off when the water levels in these 
areas exceed 0,5 m or the high water level alarm, whichever 
is the lesser. 


11.2.5 The drainage arrangement for each area is to have 
sufficient capacity to prevent accumulation of water in case 
of leakage. Scuppers are to be provided on both sides of the 
ship with a diameter not less than 50 mm and in accordance 
with Pt 3, Ch 12,4. Alternatively, a bilge suction should be 
provided. 


11.2.6 If the main vehicle deck is not totally enclosed, 
scuppers or freeing ports are to be provided consistent with 
the requirements of Pt 3, Ch 8,5.3. 
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11.2.7 Air pipes from cofferdams or void spaces may 
terminate in the enclosed ‘tween deck space on the main 
vehicle deck provided the space is adequately ventilated and 
the air pipes are provided with weathertight closing appliances. 


11.2.8 Between the bow door and the inner door a 
television surveillance system is to be fitted with a monitor on 
the navigation bridge and in the engine control room. The 
system must monitor the position of doors and a sufficient 
number of their securing devices. Special consideration is to 
be given for lighting and contrasting colour of objects under 
surveillance, see also 8.5.7. 


11.3 Strength assessment of windows in large 
passenger ships 


17.3.1. On windows in the second tier and higher above 
the freeboard deck, a glazing equivalent may be fitted in lieu of 
deadlights/storm covers. The thicknesses and arrangements 
are to be acceptable to the National Authority with whom the 
ship is registered and/or by the Administration within whose 
territorial jurisdiction the ship is intended to operate. For 
arrangements of glazing acceptable to LR, see Table 2.11.1. 
Alternative arrangement of glazing in lieu of deadlights/storm 
covers may be accepted provided details are submitted for 
consideration. 


11.3.2 For passenger ships the design pressure, Hg, on 
windows is to be taken as given in Table 2.11.2, or an 
equivalent National or Internationally Recognised Standard. 


11.3.3. The thickness, t,, of toughened safety glass is to 
be taken as given in Table 2.11.3. 


11.3.4 Toughened safety glass of laminated construction 
will also be accepted, provided the requirements of Pt 3, 
Ch 11,6.5.24 are complied with. 
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Window location 


Section 11 


Design pressure, Hy, on windows 


Design pressure head Hg 
in metres 


Between the design waterline and a 
point Z4 5 m above the waterline 


Per BS MA 25: 1973 


Between a point Z4 5 m above the 
waterline and the deck immediately 
above (at Zg4 5) 


Over the next 2 ‘tween deck heights 


For subsequent decks to the top of 
the navigation bridge 


0,25 sides and aft ends 
0,75 house fronts 


From the top of the navigation bridge 
to the uppermost deck, for house 
fronts 


0,75 at top of navigation 
bridge 

O at uppermost 
continuous deck, with 
linear variation between, 
but not less than 0,25 


From the top of the navigation bridge 
to the uppermost deck, at sides and 
aft ends 


0,25 


Symbols 


= 1,25 in way of sides and ends of superstructures 
0,75 in way of house fronts 


metres 


he vertical location in metres above the waterline at 
which the BS MA:25 pressure as given in Annex E of 
BS MA:25 (1978) is 1,5 t/m2 

he vertical location in metres of the deck at which 
he pressure is 1,5 t/m? from Table 2.11.1 

he vertical location in metres above the waterline to 
he point under consideration 

sum of the appropriate ‘tween deck heights in 


Table 2.11.1 Acceptable arrangements of glazing in lieu of portable storm covers/deadlights 


In lieu of portable storm covers In lieu of deadlights and storm covers 


ty |to| ty to 


2 2 — 2 
H2 + (0,7 7ta)2 + t42 = (1,2t0)2 tof + tof = (1,4to) 35 mm gap 


Symbols 


tg = minimum thickness of toughened glass as calculated in Table 2.11.3 
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Table 2.11.3 Thickness of toughened glass 


Window type 


Thickness, to, in mm 


Rectangular 


bA Haß 
4000 


0,0175r Hg 


Circular 


Semi-circular 0,011r Hg 


Symbols 


length of shorter side of window, in mm 

design pressure head, in metres, as calculated in 
Table 2.11.2 

0,54Ap - 0,078Ap2 - 0,17 for Ag < 3 

0,75 for Ag > 3 

aspect ratio of window, in mm 

a/b 

length of longer side of window, in mm 

the radius of the window, in mm 


11.4 Frame design and testing 


11.4.1 Application. The testing requirements contained in 
this Section are for all exterior window and glass balustrade 
designs on all tiers for passenger ships regardless of length. 
The testing is to be carried out for characteristic window and 
balustrade sizes (largest, smallest) and forms (circular, semi- 
circular and rectangular) for each passenger ship. Window 
and balustrade designs, which are not covered by Type 
Approval Certification, will require prototype testing in order 
to confirm structural integrity and weather or water tightness 
as required. Tests are to be carried out to the satisfaction of 
the Surveyor. 


11.4.2 Water tightness. A hydrostatic test is to be carried 
out in order to examine the water tightness of windows. This 
is carried out by applying the design pressure head Hg, as 
calculated in Section 11.3, to the external face of the window 
and maintained at this level for at least 15 minutes. 


11.4.3 Structural testing. A hydrostatic test is to be 
carried out in order to examine the capability of the frame, 
mullions and glass retaining arrangements. This is carried out 
by applying a test pressure of 4H (Hg as calculated in 
Section 11.3 for windows and Section 12.3 for balustrades) to 
the external face of the window. Alternatively this test may be 
carried out using a steel plate in place of the glass. Ideally, the 
steel plate should be of a suitable reduced thickness in order 
to simulate the flexural performance of the glass. 


11.4.4 | Equivalent proposals for testing will be considered. 
Where alternative testing procedures are proposed, these are 
to be agreed with LR before commencement. 


11.4.5 | Chemically toughened glass. 

(a) Chemically toughened glass may be used in lieu of 
thermally toughened glass provided it can be 
demonstrated the strength of the arrangement is at least 
equivalent in strength to that of thermally toughened 
glass. 
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(b) The glazing system is to be of laminated construction. 
(c) Method of testing will be specially considered. 


11.4.6 The overlap between glazing and the retaining 
frame is not to be less than 12 mm. 


11.5 Strength of mullions 


11.5.1 The section modulus of mullions is not to be less 
Z = 10,78HygIA,k 10-9 cm 


a = see Table 2.11.4 
b = see Table 2.11.4 
r = see Table 2.11.4 
l = a for rectangular windows 
= 2r for semi-circular windows 
Hg = design pressure head, in metres, as calculated in 
11.3.2 
Am = ab for rectangular windows 
= 1,22r? for semi-circular windows 
k = as defined in 1.5.1. 


11.6 Bonded windows and side scuttles 


11.6.7. A ‘bonded window’ or ‘bonded side scuttle’ is one 
in which the glazing material is secured in its frame from 
outside of the ship by glue or other adhesive material. No 
mechanical fixing is provided for the glazing. Bonded windows 
and side scuttles are to comply with the requirements of 
Section 11. Proposals to secure glazing from the inside of the 
ship are to be specially considered using the requirements in 
this Section as a basis. It should be noted that bonding from 
the inside is not recommended and where it is proposed, 
further testing will be required. Non-load bearing secondary 
bonded glazing, e.g., glazing to improve thermal insulation, is 
not required to comply with the requirements of this sub- 
Section. 


11.6.2 The adhesive is to be flexible enough to support the 
glazing without holding it firm. The glue strip is to be elastic, 
with width and thickness designed to allow the glazing to 
move in both directions in the plane of the glazing without 
undue forces on the bonding or the substrate. The glass is to 
be free to settle under-load and not to be forced to follow 
deflections in the supporting structure. If substantial racking of 
the glazing opening under-load is expected, the bonding is to 
be designed to accommodate such deflections. 


11.6.3 Bonded windows and side scuttles may be 
considered as acceptable, in general, depending on their 
position, size of vessel and applicable statutory requirements, 
noting the distinction between glazing and the frame, which 
may have different requirements. 


11.6.4 Bonded windows are not permitted in galley areas, 
including glazing in galley doors (internal or external). They are 
not permitted on escape routes and evacuation routes where 
a fire rating is required. The fire integrity of bulkheads is not to 
be impaired. 
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Table 2.11.4 Mullion arrangements 


Rectangular windows 
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Semi-circular windows 


oy e 


Pe 
a 


mullion 


mullion 


p 


Symbols 


dimension parallel to mullion, in mm 
length of shorter side of window, in mm 
radius of the window, in mm 


17.6.5 Bonded windows and side scuttles are not accept- 
able on fire-fighting vessels, i.e., those with a fire-fighting 
notation. 


11.6.6 The failure of laminated glass is considered to pose 
a lower risk to safety than that of single pane glass. In the 
event of breaking, laminated glass more readily holds together 
and tends not to break up into large sharp pieces. Therefore, 
in general, laminated glazing is preferred. When laminated 
glass is used, the sealant is to be compatible with the 
interlayer. Lamination thickness is to be in accordance with 
Pt 3, Ch 11,6.5.24. Special consideration will be given to 
single pane toughened safety glass. 


11.6.7 The durability of the adhesive and the sealant in the 
long term marine environment is to be considered in the 
approval process. Adhesive is to be approved in accordance 
with Ch 14,2.15 of the Rules for Materials. The adhesive bead 
is to be resistant to or protected from UV radiation, either by 
an optically dense area at the edges of the glazing or by over- 
lapping trim or UV shielding tape. The adhesive bead is to be 
resistant to or protected from fungal attack. Arrangements are 
to be in accordance with the adhesive manufacturer’s 
published guidelines and relevant LR Rules. 


11.6.8 The edges of the bonding recess are to be rounded 
to facilitate the application of the sealant without air entrap- 
ment. The width of the gap between the flange and the 
glazing is to be large enough to accommodate the movement 
of the glazing as a result of hull deflection and thermal expan- 
sion, see Fig. 2.11.1. Recommended gap widths for bonded 
windows are to be taken as: 


Gap width Length of longest side of window 
10-15 mm <1,5m 
15-20 mm 1,5-3,0 m. 


Outside 


| Inside of ship 
of ship 


Window UV barrier (alternative location) 


UV barrier (where required) 
Sealant 


Adhesive 


Sealant 


Frame/flange 


Fig. 2.11.1 
Gap width between flange and window, bonded 
from outside of the ship 


11.6.9 The minimum adhesive width and thickness are 
to be in accordance with the adhesive manufacturer’s 
published guidelines. 
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H Section 12 
Glass structures 


12.1 General 


12.1.1 The requirements of this Section apply solely to 
external glass balustrades, as well as glass walls and wind 
screens when acting as balustrades. 


12.2 Top rail of balustrades 


12.2.1. The minimum section modulus of the steel top rail 
of glass balustrades is given by: 


Z =L cms 
where 
Lẹ = span of top rail, in metres. 


12.3 Glass balustrades 


12.3.1. The minimum thickness of glass balustrades is to 
be not less than as given by Table 2.11.3 using a design 
pressure as given in Table 2.11.2, provided by continuous 
support along all four edges. The design pressure will be 
specially considered if glass balustrades are fitted in lower 
exposed deckhouses at a location where the design pressure 
from Table 2.11.2 is greater than 0,25 t/m2. 


12.3.2 The glazing is to be of laminated construction. 


12.3.3 Balustrades and their frames and glass retaining 
arrangements will require prototype testing in order to confirm 
structural integrity in accordance with 11.4. The use of 
National or Internationally recognised Standards may be 
considered. 


| Section 13 
Direct calculation 


13.1 Application 


13.1.1 Direct calculations are to be employed in derivation 
of scantlings where required by preceding Sections of this 
Chapter or by related provisions included in Part 3. 


13.1.2 Direct calculation methods are also generally to be 
used where additional calculations are required by the Rules in 
respect of unusual structural arrangements. 


13.2 Procedures 
13.2.1 For details of LR’s direct calculation procedures, 


see Pt 3, Ch 1,2. For requirements concerning use of other 
calculation procedures, see Pt 3, Ch 1,3. 
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Sections 12 & 13 
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Section 

1 General 

2 Longitudinal strength 

3 Floors in single bottoms 

4 Panting and strengthening of bottom forward 

5 Machinery casings 

6 Freeing arrangements 

7 Towing arrangements 

8 Fenders 

9 Escort operation, performance numeral and 
trials 


B Section 1 
General 


1.1 Application 
Tetst Sections 1 to 8 of this Chapter apply to tugs. 


1.1.2 Section 9 of this Chapter applies to tugs and 
offshore supply ships intended to provide escort operation. 


7.7.3 The scantlings and arrangements are to be as 
required by Chapter 1 except as otherwise specified. The 
draught, 7, used for the determination of scantlings is to be 
not less than 0,85D. 


1.2 Class notations 
L2 Ships complying with relevant requirements will be 


assigned one or more of the class notations given in 
Table 3.1.1. 


Table 3.1.1 Class notations 


Class Notation Applicable Sections 


100A1 tug 


Sections 1 to 8 


100A1 escort tug Sections 1 to 9, except 9.3 


100A1 escort tug EPN (F,B,V,C) Sections 1 to 9 


NOTE 

Tugs which comply with the anchor handler requirements in 
Ch 4, Sections 1 to 4 and 10 will be eligible for the additional 
notation anchor handler. 


Part 4, Chapter 3 


Sections 1 &2 


1:2:2 Tugs intended to be operated only in suitable areas 
or conditions which have been agreed by the Committee, as 
defined in Pt 1, Ch 2,2.3.6 to 2.3.10, will receive individual 
consideration on the basis of the Rules with respect to the 
environmental conditions agreed for the design basis and 
approval. In particular, tugs complying with the requirements 
of this Chapter and Pt 3, Ch 13,7 for the relevant reduced 
equipment requirements, will be eligible to be classed: 
e A1 tug protected waters service; or 
e A1 escort tug protected waters service; or 
° A1 escort tug EPN (F,B,V,C) protected waters 
service, see Pt 1, Ch 2,2.3.6; or 
100A1 tug with service restriction notation; or 
e  100A1 escort tug with service restriction notation; or 
° 100A1 escort tug EPN (F,B,V,C) with service restric- 
tion notation; 
whichever is applicable. 


1.2.3 The Regulations for classification and the assign- 
ment of class notations are given in Pt 1, Ch 2 to which 
reference should be made. 


1.3 Information required 


1.3.1 In addition to the information and plans required by 

Pt 3, Ch 1,5, plans covering the following items are to be 

submitted for approval where applicable: 

e — Support structure and foundations of towing equipment. 

e — Skegs, propeller guards and other structures which 
support the weight of the vessel during dry-docking. 


71.3.2 The following supporting documents are to be 

submitted for information: 

e — Towing arrangements, including lines of action, magnitudes 
and corresponding points of application of towline pulls 
on towing equipment. 

e Details of the breaking strength of the components of the 
towline system, together with maximum pull and brake 
holding load, or equivalent, of towing winches where 
applicable. 


a Section 2 
Longitudinal strength 


2.1 General 


2l The longitudinal strength standard is to comply with 
the relevant requirements of Pt 3, Ch 4. 


21:2 The requirements of Pt 3, Ch 4,8.3 regarding 
loading instruments are not applicable to tugs. 
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| Section 3 
Floors in single bottoms 


3.1 Floors 


3.1.1 Single bottom floors are to be in accordance with 
the requirements of Ch 1,7, except that floors clear of the 
machinery space may be flanged in lieu of a face plate being 
fitted. 


a Section 4 
Panting and strengthening of 
bottom forward 


4.1 Panting region reinforcement 

4.1.1 The arrangements to resist panting required by 
Pt 3, Ch 5 do not apply to tugs less than 46 m in length. In 
tugs 46 m or more in length, additional stiffening is also to be 
fitted in the ‘tween decks throughout the panting region. 


4.2 Strengthening of bottom forward 


4.2.1 The requirements for strengthening of bottom 
forward detailed in Pt 3, Ch 5 do not apply to tugs. 


o Section 5 
Machinery casings 


5.1 Escape hatches 


5.1.1 Any emergency exit from the machinery room to the 
deck is to be capable of being used at extreme angles of heel, 
and should be positioned as high as possible above the 
waterline and on or near the ship’s centreline. Covers to 
escape hatches are to have hinges arranged athwartships. 
Coaming heights are to be at least 600 mm above the upper 
surface of the deck. 


B Section 6 
Freeing arrangements 


6.1 General 


6.1.1 If the only means of access to the wheelhouse is 
external, then stormboards, or an equivalent, are to be fitted 
between the deckhouse and the ship’s sides forward of any 
deckhouse doors up to the height of the bulwark rail. A gap is 
to be left between the deck and the bottom board for 
freeing purposes. 


Part 4, Chapter 3 


Sections 3 to 7 


Section 7 
Towing arrangements 


7.1 Towing equipment 


7.1.1 For tugs which normally tow over the stern with the 
main towline connection to the hull ahead of the propellers, 
the position of towline connection is normally to be five to 
10 per cent of the ship’s length abaft amidships, but in no 
circumstances is it to be sited forward of a position, five per 
cent of the ship’s Rule length abaft the longitudinal centre of 
gravity of the tug in any anticipated condition of loading. 


7.1.2 The attachment of the towline to the tug is to be 
located as low as practicable in order to minimise heeling 
moments arising from working conditions. Reliable slip 
arrangements which facilitate towline release regardless of the 
angle of the towline are to be provided. 


7.1.3 It is recommended that the slip arrangements 
should also be operable from the bridge. The arrangements 
should be tested to the Surveyor’s satisfaction. The breaking 
strength of the hook, or its equivalent, should generally be 
50 per cent in excess of that of the towline, see Pt 3, 
Ch 13,7. 


7.2 Towing equipment foundations 


7.2.1 Direct support for towing equipment by means of 
pillars and/or pillar bulkheads is to be arranged as far as this 
is practicable. 


7.2.2 The design load for the support structure in way of 
towing equipment is to be not less than the breaking strength 
of the towline system. The design load is also to be taken as 
not less than the breaking strength of the tow hook or the 
brake holding load, or equivalent, of the winch, whichever is 
appropriate. 


7.2.3 Scantlings of pillars and pillar bulkheads are to be in 
accordance with Ch 1,4.4. 


7.2.4 Scantlings of deck girders and transverses forming 
the support structure of towing equipment are to be determined 
by direct calculations using the following stresses: 


t = - N/mm?) Gs Kat/mm? 


o = Gs N/mm?) =: koimme?) 


Se = (2s Nimme) ( 20.7 kat/mn? ) 
k k 


t = shear stress, in N/mm? 

o = bending stress, in N/mm? 
material factor, see Pt 3, Ch 2,1.2 
= equivalent stress, in N/mm? 


V 02 + 312 


o> 
oll 
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E25 Generally, the foundations of towing fairleads are to 
be carried through the deck and integrated into suitable 
underdeck structure. 


7.2.6 On tugs which utilise an indirect method of towing, 
attention is drawn to the increased out-of-plane forces that 
occur in towing fairleads. 


go Section 8 
Fenders 


8.1 Ship’s side fenders 


8.1.1 An efficient fender is to be fitted to the ship’s side at 
deck level extending all fore and aft. 


o Section 9 
Escort operation, performance 
numeral and trials 


9.1 General 


9.7.1 An escort tug is a tug intended for escort operation. 
Escort operation is an operation in which the tug closely 
follows the assisted ship providing control by steering and 
braking, as necessary. 


9.1.2 Escort tugs are to be capable of utilising methods 
of towing through which steering and braking forces are 
generated by a combination of propulsive and hydrodynamic 
forces developed by the tug, acting on the towline to the 
attended ship, see example in Fig. 3.9.1. 


9.1.3 The intact stability of the tug during escort 
operation is to comply with a Standard recognised by the 
National Administration with whom the ship is registered 
and/or by the National Administration within whose territorial 
jurisdiction the tug is intended to operate, as applicable. 
Attention is drawn to the inherent problems relating to the 
quick release of the towline and the sudden loss of propulsion 
power during the escort operation in addition to the maximum 
steering and braking forces. 


9.2 Towing arrangements 


9.2.1 The specified breaking strength of the towline is to 
be at least 2,5 x maximum design towline force. 


9.2.2 The towing winch is to include a system of 
continuous load monitoring, with a bridge readout display and 
an overload prevention system, which is to be operational 
during escort duties. The overload prevention system is to be 
designed with the capability to pay out the towline in a 
controlled manner when the load reaches the maximum 
design towline force, and is to be capable of alerting the 
Master and crew. 


Part 4, Chapter 3 


Sections 7, 8 & 9 


Assisted ship 


Escort tug 
5801/01 


force exerted by the tug on the assisted ship via the towline 
steering (athwartships) component of F; 

breaking (longitudinal) component of F; 

angle between assisted ship's transverse axis and towline 
angle between centreline of assisted ship and centreline of tug 


Fig. 3.9.1 
Forces generated during a typical escort mode 


9.3 Performance trials 


9.3.1 Escort tugs which carry out full scale performance 

trials in accordance with the requirements of this Section will 

be eligible to have the escort performance numeral EPN 

(F,B,V,C) appended to the escort tug notations, see 1.2.1 

and 1.2.2 and Ch 4,1.2.2, 

where 

F is the maximum steering force (F,), in tonnes, see 
Fig. 3.9.1 and 9.3.6. 

B is the maximum braking force (Fp), in tonnes, see 
Fig. 3.9.1 and 9.3.6. 

V is the speed, in knots, at which F and B are determined. 

C _ is the time, in seconds (s), required for the escort tug in 
manoeuvring from maintained oblique position of tug 
giving maximum steering force F, on one side of assisted 
vessel to mirror position on the other side, see 9.3.6. 
The towline angle, a, need not be taken less than 30°, 
see Fig. 3.9.1. 


9.3.2 The performance numeral may be determined with 
speed V equal to either 8 knots or 10 knots. If both sets of 
numerals are determined at the trials then the class notation 
will include them all. 


9.3.3 A trials plan, which includes the estimated forces, 
is to be submitted and approved prior to trials being under- 
taken. 


9.3.4 The trials of the escort tug are to be performed 
using a ship capable of maintaining almost constant heading 
and speed when subjected to the steering and braking forces 
from the escort tug. 
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9.3.5 The following trials are to be carried out in calm 
weather conditions and in the presence of a Lloyd’s Register 
Surveyor: 

e — Steering and braking force capability test, see 9.3.6. 

° Bollard pull test, see 9.3.8. 

A record of the results is to be kept on board the escort tug. 


9.3.6 Prior to commencing a trial, the following data are 
to be recorded: 

e Wind speed and direction. 

Sea state. 

Current speed and direction. 

Water depth. 

The main particulars and the loading condition of the 
assisted ship. 

e — Loading condition of the escort tug. 


9.3.7 Steering and braking force capability test is a test 
by which the steering force, F,, and braking force, Fp, are 
determined when utilising the method, shown in Fig. 3.9.1, of 
towing at a range of towline angles, a, from O to 90 degrees 
and for a range of operating speeds up to and including the 
maximum escort speed. The following parameters are to be 
continuously recorded during the test: 

e Position, speed and heading of the assisted ship and the 
escort tug. 

Towline force, Fy. 

Angle of towline, a. 

Heel angle of the escort tug. 

Direction of thrust and power absorbed by all propellers 
and thrusters of the tug. 

e Rudder angles of the tug. 


9.3.8 The length of the towline is to represent a typical 
operating condition and is to be recorded prior to and at the 
completion of the test. The steering and braking forces for a 
given speed and angle can be calculated by using the average 
values of the recorded towline force. 


9.3.9 Bollard pull test is to be carried out in accordance 
with LR’s Bollard Pull Certification Procedures Guidance 
Information. 


Part 4, Chapter 3 


Section 9 
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Section 

1 General 

2 Longitudinal strength 

3 Hull envelope plating 

4 Hull envelope framing 

5 Superstructures and deckhouses 

6 Miscellaneous openings 

7 Engine exhaust outlets 

8 Transport and handling of limited amounts of 


hazardous and noxious liquid substances in bulk 
9 Standby ship 


10 Anchor handler 


E Section 1 
General 


1.1 Application 


Bag This Chapter applies to sea-going ships specially 
designed and constructed for the carriage of specialised 
stores and cargoes to mobile offshore units and other offshore 
installations, and also to offshore tug/supply ships which in 
addition to the above perform the duties of a tug. 


1.1.2 The scantlings and arrangements are to be as 
required by Chapter 1, except as otherwise specified in this 
Chapter. 


1.1.3 Attention is drawn to the need for Masters to be 
able to assess the stability of their ships quickly and 
accurately in all service conditions, see Pt 1, Ch 2,3. 


1.1.4 Where towing equipment is fitted, the requirements 
of Ch 3,7 are to be applied. 


1.2 Class notations 


1.2.1 In general, ships complying with the requirements 
of this Chapter and relevant additional requirements will be 
eligible for one or a combination of the notations indicated in 
Table 4.1.1. 


122 The following additional notations and annotations 

can be provided to give a further detailed description of 

features: 

e WDL(+) (Weather deck load): 
If the weather deck scantlings have been approved for a 
loading greater than a design head of 3,5 m, the 
notation WDL(+) may be added. If requested, the maxi- 
mum permissible weather deck load and extent can be 
identified in the notation, e.g., WDL(5,0 t/m2 from Aft 
to Fr. 26). 

° RD (Relative density): 
Where a ship has tanks appraised for a maximum 
permissible relative density greater than 1,025, the 
notation RD(specified tank names, density) may be 
added, see Chapter 1. 

° LFPL (Low flashpoint liquids): 
Ships intended for the carriage of liquids with flash point 
below 60°C (closed-cup test) in bulk are to be built and 
equipped in accordance with the relevant requirements 
of Section 8 and will be given the class notation LFPL. If 
requested, the concerned cargo, flash point (closed-cup 
test) and tank can be identified in the notation, e.g., 
LFPL(methanol, 12°C, No. 7 centre tank). 


1.2.3 The Regulations for classification and the assign- 
ment of class notations are given in Pt 1, Ch 2, to which 
reference should be made. 


1.3 Information required 


1.3.1 In addition to the information and plans required by 
Pt 3, Ch 1,5, plans covering the following items are to be 
submitted where applicable: 

e Independent cargo tanks. 

e Cargo tank foundations and securing arrangements. 

e Towing arrangements, including supports and founda- 
tions of towing winches. 

e Arrangements for the stowage of deck cargoes (cargo 
containment) and details of any associated racks or 
other similar structures and their supports/foundations 
together with information to indicate design loads. 

e Movable decks, including the stowing arrangements for 
portable components. 

e Freeing arrangements. 


1.4 Symbols 


1.4.1 The symbols are as defined in Ch 1,1.5. 
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Table 4.1.1 


Class notation 


Class notations applicable to offshore supply ships 


Requirements 


100A1 


Pt 1, Ch 2 


Offshore supply ship 


Pt 4, Ch 4, Sec 


Supply ship 


Pt 4, Ch 1 


Standby ship 


Pt 4, Ch 4, Sections 1 to 7 and 9 


Anchor handler 


Pt 4, Ch 4, Sections 1 to 7 and 10 
Sections 5 to 7 need not be applied if notation for 
Offshore supply ship is not applied 


Tug 
Escort tug 
Escort tug EPN (F,B,V,C) 


Pt 4, Ch 3, Sections 1 to 8 
Pt 4, Ch 3, except 9.3 
Pt 4, Ch 3 


AHTS 


Pt 4, Ch 3, Sections 1 to 8; and 
Pt 4, Ch 4, Sections 1 to 7 and 10 


Oil Recovery 


Pt 7, Ch5 


NOTES 


1. A ship designed to fulfil more than one function can be assigned a combination of the notations listed above, e.g.: 


e 100A1 Offshore supply ship/Standby ship 
100A1 Offshore supply ship/Anchor handler 
100A1 Offshore supply ship/Standby ship/Oil Recovery 
Any combination of the requirements listed in this Table. 


[he notation Offshore Supply Ship will be assigned to ships that are designed to be operated on unrestricted worldwide service. 
The notation Supply Ship will be assigned to ships that are designed for operation in specified restricted locations where the 


environmental conditions are less severe than for unrestricted worldwide service. 


m Section 2 
Longitudinal strength 


2.1 General 


2.1.1 The longitudinal strength standard is to comply with 
the relevant requirements of Pt 3, Ch 4. 


2.1.2 The requirements of Pt 3, Ch 4,8.3 regarding 
loading instruments are generally not applicable to offshore 
supply ships. 


m Section 3 
Hull envelope plating 


3.1 Side shell 


3.1.1 The thickness of side shell is to be that required by 
Ch 1,5.4 but is not to be less than given by Table 4.3.1. 


3.1.2 As an alternative, where over the length of a vessel, 
portions of the sheerstrake that are not protected by an 
efficient fender, the sheerstrake is to be increased by a 
minimum of 5 mm thickness. The increased thickness shall 
extend from the deck level to not less than 600 mm below the 
deck level. 


Table 4.3.1 Minimum side shell thickness 


Ship type Minimum thickness, mm 


Offshore supply ships 


Standby ships 


Anchor handler 


3.2 Weather decks 


3.2.1 Where cargo is to be carried on weather decks, the 
scantlings are to be suitable for the specified loadings. The 
thickness, t, of deck plating is to be not less than the greater 
of: 


= 
o 
Ras 
~ 
Il 


0,025L + 4,5 + tą mm 


P Fp 
(0) t = 0,1fmS fo k mm 
where 
P = specified design load for weather deck, in 
tonnef/m2 
z aha 
1,39 


h = equivalent design head, in metres, not to be taken 
less than 3,5 m 
S = spacing of secondary stiffeners, in mm 
o = yield stress of plating, in N/mm2 
Fp = as defined in Pt 3, Ch 4,5.7 


fn = 0,75 
fy = 0,67 
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+ 
Il 


4 2,5 mm, in general 
1,0 mm, for ships with dedicated class notation 
Standby ship. 


3.2.2 Scantlings are to be increased locally where 
specialised cargoes are likely to induce concentrated loads 
that exceed the specified design load. Acceptable stress 
levels are given in Ch 3,7.2.4. 


3.3 Cargo containment 


3.3.1 Means are to be provided to enable deck cargoes 
to be adequately secured and protected. In general, suitable 
inner bulwarks, rails, bins or storage racks of substantial 
construction are to be provided and properly secured to 
adequately strengthened parts of the hull structure. Properly 
designed locking equipment or efficient means of lashing 
containers are to be fitted where appropriate. Small hatches 
(including escape hatches), valve controls, ventilators, air 
pipes, etc., are to be situated clear of the cargo containment 
areas. 


a Section 4 
Hull envelope framing 


4.1 General 


4.1.1 The section moduli of side longitudinals, the main 

and ‘tween deck frames are to be not less than kZ, cm3 

where 
k 1,25 in general 

1,10 for ships with dedicated class notation 

Standby ship 

Z = asrequired by Ch 1,6, Pt 3, Ch 5,4 and Pt 3, Ch 6,4 

for the appropriate location. 


4.1.2 Frames are not to be scalloped. 


4.1.3 The scantlings of deck secondary stiffeners are to 
be in accordance with the requirements of Table 1.4.4(1) or 
Table 1.4.5(2) in Chapter 1, where ho is to be taken as the 
specified design loading and not less than a design head of 
3,5 mM. 


B Section 5 
Superstructures and deckhouses 


5.1 Scantlings 


5.1.1 The scantlings of deckhouses situated on the fore- 
castle deck and above are to comply with the requirements 
of Table 4.5.1. 


5.1.2 The scantlings of forecastle end bulkheads are to 
be not less than those required by Table 4.5.1 for aft ends of 
deckhouses or less than those required by Pt 3, Ch 8,2 for an 
exposed machinery casing. 


Table 4.5.1 Superstructures and deckhouses on 


forecastle deck 


Thickness o Modulus of Depth of 
Position plating, stiffeners, stiffeners, 
in mm in cm3 inmm 


Fronts The greater o 
t= 0,012sor | Z=0,034s/,2 ess than 
8,0 100 


The greater o 
t= 0,01s or Z = 0,02751? ess than 
6,5 75 


Aft ends The greater o 


t= 0,008s or 


Z = 0,02751 2 
6,5 65 


ess than 


NOTE 
The ends of stiffeners are to be connected on all tiers. 


| Section 6 
Miscellaneous openings 


6.1 General 


6.1.1 For offshore supply ships the requirements of 
Pt 3, Ch 11,6 are to be complied with. 


6.2 Access from freeboard deck 


6.2.1 There is to be no direct access from the freeboard 
deck to machinery or other spaces below the freeboard deck. 
Indirect access may be arranged via a space or passageway 
fitted with an outer door having a sill not less than 600 mm 
high and an inner door having a sill not less than 380 mm 
high. The inner door is to be self-closing and gastight. The 
space or passageway between the two doors is to be 
adequately drained. It is desirable, however, that access to 
spaces below the freeboard deck is arranged from a position 
above the superstructure deck. Where it is necessary to 
provide an emergency escape trunk which cannot terminate 
within a superstructure space, the arrangements for maintaining 
the integrity of the hatch or outlet are to be approved by 
Lloyd’s Register (hereinafter referred to as ‘LR’). 


6.3 Windows and side scuttles 


6.3.1 The requirements of this Section are to be applied 
in conjunction with Pt 3, Ch 11,6.5. 
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6.3.2 Windows may only be fitted in the following 
locations: 
(a) Second tier and higher above the freeboard deck: 

(i) in the after end bulkhead of deckhouses and 

superstructures, 

(ii) in the sides of deckhouses and superstructures 
which are not part of the shell plating. 

(b) Third tier and higher above the freeboard deck: 

(i) in the forward facing bulkheads of deckhouse 
and superstructures, except that in the first tier of 
the front bulkhead above the weather deck, only 
side scuttles will be accepted. 


6.3.3 In locations not specified in 6.3.2, only side scuttles 
will be accepted. 


6.3.4 Permanently attached deadlights are to be provided 
as follows: 
(a) Side scuttles: 

(i) in the side shell plating, 

(ii) in the forward facing bulkheads of superstruc- 
tures and deckhouses, 

(iii) in the sides of deckhouses and superstructures 
up to and including the third tier above the free- 
board deck, 

(iv) in the after end bulkheads of superstructures, 
deckhouses, casings and companionways in the 
first and second tiers above the freeboard deck. 
(b) Windows in locations permitted in 6.3.2: 

(i) in the sides of deckhouses and superstructures 
in the second and third tiers above the freeboard 
deck. 

(ii) in the after end bulkheads of superstructures, 
deckhouses, casings and companionways in the 
second tier above the freeboard deck. 


6.3.5 On windows in the second tier and higher above 
the freeboard deck, hinged storm covers may be fitted in lieu 
of deadlights, provided there is safe access for closing. 


6.3.6 Windows in the wheelhouse front are to have dead- 
lights or storm covers. For storm covers, an arrangement for 
easy and safe access is to be provided, (e.g., gangway with 
railing). However, for practical purposes, the deadlights or 
storm covers may be portable if stowed adjacent to the 
window for quick fitting. At least two of the deadlights or 
storm covers are to have the means of providing a clear view. 


6.3.7 Deadlights for side scuttles, and for windows not 
mentioned in 6.3.5 and 6.3.6, are to be internally hinged. 


6.3.8 Side scuttles are to comply with ISO Standard 

1751, as follows: 

(a) Type A side scuttles in the shell plating, in the sides of 
superstructures and in the forward facing bulkheads of 
superstructures and deckhouses on the weather deck; 

(b) Type B side scuttles in the after ends of superstructures 
and in the sides and ends of deckhouses; or 

(c) an equivalent National Standard. 


6.3.9 For the location of windows and side scuttles, see 
Fig. 4.6.1. 


6.3.10 The thickness of the toughened safety glass for 
windows is to be not less than the greater of: 
(a) t = 10 mm 


(b) t SpA ek 
4000 


Hg = design pressure head, in metres, as obtained from 
Table 4.6.1 
b = length of shorter side of window, in mm 
B = 0,54Ap - 0,078Ap? - 0,17 for AR < 3 
= 0,75 forAR>3 
Ap = aspect ratio of window 


= a/b 
a = length of longer side of window, in mm. 
Table 4.6.1 Design pressure head, Hy, on windows 


Design pressure head, in metres 


Windows in after 
end bulkheads 


Windows in front 
and side bulkheads 


6th tier and above 3,0 2,5 


5th tier 2,5 


4th tier 2,5 


8rd tier 


2nd ti 


6.3.11 Proposals for alternative materials will be specially 
considered. 
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Side and aft 


windows with 
no deadlights 


Wheelhouse 


Aft windows 
with no deadlights 


Side and aft 
windows with PAD* 


Front windows with 
hinged deadlights or 


Sth tier portable storm covers 


Side scuttles 
type 'A' with PAD 


Side scuttles 


type 'B' with PAD preduuanddeck 


isttier 


O 


O 


i7 


Side scuttles as 
allowed by 
Pt 3, Ch 11,6.5 


Fig. 4.6.1 


a Section 7 
Engine exhaust outlets 
7.1 Location 
7.1.1 Engine exhaust outlets are to be located as high as 


is practicable above the deck and are to be fitted with spark 
arresters. 


E Section 8 
Transport and handling of limited 
amounts of hazardous and 
noxious liquid substances in bulk 

8.1 General 

8:11 The requirements of this Section are, in general, to 


be complied with unless they are waived or substituted by 
requirements mandated by the Administration. 


PAD = Permanently attached deadlight 
PAD* = PAD or hinged storm cover 


5713/01 


Location of windows and side scuttles 


8.1.2 This Section applies to the arrangement and 
scantling of sea-going ships as defined in 1.1 and intended 
for the carriage of: 

e the aggregate quantity of bulk liquids identified in 8.1.3 
that is carried is any amount not exceeding a maximum 
which is the lesser of 800 m8 or a volume in cubic metres 
equal to 40 per cent of the vessel’s deadweight 
calculated at a cargo density of 1,0. 


8.1.3 
(a) 


Products which may be carried are: 
hazardous and noxious liquids listed in Table 4.8.1 and 
those other products which may be assigned to 
Table 4.8.1 based on the following criteria: 

° products which for safety reasons may be 
assigned for carriage on a type 3 ship as defined 
by the Rules and Regulations for the Construction 
and Classification of Ships for the Carriage of 
Liquid Chemicals in Bulk (hereinafter referred to 
as Rules for Ships for Liquid Chemicals) and 
which are not required to meet the requirements 
for toxic products in 15.12 of the Rules for Ships 
for Liquid Chemicals; 

° noxious liquid substances which would be 
permitted for carriage on a type 3 ship; 

flammable liquids (liquids having a flashpoint not 
exceeding 60°C (closed-cup test). 


(b) 
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Table 4.8.1 Table of permitted cargoes 


Cargo 


Flammability 


Oil-based mud containing mixtures of products listed in chapters 17 and 18 of the IBC Code and 
the MEPC.2/Circular and permitted to be carried under paragraph 8.1 


(0) 


Water-based mud containing mixtures of products listed in chapters 17 and 18 of the IBC Code 
and the MEPC.2/Circular and permitted to be carried under paragraph 8.1 


Drilling Brines, including: 
Sodium Chloride Solution 
Calcium Bromide Solution 
Calcium Chloride Solution 


cium nitrate/Magnesium nitrate/Potassium chloride solution 


cium Nitrate Solution (60% or less) 


illing brines (containing zinc salts) 


assium Formate Solution 


Potassium Chloride Solution 


Ethyl Alcohol 


Ethylene Glycol 


Ethylene Glycol monoalkyl ether 


ethyl Alcohol 


Acetic acid 


Formic acid 


Hydrochloric Acid 


Hydrochloric-hydrofluoric mixtures containing 3% or less Hydrofluoric acid 


Sodium Silicate Solution 


Sulphuric Acid 


Triethylene Glycol 


Toluene 


Xylene 


Liquid carbon dioxide 


Liquid nitrogen 


Noxious liquid, NF, (7) n.o.s. (trade name ..., contains ...) ST3, Cat. Y 


Noxious liquid, F, (8) n.o.s. (trade name ...., contains ...) ST3, Cat. Y 


Noxious liquid, NF, (9) n.o.s. (trade name ..., contains ...) ST3, Cat. Z 


Noxious liquid, F, (10) n.o.s. (trade name ..., contains ...) ST3, Cat. Z 


Noxious liquid, (11) n.o.s. (trade name ..., contains ...) Cat. Z 


Non-noxious liquid, (12) n.o.s. (trade name ..., contains ...) Cat. OS 
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8.1.4 Carriage of products not listed in Table 4.8.1 should 
only be undertaken in accordance with suitable preliminary 
carriage conditions and the limitation referred to in 8.1.3. 


8.1.5 Additives which are considered to fall outside the 
scope of products in 8.1.3 may be carried in limited amounts. 
The aggregate amount of such additives which may be 
transported should not exceed 10 per cent of the vessel’s 
maximum authorised quantity of products subject to this 
Section. An individual tank should contain not more than 
10 m8 of these additives. The discharge of these additives into 
the sea from offshore support vessels is prohibited. 


8.1.6 Ships complying with the requirements of this 
section will be eligible for the special feature notation HNLS. 


8.2 Definitions 


8.2.1 Cargo area is that part of the offshore supply ship 

where cargo and cargo vapours are likely to be present and 

includes cargo tanks, cargo pump-rooms, hold spaces in 
which independent tanks are located, cofferdams surrounding 
integral tanks and the following deck areas: 

° within 3 m of a cargo tank installed on deck; 

e — within 3 m of a cargo tank outlet in case of independent 
tanks installed below deck; 

e — within 3 m of a cargo tank outlet in case of integral tanks 
installed below deck and separated from the weather 
deck by a cofferdam; 

e the deck area above an integral tank without an 
overlaying cofferdam plus the deck area extending 
transversely and longitudinally for a distance of 3 m 
beyond each side of the tank; 

e — within 3 m of any cargo liquid or vapour pipe, flange, 
cargo valve, gas or vapour outlet, or entrance or 
ventilation opening to a cargo pump-room. 


8.2.2 Deadweight means the difference in metric tons 
between the displacement of an offshore support vessel in 
water of a density of 1,025 at the load waterline corres- 
ponding to the assigned summer freeboard and the 
lightweight of the ship. 


8.2.3 Lightweight means the displacement of an offshore 
support vessel in metric tons without cargo, fuel, lubricating 
oil, ballast water, fresh water and feed water in tanks, 
consumable stores, and passengers and crew and their 
effects. 


8.2.4 Hazardous substance is any substance either listed 
in chapter 17 of the Rules for Ships for Liquid Chemicals or 
having a hazard more severe than one of the minimum 
hazard criteria given in criteria for hazard evaluation of bulk 
chemicals as approved by the Organisation. 


8.2.5 Pollution hazard only substance means a substance 
having an entry only of ‘P’ in column d in chapter 17 of the 
Rules for Ships for Liquid Chemicals. 


8.2.6 Safety hazard substance means a substance 
having an entry of ‘S’ or ‘S/P’ in column d in chapter 17 of 
the Rules for Ships for Liquid Chemicals. 


8.2.7 Flammable liquid is any liquid having a flashpoint 
not exceeding 60°C (closed-cup test). 


8.3 Cargo tank location 


8.3.1 Cargo tanks should be located at least 760 mm 
measured inboard from the side of the vessel perpendicular 
to the centreline at the level of the summer load waterline. 


8.4 Cargo segregation 


8.4.1 Tanks containing cargo or residues of cargo should 
be segregated from machinery spaces, propeller shaft tunnels, 
if fitted, dry cargo spaces, accommodation and service spaces 
and from drinking water and stores for human consumption, by 
means of a cofferdam, void space, cargo pump-room, empty 
tank, oil fuel tank, or other similar space. On-deck stowage of 
independent tanks or installing independent tanks in otherwise 
empty hold spaces should be considered as satisfying this 
requirement. 


8.4.2 Cargoes which react in a hazardous manner with 

other cargoes or oil fuels should: 

e — be segregated from such other cargoes or oil fuels by 
means of a cofferdam, void space, cargo pump-room, 
empty tank, or tank containing a mutually compatible 
cargo; 

e have separate pumping and piping systems which 
should not pass through other cargo tanks containing 
such cargoes, unless encased in a tunnel; and 

° have separate tank venting systems. 


8.4.3 Cargo piping should not pass through any accom- 
modation, service or machinery space other than cargo 
pump-rooms or pump-rooms. 


8.4.4 Pumps, ballast lines, vent lines and other similar 
equipment serving permanent ballast tanks should be 
independent of similar equipment serving cargo tanks. 


8.4.5 Bilge pumping arrangements for cargo pump- 
rooms or for hold spaces in which independent cargo tanks 
are installed should be situated entirely within the cargo area. 


8.5 Segregation requirements for integral tanks 


8.5.1 Where not bounded by bottom shell plating, fuel oil 
tanks, a cargo pump-room or a pump-room, the cargo tanks 
should be surrounded by cofferdams. Tanks for other purposes 
(except fresh water and lubricating oils) may be accepted as 
cofferdams for these tanks. 


8.5.2 For access to all spaces, the minimum spacing 
between cargo tank boundaries and adjacent ship’s structures 
should be 600 mm. 
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8.5.3 Cargo tanks may extend to the deck plating, 
provided dry cargo is not handled in that area. Where dry 
cargo is handled on the deck area above a cargo tank, the 
cargo tank may not extend to the deck plating unless a 
continuous, permanent deck sheathing of wood or other 
suitable material of appropriate thickness and construction is 
fitted. 


8.5.4 Cargoes subject to the scope of products in 8.1.2 
and 8.1.3 should not be carried in either the fore or aft peak 
tanks. 


8.5.5 For pollution hazard only substances having a 
flashpoint exceeding 60°C (closed-cup test) the arrangements 
referred to in 8.4.1 and 8.4.3 need not be applied provided that 
the segregation requirements for accommodation spaces, 
drinking water and stores for human consumption are satisfied. 
Additionally, 8.5.1 and 8.5.2 need not be applied. 


8.6 Accommodation, service and machinery 
spaces and control stations 


8.6.1 Accommodation or service spaces, or control 
stations should not be located within the cargo area. 


8.6.2 Unless they are spaced at least 7 m away from the 
cargo area containing flammable products, entrances, air 
inlets and openings to accommodation, service and 
machinery spaces and control stations should not face the 
cargo area. Doors to spaces not having access to 
accommodation, service and machinery spaces and control 
stations, such as cargo control stations and store-rooms, 
may be permitted within the 7 m zone specified above, 
provided the boundaries of the spaces are insulated to A-60 
Standard and each case will be specially considered. When 
arranged within the 7 m zone specified above, windows and 
side scuttles facing the cargo area should be of a fixed type. 
Such side scuttles in the first tier on the maindeck should be 
fitted with inside covers of steel or equivalent material. 


8.6.3 In order to guard against the danger of hazardous 
vapours, due consideration should be given to the location of 
air intakes and openings into accommodation, service and 
machinery spaces and control stations in relation to cargo 
piping and cargo vent systems. 


8.6.4 For pollution hazard only substances having a 
flashpoint exceeding 60°C, the arrangements referred to in 
8.6.1 to 8.6.3 may be waived. 


8.7 Access to spaces in the cargo areas 

8.7.1 Access to spaces within the cargo area should 
meet the requirements of 3.4 of the Rules for Ships for Liquid 
Chemicals. 

8.8 Cargo tank construction 

8.8.1 Cargo tanks are to be as required by the Rules for 


Ships for Liquefied Gases or Rules for Ships for Liquid 
Chemicals as applicable and for the intended cargo. 


8.8.2 Instead of the use of permanently attached deck- 
tanks, portable tanks meeting the requirements of the 
International Dangerous Goods (IMDG) Code or other 
portable tanks specially approved may be used for cargoes 
indicated in 8.1.3, provided that the tanks are properly 
located and secured to the vessel. 


8.8.3 Except for the tank connections to cargo pump- 
rooms, all tank openings and connections to the tank should 
terminate above the weather deck and should be located in 
the tops of the tanks. Where cofferdams are provided over 
integral tanks, small trunks may be used to penetrate the 
cofferdam. 


8.8.4 The greater of the following design pressures 

(gauge) should be used for determining scantlings of inde- 

pendent pressure tanks: 

e 0,07 MPa; 

e the vapour pressure of the cargo at 45°C; 

e the vapour pressure of the cargo at 15°C above the 
temperature at which it is normally carried; or 

e the pressure which occurs in the tank during the loading 
or unloading. 

The design of the tanks should comply with acceptable 

standards taking into account the carriage temperature and 

relative density of cargo. Due consideration should also be 

given to dynamic forces and any vacuum pressure to which 

the tanks may be subjected. 


8.8.5 Integral and independent gravity tanks should be 
constructed and tested according to acceptable standards 
taking into account the carriage temperature and relative 
density of cargo. 


8.8.6 For pollution hazard only substances having a 
flashpoint exceeding 60°C, the requirements of 8.8.3 need 
not be applied. 


8.9 Materials of construction 


8.9.1 Materials of construction for tanks, piping, fittings 
and pumps should be in accordance with chapter 6 of the 
Rules for Ships for Liquid Chemicals, or the Rules for Ships 
for Liquefied Gases, as applicable. 


8.10 Cargo tank vent systems 


8.10.1 Independent pressure tanks should be fitted with 
pressure relief devices that are so designed as to direct the 
discharge away from personnel and that have a set pressure 
and capacity which is in accordance with acceptable 
standards taking into account the design pressure referred to 
in 8.8.4. 


8.10.2 Cargo tank vent systems of integral or independent 
gravity tanks should meet the requirements of the Rules for 
Ships for Liquid Chemicals, except that the height specified in 
8.3.4 of those Rules may be reduced to 2 m. 
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8.10.3 The location of cargo tank vent outlets for independent 
pressure tanks and for cargo tanks used to carry pollution 
hazard only substances with a flashpoint exceeding 60°C 
(closed-cup test) should be to the satisfaction of LR. 


8.10.4 Cargo tank vent systems of portable tanks allowed 
under 8.8.2 should be to the satisfaction of LR, taking into 
account the requirements of 8.10. 


8.11 Cargo transfer 


8.11.1 The cargo transfer system should comply with the 
requirements of chapter 5 of the Rules for Ships for Liquid 
Chemical, or the Rules for Ships for Liquefied Gases, when 
considered applicable and practical, taking into account 
existing industry standards and practices. 


8.11.2 | The remote shut-down devices for all cargo pumps 
and similar equipment, required by 5.6.1.3 of the Rules for 
Ships for Liquid Chemicals, should be capable of being 
activated from a dedicated cargo control location which is 
manned at the time of cargo transfer and from at least one 
other location outside the cargo area and at a safe distance 
from it. 


8.12 Electrical installations 


8.12.1 Electrical installations should meet the requirements 
of chapter 10 of the Rules for Ships for Liquid Chemicals. 


8.13 Acid spill protection 


8.13.1 Floors or decks under acid storage tanks and 
pumps and piping for acid should have a lining or coating of 
corrosion-resistant material extending up to a minimum 
height of 500 mm on the bounding bulkheads or coamings. 
Hatches or other openings in such floors or decks should be 
raised to a minimum height of 500 mm; however, where this 
height is not practicable a lesser height may be required. 


8.13.2 Flanges or other detachable pipe connections 
should be covered by spray shields. 


8.13.3 Portable shield covers for connecting the flanges of 
the loading manifold should be provided. Drip trays of 
corrosion-resistant material should be provided under loading 
manifolds for acids. 


8.13.4 Spaces for acid storage tanks and acid pumping 
and piping should be provided with drainage arrangements of 
corrosion-resistant materials. 


8.13.5 Deck spills should be kept away from accommodation 
and service areas by means of a permanent coaming of 
suitable height and extension. 


8.14 Ventilation of spaces in the cargo area 


8.14.1 The requirements of chapter 12 of the Rules for 
Ships for Liquid Chemicals are to be applied. Consideration 
will be given to requests for relaxation of requirements 
concerning the distance required in 12.1.5 of the Rules for 
Ships for Liquid Chemicals. 


8.15 Vapour detection 


8.15.1 Vapour detection for the cargoes carried should be 
provided in accordance with the requirements contained in 
the Rules for Ships for Liquid Chemicals. 


8.15.2 Enclosed and semi-enclosed spaces containing 
installations for acid should be fitted with fixed vapour detection 
and alarm systems which provide visual and audible 
indication. The vapour detection systems should be capable 
of detecting hydrogen except that, in the case where only 
hydrochloric acid is carried, a hydrogen chloride vapour 
detection system should be provided. 


8.15.3 At least two portable instruments for detecting 
flammable vapour concentrations should be provided when 
cargoes subject to the requirements of this Section (see 
8.1.3) with a flashpoint not exceeding 60°C (closed-cup test) 
are carried. 


8.15.4 At least two portable instruments suitable for 
measuring the concentration of oxygen in atmospheric air 
should be provided. 


8.16 Special requirements 


8.16.1 The special requirements for the cargo as referred 
to in chapter 17 of the Rules for Ships for Liquid Chemicals or 
chapter 19 of the Rules for Ships for Liquefied Gases are 
applicable; however, the requirement in 15.19.6 of the Rules 
for Ships for Liquid Chemicals for a visual and audible high- 
level alarm may be waived taking into account the cargo 
carriage arrangements and cargo loading procedures and 
each case will be specially considered. 


8.17 Special requirements for the carriage of 
liquefied gases 


8.17.1 Each enclosed space used for handling or storage 
of a liquefied gas should be fitted with a sensor continuously 
monitoring the oxygen content of the space and an alarm 
indicating low oxygen concentration. For semi-enclosed spaces 
portable equipment may also be acceptable. 


8.17.2 Drip trays resistant to cryogenic temperatures 
should be provided at manifolds transferring liquefied gases 
or at other flanged connections in the liquefied gas system. 


8.17.3 For the carriage of liquid nitrogen the requirements of 
17.19 of the Rules for Ships for Liquefied Gases are to be 
applied. 
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8.17.4 The construction of cargo tanks and cargo piping 
systems for liquefied nitrogen and liquid carbon dioxide 
should be to the satisfaction of LR. 


8.17.5 | Emergency shut-off valves should be provided in 
liquid outlet lines from each liquefied gas tank. The controls 
for the emergency shut-off valves should meet the 
requirements given in 8.10.2 for remote shut-down devices. 


8.18 Gauging and level detection 


8.18.1 Each cargo tank should have a level gauging 
system in accordance with the Rules for Ships for Liquefied 
Gases or Rules for Ships for Liquid Chemicals as applicable. 


8.19 Emergency remote shut-down 


8.19.1 In the case of transfer operations involving 
pressures in excess of 5 MPa, arrangements for emergency 
depressurising and disconnection of the transfer hose should 
be provided. The controls for activating emergency 
depressurisation and disconnection of the transfer hose 
should meet the requirements given in 8.11.2 for remote 
shut-down devices. 


8.20 Pollution requirements 


8.20.1 Each ship certified to carry noxious liquid 
substances should be provided with a Cargo Record Book, a 
Procedure and Arrangements Manual and a Shipboard 
Marine Emergency Plan developed for the ship in accordance 
with Annex Il to MARPOL 73/78 and approved. 


8.20.2 Discharge into the sea of residues of noxious liquid 
substances permitted for the carriage in Ship Type 3, or 
products listed in 8.1.2 or ballast water, tank washings, or 
other residues or mixtures containing such substances, is 
prohibited. Any discharges of residues and mixtures containing 
noxious liquid substances should be to reception facilities in 
port. As a consequence of this prohibition, the requirements 
for efficient stripping and underwater discharge arrangements 
in MARPOL 73/78, Annex Il may be waived. 


8.20.3 In the case of cargoes regulated by MARPOL 
73/78, Annex |, the requirements of that Annex should apply 
as appropriate. 


8.21 Decontamination showers and eyewashes 


8.21.1 Except in the case of pollution hazard only 
substances, a suitably marked decontamination shower and 
eyewash should be available on deck in a convenient 
location. The shower and eyewash should be operable in all 
ambient conditions. 


8.22 Protective and safety equipment 


8.22.1 Protective and safety equipment should be kept on 
board in suitable locations as required by chapter 14 of the 
Rules for Ships for Liquefied Gases or Rules for Ships for 
Liquid Chemicals for products to be carried. 


E Section 9 
Standby ship 


9.1 Application and definitions 


9.1.1 The requirements in this Section apply to standby 
ships. A standby ship is a sea-going ship designed, 
constructed, organised and maintained in such a way that she 
can give assistance in the event of an emergency on or near 
an offshore installation. 


9.1.2 The National Authority with whom the ship is 
registered and/or the Administration within whose territorial 
jurisdiction the ship is intended to operate may have require- 
ments for the same items as required by these Rules. In those 
instances the more onerous requirements are to be applied. 


9.2 Configuration of standby ship 


9.2.1 The main features of standby ships which dictate 

the structural configuration are: 

(a) Designated and illuminated winching area for helicopter 
operations. 

(o) Clearly marked and lighted rescue zone at the side of the 
ship. 

(c) Survivors area. 

(d) Fast rescue boat. 


9.3 Information required 


9.3.1 In addition to the information and plans required by 
Ch 4,1.3, details of local strengthening of the following items 
are to be submitted where applicable: 

(a) The arrangement and integration into the hull of equip- 
ment, supports, foundations for rescue equipment, etc., 
in conjunction with their weight, working load and 
holding capability information. 

Support for towing arrangement as applicable. 

The arrangement for the fast rescue craft. 


€g 


9.4 Equipment foundations 


9.4.1 When considering the loads, all expected directions 
of operation are to be taken into account. 


9.4.2 The foundation for towing equipment, if applicable, 
is to be in accordance with Ch 3,7.2. 


10 
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9.5 Ship arrangement 


9.5.1 For standby ships the rescue arrangement, accom- 
modation and facilities for survivors and safety equipment is 
required to comply with a National Standard. The applicable 
Certificate or Statement of Compliance with a National 
Standard is to be issued by a National Administration, or by 
LR, or by an IACS member when so authorised. Where no 
national requirements exist for a particular vessel, LR will issue 
statement of compliance with UKOOA. 


|_| Section 10 
Anchor handler 


10.1 Application and definitions 


10.7.1. The requirements of this Section apply to ships 
specially designed, constructed and equipped for handling 
anchors of a floating offshore installation. 


10.2 Structural configuration 


10.2.1 The main features of an anchor handler which 

dictate the structural configurations are: 

(a) The ship has a completely clear after deck in order to 
handle the anchors effectively. 

(b) One or more winches designed for the purpose of 
deploying and recovering the anchors. 

(c) Large horizontal stern roller, if fitted. During the anchor- 
handling process the ship is often required to take the 
anchors on board by hauling them over her stern, along 
with their associated chain and other fittings. For this 
purpose a large horizontal roller is installed in the stern, 
usually at deck level. 

(d) A rounded form in way of the area for shipping/ 
unshipping anchors at stern. 

(e) Chain lockers under the main winch, if fitted. Anchor 
handlers are sometimes required to store rig or mooring 
chain and, for this purpose, most are fitted with chain 
lockers under the main winch which double as ballast or 
brine tanks when not in use. 

(f, Equipment for temporary securing of the anchor, e.g., 
shark’s jaw. 

(g) Towing pins in way of the stern roller. 

(h) High duty bollards. 


10.3 Information required 


10.3.1 In addition to the information and plans required by 
Ch 4,1.3, details of local strengthening of the following items 
are to be submitted where applicable: 

(a) The arrangement and integration into the hull of equip- 
ment, tanks, supports, foundations, etc., in conjunction 
with their weight, working load and holding capability 
information. 

(b) For unusual structural arrangement and equipment, 
calculations are to be submitted showing acceptable 
structural strength. 


(c) Supports and foundations for anchor handling and laying 
arrangements for anchors carried as cargo. 


10.4 Hull envelope plating 


10.4.1. Anchor handing activities often give rise to areas of 
high local loads and/or frequent impacts, such as in way of 
stern rollers and immediately adjacent to high duty bollards. 
The shell in way of high loads and/or frequent impacts is to 
be suitably reinforced by increasing shell plate thickness, 
additional stiffening support or other appropriate means. 


10.5 Working deck 


10.5.1 Deck areas, where there are arrangements for the 
collection and handling of anchors and associated equipment, 
are to be protected by wooden sheathing. Alternatively, this 
can be omitted if the plate thickness is increased by 2,5 mm. 


10.6 Equipment foundations 


10.6.1 | When considering the loads, all expected directions 
of operation are to be taken into account. The foundation for 
deck equipment (winch, stern roller, etc.) is to be in accor- 
dance with Ch 8,7.2 as applicable. 
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3 Hull envelope plating 

4 Hull envelope framing 

5 Strengthening of bottom forward 

6 Bottom strengthening for loading and unloading 
aground 


7 Watertight bulkheads 


8 Void spaces 


E Section 1 
General 


1.1 Application 


1.1.1 This Chapter applies, in general, to manned or 

unmanned non-self-propelled ships defined as follows: 

(a) Barges for the carriage of general dry cargoes in cargo 
holds. 

(o) Barges for the carriage of liquid cargoes in bulk. 

(c) Pontoons designed specifically for the carriage of 
non-perishable cargo on deck. 

(d) Shipborne barges for the carriage of general dry cargo 
in cargo holds and intended to operate afloat only within 
specified geographical limits, and suitable for regular 
carriage on board a larger ship. 


1.1.2 Manned or unmanned barges for the carriage of 
liquid chemicals in bulk and barges for the carriage of liquefied 
gases will receive individual consideration on the basis of the 
Rules, see Table 5.1.1. 


1.1.3 The scantlings and arrangements, except where 
otherwise specified in this Chapter, are to comply with the 
Rules as indicated in Table 5.1.1. 


1.1.4 The Rules assume that the structural arrangements 
of barges carrying cargo in holds will generally approximate 
to normal ship shape and construction. Barges of this type 
not doing so will receive individual consideration on the basis 
of the Rules. 


ES The Rules also assume that barges and pontoons 
are homogeneously loaded. Barges or pontoons with other 
types of loading, e.g., crane pontoon, will receive individual 
consideration. 


1.1.6 All barges and pontoons are to be fitted with 
adequate arrangements for towing. In general, such arrange- 
ments are to consist of, or be equivalent to, not less than two 
sets of bollards, each of which shall be suitable for accepting 
a towline of suitable breaking strength. 
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Table 5.1.1 Applicable Rules 


Type of barge Applicable Rules 


Barge for the carriage of general Chapter 1 
dry cargo in cargo hold 


Barge for the carriage of liquid Chap 
cargo in bulk 


Pontoon designed specifically for Chap 
the carriage of non-perishable 
cargo on deck 


Shipborne barges for the carriage of 
general dry cargo in cargo holds 


Chapter 1 
and this Chapter for 
‘extended protected 
water service’ barges 


Barge for the carriage of liquid 
chemicals in bulk 


Rules for Ships for 
Liquid Chemicals 
in Bulk 


Barge for the carriage of liquefied Rules for Ships for 
gases Liquefied Gases 


1.2 Class notations 


1.2.1 In general, ships complying with the requirements 

of this Chapter will be eligible for one of the following classes: 

(a) 100A1 barge. This class will be assigned to non-self- 
propelled sea-going ships as defined in 1.1.1(a). 

(o) 100A1 oil barge. This class will be assigned to non-self- 
propelled sea-going ships as defined in 1.1.1(b). 

(c) 100A1 pontoon. This class will be assigned to non-self- 
propelled sea-going ships as defined in 1.1.1(c). 


1.2.2 Barges and pontoons intended to be operated only 
in suitable areas or conditions which have been agreed by the 
Committee, as defined in Pt 1, Ch 2,2.3.6 to 2.3.10, will 
receive individual consideration on the basis of the Rules with 
respect to the environmental conditions agreed for the design 
basis and approval. In particular, shipborne barges as defined 
in 1.1.1(d) complying with the requirements of this Chapter 
will be eligible to be classed 100A1 shipborne barge 
extended protected water service. 


1.2.3 The Regulations for classification and the 
assignment of class notations are given in Pt 1, Ch 2, to which 
reference should be made. 


1.3 Information required 


1.3.1 In addition to the information and plans required by 

Pt 3, Ch 1,5, the following are to be submitted: 

e Details of structure and fittings to which deck cargo 
securing lashings, etc., are attached. 

° Details of the bollards and their supporting structure. 
Where pusher tugs or integral tug/barge systems are 
proposed, full details and data of the attachment and 
support arrangements. 

e Details of the intended service areas required for barges 
or pontoons designed to operate within specified 
geographical limits. 

e — Longitudinal strength and lifting arrangements for ship- 
borne barges. 
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1.4.1 The Rule length, L, for vessels with swim ends is to 
be measured as shown in Fig. 5.1.1. Where a swim end is 
arranged aft but no rudder is fitted, L need not exceed 97 per 
cent of the extreme length on the summer load waterline. For 
tugs and barge units having rigid connections, the length, L, 
is to be taken as the combined length of the tug and barge. 


| 
Aft side of 
rudder post 
or centre of 
rudder stock 
if there is no 
rudder post 


the lesser of L4 or 0,97L9, in metres 
the summer draught, in metres, 
measured from top of keel 


Fig. 5.1.1 Definition of Rule length 


a Section 2 
Longitudinal strength 


2.1 General 
2.1.1 Longitudinal strength calculations are to be made 


in accordance with the requirements given in Pt 3, Ch 4, and 
the ship service factor, f4, is given in Table 5.2.1. 


Table 5.2.1 Ship service factor f4 


‘100A1 
extended 
protected water 
service’ 


Type of ship 
‘100A1’ 


Barge for the carriage of general 
cargo in holds and for the carriage 
of liquid cargoes in bulk 


Pontoons for the carriage of non- 
perishable cargoes on deck 


Shipborne barges for the carriage 
of general cargo in holds and 
unmanned 


2.1.2 The requirements of Pt 3, Ch 4,8.3 regarding loading 
instruments are not applicable to barges and pontoons. 


Part 4, Chapter 5 


Sections 1,2 &3 


2.1.3 For shipborne barges, where it is the intention to lift 
the barge on board ship by crane, a condition ‘fully loaded 
barge suspended by crane’ is to be submitted. For this condition 
the following stresses are permissible: 


Bending stress op = 147,2 N/mm? (15,0 kgf/mm?) 
98,1 N/mm? (10,0 kgf/mm?) 


Shear stress T 


=] Section 3 
Hull envelope plating 


3.1 Shell and deck plating 


3.1.1 The thickness of shell and deck plating is to be as 
necessary to give the hull section modulus required by 2.1 
and to satisfy the requirements listed in Table 5.3.1. 


Table 5.3.1 Shell and deck plating 

Thickness for ships 
having extended 
protected water 
service notation 


Item of Thickness for ships 
plating classed 100A1 


(a) Keel The separate requirements of Chapter 1 or Chapter 10, 
whichever is applicable, for keel width and 
thickness need not be applied, except where 


L > 100 m and the bottom has a rise of floor 


(b) Bottom | In accordance with the | In accordance with the 
shell requirements of requirements of 

and Chapter 1 or Chapter 1 or Chapter 10, 
bilge Chapter 10, whichever | whichever is applicable, 
is applicable reduced by 12,5 per 
cent, but is to be not less 
than required by 

(c) below 


For chines, see 3.1.2 


Side The greater of the values obtained from Chapter 1 
shell or Chapter 10, whichever is applicable, for the 
from appropriate framing arrangement 

upper 
turn of 
bilge or 
chine to 
deck 


Deck In accordance with the In accordance with the 

requirements of Chapter | requirements of 

1 or Chapter 10, Chapter 1 or Chapter 10, 

whichever is applicable | whichever is applicable, 
reduced by 2 mm, but is 
to be not less than the 
deck basic end thickness 
as required by Pt 3, Ch 5 
and Ch 6 


In pontoon barges with deck cargoes the deck 
thickness derived from (d) may be required to be 
increased 


The bottom shell plating thickness is to be main- 
tained up to the summer load waterline for the rake 
plating. Above this point the thickness may be 
tapered to that of the side shell requirements from a 
point not less than 1 m above the load waterline 
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3.1.2 On ships with two chines each side, the bilge 
plating should generally be calculated from the bottom plating 
formulae. On hard chine ships, flanged chines will not, in 
general, be approved, but where a chine is formed by 
knuckling the shell plating, the radius of curvature, measured 
on the inside of the plate, is to be not less than 10 times the 
plate thickness. Where a solid round chine bar is fitted, the 
bar diameter is to be not less than three times the thickness of 
the thickest abutting plate. Where welded chines are used, 
the welding is to be built up as necessary to ensure that the 
shell plating thickness is maintained across the weld. 


a Section 4 
Hull envelope framing 


4.1 Symbols 


4.1.1 The symbols used in this Section are defined as 
follows: 
h = head or load height, in metres, and is to be taken 
as: 
for bottom longitudinals, frames, girders and 
transverses: the depth D 
for side longitudinals: the distance of the longitu- 
dinal below the deck at side, but not less than 
0,01L + 0,7 
for side transverses: the distance from the mid- 
point of span to the deck at side, but not less than 
0,01L + 0,7 
for deck longitudinals and transverses: the head 
equivalent to cargo carried at a stowage rate of 
1,39 m3/tonne, but is not to be taken less than 
0,01L + 0,7 
for side frames: the distance from the midpoint of 
span to the deck at the side 
for deck beams and girders: the head equivalent to 
cargo carried at a stowage rate of 1,39 m3/tonne, 
but is not to be taken less than required by 
Table 3.5.1 in Pt 3, Ch 3 
lẹ = effective length of stiffening member, in metres, see 
Pt 3, Ch 3,3 
= spacing of frames, beams or longitudinals, in mm 
= spacing or mean spacing of girders, transverses or 
floors, in metres 
Z = section modulus of stiffening member, in cm3, see 


Na 


Pt 3, Ch 3,3. 
4.2 General 
4.2.1 Bottom, side and deck transverses are to be 


connected in such a manner as to ensure continuity of the 
transverse ring system, and longitudinals are to be attached to 
transverses. In way of deck and bottom transverses, a deep 
web frame is to be fitted. 


4.2.2 End connections of longitudinals at bulkheads are 
to provide adequate fixity and direct continuity of longitudinal 
strength. 


Part 4, Chapter 5 


Sections 3 & 4 


4.2.3 Brackets at the top and bottom of side frames are 
to extend to the adjacent deck or bottom longitudinal to which 
they are to be attached. 


4.2.4 In pontoons where truss arrangements, comprising 
top and bottom girders in association with pillars and 
diagonal bracing, are used in the support of the deck loads, 
the diagonal members are generally to have angles of inclina- 
tion with the horizontal of about 45° and cross-sectional area 
of approximately 50 per cent of the adjacent pillar in accor- 
dance with Ch 1,4.4, with a head in accordance with 4.1.1. 


4.2.5 Adequate support must be provided on the centre- 
line for the loads imposed on the structure when the ship is in 
dry dock. 


4.3 Longitudinal framing 
4.3.1 The scantlings of bottom, side and deck longitudi- 


nals are to comply with the requirements of Table 5.4.1. 


Table 5.4.1 Longitudinal framing 


Position of 


nems 
longitudinals Modulus, in cm 


Bottom * Z = 11,0le2sh x 1073 


Side shell * Z = 8,01,2sh x 10-8 


Deck TZ 


5,5lg2sh x 10-8 


* For the requirements for barges carrying 
liquid cargoes in bulk see Chapter 10 


NOTE 
The scantlings derived from above need not exceed the scantling 
requirements of Chapter 1 or Chapter 10, whichever is applicable. 


4.4 Transverse framing 
4.4.1 The scantlings of bottom and side frames and deck 


beams are to comply with the requirements of Table 5.4.2. 


Table 5.4.2 Transverse framing 


Position of member Modulus, in cm? 


Bottom and side frames * Z =9,51,2sh x 1073 


Deck beams * Z = 4,5lę2sh x 1073 


* For the requirements for barges 
carrying liquid cargoes 
in bulk see Chapter 10 


NOTE 
The scantlings derived from above need not exceed the scantling 
requirements of Chapter 1 or Chapter 10, whichever is applicable. 
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4.5 Primary supporting structure 
4.5.1 Primary supporting members are to comply with 


the requirements of Table 5.4.3. 


Table 5.4.3 Primary supporting structure 


Position of member Modulus, in cm3 


Bottom transverse 


* Z = 11,0l,2Sh 


* Z = 8,01,2Sh 
(may be reduced by 5 per cent for 
vessels classed ‘100A1 extended 
protected water service’) 


Side transverse 


Deck transverse * Z = 5,51_2Sh 


Bottom girder * Z = 9,51 2Sh 


Deck longitudinal =Z 5,01 62Sh 


girder 


* For the requirements for barges 
carrying liquid cargoes in bulk 
see Chapter 10 


NOTE 
The scantlings derived from above need not exceed the scantling 
requirements of Chapter 1 or Chapter 10, whichever is applicable. 


E Section 5 
Strengthening of bottom forward 


5.1 Application 
5.1.1 The requirements for strengthening of bottom 


forward detailed in Pt 3, Ch 5 do not apply to barges or 
pontoons less than 50 m in length. 


E Section 6 
Bottom strengthening for loading 
and unloading aground 


6.1 Application 


6.1.1 For barges or pontoons intended to load or unload 
while aground, see Pt 3 Ch 9,9. 


Part 4, Chapter 5 


Sections 4 to 8 


a Section 7 
Watertight bulkheads 


7.1 Collision bulkheads 


7.1.1 Barges and pontoons are to have a collision 
bulkhead extending intact to the strength/weather deck and, 
in general, this is to be positioned as detailed in Table 5.7.1. 


Table 5.7.1 Collision bulkhead position 


Distance of collision bulkhead 
aft of fore end of L, in metres, 
Length L, see Fig. 5.1.1 

in metres 


Minimum Maximum 


0,05L 0,05L + 4,5 


The lesser of: 0,08L 
0,05L or 10 


a Section 8 
Void spaces 


8.1 Void spaces on unmanned pontoons not fitted 
with auxiliary machinery 


8.1.1 Drainage arrangements and air pipes are to be 
provided in accordance with Pt 5, Ch 13,10 and Pt 5, Ch 
13,12.4.4 respectively. 


8.1.2 Deck openings to allow drainage in accordance 
with Pt 5, Ch 13,10.1.3 are to be as small as practicable and 
closed by watertight gasketed covers of steel or equivalent 
material. 
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Section 

1 General 

2 Protection 

3 Longitudinal strength 
4 Deck structure 

5 Shell envelope plating 
6 Shell envelope framing 


7 Watertight bulkheads 
8 Stern ramp, and cruiser and transom sterns 


9 Strengthening of bottom forward 


oO Section 1 
General 


1.1 Application 


1.1.1 This Chapter applies to sea-going steel trawlers, 
stern trawlers and fishing vessels. 


7.1.2 For the purpose of this Chapter, a fishing vessel is a 
ship used for fishing operations, but not equipped for trawling. 


1.1.8 The scantlings and arrangements are to be as 
required by Chapter 1 except as otherwise specified in this 
Chapter. Consideration will be given to proposals for modified 
scantlings on vessels where L is less than 24 m. 


1.2 Assignment of load lines 


L241 The International Convention on Load Lines, 1966 
does not apply to trawlers and fishing vessels, but certain 
National Authorities may request the assignment of load lines 
for ships registered in their countries. 


1.2.2 The Rules affecting the protection of openings and 
protection of crew, and particularly those contained in Pt 3, 
Ch 11 and Ch 12, may be modified to take account of National 
Regulations or practicabilities related to fishing operations. 


1.3 Class notations 


1.3.1 In general, ships complying with the requirements 

of this Chapter will be eligible for one of the following classes: 

(a) 100A1 trawler. This class will be assigned to side fishing 
trawlers. 

(o) 100A1 stern trawler. This class will be assigned to stern 
fishing trawlers. 

(c) 100A1 fishing vessel. This class will be assigned to fishing 
vessels, see 1.1.2. 
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1.3.2 The Regulations for classification and the assignment 
of class notations are given in Pt 1, Ch 2 to which reference 
should be made. 


1.4 Information required 


1.4.1 In addition to the information required by Pt 3, 
Ch 1,5, the position and arrangement of trawl gear and deck 
machinery and location of insulated compartments are to be 
indicated. 


1.5 Symbols and definitions 


1.5.1 The Rule length, L, is the distance, in metres, on 
the classification waterline from the fore side of the stem to 
the after side of the rudder post, or to the centre of the 
rudder stock if there is no rudder post. L is to be not less 
than 96 per cent, and need not be greater than 97 per cent, 
of the extreme length on the classification waterline. 


1.5.2 Breadth B, is the greatest moulded breadth, in 
metres. 


1.5.3 Depth D, is measured, in metres, at the middle of 
the length, L from the base line to top of the deck beam at 
side on the uppermost continuous deck. 


1.5.4 The classification waterline in single deck ships is 
the waterline taken perpendicular to the plane of the 
transverse bulkheads located at 0,85D from the base line 
amidships, or at the maximum operational draught amidships, 
whichever is the greater. In two-deck ships, it is the waterline 
located at the maximum operational draught, but if this is 
unknown, it may be taken at 50 mm below the lower deck. If 
a load line is required by a National Authority, the classification 
waterline is the summer load waterline. 


7.5.5 Keel line is the line parallel to the slope of the keel 
intersecting the top of the keel at amidships, or the line of 
intersection of the inside of shell plating with the keel where a 
bar keel is fitted. 


7.5.6 Base line is a line parallel to the classification 
waterline and intersecting the keel line at amidships. 


1.5.7 Draught 7, is the distance in metres, between the 
classification waterline and the base line amidships. 


1.5.8 The block coefficient Cp is to be taken at the 
classification waterline. 
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1.5.9 The following symbols are also applicable to this 


Chapter: 
k = material factor, see Ch 1,1.5 
lẹ = effective length of stiffening member, in metres, see 
Pt 3, Ch 3,3 
s = spacing of stiffeners, in mm 
L 


Sp = 470 =— with minimum limitation at ends as 


defined in Table 5.3.1 in Pt 3, Ch 5, for fore end 
structure and Table 6.3.1 in Pt 3, Ch 6, for aft end 
structure 
S4 = S, but not less than Sp 
t = thickness of plating, in mm 
Z = section modulus of stiffening member, in cm3, see 
Pt 8, Ch 3,3. 


a Section 2 


Protection 
2.1 Protection of steelwork 
2.1.1 Where wood sheathing is fitted, the material is to 


be of good quality, well seasoned and free from sapwood, 
and the thickness is to be not less than 65 mm. The plank 
widths should not normally exceed 150 mm. Thwartship 
planks are to be laid at the ends of deckhouses and at break 
of deck. Fastenings are to be sunk below the surface of the 
planking and covered with turned dowels, and the whole to 
be thoroughly bedded in a suitable composition. All weather 
decks are to be caulked and payed. 


21.2 Where gutter waterways are fitted, the bar forming 
the inner edge of the waterway is to be not less than 7,5 mm 
thick. 


2.1.3 Welded studs are to be not less than 9,5 mm 
diameter, and are to be coated with suitable composition 
before the planking is laid. Bolts used instead of studs may 
be 12,5 mm diameter galvanised. If the steel deck is 
penetrated for bolts, the deck is to be hose tested in 
accordance with Pt 3, Ch 1,8. 


2.2 Protection of cargo 


2.2.1 When an oil fuel bunker or double bottom carrying 
oil fuel, or a lubricating oil tank, is adjacent to a fish hold, the 
relevant requirements of Pt 6, Ch 3,4 are to be complied with. 


2.2.2 Compartments used for the processing of fish, or 
for temporary storage during or while awaiting processing, 
need not comply with the requirements of 2.2.1, but the 
construction of the bulkheads, decks and insulation, if any, 
should be such as to minimise the risk of oil leakage. 


Part 4, Chapter 6 


Sections 1 to 5 


a Section 3 
Longitudinal strength 


3.1 General 


3.1.1 The longitudinal strength standard is to comply 
with the relevant requirements of Pt 3, Ch 4. 


3.1.2 The requirements of Pt 3, Ch 4,8.3 regarding loading 
instruments are not applicable to trawlers and fishing vessels. 


E Section 4 
Deck structure 


4.1 Deck plating 


4.1.1 The thickness of deck plating is to be not less than 
that required by Ch 1,4. Under the trawl winch, windlass, 
mast, centre and side bollards and gallows, the plating 
thickness is to be not less than: 


t = (0,04L + 7,5) mm 


where 
L is to be taken not less than 30 m. 


4.1.2 When a raised deck is fitted, adequate scarfing is 
to be arranged at the step. 


4.2 Factory deck beams 


4.2.1 The section modulus of the beams of factory decks 
under fish handling spaces is to be not less than that required 
by Table 1.4.5(2) in Chapter 1, with hy equal to 2 m, but extra 
strengthening may be required in way of heavy items of 
machinery or equipment. 


E Section 5 
Shell envelope plating 


5.1 Shell plating 
5.17.1 The thickness of shell plating is to be not less than 


that required by Ch 1,5 but in no case is it to be less than the 
following: 


ks 

For L< 70m t = (5,5 + 0,083) = mm 
ks4 

ForL > 70m t = (6,5 + 0,033L) Sr: mm 


5.1.2 For single deck side trawlers the thickness derived 
from the formulae in 5.1.1 is to be increased by 10 per cent. 
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5.1.3 When nets or control wires are in contact with the 
ship’s side, such as below the gallows in a side trawler, the 
side shell plating is to be increased by 40 per cent. 


5.1.4 Where a bar keel is fitted, the breadth of the 
garboard strake is to be not less than 760 mm, and the 
thickness is to be 10 per cent greater than the bottom shell. 


O35: The thickness of the bottom shell plating is to be 
increased by 10 per cent where intercostal girders are not 
fitted. 


5.1.6 For increase to sheerstrake at the break of a raised 
deck, see Ch 1,5. 


5.1.7 Cope irons are to be fitted under gallows or any 
other area where excessive wear could occur. 


a Section 6 
Shell envelope framing 


6.1 Transverse side framing 


6.1.1 The section modulus of the side frames of single 
deck trawlers and fishing vessels need not be greater than 
80 per cent of the modulus required by Ch 1,6, but in no 
case is the depth of the frame to be less than 60 mm. Where 
not specified the draught is to be taken as not less than 
0,85D. 


6.1.2 For two deck trawlers and two deck fishing vessels 
and all vessels requiring a load line, the requirements of 
Ch 1,6 are to be complied with. 


6.1.3 The section modulus of frames in the fore peak is 
to be the greater of the following: 

(a) 10 per cent greater than that required by Pt 3, Ch 5,4. 
(o) Z = (45D- 212) cms. 


6.1.4 The section modulus of frames in the aft end 
region is to be not less than that required by Pt 3, Ch 6,3. 


6.1.5 Where frames are stopped at watertight flats they 
are to be bracketed. 


O Section 7 


Watertight bulkheads 
7.1 Collision bulkheads 
Faded Consideration will be given to proposals for the 


collision bulkhead to be positioned further aft than 0,08L from 
the fore end of the classification waterline, provided that bow 
damage will not result in excessive trim forward. 


Part 4, Chapter 6 
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m Section 8 
Stern ramp, and cruiser and 
transom sterns 


8.1 Stern ramp 


8.1.1 The thickness of plating of the stern ramp is to be 
not less than: 


t = 0,025s mm or 10 mm, whichever is the greater. 


8.1.2 The section modulus of stiffeners is to be not less 
than: 


Z = 0,019s 1,2 cms. 


8.2 Cruiser and transom sterns 


8.2.1 Cruiser and transom sterns are to have frames of 
the size required for peaks, and are to be additionally stiffened 
by web frames when required. The depth of plate floors is to 
be not less than that given in Ch 1,7, and the floors are to be 
associated with a suitable system of girders. 


a Section 9 
Strengthening of bottom forward 


9.1 General 


9.1.1 The requirements of Pt 3, Ch 5,1 are to be applied 
except when the forward draught contemplated for any 
sea-going condition is equal to or greater than 0,03L in which 
case the bottom shell plating in the region to be strengthened 
may be taken as: 


t = 0,00818s fL1/4 k1/2 


where the symbols are as defined in Table 5,1.1 in Pt 8, Ch 5. 
This thickness derivation may be adopted for both longitudinal 
and transverse framing. 
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Section 

1 General 

2 Materials and protection 

3 Longitudinal strength 

4 Deck structure 

5 Shell envelope plating 

6 Shell envelope framing 

7 Topside tank structure 

8 Double bottom structure 

9 Hopper side tank structure 


10 Bulkheads 

11 Direct calculation 
12 Steel hatch covers 
13 Hatch coamings 


14 Forecastles 


i Section 7 
General 


1.1 General 


7.7.1 This Chapter applies to sea-going self propelled 
ships, constructed generally with single deck double bottom, 
hopper side tanks and topside tanks and with single or double 
side skin construction in the cargo length area, and intended 
primarily for the carriage of bulk dry cargoes. 


1:12 A ‘bulk carrier of single side skin construction’ is 
defined as a bulk carrier where one or more cargo holds are 
bound by the side shell only, or by two watertight boundaries, 
one of which is the side shell, which are less than 1000 mm 
apart. 


t13 The term ‘bulk carrier of double side skin 
construction’ is defined as a bulk carrier where all cargo holds 
are bound by two watertight boundaries, one of which is the 
side shell, which are greater than or equal to 1000 mm apart 
at any location within the hold length. 


1.1.4 The ShipRight Procedures for the hull construction 
of ships are detailed in Pt 3, Ch 16 and the classification nota- 
tions and descriptive notes associated with these procedures 
are given in Pt 1, Ch 2,3. 
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7.7.5 The attention of Owners, Masters and Cargo 
Shippers is drawn to the IMO Code of Safe Practice for Solid 
Bulk Cargoes when shipping these cargoes. Attention is also 
drawn to any relevant statutory requirements of the National 
Authority of the country in which the ship is to be registered, 
and any special requirements of the Port Authorities at the 
ports of loading and discharge. 


1.156 The Regulations for classification and the assign- 
ment of class notations are given in Pt 1, Ch 2 to which 
reference should be made. 


1.2 Application 


1.2.1 Single skin and double skin bulk carriers with 
length, L, greater than or equal to 90 m with structural 
configuration as shown in Fig. 7.1.1 are defined as ‘CSR Bulk 
Carriers’ and are to comply with 1.4. 


One or more holds 


J 3 


Standard bulk carrier 
configuration 


Remaining holds 


JJ 


Fig. 7.1.1 CSR-BC applicability 


1.2.2 Single skin and double skin bulk carriers other than 
those described in 1.2.1 are defined as ‘Non-CSR Bulk 
Carriers’ and are to comply with 1.5. 


1.3 General class notations 


1.3.1 Class notations applicable to CSR bulk carriers are 

defined as follows: 

e CSR 
Identifies the bulk carrier as being compliant with the 
IACS Common Structural Rules for Bulk Carriers; 

e ESP 
Identifies the bulk carrier as being subject to an 
Enhanced Survey Programme as detailed in Pt 1, Ch 3,3 
and Ch 3,6, see also Pt 1, Ch 2,2.3.12. 
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1.3.2 Class notations applicable to non-CSR_ bulk 

carriers are defined as follows: 

e Strengthened for heavy cargoes 
For bulk carriers with scantlings complying with 8.2; 

° ESP 
Identifies the bulk carrier as being subject to an 
Enhanced Survey Programme as detailed in Pt 1, 
Ch 3,3 and Ch 3,6, see also Pt 1, Ch 2,2.3.12; 

° ESN 
Identifies the bulk carrier as having been assessed for 
enhanced survivability with respect to flooding. 
Scantlings and arrangements are to comply with 3.1.2, 


8.8 and 10.4. 
1.4 Class notation for CSR bulk carriers 
1.4.1 In general, CSR bulk carriers less than 150 m in 


length are to comply with the requirements of 1.6, Pt 3, Ch 2 

and the [ACS Common Structural Rules for Bulk Carriers 

(CSR) and will be eligible for one of the following mandatory 

class notations: 

(a) 100A1 bulk carrier, CSR, any holds may be empty, 
ESP. This class notation is normally assigned to a ship 
designed to carry dry bulk cargoes of cargo density 
1,0 tonne/m and above, with an approved arrangement 
of loaded holds such that any hold may be empty at the 
full loaded draught. 

(o0) 100A1 bulk carrier, CSR, hold nos. 1, 2 ... may be 
empty, ESP. This class notation is normally assigned to 
a ship designed to carry dry bulk cargoes of cargo 
density 1,0 tonne/m® and above with specified holds 
empty at maximum draught. 

(c) 100A1 bulk carrier, CSR, ESP. This class notation will 
be assigned to a ship designed to carry dry bulk cargoes 
of cargo density less than 1,0 tonne/ms. 


1.4.2 In general, CSR bulk carriers equal to or greater 
than 150 m in length are to comply with the requirements of 
1.6, Pt 8 Ch 2 and the [ACS Common Structural Rules for 
Bulk Carriers (CSR) and will be eligible for one of the following 
mandatory class notations: 

(a) 100A1 bulk carrier, CSR, BC-A, hold nos. 1, 2... may 
be empty, GRAB [X] ESP. This class will be assigned 
for bulk carriers designed to carry dry bulk cargoes of 
cargo density 1,0 tonne/m8 and above with specified 
holds empty at maximum draught. 

(o0) 100A1 bulk carrier, CSR, BC-B, GRAB [X], ESP. This 
class will be assigned for bulk carriers designed to carry 
dry bulk cargoes of cargo density 1,0 tonne/m® and 
above with all cargo holds loaded. 

(c) 100A1 bulk carrier, CSR, BC-C, ESP. This class will be 
assigned for bulk carriers designed to carry dry bulk 
cargoes of cargo density less than 1,0 tonne/m3 with all 
cargo holds loaded. 


1.4.3 The following additional notations and annotations 
are to be provided giving further detailed description of 
limitations to be observed during operation as a consequence 
of the design loading condition applied during the design. 
° Notations: 
(maximum cargo density (in tonnes/m3)) For notations 
BC-A and BC-B if the maximum cargo density is less 
than 3,0 tonnes/ms; 
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(no MP) For all notations when the vessel has not been 
designed for loading and unloading in multiple ports in 
accordance with the conditions specified in JACS 
Common Structural Rules for Bulk Carriers (CSR) 
Ch 4,7.3.3; 
GRAB [X] where the net thickness of inner bottom, 
lower strake of hopper tank sloping plate and transverse 
lower stool plating comply with [ACS Common Structural 
Rules for Bulk Carriers (CSR) Ch 12,1 for BC-A and BC-B, 
see also CSR Ch 1,1; 

e — Annotations: 
(allowed combination of specified empty holds). For 
notation BC-A. 


1.4.4 The ‘Construction Monitoring’ (CM) procedures 
detailed in the ShipRight Procedures Manual, published by 
LR, are mandatory for bulk carriers greater than 190 m in 
length. 


1.4.5 Optional notations indicating compliance with 
specific requirements of Sections 3 to 14 on a voluntary basis 
may also be assigned. 


1.5 Class notation for non-CSR bulk carriers 


1,5. In general, non-CSR Bulk Carriers are to comply 
with the requirements of 1.5.2 to 1.5.7 and will be eligible for 
one of the following mandatory class notations: 

(a) 100A1 bulk carrier, ESP. 

(o) 100A1 bulk carrier, strengthened for heavy cargoes, 
ESP. This class notation will be assigned to a ship when 
the double bottom structure has been specially 
strengthened in accordance with the requirements of 
Table 7.8.1. 

(c) 100A1 bulk carrier, strengthened for heavy cargoes, 
hold nos. 1, 2 ... may be empty, ESP. This class 
notation is normally assigned to a ship which has been 
specially strengthened for heavy cargoes, see (b), So as 
to enable the ship to be fully loaded with an approved 
arrangement of empty holds, see a/so 1.3.5 and 1.4.3. 

(d) 100A1 bulk carrier, strengthened for heavy cargoes, 
any holds may be empty, ESP. This class notation is 
normally assigned to a ship which has been specially 
strengthened for heavy and ore cargoes, with an 
approved arrangement of loaded holds such that any 
hold may be empty at the full loaded draught. 


15.2 Plans and information are to be submitted in accor- 
dance with 1.7. 


1:5:8 Requirements are also given for special strength- 
ening for heavy cargoes, see 8.2. 


1.5.4 The scantlings and arrangements of the cargo 
region are to be as specified in this Chapter in Sections 2 to 
14. The requirements are intended to cover the midship 
region, but also apply, with suitable modification, to the taper 
regions forward and aft in way of cargo spaces. 
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7.5.5 The ‘Structural Design Assessment’ (SDA), 
‘Fatigue Design Assessment’ (FDA) and ‘Construction 
Monitoring’ (CM) procedures detailed in the ShipRight 
Procedures Manual, published by LR, are mandatory for 
non-CSR bulk carriers greater than 190 m in length and for 
other non-CSR bulk carriers of abnormal hull form, or of 
unusual structural configuration or complexity see 1.1.5 and 
Section 11. 


1.5.6 Where the class notation referred to in 1.5.1(d) is 
assigned such that any hold may be empty at the full draught 
the following items are to be considered and the 
corresponding requirements complied with: 

(a) Longitudinal strength calculations are to be carried out 
for all the operational fully loaded, non-homogeneous, 
part loaded, heavy cargo conditions, and these 
conditions included in the approved Loading Manual, 
see Section 3. Envelopes of the still water bending 
moments and the shear forces covering these conditions 
are also to be submitted. 

(b) The double bottom structure in each hold is to satisfy the 
requirements of 8.4. 

(c) The arrangement and scantlings of cross-deck structure 
between the upper deck cargo hatchways, see 4.1.2. 

(d) Transverse bulkheads in holds, see 10.1.4. 

(e) For main cargo hatchway openings the requirements of 
4.3.1 are to be complied with. 


1:5:7 Where appropriate, other cargoes or particular 
loading arrangements will be included in the class notation. 
When the class notation referred to in 1.5.1(c) is to be 
assigned for other combinations of empty and loaded holds, 
for example where it is the intention to load fully any two 
adjoining holds with adjacent holds empty in sea-going or 
short voyage conditions, the longitudinal and local strength 
aspects will be specially considered, see also 4.1.2. In 
addition, permissible weights of cargo in each hold or pair of 
adjacent holds, plotted against ship’s draught likely to be 
incurred, are to be included in the ship’s approved Loading 
Manual. 


1.5.8 The scantlings of structural items may be 
determined by direct calculation. 


1.5.9 The additional requirements for bulk carriers for the 
alternate carriage of oil cargo and dry bulk cargo are given in 
Ch 9,11. When complying with the requirements of this 
Chapter, such ships may be excluded from all requirements 
and notations pertaining to vessels with length, L, greater than 
or equal to 150 m. The requirements of 1.5.5 are however to 
be complied with. 


1.6 Information required for CSR bulk carriers 


1.6.1 In addition to the plans and documents required 

by the CSR the following are to be submitted: 

e Ice strengthening. 

° Freeboard plan or equivalent showing freeboards and 
items relative to the conditions of assignment. 

e In addition the supporting calculations given in Pt 3, 
Ch 1,5.2.3 are to be submitted. 
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1.7 Information required for non-CSR bulk 
carriers 
TA In addition to the information and plans required by 


Pt 3, Ch 1,5, the following are to be submitted: 

e — Cargo loadings on decks, hatchways and inner bottom if 
these are to be in excess of Rule, see Pt 3, Ch 3,5. 

e The maximum pressure head in service on tanks, also 
details of any double bottom tanks interconnected with 
hopper, and topside tanks. 

e Details of the proposed depths of any partial fillings 
where water ballast or liquid cargo is intended to be 
carried in the holds. 

e Details of loading arrangements where combinations of 
empty and loaded holds are envisaged, and where it is 
the intention to load fully any two adjoining holds with 
adjacent holds empty in sea-going or short voyage 
conditions. 


1.7.2 Additional information required for bulk carriers of 

length, L, 150 m or above: 

e The bulk cargo density to be used in the design 
homogeneous loading condition at scantling draught 
with all holds, including hatchways, being 100 per cent 
full. 

e — The maximum bulk cargo density the ship is designed to 
carry. 

e = The maximum bulk cargo weight to be carried in each 
hold. 

e Tables or curves indicating the change of cargo hold 
volume as a function of height above moulded baseline. 


1.8 Symbols and definitions 


1.8.1 The following symbols and definitions are applica- 
ble to this Chapter unless otherwise stated: L, B, D, T as 
defined in Pt 3, Ch 1,6 

kœ k = higher tensile steel factor, see Pt 3, Ch 2,1 


l = overall length of stiffening member, in metres, see 
Pt 3, Ch 3,3 

lẹ = effective length of stiffening member, in metres, see 
Pt 3, Ch 3,3 


S = spacing of secondary stiffeners, in mm 
t = thickness of plating, in mm 
C = stowage rate, in m%/tonne, as defined in Pt 3, 
Ch 3,5 
I = inertia of stiffening member, in cm4, see Pt 3, 
Ch 3,3 
M4, =the actual cargo mass in a cargo hold 
corresponding to a homogenously loaded condition 
at maximum draught 
Me, = the cargo mass in a cargo hold corresponding to 
cargo with virtual density (homogenous mass/hold 
cubic capacity, minimum 1,0 tonne/m®) filled to the 
top of the hatch coaming. Muy is in no case to be 
less than My 
Myp = the maximum cargo mass allowed to be carried in 
a cargo hold according to design Loading conditions 
with specified holds empty at maximum draught 
R = sin 
S = spacing, or mean spacing, of primary members, in 
metres 
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Z = section modulus of stiffening member, in cm3, see 


Pt 3, Ch 3,3 
p = relative density (Specific gravity) of liquid carried in a 
tank, and is not to be taken less than 1,025 
© = roll angle, in degrees 
; L L 
sind = (045 +015 ) (0.54 2 To) 


E Section 2 
Materials and protection 


2.1 Materials and grades of steel 


Psat Materials and grades of steel are to comply with the 
requirements of Pt 3, Ch 2. 


2.2 Protection of steelwork 


2.2.1 For the protection of steelwork, in addition to the 
requirements specified in Ch 1,2 and Pt 3, Ch 2,3 the require- 
ments of 2.2.2 are to be complied with. 


2.2.2 All internal and external surfaces of hatch coamings 
and hatch covers, and all internal surfaces of the cargo holds, 
except where excluded below, are to have an efficient 
protective coating (epoxy coating or equivalent) applied in 
accordance with the manufacturer’s recommendations. In the 
selection of coating, due consideration is to be given to the 
intended cargo conditions in service. Areas which may remain 
uncoated are: 

(a) The inner bottom plating. 

(o) The hopper tank sloping plating between the intersec- 
tion with the inner bottom plating and a line 
approximately 300 mm below the toe of the side shell 
frame end brackets. 


2.2.3 For the notation ‘strengthened for regular 
discharge by heavy grabs’, see Pt 3, Ch 9,9. 


a Section 3 
Longitudinal strength 


3.1 General 


3.1.1 Longitudinal strength calculations are to be made 
in accordance with the requirements given in Pt 3, Ch 4 and 
1.5.6 and 1.5.7 where appropriate. 


a2 Longitudinal strength calculations for the flooded 

conditions defined in 3.2 to 3.4 are to be applied for bulk 

carriers which satisfy all of the following criteria: 

e — Single skin construction, or double skin construction 
where any part of the longitudinal bulkhead is located 
within B/5 or 11,5 m, whichever is less, inboard from the 
ship’s side at right angles to the centreline at the 
assigned summer load line. 
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Length, L, of 150 m or above. 
Intended for the carriage of cargoes having bulk 
densities of 1,0 tonne/m3 or above. 


3.2 Hull vertical bending stresses for flooded 
conditions 


3.2.1 The maximum hull vertical bending stresses in the 
flooded condition at deck, op;, and keel, cgp, for use in 
Pt 8, Ch 4 are given by the following, using the appropriate 
combination of bending moments to give sagging and 
hogging stresses: 


[Mg + 0,8My| x 10-3 
Spr = Z 
D 


N/mm? (kgf/mm?) 


_ |M + 0,8My| x 108 


Op = N/mm2 (kgf/mm?) 
Zg 
where 
Ms = maximum still water bending moment in the flooded 


condition, in KN m (tonne-f m), at the section under 
consideration, see 3.4 
My = design hull vertical wave bending moment, in kN m 

(tonne-f m), as defined in Pt 3, Ch 4,5 at the section 
under consideration 

Zp, Zg = actual hull section moduli, in m3, at strength deck 
and keel respectively, at the section under 
consideration. 


3.2.2 The maximum values of op, and op; are to be used 
in Pt 8, Ch 4. 
3.3 Shear stresses for flooded conditions 


3.3.1 The shear stress, tag, in the flooded condition to be 
used in Pt 3, Ch 4,6, is to be taken as: 


Qail + |0,8Q 
tap = 100Az eal GO. N/mm? 
18; 

0,8 
Z = 10,2Az Ma kgf/mm ) 

| 

where 

Az = the first moment, in cm3, about the neutral axis, of 


the area of the effective longitudinal members 
between the vertical level under consideration and 
the vertical extremity of the effective longitudinal 
members, taken at the section under consideration 
Q, = maximum hull still water shear force, in kN 
(tonne-f), in the flooded condition at the section 
under consideration 
Qw = design hull wave shear force, in kN (tonne-f), as 
defined in Pt 3, Ch 4,6.3 at the section under 
consideration 
I = moment of inertia of the hull about the horizontal 
neutral axis, in cm4, at the longitudinal section 
under consideration 
ô = as defined in Pt 3, Ch 4,6.5. 
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3.4 Flooded conditions 


3.4.1 For the relevant loading conditions specified in 
Pt 3, Ch 4,5.3 and 5.4, each cargo hold is to be considered 
individually flooded up to the equilibrium waterline, except that 
cargo holds of double skin construction of not less than 
1000 mm breadth at any location within the hold length, 
measured perpendicular to the side shell need not be 
considered flooded. The shear forces and still water bending 
moments are to be calculated for the most severe flooded 
conditions which will significantly load the ship’s structure. 
Harbour conditions, docking conditions afloat, loading and 
unloading transitory conditions in port and loading conditions 
encountered during ballast water exchange need not be 
considered. 


3.4.2 In calculating the weight of ingressed water into the 
cargo hold under consideration, the permeabilities and bulk 
densities given in Table 7.3.1 are to be used. 


Table 7.3.1 Permeability and bulk density factors 


Permeability 
(see Note 1) 


Bulk density 
(tonne/m3) 


Hold condition 


Empty cargo space 0,95 — 


Volume left in loaded cargo 
spaces above any cargo 0,95 


Iron ore cargo 0,3 
(see Note 2) 


Cement 0,3 
(see Note 2) 


NOTES 
Bulk cargo permeability is defined as the ratio of the voids 
within the cargo mass to the volume occupied by the cargo. 
More specific information relating to the bulk cargo may be 
used where available, but permeabilities are not to be less 
than those given above. 
For packed cargo, the actual density of the cargo is to be 
used with a permeability of zero. 


3.4.3 In calculating the strength of the ship’s structure in 
the flooded condition it is to be assumed that the ship’s 
structure will remain fully effective in resisting the applied 
loads. 


| Section 4 
Deck structure 


4.1 General 


4.1.1 Longitudinal framing is, in general, to be adopted 
outside line of openings. The arrangement of structure 
between hatches is to be such as to ensure continuity of the 
main deck structure to resist athwartship forces, and 
transverse stiffening is to be arranged. For and aft knuckles in 
cross deck strip plating between hatches should be arranged 
close to longitudinal girders or supported by brackets. 
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4.1.2 In the case of large bulk carriers with narrow deck 
strips between hatchways, or where it is the intention to load 
any two adjoining holds fully with adjacent holds empty for a 
sea-going condition or for bulk carriers to be classed ‘any 
hold may be empty’, the cross deck scantlings will be 
specially considered. 


4.1.3 The requirements of Ch 1,4 are to be applied, 
together with the requirements of this Section. 


4.1.4 The ShipRight FDA Procedure, Structural Detail 
Design Guide (SDDG), indicates recommended structural 
design configurations in critical areas, for the deck structure 
outside the line of openings and between hatches. 


4.2 Deck plating 


4.2.1 Where the difference between the thickness of 
plating inside and outside the line of main hatches exceeds 
12 mm, a transitional plate of thickness equivalent to the 
mean of the adjacent plate thicknesses is to be fitted. The 
plate thickness outside the line of hatches is to be continued 
inboard between hatches beyond the end of the hatch corner 
curvature, to ensure that the chamfered plating is clear of the 
corner tangent point. 


4.3 Main cargo hatchway openings 


4.3.1 The following requirements apply to bulk carriers 
with vertically corrugated transverse bulkheads in cargo holds 
having one or more of the following characteristics: 

(a) B > 40m 


(b) 2 >22 
WwW 
b = breadth of deck opening 
w = width of cross deck strip 
B = moulded breadth of ship 


(c) A structural arrangement where the hatch side coaming 
and deck opening are arranged inboard of the topside 
tank. 

(d) All bulk carriers to be classed 100A1 bulk carrier, 
strengthened for heavy cargoes, any hold may be empty, 
ESP. 


4.3.2 — The corners of main cargo hatchways in the strength 
deck are to be rounded with a radius not less than 1/20 of the 
breadth of the opening, with a maximum radius of 1000 mm. 


4.3.3 Insert plates are to be fitted at the corners having a 
thickness not less than 25 per cent greater than the adjacent 
deck thickness outside the line of openings, with a minimum 
increase of 5 mm, see also 4.3.4. The corner inserts are to be 
extended transversely into the cross deck plating for a mini- 
mum distance equal to 0,075b, where b, is the breadth of 
deck opening. 


4.3.4 For the extreme corners of the end hatchways of 
the cargo region furthest from amidships the thickness of the 
corner insert plates is to be not less than 60 per cent greater 
than the adjacent deck thickness outside the line of openings. 
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4.4 Deck supporting structure 


4.4.1 For the scantlings of deck longitudinals and 
transverses in way of topside tanks, see 7.4 and 7.5, 
respectively. 


o Section 5 
Shell envelope plating 


5.1 General 


5.1.1 Longitudinal framing is, in general, to be adopted 
at the bottom, but special consideration will be given to 
proposals for transverse framing in this region. The side shell 
may be longitudinally or transversely framed. 


5.1.2 The requirements of Ch 1,5 are to be applied 
together with the requirements of this Section. 


5.2 Bottom shell 


5.2.1 The thickness of the bottom shell plating below 
loaded holds may be required to be increased for local 
strength considerations. 


5.3 Side shell 


5.3.1 The thickness of the side shell plating may be 
required to be increased for shear forces to satisfy the require- 
ments of 3.2.1. 


5.3.2 The thickness of the side shell plating located 
between the hopper and topside tanks of single skin bulk 
carriers is to be not less than: 


t = VL mm 


i Section 6 
Shell envelope framing 


6.1 Longitudinal stiffening 


6.1.1 Side frames of all single skin bulk carriers with a 
hopper are to comply with 6.2 and 6.3. 


6.1.2 Side frames and end brackets of all double skin 
bulk carriers are to comply with Ch 1,6. 


6.1.3 Side frames and end brackets of other structural 
configurations will be specially considered. 


6.1.4 The end connections for the longitudinal stiffening 
are to satisfy the requirements of Pt 3, Ch 10,3, see also 7.6.1 
and 9.7.1. 
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6.1.5 The arrangements at the intersections of 
continuous secondary and primary members are to satisfy the 
requirements of Pt 3, Ch 10,5.2 and Ch 1,6.2. 


6.2 Transverse stiffening 


6.2.1 The modulus and inertia of main and topside tank 
frames in the midship region are to comply with the require- 
ments given in Table 7.6.1. Arrangements of main frames in 
holds in association with web frames are not recommended in 
view of the vulnerability to cargo handling damage. Where 
such web frames are proposed the arrangements and 
scantlings will be specially considered. 


6.2.2 Main frames in the cargo and ballast holds are to 
have a web thickness not less than: 
e In general: 
tmin = 7 +0,03L mm 
or 13 mm whichever is the lesser 
° In the foremost hold: 
tmin = 1,15 (7 + 0,03L) mm 
or 15 mm whichever is the lesser 
where 
L is the Rule length, in metres. 


6.2.3 The web depth to thickness ratio of the frames is 
not to be greater than: 


60 Vk , for symmetric sections 
50 qk , for asymmetric sections 


The breadth to thickness ratio of the flange outstand is not to 
be greater than: 


10 fk . 


6.2.4 The upper and lower end brackets of the main 
frames in the cargo and ballast holds are to satisfy the require- 
ments of 6.2.5 to 6.2.14 inclusive, based on the mild steel 
section modulus Z in cm3, derived from Table 7.6.1, or the 
equivalent mild steel section modulus for higher tensile steel 
frames. 


6.2.5 The lengths of the arms of the brackets, measured 
as shown in Fig. 7.6.1, are not to be less than: 
(a) Frame connection to hopper tank 

Athwartship arm: 


Dry cargo hold l = 32,43 yz mm 
Ballast hold l = 32,43 (Z -7,5) mm 
Vertical arm: 

Dry cargo hold l, = 27,6 UZ mm 

Ballast hold L = 27,6 (Z -9,0) mm 


(b) Frame connection to topside tank 
Athwartship arm: 


Dry cargo hold I, = 30,0 UZ mm 


Ballast hold l = 30,0 (yZ -9,0) mm 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Bulk Carriers Part 4, Chapter 7 


Section 6 


Table 7.6.1 Shell framing 


Location Modulus, in cm3 Inertia, in cm4 


(1) Main frames in dry cargo holds Z = 3,50skh74H2 x 10-3 T 


(2) Main frames in cargo holds used for water ballast | The greater of the following: 
Z 
Z 


= 1,15 x modulus given in (1) 
= 6,7skh4 H2 x 1073 


(3) Transverse frames in topside wing tanks The greater of the following: 
(a) 1,15 xZ as given in location (1) of Table 1.6.2 in 
Chapter 1 
(b) As required by 7.3.1 for the sloped bulkhead 
stiffeners 


Symbols 


D, T, s, k as defined in 1.7.1 h4 = head, in metres, measured from the middle of H to the deck 
hņ4 = head, in metres, at middle of H at side, or half the distance from the middle of H to the top of 
he the overflow, whichever is greater 
= Cy (1 = ) F}, in metres, for frames where the hg = vertical distance in metres, from the summer load waterline at 
D= draught T to the mid-length of H 
mid-length of frame is above the summer load waterline, Cw = a wave head, in metres 
7,71 x 1072Le-0,0044L 
=.) is not to be taken less than 0,7 where e = base of natural logarithms 2,7183 
F, = 1,0 for L < 200 m 
= (1,0 + 0,0023(L — 200)) for L > 200 m 
H = length overall of frame, in metres, but is to be taken not less 


h , : 
= (h + Ow (: ner )) F), in metres, where the mid-length of than 2,5 m 


frame is below the summer load waterline 


Vertical arm: The brackets are to be arranged with soft toes and the frame 
Dry cargo hold l, = 26,85 NZ mm section face bar tapered symmetrically to the toes with a taper 

rate not exceeding 1 in 3. Where the free edge of the bracket is 
Ballast hold lL, = 26,85 (Vz - 11,0) mm hollowed out, it is to be stiffened or increased in size to ensure 


that the section modulus of the bracket through the throat is 


In no case are the bracket arm lengths to be taken less than : ; 
g not less than that of the required straight edged bracket. 


0,125H, where H is as defined in Table 7.6.1. 


6.2.9 In ships of length, L, less than 190 m, mild steel 
fabricated frames may be asymmetric and fitted with 
separate brackets. Brackets are to be arranged with soft toes. 
The free edges of the brackets are to be stiffened as follows: 
(a) Where a flange is fitted, its breadth, by, is to be not less 


6.2.6 The section modulus of the frame and bracket or 
integral bracket, and associated shell plating at the location 
marked Z, in Fig. 7.6.1 is to be not less than 2,0Z. 

In addition, the minimum depth of the frame and 
bracket or integral bracket at the location indicated in 


Fig. 7.6.1 is to be not less than 1,5d. than 
b; = 40 ( + ) mm 
6.2.7 The upper and lower integral or separate brackets 1000 
are to have a web thickness not less than the as built web or 50 mm, whichever is the greater 
thickness of the side frame. In addition, the lower bracket The flange is to be tapered at the ends with a taper rate 
thickness is to be not less than: not exceeding 1 in 3. 
t = tmin + 2mm, where tmin is derived from 6.2.2 (b) Where the edge is stiffened by a welded face flat, the 


cross-sectional area of the face flat is to be not less than: 
() 0,009b;t cm? for offset edge stiffening 
(ii) 0,014b6;t cm? for symmetrically placed stiffening 
where 

t = web thickness of bracket, in mm 

The face plate is to be tapered at the ends with a taper 

rate not exceeding 1 in 3. 


The toes of the brackets are to be designed to avoid notch 
effects by making the upper and lower toes concave or other- 
wise tapering them off, see also Pt 3, Ch 10,5.1.7. 


6.2.8 Except as indicated in 6.2.9, frames are to be 
fabricated symmetrical sections with integral upper and lower 
brackets. The side frame face plate is to be curved (not 
knuckled) at the connection with the end brackets. The radius 


i 6.2.10 For mild steel construction with separate brackets 
of curvature, r, is to be not less than: 


j where the frames are lapped on to the bracket, the length of 
0,4b¢ the overlap is to be adequate to provide for the required area of 


: = ty oa welding to achieve equivalent strength. 
where 
b; = breadth of the bracket face plate, in mm 


t; = thickness of the bracket face plate, in mm 
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Supporting bracket ga Supporting bracket 


„Position for 
determining Za 


Position for 
determining Za 


ly 
Vertical arm 
upper bracket 


Za = section modulus requirement as per 6.2.6 


Web depth 


i V 
Vertical arm 
lower bracket 


Position for 
=— determining 
minimum depth 


Position for 
determining Za 


AT 


Supporting bracket Supporting bracket 


Minimum dimensions of lower and upper brackets 


4591/01 


Fig. 7.6.1 Diagrammatic arrangement of end brackets 
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6.2.11 Double continuous welding is to be adopted for the 
connections of frames and brackets to side shell, hopper and 
topside tank plating and web to face plates. For this purpose, 
the following weld factors are to be adopted: 

° 0,44 in Zone ‘a’ and 

° 0,40 in Zone ‘b’, see Fig. 7.6.1. 

Where the hull form is such that an effective fillet weld cannot be 
made, edge preparation of the web of the frame and bracket 
may be required, in order to ensure the required efficiency of 
the weld connection. 


6.2.12 Continuity of the frames is to be maintained by 
supporting brackets, see Fig. 7.6.2, in the topside and hopper 
tanks. The design of end connections and their supporting 
structure is to be such as to provide adequate resistance to 
rotation and displacement of the joint. For this purpose, in the 
hopper and topside tanks, the thickness of the supporting 
brackets (which must align with the hold main frame brackets) 
is to be not less than the following: 
(a) Lower brackets (In hopper tank): 

t = tmin + 0,5 mm, where tmin is derived from 6.2.2, or 

t = 9,0mm 

whichever is the greater. 

(o) Upper brackets (in topside tank): 

t = tmin Where tmin iS derived from 6.2.2, or 

t = 9,0 mm 

whichever is the greater. 

The size and arrangement of stiffening of the supporting 
brackets will be specially considered. Where the toe of the hold 
frame bracket is situated on or in close proximity to the first 
longitudinal from the shell of the hopper or topside tank sloped 
bulkheads, the supporting brackets are to be extended to the 
next longitudinal. This extension is to be achieved by enlarging 
the supporting bracket or by fitting an intercostal flat bar 
stiffener the same depth as the longitudinal and connected to 
the webs of the longitudinals. 


Soft toe 


5310/05 


Fig. 7.6.2 
Supporting brackets in topside and hopper tanks 
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6.2.13 The requirements are to be maintained through- 
out the cargo hold region. However, in the forward and aft 
cargo holds where the shape becomes finer because of the 
ship form, increased requirements may be necessary and 
each case will be specially considered. 


6.2.14 In way of the foremost hold, side frames of 
asymmetric section are to be effectively supported by 
intercostal brackets, see Fig. 7.6.3. 


6.2.15 — The hold side shell frame adjacent to the collision 
bulkhead is to be suitably strengthened. As an alternative, at 
least two supporting structures are to be fitted which align 
with the forepeak stringers or flats, see Fig. 7.6.4. The 
supporting structures are to have adequate cross-sectional 
shear resisting area at their connections to the hold frame. 


6.2.16 Detail design guidelines for connection of side shell 
frames to hopper and topside tank plating are shown in the 
ShipRight FDA Procedure, Structural Detail Design Guide 
(SDDG). 


No. 1 hold 


Intercostal bracket 


Asymmetric side 
shell frames 


Side shell 


Asymmetric side 
shell frames 


Intercostal 
bracket ¥ 


4591/08 Section A-A 


Fig. 7.6.3 
Typical arrangement of intercostal brackets supporting 
asymmetric side shell frames in No. 1 hold 
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Support 
structure 


No. 1 hold 


Forepeak 
tank 
or space 


aset/02 Collision 
bulkhead Stringer or 


flat 


Fig. 7.6.4 
Hold frame supporting structures at fore end of 
No. 1 cargo hold 


6.3 Primary supporting structure 


6.3.1 For the requirements for primary supporting 
structure, see 7.5 and 9.6. 


a Section 7 
Topside tank structure 


7.1 General 


7.1.1 Requirements are given in this Section for 
longitudinal or transverse framing in the topside tank, but, in 
general, the deck is to be longitudinally framed. The sloped 
bulkhead is to be of plane construction with the associated 
stiffening arranged inside or outside the tank. 


7.1.2 The buckling requirements of Pt 3, Ch 4,7 are to be 
satisfied. 


7.1.3 Recommended examples of structural design 
configurations around the transverse ring web of the topside 
tank can be seen in the ShipRight FDA Procedure, Structural 
Detail Design Guide (SDDG). 


7.2 Bulkhead plating 


7.2.1 The thickness of the sloped bulkhead, tank end 

bulkhead, and diaphragm, if fitted, is to be the greater of the 

following: 

(a) For watertight bulkheads, the thickness, t, as derived 
from Table 1.9.1 in Chapter 1 for a deep tank bulkhead 
using a head, h4, in metres determined as follows: 


Part 4, Chapter 7 


Sections 6 & 7 


h4= h, cos® + Rb, or 
= the greater of the distance from a point one-third of 
the height of the plate above its lower edge to the 
top of the tank, or half the distance to the top of the 
overflow 
whichever is the greater, or 
b) t = 7,5mm 
In no case, however, is the thickness of the sloped bulk- 
head and diaphragm to be taken less than: 
t = 0,012s mm, or 
Fp 


t = 0,012s K mm 
D 


whichever is the greater 


kp = the higher tensile steel factor equal to k, value for 
deck material 

Fp = as defined in Pt 3, Ch 4,5.7 

R = as defined in 1.8.1 

Ng = the vertical distance, in metres, from a point one third 
of the height of the plate from its lower edge to the 
highest point of the tank excluding hatchway 

b, = the larger horizontal distance, in metres, from the 
tank corner at top of tank either side to point of 
plate under consideration. 


7.2.2 The thickness of the top strake of the sloped bulk- 
head, including the vertical plate attached to deck, may be 
required to be increased to form an effective girder below the 
deck. In general, this plate is to be not less in thickness than 
60 per cent of the thickness of the deck plate outside the line 
of openings nor less than: 

(a) t = 0,018s mm, or 


Fp 
(o) t = 0,018s Ko mm 


whichever is the greater. 


7.2.8 The thickness of the transverse wash bulkhead, 
where fitted, is to be not less than: 

t = 0,012s mm or 7,5 mm 
whichever is the greater. 


7.3 Bulkhead stiffeners 


7.8.1 The section modulus of longitudinal or transverse 
stiffeners on the sloped bulkhead or watertight diaphragms, 
if fitted, is to be not less than: 
Z = 0,01skhg lẹ? cms 
where 
h4 = h, cos® + Rb, 
= the greater of the distance, in metres, from the 
middle of the effective length to the top of the tank, 
or half the distance to the top of the overflow, or 
=1,5m 
whichever is the greatest 
R = as defined in 1.7.1 
ho = the vertical distance, in metres, from the mid-point 
of span of the stiffener to the highest point of the 
tank excluding hatchway 
b; = the larger horizontal distance, in metres, from the 
tank corner at top of tank, either side to midpoint 
of span. 
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7.3.2 Where the bulkhead stiffening is fitted on the hold 
side of the sloped bulkhead, suitable arrangements are to be 
made to prevent tripping. 


7.3.3 The scantlings of stiffeners on tank end bulkheads 
are to be not less than those given in Table 1.9.1 in Chapter 1 
for deep tanks, using h as defined in 7.3.1. 


7.3.4 The section modulus of stiffeners of non-watertight 
fore and aft diaphragms, or transverse wash bulkheads is to 
be not less than 50 per cent of that required by 7.3.3. The 
stiffeners are to be bracketed at both ends. 


7.3.5 Tank end bulkheads are generally to be in line with 
the main hold bulkheads. 


7.4 Shell and deck structure 


7.4.1 The scantlings of shell and deck longitudinals are 
to comply with 7.3.1. The scantlings must also satisfy the 
requirements of Chapter 1, see also 7.6.1. 


7.4.2 The scantlings of side shell frames are to comply 
with 6.2. 


7.5 Primary supporting structure 


7.5.1 The section modulus and inertia of deck, shell and 
bulkhead transverses or stringers are to be not less than: 
Z =7,5kSh1,2 cms 


I = E cm4 


using h as defined in 7.3.1. The scantlings of shell and deck 
members must also satisfy the requirements of Chapter 1 for 
dry cargo holds. 


7.5.2 Primary transverse members are, in general, to be 
spaced not more than 3,8 m apart where the length, L, is 
100 m or less, and (0,006L + 3,2) m apart for lengths greater 
than 100 m. 


7.5.3 Transverses are to be arranged in line with the 
primary structure at ends of hatchways, or equivalent scarfing 
arranged. Where the sloped bulkhead or side shell is 
transversely framed, arrangements are to be made to ensure 
effective continuity at the ends of the deck transverse. 


7.5.4 Where non-watertight transverse diaphragms are 
arranged instead of open transverses, the thickness of plating 
is to be in accordance with 7.2.3. The diaphragms are to be 
efficiently stiffened. 


7.6 Structural details 


7.6.1 Bracket/diaphragm connections at the bottom of 
the topside tank are to be of sufficient size and thickness to 
provide effective rigidity, and care is to be taken to ensure 
alignment with brackets at the heads of the side frames in the 
holds, see also 6.2.12. The shell and sloped bulkhead 
longitudinals supporting the diaphragms are to be derived 
using the span taken between transverses. 


Part 4, Chapter 7 


Sections 7 & 8 


7.6.2 For ships where L = 300 m a fore and aft 
diaphragm extending vertically from the deck to the sloping 
plating of the topside tank is to be arranged at about the half- 
width of the tank. 


7.6.3 Where longitudinal framing is fitted to the side shell, 
a bracket may be required in way of a rounded gunwale, 
approximately halfway between transverses and extending to 
the adjacent shell and deck longitudinal. 


E Section 8 
Double bottom structure 


8.1 General 


8.1.1 The double bottom is, in general, to be longitudi- 
nally framed, but special consideration will be given to 
proposals for a transverse framing system. 


8.1.2 The requirements of Ch 1,8 are to be applied, 
together with the requirements of this Section, see also 2.2.3. 


8.1.3 Where the double bottom tanks are interconnected 
with double skin side tanks or combined hopper and top side 
tanks, the double bottom scantlings are also to satisfy the 
requirements of Table 7.8.1(3)(c), (3)(d), (4)(c) and (4)(d) for 
ballast holds, and (3)(c) and (4)(c) in way of dry cargo holds, 
see also Ch 1,6.2. 


8.1.4 The requirements given in 8.8 are to be applied to 

bulk carriers which satisfy the following criteria: 

e — Single skin construction, or double skin construction 
where any part of the longitudinal bulkhead is located 
within B/5 or 11,5 m, whichever is less, inboard from the 
ship’s side at right angles to the centreline at the 
assigned summer load line. 

e Length, L, of 150 m or above. 

e Intended for the carriage of cargoes having bulk 
densities of 1,0 tonne/m3 or above. 


8.1.5 For all bulk carriers where bulk cargoes are 
discharged by grabs the maximum recommended unladen 
weight of the grab corresponding to the approved inner 
bottom plating thickness is to be calculated using the following 
formulae: 


2 d 
_fs 10 
P -S (=) 1,775 tonnes 


where 
g = 40,875 (t= 18) Vk+ 344.5 _ 5 7633 
P = unladen grab weight, in tonnes 
s = spacing of inner bottom longitudinal, in mm 
k = higher tensile steel factor as defined in 1.7.1 
t = thickness of inner bottom plating, in mm 


The maximum recommended unladen weight of the grab 
rounded up to the next tonne above, is to be recorded in the 
Loading Manual (see also Pt 3, Ch 4,8.2.4(e)) and does not 
preclude the use of heavier grabs. It is intended as an 
indication to the Builders, Owners and operators of the 
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Table 7.8.1 


Symbols Item 


Part 4, Chapter 7 


Section 8 


Strengthening for heavy cargo requirements 


Requirement 


(1) Double 


L, lẹ D, T, s, S, k, Z, and t as defined in 1.8.1 
bottom floors 


Cy = a factor varying from 1,0 


The spacing of floors, generally, is not to exceed 2,5 m. Scantlings 
are to comply with the requirements of Ch 1,8.5 


D 
at 9 to (2) Double 
bottom side 


75 girders 


The spacing of side girders, generally is not to exceed 3,7 m. 
Scantlings are to comply with requirements of Ch 1,8.3 


———_ at base line of ship 
225 — 150Fg Inner bottom 
plating, 


stowage rate, in m3/tonne, and is see Note 3 


defined as the volume of the hold 
excluding the volume contained within 
the depth of the cargo hatchway 
divided by the weight of cargo stowed 
in the hold. The value is not to be taken 
greater than 0,865 


Fp as defined in Pt 3, Ch 4,5.7 
R and 9 as defined in 1.8.1 
height from tank top, at position under 


consideration, to deck at side 
amidships, in metres 


The thickness of the inner bottom plating in the holds is to be not 
less than required by the greatest of the following: 


4 
= 0,00136 (s + 660) “/ K?LT+5 mm, or 


| Hk 
= 0,00455s T mm, or 


(c) Where the double bottom tanks are interconnected with 
double skin side tanks or combined hopper and topside tanks 
the scantlings are also to satisfy the requirements for deep 
tanks in Table 1.9.1(b) in Chapter 1, with the load head 
h4 = ho cos 8 + Rbym 
In way of ballast holds the scantlings are also to satisfy the 
requirements for deep tanks in Table 1.9.1 in Chapter 1, with 
the load head hg, in metres, measured to the deck at centre, 
but see also Pt 3, Ch 9,9 if protection against heavy grabs is 
desired 


Inner bottom 
longitudinals, 
see Notes 1 
and 2 


distance from > to tank top, in metres 


for plating and stiffeners the vertical 
distance, in metres, from the inner 
bottom to the highest point of the tank 
excluding hatchway 


the larger horizontal distance, in metres, 
from the tank corner at top of tank 
either side to the point of plate or 
stiffener under consideration 


The section modulus of inner bottom longitudinals is to be not less 
than the greatest of the following: 
(a) Z = 85 per cent of the Rule value for bottom longitudinals 
as given in Table 1.6.1(6) in Chapter 1, or 


0,00838 1,2 HC, k 


Y4 
( - 0.208) C 
D 


(c) Where the double bottom tanks are interconnected with double 
skin side tanks or combined hopper and topside tanks 
Z = 0,0073sk h4 lẹ? cm3 where hy = ho cos 0 + Rb4 m 
Z is not to be less than the requirements for deep tanks in 
Table 1.9.1 in Chapter 1, with the load head h4, in metres, 
measured to the highest point of the topside tank, or side 
tank, or 
In way of ballast holds the section modulus of the 
longitudinals is to be not less than required for deep tanks in 
Table 1.9.1 in Chapter 1, with the load head h4, in metres 
measured to the deck at centre 


(b) Z= cm3, or 


NOTES 


If plate girders are fitted alternately with built or rolled sections, the section modulus as given in (4)(0) may be reduced by 10 per cent. 
Consideration will be given to the fitting of struts in way of double bottom tanks in ships with homogeneous loading. The arrangement 


and scantlings are, in general, to be confirmed by direct calculation. 


See also 8.1.5 for the maximum recommended unladen weight of the grab corresponding to the approved inner bottom plating 


thickness. 


increased risk of local damage and the possibility of acceler- 
ated diminution of the plating thickness if grabs heavier than 
this are used regularly to discharge cargo. 


8.1.6 Detail design guidelines for stiffeners connecting 
inner bottom and bottom longitudinals are shown in the 
ShipRight FDA Procedure, Structural Detail Design Guide 
(SDDG). 


8.2 Carriage of heavy cargoes 
8.2.1 When the notation ‘strengthened for heavy 


cargoes’ is to be assigned, the requirements of Table 7.8.1 
are to be complied with. 


8.3 Carriage of heavy cargoes with specified or 
alternate holds empty 


8.3.1 For ships strengthened for heavy cargoes and 
having a class notation permitting specified or alternate holds 
to be empty, the requirements of 8.2.1 are to be complied 
with. In addition the scantlings and arrangements of the 
primary structure are to be confirmed by additional calcula- 
tions, see 11.1. 
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8.4 Ships to be classed ‘100A1 bulk carrier, 
strengthened for heavy cargoes, any hold may 
be empty, ESP’ 


8.4.1 For ships to be classed ‘100A1 bulk carrier, 
strengthened for heavy cargoes, any hold may be empty, 
ESP’, the requirements of 8.2.1 and 8.3.1 are to be complied 
with. In addition the value for C, the stowage rate in mS/tonne, 
as defined in Table 7.8.1, is not to be taken greater than 0,60 
for each hold. 


8.5 Ballast ducts 


8.5.1 Where ballast ducts are arranged in lieu of suction 
and/or filling pipes, the scantlings will be approved as suitable 
for a specified equivalent static head of water. This head must 
not be exceeded in service, and details of methods to ensure 
this are to be submitted. The continuity of the floors is to be 
maintained in way of the ducts. 


8.6 Structural details in way of double bottom 
tank and hopper tank knuckle 


8.6.1 In all dry holds where the double bottom tank and 
hopper tank knuckle is of radiused construction and the floor 
spacing is 2,5 m or greater brackets as shown in Fig. 7.8.1 
are to be arranged mid-length between floors in way of the 
intersection. The brackets are to be attached to the adjacent 
inner bottom and hopper longitudinals. The thickness of the 
brackets is to be in accordance with Ch 1,8.5.3 but need not 
exceed 15 mm. This requirement does not apply where the 
double bottom tank and hopper tank knuckle is of welded 
construction. 


Intermediate brackets 


Radiused knuckle 
\ (See also Fig. 7.8.2(c)) 
Alternatively, may \ 
stop at longitudinals 
where fitted 


3739/02 


Fig. 7.8.1 Intermediate brackets at knuckle 


Part 4, Chapter 7 


Section 8 


8.6.2 In way of floodable holds, two intermediate bracket 
arrangements, as shown in Fig. 7.8.1, are to be provided in 
all cases where the hopper to double bottom knuckle is 
radiused and are, in general, to be located at each frame 
space. Where the double bottom tank and hopper tank 
knuckle is of welded construction, a single intermediate 
bracket arrangement, as shown in Fig. 7.8.1, is to be provided 
only when the floor spacing is greater than 2,5 m. 


8.6.3 The connections at the intersection are to be as 

follows: 

(a) Where of welded construction the corner scallops in 
floors and transverses are to be omitted, or closed by 
welded collars where arranged for purposes of 
construction. In such cases to ensure satisfactory welding 
of the collars the radius of the scallops should not be 
less than 150 mm, see Fig. 7.8.2(a). Alternatively the 
scallop may be retained on the hopper tank side 
provided gusset plates are arranged in line with the inner 
bottom plating, see Fig. 7.8.2(b). 

(b) Where of radiused construction the corner scallops are 
to be omitted, and full penetration welding arranged 
locally for the connection to the inner bottom plating. 
The centre of the flange is not to be greater than 70 mm 
from the side girder, see Fig. 7.8.2(c). 


8.6.4 Detail design guidelines for the connection of 
hopper tank sloping plating to inner bottom plating are shown 
in the ShipRight FDA Procedure, Structural Detail Design 
Guide (SDDG). 


8.7 Combined double bottom/hopper tank and 
topside tank 


fal Where a double bottom/hopper tank is inter- 
connected with a topside tank the dimensions of the 
connecting trunks or pipes, and the air/overflow pipe(s) and 
the type of closing appliance are to comply with the require- 
ments of Pt 5, Ch 13,10.10. 


8.8 Allowable hold loading in the flooded 
condition 


8.8.1 The requirements of this sub-Section are to be 
applied as defined in 8.1.4. 


8.8.2 The maximum load which may be carried in each 
cargo hold in combination with flood water is to be deter- 
mined for the most severe homogeneous, non-homogeneous 
and packed cargo conditions contained in the Loading 
Manual. The maximum density of cargo intended to be carried 
in each condition is to be used. 
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v“ In way of overlap with collar, 
each plate thickness to have full 
penetration weld. 


Gusset plate 


Double bottom 


Full penetration weld 
connection to inner 
Double bottom bottom plating 


Gusset plate 


Inner bottom 
plating Section 'X' - 'X' 


Distance < 70 mm 


ry 


Full penetration weld 
connection to inner 


bottom plating Gusset plate 


Double bottom 


Gusset plate 


Inner bottom 
plating Section 'X' - 'X' 


2689/01 


(b) - 2 


Fig. 7.8.2 Connection at intersection of double bottom and hopper 
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8.8.3 The ship is to be assumed immersed to the 
draught, Tp, in metres, in way of the flooded cargo hold under 
consideration. The flooding head, hy, see Fig. 7.8.3, is to be 
taken as the distance, in metres, measured vertically with the 
ship in the upright position, from the inner bottom to position, 
ds, in metres, from the base line given by: 

(a) In general: 


(i) a =D for the foremost hold 
(i) a = 0,9D for other holds 

(b) For ships less than 50 000 tonnes deadweight with Type B 
freeboard: 


(i) d = 0,95D 

(ii) d = 0,85D 

where 

D = distance, in metres, from the base line to the free- 
board deck at side amidships. 


for the foremost hold 
for other holds 


c T 


H 


V = Volume of cargo 5310/02 


Fig. 7.8.3 Loading 


8.8.4 For this application, the double bottom is defined 
as the structure bounded by the transverse bulkhead lower 
stools (or bulkhead plating if no lower stools are fitted) and the 
hopper sides. The floors and girders immediately in way of 
these structures are excluded. 


8.8.5 The determination of shear strength required for the 
permissible load assessment in 8.8.9, is to be performed using 
the net plate thickness, thet for the floors and girders: 
thet = t-te 

where 

t as built thickness, in mm 

t, = thickness deduction for corrosion, in mm, generally 

to be taken as 2,5 mm. 


8.8.6 Shear capacity of the double bottom is defined as 

the sum of the shear strengths for: 

(a) all the floors adjacent to both hoppers, less one half the 
strength of the floors adjacent to each lower stool (or 
transverse bulkhead if no lower stool is fitted), see 
Fig. 7.8.4, and 

(o) all the girders adjacent to the lower stools (or transverse 
bulkheads if no lower stool is fitted). 

Where a girder or floor terminates without direct attachment to 

the boundary stool or hopper side girder, its shear capacity is 

to include only that for the effectively connected end. 


Part 4, Chapter 7 


Section 8 


8.8.7 The shear strengths S, of floors adjacent to 
hoppers, and S; 5, of floors in way of openings in bays nearest 
to the hoppers, are as follows: 

Sy = 0,001 A; t,/ny KN (tonne-f) 

Sto = 0,001 Afh T)/N2 kN (tonne-f) 


where 
A; = net sectional area, in mm2, of floor panel adjacent 
to hopper 
Ath = net sectional area, in mm2, of floor panel in way of 
opening in the bay closest to hopper 
ny = 1,10 


nə = 1,20 generally 
= 1,10 where appropriate reinforcement is fitted in 
way of the opening 
69 = specified minimum yield stress, in N/mm? (kgf/mm?) 
Tọ = permissible shear stress, to be taken equal to the 
lesser of: 


fey 
To = ie N/mm? (kgf/mm?) and 


162 seo 
to = mm? 
D 
650906 2 
To = ay" kgf/mm 
thet 
where 
s4 = spacing of stiffening members, in mm, for the panel 
under consideration 
taet = net thickness, in mm, of the panel under 
consideration 
For floors adjacent to the stools (or bulkhead plating if no 


r Loy 
lower stools are fitted), Tp May be taken as —2 N/mm2 


{3 
(kgf/mm2). 


8.8.8 The shear strengths S41, of girders adjacent to 
transverse bulkhead lower stools (or transverse bulkheads if 
no lower stools are fitted), and Sgo, of girders in way of the 
largest openings in bays nearest to the lower stools (or 
transverse bulkheads if no lower stools are fitted), are as 
follows: 

Sgi = 0,001 Ag tp/n1 KN (tonne-f) 


Sg2 = 0,001 Agh tp/n2 KN (tonne-f) 
where 
Ag = net sectional area, in mm2, of the girder adjacent to 


transverse bulkhead lower stool (or transverse 
bulkhead, if no lower stool is fitted) 

Agn = net sectional area, in mm2, of the girder in way of 
the largest openings in the bays closest to the 
transverse bulkhead lower stool (or transverse bulk- 
head if no lower stool is fitted) 

ny = 1,10 
No = 1,15 generally 
= 1,10 where appropriate reinforcement is fitted in 
way of the opening. 
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Lower stool Transverse bulkhead 


Floor adjacent Girder in way of Floor adjacent to the 


: Floor in way of the 
to the stool hopper side transverse bulkhead 


transverse bulkhead 


Floor in way 
of the stool 


Girders 


5310/04 


Floors Girder in way of 


hopper side 


Fig. 7.8.4 Double bottom structure 


8.8.9 The permissible cargo hold loading, Wp, is given by: S = spacing, in metres, of double bottom longitudinals 
Wp = g Pe WF KN adjacent to hoppers 
(Wp = Pc WF, tonne-f) n 
where A = © S(Bpg-s 
dş D = as defined in 8.8.3 ae i= il DB ) 
g = gravitational constant, 9,81 m/sec? ñ 
h; = flooding head, in metres, as defined in 8.8.3 Asay =. ES Bee) 
A = i 
X i=1 
h; = here Y is in kN/m2 , 
1 Pcg a Bpg = breadth of double bottom, in metres, between 
x hoppers, see Fig. 7.8.5 
(h = — where Yis in tonne-t/m2) Bpg n = distance, in metres, between openings, see 
c Fig. 7.8.5 


n = number of floors between transverse bulkhead 
lower stools or transverse bulkheads, if no lower 
stools are fitted 
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Part 4, Chapter 7 


Sections 8 & 9 


Girder in way 
of hopper side 


Girder in way 
of hopper side 


5310/03 


Fig. 7.8.5 Double bottom breadth 


Bop = (Bp - $) for floors where shear strength is given by 
Sit 

= Bpsn for floors where shear strength is given by 
Sto 


C, = shear capacity of the double bottom, in kN (tonne-f), 
as defined in 8.8.6, considering for each floor, the 
shear strength Sj, see 8.8.7, and for each girder, 
the lesser of the shear strengths Sg; and Sgo, see 
8.8.8 

Ch = shear capacity of the double bottom, in KN (tonne- 
f), as defined in 8.8.6, considering for each floor, the 
lesser of the shear strengths S; and Sp, see 8.8.7, 
and for each girder, the lesser of the shear 
strengths Sg; and Sgp, see 8.8.8 

F> = 1,1 in general 

= 1,05 for steel mill products 
S; = spacing of ith floor, in metres 
Tg = d; = 0,1D 
V = volume, in m3, occupied by cargo at a level h4 
X = the lesser of X4 and Xo for bulk cargoes and 
X = X, for steel mill products 


where 
Y Te-h 
x = P9 (FM Where Y is in kN/m? 
14 a u-1) 
Po 
Y+p(Te-h 
X = ees cee where Y is in tonne-f/m2 
14 (5 ü) 
Po 


X2 = Y+pg (Tp - hiu) where Y is in kN/m2 
(X2 = Y +p (Tp -hiu) where Y is in tonne-f/m?) 
Y = the lesser of Y4 and Y given by: 


Y. Ch 
1 = Ape,h 
Ce 
Ya = AbB,e 
u = permeability of cargo but need not exceed 0,3 
= 0,0 for steel mill products 
p = density of sea water, 1,025 tonne/ms 


Po = Cargo density, in tonne/m$ (bulk density for bulk 
cargoes and actual cargo density for steel mill 
products). 


LJ Section 9 
Hopper side tank structure 


9.1 General 


9.1.1 Provision is made in this Section for longitudinal 
framing of the hopper side tank, but proposals for transverse 
framing will be specially considered. 


9.1.2 Where oil cargoes are carried the scantlings of the 
sloped bulkhead are to comply with the requirements of 10.2. 


9.1.3 For ships to be classed ‘100A1 bulk carrier, 
strengthened for heavy cargoes, any hold may be empty, 
ESP’, the requirements of 9.2, 9.3 and 9.6 are to be complied 
with. In addition the value for C, the stowage rate in m°/tonne, 
as defined in Table 7.8.1 is not to be taken greater than 0,60 
for each hold. 


9.1.4 The buckling requirements of Pt 3, Ch 4,7 are also 
to be satisfied. 


9.1.5 The ShipRight FDA Procedure, Structural Detail 
Design Guide (SDDG), indicates recommended details of 
structural design configurations around the transverse ring 
web of the hopper tank. 


9.2 Sloped bulkhead plating 


9.2.1 The thickness of the sloped bulkhead plating is to 
be as required by Ch 1,8.4.1 but based on actual spacing of 
sloped bulkhead stiffeners. 


9.2.2 Where the ship is regularly discharged by grabs and 
the optional notation for heavy grabs is not desired (see Pt 3, 
Ch 9,9) the increase in thickness, as required by Ch 1,2.2, is 
to be tapered from the inner bottom knuckle to nil at the top 
corner of the tank. 
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9.2.3 Where a ‘strengthened for heavy cargo notation’ is 
desired, in addition to 9.2.2 the thickness of the sloped bulk- 
head plating is also to comply with the requirements of 
Table 7.8.1(3)(b) using the actual spacing of stiffeners and with 
H, in metres, measured vertically from a point one third of each 
plate width from its lower edge to the upper deck at side. 


9.2.4 Where the hopper tanks are interconnected with 
the topside tanks, or in way of ballast holds, the plating is also 
to comply with the requirements of Table 7.8.1(8)(c) and (8)(d), 
whichever is appropriate. 


9.3 Sloped bulkhead stiffeners 


9.3.1 The scantlings of sloped bulkhead stiffeners are to 
be as required for inner bottom longitudinals, see Section 8. In 
ships strengthened for heavy cargoes, the scantlings of the 
stiffeners are to be derived from Table 7.8.1 using a head for 
heavy cargo measured vertically from the mid-point of the 
effective length to the underside of the topside tank sloped 
bulkhead. Where the hopper tanks are interconnected with 
the topside tanks, or in way of ballast holds, the scantlings of 
the stiffeners are also to comply with the requirements of 
Table 7.8.1(4)(c) and (4)(d), whichever is appropriate. For 
higher tensile steel longitudinals the requirements of 
Ch 1,6.2.3 are to be complied with where applicable, see also 
9.7.1. 


9.4 Shell and bilge stiffeners 


9.4.1 The scantlings of the shell and bilge longitudinals 
are to comply with the requirements of Ch 1,6. 


9.5 Tank end bulkheads 


9.5.1 The scantlings of tank end bulkheads are to comply 
with the requirements for deep tanks in Table 1.9.1 in 
Chapter 1. Where the hopper tanks are interconnected with 
the topside tanks, the scantlings are to be derived, using the 
load head hy, in metres, from Table 7.8.1(3)(c) and (4)(c), as 
appropriate. 


9.6 Primary supporting structure 


9.6.1 Transverses supporting longitudinal stiffening are to 
comply with the requirements of Table 7.9.1, and are to be in 
line with the double bottom floors. 


9.7 Structural details 


9.7.1 Bracket/diaphragms at the top of the hopper tank 
are to be of sufficient size and thickness to provide effective 
rigidity, and care is to be taken to ensure alignment with 
brackets at the bottom of the side frames in the holds. The 
shell and sloped bulkhead longitudinals supporting the 
diaphragms are to be derived using the span taken between 
transverses, see also 6.2.11. 
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Table 7.9.1 Hopper tank primary structure 


Item Modulus, in cm3 Inertia, in cm4 


(1) Bottom and 
side shell 
transverses 


Z=11,71pk Sh l2 


(2) Sloped 
bulkhead 
transverses 


The greater of: 
(a) Z=11,71p k Shy le? 


kS Hy l2 


(0) Z= 6,6 


Symbols 


S, k, lg, Z, I, p as defined in 1.7.1 

h = distance, in metres, from the mid-point of the effective 
length to the upper deck at side 
the greater of the distance, in metres, from the midpoint 
of the effective length to the top of the tank or half the 
distance, in metres, to the top of the overflow, or 
in way of cargo oil or ballast holds: the distance from the 
tank top to the deck at centre, or 
where the hopper tank is interconnected with the topside 
tank: the load head hy, as derived from Table 7.8.1(4)(c), 
whichever is the greatest 
stowage rate, in m3/tonne, as defined in Table 7.8.1. For 
bulk carriers without the notation ‘strengthened for heavy 
cargoes’, the value to be used is 1,39 m3/tonne. For bulk 
carriers with the notation ‘strengthened for heavy 
cargoes’, the actual stowage rate is to be used, but the 
value is not to be taken greater than 0,865 m3/tonne 
distance, in metres, measured vertically from the 
mid-point of the effective length to the underside of the 
topside tank sloped bulkhead 


E] Section 10 
Bulkheads 


10.1 General 


10.1.1 The requirements of Ch 1,9 are to be applied, 
together with the requirements of this Section. 


10.1.2 Where vertically corrugated transverse watertight 
bulkheads are fitted, the scantlings and arrangements are also 
to satisfy the requirements of 10.4 to 10.6. Other transverse 
watertight bulkhead types will be specially considered. 


10.1.3 In way of ballast holds, the scantlings are to satisfy 
the requirements of Table 1.9.1 in Chapter 1 for deep tanks 
with the load head, h4, in metres, taken to the deck at centre. 
This includes the scantlings of vertically corrugated and 
double plate transverse bulkheads supported by stools. In 
addition, the thickness of corrugations is to be not less than 
given by 10.5.8 for watertight corrugated bulkheads. 
Alternatively, the scantlings may be based on direct 
calculations which are to be submitted. 


10.1.4 All bulk carriers to be classed ‘100A1 bulk carrier, 
strengthened for heavy cargoes, any hold may be empty, 
ESP’ are to be arranged with top and bottom stools. The 
requirements of 10.2 are to be complied with as appropriate. 
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10.2 Bulkheads supported by stools 


10.2.1 The stools are to be reinforced with plate 
diaphragms or deep webs, and in bottom stools the 
diaphragms are to be aligned with double bottom side girders. 
Continuity is also to be maintained between the diaphragms 
and the bulkhead corrugations for 90° corrugations. 


10.2.2 The sloping plate of bottom stools is to be aligned 
with double bottom floors. Particular attention is to be given to 
the through-thickness properties of the inner bottom plating 
and continuity at the connection to the inner bottom, and to 
the through-thickness properties of the bottom stool shelf 
plate. See Ch 3,8 of the Rules for the Manufacture, Testing 
and Certification of Materials regarding requirements for plates 
with specified through-thickness properties. 


10.2.3. An efficient system of reinforcement is to be 
arranged in line with the hold transverse bulkheads or bulk- 
head stools at the intersection with the sloped plating of the 
hopper and topside tanks. The reinforcement fitted in the 
tanks is to consist of girders or intercostal bulb plate or equiv- 
alent stiffeners fitted between, and connected to, the sloped 
bulkhead longitudinals. 


10.2.4 The shelf plates of the bulkhead stools are to be 
arranged to align with the longitudinals in the hopper and 
topside tanks. Where sloping shelf plates are fitted to stools, 
suitable scarfing is to be arranged in way of the connections 
of the stools to the adjoining structures. 


10.2.5 The ShipRight FDA Procedure, Structural Detail 
Design Guide (SDDG), indicates recommended structural 
design configurations in the critical areas of the lower stool 
and of the upper boundaries. 


10.3 Structural details in way of holds confined to 
dry cargoes 


10.3.1 In dry cargo holds where transverse bulkheads are 
arranged without bottom stools, the stiffeners and brackets 
of plane bulkheads, and rectangular corrugations of corru- 
gated bulkheads, are to be aligned with floors and inner 
bottom longitudinals. In the case of non-rectangular corruga- 
tions, the flanges are to be aligned with floors, but 
consideration will be given to the fitting of a substantial 
transverse girder in place of one of the floors. 


10.3.2 Where transverse corrugated bulkheads are 
arranged without top stools, transverse beams are to be 
arranged under the deck in way. 


10.4 Vertically corrugated transverse watertight 
bulkheads - Application and definitions 


10.4.1 | Where corrugated transverse watertight bulkheads 
are fitted, the scantlings are to be determined in accordance 
with the following requirements. 
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10.4.2 For ships of length, L, 190 m or above, the vertically 
corrugated transverse bulkheads are to be fitted with a 
bottom stool and, generally, with a top stool below the deck. 
The requirements of 10.6 are to be complied with as appro- 
priate. 


10.4.3 The loads to be considered as acting on the bulk- 
heads are those given by the combination of cargo loads with 
those induced by the flooding of one hold adjacent to the 
bulkhead under consideration. The most severe combinations 
of cargo induced loads and flooding loads are to be used for 
the determination of the scantlings of each bulkhead, depending 
on the specified design loading conditions: 

(a) homogeneous loading conditions, 

(o) non-homogeneous loading conditions (excluding part 
loading conditions associated with multi-port loading 
and unloading), 

(c) packed cargo conditions (such as steel mill products). 

The individual flooding of loaded and empty holds is to be 

considered, but the pressure used in the assessment is not 

to be less than that obtained for flood water alone. Holds 
containing packed cargo are to be treated as empty holds. 


10.4.4 | The cargo surface is to be taken as horizontal and 
at a distance d4, in metres, from the base line, see Fig. 7.10.1, 
where d4 is calculated taking into account the cargo proper- 
ties and the hold dimensions. Unless the ship is designed to 
carry only cargo of bulk density greater than or equal to 
1,78 tonne/m? in non-homogeneous loading conditions, the 
maximum mass of cargo which may be carried in the hold is 
to be taken as filling that hold to the upper deck level at 
centreline. A permeability, u, of 0,3 and angle of repose, wy, of 
35° is to be assumed for this application. 


~ 


he 


AZ Ug 
ile er sin 


V = Volume of cargo 4535/02 
P = Calculation point 


+ 


Fig. 7.10.1 Cargo hold dimensions 


10.4.5 | An homogeneous load condition is defined as one 
where the ratio between the highest and the lowest filling 
levels, d4, in adjacent holds does not exceed 1,20. For this 
purpose, where a loading condition includes cargoes of 
different densities, equivalent filling levels are to be calculated 
for all holds on the basis of a single reference value of cargo 
density, which can be the minimum to be carried. 
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10.4.6 The permeability, u, may be taken as 0,3 for ore, 
coal and cement cargoes. The bulk density and angle of 
repose,y, may generally be taken as 3,0 tonne/m$ and 35° 
respectively for iron ore and 1,3 tonne/m® and 25° respec- 
tively for cement. 


10.4.7 The flooding head, hş, see Fig. 7.10.1, is the 
distance, in metres, measured vertically with the ship in the 
upright position, from the location P, under consideration, to 
a position d;, in metres, from the base line as given in 
Table 7.10.1. 


10.4.8 In considering a flooded hold, the total load is to be 
taken as that of the cargo and flood water at the appropriate 
permeability. Where there is empty volume above the top of 
the cargo, this is to be taken as flooded to the level of the 
flooding head. 


10.4.9 Corrugations may be constructed of flanged plates 
or fabricated from separate flange and web plates, which may 
be of different thicknesses. The corrugation angle is to be not 
less than 55°, see Fig. 7.10.2. 


10.4.10 The term net plate thickness is used to describe the 
calculated minimum thickness of plating of the web, tw, or 
flange, t;. The plate thickness to be fitted is the net plate l 
thickness plus a corrosion addition of 3,5 mm. 4535/01 


10.5 Vertically corrugated transverse watertight = neutral axis of the corrugations 
bulkheads - Scantling assessment = macore) 


Fig. 7.10.2 


10.5.1 The bending moment M, in kNm (tonne-f m), for . . : 
Dimensions of bulkhead corrugation angles 


the bulkhead corrugations is given by: 


Fl 
Me 8 
where 3 times the depth of the corrugation, in general, or 
1 = span of the corrugation, in metres, to be measured 2 times the depth of the corrugation, for rectangu- 
between the internal ends of the bulkhead upper lar stools 
and lower stools in way of the neutral axis of the F = resultant force, in KN (tonne-f), see Table 7.10.3. 
corrugations or, where no stools are fitted, from 
inner bottom to deck, see Fig. 7.10.2 and Fig. 7.10.3. 10.5.2 The shear force, Q, in kN (tonne-f) at the lower end of 
The lower end of the upper stool is not to be taken the bulkhead corrugation is given by: 
greater than a distance from the deck at the centre- Q = 0,8F 
line equal to: where 


F is defined in 10.5.1. 


Table 7.10.1 Flooding head 


Bulk carriers with 
Bulkhead location Type B freeboard and Other bulk carriers 
deadweight < 50 000 tonnes 


Between holds 1 and 2 0,95D D 


Elsewhere 0,85D 0,9D 


Between holds 1 and 2 0,9D 0,95D 


Elsewhere 0,8D 0,85D 


NOTES 

1. Item II is to be used for non-homogeneous loading conditions where the bulk cargo density is less than 1,78 tonne/m3. 
Otherwise, Item I is to be used. 

2. D = distance, in metres, from the base line to the freeboard deck at side amidships, see Fig. 7.10.1. 
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Table 7.10.2 Bulkhead pressure and force 


Item Pressure, kN/m2 (tonne-f/m2) Force, kN (tonne-f) 


n non-flooded bulk cargo holds = g po h4 tan2@ 0,5 po g $4 (d4 — Apg - PLs)? tan26 
= po h4 tan? 0) 0,5 po S4 (d4 - hpg — PLs)? tan20) 


n flooded bulk cargo holds, 0,5 s4 (p g (Q - d4)2 + g (A - d4) + 

when a > dy p ) (d =h -h )) 
For positions between d4 and aș gph pels Tae. ers 
from base line p hr) 0,5 s4 (P (d; - d1)2 +0 (A - d4) + Pie) (d4 - 
For positions at a distance lower gP hit (Po -p0 EL) h tan2 0 


App -PL9)) 
han d from base line (P he+ (Po -p (1 -u)) Ay tan? 6) DETTES 


n flooded bulk cargo holds, 0,5 s4 (Po g (dy - d}? tan2 0 +0, g (d4 - 

when di < dy h 2 Of ) tan2 0+ Pie) (aş = hpg = nS) 
For positions between d4 and d+ g Po hy tans 0 _ A)? tan? = 2 
from base line (Oof = Po hy tan? 0) 0,5 S1 (Po (04 = a£ tar 0 +(Po (d4 = dp) ane + 
For positions at a distance lower gp hi+(Poh1 -p (1 -u) hp) tan20) Pie)(5— hpg = PLs) 
han ; from base line (p he + (Poħ1 -p 1- u) hy) tan? 0)) 


n flooded empty holds gp hy 0,5 s4 p g (di - hpg - hL 9)? 
= PN) 0,5 s4 p (d; -= hpg = PLs)®) 


Symbols 


see 10.4.7 

vertical distance, in metres, from the base line to the top of the cargo, see Fig 
gravitational constant, 9,81 m/sec? 

height of double bottom, in metres 

flooding head, see 10.4.7 

mean height of lower stool, in metres 

vertical distance, in metres, from the calculation point to the top of the cargo, see Fig. 7.10.1 
pressure on the bulkhead at the point under consideration, in kN/m2 (tonne-f/m2) 
pressure at the lower end of the corrugation, in kN/m? (tonne-f/m2) 

spacing of the corrugations, in metres, see Fig. 7.10.2 

density of sea water = 1,025 tonne/m3 

bulk cargo density, in tonne/m? 

45° — (¥/2) 

angle of repose of the cargo, in degrees 

permeability of cargo, see 10.4.6 


Table 7.10.3 Resultant pressure and force 


Loading condition Resultant pressure Resultant force 
kN/m2 (tonne-f/m2) kN (tonne-f) 


omogeneous Pr = Pot- 0,806 = Fo¢—0,8F, 


on-homogeneous | Pp = Pef = Fo 


Flood water alone 


(adjacent holds Pr Pi F 
empty) 


OTE 
For symbols, see Table 7.10.2. 


5291/03 


(o) Where corrugation webs are not supported by local 
brackets below the shelf plate (or below the inner bottom 
if no lower stool is fitted), they are to be assumed 30 per 
cent effective in bending. Otherwise, the full area of web 


Fig. 7.10.3 Scantling assessment 


10.5.3 The section modulus of the corrugations is to be plates may be used, see also (e). l 
calculated using net plate thicknesses. At the lower end, the c) Where effective shedder plates are fitted, see Figs. 
following requirements apply: 7.10.4(a) and 7.10.4(b), the net area of the corrugation 
(a) An effective width of compression flange, Des, not greater flange plates, in cm?, may be increased by the lesser of: 
than given in 10.5.7, is to be used. 2,5b li; ton) and 2,5b t; 
where 
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Shedder plate 


Lower stool 
5291/04a 


Fig. 7.10.4(a) Symmetric shedder plates 


Shedder plate 


Lower stool 


5291/04b 


Fig. 7.10.4(b) Asymmetric shedder plates 


b = width of corrugation flange, in metres, see 
Fig. 7.10.2 
t; = net flange plate thickness, in mm 
tg, = net shedder plate thickness, in mm 
A shedder plate is considered effective when it: 
e — is not knuckled; and 
e is welded to the corrugations and the lower stool shelf 
plate by one-side penetration welds or equivalent; and 
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e has a minimum slope of 45° and lower edges in line with 
the stool side plating; and 

e has a thickness not less than 0,75 times the thickness 
of the corrugation flanges; and 

° has material properties at least equal to those of the 
corrugation flanges. 

(d) Where effective gusset plates are fitted, see 
Figs. 7.10.5(a) and (b) the net area of the corrugation 
flange plates, in cm2, may be increased by: 

Thoti 
where 
h, = height of the gusset plate, in metres, but is not to 


be taken greater than + Sgu 


t; = net flange plate thickness, in mm 
Sgu = width of the gusset plate, in metres 

A gusset plate is considered effective when it: 

° is fitted in combination with an effective shedder plate as 
defined in (c); and 

e has height not less than half the flange plate width; and 

e is fitted in line with the stool side plating; and 
has thickness and material properties at least equal to 
those of the flanges; and 

° is welded to the top of the lower stool by full penetration 
welds and to the corrugations and shedder plates by 
one-side penetration welds or equivalent. 

(e) Where the corrugation is welded to a sloping stool shelf 
plate, set at an angle of not less than 45° to the horizontal, 
the corrugation webs may be taken as fully effective in 
bending. Where the slope is less than 45°, the effective- 
ness is to be assessed by linear interpolation between 
fully effective at 45° and the appropriate value from (b) at 
0°. Where effective gusset plates are also fitted, the area 
of the flange plates may be increased in accordance with 
(d). No increase is permitted in the case where shedder 
plates are fitted without gussets. 


10.5.4 The section modulus of corrugations at cross- 
sections other than the lower end is to be calculated with fully 
effective webs and an effective compression flange width, bef 
not greater than given in 10.5.7. 


10.5.5 The bending capacity of the bulkhead corrugations 
is to comply with the following relationship: 


1000 M 


< 0,95 
0,5Zle Spe + Zm Sp,m 
where 
M = bending moment, in kNm (tonne-f m), see 10.5.1 

Zie = section modulus at the lower end of the corruga- 
tions, in cm3 

Zm = section modulus at mid-span of the corrugations, 
in cm3 


Spe = permissible bending stress at the lower end of the 
corrugations, in N/mm2 (kgf/mm2) 

permissible bending stress at mid-span of the 
corrugations, in N/mm2 (kgf/mm2) 

In the above expression Zie, in cm3, is not to be taken greater 
than Z'ie 

where 


p,m 
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Pg = resultant pressure calculated in way of the middle 
of the shedder or gusset plates as appropriate, in 
kN/m2 (tonne-f/m2) 


S4 = spacing of the corrugations, in metres 

Q = shear force, in kN (tonne-f), see 10.5.2 

Zg = section modulus of the corrugations in way of the 
upper end of shedder or gusset plates as appropri- 
ate, in cms. 


10.5.6 The applied shear stress, in N/mm? (kgf/mm2), is 
determined by dividing the shear force derived from 10.5.2 by 
the shear area of the corrugation, calculated using the net 
plate thickness. The shear area is to be reduced to account 
for non-perpendicularity between the corrugation webs and 
flanges. In general, the reduced area may be obtained by 
multiplying the web sectional area by sin @, where 9 is the 
angle between the web and the flange, see Fig. 7.10.2. The 
applied shear stress is not to exceed the permissible shear 
stress or the shear buckling stress given in Table 7.10.4. 


Lower stool ; : : 
10.5.7 The width of the compression flange, in metres, to 


rere be used for calculating the effective modulus is: 


Deg T Cet b 
Fig. 7.10.5(a) Symmetric gusset/shedder plates noe 
2:29 1,25 
Cop = = -z forB >1,25 
ef B B2 
1000 Q hg -0,5h,2 S4 P Cop = 1,0 for B < 1,25 
Zle =Zgt (ae 
and Zm is not to exceed the lesser of 1,152), and 1,15Z't, E t E 
where ; ; 
th 10.4. 
hg = height of the gusset plate, in metres Other symbols are as defined in Table 7.10.4 


Gusset 
plate 


a 


Lower stool 


Lower stool 


5219/05b 


Fig. 7.10.5(b) Asymmetric gusset/shedder plates 
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Table 7.10.4 Permissible shear and buckling 


stresses 


Bending, Shear, 


rea buckling, 
N/mm? (kgf/mm?) | N/mm? (kgf/mm2) 


N/mm? (kgf/mm?) 


Sp =90 Tp= 0,509 Top =TE 


when tg < 


=1(1- > 


Symbols 


width of corrugation flange, in metres, see Fig. 7.10.2 
width of corrugation web, in metres, see Fig. 7.10.2 
net flange plate thickness, in mm 

web plate net thickness, in mm 

modulus of elasticity 

206 000 N/mm? (21000 kgf/mm?) 

specified minimum yield stress, in N/mm2 (kgf/mm?) 
5,706 E (ty/1000c)* N/mm? (kgf/mm?) 


= T N/mm2 (kgf/mm?) 


10.5.8 The corrugation flange and web local net plate 
thickness are not to be less than: 


p 
14,9 sọ \| 1,05 A mm 
(0) 


Sy = plate width, in metres, to be taken equal to the 
width of the corrugation flange or web, whichever 
is the greater 

Pp, = resultant pressure, in kN/m? (tonne-f/m2), as 
defined in Table 7.10.3, at the lower edge of each 
strake of plating. The net thickness of the lowest 
strake is to be determined using the resultant 
pressure at the top of the lower stool, (or at the 
inner bottom, if no lower stool is fitted), or at the top 
of the shedders, if effective shedder or gusset and 
shedder plates are fitted 

09 = specified minimum yield stress of the material, in 
N/mm2 (kgf/mm2). 


+ 
ll 


10.5.9 For built-up corrugations, where the thickness of 
the flange and of the web are different, the net thickness of 
the narrower plating is to be not less than: 

Pr 


1,05 — mm 


ta = 14,9 Sh 
So 


where 

S, = width of the narrower plating, in metres. 
The net thickness, in mm, of the wider plating is not to be 
taken less than the greater of: 


= 14,9 Sw 
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where 
tno < actual net thickness of the narrower plating 
but not greater than: 
14,9 sw \J 1,05 i mm 
So 
10.5.10 The required thickness of plating is the net 
thickness plus the corrosion addition given in 10.4.10. 


10.5.11 Scantlings required to meet the bending and shear 
strength requirements at the lower end of the bulkhead 
corrugation are to be maintained for a distance of 0,15/ from 
the lower end, where / is as defined in 10.5.1. Scantlings 
required to meet the bending requirements at mid-height are 
to be maintained to a location no greater than 0,3/ from the 
top of the corrugation. The section modulus of the remaining 
upper part of the corrugation is to be not less than 0,75 times 
that required for the middle part, corrected for differences in 
yield stress. 


10.6 Vertically corrugated transverse bulkheads - 
Support structure at ends 


10.6.1 The requirements of 10.2 are to be complied with 
as applicable, together with the following. 


10.6.2 Lower stool: 

(a) The height of the lower stool is generally to be not less 
than three times the depth of the corrugations. 

(b) The thickness and steel grade of the stool shelf plate are 
to be not less than those required for the bulkhead 
plating above. 

(c) The thickness and steel grade of the upper portion of 
vertical or sloping stool side plating, within the depth 
equal to the corrugation flange width from the stool top, 
are to be not less than the flange plate thickness and 
steel grade needed to meet the bulkhead requirements 
at the lower end of the corrugation. 

(d) The thickness of the stool side plating and the section 
modulus of the stool side stiffeners are to be not less 
than those required by Ch 1,9 for a plane transverse 
bulkhead and stiffeners using the greater of the 
pressures determined from the head, h4, in Table 1.9.1 
and the expressions given in Table 7.10.2. 

e) The ends of stool side vertical stiffeners are to be 
attached to brackets at the upper and lower ends of the 
stool. 

f) The width of the shelf plate is to be in accordance with 
Fig. 7.10.6. 

g) The stool bottom is to have a width not less than 
2,5 times the mean depth of the corrugation. 

h) Scallops in the brackets and diaphragms in way of 
connections to the stool shelf plate are to be avoided. 

() Where corrugations are terminated on the bottom stool, 
corrugations are to be connected to the stool top plate 
by full penetration welds. The stool side plating is to be 
connected to the stool top plate and the inner bottom 
plating by either full penetration or partial penetration 
welds, see Fig. 7.10.7. The supporting floors are to be 
connected to the inner bottom by either full penetration 
or partial penetration welds. 
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10.6.3 


(a) 


(b) 


Corrugation 
flange 


Corrugation 
flange 


a— tf d 


Stool top plate 


Stool top plate 
dz ti 


t; is the as-built flange thickness 


Fig. 7.10.6 Width of shelf plate 


Upper stool: 

The upper stool, where fitted, is to have a height 
generally between two and three times the depth of 
corrugations. 

Rectangular stools are to have a height generally equal 
to twice the depth of corrugations, measured from the 
deck level and at hatch side girder. 
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(g) The thickness of the lower portion of stool side plating is 
to be not less than 80 per cent of that required for the 
upper part of the bulkhead plating where the same 
materials is used. 

(h) The thickness of the stool side plating and the section 
modulus of the stool side stiffeners are to be not less 
than those required by Ch 1,9 for plane transverse bulk- 
heads and stiffeners using the greater of the pressures 
determined from the head, h4, in Table 1.9.1 and the 
expressions given in Table 7.10.2. 

(j) | Where vertical stiffening is fitted, the ends of stool side 
stiffeners are to be attached to brackets at the upper and 
lower end of the stool. 

(k) Diaphragms are to be fitted inside the stool, in line with, 
and effectively attached to, longitudinal deck girders 
extending to the hatch end coaming girders for effective 
support of the corrugated bulkhead. 

() Scallops in the brackets and diaphragms in way of the 
connection to the stool shelf plate are to be avoided. 


10.6.4 If no upper stool is fitted, two transverse reinforced 
beams are to be fitted in line with the corrugation flanges. 


10.6.5 If no bottom stool is fitted, the corrugation flanges 
are to be in line with the supporting floors. Corrugations are to 
be connected to the inner bottom plating by full penetration 
welds. The thickness and steel grades of the supporting floors 


(c) The upper stool is to be properly supported by girders are to be at least equal to those provided for the 
or deep brackets between the adjacent hatch-end corrugation flanges. The plating of supporting floors is to be 
beams. connected to the inner bottom by either full penetration or 

(d) The width of the shelf plate is generally to be the same as deep penetration welds, see Fig. 7.10.7. The cut-outs for 
that of the lower stool shelf plate. connections of the inner bottom longitudinals to double 

(e) The upper end of a non-rectangular stool is to have a bottom floors are to be closed by collar plates. The 
width not less than twice the depth of corrugations. supporting floors are to be connected to each other by 

(f) The thickness and steel grade of the shelf plate are to be suitably designed shear plates. Stool side plating is to align 


the same as those of the bulkhead plating below. 


with the corrugation flanges. Stool side vertical stiffeners and 


Throat 
thickness 


45° 


Leg length 


5128/07 


Root face f = 3 mm to 7/3 mm 
Groove angle a = 40 to 60 


Throat thickness = 
Leg length = 


} see Pt 3, Ch 10 


Fig. 7.10.7 Partial penetration welding 
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their brackets in the lower stool are to align with the inner 
bottom longitudinals to provide appropriate load transmission 
between these stiffening members. The lower stool side 
plating is not to be knuckled. 


10.6.6 Stool side plating is to align with the corrugation 
flanges. Stool side vertical stiffeners and their brackets in the 
lower stool are to align with the inner bottom longitudinals to 
provide appropriate load transmission between these 
stiffening members. The lower stool side plating is not to be 
knuckled. 


10.6.7 The design of local details is to take into account 
the transfer of the bulkhead forces and moments to the 
boundary structures and particularly to the double bottom and 
cross-deck structures. 


| Section 11 
Direct calculation 


11.1 Application 


11.1.1 Direct calculations are to be employed in derivation 
of scantlings where required by the preceding Sections of this 
Chapter or by related provisions included in Part 3. 


11.1.2 Direct calculation methods are also generally to be 
used where additional calculations are required by the Rules in 
respect of unusual structural arrangements. 


11.2 Procedures 
11.2.1 For details of LR’s direct calculation procedures, 


see Pt 3, Ch 1,2. For requirements concerning use of other 
calculation procedures, see Pt 3, Ch 1,3. 


E Section 12 
Steel hatch covers 


12.1 General 


12.1.1 These requirements apply to hatch covers on 
exposed decks in Position 1, see Pt 3, Ch 1,6.5.1, and are in 
addition to the following requirements: 

(a) Pt3, Ch 11,4.2.14, 4.2.16, 4.2.17, 4.2.25, 4.2.27, and 
4.2.29 to 4.2.33. 

(o) Pt3, Ch 11,4.2.5 for the vertical weather pressure load 
case and cargo load, if carried on the hatch covers. 
NOTE 
When cargo is carried on the hatch covers, Pt 3, 
Ch 11,4.2.8 to 4.2.10 are also to be complied with. Cargo 
loads are to be in accordance with Pt 3, Ch 11,2.3.4 and 
2.3.5. Pt 4, Ch 8,11.2 is to be considered for compliance 
with Pt 3, Ch 11, 2.4.1, 2.4.2, 2.5.1, 2.8.1, 2.8.4, 2.8.5, 
2.9.1 and 2.9.2. The vertical weather design load needs 
not to be combined with the cargo load. 


Part 4, Chapter 7 


Sections 10, 11 & 12 


(c) For hatch covers subject to wheel loading or helicopter 
landing, Pt 3, Ch 9,3 and Ch 9,5 are to be complied with. 


12.1.2 The net plate thickness, thet, is the calculated mini- 
mum thickness of the plating and stiffeners. The required 
thickness is the net thickness plus a corrosion addition, tẹ 
given in Table 7.12.1. 


Table 7.12.1 Corrosion addition t, 


to, in mm 


Hatch cover type 


Single skin 2,0 


Pontoon (double skin) 
(i) for the top and bottom plating 2,0 


(ii) for the internal structures 1,5 


12.1.3 Material for the hatch covers is to be steel accord- 
ing to the requirements for ship’s hull. 


12.2 Stiffener arrangement 


12.2.1. The secondary stiffeners and primary supporting 
members of the hatch covers are to be continuous over the 
breadth and length of the hatch covers, as far as practical. 
When this is impractical, sniped end connections are not to 
be used and appropriate arrangements are to be adopted to 
ensure sufficient load carrying capacity. 


12.2.2 The spacing of primary supporting members parallel 
to the direction of secondary stiffeners is not to exceed 1/3 of 
the span of primary supporting members. 


12.3 Closing arrangements 


12.3.1. Panel hatch covers are to be secured by appropriate 
devices (bolts, wedges or similar) suitably spaced alongside 
the coamings and between cover elements. 


12.3.2 Arrangement and spacing are to be determined 
with due attention to the effectiveness for weather-tightness, 
depending upon the type and the size of the hatch cover, as 
well as on the stiffness of the cover edges between the 
securing devices. 


12.3.3 The net sectional area of each securing device is 
not to be less than: 


A =1,4a/f cm2 


where 
a = spacing in m of securing devices, not being taken 
less than 2 m 
f = (o\/235)¢ 
oy = specified minimum upper yield stress in N/mm? of 


the steel used for fabrication, not to be taken 
greater than 70 per cent of the ultimate tensile 
strength 
e = 0,75 for oy > 235 
= 1,0 for oy < 235 
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12.8.4 Rods or bolts are to have a net diameter not less 
than 19 mm for hatchways exceeding 5 m? in area. 


12.3.5 Between cover and coaming and at cross-joints, a 
packing line force sufficient to obtain weathertightness is to 
be maintained by the securing devices. For packing line forces 
exceeding 5 N/mm, the cross-section area is to be increased 
in direct proportion. The packing line force is to be specified. 


12.3.6 The cover edge stiffness is to be sufficient to main- 
tain adequate sealing pressure between securing devices. The 
moment of inertia, 7, of edge elements is not to be less than: 


I = 6p at cm4 


where 
p = packing line pressure in N/mm, minimum 5 N/mm 
a = spacing in m of securing devices. 


12.3.7 Securing devices are to be of reliable construction 
and securely attached to the hatchway coamings, decks or 
covers. Individual securing devices on each cover are to have 
approximately the same stiffness characteristics. 


12.3.8 Where rod cleats are fitted, resilient washers or 
cushions are to be incorporated. 


12.3.9 Where hydraulic cleating is adopted, a positive 
means is to be provided to ensure that it remains mechanically 
locked in the closed position in the event of failure of the 
hydraulic system. 


12.8.10 Hatch covers are to be effectively secured, by 
means of stoppers, against transverse and longitudinal forces 
(acting on the forward end) arising from a pressure of 
175 kN/m2. 


12.3.11 The equivalent stress: 
e in stoppers and their supporting structures; and 
e calculated in the throat of the stopper welds; 

is not to exceed the allowable value of 0,80y. 


12.4 Load model 


12.4.1. The pressure, p, in kN/m2, acting on the hatch 

covers is given by: 

(a) For ships of length 100 m or greater, for hatchways 
located on the freeboard deck, p is to be the greater of 
34,3 or the following: 


Prp ~ 34,3 x 
p = 343+ 0,25 (0.25 x<) 
Where a hatchway is located in position 1 and at least 
one superstructure standard height higher than the free- 
board deck, the pressure p may be 34,3 kN/m2. 
(o) For ships less than 100 m in length, for hatchways 
located at the freeboard deck, p is to be the greater of 
0,195L + 14,9 or the following: 


p = 158+ É(1- 5 JE x 
3 3 L L 


Where two or more panels are connected by hinges, 
each individual panel is to be considered separately. 
where 
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= pressure at the forward perpendicular 
= 49,1 + (L - 100) a 
a = 0,0726 for type B freeboard ships 
0,356 for ships with reduced freeboard 
L = Freeboard length, in metres, as defined in 
Regulation 3 of Annex | to the 1966 Load Line 
Convention as modified by the Protocol of 1988, to 
be taken not greater than 340 m 
x = distance, in metres, of the mid length of the hatch 
cover under examination from the forward end of L. 
(c) For weather deck covers for holds which may be flooded 
and used as ballast tanks and holds in OBO, ore or oil 
and similar types of ship, the pressure p, in kKN/m2, due 
to the internal load for a member and position under 
consideration is to be taken as: 
p =5,53Ysing kN/m? 
where 


L L 
(0,45 + Tall 0,54 — ss) 


q = roll angle, in degrees, but need not exceed 25° and 
is not to be taken as less than 22° 

transverse distance, in metres, from the side coam- 
ing at the coaming top to the member and position 
under consideration. Both sides of roll are to be 
considered. 

In way of holds for oil cargo, a load equivalent to 
the inert gas pressure is to be applied over the full 
breadth of the cover and added to the load corre- 
sponding to the liquid pressure. However, where 
the rolling angle has been determined by direct 
calculations, the load may be derived accordingly. 


PrP 


sing 


Y 


12.5 Allowable stress 


12.5.1 The normal and shear stresses calculated for the 
net section hatch cover structures are not to exceed the 
values given in Table 7.12.2. 


Table 7.12.2 Permissible stresses 


Failure mode Permissible stress, in N/mm? (kgf/mm?) 


Bending Sg = 0,800 


Shear Ta = 0,460f 


Symbols 


of = minimum upper yield stress, in N/mm? (kgf/mm?) 


12.5.2 |The normal stress in compression of the attached 
flange of primary supporting members is not to exceed 
0,8 times the critical buckling stress of the structure accord- 
ing to the buckling check as given in 12.10, 12.11 and 12.12. 


12.5.3. The stresses in hatch covers that are designed as a 
grillage of longitudinal and transverse primary supporting 
members are to be determined by a grillage or a FE analysis. 
When such an analysis is used the secondary stiffeners are 
not to be included in the attached flange area of the primary 
members. 
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12.5.4 When calculating the stresses o and t as defined in 
Table 7.12.2, the net scantlings are to be used. 


12.6 Effective cross-sectional area of panel flanges 
for primary supporting members 


12.6.1 The effective flange area, A;, in cm2, of the attached 
plating, to be considered for the yielding and buckling checks 
of primary supporting members, when calculated by means 
of a beam or grillage model, is obtained as the sum of the 
effective flange areas of each side of the girder web as appro- 
priate: 


Dd 
Il 


È (10bet) 


nf 


5 
3 
Il 


2 if attached plate flange extends on both sides of 
girder web 
= 1 if attached plate flange extends on one side of 
girder web only 
t = net thickness of considered attached plate, in mm 
bẹ = effective breadth of attached plate flange on each 
side of girder web, in metres 
= bp, but not to be taken greater than 0,1657 
= half distance between the considered primary 
supporting member and the adjacent one, in 
metres 
l = span of primary supporting members, in metres. 


12.7 Local net plate thickness 


12.7.1. The local net plate thickness of the hatch cover top 
plating is to be not less than: 


t =F, 15,8s 4| —2— 
0,956, 


or 1 per cent of the spacing of the stiffeners or 
6 mm, whichever is greater 
where 
= factor for combined membrane and bending 
response 
= 1,50 in general 
= 1,900/o,, where o/c, = 0,8, for the attached plate 
flange of primary supporting members 
s = stiffener spacing, in metres 
p = pressure, in kN/m2, as defined in 12.4 
o = as defined in 12.9 
6, = as defined in 12.5. 


12.7.2 For double skin hatch covers, when the lower 
plating is taken into account as a strength member of the 
hatch cover, the local net plate thickness of the hatch cover 
bottom plating is to be not less than: 

t 6,5s mm, or 

t 5,0 mm, whichever is the greater 
where 

s = stiffener spacing, in m. 
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12.8 Net scantlings of secondary stiffeners 


12.8.1. The required minimum section modulus, Z, in cms, 
of secondary stiffeners of the hatch cover top plate, based on 
stiffener net member thickness, is given by: 
1000/2 s p 

120, 


Z = 


where 
l = secondary stiffener span, in metres, to be taken as 
the spacing, in metres, of primary supporting 
members or the distance between a primary 
supporting member and the edge support, as 
applicable. When brackets are fitted at both ends of 
all secondary stiffener spans, the secondary 
stiffener soan may be reduced by an amount equal 
to 2/3 of the minimum bracket arm length, but not 
greater than 10 per cent of the gross span, for each 
bracket 
s = secondary stiffener spacing, in metres 
p = pressure, in kN/m2, as defined in 12.4 
6, = as defined in 12.5. 


12.8.2 | The net section modulus of the secondary stiffeners 
is to be determined based on an attached plate width 
assumed equal to the stiffener spacing. 


12.9 Net scantlings of primary supporting 
members 


12.9.1 | The section modulus and web thickness of primary 
supporting members, based on member net thickness, are to 
be such that the normal stress o in both flanges and the shear 
stress t, in the web, do not exceed the allowable values og 
and t,, respectively, defined in 12.5. 


12.9.2 The breadth of the primary supporting member 
flange is to be not less than 40 per cent of their depth for 
laterally unsupported spans greater than 3,0 m. Tripping 
brackets attached to the flange may be considered as a lateral 
support for primary supporting members. 


12.9.3 The flange outstand is not to exceed 15 times the 
flange thickness. 


12.10 Hatch cover plating 


12.10.1 The compressive stress, o, in N/mm2, in the hatch 
cover plate panels, induced by the bending of primary 
supporting members parallel to the direction of secondary 
stiffeners, is not to exceed 0,8 times the critical buckling stress 
Oj, to be evaluated as defined below: 


Oci = OF when OF < o-/2 
= OF p — of/(45g4)] when OF > of/2 
where 
op = minimum upper yield stress, in N/mm2, of the material 


t 2 
OF, = 3,6E 
1000s 


modulus of elasticity, in N/mm? 
= 2,06 x 10° for steel 


m 
Il 
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t 
S 


net thickness, in mm, of plate panel 
spacing of secondary stiffeners, in metres. 


12.10.2 The mean compressive stress o in each of the 
hatch cover plate panels, induced by the bending of primary 
supporting members perpendicular to the direction of 
secondary stiffeners, is not to exceed 0,8 times the critical 
buckling stress ogo, to be evaluated as defined below: 


Oco = OE2 when OE2 < op/2 
= OF [1 — 6f/(40¢E9)] when OE2 > of/2 
where 
op = minimum upper yield stress, in N/mm2, of the 
material 
t 2 
Ofo = 0,9m E 
1000s, 


S.\2] 2 
oe o [1+ (22)"] BA. 

ls y+1,1 
E = modulus of elasticity, in N/mm2 


= 2,06 x 10° for steel 
t = net thickness of plate panel, in mm 


Ss = length of the shorter side of the plate panel, in 
metres 

l = length of the longer side of the plate panel, in 
metres 

Y = ratio between smallest and largest compressive 
stress 

c = 1,3 when plating is stiffened by primary supporting 
members 


= 1,21 when plating is stiffened by secondary stiffeners 
of angle or T type 

= 1,1 when plating is stiffened by secondary stiffeners 
of bulb type 

= 1,05 when plating is stiffened by flat bar. 


12.10.3 The biaxial compressive stress in the hatch cover 
panels, when calculated by means of FEM shell element 
model is to comply with Pt 3, Ch 11,2.11.2, using S = 1,25. 


12.11 Hatch cover secondary stiffeners 


12.11.1 The compressive stress o, in N/mm2, in the top 
flange of secondary stiffeners, induced by the bending of 
primary supporting members parallel to the direction of 
secondary stiffeners, is not to exceed 0,8 times the critical 
buckling stress ocs, to be evaluated as defined below: 


Ocs = OES when Ogg $ op/2 
= OF [1 — 6¢/(40¢¢)] when OES >o,-/2 
where 
op = minimum upper yield stress, in N/mm2, of the 
material 
Seg = ideal elastic buckling stress, in N/mm2, of the 


secondary stiffener 
= minimum between ogg and og, 
ogg = 0,001F J,/(A 12) 
E = modulus of elasticity, in N/mm2 
= 2,06 x 105 for steel 
I, = moment of inertia of the secondary stiffener, including 
a top flange equal to the spacing of secondary 
stiffeners, in cm4 
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A = cross-sectional area of the secondary stiffener, 
including a top flange equal to the spacing of 
secondary stiffeners, in cm2 

l = span of the secondary stiffener, in metres 


neE I, I 
ea w (me ot ) +0,385E — 
107 y m? Ip 
K = CK 106 m 
mE, 
m = number of half waves, given in Table 7.12.3 
Iy = sectorial moment of inertia (warping constant) of 


the secondary stiffener about its connection with 
the plating, in cmê 


hS ty 
= Ea 10-6 for flat bar secondary stiffeners 


2 
= ——— 104 for ‘Tee’ secondary stiffeners 


be hy? 
= 12b,+h, 2 +h lt; (02 + 2bphy, + 4hy,2) + 3tw bi Ay] 10-6 
for angles and bulb secondary stiffeners 
I, = polar moment of inertia of the secondary stiffener 
about its connection with the plating, in cm4 


a tw 
= = 10-4 for flat bar secondary stiffeners 


hyst 
= (a + Myebyt ) 10-4 


for flanged secondary stiffeners 
I, = St.Venant’s moment of inertia of the secondary stiff- 
ener without top flange, in cm4 
3 


Met 
= F “ 10-4 for flat bar secondary stiffeners 


t 
z > [rw tue + brte (i -0,63 ml 10-4 
for flanged secondary stiffeners 
h,,t, = height and net thickness of the secondary stiffener, 
respectively, in mm 
b;, t = width and net thickness of the secondary stiffener 
bottom flange, respectively, in mm 
s = spacing of secondary stiffeners, in metres 
C = spring stiffness exerted by the hatch cover top plating 


S kp E t? 
1,33k, hy t3 
3s 1 Gh ee RE | 
1000s tS 


-3 


Table 7.12.3 Number of half waves 


O<K<4 
4<K<36 


36 < K< 144 


(m -= 1)? m2 < K < m? (m + 1)2 
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kp = 1-np to be taken not less than zero; for flanged 
secondary stiffeners, ko need not be taken less than 
0,1 
oO 
Np = 
OE1 
o = as defined in 12.9 
Of, = as defined in 12.10 
tp = net thickness of the hatch cover plate panel, in mm. 


12.11.2 For flat bar secondary stiffeners and buckling 
stiffeners, the ratio h/ty is to be not greater than 15k9.5 
where 

h, ty = height and net thickness of the stiffener, respec- 


tively 

k = 235/o¢ 

op = minimum upper yield stress, in N/mm2, of the 
material. 


12.12 Web panels of hatch cover primary supporting 
members 


12.12.1 This check is to be carried out for the web panels of 
primary supporting members formed by web stiffeners or by 
the crossing with other primary supporting members, the face 
plate (or the bottom cover plate) or the attached top cover 
plate. 


12.12.2 The shear stress t in the hatch cover primary 
supporting members web panels is not to exceed 0,8 times the 
critical buckling stress to, to be evaluated as defined below: 


tj = TE when TE < Tp/2 
= TF [1 — te/(4t.)] when TE > Tp/2 
where 
Of = minimum upper yield stress of the material, 
in N/mm? 
OF 


* 3 


te = 0.9 E (— 2 
1000d 
E = modulus of elasticity, in N/mm2 
= 2,06 x 10° for steel 
t = net thickness of primary supporting member, in mm 
k, = 5,35 + 4,0/(a/d)2 
a = greater dimension of web panel of primary 
supporting member, in metres 
d = smaller dimension of web panel of primary 
supporting member, in metres. 


12.12.3 For primary supporting members parallel to the 
direction of secondary stiffeners, the actual dimensions of the 
panels are to be considered. 


12.12.4 For primary supporting members perpendicular to the 
direction of secondary stiffeners or for hatch covers built 
without secondary stiffeners, a presumed square panel of 
dimension d is to be taken for the determination of the stress tç. 
In such a case, the average shear stress t between the values 
calculated at the ends of this panel is to be considered. 
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12.13 Deflection limit and connections between hatch 
cover panels 


12.13.17. Load bearing connections between the hatch cover 
panels are to be fitted with the purpose of restricting the relative 
vertical displacements. 


12.13.2 The vertical deflection of primary supporting 
members is to be not more than 0,0056/, where / is the greatest 
span of primary supporting members. 


E Section 13 
Hatch coamings 


13.1 General 


13.1.1. The height and construction of forward and side 
hatch coamings are to comply with the following requirements. 
All hatch coamings are to comply with the requirements of Pt 3, 
Ch 11,5.1.1, 5.1.3, 5.2.1, 5.2.2, 5.2.4 to 5.2.12, 5.2.16 to 
5.2.18 and 5.4.1. 


13.1.2 For the structure of hatch coamings and coaming 
stays, the corrosion addition t, is to be 1,5 mm. 


13.1.3. Material for the hatch coamings is to be steel 
according to the requirements for the ship’s hull. 


13.1.4 | The secondary stiffeners of the hatch coamings are 
to be continuous over the breadth and length of the hatch 
coamings. 

13.2 Load model 

13.2.1 The pressure Pggam, ON hatch coamings is to be 
taken as 220 kN/m2. 

13.3 Local net plate thickness 

13.3.1 The local net plate thickness, t, in mm, of the 


hatch coaming plating is to be the greater of 9,5 mm or the 
following: 


t = 14,98 A| a 6 
Oa,coam 


where 
s = secondary stiffener spacing, in metres 
Pcoam = Pressure, in KN/m2, as defined in 13.2.1 


Scoam = Safety factor to be taken equal to 1,15 
Sacoam= 0,950F. 
op = minimum upper yield stress, in N/mmé2, of the material. 
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13.4 Net scantlings of longitudinal and transverse 
secondary stiffeners 


13.4.1. The required section modulus, Z, in cm3, of the 
longitudinal or transverse secondary stiffeners of the hatch 
coamings, based on net member thickness, is given by: 


Z = 1000S ccam [2 S Pcoam 
M Cp Oa,coam 
where 
m = 16 in general 


= 12 for the end spans of stiffeners sniped at the 
coaming corners 
Scoam = Safety factor to be taken equal to 1,15 
l = span of secondary stiffeners, in metres 
S = spacing of secondary stiffeners, in metres 
Pcoam = Pressure in kN/m? as defined in 13.2.1 
Cp = ratio of the plastic section modulus to the elastic 
section modulus of the secondary stiffeners with an 
attached plate breadth equal to 40t, where t is the 
plate net thickness, in mm 
= 1,16 in the absence of more precise evaluation 
Oa,coam = 0,950¢ 


op = minimum upper yield stress, in N/mm2, of the 
material. 
13.5 Net scantlings of coaming stays 


13.5.1 The required minimum section modulus, Z, in cm3, 
and web thickness, tw, in mm of coaming stays designed as 
beams with flange connected to the deck or sniped and fitted 
with a bracket (see Fig. 7.13.1, Type A and B) at their connec- 
tion with the deck, based on member net thickness, are given 
by: 


1000H,? S Pgoam 
2 Sacoam 
1000H; S Pooam 
iw = At 
a,coam 
where 


Ho = Stay height, in metres 
s = stay spacing, in metres 
h = stay depth at the connection with the deck, in mm 
Pcoam = Pressure, in kN/m2, as defined in 13.2.1 
Sacoam= 0,950¢ 
Ta,coam = 0,56¢ 
op = minimum upper yield stress, in N/mm2, of the material. 


13.5.2 For calculating the section modulus of coaming 
stays, their face plate area is to be taken into account only 
when it is welded with full penetration welds to the deck 
plating and adequate underdeck structure is fitted to support 
the stresses transmitted by it. 


13.5.3 For other designs of coaming stays, such as those 
shown in Fig. 7.13.1 Type C and D, the stress levels in 12.5 
apply and are to be checked at the highest stressed locations. 
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13.6 Local details 


13.6.1 The design of local details is to comply with Pt 3, 
Ch 11,5 for the purpose of transferring the pressures on the 
hatch covers to the hatch coamings and, through them, to 
the deck structures below. Hatch coamings and supporting 
structures are to be adequately stiffened to accommodate the 
loading from hatch covers, in longitudinal, transverse and 
vertical directions. 


13.6.2  Underdeck structures are to be checked against 
the load transmitted by the stays, adopting the same allow- 
able stresses specified in 13.5.1. 


13.6.3. Double continuous welding is to be adopted for the 
connections of stay webs with deck plating and the weld 
throat is to be not less than 0,44tw, where tw is the gross 
thickness of the stay web. 


13.6.4 Toes of stay webs are to be connected to the deck 
plating with deep penetration double bevel welds extending 
over a distance not less than 15 per cent of the stay width. 
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Fig. 7.13.1 Typical coaming stays 


O Section 14 
Forecastles 


14.1 Arrangement 


14.1.1 An enclosed forecastle is to be fitted on the free- 
board deck. 


14.1.2 The aft bulkhead of the forecastle is to be fitted in 
way or aft of the forward bulkhead in the foremost cargo hold. 
See Fig. 7.14.1. However, if this requirement hinders hatch 
cover operation, the aft bulkhead of the forecastle may be 
fitted forward of the forward bulkhead of the foremost cargo 
hold provided the forecastle length is not less than 7 per cent 
of ship length abaft the forward perpendicular where the ship 
length and forward perpendicular are defined in the 
International Convention on Load Lines 1966 and its Protocol 
of 1988. 
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Section 14 


Top of the hatch 
coaming 


Forward 
bulkhead 


Fig. 7.14.1 Forecastle arrangement 


14.1.3 The forecastle height Hp, in metres, above the main 

deck is to be not less than the greater of: 

e the standard height of a superstructure as specified in 
the International Convention on Load Lines 1966 and its 
Protocol of 1988; or 

e Ho +0,5m 

where 

Ho = the height, in metres, of the forward transverse 
hatch coaming of cargo hold No.1. 


14.1.4 All points of the aft edge of the forecastle deck are 
to be located at a distance: 


l; <5 (He — Ho) 


from the hatch coaming, see Fig. 7.14.1. 


14.1.5 A breakwater is not to be fitted on the forecastle 
deck with the purpose of protecting the hatch coaming or 
hatch covers. If fitted for other purposes, it is to be located 
such that its upper edge at centre line is not less than: 
Hp/tan 20° 

forward of the aft edge of the forecastle deck. 
where 

Hg = the height, in metres, of the breakwater above the 

forecastle, see Fig. 7.14.1. 


14.2 Construction 


14.2.1. The construction of the forecastle is to comply with 
the requirements of Pt 3, Ch 8,4. 
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Section 

1 General 

2 Materials 

3 Longitudinal strength 

4 Deck structure 

5 Shell envelope plating 

6 Shell envelope framing 

7 Double bottom structure 


8 Longitudinal bulkheads 

9 Transverse bulkheads 

10 Hatch coamings and support for hatch covers 
11 Hatch covers 

12 Strengthening for wave impact loads 

13 Container stowage systems 

14 Direct calculation 


15 Combined stress calculations 


E Section 1 
General 


1.1 Application and definitions 


1.1.1 A container ship is defined as a ship designed 
exclusively for the carriage of containers in holds and on deck. 
Containers in holds are normally stowed within cellular guide 
systems. 


1.1.2 The term ‘narrow side structures’ applies where the 
breadth of hatch opening exceeds 90 per cent of the breadth 
of the ship. 


1.1.3 Other terms used to describe the various structural 
components of container ships are generally indicated in LR’s 
ShipRight FDA Procedure, Structural Detail Design Guide. 


1.1.4 For container ships with a beam greater than 32 m, 
or where the structural arrangements are considered such as 
to necessitate it, the ShipRight notations SDA and CM are 
mandatory, see 1.3 and Section 14. 


Paso Scantlings of the primary structure of double 
bottom, side and transverse bulkheads are to be verified by 
direct calculation as required by 14.2. 


Part 4, Chapter 8 


Section 1 


1.1.6 Scantlings and arrangements are to be as required 
by Chapter 1, except as otherwise indicated in this Chapter. 


1.2 Structural configuration 


1:2-1 This Chapter describes a basic structural configu- 

ration as shown in Fig. 8.1.1 which includes: 

(a) An efficient torsion box girder or equivalent structure at 
the topsides comprising strength deck, side shell, inner 
skin and a second deck. The space within the torsion 
box is often utilised as an underdeck access passageway. 

(b) Single or double skin side construction with or without 

bilge box. 

c) Double bottom. 

(d) Continuous or discontinuous hatch coamings. 

(e) Optional continuous deck girders to support hatch 
covers. 


Torsion box 


Torsion box or equivalent 


Underdeck longitudinal 
girders (if fitted) 


Fig. 8.1.1 Structural configuration 


1.3 Class notations 


7.3.1 In general, ships complying with the requirements 
of this Chapter will be eligible to be classed 100A1 Container 
Ship. 


1.3.2 The ‘ShipRight Procedures’ for the hull construc- 
tion of ships are detailed in Pt 3, Ch 16 and the classification 
notations and descriptive notes associated with these 
procedures are given in Pt 1, Ch 2,2. 
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1.3.3 The notations SDA and CM are mandatory for 
container ships with any of the following features: 

(a) beam greater than 32 m; 

(b) narrow side structures; 

(c) abnormal hull form; or 

(d) unusual structural configuration or complexity. 


1.3.4 When required, other cargoes or particular loading 
arrangements will be included in the class or cargo notations. 


1.3.5 Reference is made to Pt 1, Ch 2 with respect to the 
Regulations for classification and assignment of class notations. 


1.4 Information required 


1.4.1 In addition to the information and plans required by 

Pt 3, Ch 1,5, the following are to be submitted: 

(a) Details of overlap arrangement of steps in decks and 

longitudinal bulkheads. 

(b) Details of outline stowage arrangement of containers. 

c) Details of design container stack weights. 

(d) Details of cell guides and supporting structure indicating 

the position of guides relative to hatch corners, and 

attachment to structural members. 

(e) Details of reinforcement to structure in way of container 
corners/supports. 

(f) Details of reinforcement to structure in way of lashing 
bridges where fitted. 

(g) Details showing the location of all openings in decks 
within the cargo holds. 

(h) Details of longitudinal girders supporting hatch coamings 
where fitted. 


1.5 Symbols and definitions 


1.5.1 The following symbols and definitions are applica- 
ble to this Chapter unless otherwise stated: 
L, Lop B, D, T, V, Cp as defined in Pt 3, Ch 1,6 
e = base of natural logarithms, 2,7183 
k,,k = higher tensile steel factor, see Pt 3, Ch 2,1 
S = spacing of secondary stiffeners, in mm 
S4 = spacing of secondary stiffeners, but is not to be 
taken less than 470 + 1,67L mm 
t = thickness of plating, in mm 
L,; = L but need not be taken greater than 190 m. 


| Section 2 


Materials 
2.1 Materials 
2.1.1 Materials are to comply with Pt 3, Ch 2. 
2.1.2 Attention is drawn to the specific requirements for 


container ship hatch corners in Table 2.2.1, Note 1 in Pt 3, 
Ch 2. 


Part 4, Chapter 8 


Sections 1 & 2 


2.2 Protection of steelwork 


2.2.1 In addition to the requirements of Pt 3, Ch 2,3 the 
requirements of Ch 1,2.2.3 may also be applied. 


2.3 Requirements for use of thick steel plates 


2.3.1 This Section provides the requirements for crack 
arrest design to reduce the risk of brittle fractures in container 
ships where thick steel plates are applied for longitudinal 
structural members within the cargo hold region. 


2.3.2 This Section is to be applied to container ships 
where the steel plates for longitudinal structural members 
exceed a thickness of 50 mm but are not greater than 100 mm. 
Special consideration is required for plates with a thickness 
exceeding 100 mm. 


2.3.3 This Section applies to plates having specified mini- 
mum yield strength of 355, 390 and 460 N/mm2. Steels and 
weldments are to comply with the toughness requirements of 
Chapters 3, 11 and 12 of the Rules for the Manufacture, 
Testing and Certification of Materials (hereinafter referred to 
as the Rules for Materials). 


2.3.4 The approach in this Section generally applies to 
the erection block-to-block joints. Appropriate measures are 
to be considered to prevent large scale fracture of the hull 
girder in anticipation of the following: 

(a) Crack initiation in the block-to-block butt weld joint in 
either the hatch side coaming or upper deck. Crack 
propagates along the butt weld joint without deviation. 

(b) Crack initiation in the block-to-block butt weld joint in 
either the hatch side coaming or upper deck. Crack 
propagates away from the butt weld joint running into 
base metal. 

(c) Crack initiation in any welded joint, for example in way 
of attachment welds, and deviates away from the butt 
weld joint running into base metal. 


2.3.5 The detailed arrangements for crack arrest design 
are to be submitted for approval. 


2.3.6 Where Measure 1 is required in Table 8.2.1, 100 
per cent ultrasonic testing of all subject block-to-block welds 
is to be carried out in accordance with the requirements of 
Ch 13, 2.12 of the Rules for Materials. 


2.3.7 The following are considered to be acceptable 
examples of brittle crack arrest design for the case given in 
2.3.4(a) and (b): 

(a) Where the block-to-block butt welds of the hatch side 
coaming and those of the upper deck are staggered, this 
offset is to be greater than or equal to 300 mm. Brittle 
crack arrest steel is to be provided for the hatch side 
coaming. 

(b) Where crack arrest holes are provided in way of the 
block-to-block butt welds at the region where hatch side 
coaming weld meets the deck weld. The corners of the 
crack arrest holes located where the hatch side coaming 
joints meet the deck weld are to be specially assessed 
for fatigue strength. The fatigue strength is also to be 
assessed at the location where the block-to-block butt 
weld intersects the crack arrest hole. Brittle crack arrest 
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steel, as defined in 2.3.9, is to be provided for the hatch 
side coaming. 

(c) Where higher crack arrest steel insert plates such as 
SUF (Surface Layer with Ultra-Fine grain) steel or equiv- 
alent, or weld metal inserts with high crack arrest 
toughness properties are provided in way of the block- 
to-block butt welds at the region where hatch side 
coaming weld meets the deck weld. Brittle crack arrest 
steel, as defined in 2.3.9, is to be provided for the hatch 
side coaming. 


2.3.8 For the case given in 2.3.4(c), brittle crack arrest 
steel, as defined in 2.3.9, is to be used for the upper deck 
along the cargo hold region to arrest a brittle crack initiating 
from the coaming and propagating into the structure below. 


2.3.9 Brittle crack arrest steel is defined as steel plate 
with measured crack arrest properties, Koa 6,000 N/mms/2 
at -10°C or other methods based on the determination of 
Crack Arrest Temperature (CAT). Where the thickness of the 
steel exceeds 80 mm the required Koa value or alternative 
crack arrest parameter for the brittle crack arrest steel plate is 
to be specifically agreed with LR. 


2.3.10 | Where higher crack arrest steel or weld inserts are 


proposed, as given in 2.3.7(c), the specific properties or 
grades of material are to be agreed with LR. 


Table 8.2.1 


Nominal yield 
Thickness 
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2.3.11 As an alternative to crack arrest design, design 
based on crack initiation may be considered. Design based 
on this approach aims to prevent any defect from 
propagating into a brittle fracture by ensuring that no defect 
exists above a calculated size in the weld either during 
construction or subsequently in service. This size is 
determined by way of an Engineering Critical Assessment 
(ECA) which must be carried out and submitted to LR prior to 
construction. The ECA will determine the minimum 
acceptable defect size from both fatigue crack growth and 
fracture mechanics calculations. The detectability of such a 
defect in the structure will also need to be proven to LR. This 
can only be achieved through assessment of the non- 
destructive examination techniques and procedures to be 
applied. It is anticipated that, for this approach to be 
successful, the application of advanced NDT, such as the 
Time of Flight Diffraction (TOFD) Technique, will be necessary. 
The approach will also need to include a programme of non- 
destructive testing during the lifetime of the ship to ensure 
that growth of a defect does not exceed the limits of the 
ECA. 


2.3.12 Table 8.2.1 summarises a selection of measures 
aimed at mitigating the risk of uncontrolled brittle fracture in 
way of deck and hatch coaming structure. A range of 
thickness is shown for the different strength grades of steel; 
where the maximum as-built thickness falls within this range, 
measures are to be selected as shown in the Table. If the as-built 
thickness of the hatch coaming structure is below the values 
contained in the Table, additional measures are not 
necessary. 


Preventive measures to be used in design and construction 


Measure 


strength 


(N/mm2) (mm) 


2 3 
(see Note 1) (see Note 1) 


355 50<t< 85 


Not required 


Not required Not required 


85 <t< 100 


Required 


Not required Not required 


50 <t< 85 


Required 


Not required Not required 


85 <t < 100 


Required 


Required (see Note 2) Required 


50<t< 85 


Required 


Required (see Note 2) Required 


85 <t< 100 


Required 


Required (see Note 2) Required 


Key to measures: 
Measure 1: 


This measure is mandatory where required is shown. 100% ultrasonic testing in accordance with Ch 13,2.12 of the Rules for 


Materials, both application and acceptance criteria, is to be carried out on all block-to-block butt joints of all upper flange 
longitudinal structural members in the cargo hold region. Upper flange longitudinal structural members include the topmost 
strakes of the inner hull/oulkhead, the sheerstrake, main deck, coaming plate, coaming top plate, and all attached longitudinal 


stiffeners 
Design based on crack arrest, see 2.3.7 and 2.3.8 
Design based on crack initiation, see 2.3.11 


Measure 2: 
Measure 3: 


NOTES 


1. Measure 2 or Measure 3 is to be applied where ‘required’ is shown. 


2. Brittle crack arrest steel to be applied for upper deck along the cargo hold region to prevent crack propagation from the coaming into 


lower structure. 
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a Section 3 
Longitudinal strength 


3.1 General 


3.1.1 Longitudinal strength calculations are to be carried 
out in accordance with 3.2 and 3.3. 


3.1.2 Alternatively the values and distributions of wave 
induced loads may be derived by direct calculation in accordance 
with LR’s ShipRight Procedure Guidance Notes on the 
Assessment of Global Design Loads of Large Container Ships 
and Other Ships Prone to Whipping and Springing. 


3.1.3 For ships of abnormal hull form, or for ships of 
unusual structural configuration or complexity, the values and 
distributions of wave induced loads are to be agreed with LR. 


3.2 Longitudinal strength 


3.2.1 Longitudinal strength calculations are to be made 
in accordance with the requirements of Pt 3, Ch 4 and the 
additional notes contained in this Section and Section 14. 


3.2.2 The design vertical wave bending moments and 
design wave shear forces are to be determined in accordance 
with Ch 2,2.4 and Ch 2,2.5 and are to be used in Pt 3, Ch 4. 


3.2.3 The values of sagging fgs and hogging fry correction 
factors due to non-linear effects of the hull shape are to be 
derived by non-linear ship motion analysis based on equivalent 
design sea state methods where the following condition 
applies: 

L > 300 m and one or more of 

(i) lfig|> 1,4 or 

(ii) RAge > 0,2 or 

(iii) RApru >0,2 
where 

fg and fy, are defined in Ch 2,2.4.1 

RAgg is the bow flare area ratio for the lower region 

just above the still waterline 


- (=) 
0,1LBwL 
PRAgpgy is the bow flare area ratio for the upper region 
near the deck 


X ( Apru ) 
0, 1LBwL 
Ape; Bw are defined in Ch 2,2.4.1 
Apru is the bow flare area in m2 for the region from a 
waterline of To y to Te ay, calculated in the same 
way as Apr see Ch 2, 2.4.1 
Tou = T + C4 m or the local deck edge height if this 
is lower 
C, is defined in Table 4.5.1 in Pt 3, Ch 4 
The methodology to calculate the non-linear ship motion wave 
loads is given in LR’s ShipRight Procedure Guidance Notes 
on the Assessment of Global Design Loads of Large 
Container Ships and Other Ships Prone to Whipping and 
Springing. 
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3.3 Combined longitudinal and torsional strength 


3.3.1 The strength of the ship to resist a combination of 
longitudinal and torsional loads is to be determined in accordance 
with 15.1. 


E Section 4 
Deck structure 


4.1 General 


4.1.1 The requirements of Ch 1,4 are to be complied with 
as modified by this Section. 


4.1.2 The strength deck is to be longitudinally framed 
throughout the region of container holds for ships where 
L2100m. 


4.1.3 Lower decks/side stringers are to be efficiently 
scarfed into the machinery space, and the fore end and aft 
end structure. 


4.1.4 The ShipRight FDA Procedure, Structural Detail 
Design Guide (SDDG), indicates recommended examples of 
structural design configurations in critical areas of deck 
structures. 


4.2 Primary supporting structure 


4.2.1 Where decks form part of the primary support 
structures described in 6.2 and 9.2 the scantlings of the 
decks are to be verified by direct calculation procedures in 
accordance with 14.2. 


4.3 Deck plating and stiffeners 


4.3.1 Strength/weather deck scantlings outside the line 
of hatch openings are to satisfy the requirements of Section 3 
and 4.2, and are to be not less than required by Ch 1,4.2 and 
Ch 1,4.3. 


4.3.2 Within the cargo holds, strength/weather/second 
deck scantlings inside the line of hatch openings are to satisfy 
the requirements of Sections 3, 4.2 and 4.4. 


4.3.3 Other deck scantlings are to satisfy the require- 
ments of Sections 3, 4.2 and Ch 1,4 as appropriate. 

4.4 Cross decks 

4.4.1 The width and scantlings of cross-deck strips are 


to satisfy the requirements of 4.2. The thickness, t, of cross- 
deck strips is to comply with the requirements of Table 8.4.1. 
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Table 8.4.1 Cross deck plating 


Location Minimum thickness, in mm 


At strength deck The greater of the following: 
(a) t = 0,012s, 
(ob) t= 10+0,01L, 


At second deck The greater of the following: 
(a) t = 0,012s, but need not exceed 12 
(o) t= 80 


Symbols 


s4 and L4 as defined in 1.5.1 


4.4.2 The thickness may require to be increased locally 
in way of access openings. 


4.4.3 Where the difference between the thickness of 
plating inside and outside the line of main hatchway openings 
exceeds 25 mm, a single transition plate is to be fitted at the 
end of the cross-deck strip. The thickness of the transition 
plate is to be equal to the mean of the adjacent plate 
thicknesses. 


4.4.4 The scantlings of cross-deck stiffeners are to 
comply with Ch 1,4. 


4.4.5 For initial design purposes the width of the cross 
deck strips, w, forming a transverse bulkhead top box (or 
equivalent) can be estimated according to the following 
formula: 


w = 82,5B + 400, or 1000 mm, whichever is the greater 
where B is given in 1.5.1. 


4.5 Deck openings 


4.5.1 The corners of main hatchway openings are 
generally to be rounded. However, corners with negative radii, 
or parabolic or elliptic profiles will be specially considered. 


4.5.2 The design of hold corners including deck 
thickness and corner profile is to comply with either 4.5.3 or 
4.5.4. 


4.5.3 The design of hatch corners is to be verified by 
direct calculations, see 14.1.1. 


4.5.4 Alternatively, where the design of hatch corners has 

not been verified by direct calculations: 

(a) The outboard radius of main hatchway openings at 
strength deck level is, in general, to be not less than 
35 per cent of the width of the cross-deck strip indicated 
in 4.4.5 with a minimum of 8300 mm. 

(b) The radius of the hatch corners of the main hatchway 
openings adjacent to the engine room is to be made as 
large as practicable, with a radius of approximately 
40B mm. 

(c) Insert plates at main hatch corners are to have an 
increased thickness above the adjacent plating outside 
the line of hatchways of 15 per cent in way of the 
container holds, and 25 per cent in container holds at 
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engine room bulkheads. The minimum increase is to be 
not less than 4,0 mm, nor need exceed 7,0 mm, and the 
minimum fore and aft extent is to be 1,0 m from the edge 
of the openings. 


4.6 Local reinforcement 


4.6.1 Attention is to be paid to structural continuity, and 
abrupt changes of shape, section or plate thickness are to be 
avoided, particularly in highly stressed areas. Arrangements 
in way of openings are to be such as to minimise the creation 
of stress concentrations. 


4.6.2 In general, large access openings are not to be 
arranged in the strength deck outside the line of main hatch- 
ways in the region of container holds. 


4.6.3 Small openings, such as those for ventilation pipes 
or scuppers, are to be kept clear of hold corners, ends of 
longitudinal hatch coamings, ends of cross-deck strips and 
other critical locations. 


4.7 Support for container corner seats 


4.7.1 In general, local stiffening is to be fitted under seats 
for container supports. 


4.7.2 The design of attachments to the strength deck is 
to minimise the effects of stress concentration, and 
consideration is to be given to the strength and grade of 
welding consumable used, see Ch 13,2.2.2 of the Rules for 
the Manufacture, Testing and Certification of Materials (here- 
inafter referred to as the Rules for Materials). 


4.7.3 The strength of support arrangements is to be 
verified in accordance with Pt 3, Ch 14,4. 


4.7.4 Doubler plates are not to be utilised in connections 
subject to tensile loads. 


E Section 5 
Shell envelope plating 


5.1 General 


5.1.1 The requirements of Ch 1,5 are to be applied, 
together with the requirements of this Section. 


5.1.2 The bottom shell is, in general, to be longitudinally 
framed for ships where L > = 100 m. 


5.1.3 The side shell may be longitudinally or transversely 
framed, except in way of the topside torsion box which is, in 
general, to be longitudinally framed. 
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5.2 Bottom shell and bilge 


5.2.1 The thickness of the bottom shell plating is to 
satisfy the requirements of Section 3 and 7.2 and is to be not 
less than required by Ch 1,5.3. 


5.2.2 In regions where transverse framing is adopted, 
particularly towards the end of the ship, the buckling stability 
of the plating will be specially considered. 


5.3 Side shell and sheerstrake 
5.3.1 The thickness of the side shell and sheerstrake 
plating is to satisfy the requirements of Section 3 and 6.2 and 


is to be not less than required by Ch 1,5.4. 


5.3.2 At positions where high shear forces are present, 
local increases in thickness may be required. 


5.3.3 The difference in thickness between the sheer- 
strake and shell plating below is not to exceed 25 mm. 


E Section 6 
Shell envelope framing 


6.1 General 


6.1.1 The requirements of Ch 1,6 are to be applied, 
together with the requirements of this Section. 


6.1.2 The ShipRight FDA Procedure, Structural Detail 
Design Guide (SDDG) indicates recommended examples of 
configurations for end connections of shell envelope 
longitudinals. 


6.2 Side shell primary supporting structure 


6.2.1 A primary supporting structure for side shell 
envelope framing is to be provided of either single or double 
skin construction. This normally consists of a combination of 
vertical transverse webs and horizontal side stringers/decks. 


6.2.2 Transverse webs supporting side shell envelope 
framing are to be arranged in line with the floors in the double 
bottom to ensure continuity of transverse strength. 


6.2.3 The scantlings of double skin primary structure, 
including thickness of side shell envelope plating, are to be 
verified by direct calculations in accordance with 14.2. 


6.2.4 The scantlings of single skin primary structure are 
to comply with Ch 1,6.4. Alternatively the scantlings are to be 
verified by direct calculations in accordance with 14.2. 


6.3 Side stringers in double skin construction 


6.3.1 The scantlings of side stringers are to satisfy the 
requirements of Sections 3, 6.2 and 6.5. 
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6.3.2 In addition, the scantlings of watertight side 
stringers are to satisfy the requirements of Ch 1,9. 


6.4 Transverse webs in double skin construction 


6.4.1 The scantlings of transverse webs are to satisfy the 
requirements of 6.2 and 6.5. 


6.4.2 Transverse webs are to be efficiently stiffened, and 
the thickness increased locally where necessary on account 
of high shear stress. 


6.4.3 Where, towards the end of the ship, the width of 
transverse webs reduces from that assumed in the direct 
calculations, the thickness may require to be increased locally. 


6.5 Minimum thickness of transverse webs/side 
stringers in double skin construction 


6.5.1 Transverse webs and side stringers are to have a 
thickness, t, not less than: 


t = 7,5 + 0,015L or 9mm whichever is the lesser. 


E Section 7 
Double bottom structure 


7.1 General 


7.1.1 The double bottom is, in general, to be longitudinally 
framed for ships where L > 100 m. 


7.1.2 Longitudinally framed double bottoms are to 
comply with Ch 1,8.2 and the contents of this Section. 


7.1.3 Transversely framed double bottoms are to comply 
with Ch 1,8. 


7.1.4 The ShipRight FDA Procedure, Structural Detail 
Design Guide (SDDG), indicates recommended examples of 
structural design configurations in critical areas of the double 
bottom. 


7.2 Double bottom primary supporting structure 


7.2.1 The primary supporting structure formed by the 
double bottom comprises inner bottom plating, floors, 
longitudinal girders and bottom shell plating. 


L252 The scantlings of this primary structure are to be 
verified by direct calculations in accordance with 14.2. 


7.2.3 Where, towards the end of the ship, the depth of 
double bottom structure webs is reduced from that assumed 
in the direct calculations, the thickness may require to be 
increased locally. 


7.2.4 Where mid-hold or quarter-length-of-hold supports 
for the double bottom structure are arranged, these are to 
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take the form of an efficiently stiffened transverse box or open 
section structure, see 9.4. 


7.3 Inner bottom plating and stiffening 


7.3.1 The scantlings of the inner bottom are to satisfy the 
requirements of Section 3 and 7.2 and are to be not less than 
required by Ch 1,8.4 as modified by this sub-Section. 


7.3.2 The requirements of Ch 1,8.4.2 need not be 
applied to container ships. 


7.3.3 In applying Ch 1,8.4.5, the Rule value of bottom 
longitudinals may be calculated assuming Fg, = 1,05. 


7.4 Girders 


7.4.1 Girders are, in general, to be arranged under 
container corner seatings. 


7.4.2 The scantlings of watertight centreline/side girders 
are to satisfy the requirements of Section 3 and 7.2 and are to 
be not less than required by Ch 1,8.3. 


7.4.3 The scantlings of non-watertight centreline/side 
girders are to satisfy the requirements of Section 3 and 7.2. 


7.4.4 For double bottoms having a depth greater than 
1,6 m, additional longitudinal stiffening may have to be 
introduced in order to ensure the buckling stability of the 
girders. 


7.5 Floors 


7.5.1 Plate floors are to be fitted under watertight bulk- 
heads, non-watertight bulkheads/mid-hold supports, under 
container corners at hold quarter length locations and at other 
locations to ensure that the maximum spacing does not, in 
general, exceed 3,8 m. Proposals for floor spacings greater 
than 3,8 m are to be supported by direct calculations agreed 
with LR. 


7.5.2 The scantlings of watertight floors are to satisfy the 
requirements of 7.2 and are to be not less than required by 
Ch 1,8.5. 


7.5.3 The thickness, t, of non-watertight floors is to 
satisfy the requirements of 7.2 and is to be not less than: 


t = 6+0,03L or 12mm, whichever is the lesser. 


7.5.4 Non-watertight floor stiffeners are to be fitted at 
approximately the same spacing as the bottom longitudinals. 
The scantlings are to satisfy the requirements of Pt 3, Ch 10. 


7.5.5 Docking brackets, or equivalent, are to be fitted in 
accordance with Ch 1,8.5.3. 
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7.6 Support for containers 


7.6.1 In general, local stiffening is to be fitted to double 
bottom floors or girders under container corner seatings in 
order to ensure the effective transmission of load. 


7.6.2 Such stiffening normally takes the form of additional 
brackets with suitable extensions to adjacent stiffening 
members. The scantlings of the adjacent stiffening members 
may require to be increased depending on the arrangements 
proposed. 


7.6.3 Attention is drawn to the benefit of direct support 
in order to minimise the effect of eccentric loading on the 
support brackets. 


7.6.4 The scantlings of these arrangements may be 
determined utilising simple beam models to verify the shear 
and bending strength. Based on static container loads, the 
stresses induced in the structure are not to exceed the 
permissible values stated in Table 8.7.1. Alternative more 
complex assessment methods are to be agreed with LR. 


Table 8.7.1 Permissible stress values 


Permissible stress, 
N/mm? (kgf/mm?) 


Normal stress (bending, 0,676, 
tension, compression) 


Shear stress 0,409 


Combined stress 0,866, 


Symbols 


Oo = specified minimum yield stress, in N/mm? (kgf/mm?) 


7.6.5 In general, doubling members or equivalent 
structures are to be attached to the inner bottom to distribute 
the load from container corners into the supporting structure. 
Doubler plates are to have well-rounded corners. 


a Section 8 
Longitudinal bulkheads 


8.1 General 


8.1.1 The requirements of Ch 1,9 are to be applied, 
together with the requirements of this Section. 


8.1.2 Longitudinal bulkheads may be transversely or 
longitudinally framed, except in way of the topside torsion box 
which is, in general, to be longitudinally framed. 


8.1.3 Longitudinal bulkheads are to be maintained 
continuous in way of the machinery space where this is 
situated between container holds and as far forward and aft 
as practicable. 
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8.1.4 The scarfing arrangements in way of the steps are 
to be sufficient to ensure an efficient overlap of the inner skin 
bulkheads. 


8.1.5 The ShipRight FDA Procedure, Structural Detail 
Design Guide (SDDG), indicates recommended examples of 
structural design configurations in critical areas of the double 
side skin structures. 


8.2 Side shell primary supporting structure 


8.2.1 Where the longitudinal bulkhead forms the inner 
skin of the side shell primary supporting structure the 
thickness of longitudinal bulkhead plating is to be verified by 
direct calculations as described in 14.2. 


8.3 Plating and stiffeners 


8.3.1 The scantlings of longitudinal bulkheads are to 
satisfy the requirements of Section 3 and 8.2 and are to be 
not less than required by Ch 1,9. 


8.3.2 Openings in the upper parts of longitudinal bulk- 
heads are to have shapes which minimise stress concentrations 
and are to be framed to ensure adequate buckling stability. 


8.3.3 The difference in thickness between the top strake 
and the bulkhead plating below is not to exceed 25 mm. 


8.4 Support for container corner seats 


8.4.1 Where direct support for 20 ft containers by the 
longitudinal bulkhead is required at the mid length of a cell 
arranged for 40 ft containers, adequate stiffening is to be fitted 
in order to ensure the effective transmission of load. 


8.4.2 The strength of these arrangements is to be verified 
in accordance with Pt 3 Ch 14,4. 


ii Section 9 
Transverse bulkheads 


9.1 General 


9.1.1 The requirements of Ch 1,9 are to be applied, 
together with the requirements of this Section. 


9.1.2 Watertight transverse bulkheads may be vertically 
or horizontally framed. 


9.1.3 The ShipRight FDA Procedure, Structural Detail 
Design Guide (SDDG), indicates recommended examples of 
structural design configurations in critical areas of transverse 
bulkhead structures. 
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9.2 Transverse watertight/non-watertight 
bulkhead primary supporting structure 


9.2.1 The primary supporting structure of transverse 
bulkheads normally comprises a grillage of vertical webs and 
horizontal stringers/decks. 


9.2.2 Vertical webs are to be fitted in line with double 
bottom girders. 


9.2.3 The scantlings of transverse bulkhead primary 
structure including bulkhead plating are to be verified by direct 
calculations as described in 14.2. 


9.2.4 The scantlings are to be adequate for the static and 
dynamic loads imposed on the structure by the container 
stowage arrangements. 


9.3 Transverse watertight bulkheads 


9.3.1 The thickness of the transverse bulkhead plating is 
to satisfy the requirements of 9.2 and is to be not less than 
required by Ch 1,9.2 for watertight bulkheads. 


9.3.2 In general, a transverse box structure or equivalent 
is to be arranged at upper deck level. 


9.3.3 In certain cases, a transverse box structure at the 
inner bottom may also be required. 


9.4 Transverse non-watertight mid-hold 
bulkheads 


9.4.1 Where non-watertight bulkheads are arranged in 
conjunction with the double bottom mid-hold support, a 
transverse box is to be arranged at strength deck level. 


9.4.2 Non-watertight bulkhead scantlings are to satisfy 
the requirements of 9.2 and Ch 1,4.4 for a non-watertight 
pillar bulkhead. 


| Section 10 
Hatch coamings and support for 
hatch covers 


10.1 Hatch coamings 


10.1.7 Scantlings of hatch coamings are to comply with 
Pt 3, Ch 11,5 in addition to the requirements of this Section. 


10.1.2 Continuous side coamings are to be effectively 
scarfed into the deckhouse structure or gradually tapered at 
ends, as applicable. The scantlings are also to satisfy the 
requirements of Section 3. 


10.1.3. The scantlings of transverse hatch coamings 
forming part of a transverse bulkhead top box are also to 
satisfy the requirements of 9.2. 
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10.1.4 The ShipRight FDA Procedure, Structural Detail 
Design Guide (SDDG), indicates examples of recommended 
structural design configurations in critical areas of the hatch 
side coamings. 


10.2 Support for inboard edges of hatch covers by 
girders 


10.2.1 | Where longitudinal underdeck girders are fitted at 
deck level to support the hatch covers the requirements of 
this sub-Section are to be complied with. 


10.2.2 The girders may take the form of open or closed 
box sections and these should align with webs on the 
transverse bulkheads to form a continuous ring structure. 


10.2.3 The girders are, in general, to be continuous 
throughout the container hold area, including the engine room 
where this is situated between container holds. 


10.2.4 Special attention is to be given to the intersection 
of the girders with transverse box girders and the integration 
into the fore end, aft end and machinery space structures. 


10.2.5 Where girders are integrated into the cross-deck 
strips, inserts plates with integral gussets are to be incorpo- 
rated. The inserts are to have a thickness not less than that of 
the girder top and bottom plates, as appropriate. The radius 
of main hatchway openings in way of ends of hatch girders at 
upper deck level is, in general, to be not less than 20 per cent 
of the width of the cross-deck strip indicated in 4.4.5 with a 
minimum of 250 mm. 


10.2.6 Scantlings of girders are to comply with the require- 
ments of Ch 1,4. 


10.3 Support for hatch cover fittings 


10.3.1 The width of hatch coaming top plates is to be 
suitable to accommodate the hatch covers and associated 
fittings. 


10.3.2 Local stiffening is to be fitted below hatch cover 
supporting devices and in some cases the thickness of the 
coaming in way may need to be increased, (see also Pt 3, 
Ch 11,4.2.3 and 5.2.12). 


a Section 11 
Hatch covers 


11.1 General 


17.1.1 The requirements of Pt 3, Ch 11 are to be complied 
with in addition to the requirements of this Section. 


11.1.2 The primary structure of hatch covers normally 
consists of an arrangement of deep beams and girders includ- 
ing hatch cover top plating. 
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11.1.3 For hatch covers subjected to point loads from 
containers, the primary structure scantlings are to be verified 
by direct calculation in accordance with 11.2. 


11.1.4 Local stiffening is to be arranged below container 
corners. The substructures of container foundations are to be 
designed for cargo and container loads according to Pt 3, 
Ch 11,2.3, applying the permissible stresses according to 
Pt 3, Ch 11,2.4.1. 


11.2 Direct calculations 


11.2.1 Direct calculations are to be based on 2D or 3D 
finite element analysis. Simplified boundary constraints may 
be applied in the modelling, provided this does not compromise 
the overall structural response. 


11.2.2 — Where containers are stowed on hatch covers, the 
following loads due to heave, pitch, and the ship's rolling 
motion are to be considered, see Fig. 8.11.1: 


M h 
A, = 9815 (+a) (0.45 - 0,42 2) kN 


M h 
B, = 9,815 (1 +a) (0.45 + 0,42 +2) kN 


B, = 2,4M_ kN 
The loads due to single forces resulting from heave and pitch 
are also to be considered, as defined in Pt 3, Ch 11,2.3.5, 
where 
a, = acceleration addition according to Pt 3, Ch 11,2.3.4 
b = distance between foot points, in metres 
Ny» = designed height of centre of gravity of stack above 
hatch cover supports, in metres 
Az, B, = support forces in z-direction at the forward and aft 
stack corners, in KN 


By = support force in y-direction at the forward and aft 
stack corners, in KN 
M = maximum designed mass of container stack, in t. 


For M and hy, it is recommended to apply those values 
which are used for the calculations of cargo securing 
(container lashing). If different assumptions are made for M 
and hm, the designer is to ensure that, in the calculation 
model, the hatch cover structure is not loaded by less than 
those values recommended. 

When the strength of the hatch cover structure is assessed 
by FE analysis according to the ShipRight procedure 
Assessment of Steel Hatch Covers using Finite Element 
Analysis, hy, may be taken as the designed height of centre 
of gravity of stack above the hatch cover top plate. Values of 
M and hm applied for the assessment of hatch cover strength 
are to be shown in the drawings of the hatch covers. 


11.2.3. The forces acting on hatch covers when container 
stacks are secured to lashing bridges or carried in cell guides 
will be specially considered. 
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Fig. 8.11.1 Forces due to container loads 


11.2.4 A load case with partial non-homogeneous loading 
is also to be considered, e.g., where specified container stack 
places are empty. This may be evaluated using a simplified 
approach, where the hatch cover is loaded without the outer- 
most stacks, see Fig. 8.11.2. 


fee 


Fig. 8.11.2 
Partial loading of a container hatch cover 


11.2.5 The securing devices of hatch covers, onto which 
cargo is to be lashed, are to be designed for the lifting forces 
resulting from loads according to 11.2.2, see Fig. 8.11.3. 
Unsymmetrical loadings, which may occur in practice, are to 
be considered. Under these loadings, the equivalent stress in 
the securing devices is not to exceed: 


oy = 150 in N/mm? 
kı 
Special consideration may be given for the omission of anti- 


lifting devices for non-weathertight hatch covers. 
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aaa force 


Fig. 8.11.3 Lifting forces at a hatch cover 


11.2.6 Where hatch covers are arranged for carrying 
containers and mixed stowage is allowed, i.e., a 40' container 
stowed on top of two 20' containers, particular attention is to 
be paid to the deflections of hatch covers. Furthermore, the 
possible contact of deflected hatch covers with in-hold cargo 
is to be considered. 


11.3 Dispensation of weathertight gaskets 


11.3.1. For hatch covers of cargo holds solely for the trans- 
port of containers, upon request by the Owners and subject 
to compliance with the requirements of this Section, the fitting 
of weathertight gaskets according to Pt 3, Ch 11,4.4 may be 
dispensed with. 


11.3.2 The hatchway coamings are not to be less than 
600 mm in height. 


11.3.3. The exposed deck on which the hatch covers are 
located is situated above a depth H(x). H(x) is to be shown to 
comply with the following criteria: 
H(X) = Tip + fp +A, in metres 
where 
Tf = draught, in metres, corresponding to the assigned 
summer load line 
fy = minimum required freeboard, in metres, determined 
in accordance with ICLL Reg. 28 as modified by 
further regulations, as applicable 


h = 46m for = < 0,75 


= 6,9 m for fe > 0,75. 


11.3.4 Labyrinths, gutter bars or equivalents are to be 
fitted proximate to the edges of each panel in way of the 
coamings. The clear profile of these openings is to be kept as 
small as possible. 


11.3.5 Where a hatch is covered by several hatch cover 
panels, the clear opening of the gap in between the panels is 
to be not wider than 50 mm. 


11.3.6 The labyrinths and gaps between hatch cover 
panels shall be considered as unprotected openings with 
respect to the requirements of intact and damage stability 
calculations. 
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11.3.7 Bilge alarms are to be provided in each hold fitted 
with non-weathertight covers. 


11.3.8 Furthermore, Chapter 3 of IMO MSC/Circ.1087 is 
to be referred to concerning the stowage and segregation of 
containers containing dangerous goods. 


11.4 Omission of hatch covers 


11.4.1 Proposals for the omission of hatch covers will be 
specially considered. Such proposals are to include details, 
established by model tests or alternative means, of the 
quantity of water likely to ingress the cargo holds under the 
worst sea-going and weather conditions, and the means by 
which it is to be efficiently and safely discharged. The 
proposals will also require to be agreed by the National 
Authority in order that an exemption from the Load Line 
Convention requirements for hatch covers may be obtained. 


a Section 12 
Strengthening for wave impact 
loads 


12.1 General 


12.1.1 The scantlings of plating, stiffeners of forward and 
after portions of the hull are to be increased for protection 
against bow flare and wave impact pressure in accordance 
with Ch 2,4.3 and 5.2. 


12.1.2 The scantlings of the primary support structure are 
to be adequate to resist the application of the Rule slamming 
load, Pps, as defined in Ch 2,4.2.1, over an area Ag), as shown 
in Fig. 2.5.2 in Chapter 2. The loaded area, Ag), is a rectangle 
with a horizontal extent, Opn, and vertical extent, Opry, taken 
as follows: 


Joh = 4M 
Jovy = ~ m 
sinßp N| 8K pe 
where 


Kpt and Bp are given in Ch 2,4.2.1. 


12.1.3 To satisfy 12.1.2, the scantlings of web frames 
supporting side longitudinals or side stringers supporting 
transverse frames are to comply with the following: 
(a) Section modulus not to be less than: 

Z = 3,75frpo Yzk Ng QV le? cm3 
(o) Web area not to be less than: 


A = 0,20fpoYakhsqYle cm? 
where 
h, = wave impact head, in metres, as defined in 
Ch 2,4.3.2. 
and 
= P 
Pe 8,05V3 
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= H 
(zara) 
P is the maximum propulsion shaft power in kW for 
which the machinery is classed, see Pt 5, Ch 1,3 
H is the maximum propulsion shaft power in HP for 


which the machinery is classed, see Pt 5, Ch 1,3 
V is the speed, in knots as defined in Pt 3, Ch 1,6 
Ya and yz are strength factors dependent on the load 
position: 
for q < 1:7, = 98 - 2q? + 2 and yz = 398 - 8q? + 6q 
forg = 1:ya = 1yz = 1 


q= T buts 1 


e 


for web frames 


u is the minimum of Opry OF Le 
v is the minimum of Jpfh OF Som 
for side stringers 
u is the minimum of gpfh Or le 
v is the minimum of Opry OF Sem 
le is the effective length of the primary member, in 
metres 
Som is the mean spacing between primary members 
along the plating, in metres, see Fig. 2.5.2 in 
Chapter 2 


Opty ANd gph are defined in 12.1.2 
(c) Web plating is to be adequately stiffened to resist shear 
buckling as required by Table 8.12.1. 


Table 8.12.1 Critical shear buckling stress for web 


plating of primary support structure 


TA STCRB 
where 


ToRB = te N/mm? (kg-f/mm2) 


when TE < To 
2 


ToRB = to (- =) N/mm? (kg-f/mm?) when tẹ > “o 
where 


S 2 t 2 2 2 
TE 3,6 | 1,335 + E {| p ) N/mm (kg-f/mm5) 
1000S s 


Symbols 


design shear stress for the web panel in N/mm2 
(kgf/mm?) corresponding to the worst combination of 
application of the slamming load Ppt on the patch area 
Ası 

critical buckling stress in shear, N/mm? (kgf/mm?) 
corrected for yielding effects 


So 
y3 


= specified minimum yield stress, in N/mm? (kgf/mm?) 

= elastic critical buckling stress in shear, in N/mm? 
(kgf/mm?) 

ength of longer panel edge, in mm (generally the 

spacing of web stiffeners) 

length of smaller panel edge, in metres (generally the 

web depth) 

modulus of elasticity, in N/mm? (kgf/mm2) 

206000 N/mm? (21000 kgf/mm?) for steel 

as built thickness of primary member web plating, 

inmm 
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a Section 13 
Container stowage systems 


13.1 Cell guide systems 

13.1.1 Where cell guide systems are fitted to support 
containers in holds or on deck, they are to comply with the 
requirements of Pt 3, Ch 14,7. 

13.2 Stowage on decks/hatch covers 

13.2.1 Strength of support structures for pads/pedestals 


under container corners, lashing equipment and lashing 
bridges is to comply with Pt 3, Ch 14,4. 


E Section 14 
Direct calculation 


14.1 Procedures for calculation of combined 
longitudinal and torsional strength 


14.1.1. For container ships as defined in 1.3.3(b), (c) and 
(d) or with beam greater than 33 m, longitudinal strength 
calculations are to be made in accordance with Parts A and B 
of LR’s ShipRight SDA Procedure for container ships, see also 
Table 8.14.1. 


14.1.2 The global, primary and local structure scantlings 
are to be assessed using the vertical and horizontal wave 
bending moments and shear forces and torsional wave 
moments derived using non-linear ship motion analysis based 
on equivalent design sea state methods where one or more 
of the following conditions applies: 

(a) B>60m 

(0) L>3850m 

The methodology to calculate the non-linear ship motion wave 
loads is given in LR’s ShipRight Procedure Guidance Notes 
on the Assessment of Global Design Loads of Large 
Container Ships and Other Ships Prone to Whipping and 
Springing. 


14.2 Procedures for verification of primary 
structure scantlings 


14.2.1 For container ships as defined in 1.3.3, the strength 
of the ship’s primary structure scantlings of double bottom, 
side and transverse bulkheads is to be assessed in accordance 
with Part C of LR’s ShipRight SDA Procedure for container 
ships. The wave loads to be applied in this assessment are to 
be calculated in accordance with 3.2. 


14.2.2 For other container ships the method for analysis of 
primary structure of double bottom, side structure and transverse 
bulkheads is to be agreed with LR. 
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14.3 Procedures for verification of structural 
response due to whipping, springing and 
fatigue 


14.3.1. The ultimate strength of the hull girder of container 
ships is to be assessed against the extreme wave bending 
moments including whipping and wave impact loads in accor- 
dance with LR’s ShipRight Procedure Guidance Notes on the 
Assessment of Global Design Loads of Large Container Ships 
and Other Ships Prone to Whipping and Springing where one 
or more of the following conditions applies: 
(a) L>350m 
(b) L> 300m and one or more of 

(i) lfig|> 1 4 or 

(i) RApe > 0,2 or 

(iii) RAgfu > 0,2 
(c) Use of HT47 or above for the deck or hatch side coaming 
(d) Use of HT36 or above for the bottom shell 
where 

fig is defined in Ch 2, 2.4.1 

RApgr and RApgru are defined in 3.2.3 

See Table 8.14.1. 


14.3.2 The fatigue assessment of container ships including 
hull girder springing is to be assessed where one or more of 
the following conditions applies, see Table 8.14.1: 
(a) L>350m 
(0) L>250 mand fs > fsp 
(c) Use of HT47 or above for the deck or hatch side coaming 
(d) Use of HT36 or above for the bottom shell 
where 

fe is a wave encounter frequency at which it is 

expected that springing will become important 


14 ar) 
On ( + 2g Hz 


sp ÍS the natural frequency of the 2 node hull girder 
vertical bending mode in Hz. This can be very 
approximately calculated as: 


(ta) (BHO = 
= nL2 18BT, Cp £ 


speed in knots as defined in Pt 3, Ch 1,6.1.10 
E = Young's modulus in N/mm? 
206000 N/mm? for steel 
| is the midship moment of inertia in m4, see Pt 3, Ch 4 
Ty is the design (normal standard operating) draught, in 
metres 

Cp, L, and B are given in Pt 3, Ch 1,6. 
The fatigue assessment is to be carried out in accordance 
with LR’s ShipRight Procedure Guidance Notes on the 
Assessment of Global Design Loads of Large Container Ships 
and Other Ships Prone to Whipping and Springing, which also 
makes reference to LR’s ShipRight FDA procedures. 


ah 


< 
Il 
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Table 8.14.1 


Rule requirement Rule 
See Note 1 reference 


ShipRight Length 
notation criteria 


If any o 


RApru > 0,2 
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Summary of direct calculation analysis requirements for container ships 


Application criteria. 


the following criteria apply then the appropriate analysis is required 


Deck or Bottom steel Breadth 
hatch side grade criteria 

coaming >= HT36 
steel grade 
>= HT47 


Part C of LR’s ShipRight 
SDA Procedure for 
container ships 


Parts A and B of LR’s 
ShipRight SDA Procedure 
for container ships 


on-linear ship motion 
analysis to calculate 
hogging and sagging 
factors 


Non-linear ship motion 
analysis to calculate 
combined vertical, 
horizontal and torsional 
loads 


igue assessment 1.3. FDA 
(see Note 3) 


ipping assessment = 


Springing assessment 
See Note 2 


NOTES 


The stated rule requirements may be deemed applicable to sh 


configuration is such as to necessitate them. 


ips that do not meet the application criteria but where the structural 


The results of the springing assessment may also need a fatigue assessment procedure to be undertaken. 
If ShipRight notation FDA is to be assigned, the requirements of LR’s ShipRight FDA procedure are to be complied with; this may require 


calculations additional to those implied by 14.3.2. 


|_| Section 15 
Combined stress calculations 


15.1 Application 


15.1.1 The combined stresses due to vertical bending 
moment, horizontal bending moment and torque are to be 
calculated as described in this Section. 


15.2 Symbols and definitions 


15.2.1. The following symbols and definitions are applica- 
ble to this Section unless otherwise stated: 

Zy = actual hull section modulus about the transverse 
neutral axis at the position considered, in m3 

Zz = actual hull section modulus about the vertical 
neutral axis at the position considered, in m3 

€ = maximum shear centre distance below baseline of the 

ship in the midship region, in metres. s is taken as 

positive where the shear centre is below the baseline 


M, = design still water bending moment at the section 
under consideration, in KN m (tonne-f-m) 
Sœ = combined stress at the position considered. 


15.3 Design loadings 


15.3.1 The design vertical wave bending moment, Myc, 

at any position along the ship is defined as: 

Mwo = 0,0505C, L2 B (Cp + 0,7) C3 kNm 

(0,0052C, L2? B (Cp + 0,7) C3 tonne-f m) 

Cz = vertical wave bending moment distribution coefficient 

depending on the length Lpp as defined in 
Table 8.15.1 

C4 is given in Table 4.5.1 in Pt 3, Ch 4. 

L, B, Cy are given in Pt 3, Ch 1,6. 

The sign convention is given in Fig. 8.15.1. 


15.3.2 The design horizontal wave bending moments, 
Myc: and Mucosa, at any position along the ship are defined as: 
Muc1 = 0,2063C, C44 L2 T (Cp +0,7) kNm 

(0,0210C4 C4, L2 T (Cp + 0,7) tonne-f-m) 

Myce = 0,2068C; Cap L2 T (Cp + 0,7) kNm 

= (0,0210C4 C42 L2 T (Cp + 0,7) tonne-f-m) 
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C44, C42 = horizontal wave bending moment distribution 
coefficient depending on the length, Lops as 
defined in Table 8.15.2 

C4 is given in Table 4.5.1 in Pt 3, Ch 4 

L, B, T, Cy are given in Pt 3, Ch 1,6. 

The sign convention is given in Fig. 8.15.1. 


15.3.3 The design hydrodynamic torques, Mwrc1 and 
Mwrtco: at any position along the ship are defined as: 

Mytct =Mwrce1 + Mwrcar 

Myrtopi = 0,0764C, C51 L B2 (Cp + 0,7) kNm 

= (0,0078C, C54 L B2 (Cp + 0,7) tonne-f-m) 
Mwtcat = -0,657 + fg €) Quoi KN m (tonne-f-m) 

Mwrc2 = MwroeB2 + Mwrca2 

Mwrcge2 = 0,0764C, C5 L B2 (Cp + 0,7) kNm 

= (0,0078C4 Cs L B2 (Cp + 0,7) tonne-f-m) 
Mwtca2 = -0,657 + fa €) Queco KN m (tonne-f-m) 

C54, C52 = hydrodynamic torque distribution coefficient 
depending on the length, Lpp» as defined in Table 8.15.2 

C4 is given in Table 4.5.1 in Pt 3, Ch 4 
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f = shear centre distribution factor, to be taken as: 
—1,0 at the aft end of Lop 
1,0 between 0,15L 5, and 0,80L 
—1,0 at the forward end of Lop 
Intermediate values are to be determined by linear interpolation: 


pp from aft 


Quci = 0,8683C, Kz; L T (Cp + 0,7) KN 
= (0,0886C, K341 L T (Cp + 0,7) tonne-f) 
Qhc2 = 0,8683C4 K2 L T (Cp + 0,7) KN 


= (0,0886C, Kap ET (Cp + 0,7) tonne-f) 
horizontal wave shear force distribution coefficient 
depending on the length, Lpp, as defined in 
Table 8.15.2 

L, B, T, Cy are given in Pt 3, Ch 1,6. 

g is given in 15.2.1 

The sign convention is given in Fig. 8.15.1. 


K31, K32 


Positive vertical bending moment 


Positive horizontal bending moment 


Positive torsional moment 


Positive horizontal shear force 


Fig. 8.15.1 Sign conventions for hull girder loads 
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Table 8.15.1 Distribution of wave bending Nsa = the maximum number of stacks of containers over 
moments the breadth, B, on hatch covers or above the main 
— deck 
Position C3 Nig = the number of tiers of containers on hatch covers 
0 (AP) 0,000 or above the main deck amidships, excluding 
0,065 containers in cargo holds 
0,159 B is given in Pt 3, Ch 1,6. 
0,305 
0,464 
0,626 
0,769 Table 8.15.3 Static cargo torque distribution factor 


0,889 
0,966 
1,000 
0,988 
0,919 
0,796 
0,648 
0,489 
0,344 
0,225 
0,142 
0,093 
0,060 
(FP) 0,000 15.4 Combined stresses 


Position Factor Cg 


ak 


E 


Intermediate values are to be determined by linear interpolation. 


ES 


1 
2 
3 
4 
5 
6 
T7 
8 
9 

10 

11 
2 
3 
4 
5 
6 
7 
8 
9 


k ak 


N 
(oe) 


NOTE 


Intermediate values are to be determined by linear interpolation. 15.4.1 Combined stress calculations are to be carried out 


at least at the following positions along the length of the ship: 


a) At the forward and aft ends of the engine room. 

, , b) At the forward and aft ends of the deck-house for 

15.3.4 The design value of static cargo torque, Mstc, at multi-island designs. 
any position along the ship is defined as: c) At the forward and aft transverse bulkhead positions of 

Msro = 15,7C6 B (ms nt + 9,7 Nog Nia) KNM each cargo bay. 
= (1,6C6 B (ms nt + 0, 7Nsa Nta) tonne-f/m) d) At the forward and aft transverse bulkhead of fuel oil 
Ns = the maximum number of stacks of containers over deep tanks. 

the breadth of the cargo hold e) At any other sections where there are significant changes 


Nt = the maximum number of tiers of containers in the 
cargo hold amidships, excluding containers above 
the main deck or on the hatch covers 

Cg = distribution coefficient depending on the length, 
Lpp, as defined in Table 8.15.3 


in cross-section properties. 


pp’ 


Table 8.15.2 Distribution of horizontal wave bending moments and hydrodynamic torques 
Position 


Station O (A.P) 


o 
io} 
(E) 


x 
a 
K 


LII 
Oooo 
SOO 
OKZ 


O wtw 
QO Qa 


OMDNDARWN= 
o to 
Cn Bs 


cooo=-c000¢% 


10 (mid — Lpp) 


AN@ONNNAKRNDO 


oO 
D 
IN 


2 i: 
KeU N 
OR ON 
+2 00ON+KRO0OO 


Intermediate values are to be determined by linear interpolation. 
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15.4.2 The combined stress, o, is to be taken as oghog, 
calculated as: 


Vi6H01 + owrc1)? + (CHo2 + owrca)? + 


Schog = 
lfm owel + lSstcl + loscl 
osc = longitudinal stress due to hogging or 
sagging design still water bending 
moment Ms 
Swe = longitudinal stress due to vertical wave 
bending moment 
SHc1,SHC2 = longitudinal stress due to horizontal wave 
bending moment 
Ostc = warping stress due to static cargo torque 
Swtc1,°wrc2= warping stress due to hydrodynamic torque 
fy = hogging vertical bending moment correc- 
tion factor calculated in accordance with 
Ch 2,2.4 


other symbols are as defined in 15.3 and 15.4. 


15.4.3 For ships with a beam greater than or equal to 33 m, 
longitudinal stresses are to be calculated using a finite element 
model of the entire hull in accordance with Part A of the LR’s 
ShipRight SDA procedure for container ships. 


15.4.4 For ships with a beam less than 33 m, the 
longitudinal stresses may be obtained as follows: 


osc = 2 x 1073 N/MM? (kgf/mm?) 
owo = = x 10-3 N/mm? (kgf/mm?) 
opci = C7 Mor x 1073 N/MM? (kgf/mm?) 
Suce = C7 Mice x 10-3 N/mm? (kgf/mm?) 


Z 


GwTC1: SwTC2 and osrc are to be evaluated by approved 
calculation procedures. 
Cz = coefficient for shear lag depending on vertical location 
of the point under consideration 
= 0,6 at inboard edge of strength deck 
= 1,0 at base line 
= intermediate positions by interpolation 
Z and Z, are given in 15.2.1. 


15.4.5 At each section the stresses are to be calculated 

on the port and starboard sides, at: 

(a) the inboard edge of the strength deck; 

(b) the point on the bilge where the combined stress is 
greatest; and 

(c) the top of continuous hatch coaming (where fitted). 


15.4.6 | Where the ship’s length is greater than 350 m or 
the ship’s beam is greater than 60 m, the vertical wave 
bending moments, horizontal wave bending moments and 
hydrodynamic torques are to be obtained from a direct 
calculation method. Alternatively, the hull stresses may be 
obtained using a probabilistic approach response-based 
analysis method considering the ship’s responses in wave 
environment. The analysis method is to be agreed with LR. 


Part 4, Chapter 8 


Section 15 


15.5 Permissible stress 


15.5.1 The maximum tensile or compressive combined 
stress o, at any position along the length is not to be more 
than indicated in Table 8.15.4. 


Table 8.15.4 Permissible stress 


Permissible combined stress, 
N/MM? (kgf/mm?) 


Position 


strake of longitudinal bulkheads, = 
longitudinal hatch coaming side kL 


Shear strake, upper deck, top 190 ( 19.37 ) 


kL 


175 / 17,84 
a kL 


15.5.2 The assessment of combined stress may 
conveniently be presented in the form of combined stress 
diagrams as indicated in Fig. 8.15.2. 
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Reinforcement in way of large stress peaks Large stress peaks identified with 

above the permissible stress level may be dotted circles are to be investigated 

required depending on fine mesh FE analysis. _ further using fine mesh FE analysis 
ATS ~ (see ShipRight SDA Procedure). 


Permissible 
stress level 


(a) Longitudinal stress distributions at top of hatch coaming showing contributions from: 

1) still water bending moment + vertical wave bending moment + static cargo torque + horizontal wave bending moment 
and hydrodynamic torque 

2) still water bending moment + vertical wave bending moment + static cargo torque 

8) still water bending moment + vertical wave bending moment 

4) still water bending moment 


(b) Ship Profile and Section modulus 


VWBM Oblique sea 


Hydrodynamic torque 
(Mwtc2) 


HWBM (Myc1) Cargo torque 


(sto 


(c) Oblique Sea longitudinal distribution of vertical and horizontal bending moments and torques 


NOTES 
1. These diagrams are for illustration only and are not to scale. 
2. A similar diagram is to be prepared for the bottom structure. 


Fig. 8.15.2 Combined stress diagram for deck — Oblique sea 
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Section 

1 General 

2 Materials and protection 

3 Longitudinal strength 

4 Hull envelope plating 

5 Hull framing 

6 Inner hull, inner bottom and longitudinal oiltight 
bulkheads 

7 Transverse oiltight bulkheads 


8 Non-oiltight bulkheads 


9 Primary members supporting longitudinal 
framing 


10 Construction details and minimum thickness 


11 Ships for alternate carriage of oil cargo and dry 
bulk cargo 


12 Cargo temperatures 
13 Access arrangements and closing appliances 


14 Direct calculations 


Si Section 7 
General 


1.1 General 


1.1.1 This Chapter applies primarily to the arrangements 
and scantlings within the cargo tank region of sea-going 
tankers having integral cargo tanks, for the carriage of oil 
having a flash point not exceeding 60°C (closed-cup test), in 
association with the class notation indicated in 1.3.1 or 1.4.1. 
Except as indicated in 1.1.2, 1.1.3 and 1.1.4, the cargo 
spaces are to be bounded by side and bottom dedicated 
water ballast tanks or void spaces constituting a double hull 
for the ship, see Table 9.1.1. 


1.1.2 Double side tanks may be dispensed with for 
tankers of less than 5000 tonnes deadweight where each 
cargo tank capacity does not exceed 700 m3, see 
Table 9.1.1. 


1.1.3 Double bottom tanks may be dispensed with for 
tankers of 5000 tonnes deadweight or greater subject to 
compliance with the requirements of 1.2.18. 


1.1.4 Double bottoms and double sides may be 
dispensed with for vessels less than 600 tonnes deadweight, 
see Table 9.1.1. 


Part 4, Chapter 9 


Section 1 


7.7.5 Where only oils having flash points exceeding 60°C 
are to be carried, the Rule requirements and class notation 
will be modified accordingly the additional class notation ‘F.P. 
exceeding 60°C’ will be entered in the Register Book. 


1.1.6 Oil cargoes listed in Table 9.1.2 are those which are 
generally envisaged as being carried in ships classed in 
accordance with this Chapter. 


1.1.7 The scantlings and arrangements of tankers 
intended for cargoes other than oil will be specially considered 
in relation to the characteristics of the cargo, and the class 
notation will be modified accordingly. A full list of such cargoes 
for a particular ship, with special requirements as applicable, 
can be provided by Lloyd’s Register (hereinafter referred to as 
‘LR’) on application. Chemical cargoes listed in Chapter 18 of 
the Rules and Regulations for the Construction and 
Classification of Ships for the Carriage of Liquid Chemicals in 
Bulk (hereinafter referred to as the Rules for Ships for Liquid 
Chemicals) may be carried in ships for which the arrangements, 
scantlings and materials comply with the requirements of that 
Chapter. Special consideration will also be given to the carriage 
of cargoes with a relative density greater than 1,025, see also 
1.3 and 1.4. 


1.1.8 The Regulations for classification and assignment 
of the above notations and other notations, as appropriate to 
the arrangements, scantlings and service are provided for in 
Pt 1, Ch 2,2. 


1.2 Application and ship arrangement 


1.2.1 Double hull tankers with length, L, greater than or 
equal to 150 m with structural configuration as shown in 
Table 9.1.3 are defined as ‘CSR Oil Tankers’ and are to 
comply with 1.3. 


1.2.2 The applicable Rules for double hull tankers with 
length, L, greater than or equal to 150 m of unusual hull form 
or structural arrangements will be specially considered. 


1.2.3 Double hull tankers with length, L, less than 150 m are 
defined as ‘Non-CSR Oil Tankers’ and are to comply with 1.4. 


1.2.4 Any dry tanks, or tanks intended for water ballast 
and thus empty in the loaded condition, are to be so arranged 
that they cannot be used for any other purpose. 


1.2.5 Cofferdams are to be provided at the forward and 
after ends of the oil cargo spaces; cofferdams are to be at 
least 760 mm in length and are to cover the whole area of the 
end bulkheads of the cargo spaces. 


1.2.6 A pump-room, oil fuel bunker or water ballast tank 
will be accepted in lieu of a cofferdam. 
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Table 9.1.1 Cargo tank boundary requirements 


Minimum double bottom 
depth (dp) metres 


Deadweight (DWT) Minimum 
tonnes double side width (ds) metres 


DWT > 5000 


or 
dg 


DWT B 
15 


or 
dp = 2,0 


whichever is the lesser, but not less than 1,0 | whichever is the lesser, but not less than 1,0 


600 < DWT < 5000 


ds 


or 
dg 


whichever is the greater, see Note 2 


2,4 DWT B 
EEEE dy. tes 
20 000 15 


or 
dp = 0,76 
whichever is the greater 


DWT < 600 


ds 


dy =0 


NOTES 


1. The symbols DWT, d, and dp are defined in 1.5. 
2. Where each cargo tank capacity does not exceed 700 m3, the value of d, is taken as O and the inner bottom line is to run parallel to the 

line of the midship flat of bottom as shown in Fig. 9.1.2. 
8. Where the double bottom tank is fitted, the centre girder depth is to be not less than as required by 9.3.3. 


Table 9.1.2 


Oil cargoes suitable for carriage 


in oil tankers, see Note 1 


Asphalt solutions 
(see Note 2) 

lending Stocks 
oofers Flux 

raight Run Residue 


ils 

arified 

rude Oil 

ixtures containing crude oil 
iesel Oil 

Fuel Oil No. 4 

Fuel Oil No. 5 

Fuel Oil No. 6 
Residual Fuel Oil 
Road Oil 
Transformer Oil 
Lubricating Oils and 
Blending Stocks 
Mineral Oil 

Motor Oil 
Penetrating Oil 
Spindle Oil 

Turbine Oil 


Distillates 
Straight Run 
Flashed Feed Stocks 


Gas Oil 
Cracked 


Gasoline Blending Stocks 
Alkylates - fuel 

Reformates 

Polymer - fuel 


Gasolines 

Casinghead (natural) 
Automotive 

Aviation 

Straight Run 

Fuel Oil No. 1 (Kerosene) 
Fuel Oil No. 1-D 

Fuel Oil No. 2 

Fuel Oil No. 2-D 


Jet Fuels 

JP-1 (Kerosene) 

JP-3 

JP-4 

JP-5 (Kerosene, Heavy) 
Turbo Fuel 

Kerosene 

Mineral Spirit 


Naphtha (see Note 3) 
Solvent 

Petroleum 

Heartcut Distillate Oil 


NOTES 


1 


This list of oils is taken from Appendix 1 to Annex 1 of the 


MARPOL Convention. Special consideration will be given 


to the carriage of oil cargoes not included in the above list. 
Asphalt solutions, see Chapter 18 of the Rules for Ships for 


Liquid Chemicals. 


For naphtha coal tar and naphthalene molten, see 
Chapter 17 of the Rules for Ships for Liquid Chemicals. 


1.2.7 Where the lower portion of the pump-room is 
recessed into the machinery space, the height of the recess is 
not, in general, to exceed one-third of the moulded depth 
above the keel, see also Pt 5, Ch 15,1. 


1.2.8 Where a compartment or tank, such as a fore peak 
tank, forms a cofferdam, access is to be from the open deck. 
Alternatively, any space through which it is necessary to pass 
in order to obtain access is to conform to the requirements of 
Pt 6, Ch 2,14. Oil engine or electrically driven pumps are not 
to be sited in the space containing the access to such 
cofferdams. 


1.2.9 A cofferdam is also to be arranged between a 
cargo oil tank and accommodation spaces, and between 
cargo oil tanks and spaces containing electrical equipment, 
other than spaces where the only items of electrical 
equipment are lighting fittings complying with Pt 6, Ch 2,14. 
Where a corner-to-corner situation occurs, protection may be 
formed by a diagonal plate across the corner. The scantlings 
and testing arrangements are to comply with Rule require- 
ments for cofferdam bulkheads, and arrangements are to be 
made to enable the space to be filled with water ballast to 
assist in gas freeing, see also Pt 5, Ch 15,3. Suitable corro- 
sion protection, drainage and gas-freeing arrangements are 
to be provided to such spaces. 


1.2.10 Passages or tunnels passing through, or adjacent 
to, a cargo oil tank and not separated from it by a cofferdam, 
are to be provided with mechanical ventilation, and any 
access is to be from the open deck. 


1.2.11 Arrangements are to be provided to enable double 
bottom and vertical wing tanks to be filled with water ballast to 
assist in gas freeing these tanks, see Pt 5, Ch 15,3. 


1.2.12 Fittings within cargo tanks and pump-rooms are to 
be securely fastened to the structure. 


LLOYD’S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Double Hull Oil Tankers 


Table 9.1.3 Structural arrangement 


Arrangement 


Typical configuration 


Part 4, Chapter 9 


Section 1 


No longitudinal bulkhead 


CSR 
(specially considered) 


One or two longitudinal bulkhead(s) 


Non CSR 


Trunk deck in association with 
longitudinal bulkhead(s) 
(see Ch 10,6) 


Double deck in association with a 
centreline bulkhead 


Non CSR CSR 
(specially considered) 


Mid-deck in association with a 
centreline bulkhead or centreline 


CSR 


girders 


7.2.13 | Accommodation, control and service spaces are to 
be located clear of the cargo tank region such that a single 
failure of deck or bulkhead will not allow cargo fumes into 
these spaces. Navigation positions, where fitted above the 
cargo tank region, are to be separated from the cargo tank 
deck by means of an open space with a height of at least 
2,0m. 


1.2.14 Where spill retainment flats are fitted at the sides of 
the weather deck, separate arrangements are to be provided 
for freeing the deck of oil and water respectively, see a/so 
Pt 3, Ch 10,5.1.1. 


1.2.15 Alternative arrangements which are proposed as 
being equivalent to the Rules will receive individual consider- 
ation, taking into account any relevant National Authority 
requirements. 


1.2.16 Reference should also be made to the relevant 
Regulations of the International Convention for the Safety of 
Life at Sea, 1974 and applicable amendments. 


1.2.17 | Cargo spaces are to be bounded by double bottom 
and double side tanks or void spaces such that the distance 
between the cargo tank boundary and the shell plating is not 
less than that given in Table 9.1.1 and Fig. 9.1.1, except as 
otherwise specified in 1.2.18 and 1.2.19. Cargo or oil fuel are 
not to be carried in double bottom or double side tanks. 


(specially considered) 


1.2.18 Where DWT > 5000 tonnes, double bottom tanks 

as required by 1.2.17 may be dispensed with, provided the 

following requirements are complied with: 

(a) The cargo height, he, in contact with the bottom shell 
plating is to be not greater than: 


1,0257,, — 10,2P,, 
1,1p 
where the symbols are defined in 1.6. 


(b) Where a mid-deck dividing the cargo oil tanks into upper 
and lower spaces is arranged, it is to be located at a 


h= 


height of not less than the lesser of ra] 6 m, but not 


more than 0,6D, above the base line. 

(c) Below a level 1,5d,, above the base line, the cargo tank 
boundary line may be vertical down to the bottom shell 
plating as shown in Fig. 9.1.3. 


1.2.19 Alternative arrangements which are equivalent to 
1.2.17 will receive individual consideration, taking into account 
any relevant National Authority requirements. 


1.2.20 The length of each cargo tank is not to exceed 
10 m or the appropriate value obtained from Table 9.1.4, 
whichever is the greater. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Double Hull Oil Tankers Part 4, Chapter 9 


Section 1 


Base line 


3699/02 


Fig. 9.1.1 
Cargo tank boundary lines for oil tankers having 


double bottom and double side tank arrangements 
(See Table 9.1.1) 


1,50, 


Base line 


3699/04 


Fig. 9.1.3 
Cargo tank boundary lines for oil tankers having 
mid-deck arrangement (See 1.2.18) 


1.2.21 Where DWT = 5000 tonnes, the cargo pump-room 
shall be provided with a double bottom such that at any 
cross-section the depth of each double bottom tank or space 
shall be such that the distance d,, as defined in 1.5, is not 


Base line less than the lesser of mand2m 


3699/03 


d, is inno case to be less than 1 m. 
In the case of cargo pump-rooms whose bottom plate is 
located above the base line by at least the minimum height 
required, there will be no need for a double bottom construc- 
tion in way of the cargo pump-room. 


Fig. 9.1.2 
Cargo tank boundary lines for oil tankers having 
double bottom arrangement (See Table 9.1.1) 


1.2.22 Notwithstanding the requirements of 1.2.21, above, 
where the flooding of the cargo pump-room would not render 
the ballast or cargo pumping system inoperative, a double 
bottom need not be fitted. 


Table 9.1.4 Permissible length of cargo tanks, see 1.2.20 


Where no longitudinal bulkhead is 
One Three arranged or where longitudinal 
(on centreline) (one on centreline) bulkheads are perforated across 
breadth of cargo tanks 


Number of longitudinal 
bulkheads inside 
cargo tanks 


i bi 0,2L 
Length of wing cargo tank (025 z“ 0.18) L, „2L [os bi +0,1 | i 


0,2L,. 
port and starboard 
Length of 0,2L, 


b bi 
centre tank b; < 0,2B 3 (025 F + 0.18) Ly 


bj > 0,28 öf 


whichever is the 
lesser 


port and starboard 


NOTE 
The symbols L|, B and b; are defined in 1.5. 
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1.3 Class notation and applicable Rules for CSR 
Double Hull Oil Tankers 


1.3.1 In general, CSR Double Hull Oil Tankers are to 
comply with 1.3.2 to 1.3.8 and the /ACS Common Structural 
Rules for Double Hull Oil Tankers (CSR) for the draught 
required and will be eligible to be classed 100A1 Double Hull 
Oil Tanker CSR, ESP. 


1.3.2 Class notations applicable to CSR double hull oil 

tankers are defined as follows: 

e CSR 
Identifies the double hull oil tanker as being compliant 
with the [ACS Common Structural Rules for Double Hull 
Oil Tankers 

e ESP 
Identifies the double hull oil tanker as being subject to an 
Enhanced Survey Programme as detailed in Pt 1, Ch 3,3 
and Ch 3,7, see also Pt 1, Ch 2,2.3.12. 


1.3.3 Materials are to comply with the Rules for the 
Manufacture, Testing and Certification of Materials (hereinafter 
referred to as the Rules for Materials). Corrosion protection is 
to comply with Pt 3, Ch 2,3. 


1.3.4 The rudder and rudder stock are to comply with 
Pt 3, Ch 13,2. 


7.3.5 Ice strengthening is to be in accordance with 
Part 8. 


1.3.6 The ‘Construction Monitoring’ (CM) procedures 
detailed in the ShipRight Procedures Manual, published by 
LR, are mandatory for oil tankers greater than 190 m in length 
and for other tankers of abnormal hull form, or of unusual 
structural configuration or complexity. 


1.3.7 The ‘ShipRight Procedures’ for the hull construc- 
tion of ships are detailed in Pt 3, Ch 16 and the classification 
notations and descriptive notes associated with these 
procedures are given in Pt 1, Ch 2,2. 


1.3.8 Ships intended to carry heated cargoes are to 
comply with Section 12. 


1.4 Class notation and applicable Rules for 
non-CSR Double Hull Oil Tankers 


1.4.1 In general, non-CSR Double Hull Oil Tankers are to 
comply with 1.4.2 to 1.4.7 for the draught required and will 
be eligible to be classed 100A1 Double Hull Oil Tanker, ESP. 


1.4.2 The notation ESP serves to identify the ship as 
being subject to an Enhanced Survey Programme as detailed 
in Pt 1, Ch 3,3 and Ch 3,7, see also Pt 1, Ch 2,2.3.12. 


1.4.3 At the Owner’s request, the notation MARPOL 
20.1.3 may be appended to the notation 100A1 Double Hull 
Oil Tanker for vessels not meeting the minimum double side 
width (d) requirements of Table 9.1.1 but which comply with 
MARPOL Annex |, Regulation 20.1.3. 
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Section 1 


1.4.4 At the Owner’s request, the notation MARPOL 
21.1.2 may be appended to the notation 100A1 Double Hull 
Oil Tanker for vessels of less than 5000 tonnes deadweight 
which have a complete double hull in accordance with 
MARPOL Annex I, Regulation 21.1.2. 


1.4.5 Where the length of the ship is greater than 190 m, 
or where the structural arrangements are considered such as 
to necessitate it, the scantlings of the primary supporting 
structure are to be assessed by direct calculation and the 
ShipRight notations SDA, FDA and CM are mandatory, see 
1.4.6 and Section 14. 


1.4.6 The ‘ShipRight Procedures’ for the hull construc- 
tion of ships are detailed in Pt 3, Ch 16 and the classification 
notations and descriptive notes associated with these 
procedures are given in Pt 1, Ch 2,2. 


1.4.7 The disposition of transverse bulkheads is to 
comply with the requirements of Pt 3, Ch 3,4, as applicable to 
ships with machinery located aft. 


1.4.8 Arrangements and scantlings forward and aft of the 
cargo tank region are to comply with Pt 3, Ch 5, Ch 6 and 
Ch 7. The remaining requirements of Part 3 are also to be 
complied with as appropriate to the intended arrangements. 


1.4.9 Arrangements pertaining to gangways, bulwarks 
and rails are to comply with the requirements of Pt 3, Ch 8. 


1.4.10 The structural configurations may include one or 
more of the arrangements shown in Table 9.1.3. these 
provisions do not preclude the fitting of additional bulkheads 
or the perforation of longitudinal bulkheads. 


1.4.11 The bottom shell, inner bottom and deck are 
generally to be framed longitudinally in the cargo tank region 
where the ship length, L, exceeds 75 m. However, consideration 
will be given to alternative proposals for ships of special design. 


1.4.12 The side shell, inner hull bulkheads and longitudinal 
bulkheads are generally to be longitudinally framed where the 
ship length, L, exceeds 150 m, but alternative proposals, 
taking account of resistance to buckling, will be considered. 


1.4.13 Where the side shell is longitudinally framed, the 
inner hull bulkheads are to be similarly constructed. 


1.4.14 Provided the ship length, L, does not exceed 
200 m the longitudinal bulkheads may be horizontally 
corrugated. Vertically corrugated centreline bulkheads may 
also be considered on the basis of direct calculations. 


1.4.15 In general, the primary member scantlings will 
require to be determined by direct calculation, see also 9.1.3. 


1.4.16 Alternative arrangements, which are proposed as 
being equivalent to the Rules, will receive individual consider- 
ation. Particular attention is to be paid to deflection of 
members and to the ability of the structure to resist buckling. 
Where necessary, additional calculations will be required. 


1.4.17 For additional requirements for single hull oil 
tankers, see Chapter 10. 
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1.4.18 The scantlings of structural items may be 
determined by direct calculation. 


1.5 General definitions and symbols 


1.5.1 The following symbols and definitions are applicable 
to this Chapter unless otherwise stated: 
L, L,, B, D, T as defined in Pt 3, Ch 1,6. 
d, = the height between the ship’s base line and the 
bottom of the cargo pump-room, in metres 
DWT = deadweight, in tonnes, at the summer load water- 
line 
b = the width of plating supported by the primary or 
secondary member, in metres or mm respectively 
be. = the effective width, in metres, of end brackets as 
determined from Pt 3, Ch 3,3 
b; = minimum distance from side shell to inner hull/outer 
longitudinal bulkhead of the tank in question 
measured inboard at right angles to the centreline 
at the summer load waterline, in metres, see 
Table 9.1.4 
A, = the distance, in metres, between the bottom of the 
cargo tanks and the moulded line of the bottom 
shell plating measured at right angles to the bottom 
shell plating as shown in Fig. 9.1.1 and Fig. 9.1.2 
d, = the distance, in metres, between the cargo tank 
boundary and the moulded line of the side shell 
plating measured at any cross-section at right 
angles to the side shell as shown in Fig. 9.1.1 and 
Fig. 9.1.3 
h = the load height applied to the item under considera- 
tion, in metres 
kœ k = higher tensile steel factors. For the determination of 
these factors, see Pt 3, Ch 2,1. For mild steel, k, k 
may be taken as 1,0 
lẹ = effective length, in metres, of the primary or 
secondary member, measured between effective 
span points. For determination of span points, see 
Pt 3, Ch 3,3 
S = spacing of secondary members, in mm 
= thickness of plating, in mm 
I = the moment of inertia, in cm4, of a primary or 
secondary member, in association with an effective 
width of attached plating determined in accordance 
with Pt 3, Ch 3,3 


+ 
| 


L4 = length of ship, in metres, but need not be taken 
greater than 190 m 
P, = pressure/vacuum relief valve positive setting, in bar 


Tm = minimum operating moulded draught of the ship at 
amidships under any expected cargo loading 
condition, in metres 

Z = the section modulus, in cm3, of the primary or 
secondary member, in association with an effective 
width of attached plating determined in accordance 
with Pt 3, Ch 3,3 

p = maximum cargo density, in t/m3. 


1.5.2 Where symbols not defined in 1.5.1 are used these 
are defined at the head of the Section concerned. 


7.5.3 For oil tankers of double hull configuration the main 
structural and spatial terminology within the cargo length, as 
used in this Chapter, is shown in Fig. 9.1.4. 
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baot 


@) Inner hull [A] Wing ballast tank 


© Longitudinal bulkhead [B] Wing cargo tank 


© Inner bottom [C] Centre cargo tank 


@ Deck transverse [D] Hopper tank 


Vertical web on [E] Double bottom ballast tank 
longitudinal bulkhead 


© Vertical web in wing ballast 
tank 


© Cross tie 
©) Floor 


© Horizontal girder in wing 
ballast tank 
3699/09 


Double bottom girder 


Fig. 9.1.4 Structural and spatial terminology 


1.5.4 The expression ‘primary member’ as used in this 
Chapter is defined as a girder, floor, transverse, vertical web, 
stringer, cross-tie or buttress. ‘Secondary members’ are 
supporting members other than primary members. 


1.6 Information required for CSR Double Hull Oil 
Tankers 


1.6.1 In addition to the plans required by [ACS Common 

Structural Rules for Double Hull Oil Tankers (CSR) the 

following additional plans and information is to be submitted. 

e Rudder, stock and tiller; 

e Ice Strengthening. 

° Freeboard plan or equivalent showing freeboards and 
items relative to the conditions of assignment. 


1.7 Information required for non-CSR Double Hull 
Oil Tankers 


1.7.1 In addition to the plans required by Pt 3, Ch 1,5, 
plans showing the connections for all longitudinals and other 
framing members and arrangements at intersections of 
transverse and longitudinal framing are also to be submitted. 


1.7.2 Any dry tanks, or tanks for water ballast only, are to 
be indicated on the principal structural and arrangement 
plans. 
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1.7.3 The information required by Pt 3, Ch 4,4 is to be 
forwarded as soon as possible and preferably when the 
midship section is submitted. 


1.7.4 A docking plan is to be submitted for consideration 
of strength requirements in association with the intended 
docking condition. 


1:7:9 A plan showing the location of all openings in the 
deck is to be submitted. Where it is intended to provide holes 
in the deck for staging wires, these holes are also to be 
shown. Full particulars of the proposed closing arrangements 
for all deck openings are to be submitted. 


1.7.6 Information is required indicating the equipment 
provided for the acceptable means of access to meet the 
minimum requirements for Close-up Surveys, see also 13.2.8, 
13.2.9 and Pt 1, Ch 3,7. 


LA A diagrammatic plan verifying compliance with the 
requirements of 1.2.17 or 1.2.18 as appropriate is to be 
submitted. 


a Section 2 
Materials and protection 


2.1 General 


2.1.1 Materials, grades of steel and protection of 
materials are to comply with the requirements of Pt 3, Ch 2 
and the Rules for Materials. 


2.2 Corrosion protection coatings for salt-water 
ballast spaces 


2.2.1 The requirements of Pt 3, Ch 2,3.6 are to be 
complied with. 


2.3 Aluminium structure, fittings and paint 


2.3.1 Aluminium may, under certain circumstances give 
rise to incendive sparking on impact with steel, the following 
requirements are therefore to be complied with: 

(a) Aluminium fittings in tanks used for the carriage of oil and 
in cofferdams and pump-rooms are to be avoided 
wherever possible. 

(o) Where fitted, aluminium fittings, units and supports, in 
tanks used for the carriage of oil, cofferdams and pump- 
rooms are to satisfy the requirements specified in Pt 3, 
Ch 2,3 for aluminium anodes. 

(c) The danger of mistaking aluminium anodes for zinc 
anodes must be emphasised. This gives rise to 
increased hazard if aluminium anodes are inadvertently 
fitted in unsuitable locations. 
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(d) The underside of heavy portable aluminium structures 
such as gangways, etc., is to be protected by means of 
hard plastic or wood cover in order to avoid the creation 
of smears when dragged or rubbed across steel, which 
if subsequently struck, may create an incendive spark. It 
is recommended that such protection be permanently and 
securely attached to the structures. 


2.3.2 For permissible locations of aluminium anodes, see 
Pt 3, Ch 2,3.4. 


2.3.3 Paint containing aluminium should not be used in 
positions where cargo vapours may accumulate unless it has 
been shown by appropriate tests that the paint to be used 
does not increase the incendive sparking hazard. Tests need 
not be performed for coatings containing less than 10 per 
cent aluminium by weight. 


2.4 Other materials 


2.4.1 The suitability of coatings and their compatibility 
with intended cargoes are the responsibility of the Builder and 
the Owner. LR will, however, require the confirmation of the 
coating manufacturers that coatings which are used to protect 
the cargo tank structure are in order for the list of defined 
cargoes. A copy of the coating manufacturer’s product 
resistance list is to be placed on board. 


2.4.2 Attention is drawn to the requirements of Pt 3, 
Ch 11,7.1.4 in respect of compatibility of cargoes and hatch 
packing materials. The packing material is to be resistant to 
both the liquids and vapours to which it is exposed. 


2.4.3 Some plastics and rubbers are unsuitable for 
certain cargoes other than oil. In such cases the manufac- 
turer’s advice should be sought. 


2.4.4 Some materials or their alloys are unsuitable for 
certain cargoes other than oil. Where such cargoes are to be 
carried, the use of these materials is not permitted in locations 
where they may come into contact with the cargo or its 
vapours, see also 1.1.7. 


a Section 3 
Longitudinal strength 


3.1 General 


3.1.1 The longitudinal strength standard is to comply with 
the relevant requirements of Pt 3, Ch 4. 


3.1.2 The readout points for loading instruments, fitted in 
accordance with the requirements of Pt 3, Ch 4,8.3, are to be 
positioned at the transverse bulkheads. In general, except when 
the instrument calculates the maximum values between read- 
out points, the spacing of readout points within the cargo tank 
length is not to exceed five per cent of the ship length with inter- 
mediate points arranged between bulkheads as necessary. 
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3.2 Symbols 


3.2.1 The symbols used in this Section are defined in 1.5. 


3.3 Loading conditions 


3.3.1 The loading conditions which are to be included in 
the Loading Manual and examined for longitudinal strength 
are given in Pt 3, Ch 4,5. 


3.3.2 The Loading Manual is to contain the calculated still 
water bending moments and shear forces for the conditions 
proposed and the maximum permissible values calculated in 
accordance with Pt 3, Ch 4. 


3.3.3 The strengthening of bottom forward derived in 
accordance with the requirements of Pt 3, Ch 5,1 is to be 
based on the minimum draught forward obtained using 
segregated ballast tanks only, without recourse to ballasting of 
cargo tanks. 


3.3.4 Where bottom forward strengthening has not been 
arranged, at least one ballast departure and one ballast arrival 
condition providing for a forward draught of at least 0,045L is 
to be included in the Loading Manual, see also Pt 3, Ch 5,1.5. 


3.3.5 Where part-load conditions are proposed with a 
forward draught less than that for which the bottom forward 
arrangements and scantlings have been approved, the 
Loading Manual is to provide for the addition of ballast in 
segregated ballast tanks only as necessary to attain the 
required draught in heavy weather. 


3.3.6 Conditions which provide for wing and centre cargo 
tanks abreast to be filled, with adjacent wing and centre cargo 
tanks empty, should, in general, be avoided. Similarly, condi- 
tions which provide for differential loading of port and 
starboard wing cargo tanks with centre cargo tanks empty 
should also be avoided. Where such conditions are contem- 
plated, they will be subject to special consideration which may 
involve additional calculation in respect of the resultant effects 
on transverse strength and centre tank cross-tie. 


3.3.7 Where a double bottom tank is omitted in 
accordance with 1.3.7 a minimum operating draught Tm is to 
be indicated on the midship section plan, the Loading Manual 
and Loading Instrument. 


3.3.8 Tanks intended for water ballast are to be indicated 
in the Loading Manual. 


3.3.9 Where loading conditions having partially filled 
tanks are contemplated, attention is drawn to the need to 
ensure that the scantlings of the boundary bulkheads are 
capable of withstanding the loads imposed by the movement 
of liquid in the tanks, see 6.1.2, 7.1.2 and 14.2.2. 


Part 4, Chapter 9 


Sections 3 & 4 


a Section 4 
Hull envelope plating 


4.1 General 


4.1.1 The thickness of hull envelope plating amidships is 
to be as necessary to comply with the hull section modulus, 
shear strength and buckling requirements of Pt 3, Ch 4, but is 
to be not less than as shown in Table 9.4.1 for the parts 
itemised in Fig. 9.4.1. Panel stability is also to be confirmed 
by direct calculation taking account of shear stress and direct 
stresses derived from both transverse and longitudinal 
strength investigation. 


—___ 
©; L 3699/05 


Fig. 9.4.1 
Hull envelope plating - Itemisation of parts 
(See Table 9.4.1) 


4.1.2 For requirements in respect of structural details, 
bilge keels, attachments, etc., see Pt 3, Ch 10. In addition the 
ShipRight FDA Procedure, Structural Detail Design Guide 
(SDDG), indicates recommended structural design configura- 
tions for double hull tanker structural details to assess and 
improve the relative fatigue life performance of the details in 
critical areas. 
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Table 9.4.1 Hull envelope plating - minimum thickness, in mm 


Hull envelope plating — minimum thickness, in mm 


Item No. Transversely framed, 


Longitudinállyframed item see Fig. 9.4.1 see 1.3 for limits of application 


t= S400 see Note 1 see 1.3 


J 
0,00085s N F 
= ——, (0,083L4 + 10) T see Note 6 
Sheerstrake aes L 


and 
or gunwale 
t = 0,0042s “/ hy4k t = 0,0042s 4/ hy4k 


whichever is the greater see Note 1 whichever is the greater see Note 1 


0,00085s Fp 
Fp f= eNO (0,083L; + 10) A| —— see Notes 
0,001s (0,059L4 + 7) A Notes 6 and 7 ich (=) KL 6and7 


S 
Side shell or 


above 
o i t = 0,0042s Ņ hy4k 
i 0,0042s 4 At4k mid-depth whichever is the greater see Note 1 


whichever is the greater see Note 1 = 
t = 0,001s (0,059, + 7) Pa see Notes 6 and 7 
L 


or 


F; 
t = 0,001s (0,059L, + 7) N re see Notes 6 and 7 t = 0,0051s Ņ hy4k 
L whichever is the greater see Note 1 


But not less than: 
af Side shell 0,00085s | Fi 
0,0042s 4 hy 4k l t > (0,083L4 + 10) a 


— see Notes 2, 


hate i below E 
at mid-depth Intermediate 1 (=) L 6and7 


h-ok thickness by mid-depth +a 
= 0,0054s = interpolation Sr 
| 2-Fp 


| hyok 
at upper turn of t = 0,0056s ie 


i 1,8-Fp 
Dige ees ates an whichever is the greater see Note 1 


0,00085 F 
F t =, (0,088; + 10) 478 see Notes 6 
t => +2,0 15) kL and7 


y S 
or a FA on 
te 4 
t = 0,0052s A| 2 mm peo Noe =e, 
1,8 - Fg t = 0,0063s mm 
whichever is the greater see Note 1 1,8 - Fg 
whichever is the greater see Note 1 


Bottom shell 


As for item 8, +2 mm, but need not exceed 


25 Vk mm 


NOTES 

1. The thickness is also to satisfy the buckling requirements of Pt 3, Ch 4,7. 

2. The thickness of side shell plating need not exceed that which would be required for the bottom shell using the spacing of the side shell 
longitudinals. 

3. Inno case is the plating thickness to be less than the cargo tank minimum value given in Section 10, or the basic shell end thickness for 
taper given in Pt 3, Ch 5 and Ch 6. 
See also 4.6.2 concerning plating thickness where longitudinal framing is fitted at bottom and side, but omitted in way of bilge. 
Keel thickness is in no case to be less than that of the adjacent bottom shell plating. 
Where separate maximum sagging and hogging still water bending moments are assigned, Fp may be based on the sagging moment 
and Fp on the hogging moment. 
Outside the Rule minimum region of higher tensile steel as defined in Pt 3, Ch 3,2.6.1 the value of k may be taken as 1,0. 
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4.2 


4.2.1 

follows: 

Fp, Fg = 
Fu = 


= 
3 
Il 


Symbols 
The symbols used in this Section are defined as 


as defined in Pt 3, Ch 4,5.7 
the greater of Fp or Fg 


ali 
1720,5 & fora<2 
Oo 
jaat 
549,3 % fora<2 
Oo 
860,7 2& fora>2 
Oo 
274,8 A| & fora> 2) 
Oo 


spacing, in mm, of longitudinals or transverse frames. 
Except where indicated in the text, s is not to be 
taken less than: 


L 
470 + 0.6 mm 
or 700 mm whichever is the lesser 
For limitations in end regions, see Pt 3, Ch 5,3 and 
Ch 6,3 


= awave head, in metres 


7,71 x 10-2L.@-0,0044L 


= base of natural logarithms 2,7183 
= bilge radius, in mm, as defined in Table 1.5.2 in 


Chapter 1 

overall span of frame, in mm, measured between 
deck and bottom support points or to, or between, 
stringers, where fitted 

T but to be taken not less than 0,05L m 

Oo 

Oc 

maximum compressive hull vertical bending stress, 
in N/mm? (kgf/mm?) given by op and og as defined 
in Pt 3, Ch 4,5.6.1 as appropriate 

For ships of normal design, not exceeding 90 m in 
length, the value of maximum compressive hull 
vertical bending stress may be determined as follows: 
at strength deck 


Lobes 
Op = 654LB =" ox 10-6 N/mm2 (kgf/mm?) 
ZD 


at keel 


Zos 

Op = 654LB ae o x 10-86 N/mm? (kgf/mm2) 
B 

where Zmin, Zp, Zg and o are in accordance with 

Pt 3, Ch 4,5. 


= specified minimum yield stress, in N/mm2_ (kgf/mm?) 


T + Cy m but need not be taken greater than 1,367 


= T+0,5C,,m but need not be taken greater than 1,27 


For longitudinally framed bottom and bilge plating 
T is to be taken as T4 


Other symbols are defined in 1.5. 
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4.3 Deck plating 


4.3.1 The midship thickness of deck plating is to be 
maintained for 0,4L amidships and tapered outside this region 
in association with the deck longitudinals in accordance with 
5.5. The midship thickness may, however, be required over an 
increased extent if it is shown to be necessary by the bending 
moment curves. Where partial filling of the tanks is contem- 
plated the deck plating is also to comply with the requirements 
of 6.1.2. 


4.3.2 For ships not exceeding 200 m in length, the deck 


thickness outside 0,4L amidships is to be not less than F at 


any point within the cargo tank region. For lengths of 250 m 


and over, the thickness is to be not less than=— 
Intermediate values are to be obtained by interpolation. For 
the purpose of this paragraph, the minimum value of s given 


in 4.2.1 is not to be applied. 


4.3.3 The plating thickness outside 0,4L amidships is to 
be not less than: 


—— £ 420mm 
J 


where J is defined in 4.2.1, using o, of the plating at the 
location under consideration. 


4.4 Sheerstrake 


4.4.1 The midship sheerstrake thickness is to be 
maintained for 0,4L amidships and tapered outside this region 
as provided for in Pt 3, Ch 5 and Ch 6. In the taper region, 
however, the sheerstrake thickness need not exceed the 
adjacent deck or shell thickness, whichever is the greater. 


4.4.2 The width of sheerstrake for 0,4L amidships is to 
be not less than that required by Table 2.2.1 in Pt 3, Ch 2. 


4.4.3 Where a rounded sheerstrake is incorporated, the 
radius is not, in general, to be less than 15 times the 
thickness. The radius is to be made by careful cold rolling or 
bending. 


4.5 Shell plating 


4.5.1 The midship thicknesses of side and bottom shell 
plating are to be maintained for 0,4L amidships and tapered 
outside this region as provided for in Pt 3, Ch 5 and Ch 6. The 
midship thicknesses may be required over an increased 
extent if it is shown to be necessary by the bending moment 
or shear force curves. 


4.5.2 The requirements of Pt 3, Ch 5 are to be complied 
with in respect of the thickness of bottom shell forward. 


10 
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4.6 Bilge plating 


4.6.1 The midship thickness of the bilge plating is to be 
maintained for 0,4L amidships and tapered outside this region 
as provided for in Pt 3, Ch 5 and Ch 6. 


4.6.2 Where longitudinal bottom and side framing is 
adopted, but longitudinals are omitted between the upper and 
lower extremities of the bilge radius, the bilge thickness is to 
Rg Fg 
165kL 


be not less than in addition to the required minimum 
thickness derived from Table 9.4.1. The spacing of transverse 
supports associated with such an arrangement is to comply 
with the requirements of 5.4. 


4.6.3 Where bilge longitudinals are omitted, the plating 
thickness outside 0,4L amidships will be considered in 
relation to the support derived from the hull form and internal 
stiffening arrangements. Due regard will be taken of the 
possibility of increased loading in the forward region. 


4.7 Keel 


4.7.1 The midship keel thickness is to be maintained 
throughout the cargo tank region, except as required by 
Table 9.4.1, Note 5. 


4.7.2 The width of the keel over the cargo tank region is 
to be not less than: 
70B mm but need not exceed 1800 mm and is to be not 
less than 750 mm. 


4.8 Taper of higher tensile steel 


4.8.1 Where higher tensile steel is used amidships and 
mild steel at the ends, the thickness of bottom shell, bilge and 
sheerstrake is to be tapered as provided for in Pt 3, Ch 3, 
Ch 5 and Ch 6. 


4.8.2 Higher tensile steel deck plating is to be tapered in 
association with attached longitudinals as provided for in 5.5. 


4.9 Thicknesses at ends of erections 


4.9.1 The deck plating thickness at the poop front is to 
extend into the poop for a distance at least equal to one-third 
of the breadth, B. 


4.9.2 If the poop front extends to within 0,25L of 
amidships, the sheerstrake and the stringer plate at the break 
are to be increased by 20 per cent. No increase is required if 
the poop front is 0,3L from amidships or greater. The increase 
at intermediate lengths is to be obtained by interpolation and 
is to be applied to the tapered thickness of the sheerstrake 
and stringer plate. 
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4.9.3 Where the poop extends to within 0,3L of amid- 
ships and the enclosed machinery opening extends to within 


= of the poop front and has a width exceeding one half of the 


breadth of the ship at the poop front, the thickness of deck 
plating may require to be increased. The forward corners of 
the casing opening are to be well rounded. 


4.10 Deck openings 


4.10.1 Openings in the deck are to be kept to the minimum 
number consistent with operational requirements. 


4.10.2 Plate panels in which openings are cut are to be 
adequately stiffened, where necessary, against compression 
and shear buckling. 


4.10.3 The corners of all openings are to be well rounded, 
and the edges smooth. 


4.10.4 Where the stress concentration factor in way of the 
opening exceeds 2,4, edge reinforcement is generally to be 
fitted. This is normally to be in the form of a spigot of adequate 
dimensions, but alternative arrangements will be considered. 


4.10.5 Alternatively, the shape of the opening is to be such 
that a stress concentration factor of 2,4 is not exceeded. 


4.10.6 — In this respect, reinforcement will not, in general, be 

required in way of: 

(a) elliptical openings having their major axis fore and aft and 
ratios of length to breadth not less than 2 to 1, or 

(o) openings of other shapes, provided it has been shown 
by suitable tests that the stress concentration factor 
does not exceed 2,4. 


4.10.7 Circular openings of diameter up to 325 mm will 
also be accepted, provided that they are situated at such a 
distance from any other opening that there is an intervening 
width of plating of not less than five times the diameter of the 
smaller of the two openings. 


4.10.8 | Where within 0,4L amidships deck openings have a 
total breadth or shadow area breadth in one transverse 
section that exceeds the limitation given in Pt 3, Ch 3,3.4.4 
and 3.4.5, compensation will be required to restore the 
excess. This is generally to be arranged by increasing the 
deck plate thickness, but other proposals will be considered. 


4.10.9 Where a deck longitudinal is cut in way of an 
opening, within 0,4L amidships, compensation is to be 
arranged to ensure full continuity of area. 


4.10.10 The area of any edge reinforcement which may be 
required is not to be taken into account in determining the 
required sectional area of compensation unless such 
reinforcement is designed to absorb the loadings from cut 
longitudinals in way of opening. 
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4.10.11 Increased scantlings and/or compensation may 
also be required for large openings outside 0,5L amidships, 
or where openings are close to breaks of superstructure or 
other areas of high stress in any location on the ship. 


4.10.12 Where small diameter threaded openings for 
staging wires are arranged on the upper deck, they are to be 
located clear of the other openings and similar areas of stress 
concentration. Care is to be taken to ensure a gradual 
transition at the thread ends and the edges of the holes are to 
be smooth. The closing arrangements are to be as required 
by Section 13. 


4.11 Shell openings 

4.11.1 Sea inlets in pump-rooms situated within 0,4L 
amidships, are, if practicable, to be fitted clear of the bilge 
radius. All openings are to be arranged so as to minimise 
discontinuity of transverse frames, longitudinals or bilge keels. 
Compensation is to be provided for all openings within 0,4L 
amidships and may also be required for openings in the 
vicinity of the poop front. The compensation should, if 
possible, take the form of an insert plate rather than a doubler. 


4.11.2 If openings are not circular or oval, the corners are 
to be rounded with as large a radius as practicable. 


4.12 Superstructures 

4.12.1. The thickness of plating forming the deck and sides 
of forecastles and poops is to be as required by Pt 3, Ch 5, 
Ch 6 and Ch 8. 


a Section 5 
Hull framing 


5.1 General 

5.17.1 In the cargo tank region, the scantlings of deck, 
bottom and side longitudinals, and of transverse side framing, 
where fitted, are to be in accordance with the requirements of 
this Section. 


5.1.2 Longitudinal and transverse framing members 
outside the cargo tank region are to comply with the require- 
ments of Pt 3, Ch 5,4, Ch 6,4, and Ch 7, as appropriate to 
their location. 


5.1.3 Outside the cargo tank region the structure is to be 
scarfed into the end structure as provided for in Pt 3, Ch 5, 
Ch 6 and Ch 7. 


5.2 

5.2.1 

follows: 
bi 


bi 


by 


C4 


Co 


Dz 
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Symbols 
The symbols used in this Section are defined as 


the width of the face plate, in mm, of the side 
longitudinal under consideration, see Fig. 9.5.1 

the minimum distance, in mm, from the edge of the 
face plate of the side longitudinal under consideration 
to the centre of the web plate, see Fig. 9.5.1 

the value as defined in Table 9.5.3 


60 
ee RIS ae k 
oR AGaES S 
1,0 at Le 
Va 2 
75 ; f 
225 — 150Fp at base line of ship 
intermediate values of c4 by interpolation 
165 
e = EF, Ok 
1,0 at n 
Va 2 
165 : ; 
345- 180Fp at base line of ship 


intermediate values of c> by interpolation 

depth of web, in mm 

distance of longitudinal below deck at side, in metres. 
For deck longitudinals, h = O 

the distance, in metres, from the mid-point of span 
of the stiffener to the highest point of tank, excluding 
hatchway 


D 
(r + =), but in no case to be taken less than 


Ly 


m or (0,01L; + 0,7) m, whichever is the 
greater, and need not be taken greater than 


D 
(0.760 + ot), for bottom longitudinals 


distance, in metres, from mid-point of span of 
transverse side frame to deck at side measured at 
mid-length of tank, but to be taken not less than 
2,5m 

họ + Rb4, but need not be taken greater than 
(0,75D + Rb4) for bottom longitudinals 

effective length, in metres, of longitudinals measured 
between span points, but to be taken not less than 
1,5 m in double bottom and 2,5 m elsewhere. For 
determination of span points, see Pt 3, Ch 3,3. 
thickness of flange, in mm 

thickness of the bilge shell plating, in mm 

thickness of web, in mm 

D, in metres, but is to be taken not less than 10 
and need not be taken greater than 16 

as defined in Pt 3, Ch 4,5.7 

as defined in Pt 3, Ch 4,5.7 

a factor determined from Table 9.5.1 

a factor determined from Table 9.5.2 
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Table 9.5.1 Values of F, 


Item Fy 


Deck longitudinals and 
side longitudinals De, 


above D 4D + 20h 


Side longitudinals and 
bottom longitudinals Dey 
D 25D — 20h 


below p 


L Section 


NOTE 
Minimum Fy = 0,12 


Table 9.5.2 Values of F, 
Item F2 
; Deck longitudinals and 
Rolled Angle Section side longitudinals Dey 
D D+2,18h 
: PERE above 5 
Fig. 9.5.1 Definition of b; and by, 2 
Side longitudinals and 
bottom longitudinals Dco 
; D 3,18D - 2,18h 
R = sino below > 
where 9 is the roll angle, in degrees 
L L NOTE 
and sind = (0.45 +0,1 = ) (0.54 - —— ) Minimum Fo = 0,73 
B 1270 


Rg = bilge radius, in mm, as defined in Table 1.5.2 in 
Chapter 1. 
Other symbols are defined in 1.5. 


Table 9.5.3 Determination of b, 


Item No. Structural arrangement Location Value of b4, metres 


1 Where wing and double bottom ballast (a) Bottom longitudinals The greater horizontal distance from 
tanks port and starboard are ship side to the longitudinal 
interconnected 


(b) Side longitudinals Breadth of ship 


(c) Deck longitudinals (i) In way of cargo tanks and inboard 
ballast tanks, the greater horizontal 
distance from tank corner at top of 
tank to longitudinal, either side 


(ii) In way of wing ballast tanks, the 
greater horizontal distance from ship 
side to longitudinal, either side 


Where wing ballast tanks port and (a) Bottom longitudinals The horizontal distance from ship side 
starboard are separate to longitudinal 


(b) Side longitudinals Width of wing ballast tank 
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5.3 Deck, side and bottom longitudinals 


5.3.1 The modulus of longitudinals within the cargo tank 
region, except as provided for in 5.3.2 and 5.5 is to be not 
less than the greater of the following: 

(a) Z = 0,056s k h4 l2 F4 F cms, or 

(o) Z = 0,0051s k ha lẹ2 F> cms 

where F4 and F, values are as given in Tables 9.5.1 and 9.5.2 
and F, is a fatigue factor to be taken as follows: 


11 Í 2b; 

k bs 

= 1,0 at upper deck at side and at the base line, 
intermediate values by linear interpolation 

On 

bs 

The modulus of side longitudinals need not exceed that of a 


bottom longitudinal having the same spacing and configura- 
tion. 


Fer = (1 J at 0,6D above the base line 


For flat bars and bulb plates may be taken as 0,5 


5.3.2 The modulus of bottom longitudinals is to satisfy 
the requirements of 5.3.1 or Table 1.6.1(3) in Chapter 1, 
whichever is the greater. 


5.3.3 The section modulus given is that of the longitudinal 
and associated plating, for the extent of the associated 
plating, see Pt 3, Ch 3,3.2.3. The webs and flanges are to 
comply with the minimum thickness requirements of 
Section 10. 


5.3.4 Where the spacing of transverses exceeds 5,5 m, 
the scantlings of side and bottom longitudinals in way of 
bulkheads and primary members, including end connections, 
are to be verified by direct calculation. 


5.3.5 The side and bottom longitudinal scantlings derived 
from 5.3.1 and 5.3.2, using the midship thickness of plating, 
are to extend throughout the cargo tanks. Where the shell 
plating is inclined at an angle to the horizontal longitudinal axis 
of greater than 10°, the span of the longitudinals is to be 
measured along the member. Where the shell plating is 
inclined at an angle to the vertical axis of greater than 10°, the 
spacing of longitudinals is to be measured along the chord 
between members. Where the angle of attachment of side 
longitudinals clear of amidships varies by 20° or more from a 
line normal to the plane of the shell, the properties of the 
section are to be determined about an axis parallel to the 
attached plating. Angles of slope greater than 40° are to be 
avoided. 


5.3.6 Fabricated longitudinals having the face plate 
welded to the underside of the web, leaving the edge of the 
web exposed, are not recommended for shell, inner hull or 
longitudinal bulkhead longitudinals. Where it is proposed to fit 
such sections, a symmetrical arrangement of connection to 
transverse members is to be incorporated. This can be 
achieved by fitting backing brackets on the opposite side of 
the transverse web or bulkhead. The primary member web 
stiffener and backing bracket are to be lapped to the 
longitudinal. Recommended examples of such backing 
structure can be seen in the ShipRight FDA Procedure, 
Structural Detail Design Guide (SDDG). 
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5.3.7 Where partial filling of the tanks is also contem- 
plated the deck longitudinals are to comply with the 
requirements of 6.1.2. 


5.3.8 Stiffeners and brackets on vertical webs in wing 
ballast tanks, where fitted on one side and connected to 
higher tensile steel longitudinals between the base line and 
0,8D above the base line, are to have their heels well radiused 
to reduce stress concentrations. Where a symmetrical 
arrangement is fitted, i.e., bracket or stiffening on both sides, 
and they are connected to higher tensile steel longitudinals, 
the toes of the stiffeners or brackets are to be well radiused. 
Alternative arrangements will be considered if supported by 
appropriate fatigue life assessment calculations. 


5.3.9 Where higher tensile steel side longitudinals pass 
through transverse bulkheads in the cargo area, well radiused 
brackets of the same material are to be fitted on both the fore 
and after side of the connection between the upper turn of 
bilge and 0,8D above the base line. Particular attention should 
be given to ensuring the alignment of these brackets. 
Alternative arrangements will be considered if supported by 
appropriate fatigue life assessment calculations. 


5.4 Bilge longitudinals and brackets 


5.4.1 The scantlings of bilge longitudinals are to be 
graduated between those required for the bottom and lowest 
side longitudinals. 


5.4.2 Where bilge longitudinals are omitted, the spacing 
of transverses or equivalent bilge brackets must not exceed: 
t2 ts 
DRp Rg 
Where no intermediate brackets are fitted between 
transverses, the spacing between the two outermost bottom 
longitudinals and between the two lowest side longitudinals 
is not to exceed one-third of the bilge radius or 40 times the 

local shell thickness, whichever is the greater. 


8 x 106 mm 


5.4.3 Attention is drawn to 4.6.2 and 4.6.3 concerning 
bilge plating thickness where longitudinals are omitted. 


5.5 Deck longitudinals outside 0,4L amidships 


5.5.1 Within the cargo tank region, deck longitudinals 
may be gradually tapered outside 0,4L amidships in associa- 
tion with the deck plating, on the basis of area and modulus. 
For the requirements, see Pt 3, Ch 3,2.5 and Table 3.2.1, see 
also 5.3.5. 


5.5.2 The midship spacing of longitudinals is, in general, 
to be maintained throughout the cargo tank region. The 
plating thickness and longitudinal depth and thickness are not 
to be increased at any point in the direction of the taper of 
area towards the ends of the ship, other than as may be 
required for compensation for openings. Changes of longitu- 
dinal section are, in general, to be avoided. 
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5.5.3 Attention is also drawn to 5.3.3, which is to be 
complied with, where necessary, by maintaining a constant 
deck plating thickness in way of the ends of the cargo tank 
region. 


5.5.4 Where the spacing of transverses in cargo tanks is 
not constant and variations in longitudinal scantlings are 
contemplated to suit differing spans, individual consideration 
will be given to the taper arrangements. 


5.6 Stability of longitudinals 


5.6.1 The lateral and torsional stability of longitudinals 
together with web and flange buckling criteria are to be 
verified in accordance with Pt 3, Ch 4,7. 


5.6.2 In addition, the following requirements are to be 
satisfied: 
(a) Flat bar longitudinal 
(i) when continuous at bulkheads 
dw 


Z <18 fk 


tw 


(ii) | when non-continuous at bulkheads 
dw 
ty <15 KL 


(o) Built sections 


~ dw 

(i) Fe < 60 fk. 

. DF 

(ii) = < 15 for asymmetric sections 
f 

OF 

(iii) Fa < 30 for symmetric sections. 
f 

5.7 Connections of longitudinals 


5.7.1 Connections of longitudinals to bulkheads are to 
provide adequate fixity and continuity of longitudinal strength. 
See also the ShipRight FDA Procedure, Structural Detail 
Design Guide (SDDG), for recommended design details in 
critical areas. 


5.7.2 Where the length of the ship exceeds 150 m, the 
longitudinals within 0,1D of the bottom and deck are to be 
continuous through the transverse bulkheads. Higher tensile 
steel longitudinals are to be continuous irrespective of ship 
length. Alternative arrangements will be individually consid- 
ered. 


5.7.3 Longitudinals are to be connected to transverse 
primary members as required by Pt 3, Ch 10,5.2. 


5.8 Openings in longitudinals 


5.8.1 In general, closely spaced scallops are not permitted 
in longitudinals within the range of cargo tanks except in way 
of ballast pipe suctions, reinforcement in these areas will be 
specially considered. 
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5.8.2 Small air and drain holes, cut-outs at erection butts 
and similar widely spaced openings are, in general, to be not 
less than 200 mm clear of the toes of end brackets, 
intersections with primary supporting members and other 
areas of high stress. All openings are to be well rounded with 
smooth edges. 


5.8.3 Drain holes in higher tensile steel longitudinals 
attached to higher tensile steel plating are to be elliptical in 
shape or of equivalent design to minimise stress concentra- 
tions. The opening is generally to be located clear of the 
welded connection to the plating, but where a flush opening is 
essential for drainage the weld connection is to end in a soft 
toe. 


5.8.4 Small circular air holes may be arranged in higher 
tensile steel deck longitudinals. 


5.8.5 Isolated openings spaced greater than 1 metre 
apart need not be taken into account in calculating the section 
modulus of the longitudinal, provided that the depth does not 
exceed 10 per cent of the web depth, or 75 mm, whichever is 
the greater, but inno case more than 25 per cent of the depth 
of the longitudinal. 


5.8.6 Where the depths given in 5.8.5 are exceeded, the 
arrangements are to be such as will minimise resultant stress 
concentration. 


5.9 Transverse side frames 


5.9.1 For limits of application of transverse side 
framing, see 1.3. 


5.9.2 The section modulus of transverse side frames is to 
be not less than: 
Z = 0,01025k sho1,2 cm, where side webs are fitted; 
or 
Z = 0,012ksho1,2 cm, where side webs are not fitted. 


5.9.3 The size of the frame is to be governed by the maxi- 
mum modulus derived from the appropriate formula in 5.9.2, 
and is to be maintained for the full depth of the ship. 


5.9.4 The section modulus given is that of the frame and 
associated side shell plating. The frame is to comply with the 
minimum thickness requirements of Section 10. 


5.9.5 The inertia of transverse side frames is to be not 
less than: 

nthe forward 0,15L: 1=3,5l, Z cm4 

Elsewhere: T=3,2l, Z cm’. 
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a Section 6 6.2 Symbols 
Inner hull, inner bottom and 6.2.1 The symbols used in this Section are defined as 
longitudinal oiltight bulkheads follows: 
b; = the greater horizontal distance in metres, from a 
6.1 General point one third of the height of the strake above its 
lower edge or mid-point of the stiffener span, to 
6.17.1 The inner hull, inner bottom and longitudinal bulk- the corners at the top of the tank on either side. 


heads are generally to be longitudinally framed. Longitudinal 
bulkheads may be plane or horizontally corrugated. Centreline 
longitudinal bulkheads may also be vertically corrugated, see 
1.4.14. Scantlings of inner hull and longitudinal oiltight bulk- 
heads are to be in accordance with Table 9.6.1 and panel 


Where the angle a is less than (325 - z) 


degrees, the distance is measured to the widest 
point of the tank, see Fig. 9.6.1. 


stability is also to be confirmed from primary structure direct ge = angevin degrees, as Indicated MEg. 9:671: 
calculations. The calculation is to take account of the shear C = 60 at deck 
stress and direct stresses derived from both the transverse 225 — 165Fp 
and longitudinal strength investigations. 
D 
= 1,0at — 
6.1.2 Where tanks are intended to be partially filled, the 2 
scantlings and structural arrangements of the boundary bulk- 
heads are to be capable of withstanding the loads imposed ie EO at base line of ship 
by the movement of liquid in the tanks. The magnitude of the 225 — 150Fg 
predicted loadings, together with the scantling calculations, intermediate values of c4 by interpolation 
may require to be submitted. 165 
Co = ———— atdeck 
345 — 180Fp 
Table 9.6.1 Inner hull and longitudinal oiltight bulkhead scantlings 


Item Horizontally stiffened/Vertically stiffened 


(1) Plating thicknesses including Within 0,1D of the deck: 
corrugations (mm) t = to 
See Notes 1 and 7 Within 0,1D of the bottom shell: 


(but not less than t4) 


Elsewhere: 
t = t4 see Note 6 
But not less than 
t = 0,0009s (0,059L, + 7) 


(2) Stiffener modulus (cm3) Horizontally stiffened: 
See Notes 3 and 4 () Z = 0,056k ho s1,2F, 
(i) Z = 0,0051k hy s lę? Fo 
Vertically stiffened: 
Z = 0,0067ks 1,2h5 


| whichever is the greater 


(3) Corrugation properties Modulus (cm3): 
SeS Nole f Z = 0,0085p hs le2k 
Inertia (cm4): 
I = 0,082p hg 1,2 


ES 

The plating thicknesses are not to be less than as necessary to comply with the buckling requirements of Pt 3, Ch 4,7. 

The section modulus given by the formula is that of the stiffener and associated plating or of the corrugation over pitch, p. 

For vertical stiffeners, the ratio of web depth to web thickness is not to exceed 60 \ k for stiffeners with flanges or face plates, and 
18 Vk for flat bars. Horizontal stiffeners are to comply with 5.6. 
The minimum thickness criteria given in Section 10 are also to be complied with and the stiffener web thickness is to be sufficient to 
withstand the imposed shear forces. 
The minimum moment of inertia represented by item 3(b) of the Table is not to be reduced on account of higher tensile steel being 
incorporated. 
In applying item 1(c) of the Table, it is necessary to calculate values of tg for plate panels within 0,4D each side of mid-depth, take the 
minimum value, tm, and then determine value of t4. 
For vertically corrugated centreline longitudinal bulkheads see also Table 1.9.2 in Chapter 1 for deep tanks. 
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by fraz 


by fora< 


3699/07 


Fig. 9.6.1 Illustration of b4 determination 


1,0at 2 
2 


= = at base line of ship 


345 — 180Fp 


intermediate values of c» by interpolation 


h = load height, in metres measured vertically as 
follows: 

(a) For bulkhead plating, the distance from a point 
one third of the height of the plate panel above 
its lower edge to the highest point of the tank, 
excluding hatchway 

(o) for bulkhead stiffeners or corrugations, the 
distance from the mid-point of span of the 
stiffener or corrugation to the highest point of 
the tank, excluding hatchway 

hy = (n + a ), but not less than 0,72 (h + Rb,) 
D,\ 
h = (n +e ) , in metres, but in no case to be 


taken less than a m or (0,01L;, + 0,7) m 
whichever is the greater 

h3 = distance of longitudinal below deck at side, in 

metres, but is not to be less than O 

h+Rb, 

No but is to be not less than 0,55h4 

lẹ = effective length, in metres, of longitudinals measured 
between span points, but is not to be taken less 
than 2,5 m. For determination of span points, see 
Pt 3, Ch 3,3 

p = pitch of symmetrical corrugations, in mm 

S = spacing, in mm, of bulkhead stiffeners for plane 
bulkheads. In case of symmetrical corrugations, s 
is to be taken as b or c in Fig. 3.3.1 in Pt 3, Ch 8, 
whichever is the greater 

to = 0,005s 4/kh, 


tm \2 
ty = to (0.84 + 0,16 (2) ) 
0 


tm = minimum value of tọ within 0,4D each side of 
mid-depth of bulkhead 


=> 
oa A 
Wool 
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Be) 


= D, in metres, but is to be taken not less than 10 and 
need not be taken greater than 16 

Fg = as defined in Pt 3, Ch 4,5.7 

Fp = as defined in Pt 3, Ch 4,5.7 

F, = a factor determined from Table 9.6.2 

Fy = a factor determined from Table 9.6.3 

R = sin0 

where 9 is the roll angle, in degrees 


L se 
and sin ð = (0,45 + 0.1 B ) (0.54- a 


Other symbols are defined in 1.5. 


Table 9.6.2 Values of F4 


Longitudinal 
bulkhead 
longitudinals 


De 
4D + 20hg 


Dey 
Below 25D — 20h3 


NOTE 
Minimum Fy = 0,12 


Table 9.6.3 Values of F, 


Longitudinal 
bulkhead 
longitudinals 


Dco 
D + 2,18h3 


Dco 
Below 3,18D — 2,18h3 


NOTE 
Minimum Fo = 0,73 


6.3 Inner hull and longitudinal bulkheads 


6.3.1 Inner hull and longitudinal bulkheads are to extend 
as far forward and aft as practicable and are to be effectively 
scarfed into the adjoining structure. 


6.3.2 Longitudinal bulkheads only may be perforated 
provided suitable account is taken of the applied shear forces. 
Proposals to fit perforated longitudinal bulkheads in cargo tanks 
will be individually considered. See also 7.1 concerning 
penetration of pump-room, cofferdam and cargo tank bulk- 
heads. 


6.3.3 The thickness of inner hull and longitudinal bulk- 
head plating required by Table 9.6.1 is to be maintained 
throughout the cargo tank length, with the exception of item 
(1)(a) which may be gradually tapered outside 0,4L amidships 
to cargo tank minimum thickness or as required by item (1)(c), 
whichever is the greater, at 0,075L from the ends. 


LLOYD'S REGISTER 


17 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Double Hull Oil Tankers 


6.3.4 The bulkhead plating thicknesses throughout the 
cargo tank length are to be increased as necessary to attain 
compliance with the shear strength requirements of Pt 3, 
Ch 4,6. 


6.3.5 For conditions which provide for wing and centre 
cargo tanks abreast to be filled, with adjacent cargo tanks fore 
and aft empty, the thickness of longitudinal bulkheads is to 
comply with the requirements of 8.3.2(d) and (e), see also 
3.3.6, 


6.3.6 Where bulkheads are penetrated by cargo or 
ballast piping, the structural arrangements in way are to be 
capable of withstanding the loads imparted to the bulkheads 
by the hydraulic forces in the pipes. The requirements for 
cargo and ballast piping is given in Pt 5, Ch 15,2.5 and 
Ch 15,3. 


6.3.7 Openings in horizontal stiffeners are to comply with 
the requirements of 5.8. 


6.4 Longitudinal corrugated bulkheads 


6.4.1 Where horizontally corrugated bulkheads are 
adopted the angle of corrugation is to be not less than 40°. 


6.4.2 In ships exceeding 150 m in length the upper and 
lower strakes of the longitudinal bulkhead are to be plane for 
a distance of 0,1D from the deck and bottom. 


6.4.3 Corrugations are to be aligned, and stiffening 
arrangements on plane members are to be arranged to give 
adequate support in way of flanges of abutting corrugations. 
Where both the longitudinal and transverse bulkheads are 
horizontally corrugated, the arrangements at intersections are 
to be designed to facilitate attachment and maintain 
continuity. 


6.4.4 Where asymmetrical girders or webs are fitted to 
corrugated bulkheads, the angle of corrugation is not to 
exceed 60°. 


6.5 Inner bottom 


6.5.1 The inner bottom is to be longitudinally framed and 
the inner bottom plating thickness is to be not less than the 
greater of: 

to 


V2; 


(b) deep tank requirements of Table 1.9.1 in Chapter 1. 


(a) p< mm , or 


6.5.2 The section modulus of inner bottom longitudinals 
is to be in accordance with Table 9.6.1(2) or deep tank 
requirements of Table 1.9.1 in Chapter 1, whichever is the 
greater, and the unsupported span may extend to the spacing 
between plate floors. 


6.5.3 Buckling resistance to longitudinal and transverse 
stresses in the inner bottom is to be confirmed by direct 
calculation, see also Pt 3, Ch 4,7. 
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6.5.4 Transverse continuity of inner bottom is to be main- 
tained outboard of inner hull, see 6.6.3. Recommended 
details are shown in the ShipRight FDA Procedure, Structural 
Detail Design Guide (SDDG). 


6.5.5 Particular attention is to be given to the through- 
thickness properties and continuity at the connection of 
bulkhead stools to the inner bottom. For requirements for 
plates with specified through-thickness properties, see 
Ch 8,8 of the Rules for Materials. 


6.5.6 Connection of inner bottom longitudinals to plate 
floor is to satisfy the requirements given in Pt 3, Ch 10,5.2. 


6.6 Hopper side tank 


6.6.1 Where a hopper side tank is fitted the sloping bulk- 
head plating and attached longitudinals are to be as required 
by Table 9.6.1. 


6.6.2 A transverse is to be arranged in the hopper tank 
in line with each double bottom plate floor, to ensure continuity 
of transverse strength. 


6.6.3 Particular attention is to be paid to the continuity of 
the inner bottom plating into the hopper side tank. Scarfing 
brackets are to be fitted in the hopper in line with the inner 
bottom at each transverse. These brackets are to be arranged 
each side of the transverse. 


6.6.4 Knuckles in the hopper tank plating are to be 
supported by side girders and stringers or by a deep 
longitudinal. 


6.6.5 Detail design guidelines for connections in way of 
hopper tank knuckles are shown in the ShipRight FDA 
Procedure, Structural Detail Design Guide (SDDG). 


6.7 Connections 


6.7.1 Horizontal and vertical stiffeners are to be 
connected to supporting primary members as required by 
Pt 3, Ch 10,5.2. 


6.7.2 Stiffeners are to be bracketed or otherwise 
efficiently connected at their ends to provide adequate fixity, 
as required by Pt 3, Ch 10. 


6.7.3 Connections of horizontal stiffeners to transverse 
bulkheads are to provide adequate fixity and continuity of 
longitudinal strength. Horizontal stiffeners are to be continuous 
through bulkheads as required by 5.7, for longitudinals. 


6.7.4 Where inner hulls, longitudinal and transverse bulk- 
heads are horizontally stiffened, consideration will be given to 
the stability of the arrangements at intersections. Additional 
calculations may be required. 
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a Section 7 
Transverse oiltight bulkheads 


7.1 General 


7.1.1 Transverse oiltight bulkheads may be plane or with 
corrugations arranged horizontally or vertically. Scantlings are 
to be in accordance with Table 9.7.1, except as otherwise 
provided for in this Section. The arrangement of stiffening is to 
be such as will efficiently support loads transmitted by end 
connections of inner hull, longitudinal bulkhead, shell and 
deck longitudinals. The thickness of bulkhead plating is also to 
be confirmed by direct calculation in respect of panel 
stability. The calculation is to take account of the shear 
stresses and direct stresses derived from both the transverse 
and longitudinal strength investigations. 


7.1.2 Where tanks are intended to be partially filled, the 
scantlings and structural arrangements of the boundary bulk- 
heads are to be capable of withstanding the loads imposed 
by the movement of liquid in the tanks. The magnitude of the 
predicted loadings, together with the scantling calculations, 
may require to be submitted. 


7.1.3 The scantlings of water ballast tank and cofferdam 
bulkheads not forming the boundary of a cargo tank are to be 
as required by Ch 1,9 for deep tanks. Where the bulkheads 
are boundaries of ‘U’ shaped tanks, the scantlings are also to 
be confirmed by the requirements of this Section. 


Table 9.7.1 Transverse oiltight bulkhead scantlings 


Item Horizontally stiffened 
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7.1.4 Where the pump-room acts as a cofferdam, a bulk- 
head which does not form part of the boundary of a cargo 
tank or an oil fuel bunker may be of watertight bulkhead 
scantlings in accordance with the requirements of Ch 1,9 
provided that an inert gas system is fitted in the cargo tanks, 
and the corresponding notation provided for in Pt 1, Ch 2,2 is 
assigned. 


7.1.5 Where penetration of the cofferdam or pump-room 
bulkheads is permitted by the Rules, the integrity of the bulk- 
head is to be maintained, see also Pt 5, Ch 13,2, Ch 15,3 and 
Pt 6, Ch 2,14. 


7.1.6 Where bulkheads are penetrated by cargo or 
ballast piping, the structural arrangements in way are to be 
capable of withstanding the loads imparted to the bulkheads 
by the hydraulic forces in the pipes. 


7.1.7 Special consideration will be given to any proposals 
to fit permanent repair/maintenance access openings with 
oiltight covers in cargo tank bulkheads. Attention is drawn to 
the existence of National Authority Regulations concerning 
load line and oil outflow aspects of such arrangements. 


7.2 Symbols 


7.2.1 The symbols used in this Section are defined as 
follows: 
a = the lesser dimension of an unstiffened plate panel, 


inmm 

b = the greater dimension of an unstiffened plate panel, 
inmm 

b; = the greater horizontal distance, in metres, from the 


centre of the plate panel or mid-point of the stiffener 
span to the corners at the top of the tank on either 
side 


Vertically stiffened 


(1) Plating thickness (mm) 
(a) Generally, including corrugations 
see also item 3 


(b) But not less than: 
(i) For the upper 3/4 of the bulkhead 
see Note 5 


(ii) For the lower 1/4 of the bulkhead 
see Note 5 


(2) Stiffener modulus (cm3) 


Z = 0,0067ksS42 hy 


(3) Corrugation properties 
(a) Modulus (cm3) 


(b) Inertia (cm4) see Note 4 


Z =0,0085php lę?k 


I =0,032ph l3 


NOTES 


The section modulus given by the formula is that of the stiffeners and associated plating or of the corrugation over pitch p. 
The ratio of web depth to web thickness is not to exceed 60  k for stiffeners with flanges or face plates and 18 {k for flat bars. 
The minimum thickness criteria given in Section 10 are also to be complied with, and the stiffener web thickness is to be sufficient to 


withstand the imposed shear forces. 


The minimum moment of inertia required by item 3(b) of the Table is not to be reduced on account of higher tensile steel being 


incorporated. 


For vertically corrugated bulkheads, see Table 1.9.2 in Chapter 1 for deep tanks. 
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S 
Foes 2500S; but not to be taken greater 


than 1,0 
h = load height, in metres measured vertically as 
follows: 

(a) for bulkhead plating, the distance from a point 
one-third of the height of the plate panel 
above its lower edge to the highest point of 
the tank, excluding hatchway 

(o) for bulkhead stiffeners or corrugations, the 
distance from the mid-point of span of the 
stiffener or corrugation to the highest point of 
the tank, excluding hatchway 


Dy 


h, =h+ ES but not less than 0,72 (h + Rb) 
D4 
hs =h+ E but not less than 0,55 (h + Rb4) 
p = pitch of symmetrical corrugations, in mm 
S = spacing, in mm, of bulkhead stiffeners or the 


breadth, in mm, of flange or web, whichever is the 
greater, of symmetrical corrugations 


D, = D,inmetres, but is to be taken not less than 10 and 
need not be taken greater than 16 
R = sin 
where 9 is the roll angle, in degrees 
and sin ð = (045 +0,1 = ) (0.54 j= ) 
B 1270 
S; = spacing of primary members, in metres. For the 


span at top, span may be reduced by the depth of 
deck longitudinal. 
Other symbols are defined in 1.5. 


7.3 Corrugated bulkheads 


7.3.1 Where corrugated bulkheads are adopted the angle 
of corrugation is to be not less than 40°, see Fig. 3.3.1 in Pt 3, 
Ch 3. 


7.3.2 Where transverse bulkheads are vertically corrugated, 
adequate resistance to transverse compressive forces is to 
be provided by horizontal stringers or equivalent. 


7.3.3 Where transverse bulkheads are horizontally 
corrugated, the span of the corrugations should not, in 
general, exceed 5,0 m. Consideration is to be given to provid- 
ing an efficient connection between the corrugations and the 
inner hull and longitudinal bulkhead stiffeners including local 
reinforcement where necessary. 


7.3.4 Corrugations are to be aligned and stiffening 
arrangements on plane members are to be arranged to give 
adequate support in way of flanges of abutting corrugations. 
Where both the longitudinal and transverse bulkheads are 
horizontally corrugated, the arrangements at intersections are 
to be designed to facilitate attachment and maintain continuity. 


Part 4, Chapter 9 


Section 7 


7.3.5 Where asymmetrical girders or webs are fitted to 
corrugated bulkheads, the angle of corrugation is not to 
exceed 60°. 


7.3.6 Where corrugated bulkheads on stools are 
adopted, attention is to be paid to the design of end 
connection. The arrangements are to be in accordance with 
the requirements of 7.4. 


7.3.7 Where vertically corrugated bulkheads are 
proposed without stools both flanges are to be adequately 
supported at deck and inner bottom. Proposals will be 
specially considered. Particular attention is to be given to the 
through-thickness properties of the inner bottom plating and 
continuity at the connection to the inner bottom. For the 
requirements for plates with specified through-thickness 
properties, see Ch 3,8 of the Rules for Materials. 


7.4 Bulkheads supported by stools 


7.4.1 The scantlings of vertically corrugated and double 
plate bulkheads supported by stools are generally to be 
confirmed by direct calculations which are to be submitted. 


7.4.2 In addition the scantlings are to be determined in 
accordance with the requirements of Ch 1,9.2.1 for deep tank 
bulkheads with the load head h4, in metres, measured to the 
highest point of the tank, excluding hatchway, but is not to be 
taken less than 0,44 (h4 + Rb4). 


7.4.3 The sloping stool plate thickness adjacent to the 
corrugation is to be not less than the thickness of the 
corrugation flange at mid span as required by 7.4.1 and 7.4.2. 
Where the plate thickness is increased locally, the vertical 
extent is to be not less than the width of the flange of the 
corrugation. 


7.4.4 The stools are to be reinforced with plate 
diaphragms or deep webs, and in bottom stools the 
diaphragms are to be aligned with double bottom side girders. 
Continuity is also to be maintained between the diaphragms 
and the webs of bulkhead corrugations as far as practicable. 


7.4.5 Additional double bottom girders are to be 
arranged extending at least to the first plate floor adjacent to 
the bulkhead each side and, in general, are to be spaced not 
more than 3,8 m apart. 


7.4.6 The sloping plate of bottom stools is to be aligned 
with double bottom floors. Particular attention is to be given to 
the through-thickness properties of the inner bottom plating 
and continuity at the connection to the inner bottom, and to 
the through-thickness properties of the bottom stool shelf 
plate. For requirements for plates with specified through-thick- 
ness properties, see Ch 3,8 of the Rules for Materials. 
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7.4.7 An efficient system of reinforcement is to be 
arranged in line with the tank transverse bulkheads or bulk- 
head stools at the intersection with the sloped plating of the 
double bottom hopper tanks and topside tanks. The 
reinforcement fitted in the tanks is to consist of girders or 
intercostal bulb plate or equivalent stiffeners fitted between 
and connected to the sloped bulkhead longitudinals. 


7.4.8 The shelf plates of the bulkhead stools are to be 
arranged to align with the longitudinals in the double bottom 
hopper tank and topside tanks. Where sloping shelf plates are 
fitted to stools suitable scarfing is to be arranged in way of the 
connections of the stools to the adjoining structures. 


7.4.9 The arrangement of stools and adjacent structure 
common with the cargo tank is to be designed to avoid 
pockets in which gas could collect. 


7.5 Connections 


7.5.1 Horizontal and vertical stiffeners are to be 
connected to supporting primary members as required by 
Pt 3, Ch 10,5.2. 


7.5.2 Stiffeners are to be bracketed or otherwise 
efficiently connected at their ends to provide adequate fixity. 


7.5.3 Arrangements and scantlings of end brackets for 
vertical stiffeners are to be as required by Pt 3, Ch 10. 


7.5.4 Horizontal stiffener end brackets are generally to 
satisfy the requirements of Pt 3, Ch 10. However, the length of 
the bracket arm at the side shell, inner hull and longitudinal 
bulkhead longitudinals is, in general, not to exceed the depth 
of the longitudinal. In order to provide the necessary weld 
connection, consideration may require to be given to fitting 
brackets on both sides of the bulkhead or to welding the 
stiffener to the longitudinal. The arrangements are also to be 
such as to maintain transverse continuity at intersections. 
Examples can be seen in the ShipRight FDA Procedure, 
Structural Detail Design Guide (SDDG). 


a Section 8 
Non-oiltight bulkheads 


8.1 General 


8.1.1 The requirements of this Section are applicable to 
longitudinal and transverse wash bulkheads, where fitted. 
Proposals to fit perforated longitudinal bulkheads in cargo 
tanks will be individually considered, see also 1.3. 


8.1.2 Wash bulkheads are generally to be of plane 
construction, horizontally or vertically stiffened, having an area 
of perforations not less than 10 per cent of the total area of 
the bulkhead. The perforations are to be so arranged that the 
efficiency of the bulkhead as a support is not impaired. 
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8.1.3 Where tanks are intended to be partially filled, the 
scantlings and structural arrangements of the wash bulkheads 
are to be capable of withstanding the loads imposed by the 
movement of liquid in the tanks. The magnitude of the 
predicted loads, together with the scantling calculations, may 
require to be submitted. 


8.2 Symbols 


8.2.1 The symbols used in this Section are defined as 
follows: 
a = the horizontal length of the plate panel, in mm 
a; = the cross-sectional area of the vertical web on 
longitudinal bulkhead and associated bulkhead 
plating over one transverse space, in cm2 
b; = half the distance, in metres, between members 
supporting floors as shown in Fig. 9.8.1 
b) = half the distance, in metres, between members 
supporting horizontal girder, adjacent to the bulkhead 
under consideration, as shown in Fig. 9.8.1 
by = overall breadth of tank, in metres 
D, = D, in metres, but is to be taken not less than 10 
and need not be taken greater than 16 
D, = the depth of the longitudinal bulkhead, including 
double bottom girder, in metres 
dọ =the distance, in metres, from the top of the 
longitudinal bulkhead to the centre of the plate 
panel under consideration and need not be taken 
greater than the distance to the bracket toe of the 
double bottom transverse primary member 
h = the distance, in metres, from the centre of th 


io) 


D 
load on the horizontal girder to ee m above the 


highest point of the tank, excluding the hatchway 
dą = the mean depth of horizontal girders at the 
longitudinal bulkhead, in metres, including th 
depth of the end brackets as shown in Fig. 9.8.1 
Ig = the distance, in metres, from the horizontal girders 
to the adjacent horizontal primary member below 


OD 


Qs. +Q 
fy. È sL+Qsw am 
DL T 
Qs Qy = as defined in Pt 3, Ch 4,6.1 
= A10, N/mm2 Ga kamm?) 
kL kL 


Qs = the maximum still water shear force on the 
longitudinal bulkhead, in KN (tonne-f), of the loading 
condition in question. 

Where two longitudinal bulkheads are fitted, Qs 
may be taken as: 

QsL = 0,34Qs 

Where one longitudinal bulkhead is fitted, Qg, may 
be taken as: 

QsL = 0,40Qs 

Qs, may also be derived by direct calculation to 
determine the distribution of shear force between 
the shell, inner hull and longitudinal bulkheads. 
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Qsw = design wave shear force on the longitudinal bulk- 
head, in KN (tonne-f). 
Where two longitudinal bulkheads are fitted, Qoy 
may be taken as: 


Qsw = 0,20Qw 
Where one longitudinal bulkhead is fitted, Qsw may 
be taken as: 
Qsw = 0,28Qw 
lL, = overall length of tank, in metres 
dL 
Fy =W,S6; B 


lp = the distance between the transverse bulkheads 
(oiltight or non-oiltight) adjacent to the bulkhead 
under consideration, in metres 

S = spacing of the double bottom transverse primary 
members, in metres 

Tẹ, = the maximum operating draught of ship, in metres, 
where the tank with non-oiltight bulkhead is empty. 

Wr = Tp + 0,023Le-0,0044L 


£ , but not to be taken greater than 1,0 
a 


Q 
I 


Other symbols are defined in 1.5. 


3699/08 


Fig. 9.8.1 Horizontal girder 
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8.3 Scantlings 


8.3.1 The thickness of plating may be the compartment 
minimum, see Section 10, except as given in 8.3.2 and 8.3.4. 


8.3.2 Where non-oiltight longitudinal wash bulkheads 
support a bottom primary member, the following additional 
requirements are to be met: 

(a) The area of perforation is to be not greater than 25 per 
cent of the total area of the bulkhead, and consideration 
is to be given to the disposition and geometry of the 
perforations so that the shear rigidity of the bulkhead is 
a maximum. 

(b) The net section area of the bulkhead is to be not less 
than 0,1354 b;D cm2. 

(c) The plating thickness is to comply with Table 9.6.1(1)(d). 

(d) The thickness of longitudinal bulkhead plating and web 
plating of the vertical web on longitudinal bulkhead is 
generally to be not less than: 

s Fy 


t = 0,026 — mm. 
1+ a2 aT 


(e) The thickness of the longitudinal bulkheads supporting 
a transverse bulkhead horizontal girder is in general to 
be not less than: 

0,0437 hig bk 0,892 tak 


(i) t = dh, + ie mm 


(i) t = 0,0011s (0,059L, +7) mm 

whichever is the greater. 
The thickness is also to satisfy the buckling requirements 
of Pt 3, Ch 4,7. 
The increased thickness is to extend over the end 
bracket and buttress of the horizontal girder down to a 
distance of 0,5/g. 


8.3.3 The section modulus of longitudinal wash bulkhead 
stiffeners is to be not less than, see also Pt 3, Ch 4,7: 


Z = 0,0036 (0.54 - a byks S2 cm’, 
1270 


8.3.4 Where non-oiltight transverse wash bulkheads 
support a primary fore and aft bottom centreline girder, the 
following additional requirements are to be met: 

(a) The area of perforation is to be not greater than 25 per 
cent of the total area of the bulkhead, and consideration 
is to be given to the disposition and geometry of the 
perforations so that the shear rigidity of the bulkhead is 
a maximum. 

(o) The net section area of the bulkhead is to be not less 
than 0,1354, bt D cm2. 

(c) The plating thickness is to comply with Table 9.7.1(1)(b). 
In no case is either panel dimension to exceed 180 times 
the thickness required by this sub-paragraph or by 8.3.1, 
whichever is the greater. 


8.3.5 The section modulus of transverse wash bulkhead 
stiffeners is to be not less than: 


l 
Z = 0,1215k s 12 => om’, 
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8.4 Connections 


8.4.1 Stiffeners are to be bracketed or otherwise 
efficiently connected at their ends and to primary supporting 
members, in accordance with the requirements of Pt 3, 
Ch 10. 


a Section 9 
Primary members supporting 
longitudinal framing 


9.1 General 


9.1.1 These requirements are applicable to ships having 
structural arrangements in accordance with 1.4. 


9.1.2 The minimum thickness and constructional detail 
requirements of Section 10 are also to be complied with. 


9.1.3 The scantlings of primary members are, in general, 
to be determined from direct calculations carried out in 
accordance with the requirements of Section 14 or in accor- 
dance with the requirements of this Section or the relevant 
Sections of Chapter 10. The direct calculations are to be 
submitted with the plans for confirmatory purposes, see a/so 
1.4.5. 


9.2 Symbols 


9.2.1 The symbols used in this Section are defined as 
follows: 
bo1, Deo= effective end bracket leg length, in metres, at each 
end of the member, see Pt 3, Ch 3,3 
dpg = Rule depth of centre girder, in mm 
h, = vertical distance from the centre of the cross-ties to 
deck at side amidships, in metres 
h, = distance between the lower span point of the vertical 
web and the moulded deck line at centreline, in 
metres 
lp = the distance, in metres, between the transverse 
bulkheads (oiltight or non-oiltight) adjacent to the 
bulkhead under consideration 
I, = one half the vertical distance, in metres, between 
the centres of the adjacent cross-ties or between 
the centre of the adjacent cross-tie and the centre 
of the adjacent bottom or deck transverse, or 
double bottom, see Fig. 9.9.1 
S = spacing of transverses, in metres 
A, = cross sectional area of the cross-tie material which 
is continuous over the span of the cross-tie in cm? 
I, = least moment of inertia of the cross-tie in cm4 
So = length of cross-tie, in metres, measured as follows: 
(a) For centre tank cross-ties: Sọ is the distance 
between the face plates of the vertical webs on 
the longitudinal bulkheads. 
(o) For wing tank cross-ties: Sẹ is the distance 
between the face plate of the vertical web on 
the longitudinal bulkhead and the inner hull. 
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S, = span of the vertical web, in metres, and is to be 
measured between end span points, see Fig. 9.9.1. 
Other symbols are defined in 1.5. 


(a) One cross-tie 


(b) Two cross-ties 


Q3 = 9,81K, hss S kN 
(Q3 =KghgsSg_tonne-f) 
Q4=9,81K5hgs Sg KN 3837/02 
(Q4=Kshgs Sg_tonne-f) 


Fig. 9.9.1 Wing tank construction 


9.3 Girders and floors in double bottom 


9.3.1 Girders are to be arranged at the centreline or duct 
keel, at the hopper side and in way of longitudinal bulkheads 
and bulkhead stools. Plate floors are to be arranged in way of 
transverse bulkheads and bulkhead stools. 
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9.3.2 In way of vertically corrugated transverse bulkheads 
supported by stools, additional girders are to be arranged 
extending at least to the first plate floor adjacent to the bulk- 
head each side and spaced not more than 3,8 m apart, see 
7.4.5. 


9.3.3 The centre girder is to have a depth of not less than 
that given by: 
dpg = 28B+205T mm 


The height of the double bottom is also to satisfy the require- 
ments given in 1.3. 


9.3.4 Thickness of floors and girders is to be confirmed 
by means of a direct calculation. Due account is to be taken 
of access and other openings. The minimum thickness 
however, is to be not less than that given by: 

(a) | Centre girder or duct keel: 


t = (0,008dpg + 1,0) yk mm 
(o) Floors and side girders: 
t = (0,007dpp + 1,0) Vk mm but need not exceed 


12,0 vk mm. 


9.3.5 The scantlings of plating and stiffeners of longitudinal 
girders are not to be less than necessary to comply with the 
buckling requirements of Pt 3, Ch 4,7. 


9.3.6 Floors and girders forming the boundaries of tanks 
are also to satisfy the requirements of tank bulkheads given 
in Ch 1,9. 


9.3.7 Provision is to be made for the free passage of air 
and water from all parts of the tanks to the air pipes and 
suctions, account being taken of the pumping rates required. 
Adequate access is also to be provided to all parts of the 
double bottom. The edges of all openings are to be smooth. 
The size of the opening should not, in general, exceed 50 per 
cent of the double bottom depth, unless edge reinforcement is 
provided. In way of ends of floors and fore and aft girders at 
transverse bulkheads, the number and size of openings are to 
be kept to a minimum, and the openings are to be circular or 
elliptical. Edge stiffening may be required in these positions. 


9.3.8 For ships intended to load or unload while aground, 
see Pt 3, Ch 9,9. 


9.3.9 The structure of girders and duct keels is to be 
sufficient to withstand the forces imposed by dry-docking the 
ship, see also 10.10. 


9.4 Vertical webs and horizontal girders in wing 
ballast tanks and hopper spaces 


9.4.1 The width of the double skin side structure is to 
comply with the requirements given in 1.3. 


9.4.2 Vertical webs are to be arranged in line with the 
floors in the double bottom to ensure continuity of transverse 
strength. 
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9.4.3 A horizontal girder is to be arranged at the top of 
the hopper space and is to be located close to the knuckle 
between the hopper and inner hull. Where additional 
longitudinal girders are provided to satisfy access require- 
ments in accordance with 13.2.8, these are to be arranged in 
line with horizontal girders on the transverse bulkhead and 
wing tank cross-ties where these are fitted. 


9.4.4 The scantlings of vertical webs and horizontal 
girders are to be determined by means of direct calculations 
and due account is to be taken of openings in the structure, 
see also the buckling requirements in Pt 3, Ch 4,7 for 
horizontal girders. 


9.4.5 Access openings are to be kept clear of other small 
openings and are to have smooth edges. Edge stiffening is 
also to be arranged in regions of high shear stress. 


9.5 Deck transverses and girders 


9.5.1 Deck transverses are to be arranged in line with the 
vertical webs at the side and vertical transverses at 
longitudinal bulkheads, where fitted, to ensure continuity of 
transverse structure. 


9.5.2 Deck girders are to be supported at transverse 
bulkheads by vertical webs or equivalent. 


9.5.3 The scantlings of deck transverses and girders are 
to be determined by means of direct calculations or, 
alternatively, in accordance with the requirements of 
Ch 10,2.8 and 2.9. 


9.6 Cross-ties 


9.6.1 Cross-ties, where fitted, may be of plate or 
sectional material and are to have an area and least moment 
of inertia to satisfy the following: 

0,765 I, hg sk 


Ac = cm? 
( ; - 04882) 
rk 
h fe 
where r = os cm 


(As a first approximation the area and inertia of the cross-tie 
may be calculated in accordance with Ch 10,2.10.1.) 


9.6.2 The scantlings of the webs and flanges of cross- 
ties are also to be confirmed by means of direct calculation. 


9.6.3 Design of end connections is to be such that the 
area of the welding, including vertical brackets, where fitted, is 
to be not less than the minimum cross-sectional area of the 
cross-tie derived from 9.6.1. To achieve this, full penetration 
welding may be required and thickness of brackets may 
require further consideration. Attention is to be given to the 
full continuity of area of the backing structure on the vertical 
webs and within the wing ballast tank. Particular attention is 
also to be paid to the welding at the toes of all vertical end 
brackets on the cross-tie. 
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9.7 Primary members supporting oiltight 
bulkheads 


9.7.1 The scantlings of primary members supporting 
oiltight bulkheads are, in general, to be determined by means 
of direct calculation, see also 9.7.4 and 9.7.5. 


9.7.2 Alternatively, the scantlings of vertical webs and 
horizontal girders on transverse bulkheads are to be 
determined in accordance with the requirements of Ch 10,4. 


9.7.3 Where longitudinal oiltight bulkheads are fitted, 
vertical webs are to be arranged in line with the deck 
transverses and the double bottom floors. Particular attention 
is to be paid to the alignment of the bulkhead web end 
brackets with the double bottom floors. 


9.7.4 The section modulus of vertical webs on longitudinal 
bulkheads in ships with one or two longitudinal bulkheads is 
to be not less than: 
Z = KgshoS.2k cms 
where 
Kg is given in Table 9.9.1. 


9.7.5 In ships with two longitudinal bulkheads, the net 
sectional area of the web at any section is not to be less than: 


A =0,12Q,k cm2 


Q, k ) 

2 2 

(4 = J985 cm 

where Q, is calculated from shear force diagrams constructed 


as shown in Fig. 9.9.1. For this purpose the values of K4 and 
Ks and the range of application are given in Table 9.9.1. 


9.7.6 The moment of inertia of vertical webs on longitudinal 
bulkheads is to be not less than: 


I = LI ez cm4. 
k 


9.7.7 Where horizontal girders and vertical webs on 
transverse bulkheads do not form part of a ring structure, they 
are to be arranged with substantial end brackets forming a 
buttress extending to the adjacent vertical web or transverse. 
The shear and combined stresses in the buttress arrange- 
ments are to be examined. 


9.7.8 Where the cross-ties are omitted from the 
transverse ring in the wing or centre tanks adjacent to the 
transverse bulkhead, the design of the horizontal girder, end 
buttress and vertical webs is to take account of the loads 
imposed and the deflection of the structure. 


Table 9.9.1 Vertical web on longitudinal bulkhead 


coefficient 


Range of 
application 


0,455 — 0,316 0,103 05<o<0,7 


0,441 — 0,26764 | 0,4985 - 0,249 | 0,4< 41 < 0,5 
0,65 < $9 < 0,8 
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9.7.9 Where, in ships exceeding 150 m in length, the 
longitudinal bulkhead is corrugated, the transverses are 
generally to be symmetrical on both sides of the bulkhead, and 
the scantlings may require to be increased to limit deflection. 


9.8 Primary members supporting non-oiltight 
bulkheads 


9.8.1 These requirements are applicable to primary 
members supporting non-oiltight transverse bulkheads. 
Where non-oiltight longitudinal bulkheads are proposed, the 
requirements for primary members will be individually 
considered. 


9.8.2 Direct calculation procedures will generally be required 
where non-oiltight bulkhead primary members will interact 
with, or tend to support, the primary bottom, longitudinal 
bulkhead or side structure, and in other cases where 
warranted by structural design features. In general the section 
modulus of horizontal girders is to be not less than: 


| 
Z =145k b 1,2 => om’. 


9.8.3 When determining the width of plating supported 
and the effective breadth for calculating the section modulus, 
no deduction is to be made on account of perforations. 


|_| Section 10 
Construction details and minimum 
thickness 


10.1 Symbols 


10.1.1. The symbols used in this Section are defined as 
follows: 
For the primary member: 
dy = depth of member web, in mm 
Są = spacing of tripping or docking brackets on the web 
of the member, in metres 
ty = thickness of member web, in mm 
Sw = spacing of members, in metres 
For the primary member web stiffener: 
d = depth of web plate panel, in mm 
l = span of stiffeners between effective support points, 
in metres 
s = spacing of stiffeners on the web, in mm 
As = cross-sectional area of the web stiffener and 
associated web plating, in cm2 
I; = moment of inertia of the web stiffener and 
associated web plating, in cm4 
For the primary member end bracket, see Fig. 9.10.2: 
dp = arm length, in metres 
lp = effective length of the free edge, in metres 
ty = thickness of the end bracket plating, in mm 
Ap = cross-sectional area of the end bracket edge 
stiffeners and associated plating, in cm2 
I, = moment of inertia of the end bracket edge stiffeners 
and associated plating, in cm4 
Other symbols are defined in 1.5. 
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10.2 Compartment minimum thickness 


10.2.1. Within the cargo tank region, including wing ballast 
tanks and cofferdams at the ends of or between cargo tanks, 
the thickness of primary member webs and face plates, hull 
envelope and bulkhead plating is to be not less than: 


t 2,15L93 mm, or 
t 7,5 mm 
whichever is the greater. 


10.2.2 The minimum thickness of secondary members is 
to be determined as above, but need not exceed 11,0 mm. 


10.2.3 In pump-rooms the minima apply to shell, deck, 
longitudinal bulkhead and associated longitudinals. For other 
items solely within the pump-room, including transverse 
bulkheads separating the adjacent machinery spaces from the 
pump-room, the minima may be reduced by 1,0 mm, subject 
to a lower limit of 7,5 mm. 


10.2.4 Within the fore peak tank, minimum thicknesses are 
to be in accordance with 10.2.1 and 10.2.2 reduced by 
1,0 mm but are to be not less than 7,5 mm. 


10.3 Geometric properties and proportions of 
members 


10.3.1 The depth of the web of any primary member is to 
be not less than 2,5 times the depth of the cut-outs for the 
passage of secondary members, except where compensa- 
tion is arranged to provide satisfactory resistance to deflection 
and shear buckling in the web. 


10.3.2 The area of material in the face plate of any primary 
member structure is not to exceed: 

0,00667dy ty cm2 

nor is it to be less than: 

0,00417s,d,, cm2. 


10.3.3 The geometric properties of rolled stiffeners and 
built sections are to be calculated in association with an 
effective width of attached plating in accordance with Pt 3, 
Ch 3,3. 


10.4 Continuity of primary members 


10.4.1. Primary members are to be so arranged as to 
ensure effective continuity of strength throughout the range of 
tank structure. Abrupt changes of depth or section are to be 
avoided. Where members abut on both sides of a bulkhead or 
on other members, arrangements are to be made to ensure 
that they are in alignment. 
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10.4.2 The members are to have adequate end fixity, 
lateral support and web stiffening, and the structure is to be 
arranged to minimise hard spots or other sources of stress 
concentration. Openings are to have well rounded corners 
and smooth edges and are to be located having regard to the 
stress distribution and buckling strength of the plate panel. 


10.5 Primary member web plate stiffening 


10.5.1. The webs of primary members are to be supported 
and stiffened in accordance with the following requirements, 
which are designated as requirements ‘A’, ‘B’, ‘C’, ‘D’ and ‘E’. 
The application of these requirements is detailed in 10.7, and 
the corresponding locations indicated in Fig. 9.10.1. Where 
webs are slotted for the passage of secondary members, the 
web stiffeners are to be arranged to provide adequate support 
for the loads transmitted, see Pt 3, Ch 10,5.2. Where direct 
calculations are carried out in accordance with 1.1.8 and 
Section 14, other stiffening arrangements will be accepted 
subject to compliance with the maximum permissible stress 
and plate panel buckling criteria given in the ShipRight SDA 
Procedure, Guidance Notes on Direct Calculations: Primary 
Structure of Tankers. 


10.5.2 Where higher tensile steel is used for the primary 
members, the maximum spacing of stiffeners given in this 
Section is to be multiplied by 4k . 


10.5.3 In addition to these stiffeners, tripping brackets as 
required by 10.11 are also to be fitted. 


10.5.4 For requirement ‘A’ stiffening: 


(a) | The thickness, t,, of the web is to be not less than = 


(o)  Stiffening is generally to be fitted normal to the face plate 
of the member, but the stiffeners parallel to the face plate 
will be required when the web depth, dw, exceeds a 
value, dmax which is to be taken as: 


for s < 55tw Cmax = 3S 
for s > 55t bes ew 
Pee aa max s - 40ty, 


(c) Where stiffening parallel to the face plate is required, the 
distance from the face plate of the member to the 
nearest stiffener is not to exceed 65t,,. Further stiffeners 
are to be fitted at similar spacing so that the distance 
between the last stiffener and the shell or bulkhead 
plating does not exceed dmax: In way of end brackets to 
transverse bulkhead primary structure, stiffeners are to 
be fitted normal to the face plate of the member so that 
web plate panel dimensions parallel to the face plate do 
not exceed 80ty. 
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Cross-tie in wing 


- Cross-tie in centre 
|a 


Fig. 9.10.1 


10.5.5 
(a) The thickness, tw of the web is to be not less than = 


For requirement ‘B’ stiffening: 


(b)  Stiffening is generally to be fitted normal to the face plate 
of the member, but stiffeners parallel to the face plate will 
be required when the web depth, dw, exceeds a value 
dmax: Which is to be taken as: 
for s < 70ty dmax = 3S 


48s tw 


fors > TOtw Cmax = S 54t. 
~ w 


(c) Where stiffening parallel to the face plate is required, the 
distance from the face plate of the member to the 
nearest stiffener is not to exceed 80t,,. Further stiffeners 
are to be fitted at similar spacing so that the distance 
between the last stiffener and the shell or bulkhead 
plating does not exceed dmax 


10.5.6 For requirement ‘C’ stiffening: 

(a)  Stiffening is generally to be fitted normal to the face plate 
of the member in line with alternate secondary members, 
but stiffeners parallel to the face plate will be required, 
when the web depth, dẹ exceeds a value, dmax which is 
to be taken as: 


for s < 76ty dmax = 3S 


48s tw 
s — 60t,, 


(o) Where stiffening parallel to the face plate is required, the 
distance from the face plate of the member to the 
nearest stiffener is not to exceed 90tw. Further stiffeners 
are to be fitted at similar spacing so that the distance 
between the last stiffener and the deck plating does not 
exceed dmax: 


for s > 76tw Gina = 


10.5.7 


(a) 
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Key to application requirements 


For requirement ‘D’ stiffening: 

Stiffening parallel to the face plate will be required such 
that the distance between the stiffener and face plate, or 
between two stiffeners, does not exceed: 

80t,, where L < 90 m 

55tw where L > 190 m 

with intermediate values by interpolation. 


(b) Brackets are to be fitted to support the face plates and 
stiffeners. 
10.5.8 For requirement ‘E’ stiffening: 


(a) 


Stiffening parallel to the face plate will be required such 
that the distance between the stiffener and face plate, or 
between two stiffeners, does not exceed: 

85tw where L < 90 m 

60t,, where L > 190 m 

with intermediate values by interpolation. 

Brackets are to be fitted to support the face plates and 
stiffeners. 
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10.6 Inertia and dimensions of stiffeners 


10.6.1. The moment of inertia is to be not less than: 
(a) For stiffeners normal to the primary member face plate: 
I = pStwSx 10-4 cm4 
where 
ty need not be greater than the values in 
Table 9.10.1 and 
p is to be obtained from Table 9.10.2. 
(o) For stiffeners parallel to the primary member face plate: 
On transverses, webs and stringers 
I, = 212A, cm4 
On longitudinal deck, side and double bottom girders, 
see also Pt 3, Ch 4,7 
I, = 2,851,2A, cm4 


Table 9.10.1 Maximum web thickness for stiffener 


inertia 


Requirement Web thickness tw, in mm 


S 


A 55 


S 


B’ and ‘C 70 


ToS 
80 


‘D’ where L < 90 m 


see Note 
S 


ey > 
55 where L > 190 m 


S 


B5 where L < 90 m 


see Note 
S 


60 where L > 190 m 


NOTE 
Intermediate values by interpolation. 


10.6.2 Where stiffeners are fitted in both directions, the 
inertia of the stiffeners parallel to the face plate of the member 
is to be not less than that of the stiffeners fitted normally. 


10.6.3. The depth of web stiffeners is to be not less than 
75mm. 


10.6.4 Where flat bar stiffeners are used, the ratio of depth 
to thickness is not to exceed 18k . 


Table 9.10.2 Coefficients for stiffener inertia 


Aspect ratio of plate panel, ma 1,0 or more 
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10.7 Application of stiffening requirements 


10.7.1 | The requirements as detailed in 10.5 and 10.6 are 
to be applied in the following locations, see also Fig. 9.10.1. 
(a) For transverses at longitudinal bulkhead: 
Requirement ‘A’ stiffening is to extend at least as far as 
the lower surface of the lower cross-tie. Elsewhere, 
requirement ‘B’ stiffening is to be fitted. 
(b) For deck transverses: 
Requirement ‘C’ stiffening is to be fitted. 

(c) For stringers and horizontal girders on bulkheads: 
Requirement ‘A’ stiffening is to extend for a distance from 
each end of 20 per cent of the span of the stringer or 
girder, but at least beyond the toes of the end 
brackets. Elsewhere, requirement ‘B’ stiffening is to be 
fitted. 

(d) For cross-ties: 

Cross-ties are to be suitably stiffened to prevent 
buckling and twisting. Requirement ‘D’ stiffening is to be 
fitted to the lower or to a single cross-tie. Requirement 
‘E’ stiffening is to be fitted to the upper cross-ties where 
two cross-ties are arranged. 

(e) For shell stringers and vertical webs in fore peak: 
Requirement ‘A’ stiffening is to extend the full length of 
the member. 


10.7.2 The application of stiffening requirements to 
transverse structures where no cross-ties are fitted and within 
double hull structures are to be based on the results of direct 
calculation and will be specially considered. 


10.8 Stiffening of continuous longitudinal girders 


10.8.1 The webs of continuous longitudinal deck and 
double bottom girders are to be stiffened longitudinally. 
Particular attention is to be given to the stiffening of docking 
girders, see also the buckling requirements in Pt 3, Ch 4,7. 


10.8.2 The stiffeners on deck girders are to be spaced not 
more than 55t mm apart except in way of vertical webs and 
end brackets, where the spacing is not to exceed 45t,, mm. 
Alternatively, a combination of parallel stiffeners at 55t,, mm 
spacing and normal stiffeners at 45t,, mm spacing may be 
adopted. Particular attention is to be given to the stiffening of 
the docking girder. 


10.8.3 The application of stiffening requirements to 
girders within double hull structures is to be based on the 
results of direct calculation, see also 10.10.1. 


jes fio | oe | ae foe | ooe 
2,9 4,2 6,1 9,2 14,6 30,0 


NOTES 

1. Intermediate values by interpolation. 

2. The depth of panel, d, used in calculating aspect ratio may be measured from the face of the secondary member to which the primary 
member web stiffener is attached. 
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10.8.4 The moment of inertia of the stiffeners is to comply 
with 10.6. 


10.9 Stiffening of vertical webs on transverse 
bulkheads 


10.9.1 Vertical webs are to be fitted with stiffeners 
parallel to the face plate of the web and spaced not more than 
60ty mm apart. Stiffeners normal to the face plate are to be 
fitted when a vertical web supports horizontal stiffeners on 
transverse bulkheads. The length of stiffener is to be sufficient 
to distribute the load transmitted, and the connection 
between web stiffener and bulkhead stiffener is to comply with 
the relevant requirements of Pt 3, Ch 10,5.2. 


10.9.2 The moment of inertia of the stiffeners is to comply 
with 10.6. 


10.10 Double bottom girders in way of docking 
supports 


10.10.1 Additional vertical stiffeners may be required on the 
bottom panels of the girder to resist docking pressures. 


10.11 Lateral stability of primary members 


10.11.17 Tripping brackets are generally to be fitted close to 
the toes of end brackets, in way of cross-ties and elsewhere, 
so that the spacing between brackets does not exceed the 
lesser of 4,5 m or 15 times the width of the face plate (20 times 
in the case of deck transverses). Arrangements in way of the 
intersections of primary members are to be such as to prevent 
tripping. A closer spacing of brackets may be required to be 
adopted with asymmetrical face plates. 


10.11.2 To maintain continuity of strength, substantial 
horizontal and vertical brackets are to be fitted to transverses 
or stringers at ends of cross-ties. Horizontal brackets are to 
be aligned with the cross-tie face plates, and vertical end 
brackets are to be aligned with the cross-tie web. 


10.11.38 Wide face plates may require additional support 
between brackets. 


10.11.4 In the fore peak tank, if the angle between the 
normal to the shell plating and the vertical webs exceeds 20°, 
tripping brackets are to be fitted at the toes of end brackets 
and elsewhere, such that their spacing does not exceed 3 m. 


10.12 Openings in web plating 


10.12.71 Where openings are cut in the webs of primary 
supporting members, the greatest dimension of the opening is 
not to exceed 20 per cent of the web depth. The openings 
are to be kept equidistant from the corners of notches for 
frames and stiffeners. In the case of webs supporting single 
skin structures the openings are to be located so that the 
edges are not less than 40 per cent of web depth from the 
face plate. Openings are to be suitably framed where required. 
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10.12.2 In way of cross-ties and their end connections 
lightening holes are not to be cut in horizontal girders on the 
ship’s side and longitudinal bulkheads, in symmetrical webs 
nor in vertical webs on longitudinal bulkheads and wing ballast 
tanks. 


10.12.3 Holes cut in primary longitudinal members within 
0,1D of the deck and bottom are, in general, to be reinforced 
as required by 4.10. Access holes may be cut in deep 
transverses and girders with suitable compensation to provide 
satisfactory resistance to deflection and shear buckling in the 
web. 


10.12.4 All holes are to have smooth edges and are to be 
kept well clear of notches and the toes of brackets. 


10.12.5 Small air and drain holes cut in primary members 
are to be kept clear of the toes of brackets and are to be well 
rounded with smooth edges. Where holes are cut in primary 
longitudinal members in areas of high stress, or where primary 
members are of higher tensile steel, they are to be elliptical, 
or equivalent, to minimise stress concentration. 


10.12.6 Where holes are cut for heating coils, the lower 
edge of the hole is to be not less than 100 mm from the inner 
bottom. Where large notches are cut in the transverses for the 
passage of longitudinal framing, adjacent to openings for 
heating coils, the longitudinal notches are to be collared. 
Examination of the buckling strength of the web plate panel 
between notches for longitudinals may be required. 


10.13 Brackets connecting primary members 


10.13.71 The arm length of brackets connecting primary 
supporting members should, in general, be not less than the 
depth of the member web, nor exceed 1,5 times the web 
depth. The two arms should be of approximately equal 
lengths. 


10.13.2 In a ring system where the end bracket is integral 
with the webs of the members, and the face plate is carried 
continuously along the edges of the members and the 
bracket, the full area of the largest face plate is to be 
maintained to the mid-point of the bracket and gradually 
tapered to the smaller face plates. Butts in face plates are to 
be kept well clear of the toes of brackets. Where a wide face 
plate abuts on a narrower one, the taper is generally not to 
exceed 1 in 4. Where a thick face plate abuts against a 
thinner one, if the difference in thickness exceeds 3 mm, the 
taper on thickness is not to exceed 1 in 3. 


10.13.3 The thickness of separate end brackets is 
generally to be not less than that of the thicker of the primary 
member webs being connected, but may be required to be 
increased locally at the toes. The bracket is to extend to 
adjacent tripping brackets, stiffeners or other support points. 
Bracket toes are to be well radiused. Where the bracket is 
attached to a corrugated bulkhead, suitable arrangements are 
to be made to dissipate the load at the bracket toe. Details of 
the welding to be used in way of toes of separate brackets 
are to be submitted, see a/so Pt 3, Ch 10,5.1.7. 
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10.13.4 Brackets are to be fitted with suitable face plates 
and stiffeners. The maximum distance from the face plate to 
the first parallel stiffener is to be 30t,. Subsequent stiffeners 
lying parallel to the face may be spaced not more than 
45tp apart. The maximum arm length for an unstiffened 
triangular panel is 100t,, see Fig. 9.10.2. The depth of 
stiffeners is to be not less than 75 mm, and their moment of 
inertia is to comply with 10.6. 


Face plate may be either symmetric 
or asymmetric 


3 


100p max 


Main supporting brackets 
3699/10 


TB = tripping bracket 


Fig. 9.10.2 Primary member end brackets 


10.13.5 The area of discontinuous face plates is generally 
to be about 80 per cent of the area of the face plates of the 
adjacent members. However, where the stiffener adjacent to 
the face plate is of increased size, consideration will be given 
to the face area required. In addition, the following expression 
is to be satisfied: 

Ib 


— = 
A 22h 


10.13.6 The ends of discontinuous face plates are to be well 
tapered. The taper may be 1 in 3, but where the width of the 
face plate exceeds 500 mm, a taper not less than 1 in 4 is 
generally to be adopted. Stiffeners adjacent to the face plate 
should be tapered 1 in 2, and other stiffeners may be cut 
at 45°. 


10.13.7 Face plates and web stiffeners are to be suitably 
supported against tripping, see Fig. 9.10.2. 


10.13.8 In the case of very large brackets with heavy face 
plates, it is recommended that the effective span, lp, be 
reduced by extending the primary member main supporting 
brackets to provide lateral stability to the face plate, see 
Fig. 9.10.2. 
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10.14 Arrangements at intersections of continuous 
secondary and primary members 


10.14.1 For details and connections of collars, see 
Pt 3, Ch 10,5.2. 


a Section 11 
Ships for alternate carriage of oil 
cargo and dry bulk cargo 


11.1 Application 


11.1.1 The requirements of this Section apply to ships 
intended to carry oil in bulk with a flash point not exceeding 
60°C (closed-cup test) or dry bulk cargo alternatively. 


11.1.2 In addition to this Chapter the requirements of 
Chapter 7 and Chapter 11 are also to be complied with as 
applicable. Particular attention is drawn to the minimum 
thickness requirements of Section 10. 


11.2 Class notations 


11.2.1 Ships complying with the requirement of this 

section will be eligible for one of the following class notations, 

as applicable. 

(a) 100A1 Oil or Bulk Carrier, ESP 

(b) 100A1 Oil or Bulk Carrier strengthened for heavy 
cargoes, holds ... may be empty, ESP 

(c) 100A1 Oil or Bulk Carrier strengthened for heavy 
cargoes, any hold may be empty, ESP 

(d) 100A1 Ore or Oil Carrier, ESP. 


11.2.2 The notation ESP serves to identify the ship as 
being subject to an Enhanced Survey Programme as detailed 
in Pt 1, Ch 3,3 and Ch 3,6 and Ch 3.7, see also Pt 1, 
Ch 2,2.3.12. 


11.2.3. The above notations assume that dry cargoes and 
oil cargoes will not be carried simultaneously. However, oil 
may be retained in slop tanks when the ship is carrying dry 
cargo, provided that these tanks comply with the require- 
ments of the Rules. Gas freeing, inerting, and isolating by 
approved arrangements of the remaining tanks and holds 
before loading ore or other dry cargoes is the responsibility of 
the Owner and is to be accordance with National and Port 
Authority requirements. 


11.2.4 The Regulations for classification and the assign- 
ment of class notations are given in Pt 1, Ch 2 to which 
reference should be made. 
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11.3 Structural configuration and ship 
arrangement 


11.8.1 | The requirements contained in this Section apply to 

the following ship types: 

(a) Oil or bulk carrier with a basic structural configuration 
having a single deck hull and which includes, a double 
skin side structure, double bottom, hopper side tanks 
and topside tanks fitted below the upper deck. A typical 
cross-section is indicated in Fig. 9.11.1(a). However, 
consideration will be given to other arrangements on the 
basis of the requirements of this Section. The require- 
ments of Chapter 7 are to be applied. 

(o) Ore or oil carrier with a basic structural configuration 
having a single deck hull and which includes, a double 
skin side structure, two longitudinal bulkheads, and a 
double bottom throughout the centre hold and wing 
tanks. A typical cross-section is indicated in 
Fig. 9.11.1(b). The requirements of Chapter 11 are to be 
applied. 


3739/01 


(b) 


Fig. 9.11.1 Structural configuration 


11.3.2 Where oil residues are to be retained on board, slop 
tanks of sufficient capacity to meet MARPOL requirements are 
to be provided and are to be separated from adjacent spaces 
by cofferdams which are to be capable of being flooded, 
except where the adjacent space is used as a pump-room, 
ballast tank, or an oil fuel bunker tank, see also 1.2.2, Pt 5, 
Ch 15,1.9, and SOLAS Reg. II-2/D, 56.4. 
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11.3.3. Arrangements are to be provided for the mechanical 
ventilation of cargo spaces and any enclosed spaces adjacent 
to cargo spaces, see Pt 5, Ch 15,3. Similar arrangements are 
to be provided for cargo oil ducts which are used as pipe 
tunnels when the ship is carrying dry cargo, see also 11.3.5. 


11.3.4 | Openings which may be used for cargo operations, 
for example in the bottom of topside tanks, are not permitted 
in bulkheads and decks separating oil cargo spaces from 
other spaces not designed and equipped for the carriage of oil 
cargoes unless such openings are equipped with alternative 
approved means to ensure equivalent integrity. 


11.3.5 For the requirements of ducts for cargo oil lines 
below decks on ore or oil carriers, see Pt 5, Ch 15,3.3. 


11.3.6 For the requirements for access arrangements to 
pipe tunnels and spaces in the cargo area, see Section 13. 


11.4 Bulkheads in way of dry/oil cargo holds 


11.4.1 In way of cargo oil holds, the scantlings of the 
cargo space boundaries are to comply with 11.4.2 and 
11.4.6. 


11.4.2 The scantlings of vertically corrugated and double 
plate transverse bulkheads supported by stools are to be 
determined in accordance with the requirements of 
7.4.1, 7.4.2 and Ch 7,10.2. In general, the bulkheads are to 
have stiffening or corrugations arranged vertically, supported 
by top and bottom end stools. Alternative arrangements will, 
however, be considered. 


11.4.3. The longitudinal bulkheads including bulkhead 
forming inner hull, and the sloped bulkheads of the topside 
and double bottom tanks are to comply with Section 6. 
However, in way of cargo holds b4 is to be taken as the 
horizontal distance from the plate or longitudinal under 
consideration to the vertical projection of the hatch side 
furthest away from the bulkhead. For longitudinal framing the 
determination of the span point may be in accordance with 
Pt 3, Ch 3,3. The scantlings of the sloped bulkhead of the 
double bottom hopper tanks in way of the dry cargo holds are 
to be not less than the requirements of Ch 7,9. 


11.4.4 The arrangement of stools and adjacent structure 
common with dry cargo holds is to be designed to avoid 
pockets in which gas could collect. 


11.4.5 | Where the form of construction used for transverse 
bulkheads in wing tanks is different from that used in centre 
holds, arrangements are to be made to ensure continuity of 
transverse strength through the longitudinal bulkhead. 


11.4.6 Where partial filling of centre holds with liquid is 
contemplated, the scantlings and structural arrangements of 
the boundary bulkheads are to be capable of withstanding the 
loads imposed by the movement of liquid in the holds. The 
magnitude of the predicted loadings, together with the 
scantling calculations, may require to be submitted. 
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11.5 Bulkheads in wing tanks of ore or oil carriers 


11.5.1 Oiltight bulkheads in wing tanks of ore or oil 
carriers, see 11.3.1(b), are to comply with the requirements 
for transverse oiltight bulkhead plating, stiffening and primary 
structure given in Sections 7 and 9. 


11.5.2 — Non-oiltight bulkheads in wing tanks are to comply 
with the requirements given in Sections 8 and 9. The bulk- 
head plating is to be suitably reinforced in way of double 
bottom scarfing arrangements and the ends of centre hold 
deck transverses. Openings in wing tank bulkheads are to be 
kept clear of these areas. 


11.6 Cofferdam bulkheads 


11.6.1 The scantlings of cofferdam bulkheads not forming 
the boundary of a cargo space are to be as required by 
Section 7. 


11.7 Hatchways 


11.7.1. The scantlings of the cargo hold hatch coamings 
are to comply with Pt 3, Ch 11,5 and the cargo hold hatch 
covers with Pt 3, Ch 11,2 and Pt 4, Ch 7,12. 


11.7.2 Where cargo holds are intended to be partly filled 
the hatch covers may require to be additionally strengthened, 
see also 11.4.6. 


11.7.3 Slop tank hatches and cleaning openings are only 
permitted on open deck. Unless these openings are closed 
with a watertight bolted plate, the locking arrangements are 
to be under the control of a responsible officer. 


11.8 Hatch coamings 


11.8.1. The height and construction of hatch coamings are 
to comply with Pt 3, Ch 11,5 and Pt 4, Ch 7,138. 


|_| Section 12 
Cargo temperatures 


12.1 General 
12.1.1 This Section applies to the carriage of heated and 


low temperature cargoes in vessels having a structural config- 
uration as shown in Table 9.1.3 and Fig. 9.11.1. 
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12.2 Carriage of heated cargoes 


12.2.1 | Where cargoes are to be carried at temperatures 
above T during the voyage, temperature distribution investi- 
gations and thermal stress calculations are to be submitted. 
These are to be carried out using the actual temperature of 
the cargo during the voyage and compared with calculations 
carried out for a cargo temperature of 7. For the purpose of 
these calculations, T is to be taken as follows: 

(a) Where longitudinal framing is adopted, T = 65°C. 

(o) Where transverse framing is adopted for the longitudinal 

bulkhead, inner hull and side shell, T = 80°C. 


12.2.2 The calculations are to give the resultant stresses 
on the hull structure, based on a sea temperature of 0°C and 
an air temperature of 5°C. Any proposals for reinforcement of 
the hull structure and/or limitation of the still water bending 
moment for heated cargo conditions are to be submitted. 


12.2.3 Submitted proposals are to take account of 
non-uniform loading patterns with resultant variations in 
temperature distribution, where applicable. 


12.3 Loading of hot oil cargoes 


12.3.1 Hot oil cargoes may be loaded at the permitted 
carriage temperature in 12.2.1 or the temperature given 
below, whichever is the greater, without the need for temper- 
ature distribution and thermal stress calculations, providing 
the temperature specified in 12.2.1(a) and (b) is not exceeded 
during the voyage: 

(a) 65°C for sea temperatures of 0°C and below. 

(b) 75°C for sea temperatures of 5°C and above. 

(c) By linear interpolation between (a) and (b) above, for sea 

temperatures between 0°C and 5°C. 


12.4 Low temperature cargoes 


12.4.1. The hull structural and engineering systems permit 
cargoes to be loaded down to -10°C. For low temperature 
operations, see Part 8 and the Provisional Rules for the 
Winterisation of Ships. 


a Section 13 
Access arrangements and closing 
appliances 


13.1 General 


13.1.1 For requirements in respect of coamings and 
closing of deck openings, see Pt 3, Ch 11,7. 


13.1.2 | Openings in cargo oil tanks are not to be located in 
enclosed spaces. 


13.1.3 Ladders and platforms in cargo tanks, pump- 
rooms and cofferdams are to be securely fastened to the 
structure, see also 2.3. 
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13.2 Access to spaces in the cargo area 


13.2.1 Access to cofferdams, vertical wing and double 
bottom ballast tanks, cargo tanks and other spaces in the 
cargo area shall be direct from the open deck and such as to 
ensure their complete inspection. Access to double bottom 
tanks in way of cargo oil tanks, where wing ballast tanks are 
omitted, is to be provided by trunks from the exposed deck 
led down the bulkhead. Alternative proposals will, however, be 
considered provided the integrity of the inner bottom is main- 
tained. Access to double bottom spaces may also be through 
a cargo pump-room, pump-room, deep cofferdam, pipe tunnel 
or similar compartments, subject to consideration of ventila- 
tion aspects. 


13.2.2 Where a duct keel or pipe tunnel is fitted, and 
access is normally required for operational purposes, access 
is to be provided at each end and at least one other location 
at approximately mid-length. Access is to be directly from the 
exposed deck. Where an after access is to be provided from 
the pump-room to the duct keel, the access manhole from 
the pump-room to the duct keel is to be provided with an 
oiltight cover plate. Access is not to be via the engine room. 
Mechanical ventilation is to be provided and such spaces are 
to be adequately ventilated prior to entry. A notice-board is to 
be fitted at each entrance to the pipe tunnel stating that 
before any attempt is made to enter, the ventilating fan must 
have been in operation for an adequate period. In addition, 
the atmosphere in the tunnel is to be sampled by a reliable 
gas monitor, and where an inert gas system is fitted in cargo 
tanks, an oxygen monitor is to be provided. 


13.2.3 In ships for the alternate carriage of oil cargo and 
dry bulk cargo where the boundary of a slop tank is part of a 
cargo pump-room bulkhead, any openings from the cargo 
pump-room to the double bottom, pipe tunnel or other 
enclosed space are to be provided with a gastight bolted 
cover. 


13.2.4 Every double bottom space is to be provided with 
separate access without passing through other neighbouring 
double bottom spaces. 


13.2.5 Where the tanks are of confined or cellular 
construction, two separate means of access from the weather 
deck are to be provided, one to be provided at either end of 
the tank space. 


13.2.6 For access through horizontal openings, hatches or 
manholes, the dimensions are to be sufficient to allow a 
person wearing a self-contained air-breathing apparatus and 
protective equipment to ascend or descend any ladder with- 
out obstruction and also to provide a clear opening to facilitate 
the hoisting of an injured person from the bottom of the 
space. The minimum clear opening is to be not less than 
600 mm x 600 mm. 


13.2.7 At least one horizontal access opening of 
600 mm x 800 mm clear opening is to be fitted in each 
horizontal girder in the vertical wing ballast space and weather 
deck to assist in rescue operations. 


13.2.8 For access through vertical openings, or manholes 
providing passage through the length and breadth of the 
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space, the minimum clear opening is to be not less than 
600 mm x 800 mm at a height of not more than 600 mm from 
the bottom shell plating unless gratings or other footholds are 
provided. 


13.2.9 For oil tankers of less than 5000 tonnes DWT 
smaller dimensions may be approved by the National 
Administration concerned in special circumstances, if the 
ability to traverse such openings or to remove an injured 
person can be proved to the satisfaction of the Administration. 


13.2.10 In double hull construction with the wing ballast 
tanks having restricted access through the vertical transverse 
webs, permanent arrangements are to be provided within the 
tanks to permit access for inspection at all heights in each 
bay. These arrangements which should comprise fixed 
platforms or other means are to provide sufficiently close 
access to carry out Close-Up Surveys as defined in Pt 1, 
Ch 8,7, using limited portable equipment where appropriate. 
Details of these arrangements are to be submitted for 
approval. 


13.2.11 On very large tankers it is recommended that 
consideration be given to providing permanent facilities for 
staging the interior of cargo tanks situated within the cargo 
tank region and of large tanks elsewhere. Suitable provisions 
would be: 

. Staging which can be carried on board and utilised in 
any tank, including power-operated lift or platform 
systems. 

° Enlargement of structural members to form permanent, 
safe platforms, e.g., bulkhead longitudinals widened to 
form stringers (in association with manholes through 
primary members). 

° Provision of inspection/rest platforms at intervals down 
the length of access ladders. 

° Provision of manholes in upper deck for access to 
staging in cargo tanks. 


13.2.12 Attention is drawn to 7.1.7, concerning provision of 
manholes in transverse bulkheads. 


| Section 14 
Direct calculations 


14.1 Application 


14.1.1 Direct calculations are to be carried out for the 
derivation of scantlings where they are required by the 
preceding Sections of this Chapter or by related provisions 
included in Part 3. 
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14.1.2 Direct calculation methods are also generally to be 
used where additional calculations are required by the Rules in 
respect of unusual structural arrangements. 


14.2 Procedures 


14.2.1 For details of LR’s direct calculation procedures, 
see Pt 3, Ch 1,2. For requirements concerning use of other 
calculation procedures, see Pt 3, Ch 1,3. 


14.2.2 Details of direct calculation procedures for 
determining the scantlings of boundary bulkheads for partially 
filled tanks are given in ShipRight SDA Procedure, Sloshing 
loads and Scantling Assessment. 


Part 4, Chapter 9 


Section 14 
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Section 

1 General 

2 Primary members supporting longitudinal 
framing 

3 Primary members supporting transverse side 
framing 

4 Primary members supporting oiltight bulkheads 

5 Primary members supporting non-oiltight 
bulkheads 

6 Trunked construction 

7 Construction details and minimum thickness 


E Section 1 
General 


1.1 Application 


1.1.1 The requirements specified in Chapter 9 are appli- 
cable to small conventional single hull oil tankers where 
relevant, together with the additional requirements of this 
Chapter. 


1.1.2 For tankers intended to load or unload whilst 
aground, see Pt 3, Ch 9,9. 


1.2 Class notations 


1.2.1 Sea-going ships complying with the requirements 
of Chapter 9, where relevant, together with the additional 
requirements of this Chapter will be eligible to be classed 
100A1 Oil Tanker, ESP. 


1.2.2 The Notation ESP serves to identify the ships as 
being subject to an Enhanced Survey Programme as detailed 
in Pt 1, Ch 3,3 and Ch 3,7, see also Pt 1, Ch 2,2. 


a Section 2 
Primary members supporting 
longitudinal framing 


2.1 General 


2.1.1 These requirements are applicable to the following 
structural arrangements for ships with two longitudinal 
bulkheads: 
(a) Centre tank structure: 
(i) Primary supporting centreline girder between 
oiltight transverse bulkheads, in association with 
up to five transverses. 
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(ii) Bottom transverses spanning between 
longitudinal bulkheads in association with a 
non-primary centreline docking girder. 

(iii) | Double bottom. 

(b) Wing tank structure: 

(i) Transverse ring structure consisting of bottom, 
side shell, longitudinal bulkhead and deck 
transverses and incorporating one cross-tie or no 
cross-ties in tankers not exceeding 75 m in length. 

(ii) | Double bottom. 


2.1.2 The requirements are also applicable to structural 
arrangements incorporating a single longitudinal bulkhead 
located on the ship’s centreline without cross-ties, for tankers 
not exceeding 75 m in length. 


2.1.3 The minimum thickness and constructional detail 
requirements of Section 7 are to be complied with. Particular 
attention is to be paid to the design of end connections 
between primary members and buttresses. The shear and 
combined stress levels in these connections are to be 
examined and should be within the limits specified in 
ShipRight SDA Procedure, Guidance Notes on Direct 
Calculations. 


2.2 Symbols 
2.2.1 The symbols used in this Section are defined as 
follows: 


De1, Deo = effective end bracket leg length, in metres, at 

each end of the member, see Pt 3, Ch 3,3 

by = overall breadth of tank, in metres 

hy = 0,75D + 2,45 m 

h, = vertical distance from the centre of the cross-tie 
to deck at side amidships, in metres 

hg, = distance between the lower span point of the 
side transverse and the moulded deck line at 
side, in metres 

I, = one-half the vertical distance, in metres, between 
the cross-tie and the centre of the adjacent 
bottom or deck transverse, or double bottom, 


see Fig. 10.2.3 
i, = overall length of tank, in metres 
s = spacing of transverses, in metres 


A = net sectional area of the web including end 
bracket where applicable, in cm? 

Ig = moment of inertia of the girder, in cm4 

I; = moment of inertia of the transverse, in cm4 

Q, = shear force at the actual section under 
consideration, obtained from shear force diagrams 
constructed as indicated, in KN (tonne-f) 

Se = length of cross-tie between the face plates on 
the vertical transverse webs at the cross-ties, in 
metres 

Sa = span of girder, in metres, and is in no case to be 
taken less than (4 — 1,8s) metres 

S, = span ofthe side transverses, in metres, and is to 
be measured between end span points, see 
Fig. 10.2.3 

St = span of transverses, in metres. 


2.2.2 Other symbols are defined in Ch 9,1.6. 
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2.3 Structural arrangements 


2.3.1 The spacing of transverses is not to exceed 
3,6 m. 


2.3.2 Where a trunk is fitted, the scantlings of primary 
members are to be modified as required by Section 6. 


2.4 Bottom structure coefficients 


2.4.1 Where a primary supporting bottom centreline 
girder is fitted, in a single bottom, the requirements for the 
girder and transverses may be derived using bending moment 
and shear force coefficients K4 and K, determined from 
Table 10.2.1. To obtain the coefficients, the following factors 
are required: 


ME 
Me = os 
E Se? ir 

ST Ia 


ae F ged 
Initially, an estimated value of the ratio m may be used, and 
G 
an iterative process adopted to obtain the final required 
values. 


2.4.2 Where bottom transverses are fitted in association 
with a non-primary centreline girder the coefficients for the 
transverse are to be taken as: 

Kı = 0,083 

Kə = 0,50 
For the requirements for the non-primary girder, see 2.6. 


2.4.3 In ships with one longitudinal bulkhead, the 
coefficient for the bottom transverse is to be taken as: 


K, = 0,177. 


2.5 Bottom transverses 


2.5.1 The section modulus of bottom transverses is to be 
not less than: 


Z = 62K,ShyS72k cms 


2.5.2 In ships with two longitudinal bulkheads, the depth 
of the bottom transverse web plate is to be not less than 
0,2S7 and the net sectional area of the web at any section, 
including vertical end connections, is to be not less than: 


A =0,12Q,k cm? 


Q,k 
ree Sie 2 
(4 0,85 cm ) 


where 
Q, is calculated from shear force diagrams constructed 
as shown in Fig. 10.2.1. For end connections, Q, is to 
be determined by projection of the shear force diagram 
as indicated. 
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2.5.3 The moment of inertia of bottom transverses is to 
be not less than: 


10,5 
‘a gl = cm4 


2.6 Bottom girders 


2.6.1 The section modulus of the primary centreline 
bottom girder, where fitted, is to be not less than: 


Z = 31K; by Sghpsk cms 


2.6.2 The net sectional area of the web at any section, 
including vertical end connections, is to be not less than: 


A =0,12Q,k cm? 


Q,k 
= 2 
(4 0,85 cm ) 


where 
Qx is calculated from a shear force diagram 
constructed as shown in Fig. 10.2.2. For end 
connections, Q, is to be determined by projection 
of the shear force diagram as indicated. 
2.6.3 In a single bottom the section modulus and web 


area of a non-primary centreline docking girder are to be not 
less than: 


Z = 3,6b7Ds?k cms 
A =0,3bņDsk cme. 


The scantlings of this girder may, however, be required to be 
increased, depending upon the docking condition and 
support arrangements, details of which are to be submitted. 
Consideration may be required to be given to restricting the 
level of ballast tank filling for docking purposes. The loads are 
to be specially considered when wing tanks are ballasted for 
docking. 


2.6.4 Consideration will be given to alternative methods 
of stiffening in way of the keel blocks when accompanied by 
supporting calculations. 


2.6.5 In way of the vertical centreline web and centreline 
supports to horizontal girders of transverse bulkheads, the 
docking girder is to be increased in depth and scantlings as 
necessary to provide an effective support. 


2.7 Side transverses 


2.7.1 The section modulus of side transverses in ships 
with one or two longitudinal bulkheads is to be not less than: 


Z = K38h,S.2k cms 
where 
Kg is given in Table 10.2.2. 
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Table 10.2.1 Bottom structure coefficients (see continuation) 
(a) 1 GIRDER, 2 TRANSVERSES 


0,0 0,2 0,4 0,6 0,8 1,0 0,0 0,2 0,4 0,6 0,8 1,0 


0,210 0,210 195 0,175 0,125 0,0 1,000 1,000 1,000 1,000 1,000 1,000 
0,210 0,210 195 0,175 0,125 0,0 0,960 0,960 0,980 1,000 1,000 1,000 
0,210 0,210 195 0,170 0,125 0,0 0,940 0,940 0,960 0,980 1,000 1,000 
0,205 0,205 190 0,167 0,125 0,0 0,920 0,920 0,940 0,970 1,000 1,000 
0,200 0,200 185 0,165 0,125 0,0 0,900 0,900 0,920 0,960 0,990 1,000 
0,180 0,180 170 0,150 0,120 0,0 0,800 0,820 0,860 0,920 0,980 1,000 
0,150 0,150 150 0,135 0,115 0,0 0,670 0,730 0,760 0,840 0,950 1,000 
0,130 0,130 135 0,125 0,110 0,0 0,580 0,630 0,690 0,790 0,910 1,000 
0,120 0,120 120 0,120 0,105 0,0 0,520 0,540 0,630 0,730 0,880 1,000 
0,100 0,100 115 0,115 0,100 0,0 0,460 0,500 0,580 0,680 0,850 1,000 


DO9OD9D90O9O0CCOO 


Transverses 


0,020 0,255 
0,020 0,263 
0,020 0,265 
0,020 0,270 
0,020 0,275 
0,020 0,300 
0,020 0,330 
0,020 0,355 
0,020 0,370 
0,020 0,385 


(o) 1 GIRDER, 3 TRANSVERSES 


Girder 


0,120 1,400 
0,120 1,400 
0,120 1,380 
0,115 1,340 
0,115 1,320 
0,105 1,180 
0,090 0,970 
0,080 0,840 
0,075 0,740 
0,070 0,680 


Transverses 


0,022 0,258 
0,023 0,267 
0,024 0,275 
0,026 0,285 
0,027 0,292 
0,032 0,325 
0,039 0,372 
0,045 0,405 
0,049 0,425 
0,052 0,440 
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Table 10.2.1 Bottom structure coefficients (conclusion) 
(c) 1 GIRDER, 4 TRANSVERSES 


Girder 


0,0 0,2 0,4 0,6 0,8 1,0 0,0 0,2 0,4 0,6 0,8 1,0 


0,370 0,350 0,330 0,315 0,275 0,215 1,890 ,890 ,920 ,940 960 1,990 
0,370 0,350 0,330 0,315 0,275 0,215 1,870 ,870 ,900 ,930 ,940 ,960 
0,360 0,350 0,330 0,310 0,270 0,205 1,820 ,820 ,870 ,890 ,920 ,940 
0,350 0,340 0,320 0,300 0,260 0,200 1,760 ,800 ,820 ,840 ,880 ,920 
0,340 0,330 0,315 0,290 0,255 0,195 1,700 750 790 ,830 ,860 ,900 
0,300 0,300 0,275 0,260 0,230 0,180 1,500 ,580 ,630 ,700 ,780 ,820 
0,240 0,240 0,230 0,220 0,200 0,155 1,240 ,300 ,400 ,540 ,620 ,700 
0,200 0,200 0,200 0,200 0,175 0,135 1,060 ,120 ,250 ,400 ,500 ,600 
0,175 0,175 0,175 0,175 0,165 0,120 0,940 ,000 150 ,270 420 ,520 
0,150 0,150 0,150 0,150 0,150 0,105 0,850 0,920 ,050 ,200 ,340 ,460 


Transverses 


0,023 0,255 
0,024 0,272 
0,025 0,282 
0,027 0,292 
0,028 0,300 
0,033 0,335 
0,041 0,380 
0,047 0,412 
0,051 0,435 
0,055 0,450 


(dq) 1 GIRDER, 5 TRANSVERSES 


Girder 


1,0 


0,300 
0,300 
0,295 
0,290 
0,280 
0,250 
0,200 
0,165 


2 
O 


T w w 
= 6 
© 


NNNND 
S0O6OS00SSCO 


ar 
œ 


0,140 
0,125 


Transverses 


0,023 0,265 
0,025 0,280 
0,027 0,290 
0,030 0,303 
0,032 0,312 
0,041 0,352 
0,053 0,405 
0,061 0,435 
0,067 0,455 
0,070 0,470 
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10,05K2 s hp St KN 
1,025K2s hp ST tonne-f) 


=| -1| Q 


Fig. 10.2.1 Bottom transverses 


5,025K2 hps by kN 
0,513K2 hps bq tonne-f) 


lņ- 3s 
= = Jo, 


Fig. 10.2.2 Bottom centreline girder 


Table 10.2.2 Side transverse coefficients 


Number of 
cross-ties 


Part 4, Chapter 10 


Section 2 


2.7.2 In ships with two longitudinal bulkheads, the net 
sectional area of the web at any section is to be not less than: 


A =0,12Q,k cm? 


Qx is calculated from shear force diagrams 
constructed as shown in Fig. 10.2.3. For this 
purpose the values of K4 and Ks and the range of 
application is given in Table 10.2.2. 


Top of transverse or double bottom 
One cross-tie 
81k4hşSSs kN 
hsSSs tonne-f) 


9, 
k4 
9,8lkshsSSs kN 
kshgsSg_ tonne-f) 


Fig. 10.2.3 Wing tank construction 


ERE] The moment of inertia of side transverses is to be 
not less than: 


TES] 
I = pa SZ cm4 


2.8 Deck transverses 


2.8.1 The section modulus of deck transverses is to be 
not less than: 


Z = 53,75 (0,0269sL + 0,8) (St + 1,83)k cms 
Where a continuous deck girder is fitted, the term Sy in the 


S 
above formula is to be replaced by = 


Range of 
application 


0 Not applicable 


L<75m, see 2.3 


0,455 — 0,3160 


05<a<0,7 
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2.8.2 The net sectional area of the web is to satisfy the 


requirements of 2.5.2 using a head, hp = 56 


m. 


2.8.3 The moment of inertia of the transverses is to be 
not less than: 


[= i eg cm4 
k 


2.9 Deck girders 


2.9.1 Where a continuous deck centreline girder support- 
ing deck transverses is fitted, it is to have a section modulus 
not less than: 


Z = 0,0476Sg2brL k cm 


2.9.2 The net sectional area of the web is to satisfy the 


Ly 
requirements of 2.6.2 using a head, hp = 56 ™ 
2.9.3 In way of the vertical centreline web on transverse 


bulkheads, the continuous deck girder is to be increased in 
depth and scantlings as necessary to provide an effective 
support. 


2.9.4 Where an intercostal deck girder is fitted, it is to 
have a depth not less than 50 per cent of the depth of the 
deck transverse and the area of the face flat is to be not less 
than that of the transverse. 


2.9.5 In way of the vertical centreline web and centreline 
supports to horizontal girder on transverse bulkheads, the 
intercostal deck girder may be required to be increased in 
depth and scantlings to provide an effective support. 


2.10 Cross-ties 


2.10.1 Cross-ties, where fitted, may be of plate or 
sectional material and are to have an area and least moment 
of inertia not less than: 


A = (64+ 1,035/,hys)k cm2 
I = 2,451,hesS,2 cm4 


2.10.2 Design of end connections is to be such that the 
area of the welding, including vertical brackets, where fitted, is 
to be not less than the minimum cross-sectional area of the 
cross-tie derived from 2.10.1. To achieve this full penetration 
may be required and thickness of brackets may require further 
consideration. Attention is to be given to the full continuity of 
area of the backing structure on the transverses. Particular 
attention is also to be paid to the welding at the toes of all 
vertical end brackets on the cross-tie. 


2.11 Double bottom girders and floors 
2.11.1. | The scantlings of girder and floors are to satisfy the 


requirements of Ch 1,8.3 and Ch 1,8.5 respectively for 
longitudinally framed ships. 
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E Section 3 
Primary members supporting 
transverse side framing 


3.1 General 


3.1.1 The requirements of this Section are applicable to 
side stringers and transverse webs associated with transverse 
framing. 


3.1.2 The minimum thickness and constructional detail 
requirements of Section 7 are to be complied with. 


3.2 Symbols 


3.2.1 The symbols used in this Section are defined as 
follows: 
h, = head, in metres, from stringer to highest point of 
tank excluding hatchway, but not less than 2,5 m 
Q, = shear force at the actual section under considera- 
tion, obtained from shear force diagrams 
constructed as indicated, in KN (tonne-f) 
S; = span, in metres, of the horizontal girder measured 
between span points, but to be taken not less than 
the lesser of (1,2 + 0,02L) mor3m. 


3.2.2 Other symbols are defined in Ch 9,1.6. 


3.3 Structural arrangements 


3.3.1 Side shell stringers are to be fitted as required by 
Table 10.3.1. Alternatively, the number of stringers may be 
derived by direct calculation, particular regard being given to 
secondary bending effects on the frames supported. 


Table 10.3.1 Requirements for stringers 


Number of stringers 


Ship depth, in metres 


3.3.2 Where the spacing of bulkheads (oiltight or non- 
oiltight) exceeds 15 m, side transverses are to be fitted in line 
with each bottom transverse. 


3.3.3 Where side transverses are not required, bottom 
transverses are to be adequately supported at the side shell 
and longitudinal bulkhead, and the lower side stringer is to be 
suitably buttressed from the bottom transverse. 


3.3.4 Cross-ties, where fitted, are to comply with the 
requirements of 2.10 and are, in general, to be aligned with 
the stringers. 


3.3.5 Where the ship is fitted with a trunk, the scantlings 
as given in this Section are to be modified as required by 
Section 6. 
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3.4 Scantlings 


3.4.1 The section modulus of side stringers is to be not 
less than: 


3.4.2 The net sectional area of the web at any section is 
to be not less than: 


A =0,12Q,k cm? 
Q,k 

A = E ome) 

( 0,85 0M 

where 

Qx is calculated from a shear force diagram 
constructed using the shear force at the span point, 
Q4 given by the following: 

Q4 = 5,03s h4 S4 kN 

(Q,; = 0,513s h4 S4 tonne-f) 


3.4.3 The moment of inertia of the stringer is to be not 
less than: 


f, 
k 


3.4.4 Where side transverses supporting side stringers 
are fitted, they are to have a section modulus not less than 
that required by 2.7. Where the side transverse does not 
support side stringers, the section modulus required by 2.7 
may be reduced by 20 per cent. 


a Section 4 
Primary members supporting 
oiltight bulkheads 


4.1 General 


4.1.1 These requirements are applicable to ships having 
two longitudinal bulkheads, and to ships not exceeding 75 m 
in length having one longitudinal bulkhead located on the 
centreline of the ship. 


4.1.2 The minimum thickness and construction detail 
requirements of Section 7 are to be complied with. Particular 
attention is to be paid to the design of end connections 
between primary members and buttresses. Where considered 
necessary, the shear and combined stresses in the connec- 
tions may require to be examined and the scantlings and 
stiffening increased. 


4.2 Symbols 


4.2.1 The symbols used in this Section are defined as 
follows: 
h = the distance from the centre of the load on the 
member to a point 2,45 m above the highest point 
of the tank, excluding the hatchway, in metres 
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Q, = shear force at the actual section under con- 
sideration, obtained from shear force diagrams 
constructed as indicated, in KN (tonne-f). 


4.2.2 Other symbols are defined in Ch 9,1.6. 


4.3 Structural arrangements 


4.3.1 Where horizontal girders and vertical webs do not 
form part of a ring structure, they are to be arranged with 
substantial end brackets forming a buttress extending to the 
adjacent vertical web or transverse. 


4.3.2 Where the cross-ties are omitted from the 
transverse ring in the wing tank adjacent to the bulkhead, the 
design of the horizontal girder, of the end buttress and of the 
transverse is to take account of the loads imposed and the 
deflection of the structure. 


4.3.3 The spacing of transverses on longitudinal bulk- 
heads is not to exceed 3,6 m. 


4.3.4 Where, on ships with transverse side framing, 
transverses are required by Section 3, vertical webs are also 
to be fitted in line on the longitudinal bulknead. Where such 
vertical webs are not required the lower horizontal girder on 
the bulkhead is to be suitably buttressed from the bottom 
transverses. 


4.4 Scantlings 


4.4.1 The scantlings of vertical webs on longitudinal bulk- 
heads are to be as required for side transverses by Section 2. 


4.4.2 The section modulus of vertical webs on transverse 
bulkheads and of horizontal girders is to be not less than: 


Z = 8bh1,2k cms 


4.4.3 The net sectional area of the web at any section is 
to be not less than: 


A 0,12Q,k cm? 


Qk 
Safe eS 2 
(4 0,85 cm ) 


where Q, is the shear force at the section. For the horizontal 
girders on ships with two longitudinal bulkheads, Q, is 
calculated from shear force diagrams as shown in Fig. 10.4.1. 
For end connections, Q, is to be determined by projection of 
the shear force diagrams as indicated. 


4.4.4 The moment of inertia of vertical webs and 
horizontal girders is to be not less than: 
10,5 


I = k lZ cm4 


4.4.5 For the calculation of section modulus, the 
minimum span of horizontal girders on longitudinal bulkheads 
is to be taken as not less than the lesser of (1,2 + 0,02L) m or 
3m. 
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Wing tank Centre tank 


5,03b hl, kN 
0,513b hl, tonne-f) 


3659/01 


Fig. 10.4.1 Horizontal girders 


4.4.6 Where a trunk is fitted, the scantlings of primary 
members are to be modified as required by Section 6. 


a Section 5 
Primary members supporting 
non-oiltight bulkheads 


5.1 General 


Out st These requirements are applicable to primary 
members supporting non-oiltight transverse bulkheads. 
Where non-oiltight longitudinal bulkheads are proposed, the 
requirements for the primary members will be individually 
considered. 


B12 The minimum thickness and constructional detail 
requirements of Section 7 are to be complied with. 


5.2 Symbols 


5.2.1 The symbol, /,, used in this Section is defined as 
follows: 
lp = the distance, in metres, between the transverse 
bulkheads (oiltight or non-oiltight) adjacent to the 
bulkhead under consideration. 


5.2.2 Other symbols are defined in Ch 9,1.6. 
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5.3 Direct calculations 


5.3.1 Direct calculation procedures will generally be 
required where the non-oiltight bulkhead primary members 
will interact with, or tend to support, the primary bottom, 
longitudinal bulkhead or side structure, and in other cases 
where warranted by structural design features. 


5.4 Scantlings and arrangements 


5.4.1 The section modulus of vertical webs is to be not 
less than that required for a vertical web on an oiltight 
transverse bulkhead in the same position, see Section 4 


l 
multiplied by the factor (0.3 +2 Eh 


5.4.2 The section modulus of horizontal girders is to be 
not less than: 


l 
Z = 145kb l + cm 


5.4.3 When determining the width of plating supported 
and the effective breadth for calculating the section modulus, 
no deduction is to be made on account of perforations. 


[z] Section 6 
Trunked construction 


6.1 General 


6.1.1 The requirements of this Section are additional to 
those of Sections 1 to 5. 


6.1.2 Where a trunk is fitted it is to extend over the full 
length of the cargo tanks and is to be effectively scarfed into 
the main hull structure. 


6.1.3 The minimum thickness and constructional detail 
requirements of Section 7 are also to be complied with. 


6.2 Symbols 


6.2.1 The symbols used in this Section are defined as 
follows: 
b, = breadth of trunk, in metres 
h, = height of trunk, in metres, above the deck at the 
trunk side. Where the trunk top has excess camber, 
the value of h, will be considered 
D, = equivalent depth of ship and is to be taken as: 


D +0,6 alee PY 268 nd 
+ QU, B nee Se re a 


D nee 2 1.6) he Tena 
+h {2,6 5-1,6), where | >O, 
(see Fig. 10.6.1). 


6.2.2 Other symbols are defined in Ch 9,1.6. 
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Fig. 10.6.1 Equivalent depth 


6.3 Structural arrangements 


6.3.1 The trunk deck and sides are to be longitudinally 
framed, and the transverse primary members are to be 
aligned with the deck transverses. 


6.3.2 Particular attention is to be given to the arrange- 
ments in way of the connection of the trunk side to the deck 
at side. The construction is to be such as to ensure adequate 
rigidity and continuity of strength. 


6.3.3 Typical arrangements of primary structure are 
shown diagrammatically in Fig. 10.6.2, which also indicates 
the effective spans to be used in the determination of 
scantlings. 


6.3.4 Where the trunk primary stiffening is fitted 
externally, individual consideration will be given to the arrange- 
ment and scantlings. 


6.3.5 Where longitudinal stiffening is fitted externally to 
the trunk, tripping brackets are to be fitted to maintain lateral 
stability in way of transverse bulkheads and elsewhere as 
necessary. 


6.3.6 Extension brackets and web stiffeners or equivalent 
arrangements are to be provided at the forward and after 
ends of the trunk to ensure full continuity of strength from the 
trunk into hull and superstructures. 


6.3.7 Where the carriage of heated cargoes is 
contemplated and, in particular, bituminous cargoes, special 
attention is to be given to the alignment of the scarfing 
arrangements and softening of the extension bracket toes at 
the trunk ends to alleviate the effects of thermal stressing. 


6.4 Trunk scantlings 


6.4.1 The thickness of the trunk top and side plating is to 
be not less than as required by Ch 9,4 for hull envelope 
plating, the item numbers for these being as given in 
Fig. 10.6.3. 


6.4.2 The section modulus of trunk longitudinals is to be 
not less than as required by Ch 9,5 for deck longitudinals. 


6.4.3 The section modulus and moment of inertia of the 
transverses is to be not less than as required by 2.8 for deck 
transverses. 
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S 


Span for side deck, 
trunk side and trunk deck 


longitudinal 
bulkhead 


(a) 


Bulkhead 


(b) 


NOTE: 
Spans measured to effective span point 


Fig. 10.6.2 Primary structure 


6.5 Modification to hull scantlings 


6.5.1 The thickness of the deck plating outboard of the 
trunk side is to be that necessary to obtain the required hull 
section modulus, but is to be not less than that required by 
Ch 9,4 multiplied by the factor 

2BD 


2BD + bihi 


6.5.2 The scantlings of the shell plating, framing, primary 
structure and bulkheads are to be determined on the basis of 
the equivalent ship depth D4, i.e. where the depth, D, enters 
into the calculation or structural arrangement it is to be 
replaced by D4. 


6.5.3 The head to the deck at side is to be increased by 
(D; - D). 


6.5.4 The head to the highest point of the tank is to be 
replaced by the actual distance to the highest point of the 
tank, reduced by the amount (D + h; — D4). 
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Fig. 10.6.3 
Hull envelope plating - Itemisation of parts 


a Section 7 
Construction details and minimum 
thickness 

7.1 Symbols 

7.1.1 The symbols used in this Section are defined in 

Ch 9,10.1. 

7.2 Compartment minimum thickness 

7.2.1 The requirements of Ch 9,10.2 are also applicable to 


small conventional single hull tankers. 


7.3 Geometric properties and proportions of 
members 
7.3.1 The depth of the web of any primary member is to 


be not less than 2,5 times the depth of the cut-outs for the 
passage of secondary members, except where compensation 
is arranged to provide satisfactory resistance to deflection and 
shear buckling in the web. 


7.3.2 The area of material in the face plate of any primary 
member is not to exceed: 


0,00667dy tw cm2 

nor is it to be less than: 
0,0167s,d,, cm? for the bottom centreline girder 
0,00417s,d\, cm2 elsewhere. 
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7.3.3 The geometric properties of rolled stiffeners and 
built sections are to be calculated in association with an 
effective width of attached plating in accordance with Pt 3, 
Ch 3,3. 


7.4 Continuity of primary members 

7.4.1 Primary members are to be so arranged as to 
ensure effective continuity of strength throughout the range of 
tank structure. Abrupt changes of depth or section are to be 
avoided. Where members abut on both sides of a bulkhead or 
on other members, arrangements are to be made to ensure 
that they are in alignment. 


7.4.2 The members are to have adequate end fixity, 
lateral support and web stiffening, and the structure is to be 
arranged to minimise hard spots or other sources of stress 
concentration. Openings are to have well rounded corners 
and smooth edges and are to be located having regard to the 
stress distribution and buckling strength of the plate panel. 


7.5 Primary member web plate stiffening 

7.5.1 The webs of primary members are to be supported 
and stiffened in accordance with the following requirements, 
which are designated as requirements ‘A’, ‘B’, ‘C’ and ‘D’. 
The application of these requirements is detailed in 7.5, and 
the corresponding locations indicated in Fig. 10.7.1. Where 
webs are slotted for the passage of secondary members, the 
web stiffeners are to be arranged to provide adequate support 
for the loads transmitted, see Pt 3, Ch 10,5.2. 


Fig. 10.7.1 


Key to application requirements 
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7.5.2 Where higher tensile steel is used for the primary 
members, the maximum spacing of stiffeners given in this 
Section is to be multiplied by Vk . 


7.5.3 In addition to these stiffeners, tripping brackets as 
required by Ch 9,10.11 are also to be fitted. 


7.5.4 For requirement ‘A’ stiffening: 


(a) The thickness, tw of the web is to be not less than A 


(b)  Stiffening is generally to be fitted normal to the face plate 
of the member, but the stiffeners parallel to the face plate 
will be required when the web depth, dw, exceeds a 
value, dmax which is to be taken as: 
for s < 55ty Omax = 3S 


45s tw 


for s > 55tw dras S Aot. 
w 


(c) Where stiffening parallel to the face plate is required, the 
distance from the face plate of the member to the 
nearest stiffener is not to exceed 65t,,. Further stiffeners 
are to be fitted at similar spacing so that the distance 
between the last stiffener and the shell or bulkhead 
plating does not exceed dmax: In way of end brackets to 
transverse bulkhead primary structure, stiffeners are to 
be fitted normal to the face plate of the member so that 
web plate panel dimensions parallel to the face plate do 
not exceed 80tw. 


7.5.5 For requirement ‘B’ stiffening: 


(a) The thickness, t,, of the web is to be not less than si 


(b) — Stiffening is generally to be fitted normal to the face plate 
of the member, but stiffeners parallel to the face plate will 
be required when the web depth, dw, exceeds a value 
dmax: Which is to be taken as: 

dmax = 3S 

48s tw 
s — 54t, 


for s < 70ty 
for s > 70tw Anar” 


(c) Where stiffening parallel to the face plate is required, the 
distance from the face plate of the member to the 
nearest stiffener is not to exceed 80t,,. Further stiffeners 
are to be fitted at similar spacing so that the distance 
between the last stiffener and the shell or bulkhead 
plating does not exceed dmax 


7.5.6 For requirement ‘C’ stiffening: 

(a) Stiffening is generally to be fitted normal to the face plate 
of the member in line with alternate secondary members, 
but stiffeners parallel to the face plate will be required, 
when the web depth, dẹ exceeds a value, dmax which is 
to be taken as: 


for s < 76tw dna -2S 


48s tw 
s — 6Otw 


(o) Where stiffening parallel to the face plate is required, the 
distance from the face plate of the member to the 
nearest stiffener is not to exceed 90t,,. Further stiffeners 
are to be fitted at similar spacing so that the distance 
between the last stiffener and the deck plating does not 
exceed dmax: 


for s > 76tw max = 
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7.5.7 For requirement ‘D’ stiffening: 

(a) Stiffening parallel to the face plate will be required such 
that the distance between the stiffener and face plate, or 
between two stiffeners, does not exceed: 


80t,, where L < 90 m 
55t,y where L > 190 m 


with intermediate values by interpolation. 
(b) Brackets are to be fitted to support the face plates and 
stiffeners. 


7.6 Inertia and dimensions of stiffeners 


7.6.1 The moment of inertia is to be not less than: 
(a) For stiffeners normal to the primary member face plate: 
I = psty2x10-4 cm4 
Where t, need not be greater than the values in 
Table 10.7.1 and p is to be obtained from Table 10.7.2. 
(b) For stiffeners parallel to the primary member face plate: 
On transverses, webs and stringers 
I = 21,2A, cm4 
On longitudinal deck and bottom girders 
I, = 2,851,2A, cm4, 


Table 10.7.1 Maximum web thickness for stiffener 


inertia 


Web thickness tw, in mm 


Requirement 


A 


‘B’ and ’C’ 


‘D’ — where L < 90m 
80 


$ where L > 190m 


60 


see Note 


NOTE 
Intermediate values by interpolation. 


7.6.2 Where stiffeners are fitted in both directions, the 
inertia of the stiffeners parallel to the face plate of the member 
is to be not less than that of the stiffeners fitted normally. 


7.6.3 The depth of web stiffeners is to be not less than 
75 MM. 


7.6.4 Where flat bar stiffeners are used, the ratio of depth 
to thickness is not to exceed 18 Uk. 
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Table 10.7.2 Coefficient for stiffener inertia 


Aspect ratio of 
1,0 or more 


plate panel, 2X 
d 


Part 4, Chapter 10 


Section 7 


0,3 or less 


1,5 


30,0 


NOTES 
1. Intermediate values by interpolation. 


2. The depth of panel, d, used in calculating aspect ratio may be measured from the face of the secondary member to which the primary 


member web stiffener is attached. 


7.7 Application of stiffening requirements 


7.7.1 The requirements as detailed in 7.5 and 7.6 are to 

be applied in the following locations, see also Fig. 10.7.1. 

(a) For bottom transverses: 

In the centre tank requirement ‘A’ stiffening is to 
extend for 20 per cent of the breadth of the tank from 
the longitudinal bulkhead, but at least beyond the toe 
of the end bracket. In the wing tank, requirement ‘A’ 
stiffening is to extend at least as far as the toes of the 
end brackets from the longitudinal bulkhead and the 
shell. Elsewhere, requirement ‘B’ stiffening is to be 
fitted. 

(b) For transverses at side shell and longitudinal bulkhead: 
Requirement ‘A’ stiffening is to extend at least as far 
as the lower surface of the lower cross-tie. Elsewhere, 
requirement ‘B’ stiffening is to be fitted. 

(c) For deck transverses: 

Requirement ‘C’ stiffening is to be fitted. 

(d) For stringers and horizontal girders: 

Requirement ‘A’ stiffening is to extend for a distance 
from each end of 20 per cent of the span of the 
stringer or girder, but at least beyond the toes of the 
end brackets. Elsewhere, requirement ‘B’ stiffening is 
to be fitted. 

(e) For cross-ties: 

Cross-ties are to be suitably stiffened to prevent 
buckling and twisting. Requirement ‘D’ stiffening is to 
be fitted. 

(f) For shell stringers and vertical webs in fore peak: 
Requirement ‘A’ stiffening is to extend the full length of 
the member. 


7.7.2 The application of stiffening requirements to 
transverse wing structures in wing tanks where no cross-ties 
are fitted is to be based on the results of direct calculation and 
will be specially considered. 


7.8 Stiffening of continuous longitudinal girders 


7.8.1 The webs of continuous longitudinal deck and 
bottom girders are to be stiffened parallel to the girder face plate. 


7.8.2 The stiffeners are to be spaced not more than 
55ty mm apart except in way of vertical webs and end 
brackets, where the spacing is not to exceed 45t,, mm. 
Alternatively, a combination of parallel stiffeners at 55t,, mm 
spacing and normal stiffeners at 45ty mm spacing may be 
adopted. Particular attention is to be given to the stiffening of 
the docking girder. 


7.8.3 The moment of inertia of stiffeners is to comply with 
7.6. 


7.9 Stiffening of vertical webs on transverse 
bulkheads 


7.9.1 Vertical webs are to be fitted with stiffeners 
parallel to the face plate of the web and spaced not more than 
60ty mm apart. Stiffeners normal to the face plate are to be 
fitted when a vertical web supports horizontal stiffeners on 
transverse bulkheads. The length of stiffener is to be sufficient 
to distribute the load transmitted, and the connection 
between web stiffener and bulkhead stiffener is to comply with 
the relevant requirements of Pt 3, Ch 10,5.2. 


7.9.2 The moment of inertia of the stiffeners is to comply 
with 7.6. 


7.10 Docking brackets on bottom centreline girder 


7.10.1 Stiffened docking brackets are to be fitted on both 
sides of the bottom centreline girder, midway between 
transverses, and are to be connected to a suitable bottom 
shell longitudinal. The bracket on one side is to be connected 
to the face plate of the girder but the other may be stopped at 
a suitable horizontal stiffener. 


7.10.2 Additional vertical stiffeners may be required on the 
bottom panels of the girder to resist docking pressures. 


7.11 Lateral stability of primary members 


7.11.1 Tripping brackets are generally to be fitted close to 
the toes of end brackets, in way of cross-ties and elsewhere, 
so that the spacing between brackets does not exceed the 
lesser of 4,5 m or 15 times the width of the face plate 
(20 times in the case of deck transverses). Arrangements in 
way of the intersections of primary members are to be such as 
to prevent tripping. A closer spacing of brackets may be 
required to be adopted with asymmetrical face plates. 


7.11.2 To maintain continuity of strength, substantial 
horizontal and vertical brackets are to be fitted to transverses 
or stringers at ends of cross-ties. Horizontal brackets are to 
be aligned with the cross-tie face plates, and vertical end 
brackets are to be aligned with the cross-tie web. 
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7.11.3 Tripping brackets are to be connected to the face 
plate of the bottom transverses. Elsewhere, other than for 
docking girders, the bracket is to be connected to the face 
plate whenever the unsupported width of the latter exceeds 
150 mm. Where the width of symmetrically placed face plates 
exceeds 400 mm, a small bracket is to be fitted opposite, and 
in line with, the tripping bracket. Equivalent support arrange- 
ments are to be provided for cross-tie face plates. Particular 
attention is to be paid to the support of continuous face plates 
in way of the radius at toes of brackets. 


7.11.4 Wide face plates may require additional support 
between brackets. 


7.11.5 In the fore peak tank, if the angle to the normal of 
the shell plating and the vertical webs exceeds 20°, double 
tripping brackets are to be fitted to the web at about midspan, 
but in no case greater than 3,0 m apart. 


7.12 Openings in web plating 


7.12.1. Where openings are cut in the webs of primary 
supporting members, the greatest dimension of the opening is 
not to exceed 20 per cent of the web depth. The opening is to 
be located so that the edges are not less than 40 per cent of 
the web depth from the face, and are equidistant from the 
corners of notches for frames or stiffeners. Openings are to 
be suitably framed where required. 


7.12.2 Lightening holes are not to be cut in horizontal 
girders on the ship’s side and longitudinal bulkheads, in 
symmetrical webs nor in side transverses and vertical webs 
in way of cross-ties and their end connections. 


7.12.3 Holes cut in primary longitudinal members within 
0,1D of the deck and bottom are, in general, to be reinforced 
as required by Ch 9,4.10. Access holes may be cut in deep 
transverses and girders with suitable compensation to provide 
satisfactory resistance to deflection and shear buckling in the 
web. 


7.12.4 All holes are to have smooth edges and are to be 
kept well clear of notches and the toes of brackets. 


7.12.5 Small air and drain holes cut in primary members 
are to be kept clear of the toes of brackets and are to be well 
rounded with smooth edges. Where holes are cut in primary 
longitudinal members of higher tensile steel, they are to be 
elliptical or equivalent to minimise stress concentration. 


7.12.6 Where holes are cut for heating coils, the lower 
edge of the hole is to be not less than 100 mm from the inside 
of the shell plating. Where large notches are cut in the 
transverses for the passage of longitudinal framing, adjacent 
to openings for heating coils, the longitudinal notches are to 
be collared. Examination of the buckling strength of the web 
plate panel between notches for longitudinals may be 
required. 
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7.13 Brackets connecting primary members 

7.13.1 The requirements of Ch 9,10.13 are also applicable 
to small conventional single hull tankers. 

7.14 Arrangements at intersections of continuous 


secondary and primary members 


7.14.1 For details and connections of collars, see Pt 3, 
Ch 10,5.2. 
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Section 

1 General 

2 Materials and protection 

3 Longitudinal strength 

4 Hull envelope plating 

5 Hull framing 

6 Double bottom construction 

7 Longitudinal bulkheads 

8 Transverse bulkheads 

9 Primary structure in wing tanks 


10 Direct calculations 
11 Forecastles 


12 Single pass loading 


mi Section 1 
General 


1.1 Application 


1:1:1 This Chapter applies to the arrangements and 
scantlings within the cargo region of sea-going ore carriers, 
intended for the carriage of ore in centre holds. 


7.1.2 The requirements of Chapter 9 are to be applied to 
ore carriers, except as required by the provisions of this 
Chapter. 


1.1.3 The scantlings of structural items may be 
determined by direct calculation. Where the length of the ship 
exceeds 150 m, the scantlings of the primary supporting 
structure and the fatigue performance of structural details are 
to be assessed in accordance with the relevant ShipRight 
procedures, see 1.3.3. In such cases, the calculations are to 
be submitted for approval. 


1.1.4 The additional requirements for ore-carriers for the 
alternate carriage of oil cargo and dry bulk cargo are given in 
Pt 4, Ch 9,11. 


7.7.5 Ore carriers with a deadweight greater than 
200 000 tonnes are to comply with the requirements of 
Section 12 for single pass loading. 
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1.2 Structural configuration and ship 
arrangement 


7.2.1 The requirements contained in the Chapter apply to 
single deck ships with machinery aft, having two longitudinal 
bulkheads and a double bottom throughout the centre hold. A 
typical cross- section is indicated in Fig. 11.1.1. 


3739/04 


Fig. 11.1.1 Typical cross-section 


1.2.2 The bottom, and the deck outside the line of ore 
hatchways, are to be framed longitudinally within the cargo 
region. The side shell and longitudinal bulkheads are 
generally to be framed longitudinally where the length of the 
ship exceeds 150 m, but alternative proposals will be specially 
considered. Inside the line of openings, the deck is to be 
transversely framed. 


1.3 Class notation 


1.3.1 Sea-going ships complying with the requirements 
of this Chapter and other relevant Rule requirements for the 
draught required will be eligible to be classed 100A1 ore 
carrier, ESP. 


1.3.2 The notation ESP serves to identify the ship as 
being subject to an Enhanced Survey Programme as detailed 
in Pt 1, Ch 3,3 and Ch 3,6, see also Pt 1, Ch 2,2.3.12. 


1.3.3 The ShipRight ‘Structural Design Assessment’ 
(SDA), ‘Fatigue Design Assessment’ (FDA) and ‘Construction 
Monitoring’ (CM) procedures are mandatory for ships with 
length, L, exceeding 150 m and for ships of abnormal hull- 
form, or of unusual structural configuration or complexity, see 
Section 10. 


1.3.4 The Regulations for classification and the assign- 
ment of class notations are given in Pt 1, Ch 2,2. 
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1.4 Symbols and definitions 


1.4.1 The following symbols and definitions are applicable 
to this Chapter unless otherwise stated: 
L, B, D, T as defined in Pt 3, Ch 1,6. 
b = the width of plating supported by the primary 
member, in metres or mm 
h = the load head, in metres, applied to the item under 
consideration 
k = higher tensile steel factor. For the determination of 
this factor, see Pt 3, Ch 2,1. For mild steel k may 
be taken as 1,0 
lẹ = effective length of primary or secondary member, in 
metres, see Pt 3, Ch 3,3 
S = spacing, in mm, of secondary members 
Z = the section modulus, in cm3, of the primary or 
secondary member, in association with an effective 
width of attached plating determined in accordance 
with Pt 3, Ch 3,3. 


1.4.2 The expression ‘primary member’ as used in this 
Chapter is defined as a girder, transverse, vertical web, 
stringer, cross-tie, buttress or double bottom floor. 
‘Secondary members’ are supporting members other than 
primary members. 


E Section 2 
Materials and protection 


2.1 Materials and grades of steel 

2.1.1 Materials and grades of steel are to comply with the 
requirements of Pt 3, Ch 2. 

2.2 Corrosion protection coating for salt-water 


ballast spaces 


2.2.1 The requirements of Pt 3, Ch 2,3.6 are to be 
complied with. 


oO Section 3 
Longitudinal strength 


3.1 General 


3.1.1 The longitudinal strength standard is to comply with 
the relevant requirements of Pt 3, Ch 4. 


3.1.2 For ships of length 2150 m, with holds where any 
part of the longitudinal bulkhead is located within B/5 or 
11,5 m, whichever is less, inboard from the ship’s side at right 
angles to the centreline at the assigned summer load line, the 
requirements of Ch 7,3 are also to be applied. 
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o Section 4 
Hull envelope plating 


4.1 General 


4.1.1 The requirements for hull envelope plating as given 
for oil tankers in Ch 9,4 are to be applied, except as provided 
for in this Section. 


4.2 Deck plating in way of ore hatchways 


4.2.1 The arrangement and scantlings of deck plating 
inside the line of ore hatchways and in way of ore hatchway 
corners are to be in accordance with the requirements for bulk 
carriers given in Ch 7,4. 


4.3 Hatchways 


4.3.1 The scantlings of the cargo hold hatch covers are 
to comply with Pt 3, Ch 11,2 and Pt 4, Ch 7,12. 


4.4 Hatch coamings 


4.4.1 The height and construction of hatch coamings are 
to comply with Pt 4, Ch 7,13. 


4.4.2 Wire rope grooving in way of cargo hold openings is 
to be prevented by fitting suitable protection, such as half- 
round bars, on the hatch side girders (upper portion of 
top-side tank plates), hatch end beams, and the upper portion 
of hatch coamings. 


a Section 5 
Hull framing 


5.1 General 


Obed The framing requirements given for oil tankers in 
Ch 9,5 are to be applied, except as provided for in this 
Section. 


O12 Lateral buckling of longitudinal and transverse 
ordinary stiffeners is to be assessed in the following areas in 
association with a factor of safety of not less than 1,15 (allow- 
able utilisation factor to be reduced by at least 1/1,15 = 0,87). 
Details are to be submitted: 

e hatchway coaming; 

inner bottom; 

sloped stiffened panel of topside tanks (if any); 
longitudinal bulkhead; 

top stool and bottom stool of transverse bulkhead (if any) 
and 

e stiffened transverse bulkhead (if any). 
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5.2 Symbols 


52:1 The symbols used in this Section are defined as 
follows: 


h = load height, in metres, on the weather deck for 
primary and secondary members between ore 
hatchways 

= 1,8 for secondary members forward of 0,075L from 
F.P. 

= 4,2 + 2,04E for primary members forward of 0,075L 
from F.P. 


= 1,5 between 0,075L and 0,12L from F.P. 
= 1,2 + 2,04E elsewhere 
where 
0,0914 + 0,003L 
7 D-T 
than 0,147 
K, = 1,6 in the forward 0,12L 
= 1,06 elsewhere 
Ky = 0,00054 in the forward 0,075L 
= 0,00033 elsewhere. 


0,15 but not to be greater 


5.2.2 Other symbols are defined in 1.4. 


5.3 Bottom longitudinals in double bottom tanks 


5.3.1 The section modulus of bottom longitudinals in the 
double bottom in the centre hold is to satisfy the requirements 
of Table 1.6.1(b) in Chapter 1. 


5.3.2 In general, the span of longitudinals in the double 
bottom in the centre hold is not to exceed 2,5 m or 0,01L, 
whichever is the greater, and the span in the wing tanks is not 
to exceed the greater of 3,6 m or 0,02L. 


5.4 Deck structure in way of centre hold 


5.4.1 Where the hatch coamings are situated inboard of 
the longitudinal bulkhead, the deck between the two is to be 
fitted with suitably supported longitudinals complying with 
Ch 9,5. 


5.5 Primary and secondary members inside line 
of ore hatchways 


5.5.1 The section modulus of secondary members 
between hatches is to be not less than: 

Z = k(K;TD+KhB ls) cms 
but need not exceed twice the value given by the second term 
within the brackets in the formula. 


5.5.2 The section modulus of primary members between 
hatches is to be not less than: 

Z =5,46kbhl cms 
Forward of 0,075L from the forward perpendicular, the depth 
of the primary member is to be not less than twice that of the 
secondary member supported. 
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ES] Particular attention is to be paid to the scarfing of 
deck beams into the structure outside the line of openings. 
Substantial brackets or equivalent arrangements are to be 
provided. 


| Section 6 
Double bottom construction 


6.1 General 


6.7.1 The double bottom depth and scantlings are to be 
as required by Ch 7,8 for the double bottom structure of a 
bulk carrier to which the notation ‘strengthened for heavy 
cargoes’ is to be assigned. However, where 3.1.2 is not 
applicable, the requirements of Ch 7,8.8 need not be applied. 
The required depth of double bottom and scantlings of 
double bottom structure are to be verified by direct calcula- 
tion. The calculation is to be submitted. 


6.1.2 Where the proposed depth of double bottom 
exceeds 1,5 times the Rule minimum depth given in Ch 1,8, 
the scantlings of the floors and girders may be required to be 
increased to ensure adequate resistance to buckling. 


6.1.3 The thickness of inner bottom plating in the cargo 
hold is to be not less than required by Ch 7,8 for ships having 
the notation ‘strengthened for heavy cargoes’. 


6.1.4 For all vessels intended to be unloaded by grabs, 
the thickness of inner bottom plating is to meet the require- 
ments of Pt 3, Ch 9,9.2.1(a) for a maximum design grab 
weight specified and recorded in the Loading Manual. For 
vessels of deadweight >200 000 tonnes, the design grab 
weight is not to be less than 25 tonnes. 


6.1.5 Where the requirements of 6.1.4 are met the 
descriptive note ‘holds suitable for unloading by grabs’ 
may be employed. Where the design grab weight is 25 tonnes 
or more the notation ‘strengthened for regular discharge 
by heavy grabs’ may be assigned. 


6.2 Arrangement 


6.2.1 In way of the cargo hold a centreline girder is to be 
fitted and side girders spaced not more than 3,8 m apart are 
generally to be arranged in way of transverse bulkheads. The 
side girders are to extend at least to the first plate floor 
adjacent to the bulkhead each side. The outboard side girder 
is to be continuous, forming the lower part of the longitudinal 
bulkhead. 


6.2.2 Plate floors are to be fitted in line with each 
transverse in the wing tanks and in way of transverse bulk- 
head stools. Additional floors are to be so arranged that the 
spacing of floors does not exceed 2,5 m or 0,01L, whichever 
is the greater. 


6.2.3 Attention is to be given to structural continuity and 
alignment between double bottom structure and transverses 
in wing tanks, see also 9.2. 
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Sections 6, 7 & 8 


6.2.4 Alternative arrangements will be considered on the Tide The thickness of the lowest strake of sloped bulk- 
basis of the results of direct calculations. head plating is also to comply with inner bottom requirements 
as given in 6.1.3. Where this provision results in an increase in 
thickness, the latter may be gradually tapered above the 
lowest strake to the required longitudinal bulkhead thickness 
at the position of the knuckle, or at a point one third of the 


= Section 7 depth of the bulkhead above the inner bottom, whichever is 
Longitudinal bulkheads the lower. 
7.1 General 


7.1.1 The requirements for longitudinal oiltight bulkheads 


given in Ch 9,6 and Ch 9,9 are to be applied, together with a Section 8 


the additional requirements of this Section. Transverse bulkheads 

Lele Longitudinal bulkhead scantlings are to be addi- 8.1 General 

tionally assessed against ore loading in accordance with 

Table 11.7.1. 8.1.1 Where the form of construction used for transverse 
bulkheads in wing tanks is different from that used in centre 

7.1.3 Longitudinal bulkheads on ore carriers are to be holds, arrangements are to be made to ensure continuity of 

plane with rolled or fabricated longitudinal stiffeners. The bulk- transverse strength through the longitudinal bulkhead. 


head may be sloped to form a hopper shape in the lower part 
of the hold or over its full depth. 


8.2 Transverse watertight bulkheads in wing 
7.1.4 Where the upper part of the bulkhead is vertical and tanks 
the lower part sloped to form a hopper shape, the thickness 
of the bulkhead plating in way of the knuckle may be required 8.2.1 The requirements for transverse bulkhead plating, 
to be increased to resist transverse compressive buckling stiffening and primary structure given in Ch 1,9 for deep tank 
stresses. The knuckle is to be arranged in way of a bulkheads are to be applied. 
longitudinal. 
Table 11.7.1 Longitudinal and transverse bulkhead scantlings for ore loading 


Item Longitudinal and transverse bulkhead 


Plate thickness including corrugations (mm) = 0,004s f 


Sk KH le? 


Modulus of rolled and built stiffeners, and symmetrical 


corrugations (cm3) 22C y (04 + 5 + 2) 


Symbols 


S, S, k, Las defined in Ch 1,1.5.14 
= 1,1 -<s/2500S but not to be taken greater than 1,0 
l effective length of stiffening member, in metres, and for bulkhead stiffeners, to be taken as /— e4 = e2 
1,4 for rolled or built sections and double plate bulkheads 
1,6 for flat bars 
1,1 for symmetrical corrugations of deep tank bulkheads 
1,0 for symmetrical corrugations of watertight bulkheads 
as defined in Table 1.9.3 in Chapter 1, see also Fig. 1.9.1. Where applicable the value of Mp is to be taken as 


KoHs I? 
22C 


ore pressure coefficient, to be taken as cos? a + (1 -sin y) sin? a for inner side (hopper tank, transverse and longitudinal 
bulkheads, lower stool, vertical upper stool, etc.), and where: 

O for top side tank, upper deck and sloped upper stool 

angle, in degrees, between panel considered and the horizontal plane 

assumed angle of repose, in degrees, of bulk cargo (considered drained and removed); in the absence of more precise evaluation to 
be taken as y = 35° for iron ore 

height, from position under consideration to deck at side amidships, in metres 

stowage rate, in mS/tonne, as defined in Pt 3, Ch 3,5.2. For vessels where 1.1.5 is applicable, C is to include the cargo overshoot 
specified in 12.4.1(e) 
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8.3 Transverse watertight bulkheads in centre 
holds 


8.3.1 Scantlings are to comply with Pt 4, Ch 1,9 and 
assessed against ore loading in accordance with Table 11.7.1. 
Transverse corrugated bulkhead scantlings may be deter- 
mined by direct calculations but are not to be less than 
required by the watertight bulkhead requirements of Pt 4, 
Ch 1,9. 


8.3.2 For ships where the requirements of 3.1.2 are 
applicable, the requirements for transverse hold bulkheads 
given for the carriage of dry bulk cargoes in Ch 7,10 are also 
to be applied. 


8.3.3 In general, the bulkheads are to have stiffening or 
corrugations arranged vertically, supported by top and bottom 
end stools. Alternative arrangements will, however, be consid- 
ered. 


8.3.4 Where inner bottom plating is increased as required 
by 6.1.4, the lower part of the transverse bulkhead should 
also be increased in accordance with Pt 3, Ch 9,9.4.1. 


8.4 Non-watertight bulkheads 


8.4.1 Non-watertight bulkheads in wing tanks are to 
comply with the requirements given in Ch 9,8 and Ch 9,9.8. 


8.4.2 The bulkhead plating is to be suitably reinforced in 
way of double bottom scarfing arrangements and the ends of 
centre hold deck transverses. Openings in wing tank bulk- 
heads are to be kept clear of these areas. 


E Section 9 
Primary structure in wing tanks 


9.1 General 


9.1.1 The primary structure in the wing tanks is to comply 
with the requirements given in Ch 9,9. 


9.2 Scarfing of double bottom 


9.2.1 The inner bottom plating is to be extended into the 
wing tank in the form of a horizontal diaphragm, arranged to 
ensure a smooth structural transition in way of transverse 
primary members and to maintain longitudinal continuity. The 
diaphragms are to be of sufficient width to provide effective 
scarfing of the inner bottom into the wing tank structure. 


9.2.2 Floors intermediate between transverses are to be 
backed in the wing tanks by substantial vertical brackets 
extending transversely over at least three bottom longitudinal 
spaces and vertically to a sufficient height above the horizon- 
tal diaphragms to provide effective support for the double 
bottom structure. 
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LO Section 10 
Direct calculations 


10.1 Application 


10.1.1 Direct calculations are to be employed in the 
derivation of scantlings where required by the preceding 
Sections of this Chapter or by related provisions included in 
Part 3. 


10.1.2 Direct calculation methods are also generally to be 
used where additional calculations are required by the Rules in 
respect of unusual arrangements. 


10.1.3. For complex structural arrangements, e.g., a 
double plate transverse bulkhead with stool in a centre hold, 
associated with plane wing tank bulkheads supported by 
stringers and buttresses, an investigation of bottom primary 
structure over a full cargo hold length and three-dimensional 
analysis of the transverse bulkhead structure will generally be 
required, taking account of applied longitudinal hull bending 
effects. 


10.1.4 | The cross-deck structure is to be verified as being 
capable of supporting transverse compressive stresses 
resulting from lightship weight, deadweight, hydrostatic and 
wave loads. For ore carriers that are designed to operate with 
an asymmetrical loading condition, or large ore carriers with 
B > 40 mor b/w = 2,2, the wave loads should take account of 
hydrodynamic torque in an oblique sea. The cross-deck struc- 
ture is to comprise the hatch coamings and beams, the 
plating and attached stiffeners and the upper stool. Non- 
corrugated bulkhead plating may also be included. 
where 

B moulded breadth, in metres 

b = breadth of the deck hatch openings, in metres 

w = width of the cross-deck strip between hatchways, 

in metres. 


10.2 Procedures 


10.2.1 For details of Lloyd’s Register’s direct calculation 
procedures, see Pt 3, Ch 1,2. For requirements concerning 
use of other calculation procedures, see Pt 3, Ch 1,3. 


10.2.2 Where appropriate to the structural configuration, 
the direct calculation procedures for tanker primary structure, 
see Ch 9,14, will be adapted for application to ore carriers. 


O Section 11 
Forecastles 


11.1 General 


11.1.1 A forecastle is to be fitted in accordance with the 
requirements of Pt 4, Ch 7,14. 
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o Section 12 
Single pass loading 


12.1 Scope and application 


12.1.1. The requirements of this Section are to be applied 
to all ore carriers with a deadweight greater than 200 000 tonnes. 
The requirements are for single pass loading where the maxi- 
mum permissible cargo intake per cargo hold may be loaded 
in a single loading pour. 


12.2 Information required 


12.2.1 In addition to the plans required for submission by 
Pt 3, Ch 1,5.2 and as detailed in the applicable Chapters, the 
following information is also to be submitted: 

(a) Maximum permissible cargo in each cargo hold. 

(b) Cargo mass curves for a single and adjacent hold load- 
ings taking into account the cargo overshoot defined in 
12.4.1(e). 

(c) One or more cargo loading sequences intended for 
single pass loading, see 12.2.2. 

(d) Details of ballast and deballast piping arrangements and 
pumping capacity. 

(e) Specification of loading computer. 


12.2.2 The cargo loading sequences as required by 

12.2.1(c) are to include the following: 

(a) Start and end times of each cargo pour and the intended 
loading rate. 

(0) Start and end times of each deballasting operation and 
the intended discharge rate. 

(c) Intermediate points (in time) during pours and between 
pours. In general, the interval between intermediate 
points is not to be greater than 1 hour. 

(d) The ship’s loading condition, including the ship’s 
draughts at the fore and aft perpendiculars, amount of 
cargo in each hold and amount of ballast in each tank, 
and the still water bending moments and shear forces, 
are to be provided for each point (in time) of the loading 
operation specified in (a), (b0) and (c). 


12.3 Definitions 


12.3.1 Pour. A pour is defined by the start and finish of 
loading of a cargo hold. A pour finishes when the loading 
equipment changes position to a new cargo hold. 


12.3.2 Overshooting. Overshooting is to be taken as the 
consequence of mistiming the loading of cargo, resulting in 
cargo overloading. 


12.4 Cargo loading conditions for design 
assessment 


12.4.1 For the purpose of the design assessment, the 

following conditions are assumed: 

(a) Cargo loading and deballasting operations are co- 
ordinated, with the deballast capacity and arrangement 
of the vessel designed to accommodate the specified 
loading sequences. 
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(b) The cargo is distributed symmetrically in a hold space. 

(c) Deballasting is carried out for each pair of symmetrical 
port and starboard tanks simultaneously, so that each 
pair of symmetrical port and starboard ballast tanks 
contain equal amounts of water ballast throughout 
deballasting operations. 

(d) To improve deballasting and stripping, the trim of the 
ship is to be, in general, by the stern throughout the 
cargo loading operation. 

(e) Acargo overshoot per cargo hold is taken as 10 per cent 
of the maximum permissible hold cargo mass or 
3000 tonnes, whichever is the lesser, but not less than 
5 per cent of the maximum permissible hold cargo 
weight, in any case. A higher cargo overshoot may be 
specially considered. 

(f| | Loading more than one cargo hold simultaneously in a 
single pass, i.e., simultaneous filling of two or more 
holds, will be specially considered. The specific loading 
conditions are to be submitted for appraisal in addition to 
the condition(s) for standard single-pass loading. 


12.5 Design assessment 


12.5.1 The following criteria are to be complied with in all 

cargo loading sequences: 

(a) Still water bending moment and shear force are within 
the allowable limits. 

(b) Single hold loading is within the allowable hold mass 
curve. 

(c) Two adjacent holds loading are within the allowable hold 
mass curve. 


12.5.2 Arrangements and scantlings of local stiffeners and 
plating within the cargo hold region are to comply with 
Sections 1 to 11 with consideration of the maximum permis- 
sible cargo mass per hold in the loading manual and the cargo 
overshoot specified in 12.4.1(e). 


12.5.3 The primary structure and plating within the cargo 
hold region are to be assessed in accordance with the 
ShipRight SDA Procedure for Ore Carriers. 


12.6 Ballast arrangements 


12.6.1 The deballasting capacity of the vessel, including 
arrangement of ballast tanks, pumps and relevant piping 
system, is to be sufficient for the loading operations as agreed 
in the approved loading plan. 


12.6.2 A smaller diameter stripping system with separate 
main and branch lines may need to be provided in order to 
achieve the required deballasting capacity. 


12.7 Loading manual 


12.7.1 All loading sequences of single pass loading, maxi- 
mum loading rates and ballast pumping details are to be 
submitted for approval and included in the Loading Manual. 
Loading conditions at intermediate points as described in 
12.2.2(c) need not be included in the Loading Manual. 
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12.8 Loading computer 


12.8.1 The ship is to be installed with sensors for remote 
measurement of water ballast, fuel oil and ship’s draughts. 


12.8.2 In addition, it is recommended that an interface with 
the onboard loading computer, connecting to the installed 
sensors detailed in 12.8.1, is to be provided to check the 
ship’s condition during loading and unloading. 
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Section 

1 General 

2 Longitudinal strength 

3 Deck structure 

4 Shell envelope plating 

5 Shell envelope framing 

6 Bottom structure 

7 Bottom strengthening for operating aground 
8 Spoil space and well structure 


9 Watertight bulkheads 

10 Exposed casings 

11 Dredging machinery seats and dredging gear 
12 Ladder wells 

13 Fenders 

14 Rudders 

15 Spoil space weirs and overflows 


16 Scuppers and sanitary discharges and side 
scuttles 


17 Split hopper dredgers and barges 


18 Direct calculations 


| Section 1 
General 


1.1 Application 


dk This Chapter applies, in general, to manned or 

unmanned self-propelled or non-self-propelled ships defined 

as follows: 

(a) Dredgers designed to operate wholly or generally for the 
purpose of raising spoil such as mud, silt, gravel, clay, 
sand or similar substances, general rubbish or ore, 
minerals, etc., for the bed of the sea, rivers, lakes, canals 
or harbours, etc. The dredged material may be placed in 
suitably designed holds or similar spaces within the ship. 

(b) Hopper dredgers, designed to raise spoil, as described 
in (a), and so arranged that the dredged material may be 
placed in one or more hoppers within the ship. For the 
purpose of this definition, a hopper is a hold or other 
space designed to carry dredged spoil and also 
arranged to enable such spoil to be discharged through 
doors or valves in the bottom of the ship. Spaces 
arranged to be unloaded by means of conveyor belts, 
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suction pipes or similar gear are not to be regarded as 
hoppers unless adequate bottom doors or valves are 
also fitted. 

(c) Split hopper dredgers, which are designed similarly to 
that described in (b) but arranged such that the spoil is 
discharged through the bottom of the ship by means of 
the split hull being separated using hinges and actuating 
devices. 

(d) Reclamation craft, reclamation ships, etc., which work 
in a manner similar to dredgers but draw their spoil from 
dredging craft and discharge it ashore. 

(e) Hopper barges designed to carry spoil or dredged 
material in hoppers within the ship. For the definition of a 
hopper, see 1.1.1(b). 

(f) Split hopper barges, which are designed similarly to that 
described in (e) but arranged such that the spoil is 
discharged through the bottom of the ship by means of 
the split hull being separated using hinges and actuating 
devices. 


T2 The scantlings and arrangements are to be as 
required by Chapter 1, except as otherwise specified in this 
Chapter. 


1.7.3 Where bottom dump doors or valves are fitted, 
hatch covers are not required. Proposals for the omission of 
hatch covers where bottom dump doors or valves are not 
fitted will be specially considered. 


1.1.4 Ships which have their machinery placed on a 
shallow raft, rather than within a hull, will have their scantlings 
specially considered. Dredgers which resemble drilling rigs, or 
similar offshore structures, in their design or mode of 
operation will be considered under the Rules for such 
structures. 


1:1:5 Ships of unusual form or proportions, or intended 
for unusual dredging methods, will receive individual 
consideration on the basis of the general standards of the 
Rules. 


116: The requirements provide for transverse and 
longitudinal framing of the structure. In general, the midship 
region scantlings are to extend over the full length of hoppers 
and holds. The extent is to be not less than 0,4 amidships, 
and may need to be increased if the design and loading 
conditions of a particular ship result in its maximum bending 
moment occurring other than at amidships. 


1.2 Stability 


1.2.1 Attention is drawn to the thixotropic properties of 
certain types of dredged material which, as a result of the 
ship’s motions, can cause the spoil to shift within spoil 
spaces, resulting in undesirable changes in trim or angles of 
heel. This can be particularly dangerous in ships with closed 
top spaces. 
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1.3 Class notations 


7.3.1 In general, ships complying with the requirements 

of this Chapter will be eligible for one of the following classes: 

(a) 100A1 dredger. This class will be assigned to ships as 
defined in 1.1.1(a). 

(o0) 100A1 hopper dredger. This class will be assigned to 
ships as defined in 1.1.1(b). 

(c) 100A1 split hopper dredger. This class will be assigned 
to ships as defined in 1.1.1(c) 

(d) 100A1 reclamation craft. This class will be assigned to 
ships as defined in 1.1.1(d). 

(e) 100A1 hopper barge. This class will be assigned to 
ships as defined in 1.1.1(e). 

(f 100A1 split hopper barge. This class will be assigned 
to ships as defined in 1.1.1(f). 


1.3.2 The class notations will be assigned to ships based 

on the following: 

(a) The class notations in 1.3.1 will be assigned to ships 
which are intended to make unrestricted sea-going 
voyages, either as part of their work or while transferring 
from one work area to another as part of their normal 
operations and have also been designed to perform 
dredging operations in defined dredging service areas. 

(o) Where dredger types listed in 1.3.1(a), 1.3.1(b) and 
1.3.1(c) perform dredging operations at reduced free- 
boards, resulting in a dredging draught (7m) greater than 
the summer draught and without a dredging service area 
restriction, the class notation will be extended as follows: 
‘dredging draught Tm of ... metres in sea states with 
H, <... metres’ and will be subject to special require- 
ments of National Authorities, see 1.6.1 to 1.6.3. 

(c) Where dredger types listed in 1.3.1(a), 1.8.1(b) and 
1.3.1(c) perform dredging operations at reduced free- 
boards, resulting in a dredging draught (7m) greater than 
the summer draught but with a dredging service area 
limited to within 21 nautical miles from shore, the class 
notation will be extended as follows: ‘dredging within 
21 miles from shore at a dredging draught T,, of ... 
metres’ and will be subject to special requirements of 
National Authorities, see 1.6.1 and 1.6.2. 

(d) Where requested, the assignment of more than one 
dredging draught may be considered, i.e., ‘dredging at 
draught T,,4.-.’ and ‘dredging at draught Tyo...’ etc., 
provided agreement is obtained from the National 
Authorities and the applicable requirements of this 
Chapter are complied with. 


1.3.3 Ships intended to be operated only in suitable areas 
or conditions which have been agreed by the Committee, as 
defined in Pt 1, Ch 2,2.3.6, 2.3.7, 2.3.8 and 2.3.10, will 
receive individual consideration on the basis of the Rules with 
respect to the environmental conditions agreed for the design 
basis and approval. In particular, dredgers complying with the 
requirements of this Chapter, and Pt 3, Ch 13,7 for the 
reduced equipment requirements, will be eligible to be 
classed: 

A1 dredger protected waters service, see Pt 1, 

Ch 2,2.3.6, or 

100A1 dredger with service restriction notation, 
whichever is applicable. Hopper dredgers, split hopper 
dredgers, reclamation craft, hopper barges and split hopper 
barges would be considered similarly. 
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1.3.4 Where a ship complying with the requirements of 
this Chapter has the bottom structure additionally strength- 
ened for operating aground in accordance with Section 7, it 
will be eligible for the special feature notation ‘bottom 
strengthened for operating aground’. 


1.3.5 In addition to the above notations, an appropriate 
descriptive note may be entered in the Register Book 
indicating the type of dredging or reclamation craft (see Pt 1, 
Ch 2,2.6.1), e.g., ‘trailing suction dredger’, ‘cutter suction 
dredger’, ‘bucket dredger’, ‘grab dredger’, ‘dipper dredger’, 
‘self-discharging sand dredger’, etc. 


1.3.6 The Regulations for classification and assignment 
of class notations are given in Pt 1, Ch 2 to which reference 
should be made. 


1.4 Information required 


1.4.1 In addition to the information and plans required by 

Pt 3, Ch 1,5 details of the following are to be submitted: 

e Sections through hoppers, wells, pump-rooms and 
dredging machinery spaces. 

° Hopper, hold and well bulkheads and associated weirs. 

Scarfing arrangements at hopper, hold and well ends. 

e Hinges, actuating and locking arrangements, together 
with supporting structure, weld connection details and 
calculations of design forces for split hull separation 
devices. 

° Deckhouse and deckhouse support structure. 

e — Outline arrangement and main scantlings of ‘A’ frames, 
gantries, positioning spuds, hopper doors and similar 
items, the strength and integrity of which directly affect 
the hull structure of the vessel. Support structure in way 
of ‘A’ frames, positioning spuds and other dredging 
structures. Seats of dredging machinery and pumps. If 
dredging equipment is stored during voyages, plans of 
any special arrangements for dismantling, storage and 
reassembly. Sufficient particulars of static and dynamic 
loading for these items are to accompany the details to 
enable verification of the strength and effectiveness of 
the supporting ship structure. 

e A full set of stability data which is to be placed on board 
the ship, see Pt 1, Ch 2,3. 

e Calculations of hull girder still water bending moment 
and shear force where applicable, see 2.1.1, for the 
proposed loading conditions, including densities of spoil. 
When the still water bending moment and block 
coefficient are being calculated, any water within spoil 
spaces should be regarded as added weight, whilst that 
in dredging ladder wells and spud wells should be 
regarded as lost buoyancy. 


1.5 Symbols 


15.1 The following symbols and definitions are applic- 
able to this Chapter unless otherwise stated: 

B = breadth, in metres, defined as the greatest moulded 
breadth excluding any localised bulge on the hull 
associated with the attachment or handling of the 
dredging gear 
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Cy = the moulded block coefficient at draught T but is to 
be taken as not less than 0,6. The block coefficient 
is to be determined using the length, L. Spoil 
spaces should be regarded as added weight, whilst 
dredging ladder wells and spud wells should be 
regarded as lost buoyancy 

Cpm = the moulded block coefficient at the dredging 
draught Tm, but is to be taken as not less than 0,6. 
The block coefficient is to be determined using 
length, L. Spoil spaces should be regarded as 
added weight, whilst dredging ladder wells and 
spud wells should be regarded as lost buoyancy 
D = moulded depth, in metres, to the uppermost 
continuous deck 
L = Rule length, in metres, as defined in Pt 3, Ch 1,6 
for ships classed for unrestricted service. For ships 
classed A1 protected waters service where the 
load waterline is not required to be determined by 
the International Load Line Convention method, the 
length is to be measured on the deepest waterline 
at which the ship is designed to operate. On sea- 
going vessels with unusual stern arrangement, or 
with unusual bow arrangement associated with a 
dredging draught in excess of the summer load line 
draught, the length, L, will be specially considered 

M, = design still water bending moment, in kNm 

tonne-f m), at draught, 7, or less 

Ms = maximum permissible still water bending moment, 

in kNm (tonne-f m), at draught, T, or less 

Mgm = design still water bending moment, in kNm 

tonne-f m), under dredging conditions at draught, 

Tm 

Mgm = Maximum permissible still water bending moment, 

in kNm (tonne-f m), under dredging conditions at 
draught, Tm 

My = design hull vertical wave bending moment 

amidships, in KN m (tonne f m), see 2.4.1 

T = summer draught, in metres, as established by the 
method described in the International Load Line 
Convention, measured from top of keel amidships 

Tm = maximum dredging draught, in metres, at which the 

ship is designed to operate. It is to be measured 
amidships from the top of keel and is to be taken 
not less than 7, see 15.1.4 

p = relative density (specific gravity) which, in general, 
is to be taken not less than 1,86, or as derived from 
the stowage rate of spoil. This stowage rate of 
dredged spoil is to be determined from the maxi- 
mum spoil weight at dredging draught and volume 
of spoil space up to the sill of the uppermost over- 
flow weir. The value used in the calculations of 
scantlings is to be clearly marked on the relevant 
plans 

Hogging bending moments are positive. 


1.5.2 For symbols not defined in this Chapter, see 
Chapter 1. 
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1.6 Requirements for dredgers operating at 
reduced freeboards 


1.6.1 Requirements of IMO DR 68 Guidelines for the 
Operation of Dredgers at Reduced Freeboards are to be 
complied with. 


1.6.2 The dredger is to be of a self discharging type and 
equipped with bottom valves. When the ship is operating at a 
reduced freeboard, i.e., 1/2 or 1/3 of its summer freeboard, the 
capacity of these bottom valves, or a part thereof, is to be 
sufficient to obtain the summer freeboard by discharging the 
appropriate amount of cargo within 8 minutes (IMO DR 68 
refers). 


1.6.3 Where the class notation ‘dredging draft Tm of ... 
metres in sea states with H, <... metres’ is assigned, the 
Master is to be provided with suitable information on the 
actual situation of the sea conditions and the forecast in 
terms of significant wave heights. 


a Section 2 
Longitudinal strength 


2.1 General 


Zeal Longitudinal strength calculations are to be made 
in accordance with the relevant requirements given in Pt 3, 
Ch 4, except as indicated in this Section. 


2.2 Loading conditions 


2:2 Details are to be submitted of the following 

loading conditions for examination of longitudinal strength: 

(a) Homogeneous load conditions (including details of 
densities of spoil) for both departure and arrival at 
draught, 7, and maximum dredging draught, 7,,, where 
this exceeds T, see also 15.1.4. 

b) Part loaded conditions (including details of densities of 
spoil) and ballast conditions for both departure and 
arrival. 

c) Any specified non-homogeneous load conditions. 


2.2.2 If any dredging equipment has to be unshipped, 
owered or otherwise specially arranged or stowed before the 
ship proceeds on a sea-going voyage, this fact is to be 
indicated on the longitudinal strength information required to 
be submitted and is also to be clearly stated in the final 
Loading Manual supplied to the ship. 


2.2.3 For loading conditions, and any other preparations 
required to permit ships with a notation specifying some 
service limitation to undertake a sea-going voyage, either from 
port or building to service area or from one service area to 
another, see Pt 1, Ch 2,1. 
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2.2.4 Where a ship is arranged with two spoil spaces 
account is to be taken in the calculation of the still water 
bending moment of either one of these spaces being empty, 
unless such loading is specifically precluded in the Loading 
Manual supplied to the ship. 


2.2.5 The requirements of Pt 3, Ch 4,8.3 regarding loading 
instruments are not applicable to dredging and reclamation 
craft. 


2.3 Hull bending strength 


2.3.1 Hull bending strength standards are to comply with 
the relevant requirements of Pt 3, Ch 4, taking account of the 
contents of 2.4 and 2.5. 


2.3.2 For split hopper dredgers or barges, due account 
is to be taken of the lateral forces and moments on each half 
hull which are exerted by the pressure of the spoil and 
dynamic wave loading, see 17.2. 


2.4 Design vertical wave bending moments 
2.4.1 The design vertical wave bending moment at 


amidships, Mẹ, is to be determined from Pt 3, Ch 4,5.2 with 
the ship service factor, f4, given in Table 12.2.1. 


Table 12.2.1 Ship service factors f, and fyg 


Class Notation 


+ 100A1..., dredging draught Tm of ... 
metres in sea states with H, <... metres 


+100 A1..., dredging within 21 miles from 
shore at a dredging draught Tm of ... 
metres 


+A1..., Protected waters service 


Symbols 


= 2,2H,L~9,48, not to be taken less than 0,35 nor 
greater than 1 
significant wave height for the dredging operations at 
the considered dredging draught Tm 


NOTE 
The wave reduction factors may only be used for dredgers 
complying with the applicable requirements of 1.6.1 to 1.6.3. 
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2.4.2 The design hull vertical wave bending moment at 
amidships for dredging conditions, Mwa, where draught Tm is 
greater than 7, is given by the following expression: 
Mwa = fwofe Mwo 
where 
Mwo is determined from Pt 3, Ch 4,5.2, using Cpm in 
place of Cp 
fo is given in Pt 3, Ch 4,5.2 
f4 and fwg are defined in Table 12.2.1. 


2.5 Permissible still water bending moment for 
dredging conditions 


2.5.1 The maximum permissible still water bending 
moment, M sm, for dredging conditions where draught Tm 
exceeds T is not to exceed: 

|Msm} = |M; + fı f2 Mwo = Mya] KN m (tonne-f m) 

where Mwg is defined in 2.4.2. 

Where applicable, the relevant loading conditions are to be 
included in the final Loading Manual, see 15.1.4 and Pt 3, 
Ch 4,8.1. 


2.6 Calculation of hull section modulus 


2.6.1 The hull midship section modulus is to be 
calculated in accordance with the requirements of Pt 3, 
Ch 3,3.4 taking account of 2.6.2 and 2.6.3. See also 17.1 for 
split hull arrangements. 


2.6.2 Centreline box keels within the hopper spaces may 
normally be regarded as 100 per cent effective provided that 
they are effectively scarfed to the vertical keels or equivalent 
structure at each end of the hopper spaces. 


2.6.3 Where a long superstructure or deckhouse is fitted 
extending within the midship region, the requirements for 
longitudinal strength in the hull and erection will be specially 
considered. 


2.7 Hull shear strength 


2.7.1 Special attention is to be paid to the actual shear 
forces at the spoil space end bulkheads. The inclusion of the 
effective thickness of longitudinal bulkheads, centre box keel 
plating and other longitudinal material at these positions, will 
be considered in relation to the arrangement of structure 
proposed. 


2.7.2 For ships classed A1 protected waters service, 
see 4.6.1. 


2.7.3 The vertical wave shear forces, Qy, are to be 
calculated in accordance with Pt 3, Ch 4,6. In dredging 
conditions, where the dredging draught Tm is greater than T, 
Ky may be taken as fwa: 
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E Section 3 
Deck structure 


3.1 Deck plating 


3.1.1 Dredgers, hopper dredgers and hopper barges 
classed for unrestricted service are to have the minimum 
thicknesses required by Ch 1,4 increased by 2 mm for those 
areas of the strength deck outside line of openings which are 
exposed to the weather. 


3.1.2 Ships classed 100A1 extended protected waters 
service are to have the minimum thicknesses required by 
Ch 1,4 for all strength deck plating outside line of openings. 
The minimum value of s, used in the formulae, may be taken 
as 550 mm. 


3.1.3 Ships classed A1 protected waters service may 
have the minimum thicknesses as given in Ch 1,4 for all 
strength deck plating outside line of openings reduced by 
1 mm, with an overall minimum of 5 mm. The minimum value 
of s, used in the formulae, may be taken as 550 mm. 


3.1.4 Strength deck plating within the line of openings in 
the midship region, and for 0,075L from the ends, is to have 
a thickness not less than: 


t = 0,01s mm 


3.1.5 The deck plating thickness and supporting 
structure may be required to be reinforced in those areas of 
deck which are liable to be subjected to regular, heavy, impact 
loads such as could occur when maintaining or inspecting 
large items of dredging gear, etc. It is recommended that 
consideration be given to increasing the plating thickness in 
these areas to: 


t = 0,02s mm 
with a minimum 


~ 
Il 


10 mm. 


3.2 Deck stiffening 

3.2.1 The scantlings of deck beams or longitudinal are to 
comply with the requirements of Ch 1,4.3. 

3.3 Deck supporting structure 


3.3.1 The scantlings of the deck supporting structure are 
to comply with the requirements of Ch 1,4.4. 
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o Section 4 
Shell envelope plating 


4.1 Keel 


4.1.1 On ships over 50 m in length, where there is a 
centreline well, or where hopper doors are fitted on the ship’s 
centreline, i.e., where no centreline box keel is fitted in a 
hopper, a keel strake is to be fitted on each side of the well or 
hopper door opening, dependent upon the proposed 
docking arrangements for the ship. The width of each keel 
strake is to be not less than half that required for a centreline 
keel nor less than 400 mm. The thickness of each keel strake 
is to be not less than the thickness required for a centreline 
keel in Ch 1,5.2. 


4.2 Bottom shell 


4.2.1 The minimum thickness of bottom shell plating 
amidships on hopper dredgers and hopper barges classed 
for unrestricted service is to be 15 per cent greater than that 
required by Ch 1,5.3. The thickness of bottom shell plating on 
ships classed A1 protected waters service is to be not less 
than: 


t =(5sL¥D x108 +5) mm 


or that required for Ch 1,5.3, whichever is the lesser, but with 
an overall minimum thickness of 6 mm. 


4.2.2 Where hoppers extend outside 0,4L amidships, the 
thicknesses required for the bottom shell amidships are to be 
maintained for at least two frame spaces beyond the ends of 
the hoppers before being tapered to the end thicknesses. 


4.3 Operating aground 

4.3.1 For ships intended to operate aground, see 
Section 7. 

4.4 Bottom openings 


4.4.1 The corners of hopper door openings and of 
bucket and ladder wells are generally to be parabolic or 
elliptical on all ships where L is greater than 50 m, and should 
generally be rounded on smaller ships. On ships where L is 
greater than 90 m, the arrangement of hopper and well 
corners within 0,5L amidships should generally be as required 
for deck hatch corners. The sealing arrangements for hopper 
doors may lie within the line of the corners, provided that the 
construction is such as to avoid high stress concentrations in 
the structure. 
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4.5 Ships with chines 


4.5.1 On ships arranged with two chines each side, the 
bilge plating should generally be calculated from the bottom 
plating formulae. On hard chine ships, flanged chines will not 
generally be approved, but where a chine is formed by 
knuckling the shell plating, the radius of curvature, measured 
on the inside of the plate, is to be not less than 10 times the 
plate thickness. Where a solid round chine bar is fitted, the 
bar diameter is to be not less than 50 mm or three times the 
thickness of the thickest abutting plate, whichever is the 
greater. Where welded chines are used, the welding is to be 
built up as necessary to ensure that the shell plating thickness 
is maintained across the weld. 


4.6 Side shell 


4.6.1 The thickness of the side shell is to be in accor- 
dance with Ch 1,5.4. On ships classed A1 protected waters 
service the thickness of the side shell throughout, including at 
ends, may be reduced by 20 per cent from that required by 
Ch 1,5.4 and Pt 3, Ch 5 and Pt 3, Ch 6 as appropriate, 
provided that the combined shear stress does not exceed 
110 N/mmé2 (11,2 kgf/mm2). 


4.6.2 Where high compressive loads occur in the sheer- 
strake, the thickness may be required to be increased to 
minimise the likelihood of buckling. 


4.7 Swim ends 


4.7.1 The plating of swim ends is to have a thickness not 
less than that required for the bottom shell up to the water- 
line at draught T, see also Table 12.7.1. It is to have a 
thickness not less than that required for side shell in the areas 
more than 1,0 m above the waterline at draught Tm. In 
intermediate areas the thickness may be tapered from the 
bottom to the side shell requirements. 


a Section 5 
Shell envelope framing 


5.1 Longitudinal stiffening 


5.17.1 The scantlings of bottom and side shell longitudinals 
are to comply with the requirements given in Table 12.5.1. 


9 l2 For ships intended to operate aground, see 
Section 7. 


5.2 Transverse stiffening 
5.2.1 For bottom structure with transverse framing, see 
Section 6. 


5.2.2 For ships intended to operate aground, see 
Section 7. 
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Table 12.5.1 Longitudinal stiffening 


Position of 


longitudinals Modulus 


(1) Bottom l2sHkc 
Z = ———— om 
Ky 

where 

lę = effective span of longitudinals, in 
metres, and is to be taken as not less 
than 1,85 m except as provided for in 
6.3.1 

In way of single bottoms 

H=D 

In way of double bottoms 

H = D on ships classed 100A1 or 100A1 
extended protected waters service 

= Tm for ships classed A1 protected 

waters service 


D 
a factor varying from 1,0 at o to= 


2060 


———————_ at bottom, 
3620 - 1560FR 


intermediate values by interpolation. 
For ships with hogging still water 
bending moments in loaded conditions 
and for split hull vessels, c = 1,0 

= as defined in Pt 3, Ch 4,5.1 

= 120 on ships classed 100A1 or 100A1 
extended protected waters service 
150 on ships classed A1 protected 
waters service 
higher tensile steel factor, see Pt 3, 
Ch 2,1 


(2) Side shell For ships classed 100A1 or 100A1 
extended protected waters service 

The minimum modulus of side longitudinals 
is to be in accordance with Ch 1,6.2 

For ships classed A1 protected waters 
service 

The modulus required by (a) and reduced 
by 5 per cent 


The scantlings of bilge longitudinals are to be 
graduated between those required for the 
bottom longitudinals and the lowest side 
longitudinals 


5.2.3 The scantlings of side frames amidships are to be in 
accordance with Ch 1,6 for ships classed for unrestricted 
service or 100A1 extended protected waters service. The 
modulus of side frames may be reduced by eight per cent for 
ships classed A1 protected waters service. 


5.3 Primary supporting structure at sides 


5.3.7 The spacing of transverses supporting side 
longitudinals is generally to be in accordance with Ch 1,6.4, 
but is not to exceed 4,0 m. 


5.3.2 Transverses supporting side longitudinals are to 
comply with the requirements of Ch 1,6.4, except for ships 
classed with a service restriction notation and all ships 
classed A1 protected waters service, where the require- 
ments are given in Table 12.5.2. 
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Table 12.5.2 


Symbols 


Primary supporting structure at sides 


Requirement 


h= 


vertical distance 
from mid-point of 
span to deck at 
side, in metres 
effective length of 
supporting 
member, in 
metres, see Pt 3, 
Ch 3,3 

moment of inertia 


Transverses 
supporting side 
longitudinals 
amidships 


All ships classed 


100A1 extended 
protected waters 
service: 


Z =9,5S h le? cm3 


All ships classed A1 


protected waters 
service: 


of supporting 
member, in cm4, 
see Pt 3, Ch 3,3 
spacing, or mean 
spacing, of 
supporting 
member, in 
metres 

section modulus 
of supporting 
member, in cm3, 
see Pt 3, Ch 3,3 


Z=9,0Sh l? cm3 


Transverses and |Inertia of not less 
web frames than: 
supporting side | Z= 2,5l Z cm4 
longitudinals 
abreast of spoil 
spaces 


5.3.3 In way of transverse framing, web frames may be 
required in way of hopper cross members. Alternative 
arrangements may be submitted for consideration. 


5.3.4 The end connections of side transverses and web 
frames to deck and bottom transverses abreast of spoil 
spaces are to be arranged to prevent shear buckling of the 
members’ webs. 


5:3:9 For wash bulkheads fitted in lieu of web frames 
abreast spoil spaces, see 8.3.6. 


E Section 6 
Bottom structure 


6.1 General 
6.1.1 This Section provides for longitudinal or transverse 


framing of the bottom structure of ships with single or double 
bottoms. 


6.1.2 For ships intended to operate aground, see 
Section 7. 

6.2 Single bottoms transversely framed 

6.2.1 The scantlings of single bottom floors, extending for 


the full width of the ship, are to be in accordance with Ch 1,7 
irrespective of the length of the ship. Floors below dredging 
pumps or similar items which could induce large concentrated 
loads or large dynamic forces, may be required to be of 
increased strength. Floors may be recessed locally in way of 
dredging pumps, etc., provided that suitable compensation 
iS arranged. 
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6.2.2 The spacing of intercostals and longitudinal side 
girders is to be such as to ensure continuity of strength at 
bulkheads, ends of spoil spaces and wells and at ends of 
machinery seats so far as practicable, see also Ch 1,7. An 
intercostal is to be fitted in the buoyancy space abreast 
hopper openings when the distance between the hopper 
opening and the ship's side exceeds 4,0 m. 


6.2.3 Abreast of dredging wells and spoil spaces the 
minimum depth of floor at its inboard end is to be not less 
than: 


dy = 20(B+1e+2Tm) mm 


The thickness of the web and area of the face plate are to be 
as required by Ch 1,7.2. 


6.3 Single bottoms longitudinally framed 


6.3.1 The spacing of transverses is to be in accordance 
with 5.3.1, and are to be supplemented by the following 
arrangements of brackets: 

(a) Onthe ship’s centreline, or on each side of dredging wells 
where there is no structure on the centreline, the brackets 
are to be spaced not more than 1,25 m apart and are to 
extend outboard to the first longitudinal, port and 
starboard. The longitudinals supported by the brackets 
may be calculated using a nominal transverse spacing of 
1,6m. 

(b) On ships where the sides are transversely framed, the 
brackets are to be fitted at every frame and are to extend 
inboard to the first longitudinal on the flat of bottom. This 
longitudinal is to be based on a span equal to the 
spacing of the transverses. 

(c) The thickness of these intermediate brackets is to be not 


less than: 
t = (0,258 4+ 1,85 4/7, ) mm. 
6.3.2 In areas of high shear loading, the thickness and 


stiffening of the web plates on transverses, etc., may have to 
be increased. The depth of transverses is to be not less than 
2,5 times the depth of the slot for the bottom longitudinals, 
and thickness of the web plates is to be not less than 8 mm. 


6.3.3 Bottom transverses in spoil space side buoyancy 
tanks in way of cross-ties are to have a depth, d, of not less 
than: 


d = 28B +205 4/Tm mm 


Their arrangement, scantlings and end connections are to be 
such as to provide proper continuity of strength across the 
ship. The transverses are to be fitted with stiffeners in way of 
every shell longitudinal. The stiffeners should, in general, be 
equivalent to flat bars with a depth one-eighth of the 
transverse at that point and a thickness not less than the 
thickness of the transverse. 
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6.4 Double bottom - General 


6.4.1 Self-propelled dredgers and reclamation ships of 
more than 500 tons gross and intended for International 
voyages are to be provided with a double bottom extending 
from the collision bulkhead to the after peak bulkhead, as far 
as this is practicable and compatible with the design and 
proper working of the ship. 


6.4.2 A double bottom need not be fitted in way of water- 
tight compartments used exclusively for the carriage of liquids 
provided the safety of the ship, in the event of bottom 
damage, is not thereby impaired. 


6.4.3 The double bottom may, however, be interrupted 
locally, or fitted with wells in way of dredging pumps and other 
equipment. Where such openings are large, their scantlings 
and arrangements will be specially considered. 


6.4.4 The scantlings are to be in accordance with Ch 1,8 

except for the following: 

(a) The Rule thickness of centre girders may be reduced by 
2,0 mm on ships classed A1 protected waters service. 

(b) The Rule thickness of side girders may be reduced by 
1,0 mm on ships classed 100A1 extended protected 
waters service. 

(c) The scantlings of floors, longitudinals and plating 
supporting the bottom of spaces intended to carry spoil 
are to be determined in accordance with Section 8. 


6.5 Double bottom with transverse framing 


6.5.1 Plate floors may be fitted at every frame or may be 

spaced not more than 3,0 m apart with the shell and inner 

bottom plating between these floors supported by bracket 

floors. However, plate floors are to be fitted at every frame in 

the following areas: 

(a) As required for Ch 1,8.5. 

(b) Below spaces from which dredged material will be 
discharged by grabs. 

(c) In main propulsion and dredging machinery rooms and in 
peak tanks. 

(d) For three frame spaces at ends of spoil spaces and 
dredging wells. 


6.6 Double bottom with longitudinal framing 


6.6.1 In locations other than below spaces intended for 
dredged spoil the section modulus of inner bottom 
longitudinals is to be not less than: 
l2sHkc 5 
= = Reo cm 
where 
lẹ = effective span of longitudinals, in metres, and is to 
be taken as not less than 1,85 m 
S = spacing of longitudinals, in mm 
H = height, in metres, from the tank top to the deck at 
side, (but need not exceed Tm on ships classed 
A1 protected waters service) 
C as defined in Table 12.5.1 
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K, = 120 in machinery spaces on ships classed 100A1 
150 otherwise 
k = higher tensile steel factor, see Pt 3, Ch 2,1. 


6.6.2 The section modulus of longitudinals below spaces 
intended for dredged spoil is to comply with the requirements 
of 8.3.7. 


6.6.3 The spacing of transverses is generally to be as for 
dry cargo ships but is not to exceed 4,0 m. Below main 
dredging machinery the transverses are generally to be 
spaced not more than 1,0 m apart. 


6.6.4 The ends of longitudinal girders under dredging 
machinery are to be tapered off or efficiently scarfed into other 
longitudinal structural items. 


4 Section 7 
Bottom strengthening for 
operating aground 


7.1 Application 


Ltd The scantlings of bottom structure are to comply 
with the requirements given in Table 12.7.1. 


7.1.2 Unless otherwise specified by the Owner, it should 
be assumed that non-self-propelled dredging and reclama- 
tion craft are to operate aground. 
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Table 12.7.1 Bottom strengthening for operating aground 


Item Requirement 


The following requirements are to be applied to the bottom structure upon which the ship is likely to be supported whilst aground 


Bottom shell, keel and swim end Thickness to be increased by 20% over the minimum requirements of Ch 1,5, with a minimum of 
plating 8mm 


Bottom longitudinals lings as required by Table 12.5.1(1) taking K4 = 74 and c = 1,0 


Bilge longitudinals (where fitted) lings to be the same as bottom longitudinals 


Transverse framing Longitudinal framing 


Primary stiffening in way of single oors to be fitted at every frame with vertical The spacing of transverses or floors is, in 
bottoms, see Notes 1 and 2 stiffeners spaced, in general, not more than general, not to exceed 2,5 m outboard of 


1,25 m apart wells or 1,85 m elsewhere 

Side girders to be spaced not more than The panel size nearest the shell plating of 
2,2 m apart and intermediate 100 mm x web plates of transverses or floors is, in 

10 mm bulb plate longitudinals, or equiva- general, not to exceed 80t x 80t where t is 
lent, fitted the actual web thickness 

Side girders to be spaced not more than 
2,2 m apart 


Primary stiffening in way of Plate floors are to be fitted at every frame The spacing of plate floors is, in general, 
double bottoms, see Notes 1 with vertical stiffeners spaced, in general, not to exceed 1,85 m 

and 2 not more than 1,25 m apart Side girders to be spaced not more than 
Side girders to be spaced not more than 2,5 m apart 

2,5 m apart and intermediate 100 mm x 

10 mm bulb plate longitudinals, or equiva- 
lent, fitted 

Where the span of floors between a hopper 
space and the ship’s side exceeds 3,75 m, a 
longitudinal girder is to be fitted 


NOTES 
1. The scantlings of floors, girders and transverses are to be determined in accordance with the requirements of Section 6. 
2. The number and size of holes in floors, girder and transverses are to be kept to a minimum, see Ch 1,8. 


Table 12.8.1 Effective specific gravity 


A Effecti ifi 
E Section 8 m li ean Effective specific gravity greater 
Spoil space and well structure or equal to 1,4 thani,a 
< 1,4 1,4 
8.1 Symbols and definitions p P> 
for vertical for boundaries which have 
8.1.1 The symbols used in this Section are defined as boundaries an angle, a with the 
follows: horizontal plane 
Per = effective specific gravity to be taken, as defined in paela Pat = 1,4 + (p - 1,4)(cos 0)2 
Table 12.8.1 
h = load head, in metres, measured vertically as 
follows: ; : 
(a) For plating, the distance from a point one-third of the 8.1.2 Other symbols are defined in 1.5.1. 


height of the plate above its lower edge to the sill of the 
uppermost overflow weir. 


(b) For stiffeners or girders, the distance from the middle of 8.2 General 
the effective length to the sill of the uppermost overflow 
weir. 6.2.1 This Section provides for: 
l = effective length of stiffening members, in metres, (a) horizontally and vertically stiffened boundary bulkheads 
see Pt 3, Ch 3,3 to hoppers, and holds intended for dredged spoil, to 
s = spacing of stiffeners, in mm ladder wells and to spud wells, 
t = plate thickness, in mm (b) protection against flooding in the event of the ladder well 
A, = cross-sectional area of flange or stiffener, in cm2, or adjacent bottom plating being damaged by objects 
including coaming plating. dredged up by bucket dredgers, and 


(c) continuity of transverse strength in spoil spaces and 
wing tanks abreast of spoil spaces. 
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8.2.2 As an alternative to the requirements of this Section 
regarding primary structure, scantlings may be derived on the 
basis of direct calculation methods, see Section 18. 


8.2.3 Continuity of strength. Arrangements are to be 
made to ensure continuity of strength at the ends of longitu- 
dinal and well side bulkheads. In general, the design should 
be such that the bulkheads are connected to bottom and 
deck girders by means of large, suitably shaped brackets 
arranged to give a good stress flow at their junctions with both 
the girders and the bulkheads. 


8.2.4 Ladder well cofferdams. Ladder wells of trailing 
suction dredgers are to be isolated from the remainder of the 
dredger’s structure by local cofferdams at least 600 mm wide, 
or are to be otherwise protected to prevent serious flooding 
due to the well side plating being breached by the ladder 
structure should this be damaged in service. Ladder wells of 
bucket dredgers are to be isolated by cofferdams, the extent 
and widths of which are to be sufficient to contain any 
damage to the well side bulkheads or bottom shell plating that 
could result from the impact of large objects brought up in the 
dredge buckets. In way of the buckets the cofferdam may be 
extended outboard in the form of a local watertight double 
bottom. 


8.3 Spoil space and well boundaries 


8.3.1 The plating thickness of spoil space boundaries is 
to be not less than the following: 


t = 0,0046sf VkKApe +3,0 mm, or 
t = 8,5mm, whichever is the greater 

In the case of grab dredgers the minimum thickness is to be 
10 mm. These thickness requirements also apply to the 
plating of watertight box keels and inner bottom plating. The 
value of pe, used in the calculations and the height(s) of the 
overflow weir(s) are to be clearly shown on the midship 
section plan. 


8.3.2 Attention is drawn to the high rate of wear that can 
occur on spoil soace boundaries, and it is recommended that 
an additional corrosion allowance of 3,0 mm be added on 
areas subject to particularly onerous conditions. Where such 
an allowance is added, the fact is to be marked on the 
relevant plans. 


8.3.3 The thickness of plating forming the sides and ends 
of bucket ladder wells is to be not less than: 


t = (0,0055s 4/Tm +3,0) mm 
In no case, however, is the side plating to have a thickness 
less than 12 mm nor is the well end plating to have a thick- 
ness less than 8,5 mm. Plating forming the boundaries of 
suction pipe ladder wells is generally to be as required for shell 
plating. Corrosion allowance on well end plating below bucket 
ladders may be 2,0 mm. 


8.3.4 The thickness of spoil space and ladder well bulk- 
heads may be required to be increased where high shear 
forces are present. 
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8.3.5 Bulkheads forming the boundaries of spud wells 
are to be of increased strength. Each case will be considered 
on its merits, but in general such bulkheads should have a 
thickness of not less than 12 mm. 


8.3.6 Where non-watertight bulkheads are fitted in the 
side buoyancy tanks, the thickness of the plating is to be not 
less than: 

(a) t = 6,5 mm, or 

(o) t = (5,35 +0,024L) mm 

whichever is the greater. Where the bulkhead is in the form of 
a wash bulkhead, the openings should be so arranged that, in 
general, the distance from lightening holes to any slots cut to 
accommodate side shell or bulkhead longitudinals is at least 
equal to 1,5 times the depth of the slot. The edges of large 
openings are to be stiffened. 


8.3.7 The section modulus of framing on spoil space 
boundaries is to be not less than: 


0,0113PeS h l2 kc 


= y cm3 
where 
c =as defined in Table 12.8.2 for longitudinal 
framing 
= 1,0 for transverse framing 
y = 1,4 for rolled or built sections 
= 1,6 for flat bars. 
Por = effective specific gravity, see 8.1.1 
k = higher tensile steel factor, see Pt 3, Ch 2,1 
The section modulus of longitudinals below — is to be taken 


not less than the value obtained at 2 : 


Table 12.8.2 Definition of c for longitudinal framing 


Symbols Location c, see Note 2 


0,8D 2 and above 1,0 


At 2 
Fp as 2 
defined 
in Pt 3, 0,2D above base 550 

Ch 4,5.1 (see Note 1) 1590 - 1040Fp 


Base line 2060 
(see Note 1) 3620 — 1560FR 


NOTES 
1. For ships with hogging still water bending moments in 
loaded conditions and for split hull vessels, c = 1,0. 

2. Intermediate values are to be calculated by linear 
interpolation. 


8.3.8 The section modulus of stiffeners bounding wells 
and deep tanks is to satisfy the requirements of Ch 1,9.2. 


8.3.9 For non-watertight bulkheads, the modulus of the 
stiffeners may be 50 per cent of that required for intact bulk- 
heads. The stiffeners are to be bracketed at top and bottom. 
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8.3.10 Structure supporting spud well plating and bulk- 
heads below, and in way of, ‘A’ frames and dredging 
machinery supports, is to be of substantial construction, 
account being taken of the dynamic loads likely to occur with 
the dredging machinery in operation. 


8.3.11 Horizontal girders supporting stiffeners on spoil 
space and ladder well boundaries are, in general, to have 
scantlings as required by Ch 1,9.2 for deep tanks, with p and 
h as defined in 1.5.1 and 8.1.1 respectively and with span, le 
for horizontal girders supporting vertical stiffeners on longitu- 
dinal bulkheads, measured between bulkhead bracket and 
bulkhead bracket, i.e., ignoring any struts which may be fitted 
between spoil space girder and shell stringer. Alternatively, the 
section modulus of these horizontal girders may be reduced 
by 40 per cent from the formula value if struts are fitted on 
alternate frames between the spoil space girder and a shell 
stringer. These struts should generally be horizontal and are to 
have a sectional area as required for pillars by Ch 1,4.4 with p 
as defined in 1.5.1 and h measured from the inboard end of 
the strut to the height defined in 8.1.1. Web frames and 
girders are to have scantlings as required by Chapter 1, with 
p and h as defined in 1.5.1 and 8.1.1 respectively. 


8.4 Cross-members 


8.4.1 Cross-members are to be fitted within the hopper 
space in line with the bottom and side shell transverses and 
with the bulkheads in the side buoyancy spaces. Where the 
spacing between the cross-members exceeds 4 m, the 
scantlings of all primary members contributing to the 
continuity of the transverse strength in the spoil space are to 
be verified by direct calculations, see also Pt 3, Ch 1,2.2. 
Where a box keel is fitted on the centreline, webs are to be 
fitted within the box keel to ensure proper continuity of 
strength across the ship in way of the hopper cross-member. 
The webs required within centreline watertight box keels may 
have a thickness 3,5 mm less than that required for the 
hopper cross-members with which they are associated, but 
their minimum thickness is to be not less than 6,5 mm. 


8.4.2 The upper edge of the hopper lower cross-members 


should, in general, be a height of not less than 2 above the 
above the keel in ships with the number 100 in their charac- 
ter of classification. The lower edge should be as low as 
practicable after allowing for the proper design of hopper 
doors, suction passages, etc. Lower cross-members may be 
fabricated from flat plate suitably stiffened or may take the 
form of a hollow box, generally of triangular cross-section. 


8.4.3 The scantlings of box-type cross-members should 
be determined from the requirements for hopper bulkheads 
where applicable. When flat plate lower cross-members are 
fitted, the thickness of the web is to be not less than: 

t = (0,7B +3) mm or 8,5 mm 


whichever is the greater. 
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8.4.4 The cross-sectional area of the cross-member web 
after deducting access openings, lightening holes, etc., is to 
be not less than: 
A = 6hySy cm? 

where 

hy = height, in metres, of the uppermost hopper over- 

flow weir above the keel 
Sm = spacing of the cross-member webs, in metres. 


8.4.5 The upper edge of the cross-member is to be 
stiffened by means of a tube having an outside diameter not 
less than: 

ô = 30/, mm 
where 

l = span, in metres, of the upper edge of the cross- 

member (to the centreline box girder if fitted), 

and a thickness equal to the minimum required cross-tie web 
thickness, or by an equivalent flange or structure. The lower 
edge of the cross-member is also to be suitably stiffened. 


8.4.6 The cross-member web is to be fitted with stiffen- 
ers, spaced not more than 80t mm apart having a modulus of 
not less than: 

Z = 0,04s 1,2 cms. 


8.4.7 The transverse strength of primary structural 
members, such as upper and lower cross members and wing 
tank bulkheads, forming transverse ring systems are to be 
verified by direct calculations, e.g., finite element calculations 
on the basis of loads arising from hydrostatic, wave, spoil 
pressure and loadings on closing appliances of bottom 
openings. The stresses are in general not to exceed the 
following values: 

Bending + axial stress (op) 

Shear stress (7) 

Combined stress 
where 

k = higher tensile steel factor, see Pt 3, Ch 2,1. 


130/k N/mm? 
70/k N/mm? 
180/k N/mm2 


8.5 Pillars within hoppers 


8.5.1 Pillars are generally to comply with the requirements 
of Ch 1,4.4, account being taken of the maximum forces that 
can be applied by rams or other gear fitted for the purpose of 
activating hopper doors or valves. 


8.6 Continuous coamings 


8.6.1 Continuous coamings are to have a plate thickness 
of not less than 8,5 mm. A minimum thickness of 10 mm is 
recommended for coamings on grab dredgers. Where the 
depth of the coaming exceeds 80t, the plating is to be 
stiffened by one or more horizontal members so spaced that 
the width of the upper panel of plating does not exceed 65t 
and the width(s) of the lower panel(s) do(es) not exceed 80t. 
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8.6.2 Where the coaming is stiffened with flat bar 
members, the members are to have a breadth not less than 
0,04S, and a thickness not less than 0,05 times their breadth, 
or 8,5 mm, whichever is the greater. They are to have a 
minimum inertia of: 
I = 28.2A, cm4 
where 
Ay and J include the coaming plating for mid-panel 
above to mid-panel below the stiffener, and 
Ss = spacing of the brackets required by this sub- 
Section, in metres. 
Where stiffeners other than flat bars are used, they are to have 
at least the same minimum thickness and inertia as required 
for flat bars. 


8.6.3 The upper edge of the coaming is to be stiffened 
by a fabricated flange, box girder or equivalent structure 
having a width not less than 0,05S, and an inertia not less 
than: 
I = 2,86S,2A, cm4 

where 

A; and TJ include the coaming plating down to mid-panel 

below 

The thickness and/or attachments of the stiffening member 
are to be such as to minimise any likelihood of local instability 
under compression loading. 


8.6.4 The coamings are to be supported by substantial 
brackets spaced generally not more than 3,0 m apart where 
the coamings have a height of more than 600 mm, nor more 
than 2,5 m where the coamings have a height of more than 
1,0 m but on longitudinally framed ships the brackets are to 
be arranged in way of each deck transverse. Additional 
brackets may be required in way of the ends of hopper upper 
cross-ties, especially those which themselves support hopper 
door operating rams or similar equipment. 


8.6.5 The ends of continuous coamings are to be well 
scarfed into the ship’s structure at the ends of spoil spaces. 
Unless longitudinal deckhouse bulkheads are fitted in this 
area, the coamings are to be extended beyond the end of the 
spoil space opening for a distance of at least one frame 
space, or 1,5 times the coaming height, whichever is the 
greater. 


ee Section 9 
Watertight bulkheads 


9.1 Arrangements of bulkheads 


9.1.1 The number of watertight bulkheads is to be not 
less than that required for dry cargo ships, see Pt 3, Ch 3,4. 
Their positioning is to be such that one extends the full width 
of the ship at each end of the spoil spaces, see also 8.2. 
Proposals to dispense with one or more of the watertight 
bulkheads in that part of the ship in way of spoil soaces may 
be submitted for consideration. In particular, watertight bulk- 
heads need not be fitted within spoil spaces and an increased 
spacing of bulkheads in the spaces abreast of spoil spaces 
will generally be accepted provided that: 
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(a) Suitable structural compensation is arranged; and 
(o) the stability is checked in the damaged condition. 


o Section 10 
Exposed casings 


10.1 Scantlings and access 


10.1.1 Exposed casings on ships classed A1 protected 
waters service are to have scantlings as required for deck- 
houses on dry cargo ships classed 100A1. On ships classed 
100A1, where Tm equals or exceeds the draught corre- 
sponding to a Type ‘B-60’ ship freeboard, direct access is not 
permitted to the machinery spaces (including dredging pump- 
rooms) from the freeboard deck. Doors may be fitted in 
exposed casing bulkheads, provided that they lead to a space 
which is of equivalent strength to the casing and is separated 
from the machinery space by a second watertight door. 


o Section 11 
Dredging machinery seats and 
dredging gear 


11.1 Dredging machinery seats 


11.1.1 The seats supporting the main dredging machinery 
are to be at least as substantial as those required for the main 
propulsion machinery for dry cargo ships, see Pt 3, Ch 7,6. 
Continuity between the longitudinal and transverse members 
of main engine seats and the ship’s bottom structure is to be 
arranged where practicable. Where floors are cut away below 
dredging pumps, they are to be fitted with face bars, and 
special care is to be taken to minimise stress-raising details 
and to ensure good workmanship. 


11.2 Dredging gear 


11.2.1. Where masts or derrick posts support dredging 
gear which will be subjected to vibration or other dynamic 
loads in addition to its true weight, this must be taken into 
account in the calculations. The dynamic multiplier should be 
taken between two and three according to the type of 
machinery and gear used. 
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O Section 12 
Ladder wells 


12.1 Transverse strength at deck 


12.1.1 Where ladder wells are incorporated so that the 
length of the well exceeds 1,5 times the width of the deck 
remaining on each side of the well, the portions of the ship on 
each side of the well are to be adequately cross-connected 
in the region of their free ends, unless the design of the ship 
renders this impracticable, in which case alternative arrange- 
ments are to be made to avoid high stress concentrations at 
the inboard end of the well. 


| Section 13 
Fenders 


13.1 Fenders and reinforcement in way 


13.1.1 Dredgers designed to work in conjunction with 
hopper barges are to be fitted with permanent rubbing strakes 
or fenders extending down to their lowest normal operating 
waterline. On transversely framed vessels it is recommended 
that the side structure in way of the lower edge of the fender 
be reinforced by a stringer and/or cross-ties. It is recom- 
mended that, where wooden fenders are fitted to dredgers 
operating in tropical sea-water, the fenders be cut just above 
the deepest working waterline and a gap be left sufficient to 
prevent water soaking up into the fenders. 


m Section 14 
Rudders 


14.1 Rudders on bucket dredgers 


14.1.1 Where bucket dredgers are arranged with bucket 
ladders at their stern, the ship’s rudders are to be kept well 
clear of the buckets to minimise the likelinood of damage to 
the rudders by large objects which may be dredged up. For 
rudder calculations, see Pt 3, Ch 13. 


m Section 15 
Spoil space weirs and overflows 


15.1 General 


15.1.1 All spoil spaces are to be arranged to allow the safe 
and efficient overboard discharge of excess water in all 
weather conditions in which the ship is classed to operate. In 
ships over 90 m in length and in all ships classed for 
unrestricted service the spoil space overflows are to be 
arranged via enclosed overflow trunks so designed as to keep 
the decks of the ship clear of spoil and water. 
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15.1.2 In general, bulwarks are not to be fitted in way of 
open top spoil spaces on dredging and reclamation craft. 


15.1.3. Where a ship operates at the maximum draught 
that could be assigned in accordance with the /nternational 
Convention on Load Lines, 1966, the overflow arrangements 
fitted should ensure that when the spoil space is loaded, this 
draught is not exceeded. 


15.1.4 Where a hopper dredger having releasing 

arrangements for cargo dumping, e.g., bottom doors, etc., is 

permitted by an Administration to be assigned a freeboard 

less than that which could be assigned by the /nternational 

Convention on Load Lines, 1966: 

(a) The structural strength and bending moments are to be 
acceptable for the deeper draught indicated, and 

(o) the dredger is to be operated in a zone of operation and 
in such weather conditions as are considered 
appropriate. 


15.1.5 Adequate arrangements are to be fitted to prevent 
overloading under any condition of loading having due regard 
to trim. The size and position of the overflows are to be 
confirmed by a loading trial, which is to be carried out when 
the spoil space is loaded with dredgings of the same density 
as is likely to be loaded in service. 


15.1.6 The cutting of overflow discharge trunk openings in 
the sheerstrake is to be avoided wherever practicable. In 
ships over 70 m in length, spoil space overflow discharge 
trunk openings are not to be cut within 800 mm of the upper 
edge of the sheerstrake. They are to have corner radii of not 
less than 150 mm, and suitable compensation is to be 
arranged. In no case is a discharge trunk to pierce the sheer- 
strake in way of discontinuities such as breaks of 
superstructure. 


m Section 16 
Scuppers and sanitary discharges 
and side scuttles 


16.1 General 


16.1.1 In all areas where mechanical damage might be 
likely, all side scuttles, scuppers and discharges, including 
their valves, controls and indicators, are to be well protected. 
Consideration is to be given to the likelinood of impact 
damage to scuttles and discharges due to barges coming 
alongside, and to scuppers becoming blocked by sand or 
other spoil which may spill onto the decks or other areas 
being drained. 


16.1.2 Consideration will be given to requests for 
relaxation of requirements relating to scuttles, scuppers and 
discharges on ships classed A1 protected waters service. 
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| Section 17 
Split hopper dredgers and barges 


17.1 Symbols and definitions 


17.1.1. The symbols used in this Section are defined as 
follows: 
H = height of spoil above base line, in metres 
H, = depth of hopper seal, in metres 
Ly, = length of hopper well, in metres 
Mą = design horizontal bending moment in hopper side 
wall, in KN m (tonne-f m). A moment giving rise to 
tensile stress in the side shell is to be taken as 
positive 
P = net pressure per metre ship length resulting from 
the spoil pressure and the hydrostatic load, see 
Fig. 12.17.2 
= 4,9 (p (H-H,)2 - 1,025 (T - H,)?) kN/m 
(0,5 (o (H — H,)2 — 1,025 (T - H,)2) tonne-f/m) 
Sp = span between the centres of hinges, in metres 


17.1.2 Other symbols are defined in 1.5.1. 


17.2 Hull bending strength 


17.2.1. The modulus of the cross-section of the vessel is 
to be not less than that required by 2.3.1. In addition, the 
combined stress o,, at any point on the cross-section of one 
half hull, is not to exceed the permissible combined stress o 
given in Pt 3, Ch 4,5.5. The combined stress at any point on 
the cross-section is to be determined from the following 
expression: 


My Mọ 
o = ee + Zz) x 10°38 N/mm? (kgf/mm?) 
where 
My = +My,cos¢+My sing kN m (tonne-f m) 
Mp = +Mycoso+Mysing kN m (tonne-fm) 


My = +0,5 (Mg+M,) kN m (tonne-f m) 
where the still water bending moments hogging and sagging 
are to be combined with the appropriate wave bending 
moment to give a total moment, My, hogging (positive) and 
sagging (negative) 
My, is defined in 1.5.1. 
f4 = ship service factor, see Table 12.2.1 
My 0,125P Ly (2S, — Lh) + M_ KN m (tonne-f m) 
M, = 0,286 f4 L2 B kN m (0,029 f L2B  tonne-f m) 
P = 4,9 (p (H - H2- 1,025 (T -H.)2) kNm 
(0,5 (p (H - H,)? - 1,025 (T - H,)2) tonne-f m) 
Account is to be taken of the sign of individual bending 
moment component in the determination of My, Mp, My and 
My 
INN 


second moment of area of the section of one half 
hull for all longitudinal continuous material about 
principal axis NN, in m4 
Ipp = second moment of area of the section of one half 
hull for all longitudinal continuous material about 
principal axis PP, in m4 
Ipp 
= ye in mS, the modulus of section to a point yp m, 


from the principal axis PP 


Part 4, Chapter 12 


Section 17 


I, 
Zn = a in m8, the modulus of section to a point 
N 
yn m, from the principal axis NN 
bọ = angle of rotation of the principal axis NN with 
respect to the global horizontal axis YY, in degrees. 
See also Fig. 12.17.1. 


17.2.2 The combined stress for dredging conditions, 
where draught 7m exceeds T, is not to exceed the permissi- 
ble combined stress o, obtained from 17.2.1. 

The combined stress is to be obtained from the 
expression for o, given in 17.2.1, substituting the following 
expression of My: 

My = £0,5 (Msm + Mwa) KN m (tonne-f m) 
where 
Mwa = 0,56fo Myo and My, is determined from Pt 3, 
Ch 4,5.2, using Cpm in place of Cp and f is given in 
Pt 3, Ch 4,5.2. 


17.3 Separation arrangements 


17.3.1 Hinges, actuating and locking devices provided to 
facilitate separation of the split hulls to discharge spoil are to 
be of efficient design and of adequate strength and scantlings 
to ensure safe discharge operations. Hydraulic rams or other 
actuating devices are to have sufficient power to ensure 
controlled opening operations and to achieve closing of the 
hulls in all anticipated weather conditions. 


17.3.2 Locking devices are to be of a suitable design and 
strength to ensure that accidental separation of the hulls 
cannot occur due to ship motions and vibrations. 


17.3.3 Hinge pin gudgeons are to be efficiently connected 
to the hull structure by means of brackets or equivalent and 
effectively integrated with local structure which is to be suitably 
reinforced. Suitable reinforcement is to be fitted to local hull 
structure in way of anchorages for rams and locking devices 
to ensure efficient transmission of loading from these devices 
into the hull. 


17.3.4. The forces acting on hinges, actuating mechanisms 
and locking devices are to be determined by direct calcula- 
tions based on the maximum combination of loading which 
can be expected in any service condition. In general, this will 
require the resolution of the static and dynamic systems of 
force acting on the hulls taking due account of the relative 
locations of hinges, actuating mechanisms and locking 
devices. Fig. 12.17.2 illustrates a typical arrangement of 
hinges and mechanisms together with associated static 
loads. In general, one half of the load acting on one half hull 
may be assumed to act on the forward hinge assembly and 
one half on the after hinge assembly. 
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Hinge Hinge 
assembly assembly 


Fig. 12.17.1 Split hulled vessels 


17.4 Hinge pins 


17.4.1. The diameter of the hinge pins is to be determined 
using the maximum resultant shear force acting on the pin 
cross-section in conjunction with an average shear stress not 


exceeding = N/mm2 (> kgt/mm?) 


In no case is the diameter of the hinge pin to be less than that 
calculated from the following expression: 


0,5 
Dp = 20 L BDR mm 
\ n 


J 
Hydrostatic Counter pressure where 
pressure at hopper seal k 


= higher tensile steel factor, see Pt 3, Ch 2,1 

Line of locking n = the number of pin cross-sections resisting shear 
device forces 

and L, B and D are defined in 1.5.1. 


Buoyancy 


Fig. 12.17.2 Split hopper dredger 


17.4.2 Where arrangements are such that hinge pins are 
subjected to significant bending, the diameter of the pins will 
be specially considered. 
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| Section 18 
Direct calculations 


18.1 Application 

18.1.1 Direct calculations may be used to assess the 
scantlings of primary structure in spoil spaces and adjacent 
structure. 

18.1.2 Direct calculations may be required to be submit- 
ted in respect of unusual structural arrangements. 

18.2 Procedures 

18.2.1 | Methods applied for direct calculations of scant- 


lings will be given individual consideration dependent on the 
particular structural configuration, see also Pt 3, Ch 1,3.1. 
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Electric power circuits, electric control circuits, monitoring and alarms 
Electric power circuits 
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Emergency power 
General 


Testing and trials 
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Section 

1 General 

2 Plans and particulars 

3 Operating conditions 

4 Machinery room arrangements 

5 Trials 

6 Quality Assurance Scheme for Machinery 
7 Spare gear for machinery installations 

o Scope 


The Chapters in this Part cover the construction 
and installation of main propulsion and auxiliary machinery 
systems, together with their associated equipment, boilers, 
pressure vessels, pumping and piping arrangements and 
steering gear fitted in classed ships. 


E Section 1 


General 
1.1 Machinery to be constructed under survey 
BLA In ships built under Special Survey, all important units 


of equipment are to be surveyed at the manufacturer’s works. 

The workmanship is to be to the Surveyor’s satisfaction and the 

Surveyor is to be satisfied that the components are suitable for 

the intended purpose and duty. Examples of such units are: 

e Main propulsion engines including their associated 
gearing, flexible couplings, scavenge blowers and super- 
chargers. 

° Boilers supplying steam for propulsion or for services 
essential for the safety or the operation of the ship at sea, 
including superheaters, economisers, desuper-heaters, 
steam heated steam generators and steam receivers. All 
other boilers having working pressures exceeding 3,4 bar 
(3,5 kgf/cm2), and having heating surfaces greater than 
4,65 m2. 

e Auxiliary engines which are the source of power for 
services essential for safety or for the operation of the 
ship at sea. 

e — Steering machinery. 

e — Athwartship thrust units, their prime movers and control 
mechanisms. 

e — All pumps necessary for the operation of main propulsion 
and essential machinery, e.g. boiler feed, cooling water 
circulating, condensate extraction, oil fuel and lubricating 
oil pumps. 


Part 5, Chapter 1 


Section 7 


e All heat exchangers necessary for the operation of main 
propulsion and essential machinery, e.g. air, water and 
lubricating oil coolers, oil fuel and feed water heaters, 
de-aerators and condensers, evaporators and distiller 
units. 

e Air compressors, air receivers and other pressure vessels 
necessary for the operation of main propulsion and 
essential machinery. Any other unfired pressure vessels 
for which plans are required to be submitted as detailed 
in Ch 11,1.6. 

e — All pumps essential for safety of the ship, e.g., fire, bilge 
and ballast pumps. 

e Valves and other components intended for installation in 
pressure piping systems having working pressures 
exceeding 7 bar. 

Alarm and control equipment as detailed in Pt 6, Ch 1. 

° Electrical equipment and electrical propelling machinery 
as detailed in Pt 6, Ch 2. 


1.2 Survey for classification 


1.2.1 The Surveyors are to examine and test the materials 
and workmanship from the commencement of work until the 
final test of the machinery under full power working conditions. 
Any defects, etc., are to be indicated as early as possible. On 
completion, the Surveyors will submit a report and if this is 
found to be satisfactory by the Committee a certificate will be 
granted and an appropriate notation will be assigned in 
accordance with Pt 1, Ch 2. 


1.3 Alternative system of inspection 


1.3.1 Where items of machinery are manufactured as 
individual or series produced units the Committee will be 
prepared to give consideration to the adoption of a survey 
procedure based on quality assurance concepts utilising 
regular and systematic audits of the approved manufacturing 
and quality control processes and procedures as an alterna- 
tive to the direct survey of individual items. 


1:3:2 In order to obtain approval, the requirements of 
Section 6 are to be complied with. 

1.4 Departures from the Rules 

1.4.1 Where it is proposed to depart from the require- 
ments of the Rules, the Committee will be prepared to give 


consideration to the circumstances of any special case. 


1.4.2 Any novelty in the construction of the machinery, 
boilers or pressure vessels is to be reported to the Committee. 
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m Section 2 
Plans and particulars 


2.1 Plans 


2:44 Before the work is commenced, plans in triplicate 
of all machinery items, as detailed in the Chapters giving the 
requirements for individual systems, are to be submitted for 
consideration. The particulars of the machinery, including 
power ratings, grade(s) of fuel and design calculations, where 
applicable, necessary to verify the design, are also to be 
submitted. Any subsequent modifications are subject to 
approval before being put into operation. It will not be 
necessary for plans and particulars to be submitted for each 
ship, provided the basis plans for the engine size and type 
have previously been approved as meeting the requirements 
of these Rules. Any alterations to basis design materials or 
manufacturing procedure are to be re-submitted for 
consideration. 


2.2 Materials 


2.2.1 The materials used in the construction are to be 
manufactured and tested in accordance with the requirements 
of the Rules for the Manufacture, Testing and Certification of 
Materials (hereinafter referred to as the Rules for Materials). 
Materials for which provision is not made therein may be 
accepted, provided that they comply with an approved 
specification and such tests as may be considered necessary. 


2.2.2 Materials used in the construction of machinery and 
its installation are not to contain asbestos. 


2.3 Welding 


23.1 Welding consumables, plant and equipment are to 
be in accordance with the requirements specified in Ch 13,1.8 
of the Rules for Materials. 


2.3.2 Welding procedures and welder qualifications are 
to be tested and qualified in accordance with the requirements 
specified in Chapter 12 of the Rules for Materials. 


23:3 Production weld tests are to be carried out where 
specified in the subsequent Chapters of these Rules. 


2.3.4 All finished welds are to be subjected to non- 
destructive examination in accordance with the requirements 
specified in Ch 13,2.12 of the Rules for Materials and or the 
requirements specified in the subsequent Chapters of these 
Rules. 
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Sections 2 & 3 


oO Section 3 
Operating conditions 


3.1 Availability for operation 


Od The design and arrangement are to be such that 
the machinery can be started and controlled on board ship, 
without external aid, so that the operating conditions can be 
maintained under all circumstances. 


3.1.2 Machinery is to be capable of operating at defined 
power ratings with a range of fuel grades specified by the 
engine, boiler or machinery manufacturer and agreed by the 
Owner/Operator. 


3.1.3 Machinery is to be capable of operating satisfac- 
torily in accordance with the manufacturer’s stated operating 
conditions within an operational profile specified for the ship 
by the Owner/Operator and agreed by the manufacturer/ 
system designer. 


3.2 Fuel 


3.2.1 The flash point (closed cup test) of oil fuel for use 
in ships classed for unrestricted service is, in general, to be 
not less than 60°C. 


3.2.2 For emergency generator engines, fuel having a 
flash point of not less than 43°C may be used. 


3.2.3 Fuels with flash points lower than 60°C, but not less 
than 43°C unless specially approved, may be used in ships 
intended for service restricted to geographical limits where it 
can be ensured that the temperature of the machinery and 
boiler spaces will always be 10°C below the flash point of the 
fuel. In such cases, safety precautions and the arrangements 
for storage and pumping will be specially considered. 


3.2.4 The use of fuel having a lower flash point than 
specified in 3.2.1 to 3.2.3 as applicable may be permitted 
provided that such fuel is not stored in any machinery space 
and the arrangements for the complete installation are 
specially approved. 


3.2.5 For engines operating on ‘boil-off vapours from the 
cargo, see Lloyd’s Register’s (hereinafter referred to as ‘LR’) 
Rules and Regulations for the Construction and Classification 
of Ships for the Carriage of Liquefied Gases in Bulk. 


3.3 Power ratings 


3.3.7 In the Chapters where the dimensions of any par- 

ticular component are determined from shaft power, P, in kW 

(H, in shp), and revolutions per minute, R, the values to be 

used are to be derived from the following: 

° For main propelling machinery, the maximum shaft 
power and corresponding revolutions per minute giving 
the maximum torque for which the machinery is to be 
classed. 

e For auxiliary machinery, the maximum continuous shaft 
power and corresponding revolutions per minute which 
will be used in service. 
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3.4 Definitions 


3.4.1 Main propulsion engines and turbines are defined 
as those which drive main propelling machinery directly or 
indirectly through mechanical shafting and which may also 
drive electrical generators to provide power for auxiliary 
services. Auxiliary engines and turbines are defined as those 
coupled to electrical generators which provide power for 
auxiliary services, for electrical main propulsion motors or a 
combination of both. 


3.4.2 Units and formulae included in the Rules are shown in 
SI units followed by metric units in brackets, where appropriate. 


3.4.3 Where the metric version of shaft power, i.e. (Shp), 
appears in the Rules, 1 shp is equivalent to 75 kgf m/s or 
0,735 kW. 


3.4.4 Pressure gauges may be calibrated in bar, where: 
1 bar = 0,1 N/mm? = 1,02 kgf/cm2. 


3.5 Ambient reference conditions 


3.5.1 The rating for classification purposes of main and 
essential auxiliary machinery intended for installation in 
sea-going ships to be classed for unrestricted (geographical) 
service is to be based on a total barometric pressure of 
1000 mb, an engine room ambient temperature or suction air 
temperature of 45°C, a relative humidity of 60 per cent and 
sea-water temperature or, where applicable, the temperature 
of the charge air coolant at the inlet of 82°C. The equipment 
manufacturer is not expected to provide simulated ambient 
reference conditions at a test bed. 


3.5.2 In the case of a ship to be classed for restricted 
service, the rating is to be suitable for the temperature 
conditions associated with the geographical limits of the 
restricted service, see Pt 1, Ch 2. 


3.6 Ambient operating conditions 


3.6.1 Main and essential auxiliary machinery and equip- 
ment is to be capable of operating satisfactorily under the 
conditions shown in Table 1.3.1. 


3.6.2 Where it is intended to allow for operation in 
ambient temperatures outside those shown in Table 1.3.1, the 
permissible temperatures and associated periods of time are 
to be specified and details are to be submitted for consider- 
ation. Propelling and essential auxiliary machinery, see Pt 1, 
Ch 2,2.8.1, is to retain a continuous level of functional 
capability under these conditions and any level of degraded 
performance is to be defined. Operation under these 
circumstances is not to be the cause of damage to equipment 
in the system and is additionally to be acceptable to the 
National Authority of the country in which the ship is to be 
registered. 


Table 1.3.1 


Installations, 
Components 


Part 5, Chapter 1 


Location, 
arrangement 


Section 3 


Ambient operating conditions 


Temperature 
range (°C) 


Machinery and 
electrical 
installations 


In enclosed spaces 


O to +45, see Note 1 


On machinery 
component, boilers. 
In spaces subject to 
higher and lower 
temperatures 


According to 
specific local 
conditions, 
see Note 2 


On the open deck 


-25 to +45, 


see Note 1 


Water 


Coolant Temperature (°C) 


Sea-water or charge air coolant inlet to 
charge air cooler 


-2 to +32, 
see Notes 1 and 3 


NOTES 
For ships intended to be classed for restricted service, a 
deviation from the temperatures stated may be considered. 
Details of local environmental conditions are stated in Annex B 
of IEC 60092: Electrical installations in ships — Part 107: 
Definitions and general requirements. 
Charge air cooling arrangements utilising re-circulated cooling 
to maintain temperatures in a different range are accepted 
where the machinery and equipment operation is not 
degraded with a primary supply of cooling in the temperature 
range stated in this Table. 


3.7 Inclination of ship 


3.7.1 Main and essential auxiliary machinery is to operate 
satisfactorily under the conditions as shown in Table 1.3.2. 


3.7.2 Any proposal to deviate from the angles given in 
Table 1.3.2 will be specially considered taking into account 
the type, size and service conditions of the ship. 


3.7.3 The dynamic angles of inclination in Table 1.3.2 may 
be exceeded in certain circumstances dependent upon ship 
type and operation. The Shipbuilder is, therefore, to ensure 
that the machinery is capable of operating under these angles 
of inclination. 


3.8 Power conditions for generator sets 


3.8.1 Auxiliary engines coupled to electrical generators 
are to be capable under service conditions of developing 
continuously the power to drive the generators at full rated 
output (kW) and in the case of oil engines and gas turbines, 
of developing for a short period (15 minutes) an overload 
power of not less than 10 per cent, see Pt 6, Ch 2,8.2. In the 
case of oil engines, they are to be tested at works trials at an 
overload power of 10 per cent for a period of 30 minutes, see 
Table 2.11.1 in Pt 5, Ch 2. 
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Table 1.3.2 Inclination of ship 


Angle of inclination, degrees, see Note 1 


Installations, 


components Athwartships 


Fore-and-aft 


Static | Dynamic | Static | Dynamic 


Main and auxiliary 
machinery essential 
to the propulsion and 
safety of the ship 


22,5 7,9 


Emergency machinery 
and equipment fitted 
in accordance with 
Statutory 
Requirements 


NOTES 

1. Athwartships and fore-and-aft inclinations may occur 
simultaneously. 

2. Where the length of the ship exceeds 100 m, the fore-and-aft 
static angle of inclination may be taken as: 


500 


E degrees 


where L = length of ship, in metres. 

In ships for the carriage of liquefied gas and of liquid chemicals 
the emergency machinery and equipment fitted in accordance 
with Statutory Requirements is also to remain operable with 
the ship flooded to a final athwartships inclination to a 
maximum angle of 30°. 


3.8.2 Engine builders are to satisfy the Surveyors by tests 
on individual engines that the above requirements, as 
applicable, can be complied with, due account being taken of 
the difference between the temperatures under test conditions 
and those referred to in 3.5. Alternatively, where it is not 
practicable to test the engine/generator set as a unit, type tests 
(e.g., against a brake) representing a particular size and range 
of engines may be accepted. With oil engines and gas turbines 
any fuel stop fitted is to be set to permit the short period over- 
load power of not less than 10 per cent above full rated 
output (kW) being developed. 


3.9 Astern power 


3.9.1 Sufficient astern power is to be provided to maintain 
control of the ship in all normal circumstances. 


3.9.2 Astern turbines are to be capable of maintaining in 
free route astern 70 per cent of the ahead revolutions, 
corresponding to the maximum propulsion shaft power for 
which the machinery is to be classed, for a period of at least 
30 minutes without undue heating of the ahead turbines and 
condensers. 


Part 5, Chapter 1 


Sections 3 & 4 


3.10 Machinery interlocks 


3.10.1 Interlocks are to be provided to prevent any 
operation of engines or turbines under conditions that could 
hazard the machinery and personnel. These are to include 
‘turning gear engaged’, ‘low lubricating oil pressure’, where 
oil pressure is essential for the prevention of damage during 
start up, ‘shaft brake engaged’ and where machinery is not 
available due to maintenance or repairs. The interlock system 
is to be arranged to be ‘fail safe’. 


3.10.2 | Where machinery is provided with manual turning 
gear, warning devices or notices may be provided as an 
alternative to interlocks as required by 3.10.1. 


E Section 4 
Machinery room arrangements 


4.1 Accessibility 


4.1.1 Accessibility, for attendance and maintenance 
purposes, is to be provided for machinery plants. 


4.2 Machinery fastenings 


4.2.1 Bedplates, thrust seatings and other fastenings are 
to be of robust construction, and the machinery is to be 
securely fixed to the ship’s structure to the satisfaction of the 
Surveyor. 


4.3 Resilient mountings 


4.3.1 The dynamic angles of inclination in Table 1.3.2 may 
be exceeded in certain circumstances dependent upon ship 
type and operation. The Shipbuilder is, therefore, to ensure 
that the vibration levels of flexible pipe connections, shaft 
couplings and mounts remain within the limits specified by the 
component manufacturer for the conditions of maximum 
dynamic inclinations to be expected during service, start-stop 
operation and the natural frequencies of the system. Due 
account is to be taken of any creep that may be inherent in 
the mount. 


4.3.2 Anti-collision chocks are to be fitted together with 
positive means to ensure that manufacturers’ limits are not 
exceeded. Suitable means are to be provided to accommodate 
the propeller thrust. 


4.3.3 A plan showing the arrangement of the machinery 
together with documentary evidence of the foregoing is to be 
submitted. 


4.4 Ventilation 


4.4.1 All spaces including engine and cargo pump 
spaces, where flammable or toxic gases or vapours may 
accumulate, are to be provided with adequate ventilation 
under all conditions. 
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4.4.2 Machinery spaces of category A shall be 
adequately ventilated so as to ensure that when machinery or 
boilers therein are operating at full power in all weather 
conditions, including heavy weather, a sufficient supply of air 
is maintained to the spaces for the safety and comfort of 
personnel and the operation of the machinery. Any other 
machinery space shall be adequately ventilated, as 
appropriate for the purpose of that machinery space. 


4.5 Fire protection 


4.5.1 All surfaces of machinery where the surface 
temperature may exceed 220°C and where impingement of 
flammable liquids may occur are to be effectively shielded to 
prevent ignition. Where insulation covering these surfaces is 
oil-absorbing or may permit penetration of oil, the insulation 
is to be encased in steel or equivalent. 


4.6 Means of escape 


4.6.1 For means of escape from machinery spaces, see 
SOLAS 1974 as amended Regulation II-2/13.4.1 or 13.4.2 or 
Pt 6, Ch 4,3.4, as applicable. 


4.7 Communications 


4.7.1 Two independent means of communication are to 
be provided between the bridge and engine room control 
station from which the engines are normally controlled, see 
also Pt 6, Ch 1,2. 


4.7.2 One of these means is to visually indicate the order 
and response, both at the engine room control station and on 
the bridge. 


4.7.3 At least one means of communication is to be 
provided between the bridge and any other control position(s) 
from which the propulsion machinery may be controlled. 


4.8 Category A machinery spaces 


4.8.1 ‘Machinery spaces of Category A’ are those spaces 

and trunks to such spaces which contain: 

(a) internal combustion machinery used for main propulsion; 
or 

(b) internal combustion machinery used for purposes other 
than main propulsion where such machinery has in the 
aggregate a total power output of not less than 375 kW; 
or 

(c) any oil-fired boiler or oil fuel unit. 
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m Section 5 
Trials 


5.1 Inspection 


5.1.1 Tests of components and trials of machinery, as 
detailed in the Chapters giving the requirements for individual 
systems, are to be carried out to the satisfaction of the Surveyors. 


5.2 Sea trials 


5.2.1 For all types of installation, the sea trials are to be of 
sufficient duration, and carried out under normal manoeuvring 
conditions, to prove the machinery under power. The trials are 
also to demonstrate that any vibration which may occur 
within the operating speed range is acceptable. 


5.2.2 The trials are to include demonstrations of the 

following: 

(a) The adequacy of the starting arrangements to provide 
the required number of starts of the main engines. 

(b) The ability of the machinery to reverse the direction of 
thrust of the propeller in sufficient time, under normal 
manoeuvring conditions, and so bring the ship to rest 
from maximum service speed. Results of the trials are 
to be recorded. 

(c) In turbine installations, the ability to permit astern running 
at 70 per cent of the full power ahead revolutions with- 
out adverse effects. This astern trial need only be of 
15 minutes’ duration, but may be extended to 30 minutes 
at the Surveyor’s discretion. 


5.2.3 Where controllable pitch propellers are fitted, the 
free route astern trial is to be carried out with the propeller 
blades set in the full pitch astern position. Where emergency 
manual pitch setting facilities are provided, their operation is 
to be demonstrated to the satisfaction of the Surveyors. 


5.2.4 In geared installations, prior to full power sea trials, 
the gear teeth are to be suitably coated to demonstrate the 
contact markings, and on conclusion of the sea trials all gears 
are to be opened up sufficiently to permit the Surveyors to 
make an inspection of the teeth. The marking is to indicate 
freedom from hard bearing, particularly towards the ends of 
the teeth, including both ends of each helix where applicable. 
The contact is to be not less than that required by Ch 5,4.2 
or Ch 5,5.2, as applicable. 


5.2.5 The following information is to be available on board 

for the use of the master and designated personnel: 

e The results of trials to determine stopping times, ship 
headings and distance; 

e For ships having multiple propellers, the results of trials 
to determine the ability to navigate and manoeuvre with 
one or more propellers inoperative. 

° For ships having a single propulsor driven by multiple 
engines or electric motors, the results of trials to determine 
the ability to navigate and manoeuvre with the largest 
engine or electric motor inoperative. 
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5.2.6 Where the ship is provided with supplementary 
means for manoeuvring or stopping, the effectiveness of such 
means are to be demonstrated and recorded as referred to 
in 5.2.5. 


5.2.7 The stopping distance achieved when ship is initially 
proceeding ahead with a speed of at least 90 per cent of the 
ship’s speed corresponding to 85 per cent of the maximum 
rated propulsion power should not exceed 15 ship lengths 
after the astern order has been given. However, if the 
displacement of the ship makes this criterion impracticable 
then in no case should the stopping distance exceed 20 ship 
lengths. 


5.2.8 All trials are to be to the Surveyor’s satisfaction. 


E Section 6 
Quality Assurance Scheme for 
Machinery 


6.1 General 


6:1:1 This certification scheme is applicable to both 
individual and series produced items manufactured under 
closely controlled conditions and will be restricted to works 
where the employment of quality control procedures is well 
established. LR will have to be satisfied that the practices 
employed will ensure that the quality of finished products is 
to standards which would be demanded when using traditional 
survey techniques. 


6.1.2 The Committee will consider proposed designs for 
compliance with LR’s Rules or other appropriate requirements 
and the extent to which the manufacturing processes and 
control procedure ensure conformity of the product to the 
design. A comprehensive survey will be made by the Surveyors 
of the actual operation of the quality control programme and 
of the adequacy and competence of the staff to implement it. 


6.7.3 The procedures and practices of manufacturers 
which have been granted approval will be kept under review. 


6.1.4 Approval by another organisation will not be 
accepted as sufficient evidence that a manufacturer’s arrange- 
ments comply with LR’s requirements. 


6.2 Requirements for approval 


6.2.1 Facilities. The manufacturer is required to have 
adequate equipment and facilities for those operations 
appropriate to the level of design, development and manu- 
facture being undertaken. 


6.2.2 Experience. The manufacturer is to demonstrate 
that the firm has experience consistent with technology and 
complexity of the product type for which approval is sought 
and that the firm’s products have been of a consistently high 
standard. 
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6.2.3 Quality policy. The manufacturer is to define 
management policies and objectives or quality and ensure that 
these policies and objectives are implemented and maintained 
throughout all phases of the work. 


6.2.4 Quality system documentation. The manufacturer 
is to establish and maintain a documented quality system 
capable of ensuring that material or services conform to the 
specified requirements, including the requirements of this 
Section. 


6.2.5 Management representative. The manufacturer is 
to appoint a management representative preferably indepen- 
dent of other functions, who is to have defined authority and 
responsibilities for the implementation and maintenance of the 
quality system. 


6.2.6 Responsibility and authority. The responsibilities 
and authorities of senior personnel within the quality system 
are to be clearly documented. 


6.2.7 Internal audit. The manufacturer is to conduct internal 
audits to ensure continued adherence to the system. An audit 
programme is to be established with audit frequencies 
scheduled on the basis of the status and importance of the 
activity and adjusted on the basis of previous results. 


6.2.8 Management review. The quality system established 
in accordance with the requirements of this Section is to be 
systematically reviewed at appropriate intervals by the 
manufacturer to ensure its continued effectiveness. Records 
of such management reviews are to be maintained and be 
made available to the Surveyors. 


6.2.9 Contract review. The manufacturer is to establish 

and implement procedures for conducting a contract review 

prior to and after acceptance to ensure that: 

(a) the requirements of the contract are adequately defined 
and documented; 

(b) any requirements differing from those specified in the 
original enquiry/tender are resolved; and 

(c) the manufacturer has the capability to meet and verify 
compliance to the specified requirements. 


6.2.10 Work instruction. The manufacturer is to establish 
and maintain clear and complete written work instructions that 
prescribe the communication of specified requirements and 
the performance of work in design, development and 
manufacture which would be adversely affected by lack of 
such instructions. 


6.2.11 Documentation and change control. The manu- 
facturer is to establish and maintain control of all documen- 
tation that relates to the requirements of this scheme. This 
control is to ensure that: 

(a) documents are reviewed and approved for adequacy by 
authorised personnel prior to use, are uniquely identified 
and include indication of approval and revision status; 

(b) all changes to documentation are in writing and are 
processed in a manner that will ensure their availability 
at the appropriate location and preclude the use of non- 
applicable documents; 

(c) provision is made for the prompt removal of obsolete 
documentation from all points of issue or use; and 
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(d) documents are to be re-issued after a practical number 
of changes have been issued. 


6.2.12 Records. The manufacturer is to develop and 
maintain a system for collection, use and storage of quality 
records. The period of retention of such records is to be 
established in writing and is to be subject to agreement by 
the Committee. 


6.2.13. Design. The manufacturer is to establish and main- 

tain a design control system appropriate to the level of design 

being undertaken. Documented design procedures are to be 
established which: 

(a) identify the design practices of the manufacturer’s 
organisation including departmental instructions to ensure 
the orderly and controlled preparation of design and 
subsequent verification; 

(b) make provision for the identification, documentation and 
appropriate approval of all design change and modifi- 
cations; 

(c) prescribe methods for resolving incomplete, ambiguous 
or conflicting requirements; and 

(d) identify design inputs such as sources of data, preferred 
standard parts or materials and design information and 
provide procedures for their selection and review by the 
manufacturer for adequacy. 


6.2.14 Purchasing. The manufacturer is to ensure that 
purchased material and services conform to specified 
requirements. 


6.2.15 Selection and approval of sub-contractors and 
suppliers. The manufacturer is to establish and maintain 
records of acceptable suppliers and sub-contractors. The 
selection of such sources, and the type and extent of control 
exercised, are to be appropriate to the type of product or 
service and the suppliers’ or sub-contractors’ previously 
demonstrated capability and performance. Documented 
procedures for approval of new suppliers are to be established 
and records of vendor assessments (where carried out) are 
to be maintained and made available to the Surveyors upon 
request. 


6.2.16 Purchasing data. Each purchasing document 

should contain a clear description of the material or service 

ordered including as applicable, the following: 

(a) The type, class, grade, or other precise identification; 

(o) The title or other positive identification and applicable 
issue of specifications, drawings, process requirements, 
inspection instructions and other relevant data. 


6.2.17 Verification of purchased material and services. 
The manufacturer is to ensure that the Surveyors are afforded 
the right to verify at source or upon receipt that purchased 
material and services conform to specified requirements. 
Verification by the Surveyors shall not relieve the manufacturer 
of his responsibility to provide acceptable material nor is it to 
preclude subsequent rejection. 


6.2.18 Product identification. The manufacturer is to 
establish and maintain a system for identification of the product 
to relevant drawings, specifications or other documents during 
all stages of production, delivery and installation. 
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6.2.19 Manufacturing control. The manufacturer is to 

ensure that those operations which directly affect quality are 

carried out under controlled conditions. These are to include 
the following: 

(a) Written work instructions wherever the absence of such 
instructions could adversely affect compliance with 
specified requirements. These should define the method 
of monitoring and control of product characteristics. 

(b) Established criteria for workmanship through written 
standards or representative samples. 


6.2.20 Special processes. Those processes where effective- 
ness cannot be verified by subsequent inspection and test of 
the product are to be subjected to continuous monitoring in 
accordance with documented procedures in addition to the 
requirements specified in 6.2.19. 


6.2.21 Receiving inspection. The manufacturer is to 
ensure that all incoming material is not to be used or 
processed until it has been inspected or otherwise verified as 
conforming to specified requirements. In establishing the 
amount and nature of receiving inspection, consideration is 
to be given to the control exercised by the supplier and 
documented evidence of quality conformance supplied. 


6.2.22 _In-process inspection. The manufacturer is to: 

a) perform inspection during manufacture on all characteris- 

tics that cannot be inspected at a later stage; 

b) inspect test and identify products in accordance with 

specified requirements; 

c) establish product conformance to specified requirements 

by use of process monitoring and contro! methods where 

appropriate; 

d) hold products until the required inspections and tests are 

completed and verified; and 

e) clearly identify non-conforming products to prevent 
unauthorised use, shipment, or mixing with conforming 
material. 


6.2.23 Final inspection. The manufacturer is to perform 

all inspections and tests on the finished product necessary to 

complete the evidence of conformance to the specified require- 

ments. The procedures for final inspection and test are to 

ensure that: 

(a) all activities defined in the specification, quality plan or 
other documented procedure have been completed; 

(b) all inspections and tests that should have been 
conducted at earlier stages have been completed and 
that the data is acceptable; and 

(c) no product is to be dispatched until all the activities 
defined in the specifications, quality plan or other 
documented procedure have been completed, unless 
products have been released with the permission of the 
Surveyors. 


6.2.24 Inspection equipment. The manufacturer is to be 
responsible for providing, controlling, calibrating and main- 
taining the inspection, measuring and test equipment 
necessary to demonstrate the conformance of material and 
services to the specified requirements or used as part of the 
manufacturing control system required by 6.2.19 and 6.2.20. 
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6.2.25 Inspection and test status. The manufacturer is 
to establish and maintain a system for the identification of 
inspection status of all material, components and assemblies 
by suitable means which distinguish between conforming, 
non-conforming and uninspected items. The relevant inspection 
and test procedures and records are to identify the authority 
responsible for the release of conforming products. 


6.2.26 Control of non-conforming material. 

(a) The manufacturer is to establish and maintain procedures 
to ensure that material that does not conform to the 
specified requirements is controlled to prevent inadvertent 
use, mixing or shipment. Repair, rework or concessions 
on non-conforming material and reinspection is to be in 
accordance with documented procedures. 

(b) Records clearly identifying the material, the nature and 
extent of non-conformance and the disposition are to be 
maintained. 


6.2.27 Sampling procedures. Where sampling techniques 
are used by the manufacturer to verify the acceptability of 
groups of products, the procedures adopted are to be in 
accordance with the specified requirements or are to be 
subject to agreement by the Surveyors. 


6.2.28 Corrective action. The manufacturer is to establish 

and maintain documented procedures for the review of non- 

conformances and their disposition. These should provide for: 

(a) monitoring of process and work operations and analysis 
of records to detect and eliminate potential causes of 
non-conforming material; 

(b) continuing analysis of concessions granted and material 
scrapped or reworked to determine causes and the 
corrective action required; 

(c) an analysis of customer complaints; 

(d) the initiation of appropriate action with suppliers or 
sub-contractors with regard to receipt of non-conforming 
material; and 

(e) an assurance that corrective actions are effective. 


6.2.29 Purchaser supplied material. The manufacturer is 
to establish and maintain documented procedures for the 
control of purchaser supplied material. 


6.2.30 Handling, storage, and delivery. 

(a) The manufacturer is to establish and maintain a system 
for the identification preservation, segregation and 
handling of all material from the time of receipt through the 
entire production process. The system is to include 
methods of handling that prevent abuse, misuse, damage 
or deterioration. 

(b) Secure storage areas or rooms are to be provided to 
isolate and protect material pending use. To detect 
deterioration, at an early stage, the condition of material 
is to be periodically assessed. 

(c) The manufacturer is to arrange for the protection of the 
quality of his product during transit. The manufacturer is 
to ensure, in so far as it is practicable, the safe arrival 
and ready identification of the product at destination. 
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6.2.31 Training. The manufacturer is to follow a policy for 
recruitment and training which provides an adequate labour 
force with such skills as are required for each type of work 
operation. Appropriate records are to be maintained to 
demonstrate that all personnel performing process control, 
special processes inspection and test or quality system 
maintenance activities have appropriate experience or 
training. 


6.3 Arrangements for acceptance and 
certification of purchased material 


6.3.1 The manufacturer is to establish and maintain 
procedures and controls to ensure compliance with LR’s 
requirements for certification of materials and components at 
the supplier’s plant. The manufacturer’s system for control of 
such purchased material may be based on one of the following 
alternatives subject to the approval of LR: 

(a) Product certification by LR’s Surveyors at the supplier’s 
works in accordance with the requirements of the Rules 
for Materials. 

(b) Agreed Inspection Procedures at the manufacturer’s 
plant combined with documentary evidence of vendor 
assessments, vendor rating records and annual 
surveillance visits to the suppliers. 

(c) Recognition of quality agreements between the 
manufacturer and his suppliers which are to provide for 
initial vendor assessments and regular surveillance 
visits (a minimum of four per year). The quality agreement 
must identify the individual in the supplier’s plant who is 
charged with the responsibility for release of materials or 
components and the procedures to be adopted. 


6.3.2 The alternatives proposed in 6.3.1 (b) and (c) are not 
acceptable to LR for the following items: 
(a) Engine components for which testing is a Rule require- 


ment; and 
(i) the cylinder bore is equal to or exceeds 300 mm; 
or 


(i) | which are made by open forging techniques. 
(ob) Cast crankshafts where the journal diameter exceeds 
85 mm. 


6.3.3 Where the manufacturer’s system for control of 
purchased material is based upon 6.3.1 (b) or (c) the Surveyors 
shall also make surveillance visits to the supplier’s works at 
the minimum specified intervals. The manufacturer is also to 
make available to the Surveyors documentary evidence of the 
operation of quality agreements or Agreed Inspection Procedures 
where applicable. 


6.4 Information required for approval 


6.4.7 Manufacturers applying for approval under this 
scheme are to submit the following information: 

(a) A description of the products for which certification is 
required including, where applicable, model or type 
number. 

Applicable plans and details of material used. 

An outline description of all important manufacturing 
plant and equipment. 


os 
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d) A summary of equipment used for measuring and 
testing during manufacture and completion. 

e) The Quality Manual. 

f) A typical production flow chart and quality plan covering 
all stages from ordering of materials to delivery of the 
finished product. 

g) The system used for the identification of raw materials, 
semi-finished and finished products. 

h) The number and qualifications of all staff engaged in testing, 
inspection and quality control duties. 

() A list of suppliers of components and manufacturers, 
proposed procedures to ensure compliance with LR’s 
requirements for certification of materials and components 
at the supplier’s plant. 


6.5 Assessment of works 


6.9.1 After receipt and appraisal of the information 
requested in 6.4 an inspection of the works is to be carried 
out by the Surveyors to examine in detail all aspects of 
production, and in particular the arrangements for quality 
control. 


6.5.2 The Surveyors will not specify in detail acceptable 
quality control procedures, but will consider the arrangements 
proposed by the works in relation to the manufacturing 
processes and products. 


6.5.3 In the event of procedures being considered 
inadequate, the Surveyors will advise the manufacturer how 
such procedures are to be revised in order to be acceptable 
to LR. 


6.5.4 Gauging, measuring and testing devices are to be 
made available to the Surveyors, and where appropriate, 
personnel for the operation of such devices. 


6.6 Approval of works 


6.6.1 If the initial assessment of the works confirms that 
the manufacturing and quality control procedures are satisfac- 
tory, the Committee will issue to the manufacturer a Quality 
Assurance Approval Certificate which will include details of the 
products for which approval has been given. This Certificate will 
be valid for three years with renewal subject to satisfactory 
performance and to a satisfactory triennial re-assessment. 


6.6.2 An extension of approval in respect of product type 
may be given at the discretion of the Committee without any 
additional survey of the works. 


6.6.3 LR will publish a list of manufacturers whose works 
have been approved. 


Part 5, Chapter 1 


Section 6 


6.7 Maintenance of approval 


6.7.1 The arrangements authorised at each works are to 
be kept under review by the Surveyors in order to ensure that 
the approved procedures for manufacture and quality control 
are being maintained in a satisfactory manner. This is to be 
carried out by: 

(a) regular and systematic surveillance; 

(b) intermediate audits at intervals of six months; 

(c) triennial re-assessment of the entire quality system. 


6.7.2 For the purpose of regular and systematic surveil- 
lance the Surveyors are to visit the works at intervals 
determined by the type of product and the rate of production. 
The Surveyors are to advise a senior member of the quality 
control department in regard to any matter with which they 
are not satisfied. 


6.7.3 When minor deficiencies in the approved proce- 
dures are disclosed during the systematic surveillance the 
Surveyors may, at their discretion, apply more intensive 
supervision, including the direct inspection of products. 


6.7.4 Any noteworthy departures from the approved 
plans of specifications are to be reported to the Surveyors and 
their written approval obtained prior to despatch of the item. 


6.7.5 Minor alterations in the approved procedures may 
be permitted provided that the Surveyors are advised and 
their prior concurrence obtained. 


6.7.6 In addition to the regular visits by the Surveyors, an 
intermediate audit is to be carried out every six months. This 
will normally be carried out by Surveyors other than those 
regularly in attendance at the works. This audit is to consist 
of an examination of part of the manufacturer's quality system. 
An audit plan will be established indicating those areas of the 
quality system which will be examined during every interme- 
diate audit and the frequency of examination of other areas 
such that all areas are subject to audit before re-assessment 
is due. 


6.7.7 The manufacturer’s entire quality system is to be 
subject to re-assessment at three-yearly intervals. This is to 
be conducted by Surveyors nominated by Headquarters. 


6.8 Suspension or withdrawal of approval 


6.8.1 When the Surveyors have drawn attention to 
significant faults or deficiencies in the manufacturing or 
quality control procedures and these have not been rectified, 
approval of the works will be suspended. In these circum- 
stances the manufacturer will be notified in writing of the 
Committee’s reasons for the suspension of approval. 


6.8.2 When approval has been suspended and the 
manufacturer does not effect corrective measures within a 
reasonable time, the Committee will withdraw the Quality 
Assurance Approval Certificate. 
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6.9 Identification of products 


6.9.1 In addition to the normal marking by the manu- 
facturer, all certified products are to be hard stamped on a 
principal component with a suitable identification, LR’s brand 
and the number of the approved works. 


6.9.2 After issue of the Quality Assurance Approval 
Certificate, products may be dispatched with certificates 
signed on behalf of the manufacturer by an authorised senior 
member of the quality control department or by an authorised 
deputy. These certificates are to be countersigned by the 
Surveyor to certify that the approved arrangements are being 
kept under review by regular and systematic auditing of the 
manufacturer’s quality system. 


6.9.3 The following declarations are to be included on 

each certificate: 

(a) ‘This is to certify that the items described above have 
been constructed and tested with satisfactory results in 
accordance with the Rules of Lloyd’s Register. 


Manager of QC Department.’ 

(b) ‘This certificate is issued by the manufacturer in 
accordance with the arrangements authorised by Lloyd’s 
Register in Quality Assurance Approval Certificate No. 
OQA Mieecteccpensiarttneis | certify that these arrange- 
ments are being kept under review by regular and 
systematic auditing of the approved manufacturing and 
quality control procedures. 


Surveyor to Lloyd’s Register’. 


6.9.4 In the event of noteworthy departures from the 
approved plan or specification being accepted, a standard 
‘Concession’ form is to be completed and signed by the 
following authorised persons: the Design Manager, the 
Quality Control Manager or their deputies. In all cases, where 
strength or functioning may be affected, the form is to be 
submitted to the Surveyors for approval and endorsement. 


a Section 7 
Spare gear for machinery 
installations 


7.1 Application 


7.1.1 Adequate spare parts for the propelling and essen- 
tial auxiliary machinery, together with the necessary tools for 
maintenance and repair, are to be readily available for use. 


7.1.2 The spare parts to be supplied and their location is 
to be the responsibility of the Owner, but they must take into 
account the design and arrangement of the machinery and 
the intended service and operation of the ship. Account must 
also be taken of the recommendations of the manufacturers 
and any applicable statutory requirement of the country of reg- 
istration of the ship. 
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7.2 Guidance for spare parts 


7.2.1 For general guidance purposes, spare parts for 
main and auxiliary machinery installations are shown in the 
LR’s Spare Gear Guidance located on Class Direct Live. 


10 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Oil Engines 


Section 

1 Plans and particulars 

2 Materials 

3 Design 

4 Electronically controlled engines 

5 Construction and welded structures 

6 Turning gear 

7 Control and monitoring of main, auxiliary and 


emergency diesel engines 
8 Piping 
9 Starting arrangements 
10 Safety arrangements 


11 Program for trials of diesel engines to assess 
operational capability 


12 Component tests 

13 Mass produced engines 

14 Turbo-chargers 

15 Mass produced turbo-chargers 
16 Air compressors 

17 Type testing - General 


18 Type testing procedure for crankcase explosion 
relief valves 


19 Type testing procedure for crankcase 
oil mist detection and alarm equipment 


| Scope 


The requirements of this Chapter are applicable to 
oil engines (generally known as diesel engines) for main 
propulsion and to engines intended for essential auxiliary 
services. Section 3 is not applicable to auxiliary engines 
having powers of less than 110 kW. 

The requirements for type testing of engines at the 
manufacturer’s works are also included. 

Arrangements for dual fuel engines will be specially 
considered. 

Primary exhaust gas emissions abatement plant 
(where fitted) is to meet the requirements of this Chapter; 
additionally, it is to meet the requirements of Chapter 24. 
Where secondary exhaust gas emissions abatement systems 
are fitted to engines, they are to meet the requirements of 
Chapter 24. 
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a Section 7 
Plans and particulars 


1.1 Plans 


1.1.1 The following plans and particulars as applicable are 

to be submitted for consideration: 

e — Crankshaft assembly plan (for each crank-throw). 

Crankshaft details plan (for each crank-throw). 

Thrust shaft or intermediate shaft (if integral with engine). 

Output shaft coupling bolts. 

Main engine securing arrangements where non-metallic 

chocks are used. 

e Type and arrangement of crankcase explosion relief valves. 

e Arrangement and welding specifications with details of 
the procedures for fabricated bedplate, thrust bearing 
bedplate, crankcases, frames and entablatures. Details 
of materials welding consumables, fit-ujp conditions 
fabrication sequence and heat treatments are to be 
included. 

e — Schematic layouts of the following systems: 

Starting air. 

Oil fuel. 

Lubricating oil. 

Cooling water. 

Control and safety. 
Hydraulic oil (for valve lift). 

Shielding of high pressure fuel pipes. 

Combustion pressure-displacement relationship. 

Crankshaft design data as outlined in Section 3. 

High pressure parts for fuel oil injection system with 

specification of pressures, pipe dimensions and materials. 

° For new engine types that have not been approved by 
LR, the proposed type test programme. 

e The type test report on completion of type testing for a 
new engine type. For mass produced engines a sepa- 
rate report is to be submitted for each engine requiring 
approval, see 17.2. 

e — Additionally, for mass produced engines: 

(a) For consideration of an engine type to be 
approved: 
(i) Engine specification, see 13.1.4. 
(ii) Manufacturing processes and quality control 
information, see 13.2.3. 
(iii) | List of sub-contractors for main parts. 
(iv) | Procedures for configuring during commis- 
sioning. 
(o) For engines of an approved type to be installed 
on a ship, a compliance and inspection certificate, 
see 13.4. 

° For engine control, alarm monitoring and safety systems, 
the plans and information required by Pt 6, Ch 1,1.2. 

e For electronically controlled engines, the plans and 
information required by 1.1.6 and 1.1.7. 

e — Schematic layouts showing details and arrangements of 
oil mist detection/monitoring and alarm systems. 

e Diesel generator test results that state the engine 
maximum load steps which satisfy the quality of power 
supply requirements specified in Pt 6, Ch 2,1.7. 

e Planned operating profiles for the vessel at sea and 
during manoeuvring as agreed with the operators. 
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1.1.2 The following plans are to be submitted for 

information: 

° Longitudinal and transverse cross-section. 

e Cast bedplate, thrust bearing bedplate, crankcase and 

frames. 

Cylinder head assembly. 

Cylinder liner. 

Piston assembly. 

Tie rod. 

Connecting rod, piston rod, and crosshead assemblies. 

Camshaft drive and camshaft general arrangement. 

Shielding and insulation of exhaust pipes. 

Details of turbochargers, see Section 14. 

Operation and service manuals. 

Vibration dampers/detuners and moment compensators. 

Thrust bearing assembly (if integral with engine and not 

integrated in the bedplate). 

e — Counterweights, where attached to crank-throw, including 
fastening. 

e — Main engine holding down arrangement (metal chocks). 


1.1.3 Material specifications covering the listed compo- 
nents in 1.1.1 and 1.1.2 are to be forwarded together with 
details of any surface treatments, non-destructive testing and 
hydraulic tests. 


1.1.4 Plans and details for dead ship condition starting 
arrangements are to be submitted for appraisal, see 9.1. 


TLS For engine types built under license it is intended that 
the above documentation be submitted by the Licensor. Each 
Licensee is then to submit the following: 

e —_ Allist, based on the above, of all documents required with 
the relevant drawing numbers and revision status from 
both Licensor and Licensee. 

e The associated documents where the Licensee proposes 
design modifications to components. In such cases a 
statement is to be made confirming the Licensor’s 
acceptance of the proposed changes. 

In all cases a complete set of endorsed documents will be 

required by the Surveyor(s) attending the Licensee’s works. 


e Diesel generator test results that state the engine 
maximum load steps which satisfy the quality of power 
supply requirements specified in Pt 6, Ch 2,1.7. 

e Planned operating profiles for the vessel at sea and 
during manoeuvring as agreed with the operators. 


1.1.6 Where engines incorporate electronic control 

systems the following additional information is to be submitted: 

(a) A general overview of the operating principles, supported 
by schematics explaining the functionality of individual 
systems and sub-systems. The information is to relate 
to the engine capability and functionality under defined 
operating and emergency conditions such as recovery 
from a failure or malfunction, with particular reference to 
the functioning of programmable electronic systems and 
any sub-systems. The information is also to indicate if 
the engine has different modes of operation, such as to 
limit exhaust gas emissions and/or to run under an 
economic fuel consumption mode or any other mode 
that is electronically controlled. 
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(b) Operating manuals which describe the particulars of 
each system and, together with maintenance instruc- 
tions, include reference to the functioning of 
sub-systems. 

(c) A risk-based analysis of the mechanical, pressure 
containing, electrical, electronic and programmable 
electronic systems and arrangements that support the 
operation of the engine. The analysis is to demonstrate 
that suitable risk mitigation has been achieved in 
accordance with 4.2. 

(d) Details of hydraulic systems for actuation of subsystems 
(fuel injection or exhaust), to include details of the 
design/construction of pipes, pumps, valves, accumu- 
lators and the control of valves/pumps. Details of pump 
drive arrangements are also to be included. 

(e) Quality plan for sourcing, design, installation and testing 
of all components used in the oil fuel and hydraulic oil 
systems installed with the engine for engine operation. 

(f) | Fatigue analysis for all high pressure oil fuel and hydraulic 
oil piping arrangements required for engine operation 
where failure of the pipe or its connection or a component 
would be the cause of engine unavailability. The 
analysis is to concentrate on high pressure components 
and sub-systems and recognise the pressures and 
fluctuating stresses that the pipe system may be subject 
to in normal service. 

(g) Evidence of type testing of the engine with the 
programmable electronic system, or a proposed test 
plan at the engine builders with the programmable 
electronic system functioning, to verify the functionality 
and behaviour under normal operating and fault 
conditions of the programmable electronic control 
system. 

(h) Schedule of testing at engine builders, pre-sea trial 
commissioning and sea trials. The test schedules are to 
identify all modes of engine operation and the sea trials 
are to include typical port manoeuvres under the 
intended engine operating modes. The schedule is to 
include: 

(i) testing and trials to demonstrate that the engine 
is capable of operating as described in (a); 

(ii) tests to verify that the response of the complete 
mechanical, hydraulic, electrical and electronic 
system is as predicted for the intended opera- 
tional modes; and 

(iii) | testing required to verify the conclusions of the 
risk-based analysis. 

The scope of these tests is to be agreed with LR. 


{1:7 In addition to the applicable plans and particulars 

required by Pt 6, Ch 1, 1.2.3 to 1.2.6 the following information 

for control, alarm, monitoring and safety systems relating to 

the operation of an electronically controlled engine is to be 

submitted: 

(a) Engine configuration details , see 4.3.2. 

(b) Software quality plans, including configuration manage- 
ment documents. 

(c) Software safety evidence. 

(d) Software assessment inspection report. 


1.1.8 Emergency diesel-generator engine plans, informa- 
tion and test schedules, required for design appraisal, are to be 
in accordance with Pt 6, Ch 1. 
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1.1.9 The following plans and particulars are to be 

submitted for information: 

e Cross sectional plans of the assembled turbocharger 
with main dimensions. 

° Fully dimensioned plans of the rotor. 

e Material particulars with details of welding and surface 
treatments. 

e — Turbo-charger operating and test data. 

e A selected turbocharger is to be type tested. 

e — Manufacturer’s burst test assessment. 


1.1.10 Where considered necessary Lloyd’s Register (here- 
inafter referred to as ‘LR’) may require additional documentation 
to be submitted. 


E Section 2 


Materials 
2.1 Crankshaft materials 
2.1.1 The specified minimum tensile strength of castings 


and forgings for crankshafts is to be selected within the 
following general limits: 
a) Carbon and carbon-manganese steel castings — 
400 to 550 N/mm2 
b) Carbon and carbon-manganese steel forgings (normalised 
and tempered) — 400 to 600 N/mm2 
c) Carbon and carbon-manganese steel forgings (quenched 
and tempered) — 
not exceeding 700 N/mm? 
d) Alloy steel castings — 
not exceeding 700 N/mm? 
e) Alloy steel forgings — 
not exceeding 1000 N/mm? 
f) | Spheroidal or nodular graphite iron castings — 
370 to 800 N/mm2. 


2.1.2 Where it is proposed to use alloy castings, micro 
alloyed or alloy steel forgings or iron castings, details of the 
chemical composition, heat treatment and mechanical 
properties are to be submitted for approval. 


2.2 Material test and inspections 


2.2.1 Components for engines are to be tested as 
indicated in Table 2.2.1 and in accordance with the relevant 
requirements of the Rules for the Manufacture, Testing and 
Certification of Materials (hereinafter referred to as the Rules 
for Materials). 


2.2.2 For components of novel design special 
consideration will be given to the material test and 
non-destructive testing requirements. 


Part 5, Chapter 2 
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Table 2.2.1 Test requirements for oil engine components 


Non-destructive tests 


Magnetic particle 


Component 


Material tests 


or 
Liquid penetrant 


Ultrasonic 


Crankshaft 


Crankshaft coupling flange (non-integral) for main propulsion 
engines 


Crankshaft coupling bolts 

Steel piston crowns 

Piston rods 

Connecting rods, including bearing caps 
Crosshead 

Cylinder liner 


Cylinder cover 


all 
above 400 mm bore 


above 400 mm bore 
above 400 mm bore 
above 400 mm bore 
all 


above 400 mm bore 
above 300 mm bore 
above 300 mm bore 


above 400 mm bore 
above 400 mm bore 


all 


above 400 mm bore 


all 
above 400 mm bore 
above 400 mm bore 


Steel castings for welded bedplates all 
Steel forgings for welded bedplates all 
Plates for welded bedplates, frames and entablatures all 
Crankcases, welded or cast all 


Tie rods all 


Turbo-charger, shaft and rotor 


Bolts and studs for cylinder covers, crossheads, main 
bearings, connecting rod bearings 


Steel gear wheels for camshaft drives 


above 300 mm bore 


above 400 mm bore 


all 


above 400 mm bore 


above 300 mm bore — 


above 400 mm bore 


above 400 mm bore 


NOTES 
checks. 


equal to that of the thread. 


Bore dimensions refer to engine cylinder bores. 


For mass produced engines, see Section 13. 


E Section 3 
Design 


3.1 Scope 


3.1.1 The formulae given in this Section are applicable to 
solid, or semi-built crankshafts, having a main support 
bearing adjacent to each crankpin, and are intended to be 
applied to a single crankthrow analysed by the static 
determinate method. 


3.1.2 Alternative methods, including a fully documented 
stress analysis, will be specially considered. 


3.1.3 Calculations are to be carried out for the maximum 
continuous power rating for all intended operating conditions. 


3.1.4 Designs of crankshafts not included in this scope 
will be subject to special consideration. 


For closed-die forged crankshafts the ultrasonic examination may be confined to the initial production and to subsequent occasional 
Magnetic particle or liquid penetrant testing of tie rods may be confined to the threaded portions and the adjacent material over a length 


Cylinder covers and liners manufactured from spheroidal or nodular graphite iron castings may not be suitable for ultrasonic NDE, 
depending upon the grain size and geometry. An alternative NDE procedure is to be agreed with LR. 


All required material tests are to be witnessed by the Surveyor unless alternative arrangements have been specifically agreed by LR. 


3.2 Information to be submitted 


3.2.1 In addition to detailed dimensioned plans, the 
following information is required to be submitted: 

° Engine type — 4SCSA/2SCSA/in-line/vee. 

e — Output power at maximum continuous rating (MCR), in 
kW. 

Output speed at maximum continuous power, in rom. 
Maximum cylinder pressure, in bar g. 

Mean indicated pressure, in bar g. 

Cylinder air inlet pressure, in bar g. 

Digitised gas pressure/crank angle cycle for MCR. 
Maximum pressure/speed relationship. 

Compression ratio. 

Vee angle and firing interval (if applicable), in degrees. 
Firing order numbered from driving end, see Fig. 2.3.1. 
Cylinder diameter, in mm. 

Piston stroke, in mm. 

Mass of connecting rod (including bearings), in kg. 
Centre of gravity of connecting rod from large end 
centre, in mm. 

e — Radius of gyration of connecting rod, in mm. 
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shaft flange 


Fig. 2.3.1 Designation of cylinders 


Length of connecting rod between bearing centres, 
in mm. 

Mass of single crankweb (indicate if webs either side of 
pin are of different mass values), in kg. 

Centre of gravity of crankweb mass from shaft axis, 
in mm. 

Mass of counterweights fitted (for complete crankshaft) 
indicate positions fitted, in kg. 

Centre of gravity of counterweights (for complete 
crankshaft) measured from shaft axis, in mm. 

Mass of piston (including piston rod and crosshead 
where applicable), in kg. 


3.3 


3.3.1 


Part 5, Chapter 2 


Section 3 


All individual reciprocating masses acting on one crank, 
in kg. 

Material specification(s). 

Specified minimum UTS, in N/mm2. 

Specified minimum yield strength, in N/mm2. 

Method of manufacture. 

Details of fatigue enhancement process (if applicable). 
For semi-built crankshafts - minimum and maximum 
diametral interference, in mm. 


Symbols 


For the purposes of this Chapter the following 


symbols apply, see also Fig. 2.3.2: 


=> 


= radial thickness of web, in mm 


kg = bending stress factor 


= transverse breadth of web, in mm 


B 
D; = outside diameter of pin or main journal, in mm 


, = internal diameter of pin or main journal, in mm 
= shrink diameter of main journal in web, in mm 


= alternating force at the web centreline, in N 


Ds 

dọ = diameter of radial oil bore in crankpin, in mm 
F 

Ky 


= fatigue enhancement factor due to manufacturing 
process 


Ky = fatigue enhancement factor due to surface treatment 
M, = alternating bending moment at web centreline, in 


N-mm (Note: alternating is taken to be 1/2 range 
value) 


Mgon = alternating bending moment calculated at the outlet 


of crankpin oil bore 


M., M; = undercut of fillet radius into web measured from 


i web face, in mm 
Rp Rj = fillet radius at junction of web and pin or journal, 
inmm 
S = stroke, in mm 


T = axial thickness of web, in mm 


= alternating torsional moment at crankpin or crank 
journal, in N-mm (Note: alternating is taken to be 
1/2 range value) 


3336/03 


Fig. 2.3.2(a) Crank dimensions necessary for the calculation of stress concentration factors 
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Crankshaft without overlap 


Fig. 2.3.2(b) 
Crank dimensions for crankshaft without overlap 


U = pin overlap 


(D, + Di- S) 
= e A mm 
ag = bending stress concentration factor for crankpin 
arş = torsional stress concentration factor for crankpin 
Bg = bending stress concentration factor for main journal 
Bq = direct shear stress concentration factor for main 
journal 


B+ = torsional stress concentration factor for main journal 
Yg = bending stress concentration factor for radially 
drilled oil hole in the crankpin 
yr = torsional stress concentration factor for radially 
drilled oil hole in the crankpin 
Sax = alternating axial stress, in N/mm2 
Op = alternating bending stress, in N/mm2 
Spon = alternating bending stress in the outlet of the oil 
bore, in N/mm2 


Sp, Oj = maximum bending stress in pin and main journal 
taking into account stress raisers, in N/mm? 
SOBpo = Maximum bending stress in the outlet of the oil 


bore, in N/mm2 
Sq = alternating direct stress, in N/mm2 


Sy = specified minimum UTS of material, in N/mm2 
oy = specified minimum yield stress of material, 
in N/mm2 
tą = alternating torsional stress, in N/mm2 
Tp, Tj = maximum torsional stress in pin and main journals 
taking into account stress raisers, in N/mm2 
Ttob = Maximum torsional stress in outlet of crankpin oil 


bore taking into account stress raisers, in N/mm2. 


3.4 Stress concentration factors 


3.4.1 Geometric factors. Crankshaft variables to be 
used in calculating the geometric stress concentrations 
together with their limits of applicability are shown in 
Table 2.3.1. 
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Table 2.3.1 Crankshaft variables 


Variable 


Upper 


© 


2,20 
0,80 
0,80 


ICar 
IPY YV 
aS 

ko) 


i 
i 


B 

5,13 
0.13 
0.13 


S: 


x 3 
o 


fiin 
40 
SO 
xo} 


DD 
hen 


~ 
+O 


TD,” 0.80 


Treq/Dp see Note 3 0,80 
Dp 0,20 
U/Dp see Note 2 0,50 


CQH 


NOTES 
1. Where variables fall outside the range, alternative methods 
are to be used and full details submitted for consideration. 
2. A lower limit of u can be extended down to large negative 
values provided that: 
(i) If calculated f(rec) < 1 then the factor f(rec) is not to be 
considered (f(rec) = 1) 
(i) If u < —0,5 then f(ut) and f(ru) are to be evaluated replacing 
actual value of u by -0,5. 
For crankshafts without overlap see also 3.4.6. 


3.4.2 Crankpin stress concentration factors: 
e Bending 
ag = 2,70 f(ut). f(t). f(b). f(r). f(dp). f(dj). f(rec) 
where 
fut) = 1,52- 4,1t + 11,2t? - 13,6 t3 + 6,07t4 - 
u (1,86 - 8,26t + 18,2t2 - 18,5¢3 + 6,93t4) - 
u2 (3,84 — 25,0t + 70,6t2 — 87,0t8 + 39,2t 4) 


f(t) = 2,18t0717 
flo) = 0,684 -0,0077b + 0,147b2 
f(r) = 0,208r,,-©:523) 
f(dp) = 1+0,315(d,) -1 ,52(dp)? +2,41 (dy? 
f(d) = 1+0,27d; - 1,02(d))2 + 0,531 (dj) 
frec) = 1+ (Mp + mj) (1,8 + 3,2u) 
valid only between u = -0,5 and 0,5. 
° Torsion 
ar = 0,8 fru). f(b). f(t) 
where 


f(ru) = te + 0,1u) 
f(b) 7,9 — 10,65b + 5,35b2 - 0,857b8 
f(t) = t 0,145), 


3.4.3 Crank journal stress concentration factors (not 
applicable to semi-built crankshafts): 
e Bending 


wD 
w 
Il 


2,7 1fglut). felt). fe(b). fs(r). fe(di). fs(dp). f(rec) 


felut) = 1,2- 0,5t + 0,32t2 -u (0,80 - 1,15t + 0,55t2) — 
u2 (2,16 — 2,33t + 1,26t2) 


fat) = 2,24t0.755 
fg(b) = 0,562 + 0,12b + 0,118b2 


) 
) 
fa(r) = 0,1 91 rj gl0:557) 
j) 
) 
) 


fgldi) = 1- 0,644dj + 1,23(d;)2 
fa(dp) = 1-0,19dp + 0,0073(d,) 
f(rec) = 1+ (Mp + mj) (1,8 + 3,2u) 


valid only between u = -0,5 and 0,5. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Oil Engines 


° Direct shear 
Bq = 3,01fgolu). falt). falb). foalr). fa(dp). f(rec) 


folu) = 1,08 + 0,88u - 1,52u2 
f(t) = ee ee 
al!) = 9.0637 + 0,9371 


falb) = b-0,5 
foal) = 0,533r jg0204 
faldp) = 1-1,19dp + 1,74(dp)? 
f(rec) = 1+ (Mp + Mmj) (1,8 + 3,2u) 
valid only between u = -0,5 and 0,5. 
e Torsion 
where 
By = 0,8f(ru). f(b). f(t) 
fru) =r) 410.22 + 0,1u) 
flo) = 7,9-10,65b + 5,35b2 - 0,857b3 


f(t) = t (0,145), 


3.4.4 Crankpin oil bore stress concentration factors for 
radially drilled oil holes: 
e Bending 


Ye = 3-5,888 70 + 34,6 «(22)" 
B , Dp , Dp 


° Torsion 
2 
do +30 e (=) 


ir =so 


3.4.5 Where experimental measurements of the stress 
concentrations are available these may be used. The full 
documented analysis of the experimental measurements is to 
be submitted for consideration. 


3.4.6 In the case of semi-built crankshafts when Mp > Fo 
the web thickness is to be taken as: 
Trea = T- (Mp - Rp) and the web width B is to be taken in 
way of the crankpin fillet radius centre see 
Fig. 2.3.2. 


3.5 Nominal stresses 


3.5.1 The nominal alternating bending stress, op, is to be 
calculated from the maximum and minimum bending moment 
at the web centreline taking into account all forces being 
applied to the crank throw in one working cycle with the crank 
throw simply supported at the mid length of the main journals. 


3.5.2 Nominal bending stresses are referred to the web 
bending modulus. 


3.5.3 Nominal alternating bending stress: 


Mp 
Op = ke N/mm2 
Zweb 
BT? 
Zw = p mms 
kg = 0,8 for crosshead engines 


= 1,0 for trunk piston engines. 
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3.5.4 Nominal alternating bending stress in the outlet of 
the crankpin oil bore: 


> _ MBon 
BON ~ Zerankpin 
where 
Meson is taken as the ¥% range value Mgon = 
+ % (Mgomax ~- MBomin) 
and 


Mego = (Mpto cosy + Mero siny), see Fig. 2.3.3 
The two relevant bending moments are taken in the crankpin 
cross-section through the oil bore. 
Mgro = bending moment of the radial component of the 
connecting-rod force 
Mgro = bending moment of the tangential component of 
the connecting-rod force 
_ aa! 
32 D 
of axially bored crankpin. 


Zorankpin Zerankpin related to the cross-section 


Fig. 2.3.3 Crankpin section through the oil bore 


3.5.5 The nominal direct shear stress in the web for the 
purpose of assessing the main journal is to be added 
algebraically to the bending stress, using the alternating 
forces which have been used in deriving Mp in 3.5.3. 


3.5.6 Nominal stress is referred to the web cross-section 
area or the pin cross-section area as applicable. 


3.5.7 Nominal alternating direct shear stress: 


Sq =+G—ke N/mm? 
web 
where 
Aweb = BT mm? 
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3.5.8 The nominal alternating torsional stress, tą, is to be 
taken into consideration. The value is to be derived from 
forced-damped vibration calculations of the complete 
dynamic system. Alternative methods will be given consider- 
ation. The engine designer is to advise the maximum level of 
alternating vibratory stress that is permitted. 


3.5.9 The results of torsional vibration calculations for the 
full dynamic system, carried out in accordance with Ch 8,2.2, 
are to be submitted. 


3.5.10 | Nominal alternating torsional stress: 
Ta 
Tk, Si N/mm? 
T 
where 


Zr = torsional modulus of crankpin and main journal 
4 _ 94 
_ he d ‘| wine 


16 D 
D = outside diameter of crankpin or main journal, 
in mm 
d = inside diameter of crankpin or main journal, in mm 
Ta is to be ascertained from assessment of the 


torsional vibration calculations where the maximum 
and minimum torques are determined for every 
mass point of the complete dynamic system and 
for the entire speed range by means of a harmonic 
synthesis of the forced vibrations from the 1st order 
up to and including the 15th order for 2-stroke 
cycle engines and from the 0,5th order up to and 
including the 12th order for 4-stroke cycle engines. 
Whilst doing so, allowance must be made for the 
damping that exists in the system and for 
unfavourable conditions (misfiring in one of the 
cylinders when no combustion occurs but only 
compression cycle). The speed step calculation 
shall be selected in such a way that any resonance 
found in the operational speed range of the engine 
shall be detected. 


3.5.11 For the purpose of the crankshaft assessment, the 
nominal alternating torsional stress considered in calculations 
is to be the highest calculated value, according to the method 
described in 3.5.9, occurring at the most torsionally loaded 
mass point of the crankshaft system. 


3.5.12 The approval of the crankshaft will be based on the 
installation having the largest nominal alternating torsional 
stress (but not exceeding the maximum figure specified by the 
engine manufacturer). For each installation it is to be ensured 
by calculation that the maximum approved nominal alternating 
torsional stress is not exceeded. 


3.5.13 In addition to the bending stress, op, the axial 
vibratory stress, Oax, is to be taken into consideration, for 
crosshead type engines. For trunk type engines, o,, = 0. The 
value is to be derived from forced-damped vibration 
calculations of the complete dynamic system. Alternative 
methods will be given consideration. The engine designer is to 
advise the maximum level of alternating vibratory stress that is 
permitted. The corresponding crankshaft free-end deflection 
is also to be stated. 
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3.6 Maximum stress levels 


3.6.1 Crankpin fillet. 
e — Maximum alternating bending stress: 
Op = OB (Ob + Sax) N/mm? 
where 
ag = bending stress concentration, see 3.4.2 
e — Maximum alternating torsional stress: 
Tp = Ott N/mm? 


where 
ar = torsional stress concentration, see 3.4.2 
Ta = nominal alternating torsional stress in crankpin 


N/mm2. 


3.6.2 Outlet of crankpin oil bore. 
e — Maximum alternating bending stress: 
5B0 = YB (CBON + Sax) N/mm? 
where 
Yg = bending stress concentration factor, see 3.4.4 
e — Maximum alternating torsional stress: 
Ttob = Yt ta N/mm? 


where 
yr = torsional stress concentration factor, see 3.4.4 
Ta = nominal alternating torsional stress in crankpin 


N/mm2. 


3.6.3 Crank journal fillet (not applicable to semi-built 
crankshafts). 
e — Maximum alternating bending stress: 

oj = Bp (0b + Sax) + BQ Sq N/mm? 

where 

Bg = bending stress concentration, see 3.4.3 

Bq = direct stress concentration, see 3.4.3 
e Maximum alternating torsional stress: 


tj sS BT Ta N/mm2 
where 
B+ = torsional stress concentration, see 3.4.3 
Ta = nominal alternating torsional stress in main 
journal N/mm2. 
3.7 Equivalent alternating stress 
Suhel Equivalent alternating stress of the crankpin, Sep: 
or crank journal o,j, is defined as: 
Sep: Sg = V (0 +10)? +32 = N/mm? 
where 
o = 6,0ro, N/mm? 


t, ort; N/mm2. 


u p OFT 


3.7.2 Equivalent alternating stress for the outlet of the 
crankpin oil bore sop, is defined as: 


1 9 Tto 2 
Seob = tq Obo 1+24\1+> — N/mm? 
3 4 Obo 
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3.8 Fatigue strength 


3.8.1 The fatigue strength of a crankshaft is based upon 
the crankpin and crank journal as follows: 


Sfp = K4 Ko (0,420, + 39,3) 


785-6, 196 | 1 ) 
-0,2 u 
(0.264 + 1,073D, + 7900 + a Ro 


To calculate the fatigue strength in the oil bore area, replace 
Rp with Yady and oj, with Stop: 
Og = Ky Kp (0,420, + 39,3) 


785-Sy 196 fi ) 
0,264 + 1,073D-0.2 + ~~ +> N= 
( j i * 4900 "ou |R 
where 
oy, = UTS of crankpin or crank journal as appropriate 
K, = fatigue endurance factor appropriate to the 


manufacturing process 
= 1,05 for continuous grain-flow (CGF) or die-forged 
= 1,0 for freeform forged (without CGF) 
= 0,93 for cast steel manufactured using a LR 
approved cold rolling process 
Kə = fatigue enhancement factor for surface treatment. 
These treatments are to be applied to the fillet radii 
A value for Ks will be assigned upon application by the engine 
designers. Full details of the process, together with the results 
of full scale fatigue tests will be required to be submitted for 
consideration. Alternatively, the following values may be taken 
(surface hardened sone to include fillet radii): 
Kə = 1,15 for induction hardened 
= 1,25 for nitrided 
Where a value of K; or K, greater than unity is to be applied 
then details of the manufacturing process are to be submitted. 


3.9 Acceptability criteria 


3.9.1 The acceptability factor, Q, is to be greater than 


fey js é i 
Q = — for crankpin, journal and the outlet of crankpin 
Oe 
oil bore 
where 
Of = Ofp Or OF; OF Of ob 
Oe = Sep OF Gej OF Oeob: 


3.10 Oil hole 


3.10.1 The junction of the oil hole with the crankpin or 
main journal surface is to be formed with an adequate radius 
and smooth surface finish down to a minimum depth equal 
to 1,5 times the oil bore diameter. 


3.10.2 Fatigue strength calculations or alternatively fatigue 
test results may be required to demonstrate acceptability. 


3.10.3 When journal diameter is equal or larger than the 
crankpin diameter, the outlets of main journal oil bores are to 
be formed in a similar way to the crankpin oil bores, other- 
wise separate fatigue strength calculations or, alternatively, 
fatigue test results may be required. 
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3.11 Shrink fit of semi-built crankshafts 


3.11.1. The maximum permissible internal diameter in the 
journal pin is to be calculated in accordance with the following 
formula: 


Di = Aft 


where the symbols are as defined in 3.11.7. 


4000FOS Men, 
unt D? Ls oy 


3.11.2 When3.11.1 cannot be complied with, then 3.11.7 
is not applicable. In such cases min ANd Smax are to be 
established from FEM calculations. 


3.11.3 The following formulae are applicable to crankshafts 
assembled by shrinking main journals into the crankwebs. 


3.11.4 In general, the radius of transition, Rj, between the 
main journal diameter, Dj, and the shrink diameter, Dg, is to 
be not less than 0,015D; or 0,5(D, - Dj). 


3.11.5 The distance, y, between the underside of the pin 
and the shrink diameter should be greater than 0,05D,. 


3.11.6 Deviations from these parameters will be specially 
considered. 


3.11.7 — The proposed diametral interference is to be within 
the following limits, see a/so Fig. 2.3.4: 

The minimum required diametral interference is to 
be taken as the greater of: 


12,156 x 106 (FoS) P ke= te 
Brin = pE | RTO =m 
or 
D 
Smin = aS mm 
where 


h = minimum radial thickness of the web around the 
diameter Dg, mm 


ss 
Ds 
p2 
Ds 


C = ratio of torsional vibratory torque to the mean trans- 
mitted torque at the P/R rating being considered 
Do = D + 2h, in mm 
D, = shrink diameter, in mm 
E = Young’s modulus of elasticity of crankshaft material, 
in N/mm2 
FoS = Factor of Safety against rotational slippage to be 
taken as 2,0. A value less than 2,0 may be used 
where documented by experiments to demonstrate 
acceptability 
= output power, in kW 
= speed at associated power, in rom 
= crankweb thickness, in mm 
= coefficient of static friction to be taken as 0,2 for 
degreased surfaces. A value greater than 0,2 may 
be used where documented by experiments to 
demonstrate acceptability 
oy = minimum yield strength of material for journal pin 


E 4D 
| 
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i 
K 


Do 
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Fig. 2.3.4 Crank throw of semi-built crankshaft 


Mmax = absolute maximum value of the torque taking 
Ch 8,2 into consideration 
Ls = length of shrink fit, in mm. 


Maximum diametral interference, max is not to be greater 
than: 


5 oy Ds 0,8 Ds 
= + 
max E 1000 


3.11.8 Reference marks are to be provided on the outer 
junction of the crankwebs with the journals. 


3.12 Alternative method for calculation of stress 
concentration factors 


3.12.1 LR will give consideration to crankshaft design 
using an alternative method given in LR’s ShipRight proce- 
dures for alternative method for calculation of stress 
concentration factors in the web fillet radii of crankshafts by 
utilising Finite Element. 


a Section 4 
Electronically controlled engines 


4.1 General 


4.1.1 The requirements of this Section are applicable to 
engines for propulsion, auxiliary or emergency power purposes 
with programmable electronic systems implemented and used 
to control fuel injection timing and duration, and which may 
also control combustion air or exhaust systems. The require- 
ments of this Section also apply to programmable electronic 
systems used to control other functions (e.g. starting and 
control air, cylinder lubrication etc.) where essential for the 
operation of the engine. 
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4.1.2 These engines may be of the slow, medium or high- 
speed type. They generally have no direct camshaft driven 
fuel systems, but have common rail fuel/nydraulic 
arrangements and may have hydraulic actuating systems for 
the functioning of the exhaust systems. 


4.1.3 The operation of these engines relies on the 
effective monitoring of anumber of parameters such as crank 
angle, engine speed, temperatures and pressures using 
programable electronic systems to provide the services 
essential for the operation of the engine such as fuel injection, 
air inlet, exhaust and speed control. 


4.1.4 Details of proposals to deviate from the require- 
ments of this Section are to be submitted and will be 
considered on the basis of a technical justification produced 
by the Enginebuilder. 


4.1.5 Each engine is to be configured for the specified 
performance and is to satisfy the relevant requirements for 
propulsion, auxiliary or emergency engines. 


4.1.6 During the life of the engine details of any proposed 
changes to control, alarm, monitoring or safety systems which 
may affect safety and the reliable operation of the engine are 
to be submitted to LR for approval. 


4.2 Risk-based analysis 


4.2.1 An analysis is to be carried out in accordance with 
relevant standards acceptable to LR to demonstrate compli- 
ance with the applicable requirements of this sub-Section 
appropriate to the engine application. The analysis is to be a 
risk-based consideration of engine operation and ship and 
personnel safety, and is to demonstrate adequate risk 
mitigation through fault tolerance and/or reliability in 
accordance with the specified criteria in 4.2.2 to 4.2.4 
relevant to the engine application. 


4.2.2 For ships with a single main propulsion engine, a 
Failure Mode and Effects Analysis (FMEA), or alternative 
recognised analysis of system reliability, is to be carried out 
and is to demonstrate that an electronic control system 
failure: 

(a) will not result in the loss of the ability to provide the 
services essential for the operation of the engine, see 
Pt 6, Ch 1,2.5.7 and 2.13.2; 

(b) will not affect the normal operation of the services essential 
for the operation of the engine other than those services 
dependent upon the failed part, see Pt 6, Ch 1,2.14.4 
and 2.14.5; and 

(c) will not leave either the engine, or any equipment or 
machinery associated with the engine, or the ship in an 
unsafe condition, see Pt 6, Ch 1,2.3.13, 2.4.5, 2.5.3, 
2.10.3, 2.10.4 and 2.14.5. 


4.2.3 A risk-based analysis is to be carried out for: 

(a) main engines on ships with multiple main engines or 
other means of providing propulsion power; and/or 

(b) auxiliary engines intended to drive electric generators 
forming the ship’s main source of electrical power or 
otherwise providing power for essential services. 


10 
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The analysis is to demonstrate that adequate hazard mitiga- 
tion has been incorporated in electronically controlled engine 
systems or the overall ship installation with respect to personnel 
safety and providing propulsion power and/or power for 
essential services for the safety of the ship. Arrangements 
satisfying the criteria of 4.2.2(a) to (c) will also be acceptable. 


4.2.4 For engines for emergency power purposes, a risk- 
based analysis is to be carried out to demonstrate that the 
design incorporates adequate hazard mitigation such that the 
likelinood of an electronic control system failure resulting in 
the loss of the ability to provide emergency power when 
required has been reduced to a level considered acceptable 
by LR and that means are provided to detect failures and 
permit personnel to restore engine availability to operate on 
demand. Failures which would result in engine failure and/or 
damage or loss of availability are to be identified and the 
report is to include documentation of: 
(a) component reliability evidence; 
(b) failure detection and alarms; and 
(c) failure response required to restore engine availability 
and maintain personnel safety. 


4.2.5 The risk-based analysis report is to: 

a) Identify the standards used for analysis and system 

design. 

b) Identify the engine, its purpose and the associated 

objectives of the analysis. 

c) Identify any assumptions made in the analysis. 

d) Identify the equipment, system or sub-system, mode of 

operation and the equipment. 

e) Identify potential failure modes and their causes. 

f) | Evaluate the local effects (e.g., fuel injection failure) and 
the effects on the system as a whole (e.g., loss of 
propulsion power) of each failure mode. 

g) Identify measures for reducing the risks associated with 
each failure mode (e.g., system design, failure detection 
and alarms, redundancy, quality control procedures for 
sourcing, manufacture and testing, etc.). 

(h) Identify trials and testing necessary to prove conclu- 
sions. 


4.2.6 At sub-system level it is acceptable to consider 
failure of equipment items and their functions, e.g. failure of a 
pump to produce flow or pressure head. It is not required that 
the failure of components within that pump be analysed, and 
failure need only be dealt with as a cause of failure of the 
pump. 


4.3 Control engineering systems 


4.3.1 Control, alarm, monitoring, safety and programmable 
electronic systems are to comply with Pt 6, Ch 1 as applicable. 


4.3.2 The engine control, alarm monitoring and safety 
systems are to be configured to comply with the relevant 
requirements (e.g., operating profile, alarms, shutdowns, etc.) 
of this Chapter and Pt 6, Ch 1 for an engine for main, auxiliary 
or emergency power purposes. Details of the engine config- 
uration are to be submitted for consideration identifying: 

(a) Local and remote means to carry out system configura- 

tion. 
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(o) | Enginebuilder procedures for undertaking configuring. 

(c) Roles and responsibilities for configuration (e.g., 
Enginebuilder, engine packager, system integrator or 
other nominated party) with accompanying schedule. 

(d) Configurable settings and parameters (including those 
not to be modified from a default value). 

(e) Configuration for propulsion, auxiliary or emergency 
engine application. 

Configuration records are to be maintained and are to be 

made available to the Surveyor at testing and trials and on 

request in accordance with Pt 6, Ch 1,1.4 and 7.1.3. 


4.4 Software 


4.4.1 Software lifecycle activities are to be carried out in 
accordance with an acceptable quality management system, 
see Pt 6, Ch 1,2.13.2 and 2.13.7. 


4.4.2 Appropriate safety related processes, methods, 
techniques and tools are to be applied to software develop- 
ment and maintenance by the Enginebuilder. Selection and 
application of techniques and measures in accordance with 
Annex A of IEC 61508-3, Functional safety of electrical/ 
electronic/programmable electronic systems: Software 
requirements, or other relevant standards or codes accept- 
able to LR, will generally be acceptable. 


4.4.3 To demonstrate compliance with 4.4.1 and 4.4.2: 

(a) software quality plans and safety evidence are to be 
submitted for consideration, see 4.2.2(b) and (c); and 

(o) an assessment inspection of the Enginebuilder’s 
completed development is to be carried out by LR. The 
inspection is to be tailored to verify application of the 
standards and codes used in software safety assurance 
accepted by LR. 


m Section 5 
Construction and welded 
structures 


5.1 Crankcases 


5.1.1 Crankcases and their doors are to be of robust 
construction to withstand anticipated crankcase pressures 
that may arise during a crankcase explosion, taking into 
account the installation of explosion relief valves required by 
Section 6 and the doors are to be securely fastened so that 
they will not be readily displaced by a crankcase explosion. 


5.2 Welded joints 

5.2.1 Bedplates and major components of engine 
structures are to be made with a minimum number of welded 
joints. 


5.2.2 Double welded butt joints are to be adopted 
wherever possible in view of their superior fatigue strength. 
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5.2.3 Girder and frame assemblies should, so far as 
possible, be made from one plate or slab, shaped as 
necessary, rather than by welding together a number of small 
pieces. 


5.2.4 Steel castings are to be used for parts which would 
otherwise require complicated weldments. 


5.2.5 Care is to be taken to avoid stress concentrations 
such as sharp corners and abrupt changes in section. 


5.2.6 Joints in parts of the engine structure which are 
stressed by the main gas or inertia loads are to be designed 
as continuous full strength welds and for complete fusion of 
the joint. They are to be so arranged that, in general, welds 
do not intersect, and that welding can be effected without 
difficulty and adequate inspection can be carried out. Abrupt 
changes in plate section are to be avoided and where plates 
of substantially unequal thickness are to be butt welded, the 
thickness of the heavier plate is to be gradually tapered to that 
of the thinner plate. Tee joints are to be made with full bevel or 
equivalent weld preparation to ensure full penetration. 


D237 In single plate transverse girders the castings for 
main bearing housings are to be formed with web extensions 
which can be butt welded to the flange and vertical web 
plates of the girder. Stiffeners in the transverse girder are to 
be attached to the flanges by full penetration welds. 


5.3 Materials and construction 


5.3.1 Plates, sections, forgings and castings are to be of 
welding quality in accordance with the requirements of 
the Rules for Materials, and with a carbon content generally 
not exceeding 0,23 per cent. Steels with higher carbon 
contents may be approved subject to satisfactory results from 
welding procedure tests. 


5.3.2 Welding is to be carried out in accordance with the 
requirements of Chapter 13 of the Rules for Materials, using 
welding procedures and welders that have been qualified in 
accordance with Chapter 12 of the Rules for Materials. 


5.3.3 Before welding is commenced the component 
parts of bedplates and framework are to be accurately fitted 
and aligned. 


5.3.4 The welding is to be carried out in positions free 
from draughts and is to be downhand (flat) wherever 
practicable. Welding consumables are to be suitable for the 
materials being joined. Preheating is to be adopted when 
heavy plates or sections are welded. The finished welds are to 
have an even surface and are to be free from undercutting. 


5.3.5 Welds attaching bearing housings to the transverse 
girders are to have a smooth contour and, if necessary, are 
to be made smooth by grinding. 
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5.4 Post-weld heat treatment 


5.4.1 Bedplates are to be given a stress relieving heat 
treatment except engine types where the bedplate as a whole 
is not subjected to direct loading from the cylinder pressure. 
For these types, only the transverse girder assemblies need 
be stress relieved. 


5.4.2 Stress relieving is to be carried out by heating the 
welded structure uniformly and slowly to a temperature between 
580°C and 620°C, holding that temperature for not less than 
one hour per 25 mm of maximum plate thickness and there- 
after allowing the structure to cool slowly in the furnace. 


5.4.3 Omission of post-weld heat treatment of bedplates 
and their sub-assemblies will be considered on application by 
the Enginebuilder with supporting evidence in accordance 
with Ch 13,2.10.4 of the Rules for Materials. 


5.5 Inspection 


5.5.1 Welded engine structures are to be examined 
during fabrication, special attention being given to the fit of 
component parts of major joints prior to welding. 


5.5.2 Inspection of welds is to be in accordance with the 
requirements of Ch 13,1.11 of the Rules for Materials. 


5.5.3 Welds in transverse girder assemblies are to be 
crack detected by an approved method to the satisfaction of 
the Surveyors. Other joints are to be similarly tested if required 
by the Surveyors. 


a Section 6 
Turning gear 


6.1 General requirements 


6.1.1 Turning gear is to be provided for all engines to 
facilitate operating and maintenance regimes as required by 
the manufacturer. 


6.1.2 The turning gear for all main propulsion engines is to 
be power-driven and, if electric, is to be continuously rated at a 
value to ensure protection to the weakest part of the machinery. 


6.1.3 The turning gear for auxiliary engines may be hand 
operated (manual) except where this is not practicable, in 
which case the provision of 6.1.2 is to be complied with. 


6.1.4 The turning gear for all engines is to be fitted with 
safety interlocks which prevent engine operation when 
engaged, see Ch 1,3.10. Indication of engaged/not engaged 
is to be provided at all start positions. 


6.1.5 The remote control device of power-driven turning 
gear is to be so designed that power is removed from the 
turning gear when the operating switch is released. 
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6.1.6 Means are to be provided to secure the turning gear 
when disengaged. 


6.1.7 Overload protection arrangements are to be provided 
to prevent damage to the electric motor and the turning gear 
train. 


E Section 7 
Control and monitoring of main, 
auxiliary and emergency diesel 
engines 


7.1 General 


7.1.1 Control engineering systems are to be in accor- 
dance with the requirements of Pt 6, Ch 1. 


7.1.2 Oil mist detection, or engine bearing temperature 
monitors or alternative methods for crankcase protection are 
to be provided: 

(a) When arrangements are fitted to override the automatic 
shut-down for excessive reduction of the lubricating oil 
supply pressure. 

(o) For engines of 2250 kW and above or having cylinders of 
more than 300 mm bore. 

NOTES 

1. For medium and high speed engines, automatic shut- 
down of the engine is to occur. 

2. For slow speed engines, automatic slow-down is to 
occur. 

3. Where arrangements are made to override the automatic 
slow-down or shut-down due to high oil mist or bearing 
temperature, the override is to be independent of other 
overrides. 

4. Where the bearing temperature monitoring method is 
chosen, all bearings in the crankcase are to be 
monitored where practicable, e.g., main, crankpin, 
crosshead. 

5. Where engine bearing temperature monitors or 
alternative methods are provided for the prevention of 
the build-up of oil mist that may lead to a potentially 
explosive condition within the crankcase, details are to 
be submitted for consideration. The submission is to 
demonstrate that the arrangements are equivalent to 
those provided by oil mist detection, see 10.8.14. 


7.1.3 All main and auxiliary engines intended for essential 
services are to be provided with means of indicating the 
lubricating oil pressure supply to them. Where such engines 
are of more than 37 kW (50 shp), audible and visual alarms are 
to be fitted to give warning of an appreciable reduction in 
pressure of the lubricating oil supply. Further, these alarms are 
to be actuated from the outlet side of any restrictions, such as 
filters, coolers, etc. 
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7.2 Main engine governers 


7.2.1 An efficient governor is to be fitted to each main 
engine so adjusted that the speed does not exceed that for 
which the engine is to be classed by more than 15 per cent. 


7.2.2 Oil engines coupled to electrical generators which 
are the source of power for main electric propulsion motors 
are to comply with the requirements for auxiliary engines in 
respect of governors and overspeed protection devices. 


7.3 Auxiliary engine governors 


7.3.1 Auxiliary engines intended for driving electric 
generators are to be fitted with governors which, with fixed 
setting, are to control the speed within 10 per cent 
momentary variation and 5 per cent permanent variation 
when the full load is suddenly taken off or, when after having 
run on no-load for at least 15 minutes, the load is suddenly 
applied as follows: 

(a) For engines with BMEP less than 8 bar, full load, or 
800 
BMEP P% 


cent, but not less than one third, of full load, the full load 
being attained in not more than two additional equal 
stages as rapidly as possible. 


(o) For engines with BMEP greater than 8 bar, 


7.3.2 If an engine cannot achieve the requirements of 
7.3.1 then the actual load step is to be declared and verified 
through testing to ensure the requirements specified in Pt 6, 
Ch 2,1.7 are satisfied. 


7.3.3 Emergency engines are to comply with 7.3.1 

except that the initial load required by 7.3.1(b) is to be not less 

than the total connected emergency statutory load, or if their 

total consumer load is applied in steps, the following 

requirements are to be met: 

(a) the total load is supplied within 45 seconds from power 
failure on the main switchboard; 

(b) the maximum step load is declared and demonstrated; 
and 

(c) the power distribution system is designed such that the 
declared maximum step loading is not exceeded. 


7.3.4 Compliance of time delays and loading sequence 
with the requirements of 7.3.2 is to be demonstrated at the 
ship’s trials. 


7.3.5 For alternating current installations, the permanent 
speed variation of the machines intended for parallel 
operation are to be equal within a tolerance of +0,5 per cent. 
Momentary speed variations with load changes in accordance 
with 7.3.1 are to return to and remain within one per cent of 
the final steady state speed. This should normally be accom- 
plished within five but in no case more than eight seconds. 
For quality of power supplies, see Pt 6, Ch 2,1.7. 
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7.4 Overspeed protective devices 


7.4.1 Each main engine developing 220 kW (300 shp) or 
over which can be declutched or which drives a controllable 
pitch propeller, and also each auxiliary engine developing 
220 kW (300 shp) and over for driving an electric generator, is 
to be fitted with an approved overspeed protective device. 


7.4.2 The overspeed protective device, including its 
driving mechanism, is to be independent of the governor 
required by 7.2 or 7.3 and is to be so adjusted that the speed 
does not exceed that for which the engine and its driven 
machinery are to be classed by more than 20 per cent for 
main engines and 15 per cent for auxiliary engines. 


7.5 Unattended machinery 


7.5.1 Where main and auxiliary diesel engines are fitted 
with automatic or remote controls so that under normal 
operating conditions they do not require any manual 
intervention by the operators, they are to be provided with the 
alarms and safety arrangements required by 7.5 to 7.7, as 
appropriate. Alternative arrangements which provide equiva- 
lent safeguards will be considered. 


7.5.2 Where machinery is arranged to start automatically 
or from a remote control station, interlocks are to be provided 
to prevent start-up under conditions which could hazard the 
machinery. 


7.5.3 Where machinery specified in this Section is 
required to be provided with a standby pump, the standby 
pump is to start automatically if the discharge pressure from 
the working pumps falls below a predetermined value. 


7.5.4 Where a first stage alarm together with a second 
stage alarm and automatic shut-down of machinery are 
required in the relevant Tables of this Section, the sensors and 
circuits utilised for the second stage alarm and automatic 
shut-down are to be independent of those required for the 
first stage alarm. 


7.5.5 Means are to be provided to prevent leaks from 
high pressure oil fuel injection piping for main and auxiliary 
engines dripping or spraying onto hot surfaces or into 
machinery air inlets. Such leakage is to be collected and, 
where practicable, led to a collector tank(s) fitted in a safe 
position. An alarm is to be provided to indicate that leakage is 
taking place. These requirements may also be applicable to 
high pressure hydraulic oil piping, depending upon the 
location. 


7.6 Oil engines for propulsion purposes 


7.6.1 Alarms and safeguards are indicated in 7.6.2 to 
7.6.8 and Tables 2.7.1(a) and (b). 


7.6.2 Alarms are to operate for the fault conditions shown 
in Table 2.7.1(a). Where applicable, indication is to be given 
at the relevant control stations that the speed or power of the 
main propulsion engine(s) is to be manually reduced or has 
been reduced automatically. 
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7.6.3 Alarms are to operate, and automatic shut-down of 
machinery is to occur for the fault conditions shown in 
Table 2.7.1 (b). 


7.6.4 The following engine services are to be fitted with 
automatic temperature controls so as to maintain steady state 
conditions throughout the normal operating range of the 
propulsion engine(s). 

(a) Lubricating oil supply. 

b) Oil fuel supply, see also 7.6.5. 

c) Piston coolant supply, where applicable. 

d) Cylinder coolant supply, where applicable. 

e) Fuel valve coolant supply, where applicable. 


7.6.5 The oil fuel supply may be fitted with an automatic 
control for viscosity instead of the temperature control 
required by 7.6.4. 


7.6.6 Indication of the starting air pressure is to be 
provided at each control station from which it is possible to 
start the main propulsion engine(s). 


7.6.7 The number of automatic consecutive attempts 
which fail to produce a start is to be limited to three. For 
reversible engines which are started and stopped for manoeu- 
vring purposes, means are to be provided to maintain 
sufficient starting air in the air receivers. For electric starting, 
see 16.4. 


7.6.8 Prolonged running in a restricted speed range is to 
be prevented automatically or, alternatively, an indication of 
restricted speed ranges is to be provided at each control 
station. 


7.7 Auxiliary engines 
7.7.1 Alarms and safeguards are indicated in Table 2.7.2. 


7.7.2 For engines operating on heavy oil fuel, automatic 
temperature or viscosity controls are to be provided. 


7.8 Emergency diesel engines 


7.8.1 Alarms and safeguards are to be fitted in accor- 
dance with Table 2.7.3. 


7.8.2 The safety and alarm systems are to be designed 
to ‘fail safe’. The characteristics of the ‘fail safe’ operation are 
to be evaluated on the basis not only of the system and its 
associated machinery, but also the complete installation, as 
well as the ship. 


7.8.3 Regardless of the engine output power, if shut- 
downs additional to those specified in Table 2.7.3 are 
provided except for the overspeed shut-down, they are to be 
automatically overridden when the engine is in automatic or 
remote control mode during navigation. 


7.8.4 Grouped alarms of at least those items listed in 
Table 2.7.3 are to be arranged on the bridge. 
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Table 2.7.1(a) Oil engines for propulsion purposes: Alarms and slow-downs (see continuation) 


Item 


Alarm 


Note 


Lubricating oil sump level 

Lubricating oil inlet pressure* 
Lubricating oil inlet temperature* 
Lubricating oil filters differential pressure 


Oil mist concentration in crankcase or bearing temperature 


Cylinder lubricator flow 


Thrust bearing temperature* 
Common rail servo oil pressure 


Low 

tst stage low 
High 
High 
High 


LOW 


Engines 
Engines. Slow-down 
Engines 


Automatic slow-down of slow speed engines, see 
7.1.2. One sensor per lubricator unit. Slow-down 
(automatic on medium and high speed engines) 


Slow-down 


Piston coolant inlet pressure 
Piston coolant outlet temperature* 
Piston coolant outlet flow* 


LOW 


If a separate system. Slow-down 
Per cylinder (if a separate system). Slow-down 
Per cylinder (if a separate system) 


Cylinder coolant inlet pressure or flow* 


Cylinder coolant outlet temperature* 


Engine cooling water system — oil content 


Sea-water cooling pressure 


Fuel valve coolant pressure 

Fuel valve coolant temperature 

Oil fuel pressure from booster pump 
Oil fuel temperature or viscosity* 

Oil fuel high pressure piping* 
Common rail fuel oil pressure 


LOW 


tst stage high 


High 


Low 

Low 

High 

Low 

High and Low 
Leakage 


LOW 


Slow-down (automatic on medium and high speed 
engines) 


Per cylinder (if a separate system). Slow-down 
(automatic on medium and high speed engines) 


Where engine cooling water used in oil/water heat 
exchangers 


If a separate system 
If a separate system 
Heavy oil only 

See 7.5.5 


Charge air cooler outlet temperature 
Scavenge air temperature (fire) 
Scavenge air receiver water level 


High and Low 
High 
High 


7.8.5 In addition to the fuel oil control from outside the 
space, a local means of engine shut-down is to be provided. 


7.8.6 Local indications of at least those items listed in 
Table 2.7.3 are to be provided within the same space as the 
diesel engines and are to remain operational in the event of 


failure of the alarm and safety systems. 


4-stoke medium and high speed engines 
Per cylinder (2-stoke engines). Slow-down 
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Table 2.7.1(a) Oil engines for propulsion purposes: Alarms and slow-downs (conclusion) 


Item Note 


Exhaust gas temperature* Per cylinder. Slow-down (automatic on medium and 
high speed engines), see Note 5 


Exhaust gas temperature deviation from average* Per cylinder, see Note 5 

Turbo-charger exhaust gas inlet temperature Each turbo-charger See Note 6 
Turbo-charger exhaust gas outlet temperature* Each turbo-charger 

Turbo-charger lubricating oil inlet pressure f system not integral with turbo-charger 


Turbo-charger lubricating oil outlet temperature Each bearing, if system not integral with 
urbo-charger. See Note 7 


Starting air pressure* Low Before engine manoeuvring valve 
Control air pressure Low = 
Direction of rotation Wrong way Reversible engines, see also 7.6.7 


Automatic start of engine Failure See 7.6.7 


Electrical starting battery charge level Low A 


Feed water or water/thermal fluid forced circulation Low See Ch 14,6.2.7 and Note 8 
flow (if fitted) 


Uptake temperature High To monitor for soot fires. See Notes 8 and 9 


NOTES 

1. Where ‘per cylinder’ appears in this Table, suitable sensors may be situated on manifold outlets for medium and high speed engines. 

2. For engines and gearing of 1500 kW or less, only the items marked* are required. 

3. | Common sensors are acceptable for alarms and slow-down functions. 

4 Except where stated otherwise in the Table, slow-down may be effected by either manual or automatic means, by reduction of speed or 
power as appropriate. 

For medium and high speed engine power <500 kW/cylinder, a common sensor for exhaust gas manifold temperature may be fitted. 

ay be combined with exhaust gas outlet temperature high alarm where the turbo-charger is mounted directly on the exhaust manifold. 
Where the outlet temperature for each bearing cannot be measured due to the design, details of alternative proposals in accordance with 
he turbo-charger manufacturer’s instructions may be submitted for consideration. 

Alarm only required when an exhaust gas economiser/boiler/thermal oil heater is fitted. 

Alternatively, details of an appropriate fire detection system are to be submitted for consideration. 


Table 2.7.1(b) Oil engines for propulsion purposes: Alarms and slow-downs 


Item Alarm Note 


Lubricating oil inlet pressure 2nd stage low Automatic shut-down of engines, see 7.5.4 


Oil mist concentration in crankcase or bearing temperature High Automatic shut-down of medium and high speed 
engines, see 7.1.2 


Cylinder coolant outlet temperature 2nd stage high Automatic shut-down of medium and high speed 
engines, see 7.5.4 


Overspeed High Automatic shut-down of engine, see also 7.4. 
Details of alternative proposals in accordance with 
the manufacturerer’s instructions may be 
submitted for consideration 
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Table 2.7.2 Auxiliary engines: Alarms and safeguards 


Item Alarm 


Lubricating oil inlet temperature High 
Lubricating oil inlet pressure 1st stage low 
2nd stage low Automatic shut-down of engine, see 7.5.4 


Oil mist concentration in crankcase or bearing temperature High Automatic shut-down of engine, see 7.1.2 
Oil fuel high pressure piping Leakage See 7.5.5 
Coolant outlet temperature (for engines >220 kW) ist stage high = 


2nd stage high Automatic shut-down of engine, see 7.5.4 
Coolant pressure or flow Low — 
Oil fuel temperature or viscosity High and Low Heavy oil only 


Overspeed High Automatic shut-down of engine, see also 7.4. 
Details of alternative proposals in accordance with 
the manufacturer’s instructions may be submitted 
for consideration 


Common rail servo oil pressure TE 
Common rail fuel oil pressure = 
Starting air pressure = 
Electrical starting battery charge level = 


Exhaust gas temperature Per cylinder. 
(for engines >500 kW/cylinder) 


Feed water or water/thermal fluid forced circulation See Ch 14,6.2.7 and Note 3 
flow (if fitted) 


Uptake temperature To monitor for soot fires. See Notes 3 and 4 


NOTES 

1. | For emergency diesel engines, including engines used for the emergency source of electrical power required by SOLAS, see Ch 2,16. 
2. The arrangements are to comply with the requirements of the National Authority concerned. 

3. — Alarm only required when an exhaust gas economiser/boiler/thermal oil heater is fitted. 

4 Alternatively, details of an appropriate fire detection system are to be submitted for consideration. 


Table 2.7.3 Emergency diesel engines: Alarms and safeguards 


Alarm Alarm 
for engine power for engine power 
<220 kW < 220kW 


Fuel oil leakage from pressure pipes Leakage Leakage 

Lubricating oil temperature High 

Lubricating oil pressure Low 

Oil mist concentration in crankcase High See Note 
Coolant pressure or flow Low — 


Coolant temperature (can be air) High — 


Overspeed High Automatic shut-down 


NOTE 
For engines having a power of more than 2250 kW or a cylinder bore of more than 300 mm. 
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Piping 

8.1 Oil fuel, hydraulic and high pressure oil 
systems 

8.1.1 Oil fuel and hydraulic oil piping systems arrange- 


ments are to comply with Chapters 12 and 14 as applicable. 


8.1.2 Oil fuel pipe systems in general, tanks and their 
fittings are to comply with the requirements of Chapter 14 and 
Part 3. 


8.1.3 Where pumps are essential for engine operation, 
not less than two oil fuel and two hydraulic oil pressure pumps 
are to be provided for their respective service and arranged 
such that failure of one pump does not render the other 
inoperative. Each oil fuel pump and hydraulic oil pump is to 
be capable of supplying the quantity of oil for engine operation 
at its maximum continuous rating and arranged ready for 
immediate use. 


8.1.4 All external high pressure fuel delivery lines between 
the high pressure fuel pumps and fuel injectors are to be 
protected with a jacketed piping system capable of containing 
fuel from a high pressure line failure. If flexible hoses are used 
for shielding purposes, these arrangements are to be 
approved. 


8.1.5 The hydraulic oil pressure piping between the high 
pressure hydraulic pumps and hydraulic actuators is to be 
protected with a jacketed piping system capable of containing 
hydraulic oil leakage from a high pressure pipe failure. 


8.1.6 Where flammable oils are used in high pressure 
systems, the oil pipe lines between the high pressure oil pump 
and actuating oil pistons are to be protected with a jacketed 
piping system capable of preventing oil spray from a high- 
pressure line failure. 


8.1.7 Accumulators and associated high pressure piping 
are to be designed, manufactured and tested in accordance 
with a standard applicable to the maximum pressure and 
temperature rating of the system. 


8.1.8 Diesel engine fuel system components are to be 
designed to accommodate the maximum peak pressures 
experienced in service. In particular this applies to the fuel 
injection pump supply and spill line piping which may be 
subject to high-pressure pulses from the pump. Connections 
on such piping systems should be chosen to minimise the risk 
of pressurised oil fuel leaks. 


8.1.9 The protection is to prevent oil fuel or oil fuel mist 
from reaching a source of ignition on the engine or its 
surroundings. Suitable drainage arrangements are to be 
made for draining any oil fuel leakage to collector tank(s) fitted 
in a safe position. An alarm is to be provided to indicate that 
leakage is taking place. 
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8.1.10 | Where multi-engined installations are supplied from 
the same fuel source, means of isolating the fuel supply and 
spill piping to individual engines are to be provided. These 
means of isolation are not to affect the operation of the other 
engines and are to be operable from a position not rendered 
inaccesible by a fire on any of the engines. 


8.1.11 All valves, cocks and screwed connections are to 
be of a type-tested type applicable to the maximum service 
conditions anticipated in normal service. 


8.1.12 Isolating valves and cocks are to be located as near 
as practicable to the equipment to be isolated. All valves 
forming part of the oil fuel and hydraulic oil installation are to 
be capable of being controlled from readily accessible 
positions above the working platform. 


8.1.13 High pressure oil fuel and high pressure hydraulic 
oil piping systems are to be provided with high pressure 
alarms with set points that do not exceed the system design 
pressures. 


8.1.14 High pressure oil fuel and high pressure hydraulic 
piping systems are to be provided with suitable relief valves 
on any part of the system that can be isolated and in which 
pressure can be generated. The settings of the relief valves 
are not to exceed the design pressures. The valves are to be 
of adequate size and so arranged as to avoid an undue rise in 
pressure above the design pressures. 


8.1.15 Equipment fitted for monitoring pressures and 
temperatures in the high pressure oil fuel and high pressure 
hydraulic oil systems is to comply with a Recognised 
Standard suitable to the anticipated vibration and tempera- 
ture conditions. 


8.1.16 A fatigue analysis is to be carried out in accordance 
with a standard applicable to the system under consideration 
and all anticipated pressure, pulsation and vibration loads are 
to be addressed. The analysis is to demonstrate that the 
design and arrangements are such that the likelihood of 
failure is as low as reasonably practicable. The analysis is to 
identify all assumptions made and standards to be applied 
during manufacture and testing of the system. Any potential 
weak points which may develop due to incorrect construc- 
tion or assembly are also to be identified. 


8.1.17 For high pressure oil containing and mechanical 

power transmission systems, the quality plan for sourcing, 

design, installation and testing of components is to address 

the following issues: 

(a) Design and manufacturing standard(s) applied. 

(b) Materials used for construction of key components and 
their sources. 

(c) Details of the quality control system applied during 
manufacture and testing. 

(d) Details of type approval, type testing or approved type 
status assigned to the machinery or equipment. 

(e) Details of installation and testing recommendations for 
the machinery or equipment. 
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8.2 Exhaust systems 


8.2.1 Where the surface temperature of the exhaust 
pipes and silencer may exceed 220°C, they are to be water 
cooled or efficiently lagged to minimise the risk of fire and to 
prevent damage by heat. Where lagging covering the exhaust 
piping system including flanges is oil-absorbing or may permit 
penetration of oil, the lagging is to be encased in sheet metal 
or equivalent. In locations where the Surveyor is satisfied that 
oil impingement could not occur, the lagging need not be 
encased. 


8.2.2 Where the exhaust is led overboard near the 
waterline, means are to be provided to prevent water from 
being siphoned back to the engine. Where the exhaust is 
cooled by water spray, the exhaust pipes are to be self- 
draining overboard. 


8.2.3 Where the exhausts of two or more engines are led to 
a common silencer or exhaust gas-heated boiler or economiser, 
an isolating device is to be provided in each exhaust pipe. 


8.2.4 For alternatively fired furnaces of boilers using 
exhaust gases and oil fuel, the exhaust gas inlet pipe is to be 
provided with an isolating device and interlocking arrange- 
ments whereby oil fuel can only be supplied to the burners 
when the isolating device is closed to the boiler. 


6.2.5 In two-stroke main engines fitted with exhaust gas 
turbo-blowers which operate on the impulse system, provision 
is to be made to prevent broken piston rings entering the 
turbine casing and causing damage to blades and nozzle rings. 


8.3 Starting air pipe systems and safety fittings 


8.3.1 In designing the compressed air installation, care is 
to be taken that the compressor air inlets will be located in an 
atmosphere reasonably free from oil vapour or, alternatively, 
an air duct from outside the machinery space is to be led to 
the compressors. 


8.3.2 The air discharge pipe from the compressors is to 
be led direct to the starting air receivers. Provision is to be 
made for intercepting and draining oil and water in the air 
discharge for which purpose a separator or filter is to be fitted 
in the discharge pipe between compressors and receivers. 


8.3.3 The starting air pipe system from receivers to main 
and auxiliary engines is to be entirely separate from the 
compressor discharge pipe system. Stop valves on the 
receivers are to permit slow opening to avoid sudden pressure 
rises in the piping system. Valve chests and fittings in the 
piping system are to be of ductile material. 


8.3.4 Drain valves for removing accumulations of oil and 
water are to be fitted on compressors, separators, filters and 
receivers. In the case of any low-level pipelines, drain valves 
are to be fitted to suitably located drain pots or separators. 


8.3.5 The starting air piping system is to be protected 
against the effects of explosions by providing an isolating 
non-return valve or equivalent at the starting air supply to 
each engine. 


Part 5, Chapter 2 


Sections 8 & 9 


8.3.6 In direct reversing engines bursting discs or flame 
arresters are to be fitted at the starting valves on each 
cylinder; in non-reversing and auxiliary engines at least one 
such device is to be fitted at the supply inlet to the starting air 
manifold on each engine. The fitting of bursting discs or flame 
arresters may be waived in engines where the cylinder bore 
does not exceed 230 mm. 


8.3.7 Alternative safety arrangements may be submitted 
for consideration. 


a Section 9 
Starting arrangements 


9.1 Dead ship condition starting arrangements 


9.1.1 Means are to be provided to ensure that machinery 
can be brought into operation from the dead ship condition 
without external aid. 


9.1.2 Dead ship condition for the purpose of 9.1.1 is to 
be understood to mean a condition under which the main 
propulsion plant, boilers and auxiliaries are not in operation. In 
restoring propulsion, no stored energy for starting and 
operating the propulsion plant is assumed to be available. 
Additionally, neither the main source of electrical power nor 
other essential auxiliaries are assumed to be available for 
starting and operating the propulsion plant. 


9.1.3 Where the emergency source of power is an 
emergency generator which fully complies with the require- 
ments of Pt 6, Ch 2, this generator may be used for restoring 
operation of the main propulsion plant, boilers and auxiliaries 
where any power supplies necessary for engine operation are 
also protected to a similar level as the starting arrangements. 


9.1.4 Where there is no emergency generator installed or 
an emergency generator does not comply with Pt 6, Ch 2, the 
arrangements for bringing main and auxiliary machinery into 
operation are to be such that the initial charge of starting air or 
initial electrical power and any power supplies for engine 
operation can be developed on board ship without external 
aid. If for this purpose an emergency air compressor or an 
electric generator is required, these units are to be powered 
by a hand-starting oil engine or a hand-operated compressor. 
The arrangements for bringing main and auxiliary machinery 
into operation are to have capacity such that the starting 
energy and any power supplies for engine operation are 
available within 30 minutes of a dead ship condition. 


9.1.5 For cargo ships of less than 500 gross tons and 
which are not required to comply with the International 
Convention for the Safety of Life at Sea, 1974, as amended 
(SOLAS 74), alternative arrangements to those specified in 
9.1.3 or 9.1.4 may be proposed for consideration. Details of 
the alternative arrangements are to be included in the plans 
and details required by 1.1.5 and are to demonstrate that the 
arrangements provide for starting from the dead ship condition 
and are in accordance with any applicable statutory require- 
ments of the National Authority of the country in which the 
ship is to be registered. 
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9.2 Air receiver capacity 


9.2.1 Where the main engine is arranged for air starting 
the total air receiver capacity is to be sufficient to provide 
without replenishment, not less than 12 consecutive starts 
of the main engine, alternating between ahead and astern if 
of the reversible type and not less than 6 consecutive starts 
if of the non-reversible type. At least two air receivers of 
approximately equal capacity are to be provided. For 
scantlings and fittings of air receivers, see Chapter 11. 


9.2.2 For multi-engine installations, the number of starts 

required for each engine are to be as follows: 

(a) Two engines through common reduction gearing: 
6 starts per engine for fixed pitch propeller/propellers; 
3 starts per engine for controllable pitch propeller/ 
propellers. 

(b) Three engines or more through common reduction gearing: 
3 starts per engine. 


9.2.3 No engine is to have fewer than 3 starts for any 
arrangement. For electric propulsion arrangements, a 
minimum of 3 starts per engine with a minimum capacity of 
12 starts of the largest start air consumption engine in total 
are required. 


9.3 Electric starting 


9.3.1 Where main engines are fitted with electric starters, 
two batteries are to be fitted. Each battery is to be capable of 
starting the engines when cold and the combined capacity is 
to be sufficient without recharging to provide the number of 
starts of the main engines as required by 9.2. In other respects 
batteries are to comply with the requirements of Pt 6, Ch 2,11. 


9.3.2 Electric starting arrangements for auxiliary engines 
are to have two separate batteries or be supplied by separate 
circuits from the main engine batteries when such are provided. 
Where one of the auxiliary engines only is fitted with an electric 
starter one battery will be acceptable. 


9.3.3 The combined capacity of the batteries for starting 
the auxiliary engines is to be sufficient for at least three starts for 
each engine. 


9.3.4 Engine starting batteries are to be used only for the 
purposes of starting the engines and for the engines’ own 
control, alarm, monitoring and safety arrangements. Means 
are to be provided to ensure that the stored energy in the 
batteries is maintained at a level required to start the engines, 
as defined in 9.3.1 and 9.3.3. 


9.3.5 Where engines are fitted with electric starting 
batteries, an alarm is to be provided for low battery charge 
level. 


9.3.6 For cargo ships of less than 500 gross tons which 
are not required to comply with the /nternational Convention 
for the Safety of Life at Sea, 1974, as amended (SOLAS 74), 
the emergency source of electrical power may be used as one 
of the sources of energy required by 9.3.1 or 9.3.2 for 
electric starting. Where the emergency source of electrical 
power is an accumulator battery and it is to be used for 
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electric starting, it is to have the additional capacity required to 
ensure emergency supplies are not compromised and is to be 
adequately protected and suitably located for use in an 
emergency. 


9.4 Starting of the emergency source of power 


9.4.1 Emergency generators are to be capable of being 
readily started in their cold conditions down to a temperature 
of O°C. If this is impracticable, or if lower temperatures are 
likely to be encountered, consideration is to be given to the 
provision and maintenance of heating arrangements, so that 
ready starting will be assured. 


9.4.2 Each emergency generator that is arranged to be 
automatically started is to be equipped with an approved 
starting system having two independent sources of stored 
energy, each of which is sufficient for at least three consecutive 
starts. When hand (manual) starting is demonstrated to be 
effective, only one source of stored energy need be provided. 
However, this source of stored energy is to be protected 
against depletion below the level required for starting. 


9.4.3 Provision is to be made to maintain continuously the 

stored energy at all times, and for this purpose: 

(a) Electrical and hydraulic starting systems are to be 
maintained from the emergency switchboard. 

(b) Compressed air starting systems may be maintained by 
the main or auxiliary compressed air receivers, through a 
suitable non-return valve, or by an emergency air 
compressor energised by the emergency switchboard. 

(c) All these starting, charging and energy storing devices are 
to be located in the emergency generator room. These 
devices are not to be used for any purpose other than the 
operation of the emergency generator. 


9.4.4 When automatic starting is not required by the 
Rules and where it can be demonstrated as being effective, 
hand (manual) starting is permissible, such as manual cranking, 
inertial starters, manual hydraulic accumulators, powder 
charge cartridges. 


9.4.5 When hand (manual) starting is not practicable, the 
provisions under 9.4.2 and 9.4.3 are to be complied with 
except that starting may be manually initiated. 


9.4.6 Electric starting arrangements are also to satisfy 
9.3.2 to 9.3.5. 


9.5 Engine control, alarm monitoring and safety 
system power supplies 


9.5.1 Power supplies are to be arranged so that power 
for electrically powered control, alarm, monitoring and safety 
systems required for engine starting and operation will remain 
available in the event of a failure. Power is to remain available 
to permit starting attempts for the number of starts specified 
by this Section for each individual source of stored energy. 


9.5.2 Where adequate battery and charging capacity 
exists, an engine starting battery may be used as one source 
of electrical power required by 9.5.1. 
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9.5.3 An alarm is to be activated in the event of failure of 
a power supply and, where applicable, low battery charge 
level. Manual power supply changeover facilities are permitted. 


a section 10 
Safety arrangements 


10.1 Relief valves 


10.1.1 | Scavenge spaces in open connection with cylinders 
are to be provided with explosion relief valves. 


10.1.2 Crankcases are to be provided with lightweight 
spring-loaded valves or other quick-acting and self-closing 
devices, to relieve the crankcases of pressure in the event of 
an internal explosion and to prevent any inrush of air 
thereafter. The valves are to be designed and constructed to 
open quickly and be fully open at a pressure not greater than 
0,2 bar. 


10.1.3 The valve lids are to be made of ductile material 
capable of withstanding the shock of contact with stoppers 
at the full open position. 


10.1.4 Each valve is to be fitted with a flame arrester that 
permits flow for crankcase pressure relief and prevents the 
passage of flame following a crankcase explosion. The valves 
are to be type tested in a configuration that represent the 
installation arrangements that will be used on an engine and 
in accordance with Section 18. The valves are to be 
positioned on engines to minimise the possibility of danger 
and damage arising from emission of the crankcase 
atmosphere. Where shielding from the emissions is fitted to a 
valve, the valve is to be type tested to demonstrate that the 
shielding does not adversely affect the operational 
effectiveness of the valve. 


10.1.5 The valves are to be provided with a copy of the 

manufacturer’s installation and maintenance manual for the 

size and type of valve being supplied for installation on a 

particular engine. The manual is to contain the following 

information: 

e Description of valve with details of function and design 
limits. 

° Copy of type test certification. 

° Installation instructions. 

e Maintenance and in service instructions to include 
testing and renewal of any sealing arrangements. 

e Actions required after a crankcase explosion. 


10.1.6 A copy of the installation and maintenance manual 
required by 10.1.5 is to be provided on board the ship. 


10.1.7 Plans showing details and arrangements of the 
relief valves are to be submitted for approval, see 1.1. 
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10.1.8 The valves are to be provided with suitable markings 
that include the following information: 

e — Name and address of manufacturer. 

° Designation and size. 

e — Month/Year of manufacture. 

e — Approved installation orientation. 


10.2 Number of relief valves 


10.2.1 In engines having cylinders not exceeding 200 mm 
bore or having a crankcase gross volume not exceeding 
0,6 m3, relief valves may be omitted. 


10.2.2 In engines having cylinders exceeding 200 mm but 
not exceeding 250 mm bore, at least two relief valves are to 
be fitted; each valve is to be located at or near the ends of 
the crankcase. Where the engine has more than eight crank- 
throws an additional valve is to be fitted near the centre of the 
engine. 


10.2.3. In engines having cylinders exceeding 250 mm but 
not exceeding 300 mm bore, at least one relief valve is to be 
fitted in way of each alternate crankthrow with a minimum of 
two valves. For engines having 3, 5, 7, 9, etc., crankthrows, 
the number of relief valves is not to be less than 2, 3, 4, 5, 
etc., respectively. 


10.2.4 In engines having cylinders exceeding 300 mm 
bore at least one valve is to be fitted in way of each main 
crankthrow. 


10.2.5 Additional relief valves are to be fitted for separate 
spaces on the crankcase, such as gear or chaincases for 
camshaft or similar drives, when the gross volume of such 
spaces exceeds 0,6 ms. 


10.3 Size of relief valves 


10.3.1 The combined free area of the crankcase relief 
valves fitted on an engine is to be not less than 115 cm2/m8 
based on the volume of the crankcase. 


10.3.2 The free area of each relief valve is to be not less 
than 45 cm2. 


10.3.3 The free area of the relief valve is the minimum flow 
area at any section through the valve when the valve is fully 
open. 


10.3.4 — In determining the volume of the crankcase for the 
purpose of calculating the combined free area of the crank- 
case relief valves, the volume of the stationary parts within the 
crankcase may be deducted from the total internal volume of 
the crankcase. 
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10.4 Vent pipes 


10.4.7. Through ventilation, and any arrangement which 
could produce a flow of external air within the crankcase, is in 
principle not permitted except for trunk piston type dual fuel 
engines where crankcase ventilation is to be provided. Where 
crankcase vent or breather pipes are fitted, they are to be 
made as small as practicable and/or as long as possible to 
minimise the inrush of air after an explosion. Vents or breather 
pipes from crankcases of main engines are to be led to a safe 
position on deck or other approved position. 


10.4.2 If provision is made for the extraction of gases from 
within the crankcase, e.g. for oil mist detection purposes, the 
vacuum within the crankcase is not to exceed 25 mm of water. 


10.4.3 Lubricating oil drain pipes from engine sump to 
drain tank are to be submerged at their outlet ends. Where 
two or more engines are installed, vent pipes, if fitted, and 
lubrication oil drain pipes are to be independent to avoid 
intercommunication between crankcases. 


10.5 Warning notice 


10.5.1 A warning notice is to be fitted in a prominent 
position, preferably on a crankcase door on each side of the 
engine, or alternatively at the engine room control station. This 
warning notice is to specify that whenever overheating is 
suspected in the crankcase, the crankcase doors or sight 
holes are not to be opened until a reasonable time has 
elapsed after stopping the engine, sufficient to permit 
adequate cooling within the crankcase. 


10.6 Crankcase access and lighting 


10.6.1 Where access to crankcase spaces is necessary 
for inspection purposes, suitably positioned rungs or equiva- 
lent arrangements are to be provided as considered 
appropriate. 


10.6.2 | When interior lighting is provided it is to be flame- 
proof in relation to the interior and details are to be submitted 
for approval. No wiring is to be fitted inside the crankcase. 


10.7 Fire-extinguishing system for scavenge 
manifolds 


10.7.1 | Crosshead type engine scavenge spaces in open 
connection with cylinders are to be provided with approved 
fixed or portable fire-extinguishing arrangements which are to 
be independent of the fire-extinguishing system of the engine 
room. 


10.8 Oil mist detection 


10.8.1 | Where crankcase oil mist detection arrangements 
are fitted, they are to be of a type approved by LR, tested in 
accordance with Section 19 and comply with 10.8.2 to 
10.8.15. 
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10.8.2 The oil mist detection system and arrangements 
are to be installed in accordance with the engine designer’s 
and oil mist detection equipment manufacturer's instructions/ 
recommendations. The following particulars are to be included 
in the instructions: 

(a) A schematic layout of the engine oil mist detection and 
alarm system showing locations of engine crankcase 
sample points and cabling/piping arrangements together 
with pipe dimensions to the detector. 

(b) Evidence of study to justify the selected locations of 

sample points and sample extraction rate (if applicable) 

in consideration of the crankcase arrangements and 
geometry and the predicted crankcase atmosphere 
where oil mist can accumulate. 

(c) The manufacturer’s maintenance and test manual. 

(d) Information relating to type or in-service testing of the 
engine with engine protection system test arrangements 
having approved types of oil mist detection equipment. 


10.8.3 A copy of the oil mist detection equipment mainte- 
nance and test manual required by 10.8.2 is to be provided 
on board ship. 


10.8.4 Oil mist detection and alarm information is to be 
capable of being read from a safe location away from the 
engine. 


10.8.5 In the case of multi engine installations, each 
engine is to be provided with individual, dedicated oil mist 
detection arrangements and alarm(s). 


10.8.6 Oil mist detection and alarm systems are to be 
capable of being tested on the test bed and on board when 
the engine is at a standstill and when the engine is running at 
normal operating conditions in accordance with test 
procedures that are acceptable to LR. 


10.8.7 Alarms and safeguards for the oil mist detection 
system are to be in accordance with Pt 6, Ch 1 as applicable. 


10.8.8 The oil mist detection arrangements are to provide 
an alarm indication in the event of a foreseeable functional 
failure in the equipment and installation arrangements. See 
Pt 6, Ch 1,2.4.5. 


10.8.9 The oil mist detection system is to provide an 
indication that any lenses fitted in the equipment and used in 
determination of the oil mist level have been partially obscured 
to a degree that will affect the reliability of the information and 
alarm indication. 


10.8.10 Where oil mist detection equipment includes the 
use of programmable electronic systems, the arrangements 
are to be in accordance with Pt 6, Ch 1 as applicable. 


10.8.11 Schematic layouts showing details and arrange- 
ments of oil mist detection and alarm systems are to be 
submitted. See Pt 5, Ch 1,1. 


10.8.12 The equipment together with detectors is to be 
tested when installed on the test bed and on board ship to 
demonstrate that the detection and alarm system functions 
correctly. The testing arrangements are to be to the satisfac- 
tion of the Surveyor. 
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10.8.13 Where sequential oil mist detection arrangements 
are provided, the sampling frequency and time is to be as 
short as reasonably practicable. 


10.8.14 Where alternative methods are provided for the 
prevention of the build-up of oil mist that may lead to a 
potentially explosive condition within the crankcase, detailed 
information is to be submitted for consideration. The 
information is to include: 

(a) Engine particulars — type, power, speed, stroke, bore 
and crankcase volume. 

(o) Details of arrangements designed to prevent the build 
up of potentially explosive conditions within the 
crankcase, e.g., bearing temperature monitoring, oil 
splash temperature monitoring, crankcase pressure 
monitoring, and recirculation arrangements. 

(c) Evidence to demonstrate that the arrangements are 
effective in preventing the build up of potentially 
explosive conditions together with details of in-service 
experience. 

(d) Operating instructions and the maintenance and test 
instructions. 


10.8.15 Where it is proposed to use the introduction of inert 
gas into the crankcase to minimise a potential crankcase 
explosion, details of the arrangements are to be submitted for 
consideration. 


a Section 11 
Program for trials of diesel 
engines to assess operational 
capability 


11.1 Works trials (acceptance test) 


11.7.1. Diesel engines which are to be subjected to trials on 
the test bed at the manufacturer's works and under atten- 
dance by the Surveyor(s) are to be tested in accordance with 
the scope of works trials specified in 11.1.2 to 11.1.10. The 
scope of the trials is to be agreed between the LR Surveyor 
and the manufacturer prior to testing. At the discretion of the 
Surveyor, the scope of the trials may be extended depending 
on the engine application. 


11.1.2 For electronically controlled engines: 

(a) works tests in accordance with 1.1.6(h); and 

(o) verification of engine configuration, see 4.3.2, and that 
the approved software quality plans, including the soft- 
ware configuration management process, are being 
applied. 


17.1.3. For all stages of the works trials the pertaining 
operation values are to be measured and recorded by the 
engine manufacturer. All results are to be compiled in an 
acceptance protocol to be issued by the engine manufacturer. 
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11.7.4 In each case given in Table 2.11.1, all measure- 
ments conducted at the various load points shall be carried 
out at steady operating conditions. The readings for 100 per 
cent power (rated power at rated speed) are to be taken twice 
at an interval of at least 30 minutes. 


11.1.5 The data to be measured and recorded, when 
testing the engine at various load points, are to include all 
necessary parameters for the engine operation. The crankshaft 
deflection is to be checked when this check is required by the 
manufacturer during the operating life of the engine. 
Crankshaft deflection measurements are to be taken before 
(cold condition) and after (hot condition) works acceptance 
trials. 


11.1.6 Checks of components to be presented for inspection 
after the works trials are left to the discretion of the Surveyor. 


11.1.7 The Surveyor may require that after the trials the 
fuel delivery system is restricted so as to limit the engines to 
run at not more than 100 per cent power. The setting of the 
restriction is to be made as applicable to the intended fuel. 
Any restriction settings, and other changes to the engine’s fuel 
injection equipment required for operation on special fuels, are 
to be recorded and included by the engine manufacturer. 


11.1.8 For the duration of the acceptance test, no inter- 
ventions or adjustments will be made to the machinery under 
test. 


11.7.9 The testing of exhaust gas emissions is to comply 
with MARPOL as applicable. 


11.1.10 For all stages that the engine is to be tested and 
where no duration is specified in Table 2.11.1, the load point 
is to be maintained for a sufficient period to allow pertaining 
values to be measured and recorded when the engine has 
achieved a steady operating condition. 


11.2 Shipboard trials 


11.2.1 After the conclusion of the running-in programme 
prescribed by the engine manufacturer, engines are to under- 
go shipboard trials as specified in Table 2.11.2. The scope of 
the trials is to be agreed between the LR Surveyor and the 
Shipyard prior to testing. 


11.2.2 Engines driving generators or important auxiliaries 
are to be subjected to an operational test for at least 4 hours. 
During the test, the set concerned is required to operate at its 
rated power for an extended period. It is to be demonstrated 
that the engine is capable of supplying 100 per cent of its 
rated power, and in the case of shipboard generating sets 
account shall be taken of the times needed to actuate the 
generator’s overload protection system. 


11.2.3. In addition to 11.2.2, for engines driving generators 
for electric propulsion motors as well as auxiliaries, an opera- 
tional test is to be carried out of at least 4 hours duration at a 
load which corresponds to 100 per cent of the electric propul- 
sion motor(s) rated power. The astern/ahead manoeuvring 
capability of the propulsion system is to be demonstrated. 
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Table 2.11.1 Scope of works trials for diesel engines 


Main engines driving propellers and waterjets 


Trial condition Duration 


100% power (rated power) at rated engine speed, R > 60 minutes After having reached steady conditions 


110% power at engine speed corresponding to 1,032*R 30-45 minutes After having reached steady conditions (1) 


90% (or maximum continuous power), 75%, 50% Powers in accordance with the nominal propeller 
and 25% curve 


Starting and reversing manoeuvres 


Testing of governor and independent overspeed 
protective device 


Shut down device 


Engines driving generators 


Trial condition Duration Note 


100% power (rated power) at rated engine speed, R > 50 minutes After having reached steady conditions (2) 


110% power 30 minutes After having reached steady conditions (2) (3) 


75%, 50% and 25% power and idle run (2) 


Start-up tests 


See 7.3 


Testing of governor and independent overspeed 
protective device 


Shut-down device See 7.4 


NOTES 
After running on the test bed, the fuel delivery system of main engines is normally to be so adjusted that overload power cannot be given 
in service. 

The test is to be performed at rated speed with a constant governor setting. 

After running on the test bed, the fuel delivery system of diesel engines driving generators must be adjusted such that overload (110%) 
power can be given in service after installation on board, so that the governing characteristics including the activation of generator protec- 
tive devices can be fulfilled at all times. 


11.2.4 Trials are to include demonstration of engine control, 
monitoring, alarm and safety system operation to confirm that 
they have been provided, installed and configured as intended 
and in accordance with the relevant requirements for main, 
auxiliary or emergency engines. 


11.2.5 For electronically controlled engines: 

(a) shipboard tests in accordance with 1.1.6(h); and 

(o) verification of engine configuration, see 4.3.2, and that 
the approved software quality plans, including the soft- 
ware configuration management process, are being 
applied. 


11.2.6 The suitability of an engine to burn residual or other 
special fuels is to be demonstrated, if the machinery installa- 
tion is arranged to burn such fuels in service. See also Pt 6, 
Ch 1,7.2.1. 


11.2.7 At the discretion of the attending Surveyor, the 
scope of the trials may be expanded in consideration of 
special operating conditions, such as towing, trawling, etc. 
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Table 2.11.2 Scope of shipboard trials for diesel engines 


Main engines driving fixed-pitch propellers (1) (2) 


Trial condition Duration 


rated engine speed, R > 4 hours 


engine speed corresponding to normal continuous > 2 hours 
power 


At engine speed corresponding to 1,032*R 30 minutes Where the engine adjustment permits, see 11.1.7 


At minimum on-load speed 


Starting and reversing manoeuvres See Sections 9 and 16 


In reverse direction of propeller rotation during the 
dock or sea trials at a minimum engine speed of 0,7*R 10 minutes 


Control monitoring, alarms and safety systems Operation to be demonstrated 


Where imposed, test to ensure engine can pass 
safely through barred speed range 


Single engine driving a generator for propulsion only 


Trial condition Duration 


100% power (rated propulsion power), see 11.2.3 > 4 hours 


At normal continuous propulsion power > 2 hours 
110% power (rated propulsion power) 30 minutes 


In reverse direction of propeller rotation at a minimum 10 minutes 
speed of 70% of the nominal propeller speed 


Starting manoeuvres 


Control monitoring, alarms and safety systems Operation to be demonstrated 


NOTES 

1. | For main propulsion engines driving controllable pitch propellers, waterjets or reversing gears, the tests for main engines driving fixed-pitch 
propellers apply as appropriate. 

2. Controllable pitch propellers are to be tested with various propeller pitches. 

3. The tests are to be performed at rated speed with a constant governor setting. 
Tests are to be based on the rated electrical powers of the electric propulsion motors. 
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a Section 12 
Component tests 


12.1 Hydraulic tests 


12.1.1 In general, items are to be tested by hydraulic 
pressure as indicated in Table 2.12.1. Where design features 
are such that modifications to the test requirements shown in 
Table 2.12.1 are necessary, alternative proposals for hydraulic 
tests are to be submitted for special consideration. 


12.1.2 Where a manufacturer has demonstrated to LR that 

they have an acceptable quality management system, a 

manufacturer’s hydraulic test certificate may be accepted for 

engine driven pumps as detailed in Table 2.12.1. Recognition 

and acceptance of the works quality control processes can 

be by one of the following routes: 

(a) Approval under the LR Quality Scheme for Machinery. 

(o) Approval of an alternative quality scheme recognised 
by LR. 

(c) Approval by LR through auditing of the manufacturer’s 
quality system. 


12.2 Alignment gauges 


12.2.1 Allmain and auxiliary oil engines exceeding 220 kW 
(300 shp) are to be provided with an alignment gauge which 
may be either a bridge weardown gauge, or a micro-meter 
clock gauge for use between the crankwebs. Only one 
micrometer clock gauge need be supplied for each ship 
provided the gauge is suitable for use on all engines. 


Table 2.12.1 


Item 


Test pressures for oil engine components 
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12.3 Auto frettage 


12.3.1 Manufacturers who carry out auto-frettage to 
enhance the fatigue life of components are to be approved by 
LR. 


12.3.2 LR certificates are to be issued for components 
subject to autofrettage, provided the attending Surveyors are 
satisfied that the accepted QA process has been applied. 


Test pressure 


Pump body, pressure side 
Fuel injection system Valve 
Pipe 


Cylinder cover, cooling space 

Cylinder liner, over the whole length of cooling space 

Piston crown, cooling space (where piston rod seals cooling 
space, test after assembly) 


Cylinder jacket, cooling space 

Exhaust valve, cooling space 
Turbo-charger, cooling space 

Exhaust pipe, cooling space 

Coolers, each side 

Engine driven pumps (oil, water, fuel, bilge) 


Air compressor, including cylinders, covers, intercoolers and 
aftercoolers 


Scavenge pump cylinder 


Hydraulic systems (piping, pumps, actuators) 


The lesser of 1,59 or p + 300 bar 


7,0 bar 


The greater of 4,0 bar or 1,50 


Air side: 1,50 
Water side: The greater of 4,0 bar or 1,5p 


4,0 bar 


1,50 


NOTES 
p is the maximum working pressure in the item concerned. 


Pumps used in jerk or timed pump systems need only have the assembled high pressure-containing components hydraulically tested. 


Turbo-charger air coolers need only be tested on the water side. 


For forged steel cylinder covers and piston crowns alternative testing methods may be specially considered. 
For hydraulic systems where design features are such that modifications to the test requirements are necessary, alternative proposals 


for hydraulic tests are to be submitted for special consideration. 


Where components are subjected to an autofrettage process approved by LR, the component test pressure may be omitted. The 
assembled system containing such components is to be shown, where practicable, to be pressure-tight as required for Hydraulic 


systems. 
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a Section 13 
Mass produced engines 


13.1 Definition 


13.1.1 Mass produced engines, for main and auxiliary 
purposes, are defined as those which are produced under the 
following criteria: 

(a) In quantity under strict quality control of material and 
parts, according to a quality assurance scheme 
acceptable to LR. 

(b) By the use of jigs and automatic machine tools designed 
to machine parts to specified tolerances for inter- 
changeability, and which are verified on a regular 
inspection basis. 

(c) By assembly with parts taken from stock and requiring 
little or no fitting. 

(d) With bench tests carried out on individual assembled 
engines according to a specified programme. 

(e) With appraisal by final examination of engines selected 
at random after workshop testing. 


13.1.2 Castings, forgings and other parts for use in mass 
produced engines are also to be produced by methods 
similar to those given in 13.1.1(a), (6) and (c), with appropriate 
inspection. 


13.1.3 Pressure testing of components is to comply with 
12.1.1. 


13.1.4 The specification of a mass produced engine is to 
define the limits of manufacture of all component parts. The 
total production output is to be certified by the manufacturer 
and verified as may be required, by LR in accordance with the 
agreed manufacturer’s quality assurance scheme, see 
13.1.1(a). 


13.2 Procedure for approval of mass produced 
engines 


13.2.1 | The procedure outlined in 13.2.2 to 13.2.5 applies 
to the inspection and certification of mass produced oil 
engines having a bore not exceeding 300 mm. 


13.2.2 For the approval of a mass produced engine type, 

the manufacturer is to submit: 

(a) The plans and particulars required by 1.1 for assess- 
ment. 

(b) The information required by 3.2 for assessment. 

c) A list of subcontractors for main parts. 

(d) Procedures for the configuring of control, alarm 
monitoring and safety systems during engine 
commissioning. 


13.2.3. The manufacturer is to supply full information 

regarding the manufacturing processes and quality control 

procedures applied in the workshops. The information is to 

address the following: 

(a) Organisation of quality control systems. 

(o) Recording of quality control operations. 

(c) Qualification and independence of personnel in charge 
of quality control. 
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13.2.4 A running type test of at least 100 hours duration 
is to be carried out on an engine chosen from the production 
line. The type testing is to comply with 13.5. 


13.2.5 LRreserves the right to limit the duration of validity 
of approval of a mass produced engine. LR is to be informed, 
without delay, of any change in the design of the engine, 
including changes to the software and control, alarm 
monitoring or safety systems, in the manufacturing or quality 
control processes, in the selection of materials or in the list of 
subcontractors for main parts. 


13.3 Continuous review of production 


13.3.1 LR Surveyors are to be provided free access to the 
manufacturer's workshops and to the quality control files. 


13.3.2 The control of production, which is subject to 

survey, is to include the following: 

(a) Inspection and testing records are to be maintained to 
the satisfaction of the Surveyor. 

(bo) The system for identification of parts is to be in accor- 
dance with recognised practice, and acceptable to LR. 

(c) The manufacturer is to provide full information about the 
quality control of the parts supplied by subcontractors 
for which certification may be required. LR reserves the 
right to apply direct and individual inspection procedures 
for parts supplied by subcontractors when deemed 
necessary. 

(d) At the request of an attending LR Surveyor, a workshop 
test may be required for an individual engine. 


13.4 Compliance and inspection certificate 


13.4.1 Each engine which is to be installed on a ship 
classed by LR is to be supplied with a statement certifying 
that the engine is identical to the one which underwent the 
tests specified in 13.2.4, and state the test and inspection 
results. The statement is to be made on a form agreed with 
LR. Each statement is to include the identification number 
which appears on the engine. A copy of this statement is to 
be submitted to LR. 


13.4.2 The certificate is to include reference to the manu- 
facturer’s procedures to be followed during commissioning for 
configuring control, alarm monitoring and safety systems for 
multi-purpose engines or other engine types that require 
parameters and settings to be adjusted for the intended 
application. 
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a Section 14 
Turbo-chargers 


14.1 Dynamic balancing 


14.1.1 All rotors are to be dynamically balanced on final 
assembly to the Surveyor’s satisfaction. 


14.2 Overspeed test 


14.2.1 All fully bladed rotor sections and impeller/inducer 
wheels are to be overspeed tested for three minutes at either 
20 per cent above the maximum permissible speed at room 
temperature or 10 per cent above the maximum permissible 
speed at the normal working temperature. 


14.3 Mechanical running test 


14.3.1. Turbo-chargers are to be given a mechanical 
running test of 20 minutes duration at the maximum permis- 
sible speed. 


14.3.2 Upon application, with details of an historical audit 
covering previous testing of turbo-chargers manufactured 
under an approved quality assurance scheme, consideration 
will be given to confining the test outlined in 14.3.1 toa 
representative sample of turbochargers. 


a Section 15 
Mass produced turbo-chargers 


15.1 Application 


15.1.1 The following procedure applies to the inspection 
of exhaust driven turbo-chargers which are manufactured on 
the basis of mass production methods similar to 13.1 as 
applicable and for which the maker has requested the 
approval. 


15.2 Procedure for approval of mass produced 
turbo-chargers 


15.2.1 | The procedure outlined in 15.2.2 to 15.2.5 applies 
to the inspection and certification of mass produced turbo- 
chargers when a simplified method of inspection has been 
requested by the manufacturers. 


15.2.2 For the approval of a mass produced turbo- 
charger, the manufacturer is to submit, in addition to the plans 
and particulars required by 1.1.10, a list of main current 
suppliers and subcontractors for rotating parts and an 
operation and maintenance manual. 
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15.2.3 The manufacturer will supply full information 
regarding the material and quality control system used in the 
organisation as well as the inspection methods, the way of 
recording and proposed frequency, and the method of 
material testing of important parts. 


15.2.4 A Type test, see 14.2, is to be carried out ona 
standard unit taken from the assembly line and is to be 
witnessed by the Surveyor. The performance data which may 
have to be verified are to be made available at the time of the 
type test. For manufacturers who have facilities for testing the 
turbo-charger unit on an engine for which the turbo-charger is 
intended, substitution of the hot running test by a test run of 
one hour’s duration at overload (110 per cent of the rated 
output) may be considered. 


15.2.5 LR reserves the right to limit the duration of validity 
of approval of a mass produced turbo-charger. LR is to be 
informed, without delay, of any change in the design of the 
turbo-charger, in the manufacturing or control processes, in 
the selection of materials or in the list of subcontractors for 
main parts. 


15.3 Continuous inspection of individual units 


15.3.1 LR Surveyors are to be provided with free access 
to the manufacturer’s workshop to inspect at random the 
quality control measures and to witness the tests required by 
15.3.3 to 15.3.7 as deemed necessary, and to have free 
access to all control records and subcontractor’s certificates. 


15.3.2 Each individual unit is to be tested in accordance 
with 15.3.4 to 15.3.7 by the maker who is to issue a final 
certificate. 


15.3.3 Rotating parts of the turbo-charger blower are to 
be marked for easy identification with the appropriate 
certificate. 


15.3.4 Material tests of the rotating parts are to be carried 
out by the maker or his subcontractor in accordance with the 
requirements of the Rules for Materials as applicable. The 
relevant certificate is to be produced and filed to the 
satisfaction of the Surveyor. 


15.3.5 Pressure tests are to be carried out in accordance 
with Table 2.12.1. Special consideration will be given where 
design or testing features may require modification of the test 
requirements. 


15.3.6 | Dynamic balancing and overspeed tests are to be 
carried out, see 14.1 and 14.2, in accordance with the 
approved procedure for quality control. If each forged wheel is 
individually controlled by an approved non-destructive 
examination method, then no overspeed test may be required 
except for wheels of the type test unit. 


28 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Oil Engines 


15.3.7 A mechanical running test, see 14.3, is to be 
carried out. The duration of the running test may be reduced 
to 10 minutes provided that the manufacturer is able to verify 
the distribution of defects established during the running tests 
on the basis of a sufficient number of tested turbo-chargers. 
For manufacturers who have facilities in their works for testing 
the turoo-chargers on an engine for which the turbo- 
chargers are intended, the bench test may be replaced by a 
test run of 20 minutes at overload (110 per cent of the rated 
output) on this engine. 


15.4 Compliance and certificate 

15.4.1 For every turbo-charger unit liable to be installed 
on an engine intended for a ship classed by LR, the manu- 
facturer is to supply a statement certifying that the 
turbo-charger is identical with one that underwent the tests 
specified in 15.2.4 and that prescribed tests were carried out. 
Results of these tests are to be also stated. This statement is 
to be made on a form agreed with LR and a copy is to be sent 
to LR. Each statement must have a number which is to 
appear on the turbo-charger. 


a Section 16 
Air compressors 


16.1 General requirements 

16.1.1 The requirements of this Section are applicable to 
reciprocating air compressors intended for starting main 
engines and auxiliary engines providing essential services. 


16.1.2 Two or more air compressors are to be fitted having 
a total capacity, together with a topping-up compressor where 
fitted, capable of charging the air receivers within 1 hour from 
atmospheric pressure, to the pressure sufficient for the 
number of starts required by 16.12. At least one of the air 
compressors is to be independent of the main propulsion unit 
and the capacity of the main air compressors is to be 
approximately equally divided between them. The capacity of 
an emergency compressor which may be installed to satisfy 
the requirements of 9.1 is to be ignored. 


16.1.3. The compressors are to be so designed that the 
temperature of the air discharged to the starting air receivers 
will not substantially exceed 93°C in service. A small fusible 
plug or an alarm device operating at 121°C is to be provided on 
each compressor to give warning of excessive air temperature. 
The emergency air compressor is excepted from these 
requirements. 


16.1.4 Each compressor is to be fitted with a safety valve 
so proportioned and adjusted that the accumulation with the 
outlet valve closed will not exceed 10 per cent of the maxi- 
mum working pressure. The casings of the cooling water 
spaces are to be fitted with a safety valve or bursting disc so 
that ample relief will be provided in the event of the bursting of 
an air cooler tube. It is recommended that compressors be 
cooled by fresh water. 
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16.2 Plans and particulars 

16.2.1 Detailed plans, particulars, dimensional drawings 
and material specifications for compressor crankshafts are to 
be submitted in triplicate. Plans and particulars for other parts 
and calculations where applicable are to be submitted to LR 
upon request. 


16.2.2. Where compressors of a special type or design are 
proposed, the requirements of Pt 7, Ch 15 are to be applied. 


16.3 Materials 

16.3.1 The specified minimum tensile strength of castings 
and forgings for compressor crankshafts are to be within the 
limits given in 2.1.1 and for grey cast iron to be not less than 
300 N/mm2. 


16.3.2 Where it is proposed to use materials outside the 
ranges specified in 16.3.1, details of the chemical composi- 
tion, heat treatment and mechanical properties are to be 
submitted for approval. 


16.3.3 Materials for components are to be tested as 
indicated in 2.2. 


16.3.4 For crankshafts with a calculated crank pin diameter 
equal to or greater than 50 mm, they are to be manufactured 
and tested in accordance with the requirements of the LR 
Rules for Materials. For calculated crank pin diameters less 
than 50 mm, a manufacturers’ certificate may be accepted, 
see Ch 1,3.1.3(c) of the LR Rules for Materials. 


16.4 Design and construction 

16.4.1 A fully documented fatigue strength analysis is to 
be submitted indicating a factor of safety of 1,5 at the design 
loads based on a suitable fatigue strength criterion. 
Alternatively, the requirements of 16.4.2 to 16.4.6 may be 
used. 


16.4.2 The diameter, Ap, of a compressor crankshaft is to 
be not less than d, determined by the following formula, when 
all cranks on the shaft are located between two main 
bearings only: 


d 7 D2 pZ S ab Ica 
7 eles (o =) 


where 
a = distance between inner edge of one main bearing 
and the centreline of the crankpin nearest the 
centre of the span, in mm 
b = distance from the centreline of the same crankpin 
to the inner edge of the adjacent main bearing, 


inmm 
a+b = span between inner edges of main bearings, in mm 
dp = proposed minimum diameter of crankshaft, in mm 


p = design pressure, in bar g, as defined in Ch 12,1.3.1 
D = diameter of cylinder, in mm 

S = length of stroke, in mm 

Ve = 1,0 for shafts having one cylinder per crank, or 
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Table 2.16.1 Angle between cylinders 


Number of 
cylinders 
per crank 


Number of 
crankpins 


Angle between cylinders, 
in degrees 


2 60 
2 60 
2 


1or2 


60 


60 
60 


60 


= 1,18 for 60° cylinders on the 
= 1,25 for 45° same crankpin 
for the shaft and cylinder arrangements as detailed 


= 1,05 for 90° ) between adjacent 


in Table 2.16.1 
560 
Z = ——— for steel 
T 
Z & ue for spheroidal or nodular 


Sy + 260 - 0,059a, 
graphite cast iron 


700 
Lie for grey cast iron 
oy + 260 - 0,0690, “" FY CAS! 
Oy = specified minimum tensile strength of crankshaft 
material, in N/mm. 


16.4.3 Where the shaft is supported additionally by a 
centre bearing, the diameter is to be evaluated from the half 
shaft between the inner edges of the centre and outer main 
bearings. The diameter so found for the half shaft is to be 
increased by six per cent for the full length shaft diameter. 


16.4.4 The dimensions of crankwebs are to be such that 
Bt? is to be not less than given by the following formulae: 
0,408 for the web adjacent to the bearing 
0,75a8 for intermediate webs 
where 
B = breadth of web, in mm 
d = minimum diameter of crankshaft as required by 
16.4.2, in mm 
axial thickness of web which is to be not less than 
0,45d for the web adjacent to the bearing, or 0,60d 
for intermediate webs, in mm. 


+ 
Il 


16.4.5 Fillets at the junction of crankwebs with crankpins 
or journals are to be machined to a radius not less than 0,05d. 
Smaller fillets, but of a radius not less than 0,025d, may be 
used provided the diameter of the crankpin or journal is not 
less than cd, 


where 
c =1,1-2 a but to be taken as not less than 1,0 
d = minimum diameter of crankshaft as required by 


16.4.2, in mm 
fillet radius, in mm. 


Il 
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16.4.6 Fillets and oil holes are to be rounded to an even 
contour and smooth finish. 


16.4.7 An oil level sight glass or oil level indicator is to be 
fitted to the crankcase. 


16.4.8 The crankcases of compressors are to be designed 
to withstand a pressure equal to the maximum working 
pressure of the system. 


16.4.9 | Compressors with shaft power exceeding 500 kW 
are to have torsional vibration analysis determined in accor- 
dance with Ch 8,2 as applicable. 


16.4.10 The cooler dimensions for sea-water cooled stage 
air coolers are to be based on an inlet temperature of not less 
than 32°C. Where fresh water cooling is used, the cooling 
water inlet temperature is not to be greater than 40°C. 


16.4.17 The cooler dimensions for air cooled stage air 
coolers are to be based on an air temperature of not less than 
45°C. 


16.4.12 The piping to and from the air compressor is to be 
arranged to prevent condensation from entering the cylinders. 


16.5 Testing 


16.5.1 Cylinders and liners of air compressors are to be 
subjected to hydraulic pressure tests at 1,5 times the final 
pressure of the stage concerned. 


16.5.2 The compressed air chambers of the intercoolers 
and after coolers of air compressors are to be subjected to 
hydraulic pressure tests at 1,5 times the final pressure of the 
stage concerned. 


16.6 Safety arrangements and monitoring 


16.6.1 Air compressors are to be arranged and located so 
as to minimise the intake of air contaminated by oil or water. 


16.6.2 Where one compressor stage comprises several 
cylinders which can be shut off individually, each cylinder shall 
be equipped with a safety valve and a pressure gauge. 


16.6.3 After the final stage, all air compressors are to be 
equipped with a water trap and after cooler. The water traps, 
after coolers and the compressed air spaces between the 
stages are to be provided with discharge devices at their 
lowest points. 


16.6.4 | Each compressor stage shall be fitted with a suit- 
able pressure gauge, the scale of which must indicate the 
relevant maximum permissible working pressure. 


16.7 Crankcase relief valves 


16.7.1. In compressors having cylinders not exceeding 
200 mm bore or having a crankcase gross volume not 
exceeding 0,6 m3, crankcase relief valves may be omitted. 
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16.7.2 Crankcases are to be provided with lightweight 
spring-loaded valves or other quick-acting and self-closing 
devices to relieve the crankcases of pressure in the event of 
an internal explosion and to prevent any inrush of air there- 
after. The valves are to be designed and constructed to open 
quickly and be fully open at a pressure not greater than 
0,2 bar. 


16.7.3. The valve lids are to be made of ductile material 
capable of withstanding the shock of contact with stoppers 
at the full open position. 


16.7.4 Each valve is to be fitted with a flame arrester that 
permits flow for crankcase pressure relief and prevents the 
passage of flame following a crankcase explosion. 


16.7.5 The valves are to be provided with a copy of the 

manufacturer’s installation and maintenance manual for the 

size and type of valve being supplied. The manual is to 

contain the following information: 

(a) Description of valve with details of function and design 
limits. 

(b) Copy of type test certification. 

c) Installation instructions. 

(d) Maintenance and in-service instructions to include testing 
and renewal of any sealing arrangements. 

(e) Actions required after a crankcase explosion. 


16.7.6 A copy of the installation and maintenance manual 
required by 16.7.3 is to be provided on board the ship. 


16.7.7 Plans showing details and arrangements of the 
crankcase relief valves are to be submitted for approval, see 
eae 


16.7.8 The valves are to be provided with suitable markings 
that include the following information: 

(a) Name and address of manufacturer. 

(b) Designation and size. 

(c) Month/Year of manufacture. 

(d) Approved installation orientation. 


16.8 Number of crankcase relief valves 


16.8.1 In compressors having cylinders exceeding 
200 mm but not exceeding 250 mm bore, at least two relief 
valves are to be fitted; where more than one relief valve is 
required, the valves are to be located at or near the ends of 
the crankcase. 


16.8.2 In compressors having cylinders exceeding 
250 mm but not exceeding 300 mm bore, at least one relief 
valve is to be fitted in way of each alternate crankthrow with 
a minimum of two valves. For compressors having 3, 5, 7, 9, 
etc., crankthrows, the number of relief valves is not to be less 
than 2, 3, 4, 5, etc., respectively. 


16.8.3 In compressors having cylinders exceeding 
300 mm bore, at least one valve is to be fitted in way of each 
main crankthrow. 
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16.8.4 Additional relief valves are to be fitted for separate 
spaces on the crankcase, such as gear or chain cases, when 
the gross volume of such spaces exceeds 0,6 m3. 


16.9 Size of crankcase relief valves 


16.9.1 The combined free area of the crankcase relief 
valves fitted on a compressor is to be not less than 
115 cm2/m8 based on the volume of the crankcase. 


16.9.2 The free area of each relief valve is to be not less 
than 45 cm2. 


16.9.3 The free area of the relief valve is the minimum flow 
area at any section through the valve when the valve is fully 
open. 


16.9.4 In determining the volume of the crankcase for the 
purpose of calculating the combined free area of the 
crankcase relief valves, the volume of the stationary parts 
within the crankcase may be deducted from the total internal 
volume of the crankcase. 


16.10 Vent pipes 
16.10.1 Where crankcase vent or breather pipes are fitted, 


they are to be made as small as practicable and/or as long 
as possible to minimise the inrush of air after an explosion. 


| Section 17 
Type testing - General 


17.1 Engines 


17.1.1 | New engine types or developments of existing types 
are to be subjected to an agreed programme of type testing to 
complement the design appraisal and review of documentation. 


17.1.2 Guidelines for type testing of engines will be 
supplied on application. 


17.1.3. Wherever practical, type tests are to be conducted 
with the engine control systems operational in the approved 
configuration, see 1.1 and 4.3.2. Configuration management 
documents are to be reviewed at testing for validity and 
referenced in the type test report. 


17.1.4 An engine type is defined in terms of: 

basic engine data: e.g. bore, stroke 

working cycle: 2 stroke, 4 stroke 

cylinder arrangement: in-line, vee 

cylinder rating 

fuel supply: e.g. direct, or indirect injection, dual fuel 
gas exchange: natural aspiration, pressure charging 
arrangement. 
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17.1.5 Where an engine type has subsequently proved 
satisfactory in service with a number of applications a maxi- 
mum uprating of 10 per cent may be considered without a 
further complete type test. 


17.1.6  Atype test will be considered to cover engines of a 
given design for a range of cylinder numbers in a given 
cylinder arrangement. 


17.2 Mass produced engines 

17.2.1. The requirements in this section are applicable to 
the type testing of mass produced internal combustion 
engines where the manufacturer has requested approval. 
Omission or simplification of the type test requirements will 
be considered by LR for engines of an established type on 
application by the manufacturer. 


17.2.2 The engine to be tested is to be selected from the 
production line and agreed by LR. 


17.2.3. The type tests are to be conducted with the engine 
control systems operational in the approved configuration, see 
1.1 and 4.3.2. Configuration management documents are to 
be reviewed at testing for validity and referenced in the type 
test report. 


17.2.4 The duration and programme of type tests is to 

include the following: 

(a) 80h at rated output. 

(b) 8h at 110 per cent overload. 

(c) 10h at varying partial loads (25 per cent, 50 per cent, 
75 per cent and 90 per cent of rated output). 

(d) 2h at maximum intermittent loads. 

e) Starting tests. 

f) | Reverse running of direct reversing engines. 

g) Testing of speed governor. 

h) Testing of overspeed device. 

) Testing of lubricating oil system failure alarm device. 

k) Testing of the engine with turbo-charger out of action 

when applicable. 

() Testing of minimum speed for main propulsion engines 

and the idling speed for auxiliary engines. 


17.2.5 The type tests in 17.2.4 at the required outputs are 
to be combined together in working cycles for the whole 
duration within the limits indicated. See also 17.2.11 and 
17.2.12. 


17.2.6 The overload testing required by 17.2.4 is to be 

carried out with the following conditions: 

(a) 110 per cent of rated power at 103 per cent revolutions 
per minute for engines directly driving propellers. 

(b) 110 per cent of rated power at 100 per cent revolutions 
per minute for engines driving electrical generators or for 
other auxiliary purposes. 


17.2.7 For prototype engines, the duration and programme 
of tests are to be specially agreed between the manufacturer 
and LR. 
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17.2.8 As far as practicable during type testing the 
following particulars are to be continuously recorded: 

a) Ambient air temperature. 

b) Ambient air pressure. 

c) Atmospheric humidity. 

d) External cooling water temperature. 

e) Fuel and lubrication oil characteristics. 


Sew 


( 
( 
( 
( 
( 


17.2.9 In addition to the particulars stated in 17.2.8 and 
as far as practicable, the following are also to be continuously 
measured and recorded: 
a) Engine revolutions per minute. 
b) Brake power. 
c) Torque. 
d) Maximum combustion pressure. 
e) Indicator pressure diagrams where practicable. 
f) | Exhaust smoke (with an approved smoke meter). 
g) Lubricating oil pressure and temperature. 
h) Exhaust gas temperature in exhaust manifold, and, 
where facilities are available, from each cylinder. 
(j) For turbocharged engines: 
° Turbocharger revolutions per minute. 
° Air temperature and pressures before and after 
turbo-blower and charge cooler. 
° Exhaust gas temperature and pressures before 
and after the turbine. 
° The cooling water inlet temperature to the charge 
air cooler. 


17.2.10 After the type test, the main parts and especially 
those subject to wear are to be dismantled for examination 
by LR Surveyors. 


17.2.11 For engines that are required to be approved for 
different purposes (multi-purpose engines), and that have 
different performances profiles and control, alarm monitoring 
and safety systems configurations for each purpose, the 
programme and duration of test is to be modified to cover the 
whole range of the engine performance, taking into account 
the most severe conditions and intended purpose(s). 


17.2.12 The rated output for which the engine is to be 
tested is the output corresponding to that declared by the 
manufacturer and agreed by LR, i.e. actual maximum power 
which the engine is capable of delivering continuously 
between the normal maintenance intervals stated by the 
manufacturer at the rated speed and under the stated 
ambient conditions. 


17.3 Turbo-chargers 

17.3.1 Atype test is to consist of a hot gas running test of 
at least one hour duration at the maximum permissible speed 
and maximum permissible temperature. Following the test the 
turbo-charger is to be completely dismantled for examination 
of all parts. 


17.3.2 Alternative arrangements will be specially considered. 
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a Section 18 
Type testing procedure for 
crankcase explosion relief valves 


18.1 Scope 


18.1.1 To specify type tests and identify standard test 
conditions using methane gas and air mixture to demonstrate 
that LR requirements are satisfied for crankcase explosion 
relief valves intended to be fitted to engines and gear cases. 


18.1.2 The test procedure is only applicable to explosion 
relief valves fitted with flame arresters. Where internal oil 
wetting of a flame arrester is a design feature of an explosion 
relief valve, alternative testing arrangements that demonstrate 
compliance with these requirements may be proposed by the 
manufacturer. The alternative testing arrangements are to be 
submitted to LR for approval. 


18.2 Purpose 


18.2.1. The purpose of type testing crankcase explosion 

relief valves is fourfold: 

(a) To verify the effectiveness of the flame arrester. 

) To verify that the valve closes after an explosion. 

) To verify that the valve is gas/air tight after an explosion. 

) To establish the level of overpressure protection provided 
by the valve. 


18.3 Test facilities 


18.3.1 Test houses carrying out type testing of crankcase 

explosion relief valves are to meet the following requirements: 

(a) The test houses where testing is carried out are to be 
accredited to a National or International Standard for the 
testing of explosion protection devices such as 
ISO/IEC 17025. 

b) The test facilities are to be acceptable to LR. 

c) The test facilities are to be equipped so that they can 
perform and record explosion testing in accordance with 
this procedure. 

d) The test facilities are to have equipment for controlling 
and measuring a methane gas in air concentration within 
a test vessel to an accuracy of +0,1 per cent. 

e) The test facilities are to be capable of effective point- 
located ignition of a methane gas in air mixture. 

f) The pressure measuring equipment is to be capable of 
measuring the pressure in the test vessel in at least two 
positions, one at the valve and the other at the test 
vessel centre. The measuring arrangements are to be 
capable of measuring and recording the pressure 
changes throughout an explosion test at a frequency 
recognising the speed of events during an explosion. 
The result of each test is to be documented by video 
recording and by recording with a heat sensitive camera. 

(g) The test vessel for explosion testing is to have 
documented dimensions. The dimensions are to be 
such that the vessel is not pipe-like with the distance 
between dished ends being not more than 2,5 times the 
diameter. The internal volume of the test vessel is to 
include any standpipe arrangements. 
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(h) The test vessel is to be provided with a flange, located 
centrally at one end at 90 degrees to the vessel longitu- 
dinal axis for mounting the explosion relief valve. The test 
vessel is to be arranged in an orientation consistent with 
how the valve will be installed in service, i.e., in the 
vertical plane or the horizontal plane. 

(i) A circular flat plate is to be provided for fitting between 
the pressure vessel flange and valve to be tested with 
the following dimensions: 

(i) Outside diameter of 2 times the outer diameter of 
the valve top cover. 

(ii) Internal bore having the same internal diameter 
as the valve to be tested. 

(k) The test vessel is to have connections for measuring the 
methane in air mixture at the top and bottom. 

(l) The test vessel is to be provided with a means of fitting 
an ignition source at a position as specified in 18.4.3. 

(m) The test vessel volume is to be as far as practicable, 
related to the size and capability of the relief valve to be 
tested. In general, the volume is to correspond to the 
requirement in 10.3.1 for the free area of explosion relief 
valve to be not less than 115 cm?/m3 of crankcase gross 
volume, e.g., the testing of a valve having 1150 cm2 of 
free area, would require a test vessel with a volume of 
10 m8. The following is to apply: 

(i) Where the free area of relief valves is greater than 
115 cm2/m8 of the crankcase gross volume, the 
volume of the test vessel is to be consistent with 
the design ratio. 

(ii) In no case is the volume of the test vessel to vary 
by more than +15 per cent from the design 
cm2/m8 volume ratio. 


18.4 Explosion test process 


18.4.1 All explosion tests to verify the functionality of 
crankcase explosion relief valves are to be carried out using 
an air and methane mixture with a volumetric methane 
concentration of 9,5 per cent +0,5 per cent. The pressure in 
the test vessel is to be not less than atmospheric and is not to 
exceed the opening pressure of the relief valve. 


18.4.2 — The concentration of methane in the test vessel is 
to be measured at the top and bottom of the vessel and these 
concentrations are not to differ by more than 0,5 per cent. 


18.4.3. The ignition of the methane and air mixture is to be 
made at the centreline of the test vessel at a position 
approximately one third of the height or length of the test 
vessel opposite to where the valve is mounted. 


18.4.4 The ignition is to be made using a maximum 
100 joule explosive charge. 


18.5 Valves to be tested 


18.5.1. The valves used for type testing (including testing 
specified in 18.5.3) are to be selected from the manufacturer’s 
normal production line for such valves by the LR Surveyor 
witnessing the tests. 
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18.5.2 For approval of a specific valve size, three valves 
are to be tested in accordance with 18.5.3 and 18.6. For a 
series of valves, see 18.8. 


18.5.3 The valves selected for type testing are to have 
been previously tested at the manufacturer’s works to demon- 
strate that the opening pressure is in accordance with the 
specification within a tolerance of +20 per cent and that the 
valve is air tight at a pressure below the opening pressure for 
at least 30 seconds. This test is to verify that the valve is air 
tight following assembly at the manufacturer’s works and that 
the valve begins to open at the required pressure demon- 
strating that the correct spring has been fitted. 


18.5.4 The type testing of valves is to recognise the 
orientation in which they are intended to be installed on the 
engine or gear case. Three valves of each size are to be 
tested for each intended installation orientation, i.e. in the 
vertical and/or horizontal positions. 


18.6 Method 


18.6.7. The following requirements are to be satisfied at 

explosion testing: 

(a) The explosion testing is to be witnessed by a LR 
Surveyor. 

(b) Where valves are to be installed on an engine or gear 
case with shielding arrangements to deflect the emission 
of explosion combustion products, the valves are to be 
tested with the shielding arrangements fitted. 

(c) Successive explosion testing to establish a valve’s 
functionality is to be carried out as quickly as possible 
during stable weather conditions. 

(d) The pressure rise and decay during all explosion testing 
is to be recorded. 

(e) The external condition of the valves is to be monitored 
during each test for indication of any flame release by 
video and heat sensitive camera. 


18.6.2 The explosion testing is to be in three stages for 
each valve that is required to be approved as being type 
tested. 


18.6.3 Stage 1. Two explosion tests are to be carried out 
in the test vessel with the circular plate as specified in 18.3.1 (j) 
fitted and the opening in the plate covered by a 0,05 mm thick 
polythene film. These tests establish a reference pressure 
level for determination of the capability of a relief valve in terms 
of pressure rise in the test vessel, see 18.7.1(f). 


18.6.4 Stage 2: 

(a) Two explosion tests are to be carried out on three 
different valves of the same size. Each valve is to be 
mounted in the orientation for which approval is sought 
i.e., in the vertical or horizontal position with the circular 
plate described in 18.3.1(j) located between the valve 
and pressure vessel mounting flange. 

(b) The first of the two tests on each valve is to be carried 
out with a 0,05mm thick polythene bag, having a 
minimum diameter of three times the diameter of the 
circular plate and volume not less than 30 per cent of 
the test vessel, enclosing the valve and circular plate. 
Before carrying out the explosion test the polythene bag 
is to be empty of air. The polythene bag is required to 
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provide a readily visible means of assessing whether 
there is flame transmission through the relief valve 
following an explosion. During the test, the explosion 
pressure will open the valve and some unburned 
methane/air mixture will be collected in the polythene 
bag. When the flame reaches the flame arrester and if 
there is flame transmission through the flame arrester, 
the methane/air mixture in the bag will be ignited and this 
will be visible. 

(c) Provided that the first explosion test successfully 
demonstrated that there was no indication of combus- 
tion outside the flame arrester and there are no signs of 
damage to the flame arrester or valve, a second explosion 
test without the polythene bag arrangement is to be 
carried out as quickly as possible after the first test. 
During the second explosion test, the valve is to be 
visually monitored for any indication of combustion 
outside the flame arrester and video records are to be 
kept for subsequent analysis. The second test is 
required to demonstrate that the valve can still function 
in the event of a secondary crankcase explosion. 

(d) After each explosion, the test vessel is to be maintained 
in the closed condition for at least 10 seconds to enable 
the tightness of the valve to be ascertained. The 
tightness of the valve can be verified during the test from 
the pressure/time records or by a separate test after 
completing the second explosion test. 


18.6.5 Stage 3. Carry out two further explosion tests as 
described in Stage 1. These further tests are required to 
provide an average baseline value for assessment of pressure 
rise, recognising that the test vessel ambient conditions may 
have changed during the testing of the explosion relief valves 
in Stage 2. 


18.7 Assessment and records 


18.7.1 For the purposes of verifying compliance with the 
requirements of this Section, the assessment and records of 
the valves used for explosion testing is to address the 
following: 

(a) The valves to be tested are to have evidence of 
appraisal/approval by LR, see also 18.5.1. 

(b) The designation, dimensions and characteristics of the 
valves to be tested are to be recorded. This is to include 
the free area of the valve and of the flame arrester and 
the amount of valve lift at 0,2 bar. 

(c) The test vessel volume is to be determined and 
recorded. 

(d) For acceptance of the functioning of the flame arrester 
there is not to be any indication of flame or combustion 
outside the valve during an explosion test. 

(e) The pressure rise and decay during an explosion is to be 
recorded, with indication of the pressure variation 
showing the maximum overpressure and steady under- 
pressure in the test vessel during testing. The pressure 
variation is to be recorded at two points in the pressure 
vessel. 
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(f) The effect of an explosion relief valve in terms of 
pressure rise following an explosion is ascertained from 
maximum pressures recorded at the centre of the test 
vessel during the three stages. The pressure rise within 
the test vessel due to the installation of a relief valve is 
the difference between average pressure of the four 
explosions from Stages 1 and 3 and the average of the 
first tests on the three valves in Stage 2. The pressure 
rise is not to exceed the limit specified by the manufac- 
turer. 

(g) The valve tightness is to be ascertained by verifying from 
the records at the time of testing that an under-pressure 
of at least 0,3 bar is held by the test vessel for at least 
10 seconds following an explosion. This test is to verify 
that the valve has effectively closed and is reasonably 
gas-tight following dynamic operation during an explosion. 

(h) After each explosion test in Stage 2, the external 
condition of the flame arrester is to be examined for 
signs of serious damage and/or deformation that may 
affect the operation of the valve. 

(i) | After completing the explosion tests, the valves are to 
be dismantled and the condition of all components 
ascertained and documented. In particular, any indica- 
tion of valve sticking or uneven opening that may affect 
the operation of the valve is to be noted. Photographic 
records of the valve condition are to be taken and 
included in the report. 


18.8 Design series qualification 


18.8.1 | The qualification of quenching devices to prevent 
the passage of flame can be evaluated for other similar 
devices of identical type where one device has been tested 
and found satisfactory. 


18.8.2 | The quenching ability of a flame arrester depends 
on the total mass of quenching lamellas/mesh. Provided the 
materials, thickness of materials, length of lamellas/thickness 
of mesh layer and the quenching gaps are the same, then the 
same quenching ability can be qualified for different size of 
flame arresters subject to (a) and (b) being satisfied. 


n S 
O e 
No S2 
A] S4 
DP As Ss 
2 2 
where 
n4 = total depth of flame arrester corresponding to the 


number of lamellas of size 1 quenching device for a 
valve with a relief area equal to S4 

Nə = total depth of flame arrester corresponding to the 
number of lamellas of size 2 quenching device for a 
valve with a relief area equal to S, 

A, = free area of quenching device for a valve with a 
relief area equal to S, 

A> = free area of quenching device for a valve with a 
relief area equal to So. 
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18.8.3 The qualification of explosion relief valves of larger 
sizes than that which has been previously satisfactorily tested 
in accordance with 18.6 and 18.7 can be evaluated where 
valves are of identical type and have identical features of 
construction subject to the following: 

(a) The free area of a larger valve does not exceed three 
times +5 per cent that of the valve that has been 
satisfactorily tested. 

(b) One valve of the largest size, subject to (a), requiring 
qualification is subject to satisfactory testing required by 
18.5.3 and 18.6.4 except that a single valve will be 
accepted in 18.6.4(a) and the volume of the test vessel 
is not to be less than one-third of the volume required 
by 18.3.1(m). 

(c) The assessment and records are to be in accordance 
with 18.7, noting that 18.7.1(f) will only be applicable to 
Stage 2 for a single valve. 


18.8.4 | The qualification of explosion relief valves of smaller 
sizes than that which has been previously satisfactorily tested 
in accordance with 18.6 and 18.7 can be evaluated where 
valves are of identical type and have identical features of 
construction subject to the following: 
(a) The free area of a smaller valve is not less than one third 
of that of the valve that has been satisfactorily tested. 
(b) One valve of the smallest size, subject to (a), requiring 
qualification is subject to satisfactory testing required by 
18.5.3 and 18.6.4 except that a single valve will be 
accepted in 18.6.4(a) and the volume of the test vessel 
is not to be more than the volume required by 18.3.1(m). 
(c) The assessment and records are to be in accordance 
with 18.7, noting that 18.7.1(f) will only be applicable to 
Stage 2 for a single valve. 


18.9 The report 


18.9.1 The test house is to deliver a full report that 

includes the following information and documents: 

a) Test specification. 

b) Details of test pressure vessel and valves tested. 

c) The orientation in which the valve was tested, (vertical or 
horizontal position). 

d) Methane in air concentration for each test. 

e) Ignition source. 

f) Pressure curves for each test. 

g) Video recordings of each valve test. 

h) The assessment and records stated in 18.7. 


18.10 Approval 


18.10.71 The approval of an explosion relief valve is at the 
discretion of LR based on the appraisal of plans and 
particulars and the test facility’s report of the results of type 
testing. 
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a Section 19 
Type testing procedure for 
crankcase oil mist detection and 
alarm equipment 


19.1 Scope 


19.1.1 To specify the tests required to demonstrate that 
crankcase oil mist detection and alarm equipment intended 
to be fitted to diesel engines satisfy LR requirements. 


19.1.2 This test procedure is also applicable to oil mist 
detection and alarm arrangements intended for gear cases. 


19.2 Purpose 


19.2.1 The purpose of type testing crankcase oil mist 

detection and alarm equipment is seven fold: 

(a) To verify the functionality of the system. 

b) To verify the effectiveness of the oil mist detectors. 

c) To verify the accuracy of oil mist detectors. 

d) To verify the alarm set points. 

e) To verify time delays between oil mist leaving the source 
and alarm activation. 

(f) To verify functional failure detection. 

(g) To verify the influence of optical obscuration on detection. 


19.3 Test facilities 


19.3.1 Test houses carrying out type testing of crankcase 
detection and alarm equipment are to satisfy the following 
criteria: 

(a) A full range of facilities for carrying out the environmental 
and functionality tests required by this procedure shall 
be available and be acceptable to LR. 

(b) The test house that verifies the functionality of the equip- 
ment is to be equipped so that it can control, measure 
and record oil mist concentration levels in terms of mg/l 
to an accuracy of +10 per cent in accordance with this 
procedure. 


19.4 Equipment testing 


19.4.1. The range of tests is to include the following for the 
alarm/monitoring panel: 

Functional tests described in 19.5. 

Electrical power supply failure test. 

Power supply variation test. 

Dry heat test. 

Damp heat test. 

Vibration test. 

EMC test. 

Insulation resistance test. 

High voltage test. 

Static and dynamic inclinations, if moving parts are 
contained. 
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19.4.2 The range of tests is to include the following for the 
detectors: 

Functional tests described in 19.5. 
Electrical power supply failure test. 
Power supply variation test. 

Dry heat test. 

Damp heat test. 

Vibration test. 

EMC test. 

Insulation resistance test. 

High voltage test. 

Static and dynamic inclinations. 


cS 
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19.5 Functional tests 


19.5.1 All tests to verify the functionality of crankcase oil 
mist detection and alarm equipment are to be carried out in 
accordance with 19.5.2 to 19.5.6 with an oil mist concentra- 
tion in air, Known in terms of mg/l to an accuracy of +10 per 
cent. 


19.5.2 The concentration of oil mist in the test chamber is 
to be measured in the top and bottom of the chamber and 
these concentrations are not to differ by more than 10 per 
cent. See 19.7.2(a). 


19.5.3 The oil mist monitoring arrangements are to be 
capable of detecting oil mist in air concentrations of between 
O and 10 per cent of the lower explosive limit (LEL), which 
corresponds to an oil mist concentration of approximately 
50 mg/l (13 per cent oil-air mixture) or between O and a 
percentage corresponding to a level not less than twice the 
maximum oil mist concentration alarm set point. 


19.5.4 The alarm set point for oil mist concentration in air is 
to provide an alarm at a maximum setting corresponding to not 
more than 5 per cent of the LEL or approximately 2,5 mg/l. 


19.5.5 Where alarm set points can be altered, the means 
of adjustment and indication of set points are to be verified 
against the equipment manufacturer’s instructions. 


19.5.6 Where oil mist is drawn into a detector via piping 
arrangements, the time delay between the sample leaving the 
crankcase and operation of the alarm is to be determined for 
the longest and shortest lengths of pipes recommended by 
the manufacturer. The pipe arrangements are to be in accor- 
dance with the manufacturer’s instructions/recommendations. 


19.5.7 Detector equipment that is in contact with the 
crankcase atmosphere and may be exposed to oil splash and 
spray from engine lubricating oil is to be tested to demon- 
strate that openings do not occlude or become blocked 
under continuous oil splash or spray conditions. Testing is to 
be in accordance with arrangements proposed by the 
manufacturer and agreed by LR. 
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19.5.8 Detector equipment may be exposed to water 
vapour from the crankcase atmosphere which may affect the 
sensitivity of the equipment, it is to be demonstrated that 
exposure to such conditions will not affect the functional 
operation of the detector equipment. Where exposure to 
water vapour and/or water condensation has been identified 
as a possible source of equipment malfunctioning, testing is 
to demonstrate that any mitigating arrangements such as 
heating are effective. Testing is to be in accordance with 
arrangements proposed by the manufacturer and agreed by 
LR. This testing is in addition to that required by 19.4.2(e) and 
is concerned with the effects of condensation caused by the 
detection equipment being at a lower temperature than the 
crankcase atmosphere. 


19.6 Detectors and alarm equipment to be tested 


19.6.1 The detectors and alarm equipment selected for 
the type testing are to be selected from the manufacturer’s 
normal production line by the LR Surveyor witnessing the 
tests. 


19.6.2 Two detectors are to be tested. One is to be tested 
in the clean condition and the other in a condition representing 
the maximum level of lens obscuration specified by the 
manufacturer. 


19.7 Method 


19.7.1. The requirements of 19.7 are to be satisfied at type 
testing. 


19.7.2 Oil mist generation is to satisfy the following: 

(a) Oil mist is to be generated with suitable equipment using 
an SAE 80 monograde mineral oil or equivalent and 
supplied to a test chamber having a volume of not less 
than 1 m3. The oil mist produced is to have a maximum 
droplet size of 5 um. The oil droplet size is to be checked 
using the sedimentation method. 

(b) The oil mist concentrations used are to be ascertained 
by the gravimetric deterministic method or equivalent. 
For this test, the gravimetric deterministic method is a 
process where the difference in weight of a 0,8 um pore 
size membrane filter is ascertained from weighing the 
filter before and after drawing 1 litre of oil mist through 
the filter from the oil mist test chamber. The oil mist 
chamber is to be fitted with a recirculating fan. 

(c) Samples of oil mist are to be taken at regular intervals 
and the results plotted against the oil mist detector 
output. The oil mist detector is to be located adjacent to 
where the oil mist samples are drawn off. 

(d) The results of a gravimetric analysis are considered 
invalid and are to be rejected if the resultant calibration 
curve has an increasing gradient with respect to the oil 
mist detection reading. This situation occurs when 
insufficient time has been allowed for the oil mist to 
become homogeneous. Single results that are more than 
10 per cent below the calibration curve are to be 
rejected. This situation occurs when the integrity of the 
filter unit has been compromised and not all of the oil is 
collected on the filter paper. 
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(e) The filters require to be weighed to a precision of 0,1 mg 
and the volume of air/oil mist sampled to 10 ml. 


19.7.3 The testing is to be witnessed by an LR Surveyor 
where type testing approval is required by LR. 


19.7.4 Oil mist detection equipment is to be tested in the 
orientation (vertical, horizontal or inclined) in which it is 
intended to be installed on an engine or gear case as specified 
by the equipment manufacturer. 


19.7.5 Type testing is to be carried out for each type of oil 
mist detection and alarm equipment for which a manufacturer 
seeks LR approval. Where sensitivity levels can be adjusted, 
testing is to be carried out at the extreme and mid-point level 
settings. 


19.8 Assessment 


19.8.1 Assessment of oil mist detection equipment 

devices after testing is to address the following: 

(a) The equipment to be tested is to have evidence of 
design appraisal/approval by LR, See also 19.6.1. 

(b) Details of the detection equipment to be tested are to be 
recorded, such as name of manufacturer, type designa- 
tion, oil mist concentration assessment capability and 
alarm settings. 

(c) After completing the tests, the detection equipment is to 
be examined and the condition of all components ascer- 
tained and documented. Photographic records of the 
monitoring equipment condition are to be taken and 
included in the report. 


19.9 Design series qualification 


19.9.1. The approval of one type of detection equipment 
may be used to qualify other devices having identical 
construction details. Proposals are to be submitted for 
consideration. 


19.10 The report 


19.10.71 The test house is to provide a full report which 
includes the following information and documents: 

(a) Test specification. 

(b) Details of equipment tested. 

(c) Results of tests. 


19.11 Acceptance 


19.11.1 Acceptance of crankcase oil mist detection equip- 
ment is at the discretion of LR based on the appraisal of plans 
and particulars and the test house report of the results of type 
testing. 
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19.11.2 The following information is to be submitted to LR 
for acceptance of oil mist detection equipment and alarm 
arrangements: 

(a) Description of oil mist detection equipment and system 
including alarms. 

(b) Copy of the test house report identified in 19.10. 

(c) Schematic layout of engine oil mist detection arrange- 
ments showing location of detectors/sensors and piping 
arrangements and dimensions. 

(d) Maintenance and test manual which is to include the 
following information: 

° Intended use of equipment and its operation. 

° Functionality tests to demonstrate that the equip- 
ment is operational and that any faults can be 
identified and corrective actions notified. 


° Maintenance routines and spare parts recom- 
mendations. 
° Limit setting and instructions for safe limit levels. 


° Where necessary, details of configurations in 
which the equipment is and is not to be used. 


a Cross-references 

The pumping arrangements, including cooling water and 
lubricating oil systems, are to comply with the requirements 
of Chapter 14. 


For spare gear, see Chapter 1,7. 
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Section 

1 Plans and particulars 

2 Materials 

3 Design and construction 

4 Safety arrangements 

5 Emergency arrangements 

6 Control and monitoring of main and auxiliary 


steam turbines 


7 Tests and equipment 


o Scope 

The requirements of this Chapter are applicable to 
steam turbines for main propulsion and also, where powers 
exceed 110 kW (150 shp), to those for essential auxiliary 
services. 


O Section 1 
Plans and particulars 


1.1 Plans 


Tta The following plans are to be submitted for consid- 
eration, together with particulars of materials, maximum shaft 
powers and revolutions per minute, see Ch 1,3.3. The 
pressures and temperatures applicable at maximum shaft 
power and under the emergency conditions of 5.2 are to be 
stated or indicated on the plans. 

e General arrangement. 

e — Sectional assembly. 

e Rotors and couplings. 

e Casings. 


1:1:2 For the emergency conditions of 5.3, full particulars 
of the means proposed for emergency propulsion are to be 
submitted. 


7.7.3 Where rotors and castings are of welded construction, 
details of the welded joints are also to be submitted for 
consideration. 


1.1.4 In general, plans for auxiliary turbines need not be 
submitted. 


Part 5, Chapter 3 


Sections 1,2&3 


O Section 2 


Materials 
2.1 General 
Atel In the selection of materials, consideration is to be 


given to their creep strength, corrosion resistance and scaling 
properties at working temperatures to ensure satisfactory 
performance and long life under service conditions. 


2.1.2 Grey cast iron is not to be used for temperatures 
exceeding 260°C. 


2.2 Materials for forgings 


224 Turbine rotors and discs are to be of forged steel. 
For carbon and carbon-manganese steel forgings, the 
specified minimum tensile strength is to be selected within the 
limits of 400 and 600 N/mm? (41 and 61 kgf/mm2). For alloy 
steel rotor forgings, the specified minimum tensile strength is 
to be selected within the limits of 500 and 800 N/mm? 
(51 and 82 kgf/mm2?). For discs and other alloy steel forgings, 
the specified minimum tensile strength is to be selected within 
the limits of 500 and 1000 N/mm? (51 and 102 kgf/mm2). 


2.2.2 For alloy steels, details of the proposed chemical 
composition, heat treatment and mechanical properties are 
to be submitted for approval. 


2.2.8 When it is proposed to use material of higher tensile 
strength, full details are to be submitted for approval. 


E Section 3 
Design and construction 


3.1 General 


3.1.1 In the design and arrangement of turbine machinery, 
adequate provision is to be made for the relative thermal 
expansion of the various turbine parts, and special attention is 
to be given to minimising casing and rotor distortion under all 
operating conditions. 


3.1.2 Turbine bearings are to be so disposed and 
supported that lubrication is not adversely affected by heat 
flow from adjacent hot parts of the turbine. Effective means 
are to be provided for intercepting oil leakage and preventing 
oil from reaching high temperature glands and casings and 
steam pipes. Drainage openings and drain pipes from oil 
baffle pockets are to be sufficiently large to prevent excessive 
accumulation and leakage of oil. 
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3.2 Welded components 


3.2.1 Turbine rotors, cylinders and associated compo- 
nents fabricated by means of welding will be considered for 
acceptance if constructed by firms whose works are properly 
equipped to undertake welding to equivalent standards, for 
rotors and cylinders respectively, to those required by the 
Rules for Class 1 and Class 2/1 welded pressure vessels, see 
Ch 17, Sections 1 to 7. 


3.2.2 Welding is to be carried out in accordance with the 
requirements of Ch 13,4 of the Rules for Manufacture, Testing 
and Certification of Materials (hereinafter referred to as the 
Rules for Materials) using welding procedures and welders 
that have been qualified in accordance with Chapter 12 of 
the Rules for Materials. 


3.2.3 Before work is commenced, manufacturers are to 
submit for consideration details of proposed welding 
procedures and their proposals for routine examination of 
joints by non-destructive means. 


3.2.4 Materials used in the construction of turbine rotors, 
cylinders, diaphragms, condensers, etc., are to be of welding 
quality. 


3.2.5 Where it is proposed to construct rotors from two 
or more forged components joined by welding, full details of 
the chemical composition, mechanical properties and heat 
treatment of the materials, together with particulars of the 
welding consumables, an outline of the welding procedure, 
method of fabrication and heat treatment, are to be submitted 
for consideration. 


3.2.6 Joints in rotors and major joints in cylinders are to 
be designed as full-strength welds and for complete fusion of 
the joint. 


3.2.7 Adequate preheating is to be employed for mild 
steel cylinders and components and where the metal 
thickness exceeds 44 mm, and for all low alloy steel cylinders 
and components and for any part where necessitated by joint 
restraint. 


3.2.8 Stress relief heat treatment is to be applied to all 
cylinders and associated components on completion of the 
welding of all joints and attached structures. For details of 
stress relief procedure, temperature and duration, see 
Ch 13,4.11 of the Rules for Materials. 


3.2.9 For all welded components, weld procedure tests 
are to be in accordance with Ch 12,2.7 of the Rules for 
Materials. 


3.2.10 Production weld tests are to be performed according 
to the requirements of Ch 13,4.5 of the Rules for Materials. 


Part 5, Chapter 3 


Section 3 


3.3 Stress raisers 


3.3.1 Smooth fillets are to be provided at abrupt changes 
of section of rotors, spindles, discs, blade roots and tenons. 
The rivet holes in blade shrouds are to be rounded and 
radiused on top and bottom surfaces, and tenons are to be 
radiused at their junction with blade tips. Balancing holes in 
discs are to be well rounded and polished. 


3.3.2 Surveyors are to be satisfied as to the workman- 
ship and riveting of blades to shroud bands, and that the 
blade tenons are free from cracks, particularly with high 
tensile blade material. Test samples are to be sectioned and 
examined, and pull-off tests made if considered necessary by 
the Surveyors. 


3.4 Shrunk-on rotor discs 


3.4.1 Main turbine rotor discs fitted by shrinking are to be 
secured with keys, dowels or other approved means. 


3.5 Vibration 


3.5.1 Care is to be taken in the design and manufacture 
of turbine rotors, rotor discs and blades to ensure freedom 
from undue vibration within the operating speed range. 
Consideration of blade vibration should include the effect of 
centrifugal force, blade root fixing, metal temperature and disc 
flexibility where appropriate. 


3.5.2 For the vibration and alignment of main propulsion 
systems formed by the turbines geared to the line shafting, 
see Chapter 8. 


3.6 External influences 


3.6.1 Pipes and ducts connected to turbine casings are 
to be so designed that no excessive thrust loads or moments 
are applied by them to the turbines. Gratings and any fittings 
in way of sliding feet or flexible-plate supports are to be so 
arranged that casing expansion is not restricted. Where main 
turbine seatings incorporate a tank structure, consideration 
is to be given to the temperature variation of the tank in 
service to ensure that turbine alignment will not be adversely 
affected. 


3.7 Steam supply and water system 


3.7.1 In the arrangement of the gland sealing system, the 
pipes are to be made self-draining and every precaution is to 
be taken against the possibility of condensed steam entering 
the glands and turbines. The steam supply to the gland 
sealing system is to be fitted with an effective drain trap. In 
the air ejector re-circulating water system, the connection to 
the condenser is to be so located that water cannot impinge 
on the L.P. rotor or casing. 
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3.8 Turning gear 


3.8.1 Turning gear is to be provided for all turbines to 
facilitate operating and maintenance regimes as required by 
the manufacturer. 


3.8.2 The turning gear for all propulsion turbines is to be 
power-driven and, if electric, is to be continuously rated. 


3.8.3 The turning gear for auxiliary turbines may be hand 
operated (manual) except where this is not practicable, in 
which case the provision of 3.8.2 is to be complied with. 


3.8.4 The turning gear for all turbines is to be fitted with 
safety interlocks which prevent steam valve actuation for_turbine 
operation when engaged see Ch 1,3.9. Indication of engaged/ 
not engaged is to be provided at all start positions. 


3.8.5 The remote control device of power-driven turning 
gear is to be so designed that power is removed from the turning 
gear when the operating switch is released. 


3.8.6 Means are to be provided to secure the turning 
gear when disengaged. 


a Section 4 
Safety arrangements 


4.1 Low vacuum and overpressure protective 
devices 
4.1.1 In order to provide a warning, due to excessive 


pressure, to personnel in the vicinity of the exhaust ends of 
main turbines, sentinel relief valves are to be provided at the 
exhaust ends or other approved positions. The relief valve 
discharge outlets are to be visible and suitably guarded if 
necessary. Where a low vacuum cut-out device is provided, 
the sentinel relief valve at the L.P. exhaust may be omitted. 


4.1.2 In order to provide a warning, due to excessive 
pressure, to personnel in the vicinity of the exhaust ends of 
auxiliary turbines, sentinel relief valves are to be provided at 
the exhaust ends. The relief valve discharge outlets are to be 
visible and suitably guarded if necessary. Low vacuum or 
overpressure cut-out devices, as appropriate, are also to be 
provided for auxiliary turbines not installed with their own 
condensers. 


4.2 Bled steam connections 

4.2.1 Non-return or other means, which will prevent 
steam and water returning to the turbines, are to be fitted in 
bled steam connections. 

4.3 Steam strainers 

4.3.1 Efficient steam strainers are to be provided close to 


the inlets to ahead and astern high pressure turbines, or 
alternatively at the inlets to the manoeuvring valves. 


Part 5, Chapter 3 


Sections 3, 4 & 5 


m| Section 5 
Emergency arrangements 


5.1 Lubricating oil failure 


STA Arrangements are to be made for the steam to the 
ahead propulsion turbines to be automatically shut-off in the 
event of failure of the lubricating oil pressure; however, steam is 
to be made available at the astern turbine for braking purposes 
in such an emergency, see Chapter 14 for emergency oil 
supply. 


5:1:2 Auxiliary turbine arrangements are to be such that 
steam supply is automatically shut-off in the event of failure 
of the lubricating oil pressure. 


5.2 Single screw ships 


5.2.1 In single screw ships fitted with cross compound 
steam turbine installations in which two or more turbines are 
separately coupled to the same main gear wheel, the 
arrangements are to be such as to enable safe navigation 
when the steam supply is led direct to the L.P. turbine and 
either the H.P or L.P. turbine can exhaust direct to the 
condenser. Adequate arrangements and controls are to be 
provided for these emergency operating conditions so that 
the pressure and temperature of the steam will not exceed 
those which the turbines and condenser can safely withstand. 


522 The necessary pipes and valves or fittings for these 
arrangements are to be readily available and properly marked. 
A fit up test of all combinations of pipes and valves is to be 
performed prior to the first sea trials. 


5:23 The permissible power/speeds of the operating 
turbines(s) when operating without one of the turbines (all 
combinations) is to be specified and information provided on 
board. 


5.2.4 The operation of the turbines under emergency 
conditions is to be assessed for the potential influence on 
shaft alignment and gear teeth loading conditions. 


5.3 Single main boiler 


5.3.7 Ships intended for unrestricted service, fitted with 
steam turbines and having a single main boiler, are to be 
provided with means to ensure emergency propulsion in the 
event of failure of the main boiler. 
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a Section 6 
Control and monitoring of main 
and auxiliary steam turbines 


6.1 General 


6:1:1 Control engineering systems are to be in accordance 
with the requirements of Pt 6, Ch 1. 


6.1.2 All main and auxiliary steam turbines intended for 
essential services are to be provided with means of indicating 
the lubricating oil pressure supply to them. Where such turbines 
are of more than 37 kW (50 shp), audible and visual alarms are 
to be fitted to give warning of an appreciable reduction in 
pressure of the lubricating oil supply. Further, these alarms are 
to be actuated from the outlet side of any restrictions, such as 
filters, coolers, etc. 


6.2 Overspeed protective devices 


6.2.1 An overspeed protective device is to be provided for 
main and auxiliary turbines to shut off the steam automatically 
and prevent the maximum designed speed being exceeded by 
more than 15 per cent. 


6.2.2 Where two or more turbines of a compound main 
turbine installation are separately coupled to the same main 
gear wheel, and one overspeed protective device is provided, 
this is to be fitted to the L.P. ahead turbine. Hand trip gear for 
shutting off the steam in an emergency is to be provided at the 
manoeuvring platform. 


6.3 Speed governors 


6.3.1 Where a turbine installation incorporates a reverse 
gear, electric transmission or reversible propeller, a speed 
governor in addition to, or in combination with, the overspeed 
protective device is to be fitted, and is to be capable of 
controlling the speed of the unloaded turbine without bringing 
the overspeed protective device into action. 


6.3.2 Auxiliary turbines intended for driving electric 
generators are to be fitted with speed governors which, with 
fixed settings, are to control the speed within 10 per cent 
momentary variation and 5 per cent permanent variation when 
full load is suddenly taken off or put on. The permanent speed 
variations of alternating current machines intended for parallel 
operations are to equalise within a tolerance of +0,5 per cent. 


6.4 Unattended machinery 


6.4.1 Where machinery steam turbines are fitted with 
automatic or remote controls so that under normal operating 
conditions they do not require any manual intervention by the 
operators, they are to be provided with the alarms and safety 
arrangements required by 6.4 to 6.6, as appropriate. Alternative 
arrangements which provide equivalent safeguards will be 
considered. 


Part 5, Chapter 3 


Section 6 


6.4.2 Where machinery is arranged to start automatically 
or from a remote control station, interlocks are to be provided 
to prevent start-up under conditions which could hazard the 
machinery. 


6.4.3 Where machinery specified in this Section is required 
to be provided with a standby pump, the standby pump is to 
start automatically if the discharge pressure from the working 
pumps falls below a predetermined value. 


6.4.4 Where a first stage alarm together with a second 
stage alarm and automatic shut-down of machinery are 
required in the relevant Tables of this Section, the sensors and 
circuits utilised for the second stage alarm and automatic shut- 
down are to be independent of those required for the first stage 
alarm. 


6.5 Steam turbine machinery for propulsion 
purposes 


6.5.1 Alarms and safeguards are indicated in 6.5.2 to 
6.5.6 and Table 3.6.1. 


6.5.2 Audible and visual alarms are to operate, and 
indication is to be given at the relevant control stations to stop 
or reduce the speed of the turbine(s) for the following fault 
conditions: 

(a) Excessive turbine vibration. 

(o) Excessive axial movement of turbine rotor. 

(c) Low vacuum in main condenser. 

(d) High condensate level in main condenser. 

6.5.3 Reduction of speed may be effected by either 
manual or automatic control. 


6.5.4 Means are to be provided to prevent the risk of 
thermal distortion of the turbines, by automatic steam spinning, 
when the shaft is stopped in the manoeuvring mode. An 
audible and visual alarm is to be provided at the relevant control 
stations when the shaft has been stopped for a predetermined 
time. 


6.5.5 The following turbine services are to be fitted with 
automatic controls so as to maintain steady state conditions 
throughout the normal operating range of the propulsion 
turbine(s): 

(a) Lubricating oil supply temperature. 

(b) Condenser condensate level. 

(c) Gland steam pressure. 


6.5.6 Prolonged running in a restricted speed range is to 
be prevented automatically, or alternatively, indication of 
restricted speed ranges is to be provided at each control 
station. 


6.6 Auxiliary steam turbines 


6.6.1 Alarms and safeguards are indicated in Table 3.6.2. 
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Sections 6 & 7 


Table 3.6.1 Steam turbine machinery: Alarms and safeguards 


tem Alarm Note 


ist stage low — 
2nd stage low Automatic shut-down, see 6.4.4 


Lubricating oil pressure 


Lubricating oil temperature i — 
Lubricating oil sump level — 
Lubricating oil filters differential pressure i — 


Bearing temperatures or bearing oil outlet temperature i = 
Astern turbine temperature i = 
Gland steam pressure High and Low 

Thrust bearing temperature igh 

Sea-water pressure or flow 
Turbine vibration 

Axial movement of turbine rotor i Shut-down or speed reduction or turbine(s) 
Main condenser vacuum 

Main condenser condensate level 


Overspeed 


Table 3.6.2 Auxiliary engines and auxiliary steam turbines: Alarms and safeguards 


Item Alarm 


Lubricating oil inlet temperature High 


Lubricating oil inlet pressurre 1st stage low 
2nd stage low Automatic shut-down of turbine, see 6.4.4 


Condenser vacuum Low 


Automatic shut-down of turbine, see 6.4.4 


Axial displacement of rotor High 
Overspeed High See Ch 4,4 


7.1.2 Where main turbine rotors are subjected to thermal 
stability tests at both forge and turbine builders’ works, the 
foregoing requirements are applicable to both tests. It is not 
o Section 7 required that auxiliary turbine rotors be tested for thermal 
Tests and equipment stability, but, if such tests are carried out, the requirement for 
main turbine rotors will be generally applicable. 


7.1 Stability testing of turbine rotors 

T All solid forged H.P. turbine rotors intended for main 7.2 Balancing 
propulsion service where the inlet steam temperature exceeds 
400°C are to be subjected to at least one thermal stability 
test. This requirement is also applicable to rotors constructed 
from two or more forged components joined by welding. The 


7.2.1 All rotors as finished-bladed and complete with 
half-coupling are to be dynamically balanced to the Surveyor’s 
satisfaction, in a machine of sensitivity appropriate to the size 


test may be carried out at the forge or turbine builders’ works: of rotor. 
(a) after heat treatment and rough machining of the forging; 
or 
(o) after final machining; or 7.3 Hydraulic tests 
(c) after final machining and blading of the rotor. f 
7.3.1 Manoeuvring valves are to be tested to twice the 


The stabilising test temperature is to be not less than 28°C 
above the maximum steam temperature to which the rotor will 
be exposed, and not more than the tempering temperature 
of the rotor material. For details of a recommended test 
procedure and limits of acceptance, see the Rules for 
Materials. Other test procedures may be adopted if approved. 


working pressure. The nozzle boxes of impulse turbines are 
to be tested to 1,5 times the working pressure. 


7.3.2 The cylinders of all turbines are to be tested to 
1,5 times the working pressure in the casing, or to 2,0 bar 
(2,0 kgf/cm), whichever is the greater. 
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73:3 For test purposes, the cylinders may be sub- 
divided with temporary diaphragms for distribution of test 
pressures. 


7.3.4 Condensers are to be tested in the steam space to 
1,0 bar (1,0 kgf/cm2). The water space is to be tested to the 
maximum pressure which the pump can develop at ship’s full 
draught with the discharge valve closed plus 0,7 bar 
(0,7 kgf/cm2), with a minimum test pressure of 2,0 bar 
(2,0 kgf/cm). Where the operating conditions are not known, 
the test pressure is to be not less than 3,4 bar (3,5 kgf/cm2), 
see Chapter 14. 


7.4 Indicators for movement 


7.4.1 Indicators for determining the axial position of 
rotors relative to their casings, and for showing the longitudinal 
expansion of casings at the sliding feet, if fitted, are to be 
provided for main turbines. The latter indicators should be 
fitted at both sides and be readily visible. 


7.5 Weardown gauges 
Lot Main and auxiliary turbines are to be provided with 


bridge weardown gauges for testing the alignment of the 
rotors. 


a Cross-references 

The pumping arrangements, including cooling 
water and lubricating oil systems, are to comply with the 
requirements of Chapters 13 and 14. 


For lists of spare gear to be carried, see Chapter 1,7. 


Part 5, Chapter 3 
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Section 

1 General requirements 

2 Particulars to be submitted 

3 Materials 

4 Design and construction 

5 Piping systems 

6 Starting arrangements 

7 Tests 

8 Control, alarm and safety systems 
o Scope 


The requirements of this Chapter are applicable to 
gas turbines for main propulsion and also, where powers 
exceed 110 kW (150 shp), to those for essential auxiliary 
services. The requirements do not apply to exhaust gas 
turbo-blowers. 

Approval will be in respect of the mechanical 
integrity of the gas turbine (including gas generator and power 
turbine), intake and exhaust ducting configuration, acoustic 
enclosure configuration (where appropriate), fuel, lubricating 
oil and starter systems, control alarm and monitoring systems 
and other critical support systems. 

Type approval of the gas turbine bare engine will be 
required as part of the approval process for first of type. 

Primary exhaust gas emissions abatement plant 
(where fitted) is to meet the requirements of this Chapter; 
additionally, it shall meet those of Chapter 24. Where 
secondary exhaust gas emissions abatement systems are 
fitted to gas turbines, they are to meet the requirements of 
Chapter 24. 


I Section 1 
General requirements 


1.1 Application 


Telet This Chapter is to be read in conjunction with 
Chapter 1 General Requirements for the Design and 
Construction of Machinery, Pt 6, Ch 1 Control Engineering 
Systems, and Pt 6, Ch 2 Electrical Engineering. 


1.2 Standard reference conditions 


1.2.1 Where power, efficiency, heat rate or specific 

consumption refer to standard conditions (ISO 2314), such 

conditions are to be: 

(a) for the intake air at the compressor flange (compressor 
intake flare): 


Part 5, Chapter 4 


Sections 1 & 2 


° a total pressure of 101,3 kPa; 
° an ambient temperature of 15°C; 
° a relative humidity of 60 per cent; and 
(b) for the exhaust at the turbine exhaust flange (or recuperator 
outlet): 
e a static pressure of 101,3 kPa. 


1.3 Power ratings 


EES Where the dimensions of any particular component 
are determined from shaft power, P, in kW, and revolutions 
per minute, R, the values are those defined in Chapter 1. 


1.4 Gas turbine type approval 


1.4.1 New gas turbine types or developments of existing 
types are to be type approved in accordance with Lloyd’s 
Register’s (hereinafter referred to as ‘LR’) Type Approval 
System Procedure — Test Specification GT04. 


1.4.2 Where a gas turbine type has subsequently proved 
satisfactory in service with a number of applications, a 
maximum power uprating of 10 per cent may be considered 
without a further complete design re-assessment and type 
test. 


1.5 Inclination of vessel 


1.5.1 Gas turbines are to operate satisfactorily under the 
conditions of inclinations as shown in Table 1.3.2 in Chapter 1. 


| Section 2 
Particulars to be submitted 


2.1 Plans and information 


2.1.1 The following plans are to be submitted for 
consideration: 

e — Casings. 

Combustion chambers, intercoolers and heat exchangers. 
Compressor and gas generator rotating components. 
Control engineering systems, see Pt 6, Ch 1. 

Cooling and sealing air arrangements for compressor 
and gas generator components: Schematic only. 

° Cooling water system: Schematic only, where applicable. 
e Fuel systems: Schematic only. 

e Gas turbine unit acoustic enclosure, if applicable, including 
ventilation and drainage systems: Schematic only. 

Inlet and exhaust ducting arrangement. 

Lubricating oil systems: Schematic only. 

Nozzles, blades and blade attachments. 

Oil fuel systems: Schematic only. 

Power turbine components. 

Rotors, bearings and couplings. 

Sectional assembly. 

Securing arrangement, including details of resilient 
mounts, where applicable. 

° Starting system: Schematic only. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Gas Turbines 


22 The following information and calculations, where 

applicable, are to be submitted: 

(a) Operational requirements: 

° Proposed field of application and operational 
limitations. 

Power/speed operational envelope. 

e Calculations and information for short-term high 
power operation. 

° Operation and maintenance manuals including 
the declared lives of critical components and 
overhaul schedules recommended by the 
manufacturer. 

(b) Calculations of the critical soeeds of blade and rotor 
vibration, giving full details of the basic assumptions, see 
also 4.3.1. 

(c) Analysis of the effect of rotor blade release together with 
details of operating experience, see also 4.3.2. 

(d) High temperature characteristics of the materials, 
including (at working temperatures) the associated creep 
rate and rupture strength for the designed service life, 
fatigue strength, corrosion resistance and scaling 
properties. 

(e) Material requirements: 

e Particulars of heat treatment, including stress 
relief. 

e Material specifications covering the listed 
components together with details of any surface 
treatments, non-destructive testing and hydraulic 
tests. 

(f) The most onerous pressures and temperatures to which 
each component may be subjected are to be indicated 
on plans or provided as part of the design specification. 

(g) Calculations of the steady state stresses, including the 
effect of stress raisers, etc., in the compressor and 
turbine rotors and blading at the maximum speed and 
temperature in service. Such calculations are to 
indicate the designed service life and be accompanied, 
where possible, by test results substantiating the 
limiting criteria. 

(h) Details of calculations and tests to establish the service 
life of other stressed or safety critical components, 
including bearings, seals, couplings and gearing. 
Calculations and tests are to take account of all relevant 
environmental factors including the particular type of 
service and fuel intended to be used. 

(j) Mounting requirements: 

° Securing arrangements, including details of 
resilient mounts. 

° Calculations concerning the amplitude and 
frequency of vibration associated with resilient 
type mountings. 

(k) A Failure Mode and Effects Analysis (FMEA). 

() Miscellaneous: 

° Design standard of intake filtration for water 
particulate and corrosive marine salts. 

e Details of compressor washing system. 

° Fuel specification. 


2.1.3 Components fabricated by means of welding will 
be considered for acceptance if constructed by firms whose 
works are properly equipped to undertake welding of the 
standards appropriate to the components. Details are to be 
submitted for consideration. 
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Sections 2, 3 & 4 


2.1.4 Before work is commenced, manufacturers are to 
submit for consideration details of proposed welding 
procedures and their proposals for routine examination of 
joints by non-destructive means. 


2.1-6 The manufacturer’s proposals for testing the gas 
turbine are to be submitted for consideration and are to 
include rotor balancing techniques, methods of determining 
the soundness of pressure casings and heat exchanger tests, 
see Section 1. 


m Section 3 


Materials 
3.1 Materials for forgings 
ra Details of materials for rotors and discs are to be 


submitted for approval. 


3.2 Material tests and inspection 


3.2.1 Components are to be tested in accordance with 
the relevant requirements of the Rules for the Manufacture, 
Testing and Certification of Materials (hereinafter referred to 
as the Rules for Materials. 


32.2 For components of novel design, special 
consideration will be given to the material test and non- 
destructive testing requirements. 


E] Section 4 
Design and construction 


4.1 General 


4.1.1 All parts of compressors, turbines, etc., are to have 
clearances and fits consistent with adequate provision for the 
relative thermal expansion of the various components. 
Provision is to be made to limit the distortion of the casing 
and rotor under all normal operating conditions. 


4.1.2 Gas generator and power turbine bearings are to 
be so disposed and supported that lubrication is not 
adversely affected by heat flow from adjacent hot parts. 
Effective means are to be provided for intercepting oil 
leakage and preventing oil from reaching high temperature 
glands and casings. 


4.2 Vibration 


4.2.1 The design and manufacture of compressor and 
turbine rotors, rotor discs and rotor blades are to ensure 
freedom from undue vibration within the full operating speed 
range. Where critical speeds are found by calculation to occur 
within the operating speed range, vibration tests may be 
required in order to verify the calculations, see also Chapter 8. 
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4.2.2 Vibration monitoring is to form an integral part of 
the gas turbine safety and control system. The vibration 
monitoring system is to be capable of detecting the out-of- 
balance of major parts with means being provided to 
shutdown the gas turbine, before an over-critical situation 
occurs, i.e. multiple rotor blade or disc release. 


4.3 Containment 


4.3.1 Gas turbines and power turbines are to be 
designed and installed, so far as is practicable, to contain 
debris in the event of rotor blade release. 


4.3.2 In the event of a major component failure, when the 
turbine casing may not contain the debris; oil fuel, lubricating 
oil and other potentially hazardous systems or equipment are, 
where practicable, to be located outside of the plane of high 
speed rotating parts. This requirement also applies to fire 
detection and extinction equipment, see a/so Section 5. 


4.3.3 Gas turbine ancillaries containing flammable products 
are to be segregated or protected from high temperature 
areas. 


4.4 Intake and exhaust ducts 


4.4.1 Air intakes are to be designed and located to 
minimise the possibility of ingestion of harmful objects. Means 
are also to be provided for detecting and preventing icing up 
of air intakes. 


4.4.2 Suitable intake filtration is to be provided to control 
the ingestion of water, particulate and corrosive marine salts 
within the gas turbine manufacturer's specified limits. 


4.4.3 Where an air intake enclosure forms the connection 
between the ship’s downtake and the gas turbine installation, 
a suitable alarm function is to be provided to give warning 
when an unacceptable air intake pressure loss is reached at 
the air inlet (bellmouth) of the gas turbine. 


4.4.4 Intakes are to be designed such that material 
cannot become detached due to air flow or corrosion. Fixing 
bolts and fastenings are to be positively locked so that they 
cannot work loose. 


4.4.5 Multi-engine installations are to have separate 
intakes and exhausts so arranged as to prevent induced 
circulation through a stopped gas turbine unit. 


4.4.6 The arrangement of the exhaust duct is to be such 
as to prevent, under normal conditions of ship motion and 
atmospheric conditions, exhaust gases being drawn into 
machinery spaces, air conditioning systems and intakes. 
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4.4.7 Where the exhaust is led overboard near the 
waterline, means are to be provided to prevent water from 
being siphoned back into the gas turbine. Where the exhaust 
is cooled by water spray, the exhaust pipes are to be self- 
draining overboard. Erosion/corrosion-resistant shut-off flaps 
or other devices are to be fitted on the hull side shell or pipe 
end with suitable arrangements made to prevent water 
flooding the machinery space. 


4.5 External influences 


4.5.1 Pipes and ducting connected to casings are to be 
so designed that they apply no excessive loads or moments 
to the compressors and turbines. 


4.5.2 Platform gratings and fittings in way of the supports 
are to be so arranged that casing expansion is not restricted. 


4.5.3 Where the gas turbine seating incorporates a tank 
structure, any temperature variation of the tank in service is 
not to adversely affect the gas generator and power turbine 
alignment. 


4.5.4 For machinery fastening arrangements, including 
resilient mounting, see Chapter 1. 


4.6 Corrosive deposits 


4.6.1 Means are to be provided for periodic removal of 
salt deposits and atmospheric contaminants from blading and 
internal surfaces. 


4.7 Acoustic enclosures 


4.7.1 Acoustic enclosures, where fitted, are to be provided 
with an access door, adequate internal lighting and one or 
more observation windows to allow the viewing of critical 
parts of the gas turbine. 


4.7.2 A suitable ventilation system, designed to maintain 
all components within their safe working temperature under 
all operating conditions is to be provided. 


4.7.3 The ventilation system is to be fitted with shut-off 
flaps arranged to close automatically upon activation of the 
enclosure’s fire detection and extinguishing system. 


4.7.4 Acoustic enclosure fire safety arrangements are to 
comply with the requirements of Pt 6, Ch 1 and the /nternational 
Convention for the Safety of Life at Sea, 1974, as amended 
(SOLAS 74), see also 8.7.1. 


4.8 Thermal insulation 


4.8.1 Where surfaces of the gas generator, power turbine 
and exhaust volute exceed a temperature of 220°C during 
operation, these are to be suitably insulated and clad to 
minimise the risk of fire and prevent damage by heat to 
adjacent components, see 5.1.5. 
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4.9 Welded construction 


4.9.1 Welding is to be carried out in accordance with the 
requirements of Chapter 13 of the Rules for Materials, using 
welding procedures and welders that have been qualified in 
accordance with Chapter 12 of the Rules for Materials. 


4.9.2 Stress relief heat treatment is to be applied to all 
cylinders, rotors and associated components on completion 
of all welding, see Chapter 17. 


4.10 Turning gear 


4.10.1 | Gas generator turning gear is to be provided to 
facilitate operating and maintenance regimes as required by 
the manufacturer. 


4.10.2 The turning gear may be hand operated (manual) 
except where this is not practicable. If electrically driven, the 
motor is to be continuously rated. 


4.10.3 The turning gear is to be fitted with safety interlocks 
which prevent engine operation when engaged, see Ch 1,3.9. 
Indication of engaged/not engaged is to be provided at all 
start positions. 


4.10.4 The remote control device of power-driven turning 
gear is to be so designed that power is removed from the 
turning gear when the operating switch is released. 


4.10.5 If permanently attached, means are to be provided 
to secure the turning gear when disengaged. 


m Section 5 
Piping systems 


5.1 General 


5.1.1 Gas turbine piping systems are, in general, to 
comply with the requirements given in Chapter 12 and 
Chapter 14, due regard being paid to the particular type of 
installation. For the burning of compressed natural gas, see 
the Rules and Regulations for the Construction and 
Classification of Ships for the Carriage of Liquefied Gases. 


5.1.2 The materials and/or their surface treatment used 
for the storage and distribution of oil fuel are to be selected 
such that they do not introduce contamination or modify the 
properties of the fuel. 


5.1.3 Corrosion resistant materials are to be used in all 
fuel pipes between the treatment and combustion systems. 


5.1.4 Suitable fuel treatment systems, including filtration 
and centrifuging, are to be provided to control the level of 
water and particulate contamination within the engine 
manufacturer’s specified limits. 
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5.1.5 The gas turbine design and construction are to 
minimise the possibility of a fire fed by fuel or lubricating oil 
leaks. 


5.1.6 In dual-fuel applications, provision is to be made for 
automatic isolation of both primary and standby fuel supplies 
to the engine in the event of a fire. 


5.2 Oil fuel systems 


5.2.1 Oil fuel arrangements are to comply with the 
requirements of Chapter 14. 


5.2.2 All external high pressure oil fuel delivery lines 
between the pressure fuel pumps and fuel metering valves are 
to be protected with a jacketed piping system capable of 
containing fuel from a high pressure line failure to prevent oil 
fuel or oil fuel mist from reaching a source of ignition on the 
engine or its surroundings. 


5.2.3 Suitable arrangements are to be made for draining 
any oil fuel leakage from the protection required by 5.2.2 and 
to prevent contamination of the lubricating oil by oil fuel. An 
alarm is to be provided to indicate that leakage is taking 
place. 


5.2.4 At least two filters are to be fitted in the oil fuel 
supply lines to the gas turbine and be so arranged that any 
filter may be cleaned without interrupting the supply of filtered 
oil fuel to the gas turbine. 


5.3 Lubricating oil systems 


5.3.1 Lubricating oil arrangements are to comply with the 
requirements of Chapter 14. 


5.3.2 Where the lubricating oil for gas turbines is 
circulated under pressure, provision is to be made for the 
efficient filtration of the oil. At least two filters are to be fitted in 
the lubricating oil supply lines to the gas turbine and be so 
arranged that any filter may be cleaned without interrupting 
the supply of filtered lubricating oil to the gas turbine. 


5.4 Cooling systems 


5.4.1 Cooling water arrangements are to comply with the 
requirements of Chapter 14, where appropriate. 
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| Section 6 
Starting arrangements 


6.1 General 


6-1-1 Equipment for initial starting of gas turbines is to be 
provided and arranged such that the necessary initial charge 
of starting air, hydraulic or electrical power can be developed 
on board the ship without external aid. If, for this purpose, an 
emergency air compressor or electric generator is required, 
these units are to be power-driven by manually-started oil 
engines, except in the case of small installations where a 
hand-operated compressor of approved capacity may be 
accepted. 


6.1.2 Alternatively, other devices of approved type may 
be accepted as a means of providing the initial start. 


6:1:3 Where the integrity of the starting system is 
susceptible to overspeed conditions, appropriate alarm 
and/or trip functions are to be provided, see also Pt 6, Ch 1. 


6.2 Purging before ignition 


6.2.1 Means are to be provided to clear all parts of the 
gas turbine of the accumulation of oil fuel or for purging 
gaseous fuel before ignition commences on starting, or 
recommences after failure to start. The purge is to be of 
sufficient duration to displace at least three times the volume 
of the exhaust system. 


6.3 Air starting 


6.3.1 Where the gas turbine is arranged for air starting, 
the total air receiver capacity is to be sufficient to provide, 
without replenishment, not less than six consecutive starts. 
At least two air receivers of approximately equal capacity are 
to be provided to satisfy the plant air start requirements. For 
scantlings and fittings of air receivers, see Chapter 11. 


6.3.2 For multi-engine installations, three consecutive 
starts per engine are required. 


6.4 Electric starting 


6.4.1 Where the gas turbine is fitted with electric starters 
powered from batteries, two batteries are to be fitted. Each 
battery is to be capable of starting the gas turbine and the 
combined capacity is to be sufficient without recharging to 
provide the number of starts required by 6.3.1 or 6.3.2. 


6.4.2 The requirements for battery installations are given 
in Pt 6, Ch 2. 


6.5 Hydraulic starting 


6.5.1 Where the gas turbine is arranged for hydraulic 
starting, the capacity of the power pack is to be sufficient to 
provide the number of starts of the gas turbine as required by 
6.3.1 or 6.3.2. 
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O Section 7 
Tests 


7.1 Dynamic balancing 


7.1.1 All compressor and turbine rotors as finished- 
bladed and complete with all relevant parts such as 
half-couplings, are to be dynamically balanced in accordance 
with the manufacturer’s specification in a machine of 
sensitivity appropriate to the size of rotor. 


7.2 Hydraulic testing 


7.2.1 Where design permits, casings are to be tested to 
a hydraulic pressure equal to 1,5 times the highest pressure in 
the casing during normal operation, or 1,5 times the pressure 
during starting, whichever is the higher. For test purposes, if 
necessary, the casings may be subdivided with temporary 
diaphragms for distribution of test pressure. Where the 
operating temperature exceeds 300°C the test pressure is to 
be suitably corrected. 


7.2.2 Where hydraulic testing is impracticable, 100 per 
cent non-destructive tests by ultrasonic or radiographic 
methods are to be carried out on all casing parts with 
satisfactory results. Where ultrasonic tests have been carried 
out, the manufacturer is to provide documentary evidence 
that ultrasonic examination has been carried out by an 
approved operator and that there were no indications of 
defects which could be expected to have a prejudicial effect 
on the operational performance of the gas turbine. 


7.2.3 The shell and tube arrangement of intercoolers and 
heat exchangers are to be tested to 1,5 times their maximum 
working pressure. 


7.3 Overspeed tests 


7.3.1 Before installation, it is to be satisfactorily demon- 
strated that the gas turbine is capable of safe operation for 
five minutes at 5 per cent above the nominal setting of the 
overspeed protective device, or 15 per cent above the maximum 
design speed, whichever is the higher. 


7.3.2 Where it is impracticable to overspeed the complete 
installation, each compressor and turbine rotor completely 
bladed and with all relevant parts such as half-couplings, are 
to be overspeed-tested individually at the appropriate speed. 


o Section 8 
Control, alarm and safety systems 


8.1 General 


8.1.1 Control alarm and safety systems are to comply 
with the requirements of Pt 6, Ch 1. 
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8.1.2 All gas turbines intended for essential services are 
to be provided with means of indicating the lubricating oil 
pressure supply to them. Where such turbines are of more 
than 37 kW (50 shp), audible and visual alarms are to be fitted 
to give warning of an appreciable reduction in pressure of the 
lubricating oil supply. Further, these alarms are to be actuated 
from the outlet side of any restrictions, such as filters, 
coolers, etc. 


8.2 Overspeed protection and shutdown system 


8.2.1 The gas turbine is to be protected against over- 
speed by the provision of a suitable device(s) capable of 
shutting-down the gas turbine safely before a dangerous 
overspeed condition occurs. 


8.3 Power turbine inlet over-temperature control 


8.3.1 The power turbine is to be protected against over- 
temperature by the provision of a suitable device(s) capable of 
controlling the temperature within acceptable limits or 
shutting-down the gas turbine safely to prevent damage. 


8.4 Flameout 


8.4.1 Indication is to be provided for identifying poor 
combustion from each combustion chamber, flame-out and 
failure to ignite conditions, see also 6.2.1. 


8.5 Lubricating oil system 


8.5.1 Means are to be provided to accurately determine 
the pressure and temperature of the lubricating oil supply to 
the various parts of the gas generator and power turbine, and 
scavenge oil and return systems to ensure safe operation. 


8.5.2 Means are to be provided to ensure that the 
temperature of the lubrication oil supply is automatically 
controlled to maintain steady-state conditions throughout the 
normal operating range of the gas turbine. 


8.5.3 Where the oil supply to the power turbine is fed 
from a separate supply system, similar arrangements to those 
detailed above are to be provided. 


8.6 Hand trip arrangement 


8.6.1 Means are to be provided, at both the local and 
remote control/operating positions, to manually initiate the 
shut-down of the gas turbine in an emergency. 


8.7 Fire detection, alarm and extinguishing 
systems 


8.7.1 The gas turbine installation is to be provided with a fire 
detection, alarm and extinguishing system. The requirements of 
Pt 6, Ch 1 and the International Convention for the Safety of Life 
at Sea, 1974 as amended (SOLAS 74) are to be complied with. 
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8.8 Unattended machinery 


8.8.1 Where gas turbines are fitted with automatic or 
remote controls so that under normal operating conditions 
they do not require any manual intervention by the operators, 
they are to be provided with the alarms and safety arrange- 
ments required by 8.8 to 8.9 as appropriate. Alternative 
arrangements which provide equivalent safeguards will be 
considered. 


8.8.2 Where machinery is arranged to start automatically 
or from a remote control station, interlocks are to be provided 
to prevent start-up under conditions which could hazard the 
machinery. 


8.8.3 Where machinery specified in this Section is 
required to be provided with a standby pump, the standby 
pump is to start automatically if the discharge pressure from 
the working pumps falls below a predetermined value. 


8.8.4 Where a first stage alarm together with a second 
stage alarm and automatic shut-down of machinery are 
required in the relevant Tables of this Section, the sensors and 
circuits utilised for the second stage alarm and automatic 
shut-down are to be independent of those required for the 
first stage alarm. LR will consider alternative arrangements 
which provide an equivalent level of safety. 


8.9 Gas turbine machinery 


8.9.1 Alarms and safeguards are indicated in 8.9.2 to 
8.9.4 and Table 4.8.1. 


8.9.2 The following turbine services are to be fitted with 
automatic temperature controls so as to maintain steady state 
conditions throughout the normal operating range of the 
turbine: 

(a) Lubricating oil supply. 

(b) Oil fuel supply, see also 8.9.3. 

(c) Exhaust gas. 


8.9.3 The oil fuel supply may be fitted with an automatic 
control for viscosity instead of the temperature control 
required by 8.9.2. 


8.9.4 A means of manually shutting off the fuel in an 
emergency is to be provided at the manoeuvring station. 
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Table 4.8.1 Gas turbine machinery: Alarms and safeguards 


Overspeed High Automatic shut-down see also 8.2 
Power turbine inlet temperature 1st stage high Automatic power reduction 

2nd stage high Automatic shut-down see also 8.3 
Flame failure Failure Automatic shut-down, see also 8.4 
Failure to ignite Failure Automatic shut-down, see also 8.4 
Lubricating oil pressure tst stage low = 

2nd stage low Automatic shut-down, see also 8.5 
Lubricating oil temperature High See also 8.5 

Lubricating oil filter differential pressure High — 

Scavenge oil temperature High — 

Scavenge oil pressure Low Automatic shut-down 


Bearing temperature High — 
Turbine vibration 1st stage high — 
2nd stage high Automatic shut-down, see also 4.2 

Oil fuel supply pressure Low = 

Oil fuel supply temperature High = 

Oil fuel leakage High See also 5.2 

Automatic starting Failure Automatic shut-down 

Control system Failure Automatic shut-down 


Air intake pressure Low See also 4.4.4 


Feed water or water/thermal fluid forced circulation flow (if fitted) Low See Ch 14,6.2.7 and Note 4 
Uptake temperature High To monitor for soot fires. See Notes 4 and 5 


NOTES 
For two-stage alarms, see also 8.8.4. 
For requirements on purging before ignition, see Ch 4,6.2.1. 
Where a requirement for disabling the automatic protection and safety system devices for machinery and engineering systems has been 
defined by the Owner, the consequences of using the disabling arrangements are to be established and included in the operations proce- 
dures and orders provided on board ship. Details of any disabling arrangements are to be submitted to LR for consideration in each 
instance. 
Alarm is required only when suitable for operation on residual fuel grades and an exhaust gas economiser/boiler/thermal oil heater is 
fitted. 
Alternatively, details of an appropriate fire detection system are to be submitted for consideration. 
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Section 

1 Plans and particulars 
2 Materials 

3 Design 

4 Construction 

5 Tests 

6 Control and monitoring 
| Scope 


The requirements of this Chapter, except where 
otherwise stated are applicable to oil engine gearing for main 
propulsion purposes and for oil engine gearing for driving 
auxiliary machinery which is essential for the safety of the ship 
or for safety of persons on board where the transmitted 
powers exceed 220 kW (800 shp) for propulsion drives, and 
110 kW (150 shp) for auxiliary drives. Alternatively calculations 
using the methods defined in ISO 6336 — Calculation of load 
capacity of spur and helical gears, will be considered. In any 
mesh, the terms pinion and wheel refer to the smaller and 
larger gear respectively. For turbine gearing the loading 
factors Ka, Keg, Keg, KHa» Knp and K, will be considered. 
Bevel gears will be specially considered on the basis of a 
conversion to equivalent helical gears. For torsional vibration 
requirements, see Ch 8,2.3. 


a Section 7 
Plans and particulars 


1.1 Gearing plans 


data Particulars of the gearing are to be submitted with 
the plans for all propulsion gears and for auxiliary gears where 
the transmitted power exceeds 110 kW (150 shp), as follows: 
a) Plans and information demonstrating conformance with 
the applicable Rules and Standards as stated in scope. 
Shaft power and revolution for each pinion. 
Number of teeth in each gear. 
Reference diameters. 
Helix angles at reference diameters. 
Normal pitches of teeth at reference diameters. 
Tip diameters. 
Root diameters. 
Face widths and gaps, where applicable. 
Pressure angles of teeth (normal or transverse) at 
reference diameters. 
I) | Accuracy grade Q in accordance with ISO 1328 or an 
equivalent Standard. 

m) Surface texture of tooth flanks and roots. 

) Minimum backlash. 
o) Centre distance. 

) Basic rack tooth form. 


= 


ASTesSseeost 


a 
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q) Protuberance and final machining allowance. 

r) Details of post hobbing processes, if any. 

s) Details of tooth flank corrections, if adopted. 

t) Case depth for surface-hardened teeth. 

u) Shrinkage allowance for shrunk-on rims and hubs. 

v) Type of coupling proposed for oil engine applications. 


1.2 Material specifications 


1.2.1 Specifications for materials of pinions, pinion sleeves, 
wheel rims, gear wheels, and quill shafts, giving chemical 
composition, heat treatment and mechanical properties, are to 
be submitted for approval with the plans of gearing. 


1.2.2 Where the teeth of a pinion or gear wheel are to be 
surface hardened, i.e., carburised, nitrided, tufftrided or 
induction-hardened, the proposed specification and details of 
the procedure are to be submitted for approval. 


E Section 2 


Materials 
2.1 Material properties 
2.1.1 In the selection of materials for pinions and wheels, 


consideration is to be given to their compatibility in operation. 
Except in the case of low reduction ratios, for gears of 
through-hardened steels, provision is also to be made for a 
hardness differential between pinion teeth and wheel teeth. 
For this purpose, the specified minimum tensile strength of 
the wheel rim material is not to be more than 85 per cent of 
that of the pinion. 


2.1.2 Subject to 2.1.1, the specified minimum tensile 
strength is to be selected within the following limits: 

Pinion and pinion sleeves 550 to 1050 N/mm2 
(56 to 107 kgf/mm?) 
400 to 850 N/mm2 
(41 to 87 kgf/mm?) 
A tensile strength range is also to be specified and is not to 
exceed 120 N/mm? (12 kgf/mm?) when the specified minimum 
tensile strength is 600 N/mm2 (61 kgf/mm?) or less. For higher 
strength steels, the range is not to exceed 150 N/mm? 
(15 kgf/mm2). 


Gear wheels and rims 


2.1.3 Unless otherwise agreed, the full specified minimum 
tensile strength of the core is to be 800 N/mm? (82 kgf/mm?) 
for induction-hardened or nitrided gearing and 750 N/mm2 
(76 kgf/mm?) for carburised gearing. 


2.1.4 For nitrided gearing, the full depth of the hardened 
zone is to be not less than 0,5 mm and the hardness is to be 
not less than 500 HV for a depth of 0,25 mm. 


2.2 Non-destructive tests 
2.2.1 An ultrasonic examination is to be carried out on all 


gear blanks where the finished diameter of the surfaces, 
where teeth will be cut, is in excess of 200 mm. 
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2.2.2 Magnetic particle or liquid penetrant examination is 
to be carried out on all surface-hardened teeth. This examination 
may also be requested on the finished machined teeth of 
through-hardened gears. 


a Section 3 
Design 


3.1 Symbols 


3.1.1 For the purposes of this Chapter the following 
symbols apply: 


a = centre distance, inmm 
b = face width, in mm 
d = reference diameter, in mm 
d, = tip diameter, inmm 
dan = Virtual tip diameter, in mm 
dp = base diameter, in mm 
dpn = virtual base diameter, in mm 


den = virtual diameter to the highest point of single tooth 
pair contact, in mm 
d; = root diameter, in mm 


din = virtual root diameter, in mm 

d, = virtual reference diameter, in mm 

d = shrink diameter, in mm 

dy = pitch circle diameter, in mm 

fma = tooth flank misalignment due to manufacturing 
errors, İn um 

foo = Maximum base pitch deviation of wheel, in um 


fg, = tooth flank misalignment due to wheel and pinion 
deflections, in um 
fsho = intermediary factor for the determination of fsp 
Ja = length of line of action for external gears, in mm: 


= 0,54 (da1? - p17) + 0,5 4 (da2? - Apo?) -a Sindy 
for internal gears: 


= 0,54 (da1? - dp1?) — 0,54) (da2? - dp2?) +a sinaw 


h = total depth of tooth, in mm 
Ngo = basic rack addendum of tool, in mm 


he = bending moment arm for root stress, in mm 
hw = sum of actual tooth addenda of pinion and wheel, 
inmm 
Mp, = normal module, in mm 
n = rev/min of pinion 
q = machining allowances, in mm 
ds = notch parameter 
q? = intermediary factor for the determination of C, 


Number of teeth in wheel 


See Number of teeth in pinion 
v = linear speed at pitch circle, in m/s 
X = addendum modification coefficient 
Yq = running in allowance, in um 
W = running in allowance, in um 
z = number of teeth 
Zn = Virtual number of teeth 
Z 


cos? Bp cos B 


C, = tooth mesh stiffness (mean total mesh stiffness per 
unit face width), in N/mm um 
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nominal tangential tooth load, in N 


P 49,098 x 108 

nd 

total tooth alignment deviation (maximum value 
specified), in um 

actual longitudinal tooth flank deviation before 
running in, in um 

actual longitudinal tooth flank deviation after 
running in, in um 

Vickers hardness number 

application factor 

transverse load distribution factor 

longitudinal load distribution factor 

transverse load distribution factor 

longitudinal load distribution factor 

dynamic factor 

dynamic factor for spur gears 

dynamic factor for helical gears 

load sharing factor 

transmitted power, in kW 

radial pressure at shrinkage surface, in N/mm? 
protuberance of tool, in mm 

accuracy grade derived from ISO 1328 — Cylindrical 
gears — ISO system of accuracy 

surface roughness - arithmetical mean deviation 
(C.L.A.) as determined by an instrument having a 
minimum wavelength cut-off of 0,8 mm and for a 
sampling length of 2,5 mm, in um 

residual undercut left by protuberance in mm 
minimum factor of safety for bending stress 

tooth root chord in the critical section, in mm 
minimum factor of safety for Hertzian contact stress 
design factor 


= tooth form factor 
= relative surface finish factor 


stress concentration factor 
stress correction factor 
size factor 

helix angle factor 


= relative notch sensitivity factor 


material elasticity factor 

zone factor 

surface finish factor 

velocity factor 

size factor 

helix angle factor 

contact ratio factor 

pressure angle at the highest point of single tooth 
contact, in degrees 

normal pressure angle at reference diameter, in 
degrees 

transverse pressure angle at reference diameter, in 
degrees 

transverse pressure angle at pitch circle diameter, 
in degrees 

angle for application of load at the highest point of 
single tooth contact, in degrees 

helix angle at reference diameter, in degrees 

helix angle at base diameter, in degrees 
intermediary factor for the determination of fsp 
transverse contact ratio 


Ja COS B 
T Mp COS Ot 
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£an = Virtual transverse contact ratio 
f= overlap ratio 
— bsinB 
TMp 
&, = total contact ratio 
Pao = tip radius of tool, in mm 
Po = relative radius of curvature at pitch point, in mm 
_  a&asiN Oty U 


COS Bp (1 + u)? 

pp = tooth root fillet radius at the contact of the 30° 
tangent, in mm 

oy = yield or 0,2 per cent proof stress, in N/mm2 


og = ultimate tensile strength, in N/mm2 
op = bending stress at tooth root, in N/mm? 
SFlim = endurance limit for bending stress in N/mm2 
opp = allowable bending stress at the tooth root, in 
N/mm2 
op = Hertzian contact stress at the pitch circle, in N/mm2 
OHlim = endurance limit for Hertzian contact stress, in 
N/mm2 
opp = allowable Hertzian contact stress, in N/mm? 
Subscript: 
4 = pinion 
2 = wheel 
o = tool. 
3.2 Tooth form 


3.2.1 The tooth profile in the transverse section is to be of 
involute shape, and the roots of the teeth are to be formed 
with smooth fillets of radii not less than 0,25m,,. 


3.2.2 All sharp edges left on the tips and ends of pinion 
and wheel teeth after hobbing and finishing are to be 
removed. 


3.3 Tooth loading factors 
3.3.1 For values of application factor, Ką see Table 5.3.1. 
Table 5.3.1 Values of Ky 


Main and auxiliary gears 


Main propulsion oil engine reduction gears: 
Hydraulic coupling or equivalent on input 
High elastic coupling on input 

Other coupling 


Auxiliary gears: 

Electric and diesel engine drives with hydraulic 
coupling or equivalent on input 

Diesel engine drives with high elastic coupling 
on input 
Diesel engine drives with other couplings 


3.3.2 Load sharing factor, K,. The value for K, is to be 
taken as 1,15 for multi-engine drives or split torque arrange- 
ments. Otherwise K is to be taken as 1,0. Alternatively, where 
measured data exists, a derived value will be considered. 
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3.3.3 Dynamic factor, Ky: 
For helical gears with eg = 1: 
K, = 1+Q?vz, 10-8 = Ky 
For helical gears with eg < 1: 
Ky = Kva ~ 8p (Kva ~ Kvp) 
For spur gears: 
K, = 1+1,8Q?vz; 105=K 


Va 


vey 
where 700 > 14 for helic gears, and 


VZ] 
100 
considered. 


where > 10 for spur gears the value of K, will be specially 


3.3.4 Longitudinal load distribution factors, Kpg and Kgg: 
b Fey C; 
2RKaK Ky 


Calculated values of Kyg > 2 are to be reduced by improved 
accuracy and helix correction as necessary: 
where 

Fay = Fax —Yp and 

Fax = 1,33 fsh + fma 

fma = 2/3 Fp at the design stage, or 


fma = 1/3 Fg where helix correction has been applied 
F, Ky K, K 


foh fsho b y where 


Kup = 1+ 


23y10-3 um mm/N for gears without helix correc- 
tion and without end relief, or 
16y10-3 um mm/N for gears without helix correc- 
tion but with end relief, where 


ah 
n 
tay 
O 

Il 


-~2 
| 


b \2 
= (> ) for single helical and spur gears 


b \2 
=o (a) for double helical gears 
The following minimum values are applicable, these also being 
the values where helix correction has been applied: 

fgno = 10x10 ummm/N for helical gears, or 

= 5x 10-3 um Mm/N for spur gears 

For through-hardened steels and surface hardened steels 
running on through-hardened steels: 


320 z a 
= when 
b OH lim fx 
12800 f 
Yg < m, an 
b SH lim p 
For surface hardened steels, when 
Yp = 0,15Fpx 
Yp < 6um 
Kep = Kep" 
where 
b \2 
(4) 
n = 
Dig (be 
1+ h + (2) 
NOTES 


db. b4 bo 
1. — is to be taken as the smaller of — or — 
h hy ho 
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2. For double helical gears > is to be substituted for b in 


the equation for n. 


3.3.5 Transverse load distribution factors, Ky, and Kpa 
Kha = Keo 2 1,00 
where 
& SZ 


0,4C, (fob — Ya) © } 
F; Ky K, Ky Keg 


2 (e,- 1) { Cy (fob — Yo) b } af 
F, Ka K, Ky Kug J 


ee S 
‘ra § 0,252, + 0,75 


When tip relief is applied fpp is to be half of the maximum 
specified value: 


160 


Ya = fob for through-hardened steels, when 
OH lim 

Ya < 9400. um and 
OH lim 

Ya 0,075fpp for surface hardened steels, when 


Ya < 3pm 

When pinion and wheel are manufactured from different 
materials: 

Yot + Ya2 


Ya = 2 


3.3.6 Tooth mesh stiffness, Cy: 
0,8 


C, = > cos B (0,75eq + 0,25) N/mm um 
q 
where 
q = 0,04723 + 21881, 025791 _ 0,00635x — 
Zrt Z2n2 
0,11654x, 0,24188x, 
= 0,00193% - A + 
2n1 Zn2 


0,00529x42 + 0,00182x32 


For internal gears Z,5 = 2 
Other calculation methods for C, will be specially considered. 


3.4 Tooth loading for surface stress 


3.4.1 The Hertzian contact stress, oy, at the pitch circle 
is not to exceed the allowable Hertzian contact stress, oyp. 


R (u + 1) 


OH = ZH ZE Z: Zp “dibu 


Ka K; Ky Kup Kha and 
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OHP = Hlm Zg Zy Zy for the pinion/wheel combination 
SH min 
where 

2 COS Bp COS Qiw 

on cos? a si 
At sin tw 

Ze = 189,8 for steel 

4- Eu Eg 
Ze cs 3 (1 -€g) + a for eg < 1 and 


N 
II 


1 
: Al — fore >1 
€ Ea B 


‘I cos B 


1 ) 0,11 
—_ < 
R, but Zp < 1,14 
Where R, is the surface roughness value of the tooth flanks. 
When pinion and wheel tooth flanks differ then the larger value 
of Ra is to be taken. 


IN 
I 


N 
Bo) 
ll 
N 


-0,5 
Z = 0,88 + 0,23 (o8 + z ) 


For values of Z,, see Table 5.3.2 


OH lim See Table 5.3.3 
Su tim, see Table 5.3.4. 


Table 5.3.2 Values of Z, 


Pinion heat treatment 


Carburised and 
induction- 
hardened 


My < 10 1,00 
10 <m < 30 1,05 - 0,005m, 


30< Mp 0,9 


Nitrided My) <7,5 1,00 
7,5 < Mp < 30 1,08 -0,011m, 


30 < Mh 0,75 


Through-hardened All modules 1,00 


Table 5.3.3 Values of endurance limit for Hertzian 


contact stress, oy jim 


Heat treatment 


Pinion Wheel SH lim N/mm? 


Through-hardened Through-hardened 0,460pg2 + 255 


Surface-hardened Through-hardened = 00,4209 + 415 


Carburised, nitrided 
or induction hardened 


Soft bath nitrided 1000 
(Tufftrided) 


Carburised, nitrided 
or induction-hardened 


Induction-hardened 0,88 HV» + 675 


Carburised or nitrided Nitrided 


Carburised Carburised 
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Table 5.3.4 Factors of safety 


Main propulsion gears 


Auxiliary gears 


3.5 Tooth loading for bending stress 


3.5.1 The bending stress at the tooth root, op is not to 
exceed the allowable tooth root bending stress orp 
Fy 


oF = T_ Ye Ys Yg Ka Ky Ky Keg Kea N/mm2 
bm, 


ceo = Eim Yet rer YR ret N/mm? 
a SF min YD 


For values of SẸ min, See Table 5.3.4 
OF lim See Table 5.3.5 
Stress correction factor Ysy = 2. 


Table 5.3.5 Values of endurance limit for bending 


stress, OF lim 


Heat treatment SF fim N/mm? 


Through-hardened carbon steel 0,090g + 150 
O, 1 oB +185 
Soft bath nitrided (Tufftrided) 330 


0,35 HV + 125 


Through-hardened alloy steel 


Induction-hardened 


Gas nitrided 390 
Carburised A 450 
Carburised B 410 


NOTES 
1. Ais applicable for Cr Ni Mo carburising steels. 
2. Bis applicable for other carburising steels. 


3.5.2 Tooth form factor, Yp: 


h 
6 =E COS aF en 
Y- = 


S- \2 
( Fn} cos an 
Mn 


where 
Ne, OF en aNd Se, are shown in Fig. 5.3.1. 


Srn zsn (2 -v) + v3 (S - Pee | 


Mn cosv Mhn 
where 
2G 
v = = tanv-H 
Zn 
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NOTE 
For helical gears the normal section is taken with the virtual 
number of teeth 


Fig. 5.3.1 Normal tooth section 


S p P 
e _ (1 = sinan) — 
OSA COSC, 


PF Pao 2G2 
Cos v (Z, COS? v — 2G) 


don = NEEF- 


md COS B COS an 2 Apn\ 2) 1⁄2 
(Ean 0] S === 


|z| 2 
where 
dan = A,+d,-d 
ad, = d 
cos? Bp 


Z + 2x tana, 
2 


GS a + inv. a, — INV. Qen 
n 
where 
don 
Qen = arccos g- 
en 
he 1 den 
= 5 |(COS Ye- SiN Ye tan OF en) = 
My 2 Mp 


) G A 
Z, cos { = -v] - + — 
3 COS v Mp 


Fen = Qen Ye: 
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3.5.3 For internal tooth forms the form factor is 
calculated, as an approximation, for a substitute gear rack 
with the form of the basic rack in the normal section, but 
having the same tooth depth as the internal gear: 


Sen2 2 E piaia ( hao2 — Pace.) j ( Pao2 7 Spr 
Mp 4 Mp Mp COS a 


Pao? cos z |, ana 
n 


he2  _ denz- Ana E ig (“2 ena ~ Fine ) 
4 Mn 2Mn 


Pao2 . 1 
tan ay | tan ap- = 1-sin a= 
n 


where 
OF en İS taken as being equal to a, 


Pao2 
PF2 = 2 


denz is calculated as den for external gears, and 
dn = A-A;-d). 


3.5.4 Stress concentration factor, Yg 


a ae 
Ys = (1,2+0,13L) qs (sara) 


where 
L = SEn 
he 
_ Sen 
qs = 20F 


when qs < 1 the value of Y, is to be specially considered. 
The formula for Y, is applicable to external gears with 
an = 20° but may be used as an approximation for other 
pressure angles and internal gears. 


3.5.5 Helix angle factor Yp 


Y = 1-(: Pit > 1 let eg =1 
B e te p 


but Yp 2 1- 0,25sņẹ 2 0,75. 


3.5.6 Relative notch sensitivity factor, Y rel T 


O 
YsraT = 1 + 0,036 (qs — 2,5) (1 - 7545 } for through- 
hardened steels 
Yz reir = 1 + 0,008 (q; - 2,5) for carburised and induction- 
hardened steels, and 
Yz reir = 1 +0,04 (q, - 2,5) for nitrided steels. 
NOTES _ l 
y A a Sree EE O aO 3.5.7 Relative surface finish factor, Yp rel T 
YR reir = 1,674 - 0,529 (6R, + 1)®1 for through-hardened, 
Fig. 5.3.2 External tooth forms carburised and induction hardened steels, and 
YR reit = 4,299 - 3,259 (6R, + 1)%:005 for nitrided steels. 
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3.5.8 Size factor, Y% 

Y, = 1,00, whenm, <5 
= 1,03-0,006m,, for through hardened steels 
= 0,85, when m, = 30 
= 1,05 - 0,01m, for surface-hardened steels 
= 0,80, when m, 2 25. 


3.5.9 Design factor, Yp 


Yp = 0,83 for gears treated with a controlled shot 
peening process 
Yp = 1,5 for idler gears 
Yp = 1,25 for shrunk on gears, or 
0,22 d P, b i 
Yp = 1+ F Gain (a2 _ d2)’ otherwise 
Yp = 1,00. 
3.6 Factors of safety 
3.6.1 Factors of safety are shown in Table 5.3.4. 
3.7 Design of enclosed gear shafting 


3.7.1 This sub-Section is applicable to solid shafting 
enclosed within the gearcase of single input/single output 
gearing. Alternative configurations and hollow shaft designs, 
final gear wheel shafts and thrust shafts are to be in accor- 
dance with Ch 6,3.3 and Ch 6,3.4 respectively. 


3.7.2 The diameter of the enclosed gear shafting 
adjacent to the pinion or wheel is to be not less than the 
greater of dp or a;, where: 


1/ tan tanB dy \2\1/ 
ad = 365 ( PL Ween + sap dw z) ) £ 
R dw Sp cosß L 
P \18 
ah = 365 ae) 
where 


Sp = 45 + 0,24 (ou - 400) and 
S, = 42 + 0,09 (ou — 400) 
L = span between shaft bearing centres, in mm 


an = normal pressure angle at the gear reference 
diameter, in degrees 

B = helix angle at the gear reference diameter, in 
degrees 


dy = pitch circle diameter of the gear teeth, in mm 
Oy = specified minimum tensile strength of the shaft 
material, in N/mm2. 
NOTE 
P in kW and R in rpm are as defined in Ch 1,3.3. 
Numerical value used for o,, is not to exceed 800 N/mm2 for 
gear and thrust shafts. 


3.7.3 For the purposes of the above it is assumed that 
the pinion or wheel is mounted symmetrically spaced 
between bearings. 


3.7.4 Outside a length equal to the required diameter at 
the pinion or wheel, the diameter may be reduced, if applicable, 
to that required for a. 
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3.7.5 For bevel gear shafts, where a bearing is located 
adjacent to the gear section, the diameter of the shaft is be 
not less than a}. Where a bearing is not located adjacent to 
the gear the diameter of the shaft will be specially considered. 


esi Section 4 
Construction 


4.1 Gear wheels and pinions 


4.1.1 Where castings are used for wheel centres, any 
radial slots in the periphery are to be fitted with permanent 
chocks before shrinking-on the rim. 


4.1.2 Where bolts are used to secure side plates to rim 
and hub, the bolts are to be a tight fit in the holes and the nuts 
are to be suitably locked by means other than welding. 


4.1.3 Where welding is employed in the construction of 
wheels, the welding procedure is to be approved by the 
Surveyors before work is commenced. For this purpose, 
welding procedure approval tests are to be carried out with 
satisfactory results. Such tests are to be representative of the 
joint configuration and materials. Wheels are to be stress 
relieved after welding. All welds are to have a satisfactory 
surface finish and contour. Magnetic particle or liquid 
penetrant examination of all important welded joints is to be 
carried out to the satisfaction of the Surveyors. 


4.1.4 In general, arrangements are to be made so that 
the interior structure of the wheel may be examined. 
Alternative proposals will be specially considered. 


4.2 Accuracy of gear cutting and alignment 


4.2.1 The machining accuracy (Q grade) of pinions and 
wheels is to be demonstrated to the satisfaction of the 
Surveyors. For this purpose records of measurements should 
be available for review by Surveyors on request. 


4.2.2 Where allowance has been given for end relief or 
helix correction the normal shop meshing tests are to be 
supplemented by tooth alignment traces or other approved 
means to demonstrate the effectiveness of such modifica- 
tions. 


4.3 Gearcases 


4.3.1 Gearcases and their supports are to be designed 
sufficiently stiff such that misalignment at the mesh due to 
movements of the external foundations and the thermal 
effects under all conditions of service do not disturb the 
overall tooth contact. 


4.3.2 For gearcases fabricated by fusion welding the 
carbon content of steels should generally not exceed 0,23 per 
cent. Steels with higher carbon content may be approved 
subject to satisfactory results from weld procedure tests. 
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4.3.3 Gearcases are to be stress relief heat treated on 
completion of all welding. 


4.3.4 Inspection openings are to be provided at the 
peripheries of gearcases to enable the teeth of pinions and 
wheels to be readily examined. Where the construction of 
gearcases is such that sections of the structure cannot 
readily be moved for inspection purposes, access openings of 
adequate size are also to be provided at the ends of the 
gearcases to permit examination of the structure of the 
wheels. Their attachment to the shafts is to be capable of 
being examined by removal of bearing caps or by equivalent 
means. 


m Section 5 
Tests 


5.1 Balance of gear pinions and wheels 
5.1.1 All rotating elements, (e.g. pinion and wheel shaft 
assemblies and coupling parts), are to be appropriately 


balanced. 


5 T2 The permissible residual unbalance, U, is defined 
as follows: 


U; = SEO x103 g mm for N < 3000 
U = oe g mm for N > 3000 
where 
m = mass of rotating element, kg 
N = maximum service rev/min of the rotating element. 


5.1.3 Where the size or geometry of a rotating element 
precludes measurement of the residual unbalance, a full 
speed running test of the assembled gear unit at the 
manufacturer’s works will normally be required to demon- 
strate satisfactory operation. 


5.2 Meshing tests 


5.2.1 Initially, meshing gears are to be carefully matched 
on the basis of the accuracy measurements taken. The align- 
ment is to be demonstrated in the workshop by meshing in 
the gearbox without oil clearance in the bearings. Meshing is 
to be carried out with the gears locating in their light load 
positions and a load sufficient to overcome pinion weight and 
axial movement is to be imposed. 


5.2.2 The gears are to be suitably coated to demonstrate 
the contact marking. The marking is to reflect the accuracy 
grade specified and end relief of helix correction, where these 
have been applied. 


5.2.3 For gears without helix correction the marking is to 
be not less than shown in Table 5.5.1. 
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Table 5.5.1 No load tooth contact marking 


ISO accuracy 


grade Contact marking area 


Q<5 40% hy, for 50% b and 20% họ for a further 40% b 
Q26 40% hy, for 35% b and 20% hy, for a further 35% b 


NOTES 

1. Where b is face width and hy is working tooth depth. 

2. For spur gears the values of hy, should be increased by a 
further 10%. 


5.2.4 For gears with end relief of helix correction the 
marking is to correspond to the designed no load contact 
pattern. 


5.2.5 A permanent record is to be made of the meshing 
contact for purpose of checking the alignment when installed 
on board ship. 


5.2.6 The full load tooth contact marking is to be not less 
than shown in Table 5.5.2. 


Table 5.5.2 Full load tooth contact marking 
ISO accuracy 


grade Contact marking area 


Qs<5 70% hy for 60% b and 50% hy, for a further 30% b 
Q26 60% hy, for 45% b and 40% hy, for a further 35% b 


NOTES 


1. Where b is face width and hy is working tooth depth. 
2. For spur gears the values of hy should be increased by a 
further 10%. 


5.3 Backlash 


5.3.1 The normal backlash between any pair of gears 
should not be less than: 


5.3.2 The normal backlash is not to exceed three times 
the value calculated in 5.3.1. 


5.4 Alignment 


5.4.1 Reduction gears with sleeve bearings, for main and 
auxiliary purposes are to be provided with means for checking 
the internal alignment of the various elements in the 
gearcases. 


5.4.2 In the case of separately mounted reduction 
gearing for main propulsion, means are to be provided by the 
gear manufacturer to enable the Surveyors to verify that no 
distortion of the gearcase has taken place, when chocked 
and secured to its seating on board ship. 
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5.4.3 Further requirements are given in Ch 8,5. ir] Cross-reference 


For lubricating oil systems, see Chapter 14. 


a Section 6 
Control and monitoring 


6.1 General 


6.1.1 Control engineering systems are to be in accor- 
dance with Pt 6, Ch 1. 


6.1.2 All main and auxiliary gear units intended for essential 
services are to be provided with means of indicating the 
lubricating oil pressure supply to them. Audible and visual 
alarms are to be fitted to give warning of an appreciable 
reduction in pressure of the lubricating oil supply. Further, 
these alarms are to be actuated from the outlet side of any 
restrictions, such as filters, coolers, etc. 


6.2 Unattended machinery 


6.2.1 Where machinery is fitted with automatic or remote 
controls so that under normal operating conditions it does not 
require any manual intervention by the operators, it is to be 
provided with the alarms and safety arrangements required 
by 6.2, as appropriate. Alternative arrangements which 
provide equivalent safeguards will be considered. 


6.2.2 Where machinery specified in this Section is 
required to be provided with a standby pump, the standby 
pump is to start automatically if the discharge pressure from 
the working pumps falls below a predetermined value. 


6.2.3 Where a first stage alarm together with a second 
stage alarm and automatic shut-down of machinery are 
required in the relevant Tables of this Section, the sensors and 
circuits utilised for the second stage alarm and automatic 
shut-down are to be independent of those required for the 
first stage alarm. 


6.2.4 Alarms and safeguards are indicated in Table 5.6.1. 


Table 5.6.1 Main and auxiliary gear units: Alarms and safeguards 


Lubricating oil sump level Low — 

Lubricating oil inlet pressure* 1st stage low Slow-down 
Lubricating oil inlet pressure* 2nd stage low Automatic shut-down 
Lubricating oil inlet temperature* High = 


Thrust bearing temperature” High Slow-down 


OTE 
For transmitted powers of 1500 kW or less, only the items marked * are required. 
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a Scope 


The requirements of this Chapter relate, in particular, 
to formulae for determining the diameters of shafting for main 
propulsion installations, but requirements for couplings, 
coupling bolts, keys, keyways, sternbushes and other associ- 
ated components are also included. The diameters may 
require to be modified as a result of alignment considerations 
and vibration characteristics, see Chapter 8, or the inclusion 
of stress raisers, other than those contained in this Chapter. 


Alternative calculation methods for determining the diameters 
of shafting for main propulsion and their permissible torsional 
stresses will be considered by LR. Any alternative calculation 
method is to include all relevant loads on the complete 
dynamic shafting system under all permissible operating 
conditions. Consideration is to be given to the dimensions and 
arrangements of all shaft connections. Moreover, an alternative 
calculation method is to take into account design criteria for 
continuous and transient operating loads (dimensioning for 
fatigue strength) and for peak operating loads (dimensioning 
for yield strength). The fatigue strength analysis may be carried 
out separately for different load assumptions, for example as 
given below. 


Shafts complying with the applicable Rules in Chapter 6 and 

Chapter 8 satisfy the following: 

(a) Low cycle fatigue criterion (typically <104), i.e. the 
primary cycles represented by zero to full load and back 
to zero, including reversing torque if applicable. This is 
addressed by the formulas in Ch 6,3.1, 3.5 and 3.6. 

(o) High cycle fatigue criterion (typically >>10”), i.e. torsional 
vibration stresses permitted for continuous operation as 
well as reverse bending stresses and the accumulated 
fatigue due to torsional vibration when passing through 
a barred speed range or any other transient condition 
with associated stresses beyond those permitted for 
continuous operation. This is addressed by the formulas in 
Ch 8,2.5. The influence of reverse bending stresses is 
addressed by the safety margins inherent in the formulas 
from Ch 6,3.1, 3.5 and 3.6. 
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= Section 1 
Plans and particulars 


1.1 Shafting plans 


Tet The following plans, together with the necessary 
particulars of the machinery, including the maximum power 
and revolutions per minute, are to be submitted for consider- 
ation before the work is commenced: 

Final gear shaft. 

Thrust shaft. 

Intermediate shafting. 

Tube shaft, where applicable. 

Screwshaft. 

Screwshaft oil gland. 

Sternbush. 


T12 The specified minimum tensile strength of each 
shaft is to be stated. 


11.3 In addition, a shafting arrangement plan indicating 
the relative positions of the main engines, flywheel, flexible 
coupling, gearing, thrust block, line shafting and bearings, 
sterntube, ‘A’ bracket and propeller, as applicable, is to be 
submitted for information. 


| Section 2 
Materials 


2.1 Materials for shafts 


2.1.1 The specified minimum tensile strength of forgings 
for shafts is to be selected within the following general limits: 
(a) Carbon and carbon-manganese steel — 

400 to 760 N/mm? (41 to 77,5 kgf/mm2). See also 3.5.1. 
(b) Alloy steel — not exceeding 800 N/mm? (82 kgf/mm2). 


2.122 Where it is proposed to use alloy steel, details of 
the chemical composition, heat treatment and mechanical 
properties are to be submitted for approval. 


2.1.3. Where shafts may experience vibratory stresses 
close to the permissible stresses for transient operation, the 
materials are to have a specified minimum tensile strength of 
500 N/mm? (51 kgf/mmz). 


2.1.4 Where materials with greater specified or actual 
tensile strengths than the limitations given above are used, 
reduced shaft dimensions or higher permissible vibration 
stresses are not acceptable when derived from the formulae 
used in Section 3.1, 3.5, 3.6 and Ch 8,2.5. 


2.2 Ultrasonic tests 


2.2.1 Ultrasonic tests are required on shaft forgings 
where the diameter is 250 mm or greater. 
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3.1 Intermediate shafts 


3.1.1 The diameter, d, of the intermediate shaft is to be 
not less than determined by the following formula: 


3| P 
d- = Fk ae mm 
R \oy + 160 


3 
(a = Fk A of ) mm) 
R \oy+16 


where 
k = 1,0 for shafts with integral coupling flanges complying 
with 3.7 or with shrink fit couplings, see 3.1.4 
= 1,10 for shafts with keyways in tapered or cylindrical 
connections, where the fillet radii in the transverse 
section of the bottom of the keyway are to be not 
less than 0,0125d 
= 1,10 for shafts with transverse or radial holes where 
the diameter of the hole (dh) is not greater than 0,3d 
= 1,20 for shafts with longitudinal slots, see 3.1.6 
F = 985(86) for turbine installations, electric propulsion 
installations and oil engine installations with slip 
type couplings 
= 100 (90,5) for other oil engine installations 
P (H) and R are defined in Ch 1,3.3 (losses in gearboxes 
and bearings are to be disregarded) 
oy = specified minimum tensile strength of the shaft 
material, in N/mm? (kgf/mm2), see 2.1.3 
After a length of 0,2d from the end of a keyway, transverse 
hole or radial hole and 0,3d from the end of a longitudinal slot, 
the diameter of the shaft may be gradually reduced to that 
determined with k = 1,0. 


3.1.2 For shafts with design features other than stated in 
3.1.1, the value of k will be specially considered. 


3.7.3 The Rule diameter of the intermediate shaft for oil 
engines, turbines and electric propelling motors may be 
reduced by 3,5 per cent for ships classed exclusively for 
smooth water service, and by 1,75 per cent for ships classed 
exclusively for service on the Great Lakes. 


3.1.4 For shrink fit couplings k refers to the plain shaft 
section only. Where shafts may experience vibratory stresses 
close to the permissible stresses for continuous operation, an 
increase in diameter to the shrink fit diameter is to be 
provided, e.g. a diameter increase of 1 to 2 per cent and a 
blending radius as described in 3.8. 


3.1.5 Keyways are in general not to be used in installations 
with a barred speed range. 
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3.1.6 The application of k = 1,20 is limited to shafts with 
longitudinal slots having a length of not more than 0,8d and a 
width of not more than 0,1d and a diameter of central hole a, 
of not more than 0,8d, see 3.7. The end rounding of the slot 
is not to be less than half the width. An edge rounding should 
preferably be avoided as this increases the stress concentra- 
tion slightly. The values of Cx, see Table 8.2.1 in Pt 5, Ch 8, 
are valid for 1, 2 and 3 slots, i.e. with slots at 360, 180 and 
120 degrees apart respectively. 


3.2 Gear quill shafts 


3.2.1 The diameter of the quill shaft is to be not less than 
given by the following formula: 


3 
Diameter of quill shaft = 101 P 400 mm 
Roy 
3 
(o lta mm) 
Roy 
where 


P (H) and R are as defined in Ch 1,3.3 

oy = specified minimum tensile strength of the material, 
in N/mm? (kgf/mm?) but is not to exceed 
1100 N/mm? (112 kgf/mmz). 


3.3 Final gear wheel shafts 


3.3.1 Where there is only one pinion geared into the final 
wheel, or where there are two pinions which are set to 
subtend an angle at the centre of the shaft of less than 
120 degrees, the diameter of the shaft at the final wheel and 
the adjacent journals is to be not less than 1,15 times that 
required for the intermediate shaft. 


3.3.2 Where there are two pinions geared into the final 
wheel opposite, or nearly opposite, to each other, the 
diameter of the shaft at the final wheel and the adjacent 
journals is to be not less than 1,1 times that required for the 
intermediate shaft. 


3.3.3 In both 3.3.1 and 3.3.2, abaft the journals, the shaft 
may be gradually tapered down to the diameter required for 
an intermediate shaft determined according to 3.1, where oy, 
is to be taken as the specified minimum tensile strength of the 
final wheel shaft material, in N/mm? (kgf/mm2). 


3.4 Thrust shafts 


3.4.1 The diameter at the collars of the thrust shaft 
transmitting torque, or in way of the axial bearing where a 
roller bearing is used as a thrust bearing, is to be not less than 
that required for the intermediate shaft in accordance with 3.1 
with a k value of 1,10. Outside a length equal to the thrust 
shaft diameter from the collars, the diameter may be tapered 
down to that required for the intermediate shaft with a k value 
of 1,0. For the purpose of the foregoing calculations, o, is to 
be taken as the minimum tensile strength of the thrust shaft 
material, in N/mm2 (kgf/mm2). 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Main Propulsion Shafting 


3.5 Screwshafts and tube shafts 


35:7 The diameter, dp of the screwshaft immediately 
forward of the forward face of the propeller boss or, if applicable, 
the forward face of the screwshaft flange, is to be not less 
than determined by the following formula: 


3 
dp = 100k R. mm 
R \o,+ 160 
S| P 
(4, = 90,5k rier mm) 
R \oy+16 
where 


k = 1,22 for a shaft carrying a keyless propeller fitted 
on a taper, or where the propeller is attached to an 
integral flange, and where the shaft is fitted with a 
continuous liner or is oil lubricated and provided 
with an approved type of oil sealing gland 

= 1,26 for a shaft carrying a keyed propeller and 

where the shaft is fitted with a continuous liner or 
is oil lubricated and provided with an approved type 
of oil sealing gland 

P (H) and R are defined in Ch 1,3.3, (losses in gearboxes 
and bearings are to be disregarded) 

oy = specified minimum tensile strength of the shaft 
material, in N/mm? (kgf/mm?) but is not to be taken 
as greater than 600 N/mm2 (61 kgf/mm2). See 
2.1.3. 


3.5.2 The diameter, dp of the screwshaft determined in 
accordance with the formula in 3.5.1 is to extend over a 
length not less than that to the forward edge of the bearing 
immediately forward of the propeller or 2,505 whichever is the 
greater. 


3.5.3 The diameter of the portion of the screwshaft and 
tube shaft, forward of the length required by 3.5.2 to the 
forward end of the forward stern tube seal, is to be deter- 
mined in accordance with the formula in 3.5.1 with a k value 
of 1,15. The change of diameter from that determined with 
k = 1,22 or 1,26 to that determined with k = 1,15 should be 
gradual, see 3.7. 


3.5.4 Screwshafts which run in sterntubes and tube 
shafts may have the diameter forward of the forward stern 
tube seal gradually reduced to the diameter of the intermediate 
shaft. Abrupt changes in shaft section at the screwshaft/ 
tube shaft to intermediate shaft couplings are to be avoided, 
see 3.7. 


3.5.5 Unprotected screwshafts and tube shafts of 
corrosion-resistant material will be specially considered. 


3.5.6 For shafts of non-corrosion-resistant materials 
which are exposed to sea-water, the diameter of the shaft is 
to be determined in accordance with the formula in 3.5.1 with 
ak value of 1,26 and o,, taken as 400 N/mm? (41 kgf/mmz?). 
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3.6 Hollow shafts 


3.6.1 Where the thrust, intermediate and tube shafts and 
screwshafts have central holes, the outside diameters of the 
shafts are to be not less than given by the following formula: 


where 
də = outside diameter, in mm 
d = Rule size diameter of solid shaft, in mm 
d; = diameter of central hole, in mm. 


However, where the diameter of the central hole does not 
exceed 0,4 times the outside diameter, no increase over Rule 
size need be provided. 


3.7 Couplings and transitions of diameters 


3.7.1 The minimum thicknesses of the coupling flanges 
are to be equal to the diameters of the coupling bolts at the 
face of the couplings as required by 3.8 and, for this purpose, 
the minimum tensile strength of the bolts is to be taken as 
equivalent to that of the shafts. For intermediate shafts, thrust 
shafts and the inboard end of the screwshaft, the thickness of 
the coupling flange is in no case to be less than 0,20 of the 
diameter of the intermediate shaft as required by 3.1. 


3.7.2 The fillet radius at the base of the coupling flange 
is to be not less than 0,08 of the diameter of the shaft at the 
coupling but, in the case of crankshafts, the fillet radius at the 
centre coupling flanges may be 0,05 of the diameter of the 
shaft at the coupling. The fillets are to have a smooth finish 
and are not to be recessed in way of nut and bolt heads. 


3.7.3 Where the propeller is attached by means of a 
flange, the thickness of the flange is to be not less than 0,25 
of the actual diameter of the adjacent part of the screwshaft. 
The fillet radius at the base of the coupling flange is to be not 
less than 0,125 of the diameter of the shaft at the coupling. 


3.7.4 All couplings which are attached to shafts are to be 
of approved dimensions. 


3.7.5 Where couplings are separate from the shafts, 
provision is to be made to resist the astern pull. 


3.7.6 Where a coupling is shrunk on to the parallel 
portion of a shaft or is mounted on a slight taper, e.g. by 
means of the oil pressure injection method, full particulars of 
the coupling including the interference fit are to be submitted 
for special consideration. 


3.7.7 Transitions of diameters are to be designed with 
either a smooth taper or a blending radius. In general, a 
blending radius equal to the change in diameter is recom- 
mended. 
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3.8 Coupling bolts 


3.8.1 Close tolerance fitted bolts transmitting shear are 
to have a diameter, at the joining faces of the couplings not 
less than given by the following formula: 


Diameter of 240 106 P 
= mm 

coupling bolts nD oy, R 
where 

n = number of bolts in the coupling 

D = pitch circle diameter of bolts, in mm 

oy = specified minimum tensile strength of bolts, in 

N/mm2 


P (H) and R are as defined in Ch 1,3.3. 


3.8.2 At the joining faces of couplings, other than within 
the crankshaft and at the thrust shaft/crankshaft coupling, the 
Rule diameter of the coupling bolts defined in 3.8.1 may be 
reduced by 5,2 per cent for ships classed exclusively for 
smooth water service, and 2,6 per cent for ships classed 
exclusively for service on the Great Lakes. 


3.8.3 Where dowels or expansion bolts are fitted to 
transmit torque in shear they are to comply with the require- 
ments of 3.8.1. The expansion bolts are to be installed, and 
the bolt holes in the flanges are to be correctly aligned, in 
accordance with manufacturer’s instructions. 


3.8.4 The minimum diameter of tap bolts or of bolts in 
clearance holes at the joining faces of coupling flanges, 
pretensioned to 70 per cent of the bolt material yield strength 
value, is not to be less than: 


B 120 106 FP (1 +C) A 
dn = 148A] (OTHEPL +) a) 


where 
dp is taken as the lesser of: 
(a) Mean of effective (pitch) and minor diameters of the 
threads. 
(b) Bolt shank diameter away from threads. (Not for waisted 
bolts which will be specially considered.) 
P (H) and R are as defined in Ch 1,3.3. 
F = 2,5 where the flange connection is not accessible 
from within the ship 
= 2,0 where the flange connection is accessible from 
within the ship 
C = ratio of vibratory/mean torque values at the 
rotational speed being considered 
D = pitch circle diameter of bolt holes, in mm 
Q = external load on bolt in N (+ve tensile load tending 
to separate flange, —ve) 
n = number of tap or clearance bolts 
oy = bolt material yield stress in N/mm?. 


3.8.5 Consideration will be given to those arrangements 
where the bolts are pretensioned to loads other than 70 per 
cent of the material yield strength. 


3.8.6 Where clamp bolts are fitted they are to comply 
with the requirements of 3.8.4 and are to be installed, and the 
bolt holes in the flanges correctly aligned, in accordance with 
manufacturer's instructions. 
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3.9 Bronze or gunmetal liners on shafts 


3.9.1 The thickness, t, of liners fitted on screwshafts or 
on tube shafts, in way of the bushes, is to be not less, when 
new, than given by the following formula: 


D + 230 


t = mm 
32 
where 
t = thickness of the liner, in mm 
D = diameter of the screwshaft or tube shaft under the 


liner, in mm. 


3.9.2 The thickness of a continuous liner between the 
bushes is to be not less than 0,75t. 


3.9.3 Continuous liners should preferably be cast in one 
piece. 


3.9.4 Where liners consist of two or more lengths, these 
are to be butt welded together. In general, the lead content 
of the gunmetal of each length forming a butt welded liner is 
not to exceed 0,5 per cent. The composition of the electrodes 
or filler rods is to be substantially lead-free. 


3.9.5 The circumferential butt welds are to be of multi-run, 
full penetration type. Provision is to be made for contraction of 
the weld by arranging for a suitable length of the liner 
containing the weld, if possible about three times the shaft 
diameter, to be free of the shaft. To prevent damage to the 
surface of the shaft during welding, a strip of heat resisting 
material covered by a copper strip should be inserted 
between the shaft and the liner in way of the joint. Other 
methods for welding this joint may be accepted if approved. 
The welding is to be carried out by an approved method and 
to the Surveyor’s satisfaction. 


3.9.6 Each continuous liner or length of liner is to be 
tested by hydraulic pressure to 2,0 bar (2,0 kgf/cm?) after 
rough machining. 


3.9.7 Liners are to be carefully shrunk on, or forced on, to 
the shafts by hydraulic pressure. Pins are not to be used to 
secure the liners. 


3.9.8 Effective means are to be provided for preventing 
water from reaching the shaft at the part between the after 
end of the liner and the propeller boss. 


3.10 Keys and keyways 


3.10.1 Round ended or sled-runner ended keys are to be 
used, and the keyways in the propeller boss and cone of the 
screwshaft are to be provided with a smooth fillet at the 
bottom of the keyways. The radius of the fillet is to be at least 
0,0125 of the diameter of the screwshaft at the top of the 
cone. The sharp edges at the top of the keyways are to be 
removed. 
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3.10.2 Two screwed pins are to be provided for securing the 
key in the keyway, and the forward pin is to be placed at least 
one-third of the length of the key from the end. The depth of the 
tapped holes for the screwed pins is not to exceed the pin 
diameter, and the edges of the holes are to be slightly bevelled. 


3.10.3 The distance between the top of the cone and the 
forward end of the keyway is to be not less than 0,2 of the 
diameter of the screwshaft at the top of the cone. 


3.10.4 The effective sectional area of the key in shear, is 


mm2 


to be not less than 
2,60, 
where 
d = diameter, in mm, required for the intermediate shaft 
determined in accordance with 3.1, based on 
material having a specified minimum tensile strength 
of 400 N/mm? (41 kgf/mm?) and k = 1 
dą = diameter of shaft at mid-length of the key, in mm. 


3.11 Propellers 


3.11.1 For keyed and keyless propellers, see Chapter 7. 


3.12 Sternbushes 


3.12.1 The length of the bearing in the sternbush next to 

and supporting the propeller is to be as follows: 

(a) For water lubricated bearings which are lined with lignum 
vitae, rubber composition or staves of approved plastics 
material, the length is to be not less than four times the 
diameter required for the screwshaft under the liner. 

(o) For water lubricated bearings lined with two or more 
circumferentially spaced sectors of an approved plastics 
material, in which it can be shown that the sectors 
operate on hydrodynamic principles, the length of the 
bearing is to be such that the nominal bearing pressure 
will not exceed 5,5 bar (5,6 kgf/cm2). The length of the 
bearing is to be not less than twice its diameter. 

(c) For oil lubricated bearings of synthetic material the flow 
of lubricant is to be such that overheating, under normal 
operating conditions, cannot occur. The acceptable 
nominal bearing pressure will be considered upon 
application and is to be supported by the results of an 
agreed test programme. In general, the length of the 
bearing is not to be less than 2,0 times the rule 
diameter of the shaft in way of the bearing. 

(d) For bearings which are white-metal lined, oil lubricated 
and provided with an approved type of oil sealing gland, 
the length of the bearing is to be approximately twice the 
diameter required for the screwshaft and is to be such 
that the nominal bearing pressure will not exceed 8,0 bar 
(8,1 kgf/cm). The length of the bearing is to be not less 
than 1,5 times its diameter. 

(e) For bearings of cast iron and bronze which are oil 
lubricated and fitted with an approved oil sealing gland, 
the length of the bearing is, in general, to be not less 
than four times the diameter required for the screwshaft. 

(f) For bearings which are grease lubricated, the length of 
the bearing is to be not less than four times the diame- 
ter required for the screwshaft. 
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3.12.2 Forced water lubrication is to be provided for all 
bearings lined with rubber or plastics and for those bearings 
lined with lignum vitae where the shaft diameter is 380 mm or 
over. The supply of water may come from a circulating pump 
or other pressure source. Flow indicators are to be provided 
for the water service to plastics and rubber bearings. The 
water grooves in the bearings are to be of ample section and 
of a shape which will be little affected by weardown, 
particularly for bearings of the plastics type. 


3.12.3. Bearings of synthetic material are to be supplied 
finished machined to design dimensions within a rigid bush. 
Means are to be provided to prevent rotation of the lining 
within the bush during operation. 


3.12.4 All sternbushes are to be adequately secured in 
the sterntube/housings. 


3.12.5 The shut-off valve or cock controlling the supply of 
water is to be fitted direct to the after peak bulkhead, or to 
the sterntube where the water supply enters the sterntube 
forward of the bulkhead. 


3.12.6 Oil sealing glands fitted in ships classed for 
unrestricted service must be capable of accommodating the 
effects of differential expansion between hull and line of 
shafting in sea temperatures ranging from arctic to tropical. 
This requirement applies particularly to those glands which 
span the gap and maintain oiltightness between the sterntube 
and the propeller boss. 


3.12.7 Where a tank supplying lubricating oil to the 
sternbush is fitted, it is to be located above the load water- 
line and is to be provided with a low level alarm device in the 
engine room. 


3.12.8 Where sternbush bearings are oil lubricated, 
provision is to be made for cooling the oil by maintaining 
water in the after peak tank above the level of the sterntube or 
by other approved means. 


3.12.9 Two temperature sensors or other approved 
arrangements that can, where practicable, be replaced with- 
out dry-docking or divers are to be provided to ascertain the 
sterntube aft end bearing temperature. 


3.12.10 Where there is compliance with the terms of 
3.12.1(c) and (d) to the Surveyor’s satisfaction, a screwshaft 
will be assigned the notation OG in the Supplement to the 
Register Book for Periodical Survey purposes, see Pt 1, 
Ch3. 


3.12.11 Screwshafts which are grease lubricated are not 
eligible for the OG notation. 


3.12.12 Where an *IWS (In-water Survey) notation is to be 
assigned, see Pt 1, Ch 2,2.3.11, means are to be provided 
for ascertaining the clearance in the sternbush with the vessel 
afloat. 
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3.13 Vibration and alignment 


3.13.1 For the requirements for torsional, axial and lateral 
vibration, and for alignment of the shafting, see Chapter 8. 
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1 Plans and particulars 
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3 Design 

4 Fitting of propellers 

5 Control and monitoring 


E Section 1 
Plans and particulars 


1.1 Details to be submitted 


1.1.1 A plan, in triplicate, of the propeller is to be submitted 
for approval, together with the following particulars using the 
symbols shown: 

a) Maximum blade thickness of the expanded cylindrical 

section considered, 7, in mm. 

b) Maximum shaft power, see Ch 1,3.3, P, in kW (H, 

in shp). 

c) Estimated ship speed at design loaded draught in the 

free running condition at maximum shaft power and 

corresponding revolutions per minute, see (b) and (d). 

d) Revolutions per minute of the propeller at maximum 

power, R. 

e) Propeller diameter, D, in metres. 

f) Pitch at 25 per cent radius (for solid propellers only), 
Po,25, in metres. 

g) Pitch at 35 per cent radius (for controllable pitch 
propellers only), Po 35, in metres. 

h) Pitch at 60 per cent radius Po 6, in metres. 

() Pitch at 70 per cent radius Po 7, in metres. 

k) Length of blade section of the expanded cylindrica 
section at 25 per cent radius (for solid propellers only), 
Lo,25, in mm. 

l) Length of blade section of the expanded cylindrica 
section at 35 per cent radius (for controllable pitch 
propellers only) Lo 35, in mm. 

m) Length of blade section of the expanded cylindrica 
section at 60 per cent radius, Lo ¢, in mm. 

n) Rake at blade tip measured at shaft axis (backward rake 
positive, forward rake negative), A, in mm. 

o) Number of blades, N. 

p) Developed area ratio, B. 

q) Material: type and specified minimum tensile strength. 

r) 0,, Skew angle, in degrees, see Fig. 7.1.1. 

s) Connection of propeller to shaft — details of fit, push-up, 
securing, etc. 


1.7.2 For propellers having a skew angle equal to or 

greater than 50°, in addition to the particulars detailed in 

1.1.1, details are to be submitted of: 

(a) Full blade section details at each radial station defined 
for manufacture. 

(b) A detailed blade stress computation supported by the 
following hydrodynamic data for the ahead mean wake 
condition and when absorbing full power: 
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Leading edge 


Locus of 
mid-chord line 


Projected view 


Fig. 7.1.1 Definition of skew angle 


(i) Radial distribution of lift and drag coefficients, 
section inflow velocities and hydrodynamic pitch 
angles. 

(ii) | Section pressure distributions calculated by 
either an advised inviscid or viscous procedure. 


TS: For blades of fixed pitch propellers with skew angle 
of 30° or greater, the stresses in the propeller blade during 
astern operation are not to exceed 80 per cent of the 
propeller blade material proof stress. Consideration is to be 
given to failure conditions and a factor of safety of 1,5 is to 
be attained using an acceptable fatigue failure criteria. 
Documentary evidence confirming that these criteria are 
satisfied is to be submitted. 


1.1.4 The maximum skew angle of a propeller blade is 
defined as the angle, in projected view of the blade, between 
a line drawn through the blade tip and the shaft centreline and 
a second line through the shaft centreline which acts as a 
tangent to the locus of the mid-points of the helical blade 
sections, see Fig. 7.1.1. 


7.7.5 Where propellers and similar devices of unusual 
design are intended for more than one operating regime, such 
as towing or trawling, then a detailed blade stress calculation 
for each operating condition, indicating the rotational and ship 
speed, is to be submitted for consideration. 


1.1.6 Where it is proposed to fit the propeller to the 
screwshaft without the use of a key, plans of the boss, tapered 
end of screwshaft, propeller nut and, where applicable, the 
sleeve, are to be submitted. 
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1.1.7 Where a sleeve is fitted, details of the proposed w Section 3 

type of material and mechanical properties are also to be . 

submitted. Design 

1.1.8 In cases where the ship has been the subject of 31 Minimum blade thicknéss 


model wake field tests, a copy of the results is to be submitted. , 
py 3.1.1 For propellers having a skew angle of 25° or less, 


as defined in 1.1.4, the minimum blade thickness, T, of the 
propeller blades at 25 per cent radius for solid propellers, 
35 per cent radius for controllable pitch propellers, neglecting 


E Section 2 any increase due to fillets, and at 60 per cent radius, is to be 
é not less than: 
Materials KGA 

T = < 11004/ SIOMP nm 
21 Castings EFULN EFRULN 
2.1.1 Castings for propellers and propeller blades are to (r 2 KA + 27,44] -3150MH_ mm) 
comply with the requirements of the Rules for the Manufacture, 9,81EFULN EFRULN 
Testing and Certification of Materials (hereinafter referred to where 
as the Rules for Materials). The specified minimum tensile L = Los, L095, or Loe as appropriate 
strength is to be not less than stated in Table 7.2.1. 

K =- GBD3R2 
2.1.2. Where it is proposed to use materials which are not 675 
included in Table 7.2.1, details of the chemical composition, G = density, in g/cm, see Table 7.2.1 
mechanical properties and density are to be submitted for U = allowable stress, in N/mm2 (kgf/mm2) see 3.1.2, 
approval. 3.1.3, 3.1.4, and Table 7.2.1 
2.1.8 Spheroidal cast iron load transmitting components g = actual face meee 
of contro lable pitch mechanisms, are to be manufactured, 0,097 £L 
tested and certified in accordance with Chapter 7 of the Rules For aerofoil sections with and without trailing edge 
for Materials, and have an elongation of not less than 12 per washback, E may be taken as 1,0 and 1,25 respec- 
cent. tively 


Table 7.2.1 Materials for propellers 


SI units Metric units 


Specified G U Specified G U 
Material minimum minimum 

tensile Density Allowable tensile Density Allowable 
strength stress strength stress 
N/mm2 g/cms N/mm? kgf/mm2 g/cm kgf/mm2 


Grey cast iron 7,2 17,2 25 7,2 1,75 


Spheroidal or nodular 
graphite cast iron } 20,6 41 2,1 


Carbon steels i 20,6 41 2,1 
Low alloy steels 20,6 45 2,1 


13% chromium stainless 
steels 41 55 4,2 


Chromium-nickel austenitic 
stainless steel 41 46 4,2 


Duplex stainless steels 41 60 4,2 


Grade Cu 1 
Manganese bronze 
(high tensile brass) 4,0 
Grade Cu 2 
Ni-Manganese bronze 
(high tensile brass) 4,0 
Grade Cu 3 
Ni-Aluminium bronze 5,7 


Grade Cu 4 
Mn-Aluminium bronze 4,7 


2 LLOYp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Propellers 
C =1,0 
P925 for solid 
F =- +08 propellers at 
D 25 per cent 

M2409 Oygg as |; Paos 

Po D 
C =1,4 
E Po36 416 for controllable 

D f pitch propellers at 
35 per cent 
P 

M = 135+ 22 +26 28 | radius 

Po7 D 
C =1,6 
È Pos 

= -p +49 for all propellers 
at 60 per cent 
p 

Mort eoe le aie 208 ragins 

Po7 D 


3.1.2 The fillet radius between the root of a blade and the 
boss of a propeller is to be not less than the Rule thickness of 
the blade or equivalent at this location. Composite radiused 
fillets or elliptical fillets which provide a greater effective radius 
to the blade are acceptable and are to be preferred. Where 
fillet radii of the required size cannot be provided, the value of 


r \0,2 

U is to be multiplied by ee 
where 

r proposed fillet radius at the root, in mm 

T = Rule thickness of the blade at the root, in mm 
Where a propeller has bolted-on blades, consideration is also 
to be given to the distribution of stress in the palms of the 
blades. In particular, the fillets of recessed bolt holes and the 
lands between bolt holes are not to induce stresses which 
exceed those permitted at the outer end of the fillet radius 
between the blade and the palm. 


3.1.3 For propellers having skew angles of greater than 
25°, but less than 50°, the mid-chord thickness, Tsko,e, at the 
60 per cent radius is to be not less than: 


sk0,6 = 0,547 9 6 1 F 0,195 mm 


T 
The mid-chord thickness, Tsk root: at 25 or 35 per cent radius, 
neglecting any increase due to fillets, is to be not less than: 


4 
Tg root = 9;75Troot V1 +0,10, mm 


where 
Os proposed skew angle as defined in 1.1.4 
To = thickness at 60 per cent radius, calculated by 

3.1.1, in mm 

Troot = thickness at 25 per cent radius or 35 per cent 
radius, calculated by 3.1.1, in mm 

The thicknesses at the remaining radii are to be joined by a 

fair curve and the sections are to be of suitable aerofoil 

section. 


3.1.4 Results of detailed calculations where carried out, 
are to be submitted. 
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3.1.5 For cases where the composition of the propeller 
material is not specified in Table 7.2.1, or where propellers of 
the cast irons and carbon and low alloy steels shown in this 
Table are provided with an approved method of cathodic 
protection, special consideration will be given to the value 
of U. 


3.1.6 The value U may be increased by 10 per cent for 
twin screw and outboard propellers of triple screw ships. 


3.1.7 Where the design of a propeller has been based on 
analysis of reliable wake survey data in conjunction with a 
detailed fatigue analysis and is deemed to permit scantlings 
less than required by 3.1.1 or 3.1.3, a detailed stress compu- 
tation for the blades is to be submitted for consideration. 


3.2 Keyless propellers 


3.2.1 The symbols used in 3.2.2 (oil injection method of 
fitting) and 3.2.3 to 3.2.7 (dry fitting cast iron sleeve) are 
defined as follows: 
d4 = diameter of the screwshaft cone at the mid-length 
of the boss or sleeve, in mm 
də = outside diameter of the sleeve at its mid- length, 


inmm 
da = outside diameter of the boss at its mid-length, 
inmm 
di = bore diameter of screwshaft, in mm 
2 1 
MS Ez ( kes ) 
do 
ky = qd, 
d3 
ko = dp 
d3 
k3 = a, 
di 
l = a, 
n (z+) 
py = A,0,V, \ + ‘Vit + Vy yet 


2M F402 
Pio = A,0,V; -14+ \1+V, ( sir +1)) 
2M F202 
pn = zam C1 Ael Tet) 
A, = contact area of fitting at screwshaft, in mm2 


A> = contact area of fitting at outside of sleeve, in mm? 


1 /k2+1 1 +Ê 
AE N e R ey eee A 
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5 1 (aa 1 Ge 


1 /k32+1 1 /1+2 
B3 = Ez k2 -1 + V3 + E 7-2 =V] 
C = O for turbine installations 


vibratory torque at the maximum service speed 
mean torque at the maximum service speed 


for oil engine installations 
E; = modulus of elasticity of screwshaft material, in 
N/mm? (kgf/mm?) 


E, = modulus of elasticity of sleeve material, in N/mm? 
(kgf/mm?) 
E, = modulus of elasticity of propeller material, in N/mm2 
(kgf/mm?) 
2Q 
A = SoC 
1 d; (1 +C) 
F. = C 
= 7 (1+ 
2 do ( ) 


2Q I; 
Fig = = (140+ 705) 


2Q i; 
Foo = 5, (1+0+ a) 


I; = percentage increase for Ice Class 1D and 1E, 
obtained from Table 2.5.1 in Pt 8, Ch 2,5 

M = propeller thrust, in N (kgf) 

Q = mean torque corresponding to P (H) and R as 
defined in Ch 1,3.3, in N mm (kgf mm) 


T4 = temperature at time of fitting propeller on shaft, 
in °C 
Tə = temperature at time of fitting sleeve into boss, 
in °C 
(Gi) 
Vi = 0,51 0, -1 


v = 081 (2) -1 
2 = 051 (5) - 


Y = B] Bo — h2 k42 


a, = coefficient of linear expansion of screwshaft mate- 
rial, in mm/mm/°C 
ap = coefficient of linear expansion of sleeve material, in 
mm/mm/°C 
a3 = Coefficient of linear expansion of propeller material, 
in mm/mm/°C 
6, = taper of the screwshaft cone, but is not to exceed 
1 ‘ f 1 
— on the diameter, i.e. 04 < ~~ 
15 15 
85 = taper of the outside of the sleeve 
u4 = coefficient of friction for fitting of boss assembly on 
shaft 


= 0,13 for oil injection method of fitting 
lo = coefficient of friction for fitting sleeve into the boss 
v, = Poisson’s ratio for screwshaft material 
və = Poisson’s ratio for sleeve material 
va = Poisson’s ratio for propeller material 
Consistent sets of units are to be used in all formulae. 
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3.2.2 Where it is proposed to fit a keyless propeller by the 
oil shrink method, the pull-up, 6 on the screwshaft is to be not 
less than: 


dı 


ör Fg 


(p1 Bg + (a3 — &4)(35 -= T4)) mm 
or, where Ice Class notation is required, the greater of 5+ or 
ôo, where 

dy 


ear Fe 


(P19 B3 - (a3 - 04) T4) mm 


The yield stress or 0,2 per cent proof stress, o, of the 
propeller material is to be not less than: 


1,4 (2% ) V 3k34 + 1 
so = g Va, +n e7) eee» 
N/mm? (kgf/mm?) 
where 


5p = proposed pull-up at the fitting temperature 
The start point load, W, to determine the actual pull-up is to 
be not less than: 


0, 18 
W =A; (0,002 + lo +B lasa) N (kgf) 


3.2.3 Where a cast iron sleeve is first fitted to the bore of 
the propeller boss by an interference fit, the push-up load of 
the sleeve into the boss, Wp, is to be not less than: 


As 05 
Wot = Bo \H2+ > /(B2P2— hpi + (ag — aa)(35 — T2) 

N (kgf) 
or, where Ice Class notation is required, the greater of Woy or 
Woo 
where 

Ao 05 
Wo = 5 (n2 +5 ) (B2 P20 — PP10 = (ag = &2) To) 
N (kgf) 


The pull-up of the sleeve in the boss at the fitting temperature 
is to be in accordance with the following formula: 


W, Bo d 
TEE 2 D2 Ap Mi 


0 
A2 (u2 + 2) 02 


The push-up load, W4, of the combined boss and sleeve on 
a steel screwshaft is to be not less than: 


0; hk42 
Wirt = Ay U41 + 5 P1 + Y (a3 O)(35 T4) 
N (kgf) 
or where Ice Class notation is required, the greater of W47 or 
Wio where 


0, hk42 
Wio =A (ur + 5 j) \Pi0- = @3-a2)T1] N (kgf 


The push-up distance of the combined boss and sleeve on a 
steel screwshaft is to be in accordance with the following 
formula: 
wW d4 Y 
6, = ~~r M 
A, B2904 (: + 23) 
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3.2.4 Where a cast iron sleeve is fitted into the boss by 
means of Araldite, the conditions are to satisfy those of 3.2.3 
except that the value of W, is to be taken as equivalent to: 


02 (ag - ap)(18 - To) 
W =A (0,26 « SN pee Sy 


where 
Pa = 3,5N/mm2 
(0a = 0,35 kgf/mm?) 


) Naa 


3.2.5 For the triple element keyless propeller, the yield 
stress or 0,2 per cent proof stress of the propeller material, 
Go Is to be not less than: 


3k24 + 1 
So = 1,4p3 K-T N/mm? (kgf/mm?) 
where 
W4 h Wp 


3.2.6 Where the sleeve is manufactured of material 

having an elongation in excess of five per cent, the yield point 

or 0,2 per cent proof stress of the sleeve material, oo is to be 
not less than: 

1,6 

So = paT 4/34 P3- Pa? + (03 ky? - ps)? 


N/MM? (kgf/mm?) 


or 
1,6 
So = pai 4] 3k14 (P4 = pa)? + (04 k1? — pe)? 


N/mm2 (kgf/mm?) 


where 
35B4 
Pa = P3- ~y_ (ag — a2) 
w h k42 
Ps = a oy (Ag -= a2) Ty 
A + 
1 (r 3 
35h k42 
Pe = P5 y ~ (43 ~ G2) 


3.2.7 Where the sleeve is manufactured of material 
having an elongation not more than five per cent, the 
minimum specified ultimate tensile strength o,, based on the 
ruling section, is to be not less than: 


2,4 5k42 +3 2 
OU ea Ps | — z7 -= 2p3ky 


N/mm? (kgf/mm?) 


2,4 5k42 +3 2 
REST NN g — 2p4 ky 


N/mm? (kgf/mm?) 


or 


[e] 
rs] 
| 
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3.2.8 Where it is proposed to use a sleeve manufactured 
from a material other than cast iron, full details are to be 
submitted for consideration. 


a Section 4 
Fitting of propellers 


4.1 Propeller boss 


4.1.1 The propeller boss is to be a good fit on the screw- 
shaft cone. The forward edge of the bore of the propeller boss 
is to be rounded to about a 6 mm radius. In the case of keyed 
propellers, the length of the forward fitting surface is to be 
about one diameter and where the fitting is by means of a 
hydraulic nut, the requirements of 4.2 and 4.3, where appro- 
priate, are applicable. 


4.2 Shop tests of keyless propellers 


4.2.1 The bedding of the propeller, or the sleeve where 
applicable with the shaft, is to be demonstrated in the shop to 
the satisfaction of the Surveyors. Sufficient time is to be 
allowed for the temperature of the components to equalise 
before bedding. Alternative means for demonstrating the 
bedding of the propeller will be considered. 


4.2.2 Means are to be provided to indicate the relative 
axial position of the propeller boss on the shaft taper. 


4.3 Final fitting of keyless propellers 


4.3.1 After verifying that the propeller and shaft are at the 
same temperature and the mating surfaces are clean and free 
from oil or grease, the propeller is to be fitted on the shaft to 
the satisfaction of the Surveyors. The propeller nut is to be 
securely locked to the shaft. 


4.3.2 Permanent reference marks are to be made on the 
propeller boss, nut and shaft to indicate angular and axial 
positioning of the propeller. Care is to be taken in marking the 
inboard end of the shaft taper to minimise stress raising 
effects. 


4.3.3 The outside of the propeller boss is to be hard 

stamped with the following details: 

(a) For the oil injection method of fitting, the start point load 
and the axial pull-up at 0°C and 35°C. 

(o) For the dry fitting method, the push-up load at 0°C and 
35°C. 


4.3.4 A copy of the fitting curve relative to temperature 
and means for determining any subsequent movement are to 
be placed on board. 
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a Section 5 
Control and monitoring 


5.1 General 


5.11 Control engineering systems are to be in 
accordance with the requirements of Pt 6, Ch 1. 


5.2 Unattended machinery 


5.2.1 Where controllable pitch propellers are fitted with 
automatic or remote controls so that under normal operating 
conditions they do not require any manual intervention by the 
operators, they are to be provided with the alarms and safety 
arrangements required by 5.2 to 5.3, as appropriate. 
Alternative arrangements which provide equivalent safeguards 
will be considered. 


5.2.2 Where machinery specified in this Section is 
required to be provided with a standby pump, the standby 
pump is to start automatically if the discharge pressure from 
the working pumps falls below a predetermined value. 


5.3 Controllable pitch propellers and transverse 
thrust units 


5.3.1 Alarms and safeguards are indicated in 5.3.2 to 
5.3.5 and Table 7.5.1. For azimuth thrusters, see also Chapter 
20. 


5.3.2 For controllable pitch propellers for main propul- 
sion, a standby or alternative power source of actuating 
medium for controlling the pitch of the propelling blades is to 
be provided. Automatic start of the standby pump supplying 
hydraulic power for pitch control is to be provided. 


5.3.3 Controllable pitch propellers for main propulsion are 
to be provided with indications of shaft speed, direction and 
magnitude of thrust and propeller pitch as a measure of the 
propeller blade or actuator movement at each station from 
which it is possible to control shaft speed or propeller pitch. 


5.3.4 Where transverse thrust units are remotely 
controlled, means are to be provided at the remote control 
station to stop the propulsion unit. 


5.3.5 Transverse thrust units are to be provided with 
indications of direction and magnitude of thrust and propeller 
pitch at each station from which it is possible to control the 
propeller pitch. 


Table 7.5.1 Controllable pitch propellers and transverse thrust units: Alarms and safeguards 


Hydraulic system pressure Low 
Hydraulic oil supply tank level Low 


Hydraulic oil temperature High Where an oil cooler is fitted 


Power supply to the control system between the remote Failure See Pt 6, Ch 1,2.5.2 
control station and hydraulic actuator 
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Section 

1 General 

2 Torsional vibration 
3 Axial vibration 

4 Lateral vibration 

5 Shaft alignment 
| Scope 


The requirements of this Chapter are applicable to 
the following systems: 
(a) Main propulsion systems formed by oil engines, turbines 
or electric motors, directly driven or geared to the shafting. 
(bo) Machinery driven at constant speed by oil engines, 
developing 110 kW and over, for essential auxiliary 
services including generator sets which are the source 
of power for main electric propulsion motors. 
Unless otherwise advised, it is the responsibility of the 
Shipbuilder as main contractor to ensure, in co-operation with 
the Enginebuilders, that the information required by this 
Chapter is prepared and submitted. 


i Section 7 
General 


1.1 Basic requirements 


1.1.1 The systems are to be free from excessive 
torsional, axial, lateral and linear vibration, and are to be 
aligned in accordance with accepted tolerances and taking 
into account the requirements of 5.5. 


1.1.2 System designs are to take account of the potential 
effects of engine and component malfunction and variability 
in characteristic values such as stiffness and damping of 
flexible couplings and dampers or engine misfire conditions. 


1.1.3 Where torques, stresses or amplitudes are found to 
exceed the limits for continuous operation, restrictions in 
speed and/or power will be imposed. 


1.1.4 Where significant changes are subsequently made 
to a dynamic system which has been approved, (e.g. by 
changing the original design parameters of the prime movers 
and/or propulsion shafting system or by fitting a propeller or 
flexible coupling of different design from the previous), revised 
calculations may require to be submitted for consideration. 
Details of all such changes are to be submitted. 


1.2 Resilient mountings 
1.2.1 For resilient mountings, see Ch 1,4.3. 
1.3 Flexible couplings 


1.3.1 Where the shafting system incorporates flexible 
couplings, the effects of such couplings on the various modes 
of vibration are to be considered, see Sections 2, 3 and 4. 


= Section 2 
Torsional vibration 


2.1 General 


2.1.1 In addition to the shafting complying with the 
requirements of Chapters 1 to 7 and 20 (where applicable), 
approval is also dependent on the torsional vibration charac- 
teristics of the complete shafting system(s) being found 
satisfactory. 


2.1.2 Further to the Scope of this Chapter, the require- 

ments of this Section are applicable: 

(a) to ships that are required to comply with the /nternational 
Convention for the Safety of Life at Sea,1974, as 
amended, (SOLAS); and 

(o) for all other ships where any one main engine has a 
power output exceeding 500 kW. 


2.2 Particulars to be submitted 


2.2.1 Torsional vibration calculations, showing the mass 
elastic values, associated natural frequencies and an analysis of 
the vibratory torques and stresses for the full dynamic system. 


2.2.2 Particulars of the division of power and utilisation, 
throughout the speed range, for turbines, multi-engine or 
other combined power installations, and those with power 
take-off systems. For multi-engined installations, special 
considerations associated with the possible variations in the 
mode of operation and phasing of engines. 


2.2.3 Enginebuilder's harmonic torque data used in the 
torsional vibration calculations, see 2.3.3. 


2.2.4 Details of operating conditions encountered in 
service for prolonged periods, e.g. idling speed, range of 
trawling revolutions per minute, combinator characteristics for 
installations equipped with controllable pitch propellers. 


2.2.5 Details, obtained from the manufacturers, of the 
principal characteristics of machinery components such as 
dampers and couplings, confirming their capability to with- 
stand the effects of vibratory loading including, where 
appropriate, heat dissipation. Evidence that the data which is 
used to represent the characteristics of components, which 
has been quoted from other sources, is supported by a 
programme of physical measurement and control. 
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2.2.6 Where installations include electric motors, genera- 
tors or non-integral pumps, drawings showing the principal 
dimensions of the shaft, together with manufacturer’s estimates 
of mass moment of inertia for the rotating parts. 


2.2.7 Details of vibration or performance monitoring 
proposals where required. 


2.3 Scope of calculations 


2.3.1 Calculations are to be carried out, by recognised 
techniques, for the full dynamic system formed by the oil 
engines, turbines, motors, generators, flexible couplings, 
gearing, shafting and propeller, where applicable, including all 
branches. 


2.3.2 Calculations are to give due consideration to the 
potential deviation in values used to represent component 
characteristics due to manufacturing/service variability. 


2.3.3 The calculations carried out on oil engine systems 
are to be based on the Enginebuilders’ harmonic torque data. 
The calculations are to take account of the effects of engine 
malfunctions commonly experienced in service, such as a 
cylinder not firing (i.e. no injection but with compression) 
giving rise to the highest torsional vibration stresses in the 
shafting. Calculations are also to take account of a degree of 
imbalance between cylinders, which is characteristic of the 
normal operation of an engine under service conditions. 


2.3.4 Whilst limits for torsional vibration stress in 
crankshafts are no longer stated explicitly, calculations are to 
include estimates of crankshaft stress at all designated 
operating/service speeds, as well as at any major critical speed. 


2.3.5 Calculations are to take into account the possible 
effects of excitation from propeller rotation. Where the system 
shows some sensitivity to this phenomenon, propeller excitation 
data for the installation should be used as a basis for calcula- 
tion, and submitted. 


2.3.6 Where the torsional stiffness of flexible couplings 
varies with torque, frequency or speed, calculations should be 
representative of the appropriate range of effective dynamic 
stiffness. 


2.4 Symbols and definitions 


2.4.1 The symbols used in this Section are defined as 
follows: 
d = minimum diameter of shaft considered, in mm 
di = diameter of internal bore, in mm 
k = the factor used in determining minimum shaft 
diameter, defined in Ch 6,3.1.1 and 3.5.1 
r = ratio N/N; or N/N, whichever is applicable 
Cy = asize factor defined as 0,35 + 0,93a-0:2 
C, = a factor for different shaft design features, see 
Table 8.2.1 
N = engine speed, in rev/min 
N, = Critical speed, in rev/min 


Table 8.2.1 C, factors 


Intermediate shafts with 
Integral coupling flange and straight sections 1,0 

Shrink fit coupling 1,0 

Keyway, tapered connection 0,60 
Keyway, cylindrical connection 0,45 
Radial hole 0,50 
Longitudinal slot 


0,30 (see 2.4.4) 


Thrust shafts external to engines 
On both sides of thrust collar 0,85 
In way of axial bearing where a roller 0,85 

bearing is used as a thrust bearing 


Propeller shafts 

Flange mounted or keyless taper fitted 
propellers 

Key fitted propellers 

Between forward end of aft most bearing 
and forward stern tube seal 


NOTE 
The determination of C% — factors for shafts other than shown in 
this Table will be specially considered by LR. 


N, = maximum continuous engine speed, in rev/min, or, 
in the case of constant speed generating sets, the 
full load speed, in rev/min 

Q, = rated full load mean torque 

Oy = specified minimum tensile strength of the shaft 
material, in N/mm2 

To = permissible stress due to torsional vibrations for 
continuous operation, in N/mm2 

T = permissible stress due to torsional vibrations for 
transient operation, in N/mm2 
e = slot width, inmm 
slot length, in mm. 


~ 
Il 


2.4.2 Alternating torsional vibration stresses are to be 
based on half-range amplitudes of stress resulting from the 
alternating torque (which is superimposed on the mean torque) 
representing the synthesis of all harmonic orders present. 


2.4.3 All vibration stress limits relate to the synthesis or 
measurement of total nominal torsional stress and are to be 
based on the plain section of the shafting neglecting stress 
raisers. 


2.4.4 For a longitudinal slot C, = 0,3 is applicable within 
the dimension limitations given in Pt 5 Ch 6,3.1.6. If the slot 
dimensions are outside these limitations, or if the use of 
another C,, is desired, the actual stress concentration factor 
(scf) is to be documented or determined from 2.4.5, in which 
case: 

Cy = 145 

scf 

Note that the scf is defined as the ratio between the maxi- 
mum local principal stress and (3 times the nominal 
torsional stress (determined for the bored shaft without slots). 
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2.4.5 Stress concentration factor of slots. The stress 
concentration factor (scf) at the ends of slots can be deter- 
mined by means of the following empirical formulae: 

(l-e) 


This formula applies to: 

e — Slots at 120 or 180 or 360 degrees apart. 

° Slots with semicircular ends. A multi-radii slot end can 
reduce the local stresses, but this is not included in this 
empirical formula. 

e Slots with no edge rounding (except chamfering), as any 
edge rounding increases the scf slightly. 

Athole) represents the stress concentration of radial holes and 

can be determined as : 


2 2 d. \2 
Ot(hole) = 2,3-3 = +155) +10 G (4) 


where 
e = hole diameter, in mm 
or simplified to hole) = 2,3. 


2.5 Limiting stress in propulsion shafting 


2.5.1 The following stress limits apply to intermediate 
shafts, thrust shafts and to screwshafts fully protected from sea- 
water. For screwshafts, the limits apply to the minimum sections 
of the portions of the screwshaft as defined in Ch 6,3.5. 


2.5.2 In the case of unprotected screwshafts, special 
consideration will be given. 


2.5.3 In no part of the propulsion shafting system may the 
alternating torsional vibration stresses exceed the values of te 
for continuous operation, and q; for transient running, given by 
the following formulae: 


ou + 160 
io = a Cp Cy (3 - 22) forr < 0,9 N/mm? 

+ 160 
t = ae C Cg 1,38 for 0,9<r< 1,05 N/mm2 


1 
te Slt Vc, forr < 0,8 N/mm? 
Ck 


2.5.4 In general, the tensile strength of the steel used is to 
comply with the requirements of Ch 6,2. For the calculation of 
the permissible limits of stresses due to torsional vibration, oy is 
not to be taken as more than 800 N/mm? in the case of 
alloy steel intermediate shafts, or 600 N/mm7 in the case of 
carbon and carbon-manganese steel intermediate thrust and 
propeller shafts. 


2.5.5 Where the scantlings of coupling bolts and straight 
shafting differ from the minimum required by the Rules, special 
consideration will be given. 


2.6 Generator sets 


2.6.1 Natural frequencies of the complete set are to be 
sufficiently removed from the firing impulse frequency at the full 
load speed, particularly where flexible couplings are interposed 
between the engine and generator. 


2.6.2 Within the speed limits of 0,95, and 1,05N, the 
vibration stresses in the transmission shafting are not to exceed 
the values given by the following formula: 


to = +(21-0,014d) N/mm. 


2.6.3 Vibration stresses in the transmission shafting due 
to critical speeds which have to be passed through in starting 
and stopping, are not to exceed the values given by the 
following formula: 


Ty = 5,5to. 


2.6.4 The amplitudes of the total vibratory inertia torques 
imposed on the generator rotors are to be limited to +2,0Q, in 
general, or to +2,5Q, for close-coupled revolving field 
alternating current generators, over the speed range from 
0,95N, to 1,05N,. Below 0,95N, the amplitudes are to be 
limited to +6,0Q,. Where two or more generators are driven 
from one engine, each generator is to be considered 
separately in relation to its own rated torque. 


2.6.5 The rotor shaft and structure are to be designed to 
withstand these magnitudes of vibratory torque. Where it can 
be shown that they are capable of withstanding a higher 
vibratory torque, special consideration will be given. 


2.6.6 In addition to withstanding the vibratory conditions 
over the speed range from 0,95N, to 1,05N,_ flexible 
couplings, if fitted, are to be capable of withstanding the 
vibratory torques and twists arising from transient criticals and 
short-circuit currents. 


2.6.7 In the case of alternating current generators, resul- 
tant vibratory amplitudes at the rotor are not to exceed +3,5 
electrical degrees under both full load working conditions and 
the malfunction condition mentioned in 2.3.3. 


2.7 Other auxiliary machinery systems 


2.7.1 The relevant requirements of 2.6.1, 2.6.2 and 2.6.3 
are also applicable to other machinery installations such as 
pumps or compressors with the speed limits being taken as 
0,95N, to 1,10Ng. 


2.8 Other machinery components 


2.8.1 Torsional vibration dampers. The use of dampers 
or detuners to limit vibratory stress due to resonances which 
occur within the range between 0,85, and 1,05N, are to be 
considered. If fitted, these should be of a type which makes 
adequate provision for dissipation of heat. Where necessary, 
performance monitoring may be required. 
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2.8.2 Flexible couplings: 

(a) Flexible couplings included in an installation are to be 
capable of transmitting the mean and vibratory loads 
without exceeding the makers’ recommended limits for 
angular amplitude or heat dissipation. 

(b) Where calculations indicate that the limits recommended 
by the manufacturer may be exceeded under misfiring 
conditions, a suitable means is to be provided for 
detecting and indicating misfiring. Under these circum- 
stances power and/or speed restrictions may be 
required. Where machinery is non-essential, disconnec- 
tion of the branch containing the coupling would be an 
acceptable action in the event of misfiring. 


2.8.3 Gearing: 

(a) The torsional vibration characteristics are to comply with 
the requirements of 2.3. The sum of the mean and of the 
vibratory torque should not exceed four-thirds of the full 
transmission torque, at MCR, throughout the speed 
range. In cases where the proposed transmission torque 
loading on the gear teeth is less than the maximum 
allowable, special consideration will be given to the 
acceptance of additional vibratory loading on the gears. 

(o) Where calculations indicate the possibility of torque 
reversal, the operating speed range is to be determined 
on the basis of observations during sea trials. 


2.9 Measurements 


2.9.1 Where calculations indicate that the limits for 
torsional vibration within the range of working speeds are 
exceeded, measurements, using an appropriate technique, 
may be taken from the machinery installation for the purpose 
of approval of torsional vibration characteristics, or determining 
the need for restricted speed ranges, and the confirmation of 
their limits. 


2.9.2 Where differences between calculated and measured 
levels of stress, torque or angular amplitude arise, the stress 
limits are to be applied to the stresses measured on the 
completed installation. 


2.9.3 The method of measurement is to be appropriate 
to the machinery components and the parameters which are 
of concern. Where shaft stresses have been estimated from 
angular amplitude measurements, and are found to be close 
to limiting stresses as defined in 2.5, strain gauge techniques 
may be required. When measurements are required, detailed 
proposals are to be submitted. 


2.10 Vibration monitoring 


2.10.1 Where calculations and/or measurements have 
indicated the possibility of excessive vibratory stresses, 
torques or angular amplitudes in the event of a malfunction, 
vibration or performance monitoring, directly or indirectly, may 
be required. 


2.11 Restricted speed and/or power ranges 


2.11.1 Restricted speed and/or power ranges will be 
imposed to cover all soeeds where the stresses exceed the 
limiting values, te, for continuous running, including one- 
cylinder misfiring conditions if intended to be continuously 
operated under such conditions. For controllable pitch 
propellers with the possibility of individual pitch and speed 
control, both full and zero pitch conditions are to be 
considered. Similar restrictions will be imposed, or other 
protective measures required to be taken, where vibratory 
torques or amplitudes are considered to be excessive for 
particular machinery items. At each end of the restricted 
speed range the engine is to be stable in operation. 


2.11.2 The restricted speed range is to take account of the 
tachometer speed tolerances at the barred speeds. 


2.11.3 Critical responses which give rise to speed 
restrictions are to be arranged sufficiently removed from the 
maximum revolutions per minute to ensure that, in general, at 
r = 0,8 the stress due to the upper flank does not exceed te. 


2.11.4 Provided that the stress amplitudes due to a 
torsional critical response at the borders of the barred speed 
range are less than tẹ under normal and stable operating 
conditions the speed restriction derived from the following 
formula may be applied: 


16 Ng to 18 -r N, inclusive. 
18-r 16 


2.11.5 Where calculated vibration stresses due to 
criticals below 0,8N, marginally exceed t, or where the critical 
speeds are sharply tuned, the range of revolutions restricted 
for continuous operation may be reduced. 


2.11.6 In cases where the resonance curve of a critical 
speed has been derived from measurements, the range of 
revolutions to be avoided for continuous running may be 
taken as that over which the measured vibration stresses are 
in excess of tẹ, having regard to the tachometer accuracy. 


2.11.7 Where restricted speed ranges under normal 
operating conditions are imposed, notice boards are to be 
fitted at the control stations stating that the engine is not to be 
run continuously between the speed limits obtained as above, 
and the engine tachometers are to be marked accordingly. 


2.11.8 Where vibration stresses approach the limiting 
value, t}, the range of revolutions restricted for continuous 
operation may be extended. The notice boards are to indicate 
that this range must be passed through rapidly. 


2.11.9 For excessive vibratory torque, stress or amplitude 
in other components, based on 2.8.1 to 2.8.3, the limits of 
any speed/power restriction are to be such as to maintain 
acceptable levels during continuous operation. 


2.11.10 Where the restrictions are imposed for the contin- 
gency of an engine malfunction or component failure, the 
limits are to be entered in the machinery Operating Manual. 
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2.11.11 Restricted speed ranges in one-cylinder misfiring 
conditions on ships with single engine propulsion are to 
enable safe navigation whereby sufficient propulsion power is 
available to maintain control of the ship. 


2.11.12 There are to be no restricted speed ranges imposed 
above a speed ratio of r = 0,8 under normal operating conditions. 


2.12 Tachometer accuracy 


2.12.1 Where restricted speed ranges are imposed as a 
condition of approval, the tachometer accuracy is to be 
checked against the counter readings, or by equivalent 
means, in the presence of the Surveyors to verify that it reads 
correctly within + 2 per cent in way of the restricted range of 
revolutions. 


2.13 Governor control 
2.13.1 Where there is a significant critical response above 


and close to the maximum service speed, consideration is to 
be given to the effect of temporary overspeed. 


a Section 3 
Axial vibration 


3.1 General 


3.1.1 For all main propulsion shafting systems, the 
Shipbuilders are to ensure that axial vibration amplitudes are 
satisfactory throughout the speed range. Where natural 
frequency calculations indicate significant axial vibration 
responses, sufficiently wide restricted speed ranges will be 
imposed. Alternatively, measurements may be used to 
determine the speed ranges at which amplitudes are 
excessive for continuous running. 


3.2 Particulars to be submitted 


3.2.1 The results of calculations, together with recom- 
mendations for any speed restrictions found necessary. 


3.2.2 Enginebuilder’s recommendation for axial vibration 
amplitude limits at the non-driving end of the crankshaft or at 
the thrust collar. 


3.2.3 Estimate of flexibility of the thrust bearing and its 
supporting structure. 


3.2.4 The requirement for calculations to be submitted 
may be waived upon request provided evidence of satisfac- 
tory service experience of similar dynamic installations is 
submitted. 


3.3 Calculations 


3.3.7 Calculations of axial vibration natural frequency are 

to be carried out using appropriate techniques, taking into 

account the effects of flexibility of the thrust bearing, for shaft 
systems where the propeller is: 

(a) Driven directly by a reciprocating internal combustion 
engine. 

(o) Driven via gears, or directly by an electric motor, and 
where the total length of shaft between propeller and 
thrust bearing is in excess of 60 times the intermediate 
shaft diameter. 


3.3.2 Where an axial vibration damper is fitted, the 
calculations are to consider the effect of a malfunction of the 
damper. 


3.3.3 For those systems as defined in 3.3.1(b) the 
propeller speed at which the critical frequency occurs may be 
estimated using the following formula: 


0,98 ab \1/2 l 
=e (SS rev/min 
N oan) 
where 
a= É (66,2 + 97,5A — 8,88A2)2 (c/min)2 


G12 


b =9,2- (c/min)? 
M 


e 


d = internal diameter of shaft, in mm 
k = estimated stiffness at thrust block bearing, in N/m 
l = length of shaft line between propeller and thrust 


bearing, in mm 

m = mass of shaft line considered, in kg 
= 0,785 (D2-a?)G1 

Ae oa 

M 
D = outside diameter of shaft, taken as an average over 

length Z, in mm 

= modulus of elasticity of shaft material, in N/mm? 
= density of shaft material, in kg/mms 
dry mass of propeller, in kg 
= M(A+2) 
= number of propeller blades 
Where the results of this method indicate the possibility of an 
axial vibration resonance in the vicinity of the maximum 
service speed, calculations using a more accurate method will 
be required. 


>==oOm 
ll 


3.4 Measurements 


3.4.1 Where calculations indicate the possibility of 
excessive axial vibration amplitudes within the range of 
working speeds under normal or malfunction conditions, 
measurements are required to be taken from the shafting 
system for the purpose of determining the need for restricted 
speed ranges. 
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3.5 Restricted speed ranges 


3.5.1 The limits of any speed restriction are to be such 
as to maintain axial amplitudes within recommended levels 
during continuous operation. 


3:9:2 Limits of a speed restriction, where required, may 
be determined by calculation or on the basis of measurement. 


3.5.3 Where a speed restriction is imposed for the 
contingency of a damper malfunction, the speed limits are to 
be entered in the machinery Operating Manual and regular 
monitoring of the axial vibration amplitude is required. Details 
of proposals for monitoring are to be submitted. 


3.6 Vibration monitoring 


3.6.1 Where a vibration monitoring system is to be 
specified, details of proposals are to be submitted. 


E Section 4 
Lateral vibration 


4.1 General 


4.1.1 For all main propulsion shafting systems, the 
Shipbuilders are to ensure that lateral vibration characteris- 
tics are satisfactory throughout the speed range. 


4.2 Particulars to be submitted 


4.2.1 Calculations of the lateral vibration characteristics 
of shafting systems having supports outboard of the hull or 
incorporating cardan shafts are to be submitted. 


4.3 Calculations 


4.3.1 The calculations in 4.2.1, taking account of 
bearing, oil-film (where applicable) and structural dynamic 
stiffnesses, are to investigate the excitation frequencies giving 
rise to all critical speeds which may result in significant 
amplitudes within the speed range, and are to indicate relative 
deflections and bending moments throughout the shafting 
system. 


4.3.2 The calculated natural frequencies of the system 
are to be compared to both the shaft rotational orders and 
propeller blade passing frequencies. Where cardan shafts are 
fitted, the shaft second rotational orders are also to be 
considered. 


4.3.3 Requirements for calculations may be waived upon 
request provided evidence of satisfactory service experience 
of similar dynamic installations is submitted. 


4.4 Measurements 


4.4.1 Where calculations indicate the possibility of 
significant lateral vibration responses within the range of 
+20 per cent of the M.C.R. speed, measurements using an 
appropriate recognised technique may be required to be 
taken from the shafting system for the purpose of determining 
the need for restricted speed ranges. 


4.4.2 The method of measurement is to be appropriate 
to the machinery arrangement and the modes of vibration 
which are of concern. When measurements are required, 
detailed proposals are to be submitted in advance. 


a Section 5 
Shaft alignment 


5.1 General 


5.1.1 Shaft alignment calculations are to be carried out 
for main propulsion shafting rotating at propeller speed, 
including the crankshaft of direct drive systems or the final 
reduction gear wheel on geared installations. The Builder is 
to make available shaft alignment procedures detailing the 
proposed alignment method and checks for these arrange- 
ments. 


5.2 Particulars to be submitted for approval - 
Shaft alignment calculations 


5.2.1 Shaft alignment calculations are to be submitted to 

LR for approval for the following shafting systems: 

(a) All geared installations, where the screwshaft has a 
diameter of 300 mm or greater in way of the aftmost 
bearing, except for multiple input/single output geared 
installations, in which case all such installations will be 
submitted for approval. 

(o) All direct drive installations which incorporate 3 or fewer 
bearings supporting the intermediate and screwshaft aft of 
the prime mover. 

(c) Where prime movers in a direct drive installation or shaftline 
bearings are installed on resilient mountings. 

(d) All systems where the screwshaft has a diameter of 
800 mm or greater in way of the aftmost bearing. 


5.2.2 The shaft alignment calculations are to take into 

account the: 

(a) thermal displacements of the bearings between cold 

static and hot dynamic machinery conditions; 

(b) buoyancy effect of the propeller immersion due to the 

ship's operating draughts; 

(c) effect of predicted hull deformations over the range of 

the ship’s operating draughts, where known; 

(d) effect of filling the aft peak ballast tank upon the bearing 

loads, where known; 

(e) gear forces, where appropriate, due to prime-mover 
engagement on multiple input/single output installations. 
For multiple input systems, consideration is to be given 
to each possible combination of inputs; 

(f| propeller offset thrust effects; 
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(g) maximum allowed bearing weardown, for water or 
grease-lubricated sterntube bearings, and its effect on 
the bearing loads. 


5.2.3 The shaft alignment calculations are to state the: 

(a) expected bearing loads at light and normal ballast, fully 
loaded and any other draughts deemed to be part of the 
ship's operating profile, for the machinery in cold and 
hot, static and dynamic conditions; 

(b) bearing influence coefficients and the deflection, slope, 
bending moment and shear force along the shaftline; 

(c) details of propeller offset thrust; 

(d) details of proposed slope-bore of the aftermost stern- 
tube bearing, where applicable; 

(e) manufacturer's specified limits for bending moment and 
shear force at the shaft couplings of the gearbox/prime 
movers; 

(f, estimated bearing weardown rates for water or grease- 
lubricated sterntube bearings; 

(g) expected hull deformation effects and their origin, viz. 
whether finite element calculations or measured results 
from sister or similar ships have been used; 

(h) anticipated thermal rise of prime movers and gearing 
units between cold static and hot running conditions; 
and 

(i) | manufacturer's allowable bearing loads. 


5.3 Shaft alignment procedures 


5.3.1 A shaft alignment procedure is to be made available 
for review and for the information of the attending surveyors for 
all main propulsion installations detailing, as a minimum, 

(a) expected bearing loads at light and normal ballast, fully 
loaded and any other draughts deemed to be part of the 
ship's operating profile, for the machinery in cold and hot, 
static and dynamic conditions; 

(o) maximum permissible loads for the proposed bearing 

designs; 

c) design bearing offsets from the straight line; 

d) design gaps and sags; 

e) location and loads for the temporary shaft supports; 

f) expected relative slope of the shaft and the bearing in 

the aftermost sterntube bearing; 

(g) details of slope-bore of the aftermost sterntube bearing, 
where applied; 

(h) proposed bearing load measurement technique and its 
estimated accuracy; 

(i) | jack correction factors for each bearing where the 
bearing load is measured using a specified jacking 
technique; 

(k) proposed shaft alignment acceptance criteria, including 
the tolerances; and 

() flexible coupling alignment criteria. 


5.4 Design and installation criteria 


5.4.1 For main propulsion installations, the shafting is to 
be aligned to give, in all conditions of ship loading and 
machinery operation, bearing load distribution satisfying the 
requirements of 5.4.2. 


5.4.2 Design and installation of the shafting is to satisfy 

the following criteria: 

(a) The Builder is to position the bearings and construct the 
bearing seatings to minimise the effects of hull deflec- 
tions under any of the ship's operating conditions with 
the aim of optimising the bearing load distribution. 

(bo) Relative slope between the propeller shaft and the 
aftermost sterntube bearing is, in general, not to exceed 
3 x 10-4 rad in the static condition. 

(c) Sterntube bearing loads are to satisfy the requirements 
of Ch 6,3.12. 

(d) Evidence is to be provided to LR demonstrating that 
bearings of synthetic material have been verified as being 
within the tolerance stated by the bearing manufacturer 
for diameter, ovality, and straightness after installation. 

(e) Bearings of synthetic material are to be verified as being 
within tolerance for ovalilty and straightness, circumfer- 
entially and longitudinally, after installation. 

(f) The sterntube forward bearing static load is to be 
sufficient to prevent unloading in all static and dynamic 
operating conditions, including the transient conditions 
experienced during manoeuvring turns and during 
operation in heavy weather. 

(g) Intermediate shaft bearings’ loads are not to exceed 
80 per cent of the bearing manufacturer's allowable 
maximum load, for plain journal bearings, based on the 
bearing projected area. 

(h) Equipment manufacturer’s bearing loads are to be within 
the manufacturer's specified limits, i.e. prime movers, 
gearing. 

(i) | Resulting shear forces and bending moments are to 
meet the equipment manufacturer's specified coupling 
conditions. 

(k) The manufacturer's radial, axial and angular alignment 
limits for the flexible couplings are to be maintained. 


5.5 Measurements 


5.5.7 The system bearing load measurements are to be 
carried out to verify that the design loads have been achieved. 
In general the measurements will be carried out by the jack-up 
measurement technique using calibrated equipment. 


5.5.2 For the first vessel of a new design an agreed 
programme of static shaft alignment measurements is to be 
carried out in order to verify that the shafting has been 
installed in accordance with the design assumptions and to 
verify the design assumptions in respect of the hull deflections 
and the effects of machinery temperature changes. The 
programme is to include static bearing load measurements in 
a number of selected conditions. Depending on the ship type 
and the operational loading conditions that are achievable 
prior to and during sea trials these should include, where 
practicable, combinations of light ballast cold, full ballast cold, 
full ballast hot and full draught hot with aft peak tank empty 
and full. 
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5.5.3 For vessels of an existing design or similar to an 
existing design where evidence of satisfactory service 
experience is submitted for consideration and for subsequent 
ships in a series a reduced set of measurements may be 
accepted. In such cases the minimum set of measurements is 
to be sufficient to verify that the shafting has been installed in 
accordance with the design assumptions and are to include 
at least one cold and one hot representative condition. 


5.5.4 Where calculations indicate that the system is 
sensitive to changes in alignment under different service 
conditions, the shaft alignment is to be verified by measure- 
ments during sea trials using an approved strain gauge 
technique. 


5.6 Flexible couplings 
5.6.1 Where the shafting system incorporates flexible 


couplings, the effects of such couplings on the various modes 
of vibration are to be considered, see Sections 2, 3 and 4. 
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Section 

1 Scope 

2 General requirements 

3 Functional capability 

4 Materials 

5 Structure design and construction requirements 
6 Machinery design and construction 


requirements 


7 Electrical equipment 
8 Control engineering systems 
9 Testing and trials 
10 Installation, maintenance and replacement 
procedures 
a Section 1 
Scope 
1.1 General 
1.1.1 This Chapter applies to podded propulsion units 


where used for propulsion, dynamic positioning duty or as 
the sole means of steering. 


1.1.2 For the purposes of these Rules, a podded propulsion 
unit is any propulsion or manoeuvring device that is external 
to the normal form of the ship’s hull and houses a propeller 
powering device. 


1.1.3 The requirements of this Chapter relate to podded 
propulsion units powered by electric propulsion motors, (and are 
in addition to the requirements for Electric Propulsion in Pt 6, 
Ch 2,16 and other relevant Sections). Podded propulsion units 
with other drive arrangements will be subject to individual 
consideration. 


1.1.4 The structural requirements stated in 5.1, 5.2 and 
5.3 relate to podded propulsion units having a pod body with 
single supporting strut with or without an integral slewing 
ring arrangement, see Fig. 9.1.1. Novel and unconventional 
arrangements will be subject to individual consideration. In 
such cases, the designers are advised to contact LR in the 
early stages of the design for advice on the manner and 
content of design information required for formal classification 
appraisal. 


1.1.5 The aft end structures associated with podded 
installations are to be examined with respect to potential 
slamming, see Pt 4, Ch 2. 
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Slewing ring 


Pod body 


Fig. 9.1.1 


Podded propulsion unit 


1.1.6 It is the shipbuilder’s responsibility to ensure that all 
installed equipment is suitable for operation in the location 
and under all anticipated environmental conditions associated 
with the design of the ship which is to include temperature, 
humidity, vibration and impulsive accelerations. 


1.1.7 The design of a podded propulsor system is to take 
into account a range of operating conditions which are to 
include the following: 

e All ahead seagoing conditions up to and including the 
maximum rated output of the podded propulsor while 
maintaining a steady course under foreseeable sea and 
wind conditions. 

e — The ability of the ship to change direction rapidly at the 
declared steering angles with the ship running at 
maximum ahead service speed. 

e Executing a steady turning manoeuvre with a tactical 
diameter not greater than 5L and advance not greater 
than 4,5L whilst maintaining a power corresponding to 
the test speed, where L is the length measured between 
the aft and forward perpendiculars. Test speed is defined 
as a speed of at least 90 per cent of the ship’s speed 
corresponding to 85 per cent of the maximum rated 
power of the podded propulsor. 

e = Changing heading, manoeuvring in and out of harbour 
both ahead and astern, at slow speeds, stationary and 
starting from rest in foreseeable current and wind 
conditions. 

e Berthing manoeuvres in the case of azimuthing podded 
propulsion units. 

e — Rapid acceleration and deceleration manoeuvres where 
the ship’s operating profile demands this capability. 

° Holding stationary positions over-ground under different 
conditions. 

e — Stopping manoeuvre as required by Ch 1,5.2. 

e — Manoeuvring in ice where ice class is required. 
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a Section 2 
General requirements 


2.1 Pod arrangement 


Zila In general, for a ship to be assigned an unrestricted 
service notation, a minimum of two podded propulsion units 
are to be provided where these form the sole means of 
propulsion. For vessels where a single podded propulsion 
unit is the sole means of propulsion, an evaluation of a 
detailed engineering and safety justification will be conducted 
by LR, see 2.2.2. This evaluation process will include the 
appraisal of a Failure Modes and Effects Analysis (FMEA) to 
verify that sufficient levels of redundancy and monitoring are 
incorporated in the podded propulsion unit’s essential support 
systems and operating equipment. 


2.2 Plans and information to be submitted 


2.2.1 In addition to the plans required by Chapters 5, 
6, 7, 8, 14 and 19, and Pt 6, Ch 1 and Ch 2, the following 
plans and information are required to be submitted for 
appraisal: 

(a) Description of the ship’s purpose/capabilities together 
with the pod’s intended operational modes in support of 
these capabilities. 

(b) Power transmitted at MCR condition (shaft power and 
rpm) and other maximum torque conditions, e.g. bollard 
pull. 

(c) Maximum transient thrust, torque and other forces and 
moments experienced during all envisaged operating 
modes as permitted by the steering and propulsor drive 
control systems. 

(d) Details of the electric propulsion motor short-circuit 
torque and motor air gap tolerance. 

(e) Sectional assembly in the Z-X plane, see Fig. 9.2.1. 

(f) Specifications of materials and NDE procedures for 
components essential for propulsion and steering 
operation to include propulsion shaft and slewing ring 
bearings, gearing and couplings, see 4.1. 

(g) Details of intended manoeuvring capability of the ship in 
each operating condition. (To be declared by the ship- 
yard, see also 3.1.1). 

(h) Design loads for both the pod structure and propeller 
together with podded propulsion unit design operating 
modes, see 2.4.1, 6.3.7, 6.6.6 and 6.6.7. 

(i) | Supporting data and direct calculation reports. This is to 
include, where applicable, an assessment of anticipated 
global accelerations acting on the ship’s machinery and 
equipment which may potentially affect the reliable 
operation of the propulsion system for all foreseeable 
seagoing and operating conditions. Typically, this may 
include response to slamming, extreme ship motions 
and pod interaction. See also 1.1.5. 

(k) Structural component details including: strut, pod body, 
bearing supports, bearing end caps, ship’s structure in 
way of podded propulsion unit integration and a welding 
Table showing a key to weld symbols used on the plans 
specifying weld size, type, preparation and heat treat- 
ment. The information should include the following: 

° Detailed drawings showing the structural 
arrangement, dimensions and scantlings. 
° Welding and structural details. 
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Pod co-ordinate system 


° Connections between structural components 
(bolting). 

° Casting’s chemical and mechanical properties. 

° Forging’s chemical and mechanical properties. 

° Material grades for plate and sections. 
Nozzle structure, its support arrangements, together 
with related calculations for all permitted operating 
conditions where the propeller operates in a nozzle 
(duct), see Pt 3, Ch 13,3. 
Propeller shaft bearing mounting and housing arrange- 
ment details, see also 6.3.6. 
Details of propeller shaft and steering bearings, where 
roller bearings are used supporting calculations are to 
be submitted, see 6.3.7 and 6.6.7. 
Propeller shaft seal details. 
Details of propeller shaft and pod steering securing/ 
locking and means of aligning the securing/locking 
arrangements. 
Cooling systems piping system schematic. 
Details of any lubricating oil conditioning systems 
(filtering/cooling/heating) and control arrangements 
necessary to ensure the continuous availability of the 
required lubricating oil quality to the propeller shaft 
bearings. 

Details of installed condition monitoring equipment. 
Details of the derivation of any duty factor used in the 
design of the steering gears. 

Identification of any potentially hazardous atmospheric 
conditions together with details of how the hazard will 
be countered, this should include a statement of the 
maximum anticipated air temperature within the pod 
during full power steady state operation, see 2.3. 
Where provided, access and closing arrangements for 
pod unit inspection and maintenance. 

Heat balance calculations for pods having an electric 
propulsion motor but no active cooling system, see 
6.7.4. 

Details of proposed testing and trials required by 
Section 9. 

Details of emergency steering and pod securing 
arrangements. See 6.3.11. 
Quality plan for electronic control systems and electrical 
actuating systems. 
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2.2.2 Where an engineering and safety justification report 

is required, the following supporting information is to be 

submitted: 

° A Failure Mode and Effects Analysis (FMEA), see 2.5. 

e Design standards and assumptions. 

e — Limiting operating parameters. 

e A statement and evidence in respect of the anticipated 
reliability of any non-duplicated components. 


2.2.3 Recommended installation, inspection, maintenance 
and component replacement procedures (see also 5.1.2). 
This is to include any in-water/underwater engineering 
procedures where recommended by the pod manufacturer. 
See also 6.5.7 and Section 10. 


2.3 Pod internal atmospheric conditions 


2.3.1 Machinery and electrical equipment installed within 
the pod unit are to be suitable for operation, without degraded 
performance, at the maximum anticipated air temperature and 
humidity conditions within the pod unit with the pod operating 
at its maximum continuous rating in sea water of not less than 
32°C after steady state operating conditions have been achieved. 


2.3.2 Precautions are to be taken to prevent as far as 
reasonably practicable the possibility of danger to personnel 
and damage to equipment arising from the development of 
hazardous atmospheric conditions within the pod unit. 
Circumstances that may give rise to these conditions are to 
be identified and the counter measures taken are to be 
defined. 


2.4 Global loads 


2.4.1 The overall strength of the podded propulsion unit 
structure is to be based upon the maximum anticipated 
in-service loads, including the effects of ship manoeuvring 
and of ship motion (see Table 14.8.1 in Pt 3, Ch 14). This is 
to include the effects of any pod to pod and/or pod to ship 
hydrodynamic interference effects. The designer is to supply 
the following maximum load and moment values to which the 
unit may be subjected with a description of the operating 
condition at which they occur. 

° F,, Force in the longitudinal direction; 

° Fy, Force in the transverse direction; 

° F,, self weight, in water, augmented by the ship’s pitch 
and heave motion and flooded volume where 
applicable, see Pt 3, Ch 14; 

e = M, moment at the slewing ring about the pod unit's 
global longitudinal axis; 

e My, moment at the slewing ring about the pod unit's 
global transverse axis; 

e — M, moment at the slewing ring about the pod unit's 
vertical axis (maximum dynamic duty steering torque on 
steerable pods). 

The directions of the X, Y and Z axes, with the origin at the 

centre of the slewing ring, are shown in Fig. 9.2.1. 
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2.4.2 Where the maximum forces and moments defined in 
2.4.1 cannot be accurately calculated, then, an estimate of 
these loadings is to be stated together with an assessment of 
the associated error tolerances for the sequences of permitted 
design manoeuvres, see 1.1.7. Typically this will include 
emergency astern manoeuvres, Zig Zag manoeuvres and pod 
interaction. Such estimates are to be defined on a load versus 
pod angle basis. In the case of pod to pod and/or pod to ship 
hydrodynamic interaction effects these, must be defined for 
the most severely affected propulsor. 


2.4.3 Where control systems are installed to limit the 
operation of the podded drive to defined angles at defined 
ship speeds, this information may be taken into consideration 
when determining the pod unit loading. 


2.4.4 Where pod units are fixed about their Z axis, then 
maximum global loads, to be used as the basis of the 
structural appraisal, are to be determined for inflows in 5 degree 
increments between the extremes of anticipated inflow angle 
during manoeuvring with ship at full speed and maximum 
propeller thrust. 


2.4.5 The podded propulsor is to be capable of with- 
standing a blade root failure due to fatigue occurring at the 
maximum rated output of the podded propulsor without 
initiating a failure in other parts of the propulsor system. 


2.5 Failure Modes and Effects Analysis (FMEA) 


2.5.1 An FMEA is to be carried out where a single 
podded propulsion unit is the vessels sole means of 
propulsion, see 2.1.1. The FMEA is to identify components 
where a single failure could cause loss of all propulsion 
and/or steering capability and the proposed arrangements for 
preventing and mitigating the effects of such a failure. The 
assessment required by Pt 6, Ch 2,16.2.2 may be considered 
for demonstrating the acceptability of the proposed design 
for propulsion power purposes. 


2.5.2 The FMEA is to be carried out using the format 
presented in Table 22.2.1 in Chapter 22 or an equivalent 
format that addresses the same reliability issues. Analyses in 
accordance with IEC 60812, Analysis techniques for system 
reliability — Procedure for failure mode and effects analysis 
(FMEA), or IMO MSC Resolution 36(63) Annex 4 — Procedures 
for Failure Mode and Effects Analysis, would be acceptable. 


2.5.3 The FMEA is to be organised in terms of 
equipment and function. The effects of item failures at a 
stated level and at higher levels are to be analysed to 
determine the effects on the system as a whole. Actions for 
mitigation of the effects of failure are to be determined, see 
2.5.1. 
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2.5.4 The FMEA is to: 

(a) identify the equipment or sub-system and mode of 
operation; 

(b) identify potential failure modes and their causes; 

(c) evaluate the effects on the system of each failure mode; 
(d) identify measures for reducing the risks associated with 
each failure mode; 

(e) identify measures for preventing failure; and 

(f) identify trials and testing necessary to prove conclusions. 


2.5.5 At sub-system level it is acceptable, for the purpose 
of these Rules, to consider failure of equipment items and 
their functions, e.g. failure of a pump to produce flow or 
pressure head. It is not required that the failure of components 
within that pump be analysed. In addition, their failure need 
only be dealt with as a cause of failure of the pump. 


2.5.6 Where FMEA is used for consideration of systems 
that depend on software-based functions for control or 
co-ordination, the analysis is to investigate failure of the 
functions rather than a specific analysis of the software code 
itself. 


2.6 Ice Class requirements 
2.6.1 Where an ice class notation is included in the class 


of a ship, additional requirements as detailed in Part 8 are to 
be complied with as applicable. 


a Section 3 
Functional capability 


3.1 General 


3.1.1 The arrangement of podded propulsion units is to 
be such that the ship can be satisfactorily manoeuvred to a 
declared performance capability. The operating conditions 
covered are to include the following: 

(a) Maximum continuous shaft power/speed to the propeller 
in the ahead condition at the declared steering angles 
and sea conditions. 

(b) Manoeuvring speeds of the propeller shaft in the ahead 
and astern direction at the declared steering angles and 
sea conditions. 

c) The stopping manoeuvre described in Ch 1,5.2.2(b). 

d) All astern running conditions for the ship. 

(e) Manoeuvring in ice where ice class is required. 


3.1.2 The main steering arrangements are to be capable 
of changing the direction of the ship’s directional control 
system from one side to the other at declared steering angle 
limits at an average rotational speed of not less than 0,4 
rev/min with the ship initially operating at its maximum ahead 
service speed. 


3.1.3 The steering mechanism for podded units used for 
Dynamic Positioning applications with an associated class 
notation, is to be capable of a rotational speed of not less 
than 1,5 rev/min. 


Part 5, Chapter 9 


Sections 2,3 & 4 


3.1.4 The auxiliary steering arrangements are to be: 

(a) Capable of changing the direction of the ship’s direc- 
tional control system from one side to the other at 
declared steering angle limits at an average rotational 
speed of not less than 0,083 rev/min, with the ship 
running ahead at one half of the maximum ahead service 
speed or 7 knots, whichever is the greater. 

(b) For all ships, operated by power where necessary to 
meet the requirements of (a) and in any ship having 
power more than 2,500 kW propulsion power per 
thruster unit. 


E Section 4 
Materials 


4.1 General 


4.1.1 The materials used for major structural and machinery 
components are to be manufactured and tested in accordance 
with the requirements of the Rules for the Manufacture, Testing 
and Certification of Materials (hereinafter referred to as the Rules 
for Materials). These components include hull support structure, 
pod body, pod strut, shafting and propellers. 


4.1.2 Components of novel design or components 
manufactured from materials not covered by the Rules for 
Materials are to be subject to evaluation and approval by 
Lloyd’s Register (hereinafter referred to as ‘LR’) prior to 
manufacture. 


4.1.3 Material specifications, see 2.2.1(f), for propulsion 
shaft and slewing ring bearings, gearing and couplings are to 
be approved by LR prior to manufacture. The specification is 
to include details of the grade of material, including the target 
range of chemical composition that is to be reported on the 
certificate, the required mechanical properties, heat treatment 
details including temperatures and hold times, details of 
necessary non-destructive examinations including acceptance 
levels. Additionally, any steel cleanness or microstructure 
requirements are to be included. These components are to 
be manufactured under survey. 


4.1.4 For propulsion shaft rolling element bearings, the 
amount of retained austenite is to be determined and is not 
to exceed 4 per cent for nominally bainitic structures. 


4.1.5 Where load carrying threaded fasteners screw 
directly into structural castings, the integrity of the casting is 
to be such that there is no porosity or shrinkage in the area of 
the connection. 
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m Section 5 
Structure design and construction 
requirements 


5.1 Pod structure 


5.1.1 Podded unit struts and pod bodies may be of cast, 
forged or fabricated construction or a combination of these 
construction methods. 


5.1.2 Means are to be provided to enable the shaft, 
bearings and seal arrangements to be examined in accor- 
dance with LR’s requirements and the manufacturer’s 
recommendations. 


5.1.3 When high tensile steel fasteners are used as part 
of the structural arrangement and there is a risk that these 
fasteners may come into contact with sea-water, carbon- 
manganese and low alloy steels with a specified tensile 
strength of greater than 950 N/mm? are not to be used due 
to the risk of hydrogen embrittlement. 


5.1.4 For steerable pod units, an integral slewing ring is 
to be arranged at the upper extremity of the strut to provide 
support for the slewing bearing. 


5.1.5 The strut is to have a smooth transition from the 
upper mounting to the lower hydrodynamic sections. 


Table 9.5.1 


Location Requirement 


Part 5, Chapter 9 
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5.1.6 For fabricated structures, vertical and horizontal 
plate diaphragms are to be arranged within the strut and, 
where necessary, secondary stiffening members are to be 
arranged. 


5.1.7 Pod unit structure scantling requirements are 
shown in Table 9.5.1. Where the scantling requirements in 
Table 9.5.1 cannot be satisfied, direct calculations carried out 
in accordance with 5.3 may be considered. 


5.1.8 The connection between the strut and the pod body 
should generally be effected through large radiused fillets in 
cast pod units or curved plates in fabricated pod units. 


5.1.9 The structural response under the most onerous 
combination of loads is not to exceed the normal operational 
requirements of the propulsion or steering system components. 


5.1.10 For cast pod structures, the elongation of the 
material on a gauge length of 5,65 So is to be not less than 
12 per cent where S, is the actual cross sectional area of the 
test piece. 


5.1.17. In castings, sudden changes of section or possible 
constriction to the flow of metal during casting are to be 
avoided. All fillets are to have adequate radii, which should, in 
general, be not less than 75 mm. 


Podded propulsion unit - Fabricated structure requirements 


Notes 


Strut external shell 


plating t = 0,0068s f (hz k) 95 


Thickness, in mm, is to be not less than: 


The minimum thickness of plating diaphragms and 
primary webs within the strut is to be not to less than 
the Rule requirement for the strut external plating. 
For internal diaphragms, panel stiffening is to be 
provided where the ratio of spacing to plate 
thickness (s/t) exceeds 100. Where there are no 
secondary members, s is to be replaced by S. 


Strut primary framing 
Z = 7,75h7 lę Sk 


The section modulus in cm3 is to be not less than: 


This does not apply to full breadth plate diaphragms. 


Strut secondary 


stiffening Z = 0,0056h7 lę2 S k 


The section in cm3 is to be not less than: 


This does not apply to full breadth plate diaphragms. 


Cylindrical pod body 


external shell plating t= 3,0Rg (h7 k)05 


Thickness, in mm, is to be not less than: 


Not to be less than the Rule basic shell end thickness 
from Table 3.2.1 in Pt 3, Ch 3,2 


Symbols 


panel aspect ratio correction factor = [1 1- s/(2500S)] 
(T+ Cy + 0,014V2) 
local higher tensile steel factor, as in Pt 3, Ch 2 


effective span of the member under consideration, in metres 


the frame spacing of secondary members, in mm 
design wave amplitude, in metres, as in Pt 4, Ch 1,1.5 
mean radius of pod body tube, in metres 

the spacing of primary members, in metres 

the vessel scantling draft, in metres, as in Pt 3, Ch 1,6.1 
ship service speed, in knots, as in Pt 3, Ch 1,6.1. 
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5.1.12 Castings are to comply with the requirements of 
Chapters 4 or 7 of the Rules for Materials. 


5.2 Hull support structure 


5.2.1 For supporting the main slewing bearing outer 
races, a system of primary structural members is to be 
provided in order to transfer the maximum design loads and 
moments from the podded propulsion unit into the ship’s hull 
without undue deflection. Due account is also to be taken of 
the loads induced by the maximum ship’s motions in the 
vertical direction resulting from combined heave and pitch 
motion of the ship. Account is also to be taken of any 
manoeuvring conditions that are likely to give rise to high 
mean or vibratory loadings induced by the podded 
propulsion unit. See 2.2.1(c). 


5.2.2 The hull support structure in way of the slewing 
bearing should be sufficiently stiff that the bearing manufacturer's 
limits on seating flatness are not exceeded due to hull flexure as 
a consequence of the loads defined under 5.2.1. 


5.2.3 Generally, the system of primary members is to 
comprise a pedestal girder directly supporting the slewing 
ring and bearing. The pedestal girder is to be integrated with 
the ship’s structure by means of radial girders and trans- 
verses aligned at their outer ends with the ship’s bottom 
girders and transverses, see Fig. 9.5.1. Proposals to use 
alternative arrangements that provide an equivalent degree of 
strength and rigidity may be submitted for appraisal. 


5.2.4 The ship’s support structure in way of the podded 
unit may be of double or single bottom construction. Generally, 
podded drives should be supported where practical within a 
double bottom structure; however final acceptance of the 
supporting arrangements will be dependent upon satisfying the 
stress criteria set out in Table 9.5.2, see also 5.3.5. 


Table 9.5.2 


Part 5, Chapter 9 
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Floors Pedestal girder 


(a 


Radial girders Longitudinal girders 


Fig. 9.5.1 Hull support structure 


5.2.5 The shell envelope plating and tank top plating in 
way of the aperture for the podded drive (i.e. over the extent 
of the radial girders shown in Fig. 9.5.1) are to be increased 
by 50 per cent over the Rule minimum thickness to provide 
additional local stiffness and robustness. However the 
thickness of this plating is not to be less than the actual fitted 
thickness of the surrounding shell or tank top plating. 


5.2.6 The scantlings of the primary support structure in 
way of the podded drive are to be based upon the limiting 
design stress criteria specified in Table 9.5.2, see also 5.3.5. 
Primary member scantlings are, however, not to be less than 
those required by Pt 3, Ch 6,5. 


5.2.7 The pedestal girder is to have a thickness not less 
than the required shell envelope minimum Rule thickness in 
way. Where abutting plates are of dissimilar thickness then the 
taper requirements of Pt 3, Ch 10,2 are to be complied with. 


Direct calculation maximum permissible stresses for steel fabricated structures 


Permissible stress values 


Location Podded drive structure Podded drive/hull interface 


X-Y shear stress 0,2609 0,3500 
Direct stress due to bending 0,3309 0,6309 


Von Mises stress 0,4059 0,7509 


Localised Von Mises peak stresses Oo So 


Symbols 


Sg = minimum yield strength of the material 


NOTES 

1. The values stated above are intended to give an indication of the levels of stress in the pod and ship structure for the maximum loads 
which could be experienced during normal service. 
If design is based on extreme or statistically low probability loads, then proposals to use alternative acceptance stress criteria may be 
considered. 
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5.2.8 In general, full penetration welds are to be applied at 
the pedestal girder boundaries and in way of the end 
connections between the radial girders and the pedestal girder. 
Elsewhere, for primary members, double continuous fillet 
welding is to be applied using a minimum weld factor of 0,34. 


5.3 Direct calculations 


5.3.1 Finite element or other direct calculation techniques 
may be employed in the verification of the structural design. 
The mesh density used is to be sufficient to accurately 
demonstrate the response characteristics of the structure and 
to provide adequate stress and deflection information. A 
refined mesh density is to be applied to geometry transition 
areas and those locations where high localised stress or stress 
gradients are anticipated. 


5.3.2 Model boundary constraints are generally to be 
applied in way of the slewing ring/ship attachment only. 


5.3.3 The loads applied to the mathematical model, see 
2.4.1, are to include the self weight, dynamic acceleration due 
to ship motion, hydrodynamic loads, hydrostatic pressure, 
propeller forces and shaft bearing support forces. In situations 
where a pod can operate in the flooded conditions or where 
flooding of a pod adds significant mass to the pod, details are 
to be included. 


5.3.4 Based on the most onerous combination of normal 
service loading conditions, the stress criteria shown in 
Table 9.5.2 are not to be exceeded. See also 2.2.1(c). 


5.3.5 Where the structural design is based on a fatigue 
assessment and the stress criteria shown in Table 9.5.2 are 
not applicable, details of cumulative load history and stress 
range together with the proposed acceptance criteria are to 
be submitted for consideration. 


5.3.6 For cast structures, the localised von Mises stress 
should not exceed 0,6 times the nominal 0,2 per cent proof 
or yield stress of the material for the most onerous design 
condition. 


m Section 6 
Machinery design and 
construction requirements 


6.1 General 


6.1.1 The requirements detailed in Chapter 1 are applicable. 


Part 5, Chapter 9 
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6.1.2 Means are to be provided whereby normal 

operation of the podded propulsion system can be sustained 

or readily restored if one of the supporting auxiliaries becomes 

inoperative, see also 2.1.1. Consideration shall be given to 

the malfunctioning of: 

e sources of lubricating oil pressure, 

° sources of cooling, 

e hydraulic, pneumatic or electrical means for control of 
the podded propulsor. 


6.2 Gearing 


6.2.1 If gearing is used in the propulsion system then the 
requirements of Chapter 5 are applicable. 


6.3 Propulsion shafting 


6.3.1 In addition to meeting the requirements of 
Chapters 6 and 8, the pod propulsion shafting supporting an 
electric motor is to be sufficiently stiff that both static and 
dynamic shaft flexure are within the motor manufacturer’s 
limits for all envisaged operating conditions. 


6.3.2 There is to be no significant lateral vibration 
response that may cause damage to the shaft seals within 
+20 per cent of the running speed range. For vibration 
analysis computations the influence of the slewing ring and 
shaft bearing stiffnesses together with the contribution from 
the seating stiffnesses are to be included in the calculation 
procedures. 


6.3.3 As an alternative to the requirements of Chapter 6, 
a fatigue strength analysis of shafting components indicating 
a factor of safety of 1,5 at the design loads based on a 
suitable fatigue failure criterion may be submitted for 
consideration. The effects of stress concentrations, material 
properties and operating environment are to be taken into 
account. 


6.3.4 With the exception of the propeller connection 
(requirements stated in Chapter 7) couplings relying on 
friction are to have a factor of safety of 2,5 against slippage 
at the maximum rated torque. In order to reduce the 
possibility of fretting, a grip stress of not less than 20 N/mm? 
is to be attained. 


6.3.5 The effects of motor short-circuit torque on the 
shafting system should not prevent continued operation once 
the fault has been rectified. 


6.3.6 The arrangement of shaft bearings is to take 
account of shaft thermal expansion, misalignment of bearings, 
shaft slope through the bearings and manufacturing tolerances. 
Additionally, the influence of the pod deflection on the shaft 
bearing alignment is to be considered under the most 
onerous mechanical and hydrodynamic loading conditions. 
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6.3.7 Propeller shaft roller bearing life calculations are to 

take account of the following loadings: 

e Shaft, motor, propeller and other shaft appendages’ 
weights; 

° Forces due to ship’s motion; 

e The propeller-generated forces and moments about the 
three Cartesian axes related to the shaft; fy, fy, fz, My, M 
m, see Fig. 9.2.1; 

e Variance of propeller-generated forces and moments 
with pod azimuth angle. This load variance should take 
account of the motor control characteristics; 

° Forces due to pod rotation, including gyroscopic forces; 

e A predicted azimuth service profile for the pod indicating 
the proportion of time spent at various azimuth angles; 

° Loads due to hydrodynamic interaction between pods; 

e — Any additional loads experienced during operation in ice 
conditions (for Ice Class notations); 

e Where validation of the above loadings is available, 
detailed calculations must demonstrate that the bearing 
life when operating at the normal duty profile will 
comfortably exceed the time between 5-yearly surveys. 
Parameters used to justify the bearing life, i.e. those 
related to oil cleanliness, viscosity limits and material 
quality are to be quoted. 


y’ 


6.3.8 Where detailed validation of the loadings identified 
in 6.3.7. is not available, the calculations for roller bearings 
are to indicate a bearing life greater than 65,000 hours at the 
maximum continuous rating of the podded drive taking into 
account the azimuth angle duty cycle. Any parameters used 
to justify this life, i.e. those related to oil cleanliness, water 
contamination and viscosity limits are to be quoted. Proposals 
for the use of a shaft bearing of life less than 65,000 hours 
will be considered on application with details of alleviating 
factors and supporting documentation; however, this bearing 
life must exceed the time between surveys. 


6.3.9 The design of the shaft line bearings is to take 
account of the maximum and minimum operating temperatures 
likely to be encountered during both a voyage cycle and, more 
widely, during the ship's operational life. Furthermore, any 
anticipated temperature distributions through the bearing 
components and structures are to be included in the design 
calculations. 


6.3.10 Means are to be provided for detecting shaft 
bearing deterioration. Where rolling element shaft bearings 
are used in single pod applications or in pods where the 
motor power exceeds 6 MW, vibration monitoring of the shaft 
bearings is to be provided. The bearing monitoring system is 
to be suitable for the local bearing conditions and is to be 
able to differentiate from other vibration sources such as 
propeller cavitation or ship motions. 


6.3.11 In multi-podded propulsor systems or ships having 
at least one pod in association with other propulsion devices 
and where the individual pod installed power is greater than 
5 MW, means are to be provided to hold the propeller for an 
inoperable unit stationary whilst the other pod(s) propel the 
vessel at a manoeuvring speed of not less than 7 knots. 
Operating instructions displayed at the holding mechanism’s 
operating position are to include a direction to inform the 
bridge of any limitation in ship’s speed required as a result of 
the holding mechanism being activated. 
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6.3.12 Shaft seals for maintaining the watertight integrity 
of the pod are to be Type Approved to a standard acceptable 
to LR. The seals are to be designed to withstand the 
extremes of operation for which they are intended and this is 
to include extremes of temperature, vibration, pressure and 
shaft movement. 


6.3.13 In single pod installations, the integrity of shaft 
seals is to be evaluated on the basis of a double failure. In 
such installations, seal duplication is to be used with indication 
of failure of one seal being provided. 


6.4 Propeller 


6.4.1 The requirements of Chapter 7 are to be complied 
with. 


6.4.2 Where propeller scantlings have been determined by 
a detailed fatigue analysis, based on reliable wake survey data 
as described in Ch 7,3.1.7, a factor of safety of 1,5 against 
suitable fatigue failure criteria is to be demonstrated. The effects 
of fillet stress concentrations, residual stress, fluctuating loads 
and material properties are to be taken into account. 


6.5 Bearing lubrication system 


6.5.7 The bearing lubrication system is to be arranged to 
provide a sufficient quantity of lubricant of a quality, viscosity 
and temperature acceptable to the bearing manufacturer under 
all ship operating conditions. 


6.5.2 In addition to the requirements detailed in this Section, 
the requirements of Chapter 14, sub-Sections 8.1, 8.5, 8.7 
and 8.9 are to be complied with. 


6.5.3 For systems employing forced lubrication, the 
sampling points required by Ch 14,8.13.6 are to be located 
such that the sample taken is representative of the oil present 
at the bearing. 


6.5.4 For lubricating oil systems employing gravity feed, 
the arrangements are to be such as to permit oil sampling 
and oil changes in accordance with the manufacturer's instructions 
for the safe and reliable operation of the propulsion system. 


6.5.5 Where continuous operation of the lubricating oil 
system is essential for the pod to operate at its maximum 
continuous rating, a standby pump in accordance with 
Ch 14,8.2.2 is to be provided. In such systems, provision is 
to be made for the efficient filtration of the oil. The filters are 
to be capable of being cleaned without stopping the pod. 


6.5.6 Where bearings are grease lubricated, means are 
to be provided for collecting waste grease to enable analysis 
for particulates and water. The arrangements for collecting waste 
grease are to be in accordance with the pod manufacturer’s 
recommendations. Alternative arrangements which demonstrate 
that bearings are satisfactorily lubricated will be considered. 
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6.5.7 Pipework conveying lubricating oil is to be sited 
such that any possible leakage from joi#ts will not impinge on 
electrical equipment, hot surfaces or other sources of 
ignition, see also Ch 13,2.9.3. 


6.5.8 The procedures for flushing the lubrication system 
are to be defined. This procedure is to embrace the following 
conditions: 

(a) Initial installation. 

(b) Post maintenance situations. 

(c) Major dry-docking refits. 

See Section 10. 


6.6 Steering system 


6.6.1 The requirements of Chapter 19, Sections 1, 2, 3, 
6, 7 and 8 are to be complied with where applicable. See 
also 3.1. 


6.6.2 For vessels where a single podded propulsion unit 
is the sole means of propulsion, the requirement for auxiliary 
steering arrangements in Ch 19,2 is to be achieved by means 
of two or more identical power units. 


6.6.3 For vessels with more than one steerable podded 
propulsion unit, the requirement for auxiliary steering arrange- 
ments in Ch 19,2 is to be achieved by equipping each of the 
pod units with its own dedicated and independent steering 
gear control system and power actuating system. 
Consideration will be given to alternative arrangements 
providing equivalence can be demonstrated. 


6.6.4 Steering arrangements, other than of the hydraulic 
type, may be accepted provided that there are means of 
limiting the maximum torque to which the steering arrange- 
ment may be subjected. 


6.6.5 The steering mechanism is to be provided with 
power that is sufficient for the maximum steering torques 
present during the declared functional capability identified in 
3.1 and is to be demonstrated for the most onerous specified 
manoeuvring trial, see Section 9. 


6.6.6 Geared arrangements employed for steering are to 

consider the following conditions: 

e A design maximum dynamic duty steering torque, Mz, 
see 2.4.1; 

e A static duty (<103 load cycles) steering torque. The 
static duty steering torque should not be less than Mw, 
the maximum torque which can be generated by the 
steering gear mechanism. 

The minimum factors of safety, as derived using ISO 6336 

Calculation of load capacity of spur and helical gears, or a 

recognised National Standard, are to be 1.5 on bending 

stress and 1,0 on Hertzian contact stress. The use of a duty 
factor in the dynamic duty strength calculations is acceptable 
but the derivation of such a factor, based on percentage of 
time spent at a percentage of the maximum working torque, 
should be submitted to LR for consideration and acceptance. 
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6.6.7 Slewing ring bearing capacity calculations are to 
take account of: 

e Pod weight in water; 

e Gyroscopic forces from the propeller and motor; 

e Hydrodynamic loads on pod; and 

e Forces due to ship’s motions. 

The calculations are to demonstrate that the factor of safety 
against the maximum combination of the above forces is not 
less than 2. The calculations are to be carried out in 
accordance with a suitable declared standard. 


6.6.8 Means of allowing the condition of the slewing 
gears and bearings to be assessed are to be provided. 


6.6.9 On multi podded ships, means are to be provided 
to secure each pod units slewing mechanism in its mid 
position in the event of a steering system failure. These 
arrangements are to be of sufficient strength to hold the pod 
in position at the ship’s manoeuvring speed to be taken as 
not less than 7 knots, see also 6.3.9. Operating instructions 
displayed at the securing mechanism’s operating position are 
to include a direction to inform the bridge of any limitation in 
ship’s speed required as a result of the securing mechanism 
being activated. 


6.7 Ventilation and cooling systems 


6.7.1 Means are to be provided to ensure that air used 
for motor cooling purposes is of a suitable temperature and 
humidity as well as being free from harmful particles. 


6.7.2 Cooling water supplies are to comply with Ch 14,7. 
See also Pt 6, Ch 2,9.6. 


6.7.3 On single podded installations, a standby cooling 
arrangement of the same capacity as the main cooling system, 
is to be provided and available for immediate use. 


6.7.4 For pods having an electric propulsion motor but 
no active cooling system, heat balance calculations as 
required by 2.2.1(w) are to demonstrate that the pod unit and 
associated systems are able to function satisfactorily over all 
operating conditions, see Ch 1,3.5. 


6.8 Pod drainage requirements 


6.8.1 Unless the electrical installation is suitable for 
operation in a flooded space, means are to be provided to 
ensure that leakage from shaft bearings or the propeller seal 
do not reach the motor windings, or other electrical components. 
Account is to be taken of cooling air flow circulating within 
the pod unit. 


6.8.2 Where the design of a pod space has a require- 
ment to be maintained in a dry condition, two independent 
means of drainage are to be provided so that liquid leakage 
may be removed from the pod unit at all design angles of 
heel and trim, see Ch 1,3.6. 


6.8.3 Pipework conveying leakage from the pod is to be 
sited such that any leakage from joints will not impinge on 
electrical equipment, see also Ch 13,2.9.3. 
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6.9 Hydraulic actuating systems 


6.9.1 Hydraulic actuating systems are to comply with 
Ch 14,9 and Ch 19,3 as applicable. 


a Section 7 
Electrical equipment 


7.1 General 


TE The electrical installation is to be designed, 
constructed and installed in accordance with the require- 
ments of Pt 6, Ch 2. 


7.1.2 Means are to be provided to prevent electrical 
currents flowing across shaft bearings, which may cause their 
premature failure. 


7.1.3 Steering gear electrical systems are to comply with 
Ch 19,5. 


7.1.4 Details are to be submitted to demonstrate the 
suitability of cables and busbars intended to operate at 
temperatures exceeding 95°C, see Pt 6, Ch 2,7.2.2 and 
11.4.3. 


7.2 Slip rings 


7.2.1 Where slip rings are incorporated in the design, the 

details of the following are to be submitted for consideration: 

(a) temperature rise test reports; 

(b) maximum permitted temperature ratings and design 
operating temperatures for materials; 

(c) where applicable, arrangements for forced air or liquid 
cooling; 

(d) for data communication link slip rings, evidence to 
demonstrate compliance with Pt 6, Ch 1,2.11.3; 

(e) suitability for use under the conditions of vibration 
expected to arise in normal operation; 

(f evidence of satisfactory operation under the normal 
angles of inclination given in Pt 6, Ch 2,1.10; 

(g) cable securing arrangements; and 

(h) evidence of electromagnetic compatibility of control, 
alarm and safety systems with power circuits. 


7.2.2 Where forced cooling is used on slip rings, an alarm 
is to be initiated to indicate the failure of the forced cooling 
and it is to be possible to operate the slip ring at a reduced 
power level defined by the Manufacturer in the event of 
failure of the forced cooling. 
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E Section 8 
Control engineering systems 


8.1 General 


8.1.1 Control engineering arrangements are to be in 
accordance with Pt 6, Ch 1. 


8.1.2 Steering gear control, monitoring and alarm 
systems are to comply with Ch 19,4 and Ch 19,5. 


8.1.3 Steering control is to be provided for podded 
drives from the navigating bridge and locally. 


8.1.4 An indication of the angular position of the podded 
propulsion unit(s) and the magnitude of the thrust is to be 
provided at each station from which it is possible to control 
the direction of thrust. This indication is to be independent of 
the steering control system. 


8.1.5 Emergency Stop Functions are to be provided at 
the remote control station(s), independent of the podded 
drive control system, to stop each podded drive in an 
emergency. See also Pt 6, Ch 2,16.4.7. 


8.1.6 Where programmable electronic equipment is used 

to prevent loads exceeding those for which the system has 

been designed (see 2.4.3), then either: 

(a) A fully independent hard wired backup is to be provided; 
or 

(o) The software is to be certified in accordance with LR’s 
Software Conformity Assessment System — Assessment 
Module GEN1 (1994) and have an independent solution 
showing redundancy with design diversity, etc., see 
Pt 6, Ch 1,2.13 of the Rules. 


8.1.7 Where a propulsion system which includes a 
podded propulsor unit is controlled by a series of interactive 
and integrated programmable electronic systems, then these 
are to comply with the requirements of Pt 6, Ch 1,2.13 of the 
Rules. 


8.1.8 For electronic control systems and electrical 
actuating systems, an overall quality plan for sourcing, design, 
installation and testing is to address the following issues: 

(a) Standard(s) applied. 

(b) Details of the quality control system applied during 

manufacture and testing. 

(c) Details of type approval, type testing or approved type 

status assigned to the equipment. 

(d) Details of installation and testing recommendations for 
the equipment. 

(e) Details of any local and/or remote diagnostic arrange- 
ments where assessment and alteration of control 
parameters can be made which can affect the operation 
of the podded propulsor unit. 

(f) Software lifecycle activities, including configuration 
management and arrangements for software upgrades. 
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8.1.9 The quality plan referred to in 8.1.8 to identify the 
process for verification of the functional outputs from the 
electronic control systems with particular reference to system 
integrity, consistency, security against unauthorised changes 
to software and maintaining the outputs within acceptable 
tolerances of stated performance for safe and reliable 
operation of the podded propulsor unit. 


8.1.10 For the permitted range of operating conditions, the 
control system is to be capable of protecting the podded 
propulsor from experiencing mechanical loads that may 
initiate damage while permitting the desired manoeuvres to 
take place. 


8.2 Monitoring and alarms 

6.2.1 The requirements for alarms and monitoring 
arrangements are to be in accordance with Ch 19,5.3 and 
Table 9.8.1. These alarms are in addition to the requirements 
of Pt 6, Ch 2,16. 

8.2.2 Alarms specified in Table 9.8.1 are to be in accor- 


dance with the alarm system specified by Pt 6, Ch 1,2,3. 


Table 9.8.1 


Item 


Part 5, Chapter 9 


Section 8 


8.2.3 Sensors for control, monitoring and alarm systems 
required by the Rules and located within the pod are to be 
duplicated in order that a single sensor failure does not inhibit 
system functionality. 


8.2.4 Pod unit dry space pumping arrangements are to 
function automatically in the event of a high liquid level being 
detected in the pod unit. 


8.2.5 Spaces intended to be dry are to be provided with 
arrangements to indicate water ingress in accordance with 
8.2.6 and Table 9.8.1. 


8.2.6 The number and location of dry space level detectors 
are to be such that accumulation of liquids will be detected at 
all design angles of heel and trim. 


8.2.7 Condition monitoring arrangements are not to interface 
with the operation of safety systems which may cause slow- 
down or shut-down of the propulsion system. See also Pt 6, 


Ch 1,2.6.8. 


Additional alarms and safeguards for podded propulsion units 


Note 


Podded drive azimuth angle — 
Propulsion motors 

Propulsion motor power limitation or automatic reduction 
Hydraulic oil system pressure 

Bearing temperature 

otor temperature 


Lubricating oil supply pressure 


Lubricating oil temperature 

Lubricating oil tank level for motor bearings 
Water in lubricating oil for motor bearings 
otor cooling air inlet temperature 


otor cooling air outlet temperature 


otor cooling air flow 


Shaft bearing vibration monitoring 


Shaft sealing Failure 


Dry space water pump operation 


Dry space water level 


Slip ring forced cooling Failure 


Abnormal 


Indicator, see 8.1.4 


Power supply failure To be indicated on the navigating bridge 
Activated 


See also Pt 6, Ch 2,16.4.9 
To be indicated on the navigating bridge 
For grease lubricated bearings 

See Pt 6, Ch 2,16.1.3 


If separate forced lubrication for shaft bearings; to 
be indicated on the navigating bridge 


See also Pt 6, Ch 2,15.5.9 


Required for single podded propulsion units only 


See 6.3.10. Monitoring is to allow bearing 
condition to be gauged using trend analysis 


See 6.3.13 


Alarm set to indicate a frequency or duration 
exceeding that which would normally be expected 


tst stage high — 
2nd stage high 


Propulsion motor is to shut down automatically, 
See Note 


See 7.2.2 


NOTE 


The second stage dry space water level high alarm is not needed where the electrical equipment installed within the pod is suitable for operation 


in flooded spaces, see 6.8.1. 
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E Section 9 
Testing and trials 


9.1 General 


9.1.7 The following requirements are to be complied 
with: 

e Ch 1,5.2 for sea trials. 

° Ch 19,7.2 for steering trials. 

In addition, the functional capability specified in 3.1.1 is to be 
demonstrated to the Surveyor’s satisfaction. 


9.1.2 The actual values of steering torque are to be 
verified during sea trials to confirm that the design maximum 
dynamic duty torque has not been exceeded. 


9.1.3 Electric motor cooling systems are to be verified, 
as far as possible, to ensure that they are capable of limiting 
the extremes of ambient temperature to those specified in 
2.3.1. 


9.1.4 Any trials and testing identified from the FMEA 
report, see 2.5.4(f), are also to be carried out. 


a Section 10 
Installation, maintenance and 
replacement procedures 


10.1 General 


10.1.1 All podded propulsion units are to be supplied with 
a copy of the manufacturer’s installation and maintenance 
manual that is pertinent to the actual equipment. 


10.1.2 The manual required by 10.1.1 is to be placed on 

board and is to contain the following information: 

(a) Description of the podded propulsion unit with details of 
function and design operating limits. This is also to 

include details of support systems such as lubrication, 

cooling and condition monitoring arrangements. 

(b) Identification of all components together with details of 

any that have a defined maximum operating life. 

(c) Instructions for installation of unit(s) on board ship with 

details of any required specialised equipment. 

(d) Instructions for commissioning at initial installation and 

following maintenance. 

(e) Maintenance and service instructions to include 

inspection/renewal of bearings, seals, motors, slip rings 
and other major components. This is also to include 
component fitting procedures, special environmental 
arrangements, clearance and push-up measurements 
and lubricating oil treatment where applicable. 

(f Actions required in the event of fault/failure conditions 
being detected. 

(g) Precautions to be taken by personnel working during 
installation and maintenance. 


Part 5, Chapter 9 


Sections 9 & 10 
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Section 

1 General requirements 

2 Cylindrical shells and drums subject to internal 
pressure 

3 Spherical shells subject to internal pressure 

4 Dished ends subject to internal pressure 

5 Conical ends subject to internal pressure 

6 Standpipes and branches 

7 Boiler tubes subject to internal pressure 

8 Headers 

9 Flat surfaces and flat tube plates 


10 Flat plates and ends of vertical boilers 
11 Furnaces subject to external pressure 
12 Boiler tubes subject to external pressure 


13 Tubes welded at both ends and bar stays for 
cylindrical boilers 


14 Construction 

15 Mountings and fittings for cylindrical and 
vertical boilers, steam generators, pressurised 
thermal liquid and pressurised hot water 
heaters 

16 Mountings and fittings for water tube boilers 


17 Hydraulic tests 


18 Control and monitoring 


m Section 1 
General requirements 


1.1 Application 


1.7.1 The requirements of this Chapter are applicable to 
fusion welded pressure vessels and their mountings and 
fittings, for the following uses: 

(a) Production or storage of steam. 

(o) Heating of pressurised hot water above 120°C. 

(c) Heating of pressurised thermal liquid. 

The formulae in this Chapter may be used for determining the 
thickness of seamless pressure vessels using a joint factor 
of 1,0. Seamless pressure vessels are to be manufactured 
and tested in accordance with the requirements of Chapter 5 
of the Rules for the Manufacture, Testing and Certification of 
Materials (hereinafter referred to as the Rules for Materials). 
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1.1.2 The scantlings of coil type heaters with pumped 
circulation, which are fired or heated by exhaust gas, are to 
comply with the appropriate requirements of this Chapter. 


1.1.3 Where exhaust gas emissions abatement equipment 
is fitted to steam raising plant, it is to meet the requirements 
of Chapter 24. 


1.2 Definition of symbols 


1.2.1 The symbols used in the various formulae in Sections 2 
to 8, unless otherwise stated, are defined as follows and are 
applicable to the specific part of the pressure vessel under 
consideration: 

d = diameter of hole or opening, in mm 

p = design pressure, see 1.3, in bar 


ri = inside knuckle radius, in mm 
fy = Outside knuckle radius, in mm 
s = pitch, in mm 
t = minimum thickness, in mm 
D; = inside diameter, in mm 
D, = outside diameter, in mm 
J = joint factor applicable to welded seams, see 1.9, or 


ligament efficiency between tube holes (expressed 
as a fraction, see 2.2) 


R; = inside radius, in mm 
R, = outside radius, in mm 
T = design temperature, in °C 
o = allowable stress, see 1.8, in N/mm. 


1.2.2 Where reference is made to calculated or actual 
plate thickness for the derivation of other values, these 
thicknesses are to be minus the standard Rule corrosion 
allowance of 0,75 mm, if not so stated. 


1.3 Design pressure 


1.3.1 The design pressure is the maximum permissible 
working pressure and is to be not less than the highest set 
pressure of any safety valve. 


1.3.2 The calculations made to determine the scantlings 
of the pressure parts are to be based on the design pressure, 
adjusted where necessary to take account of pressure 
variations corresponding to the most severe operational 
conditions. 


1.3.3 It is desirable that there should be a margin between 
the normal pressure at which the boiler or pressure vessel 
operates and the lowest pressure at which any safety valve is 
set to lift, to prevent unnecessary lifting of the safety valve. 


1.4 Metal temperature 


1.4.1 The metal temperature, T, used to evaluate the 
allowable stress, ø, is to be taken as the actual mean wall 
metal temperature expected under operating conditions for 
the pressure part concerned, and is to be stated by the 
manufacturer when plans of the pressure parts are submitted 
for consideration. 
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1.4.2 The following values are to be regarded as the 

minimum: 

(a) For fired steam boilers, T, is to be taken as not less 
than 250°C. 

(b) For steam heated generators, secondary drums of 
double evaporation boilers, steam receivers and pressure 
parts of fired pressure vessels, not heated by hot gases 
and adequately protected by insulation, 7, is to be taken 
as the maximum temperature of the internal fluid. 

(c) For pressure parts heated by hot gases, T, is to be taken 
as not less than 25°C in excess of the maximum 
temperature of the internal fluid. 

(d) For boiler, superheater, reheater and economiser tubes, 
T, is to be taken as indicated in 7.1.2. 

(e) For combustion chambers of the type used in horizontal 
wet-back boilers, T, is to be taken as not less than 50°C 
in excess of the maximum temperature of the internal 
fluid. 

(f) For furnaces, fireboxes, rear tube plates of dry-back 
boilers and pressure parts subject to similar rates of heat 
transfer, T, is to be taken as not less than 90°C in excess 
of the maximum temperature of the internal fluid. 


1.4.3 In general any parts of boiler drums or headers not 
protected by tubes, and exposed to radiation from the fire or 
to the impact of hot gases, are to be protected by a shield of 
good refractory material or by other approved means. 


1.4.4 Drums and headers of thickness greater than 
35 mm are not to be exposed to combustion gases having 
an anticipated temperature in excess of 650°C unless they 
are efficiently cooled by closely arranged tubes. 


1.5 Classification of fusion welded pressure 
vessels 
1.5.1 For Rule purposes, pressure vessels with fusion 


welded seams are graded as Class 1 if they comply with the 

following conditions: 

(a) For pressure parts of fired steam boilers, fired thermal 
liquid heaters and exhaust gas heated shell type steam 
boilers where the design pressure exceeds 3,4 bar. 

(b) For pressure parts of steam heated steam generators 
and separate steam receivers where the design 
pressure exceeds 11,3 bar, or where the pressure, 
in bar, multiplied by the internal diameter of the shell, 
in mm, exceeds 14 420. 


1.5.2 For Rule purposes, pressure vessels with fusion 
welded seams, used for the production or storage of steam, 
the heating of pressurised hot water above 120°C or the 
heating of pressurised thermal liquid not included in Class 1 
are graded as Class 2/1 and 2/2. 


1.5.3 Pressure vessels which are constructed in accor- 
dance with Class 2/1 or Class 2/2 standards (as indicated 
above) will, if manufactured in accordance with requirements 
of a superior class, be approved with the scantlings appropri- 
ate to that class. 


Part 5, Chapter 10 


Section 1 


1.5.4 Pressure vessels which have only circumferential 
fusion welded seams, will be considered as seamless with no 
class being assigned. Preliminary weld procedure tests and 
non-destructive examination for the circumferential seam welds 
should be carried out for the equivalent class as determined by 
1.5.1 and 1.5.2. 


1.5.5 In special circumstances relating to service 
conditions, materials, operating temperature, the carriage of 
dangerous gases and liquids, etc., it may be required that 
certain pressure vessels be manufactured in accordance with 
the requirements of a superior class. 


1.5.6 Details of heat treatment, non-destructive examina- 
tion and routine tests (where required) are given in Chapter 13 
of the Rules for Materials. 


LOT Hydraulic testing is required for pressure vessels of 
Class 1, 2/1 and 2/2. 


1.6 Plans 


1.6.1 Plans of boilers, superheaters and economisers are 
to be submitted in triplicate for consideration. When plans of 
water tube boilers are submitted for approval, particulars of 
the safety valves and their disposition on boilers and super- 
heaters, together with the estimated pressure drop through 
the superheaters, are to be stated. The pressures proposed 
for the settings of boiler and superheater safety valves are to 
be indicated on the boiler plan. 


1.6.2 Plans, in triplicate, showing full constructional 
features of fusion welded pressure vessels and dimensional 
details of the weld preparation for longitudinal and circumfer- 
ential seams and attachments, together with particulars of the 
welding consumables and of the mechanical properties of the 
materials, are to be submitted before construction is 
commenced. 


1.6.3 Plans, in triplicate, showing details of the air flow 
through the combustion chamber, boiler furnace and boiler 
uptake spaces, including measures taken to assure effective 
purging in all of the spaces, are to be submitted for con- 
sideration. See also Pt 5, Ch 10,18.3 and Ch 14,2.2. 


1.6.4 Plans, in triplicate, showing all areas of refractory 
material in the combustion chamber and boiler furnace 
spaces, are to be submitted for consideration. See 1.12.1. 


1.6.5 Calculations, in triplicate, showing that a minimum 
of 4 air changes of the combustion chamber, boiler furnace 
and boiler uptake spaces will be achieved during automatic 
purging operations, with details of the forced draft fans and 
arrangements of air flow from fan intake to flue outlet, are to 
be submitted for consideration, see 1.12.1. 


1.6.6 Calculations, in triplicate, are to be submitted 
showing that the ventilation of machinery spaces containing 
boilers is adequate for the air consumers within the space 
with an unimpaired air supply, in accordance with the 
equipment manufacturer’s recommendations, under operating 
conditions as defined in Ch 1,4.4.2. 
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1.7 Materials 


Lf Materials used in the construction are to be 
manufactured and tested in accordance with the requirements 
of the Rules for Materials. 


1.7.2 The specified minimum tensile strength of carbon 
and carbon-manganese steel plates, pipes, forgings and 
castings is to be within the following general limits: 
(a) For seamless, Class 1, Class 2/1 and Class 2/2 fusion 
welded pressure vessels: 
340 to 520 N/mm?. 
(o) For boiler furnaces, combustion chambers and flanged 
plates: 
400 to 520 N/mm2. 


1.7.3 The specified minimum tensile strength of low alloy 
steel plates, pipes, forgings and castings is to be within the 
general limits of 400 to 500 N/mm? and pressure vessels 
made in these steels are to be either seamless or Class 1 
fusion welded. 


1.7.4 The specified minimum tensile strength of boiler 
and superheater tubes is to be within the following general 
limits: 
(a) Carbon and carbon-manganese steels: 

320 to 460 N/mm2. 
(b) Low alloy steels: 

400 to 500 N/mm2. 


1.7.5 Where it is proposed to use materials other than 
those specified in the Rules for Materials, details of the 
chemical compositions, heat treatment and mechanical 
properties are to be submitted for approval. In such cases the 
values of the mechanical properties used for deriving the 
allowable stress are to be subject to agreement by Lloyd’s 
Register (hereinafter referred to as ‘LR’). 


1.7.6 Where a fusion welded pressure vessel is to be 
made of alloy steel, and approval of the scantlings is required 
on the basis of the high temperature properties of the 
material, particulars of the welding consumables to be used, 
including typical mechanical properties and chemical 
composition of the deposited weld metal, are to be submitted 
for approval. 


1.8 Allowable stress 
1.8.1 The term ‘allowable stress’, o, is the stress to be 
used in the formulae for the calculation of scantlings of 


pressure parts. 


1.8.2 The allowable stress, o, is to be the lowest of the 
following values: 


RA E EAS R20 ae SR 
1,5 2,7 15 
where 
E, = specified minimum lower yield stress or 0,2 per cent 


proof stress at temperature, T 
= specified minimum tensile strength at room 
temperature 
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Sp = average stress to produce rupture in 100 000 hours 
at temperature, T 


T metal temperature, see 1.4. 


1.8.3 The allowable stress for steel castings is to be 
taken as 80 per cent of the value determined by the method 
indicated in 1.8.2, using the appropriate values for cast steel. 


1.8.4 Where steel castings, which have been tested in 
accordance with the Rules for Materials, are also subjected to 
non-destructive tests, consideration will be given to increasing 
the allowable stress using a factor up to 90 per cent in lieu of 
the 80 per cent referred to in 1.8.3. Particulars of the non- 
destructive test proposals are to be submitted for consideration. 


1.9 Joint factors 


1:9.1 The following joint factors are to be used in the 

equations in Sections 2 to 8, where applicable. Fusion welded 

pressure parts are to be made in accordance with Chapter 17. 
Class of pressure vessel Joint factor 


Class 1 1,0 
Class 2/1 0,85 
Class 2/2 0,75 


1.9.2 The longitudinal and circumferential joints for all 
classes of pressure vessels for the purposes of this Chapter 
are to be butt joints. For typical acceptable methods of 
attaching dished ends, see Fig. 10.14.1. 


1.10 Pressure parts of irregular shape 


1.10.1 Where pressure parts are of such irregular shape 
that it is impracticable to design their scantlings by the 
application of formulae in Sections 2 to 8, the suitability of 
their construction is to be determined by hydraulic proof test 
of a prototype or by agreed alternative method. 


1.11 Adverse working conditions 


1.11.1. Where working conditions are adverse, special 
consideration may be required to be given to increasing the 
scantlings derived from the formulae. In this connection, 
where necessary, account should also be taken of any excess 
of loading resulting from: 

a) impact loads, including rapidly fluctuating pressures, 

b) weight of the vessel and normal contents under 
operating and test conditions, 

c) superimposed loads such as other pressure vessels, 
operating equipment, insulation, corrosion-resistant or 
erosion-resistant linings and piping, 

d) reactions of supporting lugs, rings, saddles or other 
types of supports, or 

e) the effect of temperature gradients on maximum stress. 
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1.12 Furnace explosion prevention 


1.12.1. The design of combustion chamber and furnace 
arrangements is to incorporate measures to minimise the risk 
of explosion as far as practicable. Measures are to be taken 
to prevent the accumulation of flammable gases in spaces 
which may not effectively be reached by purging air. 
Measures are to be taken to minimise heat retaining surfaces 
e.g., refractory which can become sources of ignition in the 
furnace and uptakes. 


1.13 Exhaust gas economiser/boiler arrangements 


1.13.1 The design of exhaust gas economisers/boilers of 
the plain or extended surface fin tube types is to be 
compatible with the installed engine design parameters. The 
parameters which influence the build up of soot deposits and 
overheating such as fuel, exhaust gas temperature and efflux 
velocity are to be considered in the design of the exhaust gas 
economiser/boiler for use with the installed engine, in order 
to minimise the risk of fire and breakdown during operation. 


1.13.2 A design statement demonstrating compliance with 
the requirements of 1.13.1 or alternative means of preventing 
the accumulation of soot or overheating, such as the use of 
exhaust gas bypass ducting with automatic flap valve 
arrangements and/or effective soot prevention and cleaning 
systems, is to be submitted for approval. 


a Section 2 
Cylindrical shells and drums 
subject to internal pressure 


2.1 Minimum thickness 
2.1.1 Minimum thickness, t, of a cylindrical shell is to be 
determined by the following formula: 
p Ri 
p o= 10s J—0,5p + 0,75 mm 
where 


t, p, Ri and o are defined in 1.2, 

J = efficiency of ligaments between tube holes or other 
openings in the shell or the joint factor of the 
longitudinal joints (expressed as a fraction). See 1.9 or 
2.2, whichever applies. In the case of seamless shells 
clear of tube holes or other openings, J = 1,0. 


2.1.2 The formula in 2.1.1 is applicable only where the 
resulting thickness does not exceed half the internal radius, 
i.e. where R, is not greater than 1,5R}. 


2.1.3 Irrespective of the thickness determined by the 

above formula, t is to be not less than: 

(a) 6,0 mm for cylindrical shell plates. 

(b) For tube plates, such thickness as will give a minimum 
parallel seat of 9,5 mm, or such greater width as may be 
necessary to ensure tube tightness, see 14.6. 
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2.2 Efficiency of ligaments between tube holes 


2.2.1 Where tube holes are drilled in a cylindrical shell in 
a line or lines parallel to its axis, the efficiency, J, of the 
ligaments is to be determined as in 2.2.2, 2.2.3 and 2.2.4. 


2.2.2 Regular drilling. Where the distance between 
adjacent tube holes is constant, see Fig. 10.2.1, 


s-d 
J = re 
where 
d = the mean effective diameter of the tube holes, 


in mm, after allowing for any serrations, counter- 
boring or recessing, or the compensating effect of 
the tube stub. See 2.3 and 2.4. 

s = pitch of tube holes, in mm. 


Centreline of cylinder 


P oe 7 


Fig. 10.2.1 Regular drilling 


2.2.3 Irregular drilling. Where the distance between 
centres of adjacent tube holes is not constant, see 
Fig. 10.2.2: 
S4 + S2 — 2d 

S4 + S92 


J = 


where d is as defined in 2.2.2 
s4 = the shorter of any two adjacent pitches, in mm 
S = the longer of any two adjacent pitches, in mm. 


Centreline of cylinder 


Fig. 10.2.2 Irregular drilling 


2.2.4 When applying the formula in 2.2.3, the double pitch 
(S4 + S2) chosen is to be that which makes J, a minimum, and 
in no case is sọ to be taken as greater than twice s4. 
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2.2.5 Where the circumferential pitch between tube holes 
measured on the mean of the external and internal drum or 
header diameters is such that the circumferential ligament 
efficiency determined by the formulae in 2.2.2 and 2.2.3 is 
less than one-half of the ligament efficiency on the longitudinal 
axis, J in 2.1 is to be taken as twice the circumferential 
efficiency. 


2.2.6 Where tube holes are drilled in a cylindrical shell 
along a diagonal line with respect to the longitudinal axis, the 
efficiency, J, of the ligaments is to be determined as in 2.2.7 
to 2.2.10. 


2.2.7 For spacing of tube holes on a diagonal line as 
shown in Fig. 10.2.3, or in a regular saw-tooth pattern as 
shown in Fig. 10.2.4, J is to be determined from the formula 
in 2.2.8, where a and b, as shown in Figs. 10.2.3 and 10.2.4, 
are measured, in mm, on the median line of the plate, and d, 
is as defined in 2.2.2. 


Centreline of cylinder 


Fig. 10.2.3 Spacing of holes on a diagonal line 


Centreline of cylinder 
LZ | | 
IC 
se 


a: 
x 


La | al 


Fig. 10.2.4 Regular saw-tooth pattern of holes 


2.2.8 For tube holes on a diagonal line: 
2 
A + B + Ņ(A - B})2 + 4C2 


where 
We osta +1 
9 ( 4 _ dcos a ) 
a 
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B =05 ( doosa ) (sin? a + 1) 
C = sin a a 
2 (1 _ dacosa ) 
a 
1 
cosa = 
pe 
1+ oe 
. i 
sina = 
a2 
1+ p2 
a = angle between centreline of cylinder and centreline 


of diagonal holes. 


2.2.9 For regularly staggered spacing of tube holes as 
shown in Fig. 10.2.5, the smallest value of the efficiency, J, of 
all ligaments (longitudinal, circumferential and diagonal) is 
obtained from Fig. 10.2.6, where a and b as shown in 
Fig. 10.2.5 are measured, in mm, on the median line of the 
plate, and d is as defined in 2.2.2. 


reline of cylinder 


Fig. 10.2.5 Regular staggering of holes 


2.2.10 For irregularly spaced tube holes whose centres do 
not lie on a straight line, the formula in 2.2.3 is to apply, 
except that an equivalent longitudinal width of the diagonal 
ligament is to be used. An equivalent longitudinal width is that 
width which gives, using the formula in 2.2.2, the same 
efficiency as would be obtained using the formula in 2.2.8 for 
the diagonal ligament in question. 
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2.3 Compensating effect of tube stubs 


Calculated minimum thickness 


2.3.1 Where a drum or header is drilled for tube stubs 
fitted by strength welding, either in line or in staggered 
formation, the effective diameter of holes is to be taken as: 


de = da- F 


d, = the equivalent diameter of the hole, in mm 
da = the actual diameter of the hole, in mm 
t = the thickness of the shell, in mm 
A = the compensating area provided by each tube stub 
and its welding fillets, in mm2. 


2.3.2 The compensating area, A, is to be measured in a 


plane through the axis of the tube stub parallel to the d 

longitudinal axis of the drum or header and is to be calculated a 

as follows, see Figs. 10.2.7 and 10.2.8: Diameter of hole 

° The cross-sectional area of the stub, in excess of that The area shown hatched is half the area A 
required by 7.1 for the minimum tube thickness, from the 
interior surface of the shell up to a distance, b, from the Fig. 10.2.8 Compensation of welded tube stubs 
outer surface of the shell; The calculated minimum thickness is to satisfy 7.1. 


° plus the cross-sectional area of the stub projecting 
inside the shell within a distance, b, from the inner 
surface of the shell; 

e plus the cross-sectional area of the welding fillets inside 
and outside the shell; 

where 


b 
tẹ = actual thickness of tube stub, in mm. 


2.3.3 Where the material of the tube stub has an 
allowable stress lower than that of the shell, the compensating 
cross-sectional area of the stub is to be multiplied by the ratio: 


Shai allowable stress of stub at design metal temperature 
j allowable stress of shell at design metal temperature 


2.4 Unreinforced openings 


Calculated minimum thickness 2.4.1 Openings in a definite pattern, such as tube holes, 
may be designed in accordance with the Rules for 
ligaments in 2.2, provided that the diameter of the largest hole 
in the group does not exceed that permitted by 2.4.2. 


2.4.2 The maximum diameter, d, of any unreinforced 
isolated openings is to be determined by the following formula: 


d = 8,08 [D, t (1 - K]]"3 in mm 


The value of K to be used is calculated from the following 
formula: 
-— 4, p Do : 
ameter of hole K = T8261 but is not to be taken as greater than 0,99 
where 


p, D, and o are as defined in 1.2 
t = actual thickness of shell, in mm. 


2.4.3 For elliptical or oval holes, d, for the purposes of 


The area shown hatched is half the area A 2.4.2, refers to the major axis when this lies longitudinally or to 
the mean of the major and minor axes when the minor axis 
Fig. 10.2.7 Compensation of welded tube stubs lies longitudinally. 


The calculated minimum thickness is to satisfy 7.1. 


2.4.4 No unreinforced opening is to exceed 200 mm in 
diameter. 
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2.4.5 Holes may be considered isolated if the centre 
distance between two holes on the longitudinal axis of a Area shown: half Area shown: half 
cylindrical shell is not less than: compensation required compensation provided 


d+1,14Dt with a minimum 5d — ta 


d = diameter of openings in shell (mean diameter if 
dissimilarly sized holes involved) 
D mean diameter of shell 
t actual thickness of shell 
Where the centre distance is less than so derived, the holes 
are to be fully compensated. 
Where two holes are offset on a diagonal line, the diagonal 


efficiency from Fig. 10.2.6 may be used to derive an equivalent Pressurised | 
longitudinal centre distance for the purposes of this do 
paragraph. (a) Standpipes or branches 
; : Area shown: half Area shown: half 
2.5 Reinforced openings compensation required compensation provided 


2.5.1 Openings larger than those permitted by 2.4 are to 
be compensated in accordance with Fig. 10.2.9(a) or (b). The 
following symbols are used in Fig. 10.2.9(a) and (b): 
t, = calculated thickness of a shell without joint or RIZR 
opening or corrosion allowance, in mm 
ty = thickness calculated in accordance with 7.1 with- 
out corrosion allowance, in mm Pressurised 
t, = actual thickness of shell plate without corrosion 
allowance, in mm 
tọ = actual thickness of standpipe without minus 


tolerances and corrosion allowance, in mm (b) Insert pieces for internal doors 
t, = thickness of added reinforcement, in mm 
D; = internal diameter of cylindrical shell, in mm Compensation required: 
dọ = diameter of hole in shell, in mm =o tg mm? 
L = width of added reinforcement not exceeding D, in mm ensation provided: 
C = Adot) inmm = 2D (ty - te) mm? 
: x _ fey 
D = 4/D;t, andis not to exceed 0,5d,, in mm =2 to fa g MM? 
=2Ct, 22 mm2 
o = shell plate allowable stress, N/mm2 oe f 
6p = standpipe allowable stress, N/mm2 = 2C (t= ta) G mm 
6, = added reinforcement allowable stress, N/mm? = 2L t, mm? 
= 2 
Gy = weld metal allowable stress, N/mm A= = (Area of filet welds) 2” mm? 
NOTE 
Op: Sr and oy are not to be taken as greater than o. Az + Ag+ A4 + As+Agt+Az = At anit 
2.5.2 For elliptical or oval holes, the dimension on the Fig. 10.2.9 
meridian of the shell is to be used for dj in 2.5.1. Compensation for welded standpipes or branches 


in cylindrical shells 


2.5.3 Compensation is to be distributed equally on either 
side of the centreline of the opening. 


2.5.4 The welds attaching standpipes and reinforcing 
plates to the shell are to be of sufficient size to transmit the 
full strength of the reinforcing areas and all other loadings to 
which they may be subjected. 
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m Section 3 
Spherical shells subject to internal 
pressure 


3.1 Minimum thickness 


3.1.1 The minimum thickness of a spherical shell is to be 
determined by the following formula: 


p RI 


= 206 J —0,5p +0,75 mm 


where 
t, p, Ri, o and J are as defined in 1.2. 


3.1.2 The formula in 3.1.1 is applicable only where the 
resulting thickness does not exceed half the internal radius. 


3.1.3 Openings in spherical shells requiring compensa- 
tion are to comply, in general, with 2.5, using the calculated 
and actual thicknesses of the spherical shell as applicable. 


E Section 4 
Dished ends subject to internal 
pressure 


4.1 Minimum thickness 


4.1.1 The thickness, t, of semi-ellipsoidal and hemi- 
spherical unstayed ends, and the knuckle section of 
torispherical ends, dished from plate, having pressure on the 
concave side and satisfying the conditions listed below, is to 
be determined by the following formula: 
p D,K 
=a 7 
200 J +0,75 mm 
where 
t, p, Dy, o and J are as defined in 1.2 
K = ashape factor, see 4.2 and Fig. 10.4.1. 


4.1.2 For semi-ellipsoidal ends: 
the external height, H = 0,18D, 


where 
D, = the external diameter of the parallel portion of the 
end, in mm. 


4.1.3 For torispherical ends: 
the internal radius, Ri < Do 
the internal knuckle radius, R; = 0,1D, 
the internal knuckle radius, R; = 3t 
the external height, H = 0,18D, and is determined as 
follows: 


H = R, -A| (Ro—0,5Do)(Ro + 0,5Dp -= 2ro) . 


Part 5, Chapter 10 


Sections 3 & 4 


4.1.4 In addition to the formula in 4.1.1 the thickness, t, 
of a torispherical head, made from more than one plate, in the 
crown section is to be not less than that determined by the 
following formula: 


pR 


= 206 J— 0,50 +0,75 mm 


where 
t, p, R;, o and J are as defined in 1.2. 


4.1.5 The thickness required by 4.1.1 for the knuckle 
section of a torispherical head is to extend past the common 
tangent point of the Knuckle and crown radii into the cross- 
section for a distance not less than 0,5 /R;t mm, before 
reducing to the crown thickness permitted by 4.1.4, 
where 

t = the required thickness from 4.1.1. 


4.1.6 In all cases, H, is to be measured from the 
commencement of curvature, see Fig. 10.4.2. 


4.1.7 The minimum thickness of the head, t, is to be not 
less than 6,0 mm. 


4.1.8 For ends which are butt welded to the drum shell, 
see 1.8, the thickness of the edge of the flange for connection 
to the shell is to be not less than the thickness of an 
unpierced seamless or welded shell, whichever is applicable, 
of the same diameter and material and determined by 2.1. 


4.2 Shape factors for dished ends 

4.2.1 The shape factor, K, to be used in 4.1.1 is to be 
obtained from the curves in Fig. 10.4.1, and depends on the 
ratio of height to diameter ae : 


(0) 


4.2.2 The lowest curve in the series provides the factor, 


K, for plain (i.e. unpierced) ends. For lower values of a f 
(0) 


K depends upon the ratio of thickness to diameter, = , as 
fe) 


jx H , 
well as on the ratio D and a trial calculation may be necessary 
(0) 


to arrive at the correct value of K. 


4.3 Dished ends with unreinforced openings 


4.3.1 Openings in dished ends may be circular, obround 
or approximately elliptical. 
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0,25 
H/Do 


3284/02 


Fig. 10.4.1 Shape factor 
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Part 5, Chapter 10 


Section 4 


(a) Torispherical end 


Do 


(b) Semi-ellipsoidal end 


Semi-ellipsoidal end (radius of curvature at opening) 


Do 


i 


(d) End with manhole (semi-ellipsoidal or torispherical) 


Fig. 10.4.2 Typical dished ends 


4.3.2 The upper curves in Fig. 10.4.1 provide values of 
K, to be used in 4.1.1, for ends with unreinforced openings. 
The selection of the correct curve depends on the value 

d 


and trial calculation is necessary to select the correct 


d = the diameter of the largest opening in the end plate, 
in mm (in the case of an elliptical opening, the larger 
axis of the ellipse) 

t = minimum thickness, after dishing, in mm 

D, = Outside diameter of dished end, in mm. 


4.3.3 The following requirements must in any case be 


4.3.4 From Fig.10.4.1 for any selected ratio of a the 


Do 
curve for unpierced ends gives a value for = as well as 
Dot 


for K. Openings giving a value of not greater than the 
ie) 
value so obtained may thus be pierced through an end 


designed as unpierced without any increase in thickness. 


4.4 Flanged openings in dished ends 


4.4.1 The requirements in 4.3 apply equally to flanged 
openings and to unflanged openings cut in the plate of an 
end. No reduction may be made in end plate thickness on 
account of flanging. 


4.4.2 Where openings are flanged, the radius, r,, of the 
flanging is to be not less than 25 mm, see Fig. 10.4.2(d). The 
thickness of the flanged portion may be less than the 
calculated thickness. 
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4.5 Location of unreinforced and flanged 
openings in dished ends 


4.5.1 Unreinforced and flanged openings in dished ends 
are to be so arranged that the distance from the edge of the 
hole to the outside edge of the plate and the distance 
between openings are not less than those shown in 
Fig. 10.4.3. 


0,1Do minimum 0,1D, minimum 


| 


Not less than diameter 
of smaller opening 


M 
w 


Fig. 10.4.3 Opening in dished ends 


4.6 Dished ends with reinforced openings 


4.6.1 Where it is desired to use a large opening in a 
dished end of less thickness than would be required by 4.3, 
the end is to be reinforced. This reinforcement may consist of 
a ring or standpipe welded into the hole, or of reinforcing 
plates welded to the outside and/or inside of the end in the 
vicinity of the hole, or a combination of both methods, see 
Fig. 10.4.4. Forged reinforcements may be used. 


Part 5, Chapter 10 


Section 4 


tb 


l4 =4/2Rt or 0,5đdo whichever is the lesser 
l2 is not to exceed 4/dotp 


Fig. 10.4.4 Limits of reinforcement 


4.6.2 Reinforcing material with the following limits may be 
taken as effective reinforcement: 
(a) The effective width, J, of reinforcement is not to exceed 


\/2R;t or 0,5, whichever is the lesser. 
(b) The effective length, l> of a reinforcing ring is not to 


exceed ydo th 


where 
R; = the internal radius of the spherical part of a 
torispherical end, in mm, or 
R, = internal radius of the meridian of the ellipse at the 
centre of the opening, of a semi-ellipsoidal end, 
in mm, and is given by the following formula: 


[a4 — x2 (a2 - b2)] S/o 


atb 
where 
a, b and x are shown in Fig. 10.4.2(c) 
dọ = external diameter of ring or standpipe, in mm 


l4 and l are shown in Fig. 10.4.4 
tẹ = actual thickness of ring or standpipe, in mm. 


4.6.3 The shape factor, K, for a dished end having a 
reinforced opening can be read from Fig. 10.4.1 using the 
value obtained from: 

A 


do i instead of from eat 
Dot \/ Dot 
where 
A = the effective cross-sectional area of reinforcement 
and is to be twice the area shown shaded on 
Fig. 10.4.4. 
As in 4.3, a trial calculation is necessary in order to select the 
correct curve. 


4.6.4 The area shown in Fig. 10.4.4 is to be obtained as 

follows: 

e Calculate the cross-sectional area of reinforcement both 
inside and outside the end plate within the length, 7, 

e plus the full cross-sectional area of that part of the ring or 
standpipe which projects inside the end plate up to a 
distance, l> 
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e plus the full cross-sectional area of that part of the ring or 
standpipe which projects outside the internal surface of 
the end plate up to a distance, Jy and deduct the 
sectional area which the ring or standpipe would have if 
its thickness were as calculated in accordance with 7.1. 


4.6.5 If the material of the ring or the reinforcing plates 
has an allowable stress value lower than that of the end plate, 
then the effective cross-sectional area, A, is to be multiplied 
by the ratio: 
allowable stress of reinforcing plate at design temperature 
allowable stress of end plate at design temperature 


4.7 Torispherical dished ends with reinforced 
openings 
4.7.1 If an opening and its reinforcement are positioned 


entirely within the crown section, the compensation require- 
ments are to be as for a spherical shell, using the crown 
radius as the spherical shell radius. Otherwise the require- 
ments of 4.6 are to be applied. 


a Section 5 
Conical ends subject to internal 
pressure 


5.1 General 


5.1.1 Conical ends and conical reducing sections, as 
shown in Fig. 10.5.1, are to be designed in accordance with 
the equations given in 5.2. 


5.1.2 Connections between cylindrical shell and conical 
sections and ends should preferably be by means of a 
knuckle transition radius. Typical permitted details are shown 
in Fig. 10.5.1. Alternatively, conical sections and ends may be 
butt welded to cylinders without a knuckle radius where the 
change in angle of slope, y, between the two sections under 
consideration does not exceed 30°. 


5.7.3 Conical ends may be constructed of several ring 


sections of decreasing thickness, as determined by the 
corresponding decreasing diameter. 


Table 10.5.1 


Part 5, Chapter 10 


Sections 4 & 5 


5.2 Minimum thickness 


5.2.1 The minimum thickness, t, of cylinder, knuckle and 
conical section at the junction and within the distance, L, from 
the junction is to be determined by the following formula: 


D,K 
poa RoN +0,75 mm 
20o J 


t, p, o and J are as defined in 1.2 
K = a factor, taking into account the stress in the 
knuckle, see Table 10.5.1. 


Do = outside diameter, in mm, of the conical section or 
end, see Fig. 10.5.1. 
5.2.2 If the distance of a circumferential seam from the 


knuckle or junction is not to be less than L, then J is to be 
taken as 1,0; otherwise J is to be taken as the weld joint 
factor appropriate to the circumferential seam, 
where 
L = distance, in mm, from the knuckle or junction within 
which meridional stresses determine the required 
thickness, see Fig. 10.5.1 


Dat 
= 0,5 —— 
cos y 


r, = inside radius of transition Knuckle, in mm, which is 
to be taken as 0,01D, in the case of conical 
sections without knuckle transition. 

y = difference between angle of slope of two adjoining 
conical sections, see Fig. 10.5.1. 


5.2.3 The minimum thickness, t, of those parts of conical 
sections not less than a distance, L, from the junction with a 
cylinder or other conical section is to be determined by the 
following formula: 


p Do 1 
t = +0,75 mm 
(20o J-p) cosa 
where 
D, = inside diameter, in mm of conical section or end at 


the position under consideration, see Fig. 10.5.1 
a, a402 = angle of slope of conical section (at the point under 
consideration) to the vessel axis, see Fig. 10.5.1. 


5.2.4 The greater of the two thicknesses determined by 
the formulae in 5.2.1 and 5.2.3 is to apply at the junction or 
knuckle and within the limits of reinforcement. 


Values of K as a function of y and ri/Do 


Values of K for r)/Dg ratios of 
0,08 0,10 0,15 


0,55 0,55 0,55 
0,65 0,60 0,55 


0,85 0,80 0,70 
1,20 1,10 0,95 
1,75 1,60 1,40 
3,50 3,15 2,70 
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(a) Cone/cylinder with knuckle (b) Cone/cylinder without knuckle 


(c) Cone/cone with knuckle (d) Cone/cone without knuckle 


Fig. 10.5.1 Conical ends and conical reducing sections 


5.2.5 The thickness of conical sections having an angle 
of inclination to the vessel axis of more than 75° is to be 
determined as for a flat plate. 
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m Section 6 
Standpipes and branches 


6.1 Minimum thickness 


6.1.1 The minimum wall thickness of standpipes and 
branches is to be not less than that determined by 7.1 
increased by the addition of a corrosion allowance of 0,75 mm, 
making such additions as may be necessary on account of 
bending, static loads and vibration. The wall thickness, 
however, is to be not less than: 


t = 0,015D,+3,2 mm 


This thickness need only be maintained for a length, L, from 
the outside surface of the vessel, but need not extend past 
the first connection, butt weld or flange, where: 


L =3,5\D,t mm 


where 
t and D, are as defined in 1.2. 


6.1.2 For boilers having a working pressure exceeding 
50 bar and safety valves of full lift or full bore type, the 
thickness of the branch pipe carrying the superheater or drum 
safety valves is to be not less than: 


is 1 [17a A mm 
o 1,302 
where 
t and o are as defined in 1.2 
d = inside diameter of branch, in mm 
D = inside diameter of safety valve discharge, in mm 
K = 2 for superheater safety valves 


1 for drum safety valves 
total valve throughput, in kg/h. 


WwW 


6.1.3 The offset from the centreline of the waste steam 
pipe to the centreline of the safety valve is not to exceed four 
times the outside diameter of the safety valve discharge pipe. 
The waste steam pipe system is to be supported and 
arrangements made for expansion such that no direct loading 
is imposed on the safety valve chests and the effects of 
vibration are to be minimised. 


6.1.4 The pipe or header which carries the superheater 
safety valve is to be suitably thickened but is to be not less 
than the thickness required for the branch for a distance of 
{Dot on either side of the opening 
where 
t 
D2 


thickness required for the branch 
inside diameter of the pipe or header. 


6.1.5 Except as required by 6.1.4, in no case need the 
wall thickness exceed the minimum shell thickness as 
required by 2.1, 3.1 or 4.1 as applicable. 


6.1.6 Where a standpipe or branch is connected by 
screwing, the thickness is to be measured at the root of the 
thread. 


6.1.7 For boiler, superheater or economiser tubes, the 
minimum thickness of the drum or the header connection or 
tube stub is to be calculated as part of the tube in accordance 
with 7.1. 


Part 5, Chapter 10 


Sections 6 & 7 


a Section 7 
Boiler tubes subject to internal 
pressure 


7.1 Minimum thickness 
7.1.1 The minimum wall thickness of straight tubes 


subject to internal pressure is to be determined by the 
following formula: 


~ 200+p ar 
where 
t, p, Da and o are as defined in 1.2. 
NOTES 


1. Provision must be made for minus tolerances where 
necessary and also in cases where abnormal corrosion 
or erosion is expected in service. For bending allowances, 
see 7.2. 

2. Thickness is in no case to be less than the minimum 
shown in Table 10.7.1. 


Table 10.7.1 Minimum thickness of tubes 


Nominal outside diameter Minimum thickness. 


of tube, in mm inmm 


IA 


IA Q 
IA IAIN IA V & 
N 
o 


1,75 
2,16 
2,40 
2,67 
3,05 
3,28 
3,50 


Vv 

Q 
[00] 
oa 
O 


A 
oa 
ro) 

= 5 0 N 
2° 
N a fo) 
BO 


7.1.2 The minimum thickness of boiler, superheater, 
reheater and economiser tubes is to be determined by using 
the design stress appropriate to the mean wall temperature, 
which will be considered to be the metal temperature. Unless 
it is otherwise agreed between the manufacturer and LR, the 
metal temperature used to decide the value of o for these 
tubes is to be determined as follows: 

(a) The calculation temperature for boiler tubes is to be 
taken as not less than the saturated steam temperature, 
plus 25°C for tubes mainly subject to convection heat, 
or plus 50°C for tubes mainly subject to radiant heat. 

(b) The calculation temperature for superheater and 
reheater tubes is to be generally taken as not less than 
the steam temperature expected in the part being 
considered, plus 35°C for tubes mainly subject to 
convection heat. For tubes mainly subject to radiant heat 
the calculation temperature is generally to be taken as 
not less than the steam temperature expected in the part 
being considered, plus 50°C, but the actual metal 
temperature expected is to be stated when submitting 
plans. 

(c) The calculation temperature for economiser tubes is to 
be taken as not less than 35°C in excess of the 
maximum temperature of the internal fluid. 
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7.1.3 The minimum thickness of downcomer tubes and 
pipes which form an integral part of the boiler and which are 
not exposed to combustion gases is to comply with the 
requirements for steam pipes. 


7.2 Tube bending 


7.2.1 Where boiler, superheater, reheater and economiser 
tubes are bent, the resulting thickness of the tubes at the 
thinnest part is to be not less than that required for straight 
tubes, unless it can be demonstrated that the method of 
forming the bend results in no decrease in strength at the 
bend. The manufacturer is to demonstrate in connection with 
any new method of tube bending that this condition is 
satisfied. 


7.2.2 Tube bending, and subsequent heat treatment, 
where necessary, is to be carried out as to ensure that 
residual stresses do not adversely affect the strength of the 
tube for the design purpose intended. 


E Cross-references 


For details of manholes, sight holes and doors, see 14.1. 
For details of tube holes and fitting of tubes, see 14.6. 


si) Section 8 
Headers 


8.1 Circular section headers 


8.1.1 The minimum thickness of circular section headers 
is to be calculated in accordance with the formula for cylindrical 
shells in 2.1. 


8.2 Rectangular section headers 


8.2.1 The thickness of the flat walls of rectangular section 
headers is to be determined at the centre of the sides, at all 
the lines of holes and at the corners. The minimum required is 
to be the greatest thickness determined by the following 
formula: 


= 2 , |242 O75 mm 
206 J oJ, 


where 
t, p and o are as defined in 1.2 
n = one half of the internal width of the wall perpendicular 
to that under consideration, in mm, see Fig. 10.8.1 (b) 


J = ligament efficiency for membrane stresses determined 
in accordance with 8.2.3 
J4 = ligament efficiency for bending stresses determined 


in accordance with 8.2.3. 

Y = acoefficient determined in accordance with 8.2.2. 
In all cases if the value of Y is negative, the sign is 
to be ignored. 


Part 5, Chapter 10 


Sections 7 & 8 


Centre line 


of header £ i 


5610/01 


Fig. 10.8.1 Rectangular section headers 


8.2.2 The coefficient Y for use in 8.2.1 is to be deter- 
mined as follows: 
(a) atthe centre of the side with internal width, 2m: 
yu (+= | 1 m2 
3 m+n 
where 
m = one half of the internal width of the wall under 
consideration, in mm, see Fig. 10.8.1 (0) 
(o) at a line of holes parallel to the longitudinal axis of the 
header on the wall of width, 2m: 


y 1 (i) ee 
83 m+n 2 
where 


b = distance from the centre of the holes to the centre- 
line of the wall, in mm, see Fig. 10.8.1(a) 
(c) to check the effect of the off-set on a staggered hole 
arrangement where the holes are positioned equidistant 
from the centreline of the wall: 


B 1 /m3+ rž) m2 } 
j = cosa {4 (mtn 2 
where 
a = the angle subtended by the diagonal ligament on 
the longitudinal ligament, see Fig.10.8.1(a) 
(d) atthe corners: 


3 3 
ya + (=) 
3\ men 
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8.2.3 The ligament efficiencies J and J, are to be deter- 

mined as follows: 

(a) for a line of holes parallel to the longitudinal axis of the 
header: 


Symbols are as defined in 8.2.4. 
(o) for the diagonals: 
S47 d 
Si 


J- = 


Symbols are as defined in 8.2.4. 
(c) for a line of holes parallel to the longitudinal axis of the 


header: 

Jj = s-a when d < 0,6m 
or 

Jy = =E when d 2 06m 


Symbols are as defined in 8.2.4. 
(d) for the diagonals: 


S4 -d 
Jy = when d < 0,6m 
1 S4 
or 
S47 0,6m 
J4 = a when d > 0,6m 


Symbols are as defined in 8.2.4. 


8.2.4 Symbols, as used in 8.2.3, are defined as follows: 
d = diameter of the hole in the header, in mm 
m, s and s4, inmm, are as shown in Fig. 10.8.1. 


8.2.5 In the case of elliptical holes the value of d to be 
used in the equations for J and J4 is to be the inside 
dimension of the hole measured parallel to the longitudinal 
axis of the header. For evaluating the two limiting values of d 
in the equations for J4, the value of d is to be the inside 
dimension of the hole measured perpendicular to the 
longitudinal axis of the header. 


8.2.6 The internal corner radius, r, is to be not less than 
one third of the mean of the nominal thicknesses of the two 
sides, but in no case to be less than 6,5 mm. 


8.3 Toroidal furnace headers 


8.3.1 The minimum thickness of a toroidal header 
forming the lower end of a waterwall furnace, and supporting 
the weight of the boiler and water, is to be determined by the 
following formula: 


M 


t = A+ĄA]A2+ +0,75 mm 
So 
where 
- 2 am 
30J © 


t, p and o are as defined in 1.2 
dẹ = equivalent diameter of the tube hole in accordance 
with 2.3 


Part 5, Chapter 10 


Section 8 


S 
Il 


inside radius of toroid circular cross-section, 
in mm, see Fig. 10.8.3 


J = ligament efficiency of tube holes around toroid 
_ S- 
~ S 
S = pitch of tubes around the toroid, in mm 
2 
A Me DOE 
3 40 
where 
W = imposed loading on each water wall tube due to 
the weight of the boiler and water, in N 
d = minimum diameter of the tube hole in the toroid, 


inmm 
The calculation is to be performed at design pressure using 
the allowable stress at saturation temperature, and also at 
zero pressure using the allowable stress at 100°C. 


8.4 Header ends 


8.4.1 The shape and thickness of ends forged integrally 
with the bodies of headers are to be the subject of special 
consideration. 


8.4.2 Where sufficient experience of previous satisfactory 
service of headers with integrally forged ends cannot be 
shown, the suitability of a proposed form of end is to be 
proved in accordance with the provisions of 1.10. 


8.4.3 Ends attached by welding are to be designed as 

follows: 

° Dished ends: these are to be in accordance with 4.1. 

° Flat ends: the minimum thickness of flat end plates is to 
be determined by the following formula: 


t =a 4| 22 +0,75 mm 
oO 


where 


pando are as defined in 1.2. 
t = minimum thickness of end plate, in mm 
di = internal diameter of circular header or least width 
between walls of rectangular header, in mm 
C = a constant depending on method of end attach- 
ment, see Fig. 10.8.2. 
e For end plates welded as shown in Fig. 10.8.2(a): 
C = 0,019 for circular headers 
= 0,032 for rectangular headers. 
° For end plates welded as shown in Figs. 10.8.2(b) 
and (c): 
C = 0,028 circular headers 
= 0,040 for rectangular headers. 


8.4.4 Where flat end plates are bolted to flanges attached 
to the ends of headers, the flanges and end plates are to be 
in accordance with recognised pipe flange standards. 
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Shell plate 


ts = thickness of unpierced shell 
te = thickness of end plate 


Part 5, Chapter 10 


Sections 8 & 9 


End plate 


fr 
a Radius 6 = 


Shell plate End plate VA 


Shell plate 


l ae 


2665/17 


(b) 


Fig. 10.8.2 Typical methods of attachment of header end closures 


HE 


5610/02 


Fig. 10.8.3 Toroidal furnace headers 


8.4.5 Openings in flat plates are to be compensated in 
accordance with Fig. 10.2.9 (a) or (b), with the value of A4 the 
compensation required, calculated as follows: 


do 
A, = 57 t mm 


də = diameter of hole in flat plate, in mm 

required thickness of the flat plate in the area under 
consideration, in mm, calculated in accordance 
with 8.4.3, 8.3.3 or 9.1.6, as applicable, without 
corrosion allowance 

Limit D = 0,5do. 


= 
$ 
Il 


a Section 9 
Flat surfaces and flat tube plates 


9.1 Stayed flat surfaces 


9.1.1 Where flat end plates are flanged for connection to the 
shell, the inside radius of flanging is to be not less than 1,75 times 
the thickness of the plate, with a minimum of 38 mm. 


9.1.2 Where combustion chamber or firebox plates are 
flanged for connection to the wrapper plate, the inside radius 
of flanging is to be equal to the thickness of the plate, with a 
minimum of 25 mm. 


9.1.3 Where unflanged flat plates are connected to the 
shell by welding, typical methods of attachment are shown in 
Fig. 10.9.1. Similar forms of attachment may be used where 
unflanged combustion chamber or firebox plates are 
connected to the wrapper plate by welding. 


9.1.4 Where the flange curvature is a point of support, 
this is to be taken at the commencement of curvature, or at a 
line distant 3,5 times the thickness of the plate from the 
outside of the plate, whichever is nearer to the flange. 


9.1.5 Where a flat plate is welded directly to a shell or 
wrapper plate, the point of support is to be taken at the inside 
of the shell or wrapper plate. 


9.1.6 The thickness, t, of those portions of flat plates 
supported by stays and around tube nests is to be 
determined by the following formula: 


t = Cd 4| +0,75 mm 
o 


where 


18 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Steam Raising Plant and 
Associated Pressure Vessels 


6mm 


— ~=— 3 mm max. 


T See Note 


NOTE 

For full penetration weld 
internal fillet weld may be 
omitted. If an internal 
fillet weld is used the leg 
length is not to be less 
than 5 mm 


\ T See Note 


2665/13 


tg = thickness of cylindrical shell 
te = thickness of flat end 


Fig. 10.9.1 
Typical attachment of unflanged flat end plates to 
shell 


t, p and o are as defined in 1.2 

d = diameter of the largest circle which can be drawn 
through at least three points of support. At least 
one point of support must lie on one side of any 
diameter of the circle 

C = a constant, dependent on the method of support 
as detailed in 9.1.7. Where various forms of 
support are used, C is to be the mean of the values 
for the respective methods adopted. 


9.1.7 The value of C in the formula in 9.1.6 is to be as 

follows: 

(a) Where plain bar stays are strength welded into the plates 
as shown in Fig. 10.9.2 

C = 0,134 

(b) Where plain bar stays pass through holes in the plates 
and are fitted on the outside with washers as shown in 
Fig. 10.9.3 

C = 0,12 where the diameter of the washer is 3,5 times 
the diameter of the stay 

C = 0,113 where the diameter of the washer is 
0,67 times the pitch of the stays. 

(c) Where the flat plate is flanged for attachment to the shell, 
flue, furnace or wrapper or, alternatively, is welded 
directly to shell, flue, furnace or wrapper, see 9.1.4 and 
9.1.5: 
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Section 9 


C =0,113 
(d) Where the support is a gusset stay 
C = 0,134 
(e) Where the support is a tube secured as shown in 
Fig. 10.9.4 
C = 0,144. 


138mm — 0,35D with a minimum 


| of 8mm 


1,5 mm 
5 mm diameter 


Fig. 10.9.2 
Typical attachment of firebox, combustion chamber 
stays and bar stays 


0,5tyy with a minimum 
of 9,5 mm 


Construction A , 
Radius 


5 mm diameter 
hole 


0,15D or 8 mm 
whichever is 
the greater 


Construction B tw = 0,67t 


Method of construction 'A' or 'B' may be used, except where 
tw < 0,35D, construction 'A' is to be used. 


where X= 3,5D, C= 0,12; 
where X = 0,67 x pitch of stays, C= 0,113 


Fig. 10.9.3 Typical attachment of bar stays 
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9.1.8 Where tubes are fixed by expanding only, sufficient 
tubes welded at both ends in accordance with Fig. 10.9.4 are 
to be provided within the tube nest to comply with 9.1.6, to 
carry the flat plate loading within the tube nest. Tubes welded 
in accordance with Fig. 10.9.4 are also to be provided in the 
boundary rows in sufficient numbers to carry the flat plate 
loading outside the tube areas. 


See Note 1 
See Note 2 


NOTE 
1. The ends of the tubes are to be dressed flush 
with the welds when exposed to flame. When 
not exposed to flame the ends of the tubes 
may extend a maximum of 10 mm beyond the weld. 
3mm minimum, but stress in weld due to nominal 
flat plate load carried by the tube not to exceed 
70 N/mm2. An equivalent recessed weld may be used. 
3. Weld stress area is to be based on the weld throat area. 


2665/14 


Fig. 10.9.4 Detail of weld for tube 


9.1.9 In the case of small boilers with a single tube nest 
of expanded tubes which does not exceed an area of 
0,65 m2, welded tubes need not be fitted provided the tubes 
are beaded at the inlet end. In this instance the support 
afforded by the expanded tubes is not to be taken to extend 
beyond the line enclosing the outer surfaces of the tubes 
except that, between the outside of the nest and the 
attachment of the end plate to shell, there may be an 
unsupported width equal to the flat plate margin, as given by 
the formula in 9.4.1. The required tube plate thickness within 
such a tube nest is to be determined using the formula in 
9.1.6, where: 

C = 0,154 

d = four times the mean pitch, in mm, of the expanded 

tubes in the nest. 


9.1.10 The thickness, t, of any tube plate in the tube area 

is to be not less than that required for the surrounding plate 

determined by 9.1.6 and in no case less than: 

(a) 12,5 mm where the diameter of the tube hole does not 
exceed 50 mm, or 

(b) 14 mm where the diameter of the tube hole is greater 
than 50 mm. 


9.1.11 Alternative methods of support will be specially 
considered. 
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9.1.12 The spacing of tube holes is to be such that the 
minimum width, b, in mm of any ligament between tube holes 
is not less than: 
for expanded tubes: 
b = 0,125d + 12,5 mm 
for welded tubes: 
b = 0,125d +8 mm 
where 
d = diameter of the hole drilled in the plate, in mm. 


9.1.13 Where a flat plate has a manhole or sight hole and 
the opening is strengthened by flanging, the total depth, H, 
of the flange, measured from the outer surface of the plate, is 
to be not less than: 


H = \tW 


where 
t = thickness of plate, in mm 
H = depth of flange, in mm 
W = minor axis of manhole or sight hole, in mm. 


9.1.14 Where the flat top plates of combustion chambers 
are supported by welded-on girders, the equation in 9.1.6 is 
to apply as follows: 
(a) In the case of welded-on girders provided with 
waterways 
C = 0,144 
d = NX2+Y2 
where 
X = width of waterway in the girder plus the thick- 
ness of the girder, in mm 
Y = pitch of girders, in mm. 
(b) In the case of continuously welded-on girders 


C = 0,175 

d =D 

where 

D = distance between inside faces of girders, in mm. 


9.2 Combustion chamber tube plates under 
compression 


9.2.1 The thickness of combustion chamber tube plates 
under compression due to the pressure on the top plate, 
based on a compressive stress not exceeding 96 N/mm2 is to 
be determined by the following formula: 


- PS mm 


1930 (s - a) 
where 
t and p are as defined in 1.2 
d = internal diameter of the plain tubes, in mm 
s = pitch of tubes, in mm, measured horizontally where 


tubes are chain pitched, or diagonally where the 
tubes are staggered pitched and the diagonal pitch 
is less than the horizontal pitch 

W = internal width of the combustion chamber, in mm, 
measured from tube plate to back chamber plate. 


9.3 Girders for combustion chamber top plates 
9.3.1 The formula in 9.3.2 is applicable to plate girders 


welded to the top combustion chamber plate by means of a 
full penetration weld. 
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9.3.2 The thickness of steel plate girders supporting the 
tops of combustion chambers is to be determined by the 
following formula: 


2 
_ 03202%s m 


a? Roo 
where 

t and p are as defined in 1.2 

d = effective depth of girder, in mm 

I = length of girder measured internally from tube plate 
to back chamber plate, in mm 

s = pitch of the girders, in mm 

Rog = specified minimum tensile strength of the girder 

plate, in N/mm. 


9.4 Flat plate margins 


9.4.1 The width of margin, b, of a flat plate which may be 
regarded as being supported by the shell, furnaces or flues 
to which the flat plate is attached is not to exceed that 
determined by the following formula: 


b = C (t= 0,75) 2 mm 
p 


where 
p and o are as defined in 1.2 
t = thickness of the flat plate, in mm 
b = width of margin, in mm 
C 3,12. 


9.4.2 Where an unflanged flat plate is welded directly to 
the shell, furnaces or flues and it is not practicable to effect 
the full penetration weld from both sides of the flat plate, the 
constant C used in the formula in 9.4.1 is to be: 

C = 2,38. 


9.4.3 In the case of plates which are flanged, the margin is to 
be measured from the commencement of curvature of flanging, or 
from a line 3,5 times the thickness of the plate measured from 
the outside of the plate, whichever is nearer to the flange. 


9.4.4 Where the flat plate is not flanged for attachment 
to the shell, furnaces or flues, the margin is to be measured 
from inside of the shell or the outside of the furnaces or flues, 
whichever is applicable. 


9.4.5 In no case is the diameter D, in mm, of the circle 
forming the boundary of the margin supported by the uptake 
of a vertical boiler to be greater than determined by the 
following formula: 


D = SASA. ap 
\ p 


where 
p is as defined in 1.2 
d = external diameter of uptake, in mm 
di internal diameter of uptake, in mm 
A = cross-sectional area of the uptake tube material, 


i.e. zi (d2 -aj2) mm2. 
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a Section 10 
Flat plates and ends of vertical 
boilers 


10.1 Tube plates of vertical boilers 


10.1.1 Where vertical boilers have a nest or nests of 
horizontal tubes, so that there is direct tension on the tube 
plates due to the vertical load on the boiler ends or to their 
acting as horizontal ties across the shell, the thickness of the 
tube plates in way of the outer rows of tubes is to be 
determined by the following formula: 
= pD +0,75 mm 
5J Roo 


where 

t and p are as defined in 1.2 

D = twice the radial distance of the centre of the outer 
row of tube holes from the axis of the shell, in mm 

J = efficiency of ligaments between tube holes in the 
outer vertical rows (expressed as a fraction) 
s-d 

S 
Rog = specified minimum tensile strength of tube plate, in 

N/mm? 


d = diameter of tube holes, in mm 
s = vertical pitch of tubes, in mm. 


10.1.2 Each alternate tube in the outer vertical rows of 
tubes is to be a tube welded at both ends as shown in 
Fig. 10.9.4. Further, the arrangement of tubes in the nests is 
to be such that the thickness of the tube plates meets the 
requirements of 9.1. 


10.1.3. Where the vertical height of the tube plates 
between the top and bottom shelves exceeds 0,65 times the 
internal diameter of the boiler, the staying of the tube plates, 
and the scantlings of the tube plates and shell plates to which 
the sides of the tube plates are connected, will require to be 
specially considered. It is recommended, however, that for 
this type of boiler the vertical height of the tube plates 
between the top and bottom shelves should not exceed 
1,25 times the internal diameter of the boiler. 


10.2 Horizontal shelves of tube plates forming part 
of the shell 


10.2.1 For vertical boilers of the type referred to in 10.1, in 
order to withstand vertical load due to pressure on the boiler 
ends, the horizontal shelves of the tube plates are to be 
supported by gussets in accordance with the following formula: 


ge oe 
t 
where 
p = design pressure, in bar 
t = thickness of the tube plate, in mm 

A = maximum horizontal dimension of the shelf from the 
inside of the shell plate to the outside of the tube 
plate, in mm 

D; = inside diameter of the boiler, in mm. 
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10.2.2 For the combustion chamber tube plate the 
minimum number of gussets is to be: 

1 gusset, where C exceeds 255 000 

2 gussets, where C exceeds 350 000 

3 gussets where C exceeds 420 000. 


10.2.3 For the smokebox tube plate the minimum number 
of gussets is to be: 

1 gusset where C exceeds 255 000 

2 gussets where C exceeds 470 000. 


10.2.4 The shell plates to which the sides of the tube 
plates are connected are to be not less than 1,6 mm thicker 
than is required by the formula applicable to shell plates with 
continuous circularity, and where gussets or other stays are 
not fitted to the shelves, the strength of the parts of the 
circumferential seams at the top and bottom of these plates 
from the outside of one tube plate to the outside of the other, 
is to be sufficient to withstand the whole load on the boiler 
end with a factor of safety of not less than 4,5 related to Rog 
(where Aog is the specified minimum tensile strength of the 
shell plates, in N/mm2). 


10.3 Dished and flanged ends for vertical boilers 


10.3.1 |The minimum thickness, t, of dished and flanged 
ends for vertical boilers which are subject to pressure on the 
concave side and are supported by central uptakes is to be 
determined by the following formula: 


where 
t, p, R; and o are as defined in 1,2. 


10.3.2 The inside radius of curvature, Fi, of the end plate is 
to be not greater than the external diameter of the cylinder to 
which it is attached. 


10.3.3. The inside knuckle radius, r, see Fig. 10.4.2(a), of 
the arc joining the cylindrical flange to the spherical surface 
of the end is to be not less than four times the thickness of 
the end plate, and in no case less than 65 mm. 


10.3.4 The inside radius of curvature of flange to uptake is 
to be not less than twice the thickness of the end plate, and 
in no case less than 25 mm. 


10.3.5 If the dished end has a manhole, the opening is to 
be strengthened by flanging. The total depth, H, of the flange, 
measured from the outer surface of the plate on the minor 
axis, is to be not less than: 


H =A\tW 
where 
t thickness of the flange, in mm 
H = depth of flange, in mm 
W = minor axis of the manhole, in mm. 


Part 5, Chapter 10 


Sections 10 & 11 


10.4 Flat crowns of vertical boilers 


10.4.1. The minimum thickness of flat crown plates of 
vertical boilers is to be determined as in 9,1; d and C are 
defined as follows: 
e Where the crown is supported by an uptake only, 
d = diameter, in mm, of the largest circle which can 
be drawn between the connections to the shell 
or firebox and uptake, see 9.1.1 to 9.1.5 
C = 0,161 
e Where bar stays are fitted in accordance with 9.1.6 and 
9.1.7: 
d 


diameter of the largest circle which can be 
drawn through at least three points of support, 
in mm 

= the mean of the values for the respective points 
of support through which the circle passes. 


(®) 
l 


A] Section 11 
Furnaces subject to external 
pressure 


11.1 Maximum thickness 


11.1.1 Furnaces, plain or corrugated, are not to exceed 
22,5 mm in thickness. 


11.2 Corrugated furnaces 


11.2.1. The minimum thickness, t, of corrugated furnaces 
is to be determined by the following formula: 
pD, 
t = — +0,75 mm 
C + 
where 
p is as defined in 1.2 
t = thickness of the furnace plate measured at the 
bottom of the corrugations, in mm 


C = 1060 for Fox, Morison and Deighton corrugations 
= 1130 for Suspension Bulb corrugations 
D, = external diameter of the furnace measured at the 
bottom of the corrugations, in mm. 
11.3 Plain furnaces, flue sections and combustion 


chamber bottoms 


11.3.1 The minimum thickness, t, between points of 
substantial support, of plain furnaces or furnaces strength- 
ened by stiffening rings, of flue sections and of the cylindrical 
bottoms of combustion chambers is to be determined by the 
following formulae, the greater of the two thicknesses 
obtained being taken: 


pD, (L + 610) 

t 102 400 +0,75 mm 
CpD 
Pro pk +0,75 mm 
1100 320 


where 
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t and p are as defined in 1.2 
Firebox crown 


C = = or 0,85 whichever is the greater 
ATR See Table 


Do = external diameter of the furnace, flue or combus- 
tion chamber, in mm 
L = length of section between the centres of points of 
substantial support, in mm 
X and o are as defined in 11.7.1. 


Tangent See text for fireboxes 
11.3.2 Where stiffeners are used for strengthening plain of vertical boilers 
cylindrical furnaces, or combustion chambers, the second 
moment of area, J, of the stiffener is to be determined by the 
following formula: 

pD L 


=, raae 4 
I = 133x108 M™ 


where 
p is as defined in 1.2 
Do external diameter of the furnace flue or combustion 
chamber, in mm 
L = length of section between the centres of points of 
substantial support, in mm 
For proportion of stiffening rings, see Fig. 10.11.1. 


Firebox 


See text for particulars 
of staying 


ts Not less than t 
Not greater than 1,5t 


Ogee ring 


4t; maximum 


Fig. 10.11.2 Effective length, L, for use in 11.4 
Fig. 10.111 '9 SE ag i 


Furnace, flue and combustion chamber stiffeners 


11.4.3 A circumferential row of stays connecting the 

furnace to the shell will be considered to provide substantial 

support to the furnace, provided that: 

e The diameter of the stay is not less 22,5 mm or twice 
the thickness of the furnace, whichever is the greater. 

e The pitch of the stays at the furnace does not exceed 
14 times the thickness of the furnace. 


11.4 Plain furnaces of vertical boilers 


11.4.1. The thickness of plain furnaces not exceeding 
2000 mm in external diameter is to be determined by the 
formulae given in 11.3.1, the greater of the two thicknesses 
being taken: 
where 
Do = external diameter of the furnace, in mm. Where the 
furnace is tapered, the diameter to be taken for 
calculation purposes is to be the mean of that at 
the top and that at the bottom where it meets the 
substantial support from flange, ring or row of stays 
L = effective length, in mm, of the furnace between the 
points of substantial support as indicated in 
Fig. 10.11.2. 


11.4.2 For furnaces under 760 mm in external diameter, 
the thickness is to be not less than 8 mm, and for furnaces 
760 mm in external diameter and over, the thickness is to be 
not less than 9,5 mm. 
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11.5 Hemispherical furnaces 


11.5.1 The minimum thickness, t, of unsupported hemi- 
spherical furnaces subject to pressure on the convex surface 
is to be determined by the following formula: 


Cp R, 


S: 


+0,75 mm 


where 
t and p are as defined in 1.2 
x and o are as defined in 11.7.1 


2x ; l 
OaE or 0,85 whichever is the greater 
X+o 
Ro = outer radius of curvature of the furnace, in mm. 


11.5.2 In no case is the maximum thickness to exceed 


Ro 


t-0,75 


22,5 mm, or the ratio to exceed 100. 


11.6 Dished and flanged ends for supported 
vertical boiler furnaces 


11.6.1. The minimum thickness, t, of dished and flanged 
ends for vertical boiler furnaces that are subject to pressure 
on the convex side and are supported by central uptakes, is 
to be determined by the following formula: 

P Ro 


where 
t, p, R, and o are as defined in 1.2. 


11.6.2 The inside radius of dishing and flanging are to be 
as required by 10.3. 


11.7 Dished and flanged ends for unsupported 
vertical boiler furnaces 


11.7.1. The minimum thickness, t, of dished and flanged 
ends for vertical boiler furnaces that are subject to pressure 
on the convex side and are without support from stays of any 
kind, is to be determined by the following formula, but is in no 
case to be less than the thickness of the firebox: 

CPR, 


= 560 +0,75 mm 


where 

t and p are as defined in 1.2. 

x = specified minimum lower yield stress or 0,2 per 
cent proof stress in N/mm2 at a temperature 90°C 
above the saturated steam temperature corre- 
sponding to the design pressure for carbon and 
carbon manganese steel with a specified minimum 
tensile strength of 400 N/mm2 

2X 


C = or 0,85 whichever is the greater 
X+o6 


Ro = outside radius of the crown plate, in mm 


, _ Ao 
(in no case is a to exceed 88) 
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o = specified minimum lower yield stress or 0,2 per 
cent proof stress in N/mm? at a temperature 90°C 
above the saturated steam temperature corre- 
sponding to the design pressure for the steel 
actually used 


11.7.2 The inside radius of curvature, Fj, of the end plate is 
to be not greater than the external diameter of the cylinder to 
which it is attached. 


11.7.3. The inside knuckle radius, r, see Fig.10.4.2(a), of 
the arc joining the cylindrical flange to the spherical surface 
of the end is to be not less than four times the thickness of 
the end plate and in no case less than 65 mm. 


11.8 Ogee rings 


11.8.1 |The minimum thickness, t, of the ogee ring which 
connects the bottom of the furnace to the shell of a vertical 
boiler and sustains the whole vertical load on the furnace is 
to be determined by the following formula: 


p D; (Di - Do) 
t = 9 900 +0,75 mm 
where 
t and p are as defined in 1.2 
D; = inside diameter of boiler shell, in mm 


D, = outside diameter of the lower part of the furnace 
where it joins the ogee ring, in mm. 


11.8.2 Proposals to use a flat plate annular ring which 
connects the bottom of the furnace to the shell of a vertical 
boiler and sustains any unbalanced vertical load on the 
furnace will be the subject of special consideration. 


11.9 Uptakes of vertical boilers 


11.9.1 The minimum thickness, t, of internal uptakes of 
vertical boilers is to be determined by the following formulae, 
the greater of the two thicknesses obtained being taken: 


p Dp (L + 610) 


Piz 102400 +4 mM™ 
D 
t = Pe L 44 mm 
1100 320 
where 
t and p are as defined in 1.2 
Do = external diameter of uptake, in mm 
L = length of uptake between the centres of points of 


substantial support, in mm. 
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E Section 12 
Boiler tubes subject to external 
pressure 

12.1 Tubes 

12.1.1 The thickness of tubes is to be in accordance with 


Table 10.12.1 for the appropriate outside diameter and design 
pressure. 


12.1.2 Tubes may be welded at both ends, welded at the 
inlet end and expanded at the outlet end, or expanded at both 
ends. In addition to expanding, tubes may be bell mouthed 
or beaded at the inlet end. Where tubes are welded, the weld 
detail is to be as shown in Fig. 10.9.4 and the tubes are to be 
expanded into the tube plates in addition to welding, except 
as permitted by 12.1.3. 


12.1.3. For tubes of thickness greater than 6,0 mm, 


expanding in addition to welding is not required if a recessed 
weld of depth not less than the tube thickness is provided. 


Table 10.12.1 


Design pressure, in bar 


Part 5, Chapter 10 


Sections 12 & 13 


m Section 13 
Tubes welded at both ends and 
bar stays for cylindrical boilers 

13.1 Loads on tubes welded at both ends and bar 
stays 

13.1.1 Each tube or bar stay is to be designed to carry its 


due proportion of the load on the plates which it supports. 


13.1.2 For a tube or bar stay, the net area to be supported 
is to be the area, in mm2, enclosed by the lines bisecting at 
right angles the lines joining the stay and the adjacent points 
of support, less the area of any tubes or stays enclosed. In 
the case of a tube or bar stay in the boundary rows, the 
support afforded by the flat plate margin, where applicable, 
should be taken into account. Where flat margins overlap 
stays are not required. 


13.1.3. The thickness of tubes welded at both ends to tube 
plates is to be such that the longitudinal stress due to the flat 
plate loading does not exceed 70 N/mmé2. 


13.1.4 Tubes may be welded into the boiler after post- 
weld heat treatment has been carried out. 


13.1.5 The permissible longitudinal stress in combustion 
chamber bar stays or similar stays where an end is heated by 
flame, is not to exceed 70 N/mm?, and the diameter of this 
type of bar stay is not to be less than 19 mm. 


13.1.6 The permissible longitudinal stress in longitudinal 
bar stays not subject to heating, is not to exceed 20 per cent 
of the minimum specified tensile strength, in N/mm2, and the 
diameter of this type of bar stay is not to be less than 25 mm. 


Thickness of plain tubes under external pressure 


Thickness, 


Outside diameter, in mm 


63,5 70 


76 


inmm 


82,5 89 95 102 


27,6 
22,8 
17,9 
13,1 
9,6 


24,8 
20,7 
15,9 
12,1 
8,6 


22,8 
18,9 
14,8 
11,0 
7,6 


24,1 
20,7 
17,3 
13,1 
9,6 


26,2 
22,1 
19,3 
15,9 
12,4 
8,9 


26,9 
22,8 
19,3 
16,6 
13,7 
10,3 
7,6 


25,2 
21,4 
17,9 
15,9 
12,7 
9,6 
6,9 


5,89 
5,38 
4,88 
4,47 
4,06 
3,66 
3,25 


24,1 
20,7 
17,9 
14,8 
11,4 
8,2 


2,95 
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a Section 14 
Construction 


14.1 Access arrangements 


14.1.1 In watertube boilers, manholes are to be provided 
in all drums of sufficient size to allow access for internal 
examination and cleaning, and for fitting and expanding the 
tubes. In the case of headers for water walls, superheaters or 
economisers, and of drums which are too small to permit 
entry, sight holes or mudholes sufficiently large and numerous 
for these purposes are to be provided. 


14.1.2 Cylindrical boilers are to be provided, where 
possible with means for ingress to permit examination and 
cleaning of the inner surfaces of plates and tubes exposed to 
flame. Where the boilers are too small to permit this, there are 
to be sight holes and mudholes sufficiently large and 
numerous to allow the inside to be satisfactorily cleaned. 


14.1.3 Where the cross tubes of vertical boilers are large, 
there is to be a sight hole in the shell opposite to one end of 
each tube sufficiently large to allow the tube to be examined 
and cleaned. These sight holes are to be in positions 
accessible for that purpose. 


14.1.4 | Manholes in cylindrical shells should preferably 
have their shorter axes arranged longitudinally. 


14.1.5 | Doors for manholes, mudholes and sight holes are 
to be formed from steel plate or other approved construction, 
and all jointing surfaces are to be machined. 


Taper may be 
inside or outside 
the vessel 


Taper may be 
inside or outside 
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14.1.6 Doors of the internal type are to be provided with 
spigots which have a clearance of not more than 1,5 mm all 
round, i.e. the axes of the opening are not to exceed those of 
the door by more than 3 mm. The width of the manhole 
gasket seat is to be not less than 16 mm. 


14.1.7 Doors of the internal type for openings not larger 
than 230 mm x 180 mm need be fitted with one stud only, 
which may be forged integral with the door. Doors for 
openings larger than 230 mm x 180 mm are to be fitted with 
two studs or bolts. The strength of the attachment to the door 
is to be not less than the strength of the stud or bolt. 


14.1.8 The crossbars or dogs for doors are to be of steel. 


14.1.9 | For smaller circular openings in headers and similar 
fittings, an approved type of plug may be used. 


14.1.10 Circular flat cover plates may be fitted to raised 
circular manhole frames not exceeding 400 mm diameter, and 
for an approved design pressure not exceeding 18 bar. 
14.1.11 External circular flat cover plates are to be in 
accordance with a recognised National Standard. 


14.2 Torispherical and semi-ellipsoidal ends 


14.2.1 For typical acceptable types of attachment for 
dished ends to cylindrical shells, see Fig. 10.14.1. 


the vessel 


Vi 


(o) 


Slope of taper not to exceed 1 in 4 


Fig. 10.14.1 Typical attachments of dished ends to cylindrical shells 
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14.2.2 Where the difference in thickness is the same 
throughout the circumference, the thicker plate is to be 
reduced in thickness by machining to a taper for a distance 
not less than four times the offset, so that the two plates are 
of equal thickness at the position of the circumferential weld. 
A parallel portion may be provided between the end of the 
taper and weld edge preparation; alternatively, if so desired, 
the width of the weld may be included as part of the smooth 
taper of the thicker plate. 


14.2.3 The thickness of the plates at the position of the 
circumferential weld is to be not less than that of an unpierced 
cylindrical shell of seamless or welded construction, which- 
ever is applicable, of the same diameter and material, see 4.1. 


14.3 Hemispherical ends 


14.3.1 Where hemispherical ends are butt welded to 
cylindrical shells, the thickness of the shell is to be reduced 
by taper to that of the end, and the centre of the hemisphere 
is to be so located that the entire tapered portion of the shell 
and the butt weld are within the hemisphere, see Fig. 10.14.2. 


Fig. 10.14.2 
Attachment of hemispherical end to cylindrical shell 


14.3.2 |f the hemispherical end is provided with a parallel 
portion, the thickness of this portion is to be not less than that 
of a seamless or welded shell, whichever is applicable, of the 
same diameter and material. 


14.4 Welded-on flanges, butt welded joints and 
fabricated branch pieces 


14.4.1 Flanges may be cut from plates or may be forged 
or cast. Hubbed flanges are not to be machined from plate. 
Flanges are to be attached to branches by welding. 
Alternative methods of flange attachment will be subject to 
special consideration. 
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14.4.2 The types of welded-on flanges are to be suitable 
for the pressure, temperature and service for which the 
branches are intended. 


14.4.3. Flange attachments and pressure-temperature 
ratings in accordance with materials and design of recognised 
Standards will be accepted. 


14.4.4 Typical examples of welded-on flange connections 
are shown in Fig. 10.14.3(a) to (f), and limiting design 
conditions for the flange types are shown in Table 10.14.1. In 
Fig. 10.14.3 tis the minimum Rule thickness of the standpipe 
or branch. 


14.4.5 | Welded-on flanges are not to be a tight fit on the 
branch. The maximum clearance between the bore of the 
flange and the outside diameter of the branch is to be 3 mm 
at any point, and the sum of the clearances diametrically 
opposite is not to exceed 5 mm. 


14.4.6 Where butt welds are employed in the attachment 
of flange type (a), or in the construction of standpipes or 
branch pieces, the adjacent pieces are to be matched at the 
bores. This may be effected by drifting, roller expanding or 
machining, provided the pipe wall is not reduced below the 
designed thickness. If the parts to be joined differ in wall 
thickness, the thicker wall is to be gradually tapered to that 
of the thinner at the butt joint. 


14.4.7 Welding may be carried out by means of the 
shielded metal arc, inert gas metal arc, oxy-acetylene or other 
approved process, but in general, oxy-acetylene welding is 
suitable only for flange type (a) and is not to be applied to 
branches exceeding 100 mm diameter or 9,5 mm thick. The 
welding is to be carried out in accordance with the appropri- 
ate paragraphs of Chapter 17. 


14.4.8. Threaded sleeve joints complying with Ch 12,2.8.1 
may be used on the steam and water piping of small oil fired 
package boilers of the once through coil type, used for 
auxiliary or domestic purposes, where the feed pump 
capacity limits the output. 


14.4.9 Socket weld joints are not to be used where 
fatigue, severe erosion, crevice corrosion or stress corrosion 
is expected to occur, for example, blow down, drain, scum 
and chemical dosing connections. 


14.5 Welded attachments to pressure vessels 


14.5.1 Unless the actual thickness of the shell or end is at 
least twice that required by calculation for a seamless shell or 
end, whichever is applicable, doubling plates with well 
rounded corners are to be fitted in way of attachments such 
as lifting lugs, supporting brackets and feet, to minimise load 
concentrations on pressure shells and ends. Compensating 
plates, pads, brackets and supporting feet are to be bedded 
closely to the surface before being welded, and are to be 
provided with a ‘tell-tale’ hole not greater than 9,5 mm in 
diameter, open to the atmosphere to provide for the release of 
entrapped air during heat treatment of the vessel, or as a 
means of indicating any leakage during hydraulic testing and 
in service, see Chapter 17. 
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__ t but not less 
than 5 mm 


But not 
less than 5 mm 


(b) 


-—1,5t but not less 
than 5 mm 


=t 


=; 
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1,5t but not 


__ t but not less less than 5 mm 


than 5 mm 


But not 
less than 5 mm 


(o) 


1,5t but not .— 1,5t but not 
less than 5 mm less than 5 mm 


— t 
1,5 mm max. 


1,5 mm max. 


't' is the minimum Rule thickness of standpipe or branch 


Fig. 10.14.3 Typical examples of welded flange connections 


Table 10.14.1 Limiting design conditions for flanges 


Maximum 
pressure 


Maximum 
temperature 


Minimum 
pipe bore 


Maximum 
pipe o.d. 


Pressure-temperature 
ratings to be in 
accordance with a 
recognised standard 


* No restriction for carbon steels 


14.5.2 For acceptable methods of attaching standpipes, 
branches, compensating plates and pads, see Fig. 10.14.4. 
Alternative methods of attachment may be accepted provided 
details are submitted for consideration. 


14.5.3 Where fillet welds are used to attach standpipes or 
set-in pads, there are to be equal sized welds both inside and 
outside the vessel, see Fig 10.14.4(a) and (I). The leg length of 
each of the fillet welds is to be not less than 1,4 times the 
actual thickness of the thinner of the parts being joined. 


No restriction 


No restriction 


No restriction 


mm mm 


No restriction No restriction 


168,3 for 
alloy steels* 


168,3 for 15 
alloy steels* 


No restriction 


No restriction No restriction 


No restriction 5 


No restriction No restriction 


14.6 Fitting of tubes in water tube boilers 


14.6.7 The tube holes in drums or headers are to be 
formed in such a way that the tubes can be effectively 
tightened in them. Where the tube ends are not normal to the 
tube plates, there is to be a neck or belt of parallel seating of 
at least 13 mm in depth, measured in a plane through the axis 
of the tube at the holes. Where the tubes are practically 
normal to their plates, this parallel seating is to be not less 
than 9,5 mm in depth. 
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Fig. 10.14.4 
Typical acceptable methods of attaching branches 
and pads 


14.6.2 Tubes are to be carefully fitted in the tube holes and 
secured by means of welding, expanding and belling or by 
other approved methods. Tubes are to project through the 
neck or belt of parallel seating by at least 6 mm and where 
they are secured from drawing out by means of bellmouthing 
only, the included angle of belling is to be not less than 30°. 


| Section 15 
Mountings and fittings for 
cylindrical and vertical boilers, 
steam generators, pressurised 
thermal liquid and pressurised hot 
water heaters 


15.1 General 


15.1.1. Valves over 38 mm diameter are to be fitted with 
outside screws, and the covers are to be secured by bolts or 
studs. All valves are to be arranged to shut with a right-hand 
(clockwise) motion of the wheels. 


Part 5, Chapter 10 


Sections 14 & 15 


15.1.2 All valves and cocks connected to the boiler are to 
be such that it is seen without difficulty whether they are open 
or shut. Where boiler mountings are secured by studs, the 
studs are to have a full thread holding in the plate for a length 
of at least one diameter. 


15.1.3 Where a superheater is fitted which can be shut-off 
from the boiler, it is to be provided with a separate safety valve 
fitted with easing gear. The valve as regards construction is 
to comply with the regulations for ordinary safety valves, but 
the easing gear may be fitted to be workable from the stoke- 
hold only. The superheater is also to be fitted with a drain 
valve or cock to free it from water when necessary. 


15.1.4 Safety valve chests and other boiler and super- 
heater mountings subjected to pressures exceeding 13,0 bar 
or to steam temperatures exceeding 220°C, and boiler 
blow-down fittings, are to be made of steel or other approved 
material. 


15.2 Safety valves 


15.2.1 Boilers and steam generators are to be fitted with 
not less than two safety valves, each having a minimum 
internal diameter of 25 mm, but those having a total heating 
surface of less than 50 m2 may have one valve not less than 
50 mm diameter. Small oil fired package boilers of the once 
through coil type used for auxiliary or domestic purposes, 
where the feed pump capacity limits the output, may have 
one safety valve not less than 19 mm internal diameter, or two 
safety valves with internal diameters not less than 16 mm, 
provided the capacity is in accordance with 15.2.13. 


15.2.2 The valves, spindles, springs and compression 
screws are to be so encased and locked or sealed that the 
safety valves and pilot valves, after setting to the working 
pressure, cannot be tampered with or overloaded in service. 


15.2.3 Valves are to be so designed that in the event of 
fracture of springs they cannot lift out of their seats. 


15.2.4 Easing gear is to be provided for lifting the safety 
valves and is to be operable by mechanical means at a safe 
position from the boiler or engine room platforms. 


15.2.5 Safety valves are to be made with working parts 
having adequate clearances to ensure complete freedom of 
movement. 


15.2.6 Valve seats are to be effectively secured in 
position. Any adjusting devices which control discharge 
capacity are to be positively secured so that the adjustment 
will not be affected when the safety valves are dismantled at 
surveys. 


15.2.7 All the safety valves of each boiler and steam 
generator may be fitted in one chest, which is to be separate 
from any other valve chest and is to be connected directly to 
the shell by a strong and stiff neck, the passage through 
which is to be of cross-sectional area not less than the 
aggregate area of the safety valves in the chest in the case of 
full lift valves, and one-half of that area in the case of other 
valves. For the meaning of aggregate area, see 15.2.13. 
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15.2.8 For each safety valve, an individual unrestricted 
drain is to be provided. The drain pipe is to be fitted to the 
lowest part of the safety valve and is to be independently led 
with a continuous fall to a place where the high temperature 
steam and/or condensate can discharge, visibly clear of the 
boilers and where it cannot cause injury. No valves or cocks 
are to be fitted to these drain pipes. The bore of the drain 
pipes is not to be less than 19 mm. 


15.2.9 Safety valves for shell type exhaust gas steaming 
economisers are to incorporate fail safe features which will 
ensure operation of the valve even with solid matter deposits 
on the valve and guide, or features that will prevent the 
accumulation of solid matter in way of the valve and in the 
clearance between the valve spindle and guide. Alternatively, 
if the fitted valves do not incorporate the features described 
then a bursting disc discharging to a suitable waste steam 
pipe is to be fitted in addition to the valves. These bursting 
discs are to function at a pressure not exceeding 1,25 times 
the economiser approved design pressure and are to have 
sufficient capacity to prevent damage to the economiser 
when operating at its design heat input level. 


15.2.10 To avoid the accumulation of solid matter deposits 
on the outlet side of the safety valves and bursting discs 
required by 15.2.9, the discharge pipes and safety valve/ 
bursting disc housings are to be fitted with drainage 
arrangements from the lowest part, directed with continuous 
fall to a position clear of the economiser where it will not pose 
a threat to either personnel or machinery. No valves or cocks 
are to be fitted in the drainage arrangements. The drainage 
arrangements required by 15.2.8 may be accepted as 
meeting these requirements where the arrangements comply 
with this paragraph. 


15.2.11 Full particulars of the proposed arrangements are 
to be submitted for consideration. 


15.2.12 Where the receiver is fitted with safety valves to 
relieve the steam output of the economiser and the 
economiser cannot be isolated from the receiver the require- 
ments of 15.2.9 may be waived. 


15.2.13 The designed discharge capacities of the safety 
valves on each boiler and steam generator are to be found 
from the following formulae: 

Saturated steam safety valves: 


_ AC (p + 1,08) 
98,1 
Superheated steam safety valves: 


g = AC(o+1,03) | Vs 
K 98,1 V4 


where 

p = set pressure, in bar gauge 

A = for ordinary, high lift or improved high lift safety 
valves, the aggregate area, in mm2, of the orifices 
through the seatings of the valves, neglecting the 
area of guides and other obstructions 

= for full lift safety valves, the net aggregate area, in 

mm2, through the seats after deducting the area of 
the guides or other obstructions when the valves 
are fully lifted 
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C = 4,8 for valves of ordinary type having a minimum 
lift of 1A 
24 
= 7,2 for valves of high lift type, having a minimum 
lift of 2, 
16 
= 9,6 for valves of improved high lift type having a 


minimum lift of D: 
12 


19,2 for valves of full lift type having a minimum 
lift of = 
4 


D = bore of valve seat, in mm 
E = the maker’s specified peak load evaporation, in 

kg/hour (including all evaporation from water walls, 
integral, or steaming economisers and other 
heating surfaces in direct communication with the 
boiler) 

Vi = specific volume of superheated steam (m3/kg) 

Vs = specific volume of saturated steam (m3/kg). 


15.2.14 When the discharge capacity of a safety valve of 
approved design has been established by type tests, carried 
out in the presence of the Surveyors or by an independent 
authority recognised by LR, on valves representative of the 
range of sizes and pressures intended for marine application, 
consideration will be given to the use of a constant higher 
than C = 19,2, based on 90 per cent of the measured capacity 
up to a maximum of C = 45 for full lift safety valves. 


15.2.15 Pressurised thermal liquid and pressurised hot 
water heaters are to be provided with a safety relief device. 
The safety valve is to be designed and constructed in accor- 
dance with a relevant National or International Standard 
acceptable to LR. 


15.3 Waste steam pipes 


15.3.1 For ordinary, high lift and improved high lift type 
valves, the cross-sectional area of the waste steam pipe and 
passages leading to it is to be at least 10 per cent greater 
than the aggregate area of the safety valves as used in the 
formulae in 15.2.13. For full lift and other approved valves of 
high discharge capacity, the cross-sectional area of the waste 
steam pipe and passages is to be not less than 0,1C times 
the aggregate valve area. 


15.3.2 The cross-sectional area of the main waste steam 
pipe is to be not less than the combined cross-sectional areas 
of the branch waste steam pipes leading thereto from the 
boiler safety valves. 


15.3.3 Waste steam pipes are to be led to the atmosphere 
and are to be adequately supported and provided with 
suitable expansion joints, bends or other means to relieve the 
safety valve chests of undue loading. 


15.3.4 The scantlings of waste steam pipes and silencers 
are to be suitable for the maximum pressure to which the 
pipes may be subjected in service, and in any case not less 
than 10 bar. 
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15.3.5 Silencers fitted to waste steam pipes are to be so 
designed that the clear area through the baffle plates is not 
less than that required for the pipes. 


15.3.6 The safety valves of each exhaust gas heated 
economiser and exhaust gas heated boiler which may be 
used as an economiser are to be provided with entirely 
separate waste steam pipes. 


15.3.7 External drains and exhaust steam vents to atmo- 
sphere are not to be led to waste steam pipes. 


15.3.8 — It is recommended that a scale trap and means for 
cleaning be provided at the base of each waste steam pipe. 


15.4 Adjustment and accumulation tests 


15.4.1 All safety valves are to be set under steam to a 
pressure not greater than the approved pressure of the boiler. 
As a working tolerance the setting is acceptable provided the 
valves lift at not more than 103 per cent of the approved 
design pressure. During a test of 15 minutes with the stop 
valves closed and under full firing conditions the accumulation 
of pressure is not to exceed 10 per cent of the design 
pressure. During this test no more feed water is to be supplied 
than is necessary to maintain a safe working water level. 


15.5 Stop valves 


15.5.1 One main stop valve is to be fitted to each boiler 
and secured directly to the shell. There are to be as few 
auxiliary stop valves as possible so as to avoid piercing the 
boiler shell more than is absolutely necessary. 


15.5.2 | Where two or more boilers are connected together: 

° Stop valves of self-closing or non-return type are to be 
fitted. 

° Essential services are to be capable of being supplied 
from at least two boilers. 


15.6 Water level indicators 


15.6.1 Every boiler designed to contain water at a 
specified level is to be fitted with at least two means for 
indicating its water level, at least one of which is to be a direct 
reading gauge glass. The other means is to be either an 
additional gauge glass or an approved equivalent device. The 
required water level indicators are to be independent of each 
other. 


15.6.2 Where a pair of gauge glasses are set at different 
levels to provide an extended range of water level indication 
they will only be considered as one water level indicator. 


Part 5, Chapter 10 


Section 15 


15.6.3 An approved equivalent device for level indication 
may derive its level input signal from one of the low water level 
detection systems required by 15.7.1 provided that in the 
event of a power supply failure to that system an alarm is 
initiated and the oil fuel supply to the burners, or any other 
fuel used to fire the boiler, is automatically shut-off. The fuel 
supply shut-off will only be required if the power supply failure 
results in the direct reading gauge glass being the only 
functioning water level indicator. 


15.6.4 The water gauges are to be readily accessible and 
placed so that the water level is clearly visible. The lowest 
visible parts of water gauges are to be situated at the lowest 
safe working level. 


15.6.5 The level of the highest part of the effective 
heating surfaces, e.g. combustion chamber top of a horizontal 
boiler and the furnace crown of a vertical boiler, is to be clearly 
marked in a position adjacent to the glass water gauge. 


15.6.6 The cocks of all water gauges are to be operable 
from positions free from danger in the event of the glass 
breaking. 


15.7 Low water level fuel shut-off and alarm 


15.7.1 Every fired boiler designed to contain water at a 
specified level is to be fitted with two systems of water level 
detection which are to be independent of each other, and 
which will operate an alarm and shut-off automatically the fuel 
supply to the burners, or any other fuel used to fire the boiler, 
when the water level falls to a predetermined low level. These 
level detectors, in addition, may be used for other functions, 
e.g. high level alarm, feed pump control, etc. 


15.8 Feed check valves 


15.8.1 Two feed check and stop valves, connected to 
separate feed lines, are to be provided for all main and 
auxiliary boilers which are required for essential services. The 
feed check and stop valves may be connected to a single 
standpipe at the shell. In the case of steam/steam 
generators one feed check valve is acceptable provided 
steam for essential services is simultaneously available from 
another source. 


15.9 Pressure gauges 


15.9.1 Each boiler is to be provided with a separate steam 
pressure gauge. 


15.9.2 The gauges are to be placed where they are easily 
read. 
15.10 Blow-down and scum valves 


15.10.1 Each boiler is to be fitted with at least one blow- 
down valve. 
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15.10.2 The blow-down valve is to be attached, wherever 
practicable, direct to the lower part of the boiler. Where it is 
not practicable to attach the blow-down valve directly, a steel 
pipe supported from the boiler may be fitted between the 
boiler and valve. 


15.10.3 The blow-down valve and its connections to the 
sea need not be more than 38 mm, and is to be not less than 
19 mm internal diameter. For cylindrical boilers the size of the 
valve may be generally 0,0085 times the diameter of the 
boiler. 


15.10.4 Blow-down valves and scum valves (where the 
latter are fitted) of two or more boilers may be connected to 
one common discharge, but where thus arranged there are 
to be screw-down non-return valves fitted for each boiler to 
prevent the possibility of the contents of one boiler passing 
to another. 


15.10.5 For blow-down valves or cocks on the ship’s side 
and attachments, see Ch 13,2. 


15.11 Sampling valve or cock 


15.11.1 Each boiler is to be provided with a sampling valve 
or cock secured direct to the boiler in a convenient 
position. The valve or cock is not to be on the water gauge 
standpipe. 


15.12 Additional requirements for shell type exhaust 
gas steaming economisers 


15.12.1 The design and construction of shell type 
economisers are to pay particular attention to the welding, 
heat treatment and inspection arrangements at the tube plate 
connection to the shell. 


15.12.2 Every shell type economiser is to be provided with 
removable lagging at the circumference of the tube end plates 
to enable ultrasonic examination of the tube plate to shell 
connection. 


15.12.3 Every economiser is to be provided with arrange- 
ments for pre-heating and de-aeration, and addition of water 
treatment or combination thereof, to control the quality of feed 
water to within the manufacturer’s recommendations. 


15.12.4 The manufacturer is to provide operating instruc- 

tions for each economiser which is to include reference to: 

e — Feed water treatment and sampling arrangements. 

e Operating temperatures — exhaust gas and feed water 

temperatures. 

Operating pressure. 

Inspection and cleaning procedures. 

Records of maintenance and inspection. 

The need to maintain adequate water flow through the 

economiser under all operating conditions. 

e Periodical operational checks of the safety devices to be 
carried out by the operating personnel and to be 
documented accordingly. 

e Procedures for using the exhaust gas economiser in the 
dry condition. 
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e Procedures for maintenance and overhaul of safety 
valves. 
° Emergency operating procedures. 


m Section 16 
Mountings and fittings for water 
tube boilers 


16.1 General 


16.1.1 Mountings and fittings not mentioned in this 
Section are to be in accordance with the requirements in 
Section 15. 


16.2 Safety valves 


16.2.1 Water tube boilers are to be fitted with not less than 
two safety valves of area and design in general accordance 
with the requirements of 15.2. 


16.2.2 Each saturated steam drum and each superheater 
are to be provided with at least one safety valve. 


16.2.3 Where the superheater forms an integral part of the 
boiler, the relieving capacity of the superheater safety valve(s), 
based on the reduced pressure at the superheater outlet, may 
be included as part of the total relieving capacity required for 
the boiler. As some National Authorities limit the proportion of 
the superheater safety valve relieving capacity which may be 
credited towards the total capacity for the boiler, builders 
should give attention to any relevant Statutory Requirements 
of the National Authority of the country in which the ship is to 
be registered. 


16.2.4 The boiler and superheater valves are to be so 
disposed and proportioned between saturated steam drum 
and superheater outlet that the superheater will be protected 
from overheating under all service conditions, including an 
emergency stop of the ship at full power. 


16.2.5 Where it is proposed to fit full bore safety valves 
operated by independent pilot valves, the arrangements are 
to be submitted for consideration. The pipes connecting pilot 
valves and main valves are to be of ample bore and wall 
thickness to minimise the possibility of obstruction and 
damage. 


16.2.6 Where it is impracticable to attach safety valves 
directly to the superheater, the valves are to be located as 
near as possible thereto and fitted to a branch piece 
connected to the superheater outlet pipe. 


16.2.7 In high temperature installations the drains from 
safety valves are to be led to a tank or other place where high 
temperature steam can be safely discharged. 
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16.3 Safety valve settings 


16.3.1 All boiler and superheater safety valves are to be 
set under steam to their respective working pressures, which 
are not to be greater than the approved design pressure of 
the boiler. As a working tolerance the setting is acceptable 
provided the valves lift at not more than 103 per cent of the 
approved pressure. 


16.3.2 In the setting of superheater safety valves, 
allowance is to be made for the pressure drop through the 
superheater so that under discharge conditions the pressure 
in the boiler will not exceed the approved boiler pressure. 


16.3.3 In no case is the superheater safety valve setting to 
exceed by more than three per cent the pressure for which 
the steam piping is approved. 


16.4 Waste steam pipes 


16.4.1 The waste steam pipe and passages leading to it 
from the safety valves are to be in general accordance with 
the requirements of 15.3. 


16.4.2 In installations operating with a high degree of 
superheat, consideration is to be given to the high tempera- 
tures which waste steam pipes, silencers and surrounding 
spaces will attain when the superheater safety valves are 
blowing during accumulation tests and in service, adequate 
protection against heat effects is to be provided to the 
Surveyor’s satisfaction. 


16.4.3 Waste steam pipes are to be led well clear of 
electric cables and any parts or structures sensitive to heat 
or likely to distort; the pipes are to be insulated where neces- 
sary. In these installations each boiler should have a separate 
waste steam pipe system to atmosphere, with supporting and 
expansion arrangements such that no direct loading is 
imposed on the safety valve chests. 


16.5 Accumulation tests 


16.5.1 Tests for accumulation of pressure are to be carried 
out with the stop valve closed and under full firing conditions 
for a period not exceeding seven minutes. The accumulation 
is not to exceed 10 per cent of the design pressure. 


16.5.2 Where accumulation tests might endanger the 
superheaters, consideration will be given in cases of fired 
boilers to the omission of these tests, provided that 
application is made when the boiler plan and sizes of safety 
valves are submitted for approval, and that the safety valves 
are of an approved type for which the capacity has been 
established by test in the presence of the Surveyors or an 
approved independent authority, or for which LR is satisfied, 
by long experience of accumulation tests, that the capacity is 
adequate. When it is agreed to waive accumulation tests, it 
will be required that the valve makers provide a certificate for 
each safety valve, stating its rated capacity at the approved 
working conditions of the boilers and that the boiler makers 
provide a certificate for each boiler stating its maximum 
evaporation. 
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16.5.3 The safety valves are to be found satisfactory in 
operation under working conditions during the trials of the 
machinery on board ship. 


16.6 Water level indicators 


16.6.1 Every boiler designed to contain water at a 
specified level is to be fitted with at least two means for 
indicating its water level, at least one of which is to be a direct 
reading gauge glass. The other means is to be either an 
additional gauge glass or an approved equivalent device. The 
required water level indicators are to be independent of each 
other. 


16.6.2 Where a pair of gauge glasses are set at different 
levels to provide an extended range of water level indication 
they will only be considered as one water level indicator. 


16.6.3 An approved equivalent device for level indication 
may derive its level input signal from one of the low water level 
detection systems required by 16.7.1 provided that, in the 
event of a power supply failure to that system, an alarm is 
initiated and the oil fuel supply to the burners, or any other 
fuel used to fire the boiler, is automatically shut-off. The fuel 
supply shut-off will only be required if the power supply failure 
results in the direct reading gauge glass being the only 
functioning water level indicator. 


16.6.4 Where a steam and water drum exceeding 4 m in 
length is fitted athwartships, two glass water gauges are to 
be fitted in suitable positions, one near each end of the drum. 


16.6.5 The position of the glass water gauge of boilers in 
which the tubes are entirely drowned when cold is to be such 
that water is just showing in the glass when the water level in 
the steam drum is just above the top of the uppermost tubes 
when the boiler is cold. 


16.6.6 In boilers, the tubes of which are not entirely 
drowned when cold, the glass water gauges are to be placed, 
to the Surveyor’s satisfaction, in the positions which have 
been found by experience to indicate satisfactorily that the 
water content is sufficient for safety when the boiler is worked 
under all service conditions. 


16.7 Low water level fuel shut-off and alarm 


16.7.1 Every fired boiler designed to contain water at a 
specified level is to be fitted with two systems of water level 
detection which are to be independent of each other, and 
which will operate an alarm and shut-off automatically the fuel 
supply to the burners when the water level falls to a pre- 
determined low level. These level detectors may be used for 
other functions, e.g. high level alarm, feed pump control, etc. 


16.7.2 Any proposals to depart from these requirements 
in the case of small auxiliary boilers will be the subject of 
special consideration. 


16.7.3. See Pt6, Ch 1 for requirements for control, alarm and 
safety systems, and additional requirements for unattended 
operation. 
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16.8 Feed check valves and water level regulators 


16.8.1 Two feed check and stop valves, connected to 
separate feed lines, are to be provided for each boiler and are 
to be attached, wherever practicable, direct to the boiler or 
to an economiser which forms an integral part of the boiler. 


16.8.2 Where the arrangements necessitate the use of a 
common inlet pipe on the economiser for both main and 
auxiliary feed systems, this pipe is to be as short as practicable, 
and the arrangements of check valves are to be such that 
either feed line can be effectively isolated without interruption 
of the feed water supply to the boiler. 


16.8.3 At least one of the feed water systems is to be 
fitted with an approved feed water regulator whereby the 
water level in the boilers is controlled automatically. See 
Ch 14,6 for arrangements and details of boiler feed systems. 


16.8.4 The feed check valves are to be fitted with 
efficient gearing, whereby they can be satisfactorily worked 
from the stokehold floor, or other convenient position. 


16.8.5 | Standpipes on boilers, for feed inlets, are to be 
designed with an internal pipe to prevent direct contact 
between the feed pipe and the boiler shell or end plates with 
the object of minimising thermal stresses in these plates. 
Similar arrangements are to be provided for desuperheater 
and other connections where significant temperature 
differences occur in service. 


E Section 17 
Hydraulic tests 


17.1 General 


17.1.1 Boilers and pressure vessels, together with their 
components are to withstand the following hydraulic tests 
without any sign of weakness or defect. 


17.1.2 Having regard to the variation in the types and 

design of boilers, the hydraulic test may be carried out by 

either of the methods indicated below: 

(a) boilers are to be tested on completion to a pressure 
1,5 times the approved design pressure, or 

(b) where construction permits, all components of the boiler 
are to be tested on completion of the work including 
heat treatment to 1,5 times the design pressure. In the 
case of components such as drums or headers, which 
are to be drilled for tube holes, the test may be before 
drilling the tube holes, but is to be after the attachment 
of standpipes, stubs and similar fittings and also after 
heat treatment has been carried out. Where all the 
components have been tested as above, each 
completed boiler after assembly is to be tested to 
1,25 times the design pressure. 
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17.2 Mountings 


17.2.1 All boiler mountings are to be subjected to a 
hydraulic test of twice the approved design pressure with the 
exception of feed check valves and other mountings 
connected to the main feed system which are to be tested to 
2,5 times the approved boiler design pressure, or twice the 
maximum pressure which can be developed in the feed line in 
normal service, whichever is greater. 


a Section 18 
Control and monitoring 


18.1 General 


18.1.7. Control engineering systems are to be in accor- 
dance with the requirements of Pt 6, Ch 1. 


18.2 Unattended machinery 


18.2.1. Where boilers are fitted with automatic or remote 
controls so that under normal operating conditions they do 
not require any manual intervention by the operators, they are 
to be provided with the alarms and safety arrangements 
required by 18.2 to 18.3, as appropriate. Alternative arrange- 
ments which provide equivalent safeguards will be 
considered. 


18.2.2 Where machinery is arranged to start automatically 
or from a remote control station, interlocks are to be provided 
to prevent start-up under conditions which could hazard the 
machinery. 


18.2.3. Where machinery specified in this Section is 
required to be provided with a standby pump, the standby 
pump is to start automatically if the discharge pressure from 
the working pumps falls below a predetermined value. 


18.2.4 Where a first stage alarm together with a second 
stage alarm and automatic shut-down of machinery are 
required in the relevant Tables of this Section, the sensors and 
circuits utilised for the second stage alarm and automatic 
shut-down are to be independent of those required for the 
first stage alarm. 


18.3 Main, auxiliary and other boilers 


18.3.1 Alarms and safeguards are indicated in 18.3.2 to 
18.3.9 and Table 10.18.1. 


18.3.2 The following boiler services are to be fitted with 
automatic controls so as to maintain steady state conditions 
throughout the normal operating range of the boiler: 

(a) Combustion system. 


(b) Oil fuel supply temperature or viscosity, heavy oil only. 
(c) Boiler drum water level. 

(d) De-aerator water level, where applicable. 

(e) Superheated steam pressure, where applicable. 

(f) Superheated steam temperature, where applicable. 
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Table 10.18.1 


Item 
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Main, auxiliary and other boilers: Alarms and safeguards 


Note 


Water level* 


Water level 


Steam drum or superheater outlet pressure* 
Superheated steam temperature 

De-superheated steam temperature” 

Feed water or water forced circulation flow (if fitted) 


Feed water pH 

Feed water salinity 

Feed water temperature 
Combustion air pressure* 


Oil fuel pressure* 

Oil fuel temperature or viscosity* 

Oil fuel atomising steam/air pressure 
Burner flame* 


Flame monitoring device(s)* 
gniter power supply* 


Forced draft fan* 


Air registers and dampers (including those in the uptake)* 


Control system* 


Uptake temperature 


1st stage high 
2nd stage high 


High and Low 
High 
High 
Low 


Low 
High 
Low 
Low 


Low 
High and Low 
Low 
Failure 


Failure 
Failure 


Power failure 


Not fully open 
Power failure 


High 


Two water level sensors are to be provided, each to 
operate independently, and automatically to shut off 
the oil fuel to the burners and operate alarms, 

see Notes 1 to 3 and 5 

Where applicable, automatic closure of turbine 
steam inlet valves, see 18.2.4 


Oil fuel to burners to be shut off automatically, 
see Notes 5 and 6 


When automatic dosing of feed water fitted 
Fitted in boiler feed system 
When automatic temperature control fitted 


Oil fuel burners to be shut off automatically in 
operation or not released during start up, 
see Note 5. Purge sequences to be inhibited, 
see Ch 14,3.1.9 


Heavy oil only 


Each burner to be monitored. Oil fuel to burner(s) to 


be shut off automatically, see Ch 14,3.1.11 and 3.1.12 


and Note 5 
See 18.3.7 and Note 5 


Each igniter to be checked before oil fuel is supplied 
to burner, see 18.3.6 and Note 5 


Oil fuel to burners to be shut off automatically. 
Control using alternative arrangements is to remain 
available, see Pt 6, Ch 1,2.5.7 


Purge sequence to be inhibited, see Ch 14,3.1.9 


Oil fuel burners to be shut off automatically. Control 
using alternative arrangement is to remain available, 
see Pt 6, Ch 1,2.5.8 


Where economiser and/or gas air heaters are integral 
with the boiler and also for independent exhaust gas 
boilers/economisers, to monitor for soot fires. 

See Note 7 


NOTES 


1. For dual-evaporation boilers, the primary circuit is to be fitted with two independent low water level detectors which will operate alarms 
and shut off the oil fuel to the burners automatically. The secondary circuit is to be fitted with one low water level detector which will 
operate alarms and shut off the oil fuel to the burners automatically. Additionally one high water level alarm is to be fitted on the 
secondary circuit which may be operated by the same detector as that provided for low water level detection. 

Only one independent system of low water level detection, alarm and automatic oil fuel shut-off need be fitted in the case of small forced 
circulation or re-circulation coiled water tube ‘package’ type boilers when evaporation is less than 2900 kg/hr or the heating surface is 


less than 100 m2. 


Where two level sensors are provided these may be used for other functions, e.g., high level alarm, level control, trip systems, etc. 
For boilers not supplying steam for propulsion or for services essential for the safety or operation of the ship at sea, only the items 


marked * are required. 


These safeguards are to remain operative during automatic, manual and emergency operation. 

For exhaust gas economisers/boilers requiring feed water or forced water circulation, the low flow alarm is to be fitted with provision to 
override the alarm if the exhaust gas economiser/boiler is to be operated in the dry condition. See also Ch 14,6.2.5. 

Alternatively, details of an appropriate fire detection system are to be submitted for consideration. 


LLOYD’S REGISTER 


35 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Steam Raising Plant and Part 5, Chapter 10 
Associated Pressure Vessels Section 18 


(g) De-superheated steam pressure, where applicable. 
(h) De-superheated steam temperature, where applicable. 


18.3.3 Safety systems and overrides are to comply with 
the requirements of Pt 6, Ch 1,2.4.8. 


18.3.4 Burner controls are to be arranged such that light 
off is only possible at the minimum firing rate compatible with 
flame establishment. If ignition is set to occur at a fuel rich 
condition then the burner is to revert to the correct operating 
air/fuel ratio on establishment of a stable flame. 


18.3.5 Where water level indicators are dependent upon 
an external power supply, the oil fuel supply to the burners is 
to be automatically shut off in the event of power or signal 
failure. 


18.3.6 | Arrangements are to be such that burner oil fuel 

valve(s) do not open: 

(a) prior to completion of required warm up times for residual 
fuel oil; or 

(b) when the power supply to the igniter has failed, as appli- 
cable; or 

(c) until a pilot flame is established, as applicable; or 

(d) prior to the completion of furnace purging, see 
Ch 14,3.1.7. 


18.3.7 Arrangements for flame failure detection are to be 
provided with self-monitoring capabilities which ensure that 
the flame detector is not erroneously indicating the presence 
of a flame. In the event of failure being detected by these self- 
monitoring capabilities: 

e an alarm is to be activated; 

° in the event of loss of flame detection capability for a 

burner; 

e oil fuel to the burner is to be shut off automatically; and 
e an alarm is to be activated. 


18.3.8 Where established as necessary by Ch 14,3.1.8, 
means are to be provided to prevent starting of the ignition 
sequence following multiple flame failures until completion of 
the identified lock-out period. 


18.3.9 Following burner shut-down, the furnace is to be 
purged automatically for at least the required pre-purging 
time. In the event of shut-down due to activation of a required 
safeguard, this purging is to be manually initiated. 
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Section 

1 General requirements 

2 Cylindrical shells and drums subject to internal 
pressure 

3 Spherical shells subject to internal pressure 

4 Dished ends subject to internal pressure 

5 Dished ends for Class 3 pressure vessels 

6 Conical ends subject to internal pressure 

7 Standpipes and branches 

8 Construction 

9 Mountings and fittings 


10 Hydraulic tests 


11 Plate heat exchangers 


E Section 1 
General requirements 


1.1 Application 


1:1:1 The requirements of this Chapter are applicable to 
fusion welded pressure vessels and plate heat exchangers, 
intended for marine purposes but not included in Chapter 10. 
The equations in this Chapter may be used for determining 
the thickness of seamless pressure vessels using a joint factor 
of 1,0. Seamless pressure vessels are to be manufactured 
and tested in accordance with the requirements of Chapter 5 
of the Rules for the Manufacture, Testing and Certification of 
Materials (hereinafter referred to as the Rules for Materials). 
For the construction and design of pressure vessels and plate 
heat exchangers for liquefied gas or chemical cargo applica- 
tions, see the Rules and Regulations for the Construction and 
Classification of Ships for the Carriage of Liquefied Gases in 
Bulk (hereinafter referred to as the Rules for Ships for 
Liquefied Gases) or the Rules and Regulations for the 
Construction and Classification of Ships for the Carriage of 
Liquid Chemicals in Bulk (hereinafter referred to as the Rules 
for Ships for Liquid Chemicals) as applicable. 


7.7.2 Where the required design criteria for pressure 
vessels are not indicated within this Chapter, the relevant 
Sections of Chapter 10 are applicable. 


1.1.3 Seamless pressure vessels are to be manufactured 
in accordance with the requirements of the Rules for Materials 
where applicable. 
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1.2 Definition of symbols 


1.2.1 The symbols used in the various formulae in 
Sections 2 to 7 inclusive, unless otherwise stated, are defined 
as follows, and are applicable to the specific part of the 
pressure vessel under consideration: 
d = diameter of hole, or opening, in mm 
p = design pressure, see 1.3, in bar 
fr, = inside knuckle radius, in mm 
fo = outside knuckle radius, in mm 
s = pitch, in mm 
t = minimum thickness, in mm 
D, = inside diameter, in mm 
Do = outside diameter, in mm 
J = joint factor applicable to welded seams, see 1.9, or 
ligament efficiency between tube holes (expressed 
as a fraction, see Ch 10,2.2) 


R; = inside radius, in mm 
R, = outside radius, in mm 
T = design temperature, in °C 
co = allowable stress, see 1.8, in N/mm2. 


22 Where reference is made to calculated or actual 
plate thickness for the derivation of other values, these 
thicknesses are to be minus the standard Rule corrosion 
allowance of 0,75 mm, if not so stated. 


1.3 Design pressure 


1.3.1 The design pressure is the maximum permissible 
working pressure, and is to be not less than the highest set 
pressure of any relief valve. 


7.3.2 Calculations made to determine the scantlings of 
the pressure parts are to be based on the design pressure, 
adjusted where necessary to take account of pressure 
variations corresponding to the most severe operational 
conditions. 


1.3.3 It is desirable that there should be a margin 
between the normal pressure at which the pressure vessel 
operates and the lowest pressure at which any relief valve is 
set to lift, to prevent unnecessary lifting of the relief valve. 


1.4 Metal temperature 


1.4.1 The metal temperature, T, used to evaluate the 
allowable stress, o, is to be taken as the actual metal 
temperature expected under operating conditions for the 
pressure part concerned, and is to be stated by the manu- 
facturer when plans of the pressure parts are submitted for 
consideration. 


1.4.2 The design temperature, 7, for calculation purposes 
is to be not less than 50°C. 


1.5 Classification of fusion welded pressure 
vessels 
1.5.1 For Rule purposes, pressure vessels are graded as 


Class 1 where the shell thickness exceeds 38 mm. 
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1.5.2 For Rule purposes, pressure vessels are graded as 

Class 2/1 and Class 2/2 if they comply with the following 

conditions: 

(a) where the design pressure exceeds 17,2 bar, or 

(b) where the metal temperature exceeds 150°C, or 

(c) where the design pressure, in bar, multiplied by the 
actual thickness of the shell, in mm, exceeds 157, or 

(d) where the shell thickness does not exceed 38 mm. 


1:5:3 For Rule purposes, Class 3 pressure vessels are to 
have a maximum shell thickness of 16 mm, and are pressure 
vessels not included in Classes 1, 2/1 or 2/2. 


1.5.4 Pressure vessels which are constructed in accor- 
dance with Classes 2/1, 2/2 or 3 standards (as indicated 
above) will, if manufactured in accordance with the require- 
ments of superior Class, be approved with the scantlings 
appropriate to that Class. 


1:5:5 Pressure vessels which only have circumferential 
fusion welded seams, will be considered as seamless with no 
Class being assigned. Preliminary weld procedure tests and 
non-destructive examination for the circumferential seam 
welds should be carried out for the equivalent Class as 
determined by 1.5.1, 1.5.2 and 1.5.3. 


1.5.6 In special circumstances relating to service 
conditions, materials, operating temperature, the carriage of 
dangerous gases and liquids, etc., it may be required that 
certain pressure vessels be manufactured in accordance with 
the requirements of a superior Class. 


RENA Details of heat treatment, non-destructive examina- 
tion and routine tests (where required) are given in Chapter 13 
of the Rules for Materials. 


1.5.8 Hydraulic testing is required for all Classes of 
pressure vessels. 


1.5.9 For a full definition of Classes of pressure vessels 
relating to boilers and associated pressure vessels, see 
Ch 10,1. 


1.6 Plans 


1.6.1 Plans of pressure vessels are to be submitted in 
triplicate for consideration where all the conditions in (a) or (b) 
are satisfied: 

(a) The vessel contains vapours or gases, e.g. air receivers, 
hydrophore or similar vessels and gaseous CO, vessels 
for fire-fighting, and 

pV > 600 
p >1 
V > 100 
V = volume (litres) of gas or vapour space 

(b) The vessel contains liquefied gases, or flammable liquids 
p >f7 
V > 100 
V = volume (litres) 
p is as defined in 1.2.1. 
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16:2 Plans of full constructional features of the vessel 
and dimensional details of the weld preparations for longitu- 
dinal and circumferential seams and attachments, together 
with particulars of the welding consumables and of the 
mechanical properties of the materials, are to be submitted 
before construction is commenced. 


1.7 Materials 


Te feck Materials used in the construction of Class 1, 2/1 and 
2/2 pressure vessels are to be manufactured, tested and 
certified in accordance with the requirements of the Rules for 
Materials. Materials used in the construction of Class 3 pressure 
vessels may be in accordance with the requirements of an 
acceptable national or international specification. The 
manufacturer’s certificate will be accepted in lieu of Lloyd’s 
Register’s (hereinafter referred to as LR) material certificate for 
such materials. 


1.7.2 The specified minimum tensile strength of carbon 
and carbon-manganese steel plates, pipes, forgings and 
castings is to be within the general limits of 340 to 520 N/mm2. 


1.7.3 The specified minimum tensile strength of low alloy 
steel plates, pipes, forgings and castings is to be within the 
general limits of 400 to 500 N/mm2, and pressure vessels 
made in these steels are to be either seamless or Class 1 
fusion welded. 


1.7.4 Where it is proposed to use materials other than 
those specified in the Rules for Materials, details of the chemical 
compositions, heat treatment and mechanical properties are 
to be submitted for approval. In such cases, the values of the 
mechanical properties used for deriving the allowable stress 
are to be subject to agreement by LR. 


1.8 Allowable stress 


1.8.1 The term ‘allowable stress’, o, is the stress to be 
used in the formulae for the calculation of scantlings of 
pressure parts. 


1.8.2 The allowable stress, o, is to be the lowest of the 
following values: 
E R20 SR 
o = Oo = 
1:5 2T 1,5 


where 
E = specified minimum lower yield stress or 0,2 per cent 
proof stress at temperature, 7, for carbon and 
carbon-manganese steels. In the case of austenitic 
steels, the 1,0 per cent proof stress at temperature, 
T, is to be used 
Ro9 = specified minimum tensile strength at room 
temperature 
Sp = average stress to produce rupture in 100 000 hours 
at temperature, T 
T = metal temperature, see 1.4. 
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1.8.3 The allowable stress for steel castings is to be 
taken as 80 per cent of the value determined by the method 
indicated in 1.8.2 using the appropriate values for cast steel. 


1.8.4 Where steel castings, which have been tested in 
accordance with the Rules for Materials are also subjected to 
non-destructive tests, consideration will be given to increasing 
the allowable stress using a factor up to 90 per cent in lieu of 
the 80 per cent referred to in 1.8.3. Particulars of the non- 
destructive test proposals are to be submitted for consideration. 


1.9 Joint factors 


1.9.1 The following joint factors are to be used in the 

equations in Sections 2 to 6, where applicable. Fusion welded 

pressure parts are to be made in accordance with Chapter 17. 
Class of pressure vessel Joint factor 


Class 1 1,0 

Class 2/1 0,85 
Class 2/2 0,75 
Class 3 0,60 


1.9.2 The longitudinal joints for all Classes of vessels are 

to be butt joints. Circumferential joints for Class 1 vessels are 

also to be butt welds. Circumferential joints for Classes 2/1, 

2/2 and 3 vessels should also be butt joints with the following 

exceptions: 

(a) Circumferential joints for Classes 2/1, 2/2 and 3 vessels 
may be of the joggle type provided neither plate at the 
joints exceeds 16 mm thickness. 

(b) Circumferential joints for Class 3 vessels may be of the 
lap type provided neither plate at the joint exceeds 
16 mm thickness nor the internal diameter of the vessel 
exceeds 610 mm. 

For typical acceptable methods of attaching flat ends, see 

Fig. 10.8.2 and Fig. 10.9.1 in Chapter 10. 

For typical acceptable methods of attaching dished ends, see 

Fig 11.8.1. 


1.9.3 Where a pressure vessel is to be made of alloy 
steel, particulars of the welding consumables to be used, 
including typical mechanical properties and chemical 
composition of the deposited weld metal, are to be submitted 
for approval. 


1.10 Pressure parts of irregular shape 


7.70.1 Where pressure parts are of such irregular shape 
that it is impracticable to design their scantlings by the 
application of the formulae in Sections 2 to 7, the suitability 
of their construction is to be determined by hydraulic proof 
test of a prototype or by an agreed alternative method. 
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1.11 Adverse working conditions 


1.11.1 Where working conditions are adverse, special 
consideration may require to be given to increasing the 
scantlings derived from the formulae. In this connection, 
where necessary, account should also be taken of any excess 
of loading resulting from: 

a) impact loads, including rapidly fluctuating pressures, 

b) weight of the vessel and normal contents under operating 
and test conditions, 

c) superimposed loads, such as other pressure vessels, 
operating equipment, insulation, corrosion-resistant or 
erosion-resistant linings and piping, 

d) reactions of supporting lugs, rings, saddles or other 
types of supports, or 

e) the effect of temperature gradients on maximum stress. 


m Section 2 
Cylindrical shells and drums 
subject to internal pressure 


2.1 Minimum thickness 


2.1.1 The minimum thickness, t, of a cylindrical shell is to 
be determined by the following formula: 
pR 
= ~———— +0,75 mm 
10s J-0,5p ` 
where 
t, p, R; and o are as defined in 1.2 
J_ = the joint factor of the longitudinal joints (expressed 
as a fraction). See 1.9 in the case of seamless 
shells clear of openings J = 1,0. 


2.1.2 The formula in 2.1.1 is applicable only where the 
resulting thickness does not exceed half the internal radius, 
i.e. where R, is not greater than 1,5R;. 


2.1.3 Irrespective of the thickness determined by the 


D; 
formula in 2.1.1, tis to be not less than 3 l 
eN * 7500 


mm, where 


D; is as defined in 1.2. The minimum thickness permitted for 
vessels manufactured in corrosion resistant steels will be the 
subject of special consideration. 


o Cross-references 


For efficiency of ligaments between tube holes, see 
Ch 10,2.2. 

For compensating effect of tube stubs, see Ch 10,2.3. 

For unreinforced openings, see Ch 10,2.4. 

For reinforced openings, see Ch 10,2.5. 
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oO Section 3 
Spherical shells subject to internal 
pressure 


3.1 Minimum thickness 


ror ia | The minimum thickness, t, of a spherical shell is to 
be determined by the following formula: 
R. 
= 2 9" _.. 40,75 mm 
20c J - 0,59 
where 
t, p, R;, o and J are as defined in 1.2. 


3.7.2 The formula in 3.1.1 is applicable only where the 
resulting thickness does not exceed half the internal radius. 


3.1.3 Irrespective of the thickness determined by the 
i 
1500 
D; is as defined in 1.2. The minimum thickness permitted for 


vessels manufactured in corrosion resistant steels will be the 
subject of special consideration. 


formula in 3.1.1, tis to be not less than 3 + mm, where 


3.1.4 Openings in spherical shells requiring compensation 
are to comply, in general, with Ch 10,2.5, using the calculated 
and actual thickness of the spherical shell as applicable. 


a Section 4 
Dished ends subject to internal 
pressure 


4.1 Minimum thickness 


4.1.1 The thickness, t, of semi-ellipsoidal and hemispheri- 
cal unstayed ends and the knuckle section of torispherical 
ends, dished from plate, having pressure on the concave side 
and satisfying the conditions listed below, is to be determined 
by the following formula: 


PDK 


i eso 


200 J 


+0,75 mm 


where 
t, p, Do, o and J are as defined in 1.2 
K = ashape factor, see Ch 10,4.2 and Fig. 10.4.1. 


4.1.2 For semi-ellipsoidal ends: 
the external height, H = 0,18D, 
where 


D, = the external diameter of the parallel portion of the 
end, in mm. 
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4.1.3 For torispherical ends: 
the internal radius, Rj < Do 
the internal knuckle radius, r; > 0,1D, 
the internal knuckle radius, r; = 3t 
the external height, H = 0,18D,, and is determined as 
follows: 


H =R- q (Ry - 0,5D,)(Ro + 0,5D, -= 2ro) 


4.1.4 In addition to the formula in 4.1.1 the thickness, t, 
of a torispherical head, made from more than one plate, in the 
crown section, is to be not less than that determined by the 
following formula: 

= i. +0,75 mm 

~ 206 J - 0,59 
where 

t, p, R, o, and J are as defined in 1.2. 


4.1.5 The thickness required by 4.1.1 for the knuckle 
section of a torispherical head is to extend past the common 
tangent point of the knuckle and crown radii into the crown 
section for a distance not less than 0,5 Rt mm, before 
reducing to the crown thickness permitted by 4.1.4 
where 

t = the required thickness from 4.1.1. 


4.1.6 In all cases, H is to be measured from the commence- 
ment of curvature, shown in Fig. 10.4.2, in Chapter 10. 


4.1.7 The minimum thickness of the head, t, is in no 
i 
1500 
1.2. The minimum thickness permitted for vessels manufac- 


tured in corrosion resistant steels will be the subject of special 
consideration. 


case to be less than 3 + mm, where D; is as defined in 


4.1.8 For ends which are butt welded to the drum shell, 
see 1.9, the thickness of the edge of the flange for connection 
to the shell is to be not less than the thickness of an 
unpierced seamless or welded shell, whichever is applicable, 
of the same diameter and material and determined by 2.1. 


oO Cross-references 


For shape factors for dished ends, see Ch 10,4.2. 

For dished ends with unreinforced openings, see Ch 10,4.3. 
For flanged openings in dished ends, see Ch 10,4.4. 

For location of unreinforced and flanged openings in dished 
ends, see Ch 10,4.5. 

For dished ends with reinforced openings, see Ch 10,4.6 and 4.7. 
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m Section 5 
Dished ends for Class 3 pressure 
vessels 


5.1 Minimum thickness 


5.1.1 As an alternative to the formula in 4.1.1, for Class 3 
vessels only, the minimum thickness, t, of a torispherical 
unstayed end dished from plate and having pressure on the 
concave or convex side is to be determined by the following 
formula: 

pF 

CS 


where 
t, p, and R; are as defined in 1.2 


C = 2,57 for ends concave to pressure 
= 1,65 for ends convex to pressure 
S = specified minimum tensile strength of plate, in 


N/mm2, which should be not less than 410 N/mm2. 


5.12 The inside radius of curvature, R;, of the end plate is 
to be not greater than the external diameter of the cylinder to 
which it is attached. 


5.1.3 The inside knuckle radius, n, of the arc joining the 
cylindrical flange to the spherical surface of the end is to be 
not less than four times the thickness of the end plate, and in 
no case less than 65 mm. 


5.1.4 Ends convex to pressure are not to be used for 
vessels exceeding 610 mm internal diameter. 


5.1.5 Where the end is provided with a flanged manhole, 
the thickness of the end, in mm, determined by 5.1.1, is to 
be increased by 3 mm, and the total depth, H, of the manhole 
flange, measured from the outer surface of the plate on the 
minor axis, is to be not less than: 


H =At,W 


where 
t4 = required thickness of the plate, in mm 
H = depth of flange, in mm 
W = minor axis of the manhole, in mm. 


a Section 6 
Conical ends subject to internal 
pressure 


6.1 General 
6.1.1 Conical ends and conical reducing sections, as 


shown in Fig. 10.5.1 in Chapter 10, are to be designed in 
accordance with the equations given in 6.2. 
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6.1.2 Connections between cylindrical shell and conical 
sections and ends should preferably be by means of a 
knuckle transition radius. Typical permitted details are shown 
in Fig. 10.5.1 in Chapter 10. Alternatively, conical sections and 
ends may be butt welded to cylinders without a knuckle 
radius when the change in angle of slope, y, between the two 
sections under consideration does not exceed 30°. 


6.7.3 Conical ends may be constructed of several ring 
sections of decreasing thickness as determined by the 
corresponding decreasing diameter. 


6.2 Minimum thickness 
6.2.1 The minimum thickness, t, of the cylinder, Knuckle 


and conical section at the junction and within the distance L 
from the junction is to be determined by the following formula: 


D,K 
2, Bee y 0,75 mm 
200 J 
where 
t, p, o and J are as defined in 1.2 
D, = outside diameter, in mm of the conical section or 
end, see Fig. 10.5.1 in Chapter 10 
K = a factor, taking into account the stress in the 
knuckle, see Table 10.5.1 in Chapter 10. 
6.2.2 If the distance of a circumferential seam from the 


knuckle or junction is not less than L, then J is to be taken as 
1,0; otherwise J is to be taken as the weld joint factor 
appropriate to the circumferential seam, 
where 
rf, = inside radius of transition knuckle, in mm, which is 
to be taken as 0,01D, in the case of conical sections 
without knuckle transition 
L = distance, in mm, from knuckle or junction within 
which meridional stresses determine the required 
thickness, see Fig. 10.5.1 in Chapter 10 


Dat 
= 0,5 0 
| cosy 


y = difference between angle of slope of two adjoining 
conical sections, see Fig. 10.5.1 in Chapter 10. 


6.2.3 The minimum thickness, t, of those parts of 
conical sections not less than a distance L from the junction 
with a cylinder or other conical section, is to be determined 
by the following formula: 


t acD ls 2078 m 
200oJ-p cosa 
where 
D, = inside diameter, in mm, of conical section or end at 
the position under consideration, see Fig. 10.5.1 in 
Chapter 10 


a, a409 = angle of slope of conical section (at the point under 
consideration) to the vessel axis, see Fig. 10.5.1 in 
Chapter 10. 


6.2.4 The thickness of conical sections having an angle 
of inclination to the vessel axis of more than 75° is to be 
determined as for a flat plate. 
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a Section 7 
Standpipes and branches 


7.1 Minimum thickness 


Lll The minimum wall thickness, t, of standpipes and 
branches is to be not less than the greater of the two values 
determined by the following formulae, making such additions 
as may be necessary on account of bending, static loads and 
vibrations: 
p Do 
~ 200+p 


t = 0,015D, +3,2 mm 
where 
t, p, Do and o are defined in 1.2. 
If the second formula applies, the thickness need only be 
maintained for a length, L, from the outside surface of the 
vessel, but need not extend past the first connection, butt 
weld or flange, where: 


L = 3,5\D,t mm 


+0,75 mm, or 


7.1.2 In no case need the wall thickness exceed the 
minimum shell thickness as required by 2.1, 3.1 or 4.1 as 
applicable. 


E Section 8 


Construction 
8.1 Access arrangements 
8.1.1 Pressure vessels are to be so made that the 


internal surfaces may be examined. Wherever practicable, the 
openings for this purpose are to be sufficiently large for 
access and for cleaning the inner surfaces. 


8.1.2 Manholes in cylindrical shells should preferably 
have their shorter axes arranged longitudinally. 


8.1.3 Doors for manholes and sightholes are to be 
formed from steel plate or of other approved construction, 
and all jointing surfaces are to be machined. 


8.1.4 Doors of the internal type are to be provided with 
spigots which have a clearance of not more than 1,5 mm all 
round, i.e. the axes of the opening are not to exceed those of 
the door by more than 3 mm. The width of the manhole 
gasket seat is not to be less than 16 mm. 


8.1.5 Doors of the internal type for openings not larger 
than 230 x 180 mm need be fitted with only one stud, which 
may be forged integral with the door. Doors for openings 
larger than 230 mm x 180 mm are to be fitted with two studs 
or bolts. The strength of the attachment to the door is not to 
be less than the strength of the stud or bolt. 


8.1.6 The crossbars or dogs for doors are to be of steel. 


8.1.7 External circular flat cover plates are to be in accor- 
dance with a Recognised Standard. 
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8.2 Torispherical and semi-ellipsoidal ends 


8.2.1 For typical acceptance types of attachment for 
dished ends to cylindrical shells, see Fig. 11.8.1. Types (d) 
and (e) are to be made a tight fit in the cylindrical shell. 


8.2.2 Where the difference in thickness is the same 
throughout the circumference, the thicker plate is to be 
reduced in thickness by machining to a taper for a distance 
not less than four times the offset, so that the two plates are 
of equal thickness at the position of the circumferential weld. 
A parallel portion may be provided between the end of the 
taper and the weld edge preparation; alternatively, if so 
desired, the width of the weld may be included as part of the 
smooth taper of the thicker plate. 


8.2.3 The thickness of the plates at the position of the 
circumferential weld is to be not less than that of an unpierced 
cylindrical shell of seamless or welded construction, which- 
ever is applicable, of the same diameter and material, see 2.1. 


E] Cross-references 


For hemispherical ends, see Ch 10,14.3. 

For openings in flat ends, see Ch 10,8.4. 

For unstayed circular flat end plates, see Ch 10,8.4. 

For welded-on flanges, butt joints and fabricated branch 
pieces, see Ch 10,14.4. 

For welded attachments to pressure vessels, see Ch 10,14.5. 
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E Section 9 
Mountings and fittings 
9.1 General 
9.1.1 Each pressure vessel or system is to be fitted with 
a stop valve situated as close as possible to the shell. 
9.1.2 Adequate arrangements are to be provided to 


prevent over-pressure of any part of a pressure vessel which 
can be isolated. Pressure gauges are to be fitted in positions 
where they can be easily read. 


9.1.3 Adequate arrangements are to be provided for 
draining and venting the separate parts of each pressure 


vessel. 

9.2 Receivers containing pressurised gases 

9.2.1 Each air receiver is to be fitted with a drain arrange- 
ment at its lowest part, permitting oil and water to be blown 
out. 


9.2.2 Each receiver which can be isolated from a relief 
valve is to be provided with a suitable fusible plug to 
discharge the contents in case of fire. The melting point of the 


fusible plug is to be approximately 150°C, see also 9.2.3 and 
9.2.4, 
ts or te i aaa ; ; PER 
16 mm maximum 9.2.3 Where a fixed system utilising fire-extinguishing gas 


is fitted, to protect a machinery space containing an air 
receiver(s), fitted with a fusible plug, it is recommended that 
the discharge from the fusible plug be piped to the open 
deck. 


L. 


| 9.2.4 Receivers used for the storage of air for the control 
l<—1 Ste 


of remotely operated valves are to be fitted with relief valves 
and not fusible plugs. 


Maximum diameter 
610 mm ` V Ate 


ts or te 16 mm maximum 


| 


o Cross-references 

ge 

For starting air pipe systems and safety fittings, see Ch 2,8. 
1,5tg va For mountings for liquefied gas vessels, see the Rules for 
Ships for Liquefied Gases. 


Maximum diameter 
610 mm 


tg or te 16 mm maximum 


Acceptable for 
All classes 


2/1, 2/2 and 3 


Class 3 only 


2665/23 


Fig. 11.8.1 
Typical attachment of dished ends to cylindrical shell 
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| Section 10 
Hydraulic tests 


10.1 General 


10.1.1 Pressure vessels covered by this Chapter are to be 
tested on completion to a pressure, py, determined by the 
following formula, without showing signs of weakness or 
defect: 


S50 t 
e432 —t_ 
Py or (t-0,75) © 


but in no case is to exceed 


= 1,5 t p 
(t - 0,75) 
where 

p = design pressure, in bar 
Pr = test pressure, in bar 

t = nominal thickness of shell as indicated on the plan, 

in mm 

ot = allowable stress at design temperature, in N/mm2 
osọ = allowable stress at 50°C, in N/mm2. 


10.2 Mountings 


10.2.1 Mountings are to be subjected to a hydraulic test 
of twice the approved design pressure. 


al Section 11 
Plate heat exchangers 


11.1 General 


11.1.1. Plate heat exchangers are to be classed as follows. 

Class 2 where either of the following conditions apply: 

(a) the maximum metal design temperature is 150°C or 
greater, or 

(b) design pressure is 17,2 bar or greater. 

Class 3 in all other cases. 


11.1.2 Where the design temperature is equal to or lower 
than minus 10°C, a higher class is to apply. 


Part 5, Chapter 11 


Sections 10 & 11 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Piping Design Requirements 


Section 

1 General 

2 Carbon and low alloy steels 

3 Copper and copper alloys 

4 Cast iron 

5 Plastics pipes 

6 Valves 

7 Flexible hoses 

8 Hydraulic tests on pipes and fittings 


9 Piping for LPG/LNG carriers, gas fuelled ships 
and classed refrigeration systems 


10 Austenitic stainless steels 


Appendix 
11 Guidance notes on metal pipes for water 
services 


a Section 1 
General 


1.1 Application 


1.1.1 The requirements of this Chapter apply to the 
design and construction of piping systems, including pipe 
fittings forming parts of such systems. 


1.1.2 The materials used for pipes, valves and fittings are 
to be suitable for the medium and the service for which the 
piping is intended. 


7.1.3 The piping systems for LPG and LNG carriers, gas 
fuelled ships and classed refrigeration systems are to comply 
with the relevant Sections of this Chapter where applicable 
and the additional requirements in Section 9 as well as the 
requirements contained in the Rules and Regulations for the 
Construction and Classification of Ships for the Carriage of 
Liquefied Gases in Bulk (hereinafter referred to as the Rules 
for Ships for Liquefied Gases). 


1.2 Design symbols 


1.2.1 The symbols used in this Chapter are defined as 
follows: 

a = percentage negative manufacturing tolerance on 

thickness 

c = corrosion allowance, in mm 

d = inside diameter of pipe, in mm, see 1.2.3 

e = weld efficiency factor, see 1.2.4 

p = design pressure, in bar (kgf/cm2), see 1.3 

Pp; = hydraulic test pressure, in bar (kgf/cm?) 
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t = the minimum thickness of a straight pipe, in mm, 
including corrosion allowance and negative tolerance, 
where applicable 

th = the minimum thickness of a straight pipe to be 
used for a pipe bend, in mm, including bending 
allowance, corrosion allowance and negative 
tolerance, where applicable 

D = outside diameter of pipe, in mm, see 1.2.2 

R = radius of curvature of a pipe bend at the centreline 
of the pipe, in mm 

T = design temperature, in °C, see 1.4 

o = maximum permissible design stress, in N/mm2 
(kgf/cm2). 


1.2.2 The outside diameter, D, is subject to manufacturing 
tolerances, but these are not to be used in the evaluation of 
formulae. 


1.2.3 The inside diameter, d, is not to be confused with 
nominal size, which is an accepted designation associated 
with outside diameters of standard rolling sizes. 


1.2.4 The weld efficiency factor, e, is to be taken as 1 for 
seamless and electric resistance and induction welded steel 
pipes. Where other methods of pipe manufacture are 
proposed, the value of e will be specially considered. 


1.3 Design pressure 


1.3.1 The design pressure, p, is the maximum permissible 
working pressure and is to be not less than the highest set 
pressure of the safety valve or relief valve. 


1.3.2 In water tube boiler installations, the design 
pressure for steam piping between the boiler and integral 
superheater outlet is to be taken as the design pressure of 
the boiler, i.e., not less than the highest set pressure of any 
safety valve on the boiler drum. For piping leading from the 
superheater outlet, the design pressure is to be taken as the 
highest set pressure of the superheater safety valves. 


1.3.3 The design pressure of feed piping and other piping 
on the discharge from pumps is to be taken as the pump 
pressure at full rated speed against a shut valve. Where a 
safety valve or other protective device is fitted to restrict the 
pressure to a lower value than the shut valve load, the design 
pressure is to be the highest set pressure of the device. 


1.3.4 For design pressure of steering gear components 
and piping, see Ch 19,3.1.5. 

1.4 Design temperature 

1.4.1 The design temperature is to be taken as the 


maximum temperature of the internal fluid, but in no case is it 
to be less than 50°C. 
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1.4.2 In the case of pipes for superheated steam, the 
temperature is to be taken as the designed operating steam 
temperature for the pipeline, provided that the temperature at 
the superheater outlet is closely controlled. Where temperature 
fluctuations exceeding 15°C above the designed temperature 
are to be expected in normal service, the steam temperature 
to be used for determining the allowable stress is to be 
increased by the amount of this excess. 


1.5 Classes of pipes 


7.5.1 Pressure piping systems are divided into three 
classes for the purpose of assigning appropriate testing 
requirements, types of joints to be adopted, heat treatment 
and weld procedure. 


1.5.2 Dependent on the service for which they are 
intended, Class II and Ill pipes are not to be used for design 
pressure or temperature conditions in excess of those shown 
in Table 12.1.1. Where either the maximum design pressure or 
temperature exceeds that applicable to Class Il pipes, Class 
| pipes are to be used. To illustrate this, see Fig. 12.1.1. 


Table 12.1.1 Maximum pressure and temperature 
conditions for Class II and III piping 


systems 


Class Il Class III 


Steam 


Thermal oil 


Flammable 
Liquids, see Note 1 


Other media 


Cargo oil 


NOTES 

1. Flammable liquids include: oil fuel, lubricating oil and 
flammable hydraulic oil. 

2. For grey cast iron, see also 4.2.2. 


7.5.3 In addition to the pressure piping systems in 
Table 12.1.1, Class Ill pipes may be used for open ended 
piping, e.g., overflows, vents, boiler waste steam pipes, open 
ended drains, etc. 


1.6 Materials 


1.6.1 Materials for ferrous castings and forgings of Class | 
and Class I| piping systems are to be produced at a works 
approved by Lloyd’s Register (hereinafter referred to as ‘LR’) 
and are in general to be tested in accordance with the Rules 
for the Manufacture, Testing and Certification of Materials 
(hereinafter referred to as the Rules for Materials). 
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Class | 


z Si 
e i 
PD 


1- ~ ' Class Ilr ` 


Pressure, P 


Class Ill 


Temperature, T 


NOTE 

T4 and P4 correspond to the maximum temperatures and 
pressures for a Class III piping system and T» and P» to those for 
a Class II piping system depending on the service. 


Fig. 12.1.1 Classes of piping system 


7.6.2 The Manufacturer’s materials certificate will be 
accepted in lieu of an LR materials certificate for Class Ill 
piping systems and for all other classes of piping and associ- 
ated components where the maximum design conditions are 
less than the values shown in Table 12.1.2. See Ch 1,3.1.3(c) 
of the Rules for Materials. 


Table 12.1.2 Maximum conditions for pipes, valves 
and fittings for which manufacturer’s 


materials test certificate is acceptable 


DN = nominal diameter, mm 
Pw = working pressure, bar 


Material 


When the working temperature is 
less than 300°C: 

Carbon and low alloy steel, 
austenitic stainless steel and cast 
iron (spheroidal or nodular) 


DN < 50 
or 


Pw X DN < 2500 


Copper alloy intended for a DN < 50 
working temperature of less than or 
200°C Pw X DN < 1500 


1.6.3 The manufacturer's certificate validated by LR for 
materials for ship-side valves and fittings and valves on the 
collision bulkhead equal to or less than 500 mm nominal 
diameter will be accepted in lieu of LR's materials certificate 
where the valves and fittings are in accordance with a 
recognised National Standard applicable to the intended 
application and are manufactured and tested in accordance 
with the appropriate requirements of the Rules for Materials. 
See Ch 1,3.1.3(6) of the Rules for Materials. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Piping Design Requirements 


a Section 2 
Carbon and low alloy steels 


2.1 Carbon and low alloy steel pipes, valves and 
fittings 
2.1.1 Materials for Class | and Class Il piping systems, 


also for ship-side valves and fittings and valves on the 
collision bulkhead, are to be manufactured and tested in 
accordance with the appropriate requirements of the Rules 
for Materials, see also 1.6. 


2.1.2 Materials for Class Ill piping systems are to be 
manufactured and tested in accordance with the require- 
ments of acceptable national specifications. Pipes having 
forge butt welded longitudinal seams are not to be used for oil 
fuel systems, for heating coils in oil tanks, or for pressures 
exceeding 4,0 bar (4,1 kgf/cm2). The manufacturer’s 
certificate will be acceptable and is to be provided for each 
consignment of material. See Ch 1,3.1.3(c) of the Rules for 
Materials. 


2.1.3 Steel pipes, valves and fittings may be used within 
the temperature limits indicated in Tables 12.2.1 and 12.2.2. 
Where rimming steel is used for pipes manufactured by 
electric resistance or induction welding processes, the design 
temperature is limited to 400°C, see Ch 6,3 of the Rules for 
Materials. 


2.2 Wrought steel pipes and bends 
2.2.1 The maximum permissible design stress, o, is to be 
taken as the lowest of the following values: 
1,6 27 1,6 
where 


E = specified minimum lower yield or 0,2 per cent proof 
stress at the design temperature; in the case of 
stainless steel, the 1,0 per cent proof stress at 
design temperature is to be used 

Rog = specified minimum tensile strength at ambient 
temperature 


Table 12.2.1 


Specified minimum 


Carbon and carbon-manganese steel pipes 


Part 5, Chapter 12 


Section 2 


Sp = average stress to produce rupture in 100 000 hours 
at the design temperature 

Values of the maximum permissible design stress, o, obtained 
from the properties of the steels specified in Chapter 6 of the 
Rules for Materials are shown in Tables 12.2.1 and 12.2.2. For 
intermediate values of specified minimum strengths and 
temperatures, values of the permissible design stress may be 
obtained by interpolation. 


2.2.2 Where it is proposed to use, for high temperature 
service, alloy steels other than those detailed in Table 12.2.2 
particulars of the tube sizes, design conditions and appropri- 
ate national or proprietary material specifications are to be 
submitted for consideration. 


2.2.8 The minimum thickness, t, of straight steel pipes is 
to be determined by the following formula: 


t =( pb +o) 100 mm 
200 € +p 100 -a 


(: Š (== + c) =e mm) 
20e+p 100-a 
where 
p, D, e and a are as defined in 1.2.1 
C is obtained from Table 12.2.3 
o is defined in 2.2.1 and obtained from Table 12.2.1 
or Table 12.2.2 

For pipes passing through tanks, an additional corrosion 
allowance is to be added to take account of external 
corrosion; the addition will depend on the external medium 
and the value is to be in accordance with Table 12.2.3. Where 
the pipes are efficiently protected, the corrosion allowance 
may be reduced by not more than 50 per cent. 


Maximum permissible stress, N/mm? (kgf/cm2) 


tensile strength, 
N/mm2 


Maximum design temperature, °C 


(kgf/mm?) 


100 


150 


200 


250 


300 


350 


400 


410 


320 
33) 


360 
37) 


410 
42) 


460 
47) 


490 
(50) 


105 
1070 
117 
1193 
131 
1336 
146 
1489 
156 
1591 


99 
(1010) 
110 
(1122) 
124 
(1264) 
139 
(1417) 
148 
(1509) 


92 
(938) 


103 
1050) 
117 
1193) 


132 
1346) 


141 
1438) 


78 
(795) 


91 
(928) 


106 
(1081) 


122 
(1244) 


131 
(1336) 


62 
(632) 


76 
(775) 


93 
(948) 


111 
(1132) 


121 
(1234) 


57 
(581) 


69 
(704) 


86 
(877) 


101 
(1030) 


111 
(1132) 


55 
(561) 


68 
(693) 
84 
(857) 


99 
(1010) 


109 
(1111) 


55 
561) 


68 
693) 


79 
806) 


98 
999) 


98 
999) 
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Table 12.2.2 Alloy steel pipes 


Specified Maximum permissible stress, N/mm2 (kgf/cm2) 
minimum 

tensile : ‘ 
strength, Maximum design temperature, °C 
N/mm2 
kgf/mm?) 100 200 300 350 400 440 450 460 470 


1 Cr 1⁄2 Mo 440 150 137 106 102 101 101 100 99 
46) (1530) (1397) (1081) (1040) (1030) (1030) (1020) (1010) 


21/4 Cr 1 Mo 10 67 57 47 45 44 43 43 42 
annealed | (683) (581) (479) (459) (449) (438) (438) (428) 


21/4 Cr 1 Mo 163 140 136 130 128 127 
normalised and (1662) (1428) (1387) (1326) (1305) (1295) 
tempered, 
see Note 1 


21/4 Cr 1 Mo 140 136 130 114 
normalised and (1428) (1387) (1326) (1162) 
tempered, 
see Note 2 


1/2 Cr 1/2 Mo 1⁄4 V 120 115 111 106 103 
(1224) (1173) (1132) (1081) (1050) 


Maximum design temperature, °C 


510 520 530 540 


1 Cr 1/2 Mo 97 91 76 62 51 42 
(775) (632) (520) (428) 


21/4 Cr 1 Mo 42 41 41 41 40 40 
annealed | (418) (418) (408) (408) 


21/4 Cr 1 Mo 96 86 76 67 58 49 
normalised and (979) (877) (775) (683) (591) (500) 
tempered, 
see Note 1 


21/4 Cr 1 Mo 96 88 79 72 64 56 49 
normalised and (979) (897) (806) (734) (653) (571) (500) 
tempered, 
see Note 2 


1/2 Cr 1/2 Mo 1⁄4 V 460 101 99 97 94 82 72 62 
(47) (1030) (1010) (989) (959) (836) (734) (632) 


NOTES 
1. Maximum permissible stress values applicable when the tempering temperature does not exceed 750°C. 
2. Maximum permissible stress values applicable when the tempering temperature exceeds 750°C. 


Table 12.2.3 Values of c for steel pipes 2.2.4 The minimum thickness, tp, of a straight steel pipe 
to be used for a pipe bend is to be determined by the following 
Piping service formula, except where it can be demonstrated that the use of 
a thickness less than tp would not reduce the thickness below 
t at any point after bending: 


to =f pp )(+ D +o] 100 mm 
200 e+) 2,5R 100-a 


allaa elena) 
a ——— ]{1 + —— Jee mm 
20e€+)p 2,5R 100-a 


where 
p, D, R, e and a are as defined in 1.2.1 
o and c are as defined in 2.2.3. In general, R is to be not 
less than 3D. 


Superheated steam systems 

Saturated steam systems 

Steam coil systems in cargo tanks 

Feed water for boilers in open circuit systems 
Feed water for boilers in closed circuit systems 
Blow down (for boilers) systems 
Compressed air systems 

Hydraulic oil systems 

Lubricating oil systems 

Oil fuel systems 

Cargo oil systems 

Refrigerating plants 

Fresh water systems 

Sea-water systems in general 


BOONHFOORFH]O0>NO0 
OMDWDOOWWOUTAAGWOAW 


4 LLOYp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Piping Design Requirements 


2.2.5 Where the minimum thickness calculated by 2.2.3 
or 2.2.4 is less than that shown in Table 12.2.4, the minimum 
nominal thickness for the appropriate standard pipe size 
shown in the Table is to be used. No allowance is required for 
negative tolerance, corrosion or reduction in thickness due to 
bending on this nominal thickness. For larger diameters, the 
minimum thickness will be considered. For threaded pipes, 
where permitted, the minimum thickness is to be measured 
at the bottom of the thread. 


2.2.6 For sounding pipes, except those for cargo tanks 
with cargo having a flash point of less than 60°C, the 
minimum thickness is intended to apply to the part outside 
the tank. 


2.2.7 For air, bilge, ballast, fuel, overflow, sounding and 
venting pipes as listed in Table 12.2.4, where the pipes are 
efficiently protected against corrosion, the thickness may be 
reduced by not more than 1 mm. 


2.2.8 The internal diameter for bilge, venting and over- 
flow pipes listed in Table 12.2.4 is to be not less than 50 mm. 
The internal diameter for sounding pipes is to be not less than 
32 mm. 


2.3 Pipe joints - General 
2.3.1 Joints in pressure pipelines may be made by: 


e — Screwed-on or welded-on bolted flanges, see 2.5 and 2.6. 


Table 12.2.4 Minimum thickness for steel pipes 


Part 5, Chapter 12 


Section 2 


e Butt welds between pipes or between pipes and valve 
chests or other fittings, see 2.6. 

Socket weld joints, see 2.8. 

Welded sleeve joints, see 2.9. 

Threaded sleeve joints, see 2.10. 

Special types of approved joints that have been shown 
to be suitable for the design conditions. Details are to be 
submitted for consideration. 


2.3.2 The dimensions and materials of flanges, gaskets 
and bolting, and the pressure — temperature rating of bolted 
flanges in pressure pipelines, are to be in accordance with 
National or other established Standards. 


2.3.3 With the welded pressure piping systems referred 
to in 2.3.1 it is desirable that a few flanged joints be provided 
at suitable positions to facilitate installation, cold ‘pull up’ and 
inspection at Periodical Surveys. 


2.3.4 Piping with joints is to be adequately adjusted, 
aligned and supported. Supports or hangers are not to be 
used to force alignment of piping at the point of connection. 


2.3.5 Pipes passing through, or connected to, watertight 
decks are to be continuous or provided with an approved 
bolted or welded connection to the deck or bulkhead. 


2.3.6 Consideration will be given to accepting joints in 


accordance with a recognised National Standard which is 
applicable to the intended service and media conveyed. 


Bilge, air, overflow 


External 
diameter, D, 
in mm 


Pipes in general, 
in mm 


Venting, overflow 
and sounding pipes 
for structural tanks, 

in mm 


Bilge, ballast 
and general 
sea-water pipes, 
in mm 


sounding pipes 
through ballast and 
fuel tanks, ballast 
lines through fuel 
tanks and fuel lines 
through ballast tanks, 
in mm 


Air, overflow and 
sounding pipes for 
fuel oil tanks passing 
through cargo 
holds of bulk 
carriers, in mm 


76,1-82,5 


88,9-108 
114,3-127 
133-139,7 
152,4-168,3 
177,8 


193,7 
219,1 
244,5-273 
298,5-368 
406,4-457,2 


NOTE 


The pipe diameters and wall thicknesses given in the Table are based on common International Standards. Diameter and thickness 


according to other National or International Standards will be considered. 
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2.4 Steel pipe flanges 


2.4.1 Flanges may be cut from plates or may be forged 
or cast. The material is to be suitable for the design tempera- 
ture. Flanges may be attached to the pipes by screwing and 
expanding or by welding. Alternative methods of flange 
attachment may be accepted provided details are submitted 
for consideration. 


2.4.2 Flange attachments to pipes and pressure — 
temperature ratings in accordance with National or other 
approved Standards will be accepted. 


2.5 Screwed-on flanges 


2.5.1 Where flanges are secured by screwing, as 
indicated in Fig. 12.2.1, the pipe and flange are to be screwed 
with a vanishing thread and the diameter of the screwed 
portion of the pipe over the thread is not to be appreciably 
less than the outside diameter of the unscrewed pipe. After 
the flange has been screwed hard home the pipe is to be 
expanded into the flange. 


S—— 


Fig. 12.2.1 Screwed-on flange 


2.5.2 The vanishing thread on a pipe is to be not less 
than three pitches in length, and the diameter at the root of 
the thread is to increase uniformly from the standard root 
diameter to the diameter at the top of the thread. This may 
be produced by suitably grinding the dies, and the flange 
should be tapered out to the same formation. 


2.5.3 Such screwed and expanded flanges may be used 
for steam for a maximum design pressure of 30,0 bar 
(30,5 kgf/cm?) and a maximum design temperature of 370°C 
and for feed for a maximum design pressure of 50 bar 
(51 kgf/cm2). 


2.6 Welded-on flanges, butt welded joints and 
fabricated branch pieces 


2.6.1 The types of welded-on flanges are to be suitable 
for the pressure, temperature and service for which the pipes 
are intended. 


Part 5, Chapter 12 


Section 2 


2.6.2 Typical examples of welded-on flange attachments 
are shown in Fig. 12.2.2, and limiting design conditions for 
flange types (a) to (f) are shown in Table 12.2.5. 


___ t but not less 
than 5mm 


___ t but not less 
than 5mm 


m T 
But not But not 


less than 5 mm less than 5 mm 


(b) (c) 


-—1,5t but not less 
than 5mm 


1,5t but not 
less than 5 mm 


— 1,5t but not 
less than 5 mm 


a 


1,5t but not 
less than 5 mm 


«>| t | 
a- — t 
m— 1,5 Mmm max. 


=J is mm max. 


(f) 3490/01 


Fig. 12.2.2 Typical welded-on flanges 


2.6.3 Butt welded joints are generally to be of the full 
penetration type and are to meet the requirements of 
Chapter 13 of the Rules for Materials. 
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Table 12.2.5 


Maximum temperature, 


Flange type 


Maximum pressure 


Limiting design conditions for flange types 


Part 5, Chapter 12 


Section 2 


Maximum pipe o.d., Minimum pipe bore, 
inmm inmm 


No restriction 


No restriction 


Pressure-temperature 
ratings to be in 
accordance with a 
Recognised Standard 


No restriction 


No restriction No restriction 


168,3 for alloy steels* No restriction 
168,3 for alloy steels* 75 
No restriction No restriction 


No restriction 75 


No restriction No restriction 


* No restriction for carbon steels 


2.6.4 Welded-on flanges are not to be a tight fit on the 
pipes. The maximum clearance between the bore of the flange 
and the outside diameter of the pipe is to be 3 mm at any point, 
and the sum of the clearances diametrically opposite is not to 
exceed 5 mm. 


2.6.5 Where butt welds are employed in the attachment 
of flange type (a), in pipe-to-pipe joints or in the construction 
of branch pieces, the adjacent pieces are to be matched at 
the bores. This may be effected by drifting, roller expanding or 
machining, provided that the pipe wall is not reduced below 
the designed thickness. If the parts to be joined differ in wall 
thickness, the thicker wall is to be gradually tapered to the 
thickness of the thinner at the butt joint. The welding necks 
of valve chests are to be sufficiently long to ensure that the 
valves are not distorted as the result of welding and 
subsequent heat treatment of the joints. 


2.6.6 Where backing rings are used with flange type (a) 
they are to fit closely to the bore of the pipe and should be 
removed after welding. The rings are to be made of the same 
material as the pipes or of mild steel having a sulphur content 
not greater than 0,05 per cent. 


2.6.7 Branches may be attached to pressure pipes by 
means of welding provided that the pipe is reinforced at the 
branch by a compensating plate or collar or other approved 
means, or, alternatively, that the thickness of pipe and branch 
is increased to maintain the strength of the pipe. These 
requirements also apply to fabricated branch pieces. 


2.6.8 Welding may be carried out by means of the 
shielded metal arc, inert gas metal arc, oxy-acetylene or other 
approved process, but in general oxy-acetylene welding is 
suitable only for flange type (a) and is not to be applied to 
pipes exceeding 100 mm diameter or 9,5 mm thick. The 
welding is to be carried out in accordance with the appropriate 
paragraphs of Chapter 17. 


2.7 Loose flanges 
2.7.1 Loose flange designs as shown in Fig. 12.2.3 may 


be used provided they are in accordance with a recognised 
National or International Standard. 


(a) (b) 


Fig. 12.2.3 Loose flange arrangements 


2.7.2 Loose flange designs where the pipe end is flared 
as shown in Fig 12.2.3(b) are only to be used for water pipes 
and on open ended lines. 


2.8 Socket weld joints 


2.8.1 Socket weld joints may be used in Class III systems 
with carbon steel pipes of any outside diameter. Socket weld 
fittings are to be of forged steel and the material is to be 
compatible with the associated piping. In particular cases, 
socket welded joints may be permitted for piping systems of 
Class | and Il having outside diameter not exceeding 
88,9 mm. Such joints are not to be used where fatigue, severe 
erosion or crevice corrosion is expected to occur or where 
toxic or asphyxiating media are conveyed, other than for 
carbon dioxide fire-extinguishing distribution piping, see also 
Ch 10,14.4.9. 


2.8.2 The thickness of the socket weld fittings is to meet 
the requirements of 2.2.3 but is to be not less than 1,25 times 
the nominal thickness of the pipe or tube. The diametrical 
clearance between the outside diameter of the pipe and the 
bore of the fitting is not to exceed 0,8 mm, and a gap of 
approximately 1,5 mm is to be provided between the end of 
the pipe and the bottom of the socket. See also Ch 13,5.2.9 
of the Rules for Materials. 
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2.8.3 The leg lengths of the fillet weld connecting the 
pipe to the socket weld fitting are to be such that the throat 
dimension of the weld is not less than the nominal thickness 
of the pipe or tube. 


2.8.4 Socket weld joints may be used in carbon dioxide 
fire-extinguishing system distribution piping only as permitted 
by 2.14. 


2.9 Welded sleeve joints 


2.9.1 Welded sleeve joints may be used in Class Ill 
systems with carbon steel pipes of any outside diameter. In 
particular cases, welded sleeve joints may be permitted for 
piping systems of Class | and II having outside diameter not 
exceeding 88,9 mm. Such joints are not to be used where 
fatigue, severe erosion or crevice corrosion is expected to 
occur or where toxic or asphyxiating media, other than for 
carbon dioxide fire-extinguishing distribution piping, are 
conveyed. 


2.9.2 Welded sleeve joints are not to be used in the 

following locations: 

e Bilge pipes in way of deep tanks. 

e Cargo oil piping outside of the cargo area for bow or 
stern loading/discharge. 

e Air and sounding pipes passing through cargo tanks. 


2.9.3 Welded sleeve joints may be used in piping systems 
for the storage, distribution and utilisation of oil fuel, lubricating 
or other flammable oil systems in machinery spaces provided 
they are located in readily visible and accessible positions. See 
also Ch 14,2.9.2. 


2.9.4 Welded sleeve joints may be used in carbon diox- 
ide fire-extinguishing system distribution piping only as 
permitted by 2.14. 


2.9.5 Welded sleeve joints are not to be used at 
deck/bulkhead penetrations that require continuous pipe 
lengths. 


2.9.6 The thickness of the sleeve is to satisfy the require- 
ments of 2.2.3 and Table 12.2.4 but is to be not less than 
1,42 times the nominal thickness of the pipe in order to satisfy 
the throat thickness requirement in 2.9.7. The radial clearance 
between the outside diameter of the pipe and the internal 
diameter of the sleeve is not to exceed 1 mm for pipes up to 
a nominal diameter of 50 mm, 2 mm on diameters up to 
200 mm nominal size and 3 mm for larger size pipes. The pipe 
ends are to be separated by a clearance of approximately 
2mm at the centre of the sleeve. Alternatively, consideration 
will be given to sleeve thickness in accordance with a relevant 
National Standard 


2.9.7 The sleeve material is to be compatible with the 
associated piping and the leg lengths of the fillet weld 
connecting the pipe to the sleeve are to be such that the 
throat dimension of the weld is not less than the nominal 
thickness of the pipe or tube. 


| 2.9.8 


Part 5, Chapter 12 


Section 2 


The minimum length of the sleeve is to conform to 
the following formula: 


Ly =0,14D+ 36mm 


where 
Lsi is the length of the sleeve 
D is defined in 1.2.1. 


2.10 Threaded sleeve joints 

2.10.1. Threaded sleeve joints, in accordance with National 
or other established Standards, may be used with carbon 
steel pipes within the limits given in Table 12.2.6. Such joints 
are not to be used where fatigue, severe erosion or crevice 
corrosion is expected to occur or where flammable or toxic 
media is conveyed. 


Table 12.2.6 Limiting design conditions for 


threaded sleeve joints 


Outside pipe diameter, in mm 


Thread type 


Class | Class Il Class Ill 


<33,7 <60,3 


Tapered thread 


<60,3 


Parallel thread <60,3 


2.11 Screwed fittings 

2.11.1 Screwed fittings, including compression fittings, of 
an approved type may be used in piping systems for pipes 
not exceeding 51 mm outside diameter. Where the fittings are 
not in accordance with an acceptable standard then LR may 
require the fittings to be subjected to special tests to 
demonstrate their suitability for the intended service and 
working conditions. 


2.12 Other mechanical couplings 

2.12.1 Pipe unions, compression couplings, or slip-on 
joints, as shown in Fig. 12.2.4, may be used if Type Approved 
for the service conditions and the intended application. The 
Type Approval is to be based on the results of testing of the 
actual joints. The acceptable use for each service is indicated 
in Table12.2.7 and dependence upon the Class of piping, with 
imiting pipe dimensions, is indicated in Table 12.2.8. 


2.12.2 Where the application of mechanical joints results 
in a reduction in pipe wall thickness due to the use of bite type 
rings or other structural elements, this is to be taken into 
account in determining the minimum wall thickness of the 
pipe to withstand the design pressure. 


2.12.3 Construction of mechanical joints is to prevent the 
possibility of tightness failure affected by pressure pulsation, 
piping vibration, temperature variation and other similar 
adverse effects occurring during operation on board. 


2.12.4 Materials of mechanical joints are to be compatible 
with the piping material and internal and external media. 
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Pipe Unions 


Compression Couplings 


Flared 
Type 


Examples of mechanical joints (see continuation) 


2.12.5 Mechanical joints for pressure pipes are to be 
tested to a burst pressure of 4 times the design pressure. For 
design pressures above 200 bar the required burst pressure 
will be specially considered. 


2.12.6 |n general, mechanical joints are to be of fire 
resistant type where required by Table 12.2.7. 


2.12.7 | Mechanical joints, which in the event of damage 
could cause fire or flooding, are not to be used in piping 
sections directly connected to the sea openings or tanks 
containing flammable fluids. 


2.12.8 The mechanical joints are to be designed to 
withstand internal and external pressure as applicable and 
where used in suction lines are to be capable of operating 
under vacuum. 


2.12.9 Generally, slip-on joints are not to be used in 
pipelines in cargo holds, tanks, and other spaces which are 
not easily accessible. Application of these joints inside tanks 
may only be accepted where the medium conveyed is the 
same as that in the tanks. 


2.12.10 Unrestrained slip-on joints are only to be used in 
cases where compensation of lateral pipe deformation is 
necessary. Usage of these joints as the main means of pipe 
connection is not permitted. 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Piping Design Requirements 


Slip-on Joints 
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Grip Type 


Machine 


We D 


mS 


PLZZ ZT LA 


Slip Type 


E {ALLA ALLS) 


ae 


N, 


Fig. 12.2.4 Examples of mechanical joints (conclusion) 


2.12.11 Restrained slip-on joints are permitted in steam 
pipes with a design pressure of 10 bar or less on the weather 
decks of oil and chemical tankers to accommodate axial pipe 
movement, see Ch 13,2.7. 


2.12.12 Mechanical joints are to be tested in accordance 
with a program approved by LR, which is to include the 
following tests as relevant to the service conditions and the 
intended application: 

e — leakage test; 

e vacuum test (where necessary); 

e vibration (fatigue) test; 


fire endurance test (where necessary); 

burst pressure test; 

pressure pulsation test (where necessary); 

assembly test (where necessary); 

pull out test (where necessary); 

static displacement/misalignment test (where necessary). 


10 
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Table 12.2.7 Application of mechanical joints 


Kind of connections 


Systems 


Pipe unions Compression couplings (6) Slip-on joints 


Flammable fluids (Flash point <60°) 

Cargo oil lines +5 
Crude oil washing lines +5 
Vent lines +3 


Inert gas 

Water seal effluent lines 
Scrubber effluent lines 
Main lines 

Distribution lines 


Flammable fluids (Flash point > 60°) 
Cargo oil lines 

Fuel oil lines 

Lubricating oil lines 

Hydraulic oil 

Thermal oil 


Sea-water 

Bilge lines 

Fire main and water spray 
Foam system 

Sprinkler system 

Ballast system 

Cooling water system 
Tank cleaning services 
on-essential systems 


++ tee tet 


Fresh water 

Cooling water system 
Condensate return 
Non-essential system 


Sanitary/Drains/Scuppers 

Deck drains (internal) 

Sanitary drains 

Scuppers and discharge (overboard) 


Sounding/vent 
Water tanks/Dry spaces 
Oil tanks (f.p.> 60°C) 


Miscellaneous 
Starting/Control air (1) 
Service air (non-essential) 
Brine 

CO» system 

Steam 


KEY 
+ Application is allowed 
— Application is not allowed 


NOTES 
Inside machinery spaces of Category A — only approved fire resistant types. 

2. Not inside machinery spaces of Category A or accommodation spaces. May be accepted in other machinery spaces provided the 
joints are located in easily visible and accessible positions. 

3. Approved fire resistant types. Fire resistant type is a type of connection which, when installed in the system and in the event of failure 
caused by fire, the failure would not result in fire spread, flooding or the loss of an essential service. 
Above freeboard deck only. 
In pump rooms and open decks — only approved fire resistant types. 
If compression couplings include any components which are sensitive to heat, they are to be of approved fire resistant type as required 
for slip-on joints. 
See 2.12.11. 
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Types of joints 
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Application of mechanical joints depending on class of piping 


Classes of piping systems 


Class | 


Class Il Class Ill 


Pipe unions 
Welded and brazed type 


+(OD < 60,3 mm) 


+(OD < 60,3 mm) 


Compression couplings 
Swage type 

Bite type 

Flared type 


+ 
+(OD < 60,3 mm) 
+(OD < 60,3 mm) 
Press type - 


+ 
+(OD < 60,3 mm) 
+(OD < 60,3 mm) 


Slip-on joints 
Machine grooved type 
Grip type 

Slip type 


KEY 
+ Application is allowed 
— Application is not allowed 


2.13 Non-destructive testing 


2.13.1 For details of non-destructive tests on piping 
systems, other than hydraulic tests, see Chapter 13 of the 
Rules for Materials. 


2.14 Carbon dioxide (CO,) fire-extinguishing 
system piping 


2.14.1 The piping for carbon dioxide fire-extinguishing 
systems is to comply with the requirements of Chapter 5 of 
the FSS Code, as applicable. For purposes of Classification, 
any use of the word ‘Administration’ in the Regulation is to be 
taken to mean LR. 


2.14.2 Materials for the distribution manifolds between the 
carbon dioxide storage bottles and the discharge valves to 
each section and associated pipes, valves and fittings of high 
pressure systems are to be manufactured and tested in 
accordance with the requirements for Class | piping systems. 
Pipes are to meet the minimum wall thickness requirements of 
Table 12.2.9 and the manifold system is to be hydraulically 
tested to a pressure of 190 bar. A high pressure system is 
defined as a system where the carbon dioxide is stored at 
ambient temperature. 

Materials for the distribution manifolds between the carbon 
dioxide storage vessel(s) and the discharge valves to each 
section and associated pipes, valves and fittings of low pres- 
sure systems are to be manufactured and tested in 
accordance with the requirements for Class II piping systems 
and the manifold system is to be hydraulically tested to a 
pressure of 33 bar. A low pressure system is defined as a 
system where the carbon dioxide is stored at a working pres- 
sure in the range of 1,8 N/mm2 to 2,2 N/mm2. 


2.14.3 Piping downstream of the distribution valve(s) for 
high pressure systems is to be manufactured and tested in 
accordance with the requirements for Class II piping and is to 
meet the minimum wall thickness requirements of Table 
12.2.4. After installation the distribution system is to be leak 
tested at a pressure of 6 bar. 


Piping downstream of the distribution valve(s) for low pressure 
systems is to be manufactured and tested in accordance with 
the requirements for Class Ill piping. After installation the 
distribution system is to be leak tested at a pressure of 6 bar. 
Class Ill piping may be used for open ended distribution 
piping downstream of the distribution valve(s) of high pres- 
sure systems where agreed by LR and where meeting the 
minimum wall thickness requirements of Table 12.2.4 and 
where a minimum of ten per cent of the piping is hydraulically 
tested at a pressure of 125 bar. This testing is to be carried 
out before installation. 


2.14.4 Any part of the carbon dioxide fire-extinguishing 
system piping is to be of galvanised steel or of corrosion- 
resistant steel. Where full penetration butt welding is used, 
the pipe is to be protected against corrosion in the area of the 
weld seam after welding. The process for protecting the pipe 
internally against corrosion is to be of an approved type. 

All pipes are to be arranged to be self-draining. Where pipes 
are to be led into refrigerated spaces, this is subject to special 
consideration. The ends of distribution pipes downstream of 
the distribution valve(s) are to extend at least 50 mm beyond 
the last nozzle and are to be fitted with a dirt trap consisting 
of an open ended tee with a capped nipple. 


2.14.5 If it is necessary for carbon dioxide pipes to pass 
through accommodation spaces, the pipe is to be seamless 
and is to meet the requirements for Class II pipes. Joints are 
to be made only by welding and the pipes are to be hydrauli- 
cally tested after installation at a pressure of 50 bar. 


2.14.6 — The following means are permitted for making joints 

on carbon dioxide fire-extinguishing system piping; 

(a) Full penetration butt welding, where the pipe is 
galvanised, see 2.14.4. 

(b) Couplings as permitted by Table 12.2.7. 

c) Cone connections. 

(d) Tapered screw joints, where allowed by 2.14.10 and 
where meeting the requirements of 2.14.10. 

(e) Flanged joints. 

(f) Socket weld joints to acceptable National Standards and 
where allowed by 2.14.7 and where meeting the 
requirements of 2.14.9. 
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(g) Welded sleeve joints may be used where allowed by 
2.14.8 and where meeting the requirements of 2.14.9. 


2.14.7 Socket weld joints of an approved type may be 
used downstream of the distribution valve(s), provided that 
the requirements for materials and limitations on outside 
diameter applicable for Class II piping are applied. 


2.14.8 Welded sleeve joints of an approved type may be 
used within the protected space, provided that the requirements 
for materials and limitations on outside diameter applicable 
for Class II piping are applied. 


2.14.9 Where socket weld joints or welded sleeve joints 
are utilised, the pipes in way of the welded joints are to be 
adequately supported and the joints are to be located where 
they are visible. Where welding is to be carried out in situ, the 
piping is to be kept clear of adjacent structures to allow sufficient 
access for preheating and welding, which is to be carried out 
in accordance with approved procedures. 


2.14.10 Threaded joints are only allowed inside the 
protected spaces and in carbon dioxide bottles storage 
rooms. They should have no exposed screw threads and any 
sealing medium should be selected as to ensure no protrusions 
or debris might be produced in the pipe. 


a Section 3 
Copper and copper alloys 


3.1 Copper and copper alloy pipes, valves and 
fittings 
3.1.1 Materials for Class | and Class Il piping systems, 


also for ship-side valves and fittings and valves on the 
collision bulkhead, are to be manufactured and tested in 
accordance with the requirements of Chapter 9 of the Rules 
for Materials, see also 1.6. 


3.1.2 Materials for Class IIl piping systems are to be 
manufactured and tested in accordance with the requirements 
of acceptable National Specifications. The manufacturer’s 
certificate will be acceptable and is to be provided for each 
consignment of material. See Ch 1,3.1.3(c) of the Rules for 
Materials. 


3.1.3 Pipes are to be seamless, and branches are to be 
provided by cast or stamped fittings, pipe pressings or other 
approved fabrications. 


3.1.4 Brazing and welding materials are to be suitable for 
the operating temperature and for the medium being carried. 
All brazing and welding are to be carried out to the satisfac- 
tion of the Surveyors. 


3.1.5 In general, the maximum permissible service 
temperature of copper and copper alloy pipes, valves and 
fittings is not to exceed 200°C for copper and aluminium 
brass, and 300°C for copper-nickel. Cast bronze valves and 
fittings complying with the requirements of Chapter 9 of the 
Rules for Materials may be accepted up to 260°C. 


Part 5, Chapter 12 


Sections 2 & 3 


3.1.6 The minimum thickness, t, of straight copper and 
copper alloy pipes is to be determined by the following 
formula: 


( pD ) 100 
b S +C mm 
200 +p 100-a 


( pD ) 100 ) 
+C mm 
20 +p 100 -a 


p, D and a are as defined in 1.2.1 
c = corrosion allowance 
= 0,8 mm for copper, aluminium brass, and copper- 
nickel alloys where the nickel content is less than 
10 per cent 
= 0,5 mm for copper-nickel alloys where the nickel 
content is 10 per cent or greater 
= O where the media are non-corrosive relative to the 
pipe material 
o = maximum permissible design stress, in N/mm2 
(kgf/cm2), from Table 12.3.1. Intermediate values of 
stresses may be obtained by linear interpolation. 


AT 
~ 
| 


3.1.7 The minimum thickness, tp, of a straight seamless 
copper or copper alloy pipe to be used for a pipe bend is to 
be determined by the formula below, except where it can be 
demonstrated that the use of a thickness less than t, would 
not reduce the thickness below t at any point after bending: 


Ie lo + )( ) | -a 


p, D, Rand a are as defined in 1.2.1 
c and c are as defined in 3.1.6. In general, R is to be not 
less than 3D. 


+ 
on 
ll 


3.1.8 Where the minimum thickness calculated by 3.1.6 
or 3.1.7 is less than shown in Table 12.3.2, the minimum 
nominal thickness for the appropriate standard pipe size 
shown in the Table is to be used. No allowance is required for 
negative tolerance or reduction in thickness due to bending on 
this nominal thickness. For threaded pipes, where permitted, 
the minimum thickness is to be measured at the bottom of 
the thread. 


3.2 Heat treatment 


3.2.1 Pipes which have been hardened by cold bending 
are to be suitably heat treated on completion of fabrication 
and prior to being tested by hydraulic pressure. Copper pipes 
are to be annealed and copper alloy pipes are to be either 
annealed or stress relief heat treated. 
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Sections 3 & 4 


Table 12.3.1 Copper and copper alloy pipes 


Specified 
minimum 
tensile 
strength, 


N/mm? 
(kgf/mm?) 75 100 125 150 175 200 225 


Permissible stress, N/mm?2 (kgf/cm?) 


Condition 
of supply 


Pipe 


material Maximum design temperature, °C 


Copper l 220 41,2 
22 420) 


Aluminium 320 78,5 
brass 33 800) 


90/10 Copper- 270 68,6 
nickel-iron 28 700) 


70/30 Copper- 360 79,4 
nickel 37 810) 


40,2 
(410 


78,5 
(800 


67,7 
(690 


77,5 
(790 


40,2 34,3 
(410) (350 


78,5 78,5 
(800) (800 


65,7 63,7 
(670) (650 


75,5 73,5 
(770) (750 


27,5 18,6 
(280) (190) 


51,0 24,5 
(520) (250) 


61,8 58,8 
(630) (600) 


71,6 69,6 
(730) (710) 


55,9 
(570) 


67,7 
(690) 


52,0 48,1 44,1 
(530) (490) (450) 


65,7 63,7 61,8 
(670) (650) (630) 


Table 12.3.2 Minimum thickness for copper and 


copper alloy pipes 


Minimum overriding 


Standard pipe sizes nominal thickness, in mm 


(outside diameter), 


Copper Copper alloy 


1,0 
1,2 
1,5 
2,0 
2,5 
3,0 
3,5 
4,0 
4,5 


PVONN=Z==O0 
ownovnounino w 


m Section 4 
Cast iron 


4.1 Spheroidal or nodular graphite cast iron 


4.1.1 Spheroidal or nodular graphite iron may be 
accepted for bilge, ballast and cargo oil piping. 


4.1.2 Spheroidal or nodular graphite iron castings for 
pipes, valves and fittings in Class Il and Class Ill piping 
systems are to be made in a grade having a specified mini- 
mum elongation not less than 12 per cent on a gauge length 
of 5,654/S, , where S, is the actual cross-sectional area of 
the test piece. 


4.1.3 Castings for Class Il systems, also for ship-side 
valves and fittings and valves on the collision bulkhead, are 
to be manufactured and tested in accordance with the 
requirements of Chapter 7 of the Rules for Materials. 


4.1.4 Castings for Class Ill systems are to comply with 
the requirements of acceptable national specifications. A 
manufacturer’s certificate will be accepted and is to be 
provided for each consignment of material for Class Ill 
systems, see a/so 1.6 and Ch 1,3.1.3(c) of the Rules for 
Materials. 


4.1.5 Proposals for the use of this material in Class | 
piping systems will be specially considered, but in no case is 
the material to be used in systems where the design temper- 
ature exceeds 350°C. 


4.1.6 Where the elongation is less than the minimum 
required by 4.1.2, the material is, in general, to be subject to 
the same limitations as grey cast iron. 


4.2 Grey cast iron 


4.2.1 Grey cast iron pipes, valves and fittings will, in 
general, be accepted in Class III piping systems except as 
stated in 4.2.3. 


4.2.2 Grey cast iron is not to be used for pipes, valves 
and other fittings handling media having temperatures above 
220°C or for piping subject to pressure shock, excessive 
strains or vibrations. 


4.2.3 Grey cast iron is not to be used for the following: 

e Pipes for steam systems and fire extinguishing systems. 

e Pipes, valves and fittings for boiler blow-down systems 

and other piping systems subject to shock or vibration. 

Ship-side valves and fittings, see Ch 13,2.5. 

Valves fitted on the collision bulkhead, see Ch 13,3.5. 

Bilge lines in tanks. 

Pipes and fittings in flammable oil systems where the 

design pressure exceeds 7 bar or the design operating 

temperature is greater than 60°C. 

e Valves fitted to tanks containing flammable oil under 
static pressure. 

e Valve chests and fittings for starting air systems, see 
Ch 2,8.3.4. 


4.2.4 Castings for Class Ill piping systems are to comply 
with acceptable National Specifications. 
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a Section 5 
Plastics pipes 


5.1 General 


5.1.1 Proposals to use plastics pipes in shipboard piping 
systems will be considered in relation to the properties of the 
materials, the operating conditions, the intended service and 
location. Details are to be submitted for approval. Special 
consideration will be given to any proposed service for 
plastics pipes not mentioned in these Rules. 


S312. Attention is also to be given to the Guidelines for 
the Application of Plastic Pipes on Ships contained in IMO 
Resolution A.753(18). 


5.7.3 Plastics pipes and fittings will, in general, be accepted 
in Class Ill piping systems. Proposals for the use of plastics in 
Class | and Class II piping systems will be specially considered. 


5.1.4 For Class |, Class Il and any Class Ill piping systems 
for which there are Rule requirements, the pipes are to be of 
a type which has been approved by LR. 


5.1.5 For domestic and similar services where there are 
no Rule requirements, the pipes need not be of a type which 
has been approved by LR. However, the fire safety aspects 
as referenced in 5.4, are to be considered. 


5.1.6 The use of plastics pipes may be restricted by 
statutory requirements of the National Authority of the 
country in which the ship is to be registered. 


5.2 Design and performance criteria 


5.2.1 Pipes and fittings are to be of robust construction 
and are to comply with a National or other established 
Standard, consistent with the intended use. Particulars of 
pipes, fittings and joints are to be submitted for considera- 
tion. 


5.2.2 The design and performance criteria of all piping 
systems, independent of service or location, are to meet the 
requirements of 5.3. 


5.2.3 Depending on the service and location, the fire 
safety aspects are to meet the requirements of 5.4. 


5.2.4 Plastics piping, connections and fittings are to be 
electrically conductive when: 

(a) carrying fluids capable of generating electrostatic charges. 
(o) passing through hazardous zones and spaces, regard- 

less of the fluid being conveyed. 

Suitable precautions against the build up of electrostatic 
charges are to be provided in accordance with the require- 
ments of 5.5, see also Pt 6, Ch 2,1.138. 


Part 5, Chapter 12 


Section 5 


5.3 Design strength 


5.3.1 The strength of pipes is to be determined by hydro- 
static pressure tests to failure on representative sizes of pipe. 
The strength of fittings is to be not less than the strength of 
the pipes. 


5.3.2 The nominal internal pressure, PN, of the pipe is to 
be determined by the lesser of the following: 


Pst 
N; < = 
PIN 4 
Pit 
Ni < — 
PN $ g5 
where 
Pst = short term hydrostatic test failure pressure, in bar 
Py = long term hydrostatic test failure pressure 


(100 000 hours), in bar 
Testing may be carried out over a reduced period of time using 
suitable Standards, such as ASTM D2837 and D1598. 


5.3.3 The nominal external pressure, DNe, of the pipe, 
defined as the maximum total of internal vacuum and external 
static pressure head to which the pipe may be subjected, is to 
be determined by the following: 


Pool 
N, < <= 
PNe 3 
where 
Poot = pipe collapse pressure, in bar 


The pipe collapse pressure is not to be less than 3 bar. 


5.3.4 Piping is to meet these design requirements over the 
range of service temperature it will experience. 


5.3.5 High temperature limits and pressure reductions 
relative to nominal pressures are to be according to a 
recognised standard, but in each case the maximum working 
temperature is to be at least 20°C lower than the minimum 
temperature of deflection under load of the resin or plastics 
material without reinforcement. The minimum heat distortion 
temperature is not to be less than 80°C, see also Ch 14,4 of 
the Rules for Materials. 


5.3.6 Where it is proposed to use plastics piping in low 
temperature services, design strength testing is to be made at 
a temperature 10°C lower than the minimum working temper- 
ature. 


5.3.7 For guidance, typical temperature and pressure 
limits are indicated in Tables 12.5.1 and 12.5.2. The Tables are 
related to water service only. Transport of chemicals or other 
media is to be considered on a case by case basis. 


5.3.8 The selection of plastics materials for piping is to 
take account of other factors such as impact resistance, 
ageing, fatigue, erosion resistance, fluid absorption and 
material compatibility such that the design strength of the 
piping is not reduced below that required by these Rules. 


5.3.9 Design strength values may be verified experimen- 
tally or by a combination of testing and calculation methods. 
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Table 12.5.1 


Nominal 


Part 5, Chapter 12 


Section 5 


Typical temperature and pressure limits for thermoplastic pipes 


Maximum permissible working pressure, bar 


Material pressure, 
bar -20 to 0°C 


10 
16 


ABS 10 
16 


HDPE 10 
16 


40°C 50°C 60°C 


Abbreviations 
PVC Polyvinyl chloride 

ABS Acrylonitrile — butadiene — styrene 
HDPE High density polyethylene 


Table 12.5.2 
pipes 


Minimum heat Nominal 
distortion pressure, 


Typical temperature and pressure limits for glassfibre reinforced epoxy (GRE) and polyester (GRP) 


Maximum permissible working pressure, bar 


temperature bar 


of resin -50 to 30°C 50°C 


60°C 70°C 80°C 


80°C 


E grea 
ok 
oO 


ges. cok 
loon e) loon e) look e) 


be k 
loon e) loon e) OA 


r E A 
i k i 


5.4 Fire performance criteria 


5.4.1 Where plastics pipes are used in systems essential 
to the safe operation of the ship, or for containing combustible 
liquids or sea-water where leakage or failure could result in 
fire or in the flooding of watertight compartments, the pipes 
and fittings are to be of a type which have been fire endurance 
tested in accordance with the requirements of Table 12.5.3. 


5.4.2 Where a fire protective coating of pipes and fittings 
is necessary for achieving the fire endurance standards 
required, the coating is to be resistant to products likely to 
come into contact with the piping and be suitable for the 
intended application. 


5.5 Electrical conductivity 


5.5.1 Where a piping system is required to be electrically 
conductive for the control of static electricity, the resistance 
per unit length of the pipe, bends, elbows, fabricated branch 
pieces, etc., is not to exceed 0,1 MQ/m, see also 5.2.4. 


5.5.2 Electrical continuity is to be maintained across the 
joints and fittings and the system is to be earthed, see also 
Pt 6, Ch 2,1.13. The resistance to earth from any point in the 
piping system is not to exceed 1 MQ. 


5.6 Manufacture and quality control 


5.6.1 All materials for plastics pipes and fittings are to be 
approved by LR, and are in general to be tested in 
accordance with Ch 14,4 of the Rules for Materials. For pipes 
and fittings not employing hand lay up techniques, the hydro- 
static pressure test required by Ch 14,4.9 of the Rules for 
Materials may be replaced by testing carried out in accor- 
dance with the requirements stipulated in a National or 
International Standard, consistent with the intended use for 
which the pipe or fittings are manufactured, provided there is 
an effective quality system in place complying with the 
requirements of Ch 14,4.4 of the Rules for Materials and the 
testing is completed to the satisfaction of the LR Surveyor. 


5:0-2 The material manufacturer’s test certificate, based 
on actual tested data, is to be provided for each batch of 
material. 


5.6.3 Plastics pipes and fittings are to be manufactured 
at a works approved by LR in accordance with agreed 
quality control procedures which shall be capable of detecting 
at any stage (e.g., incoming material, production, finished 
article, etc.) deviations in the material, product or process. 
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Section 5 


5.6.4 Plastics pipes are to be manufactured and tested 
in accordance with Ch 14,4 of the Rules for Materials. For 
Class Ill piping systems the pipe manufacturer’s test 
certificate may be accepted in lieu of an LR Certificate and is 
to be provided for each consignment of pipe. 


5.7 Installation and construction 


5:721 All pipes are to be adequately but freely supported. 
Suitable provision is to be made for expansion and contraction 
to take place without unduly straining the pipes. 


5.7.2 Pipes may be joined by mechanical couplings or by 
bonding methods such as welding and laminating. 


5.7.3 Where bonding systems are used, the manufac- 
turer or installer shall provide a written procedure covering all 
aspects of installation, including temperature and humidity 
conditions. The bonding procedure is to be approved by LR. 


5.7.4 The person carrying out the bonding is to be 
qualified. Records are to be available to the Surveyor for each 
qualified person showing the bonding procedure and 
performance qualification, together with dates and results of 
the qualification testing. 


5.7.5 In the case of pipes intended for essential services 
each qualified person is, at the place of construction, to make 
at least one test joint, representative of each type of joint to be 
used. The joined pipe section is to be tested to an internal 
hydrostatic pressure of four times the design pressure of the 
pipe system and the pressure held for not less than one hour, 
with no leakage or separation of joints. The bonding procedure 
test is to be witnessed by the Surveyor. 


5.7.6 Conditions during installation, such as temperature 
and humidity, which may affect the strength of the finished 
joints, are to be in accordance with the agreed bonding 
procedure. 


SAL The required fire endurance level of the pipe is to be 
maintained in way of pipe supports, joints and fittings, including 
those between plastics and metallic pipes. 


5.7.8 Where piping systems are arranged to pass 
through watertight bulkheads or decks, provision is to be 
made for maintaining the integrity of the bulkhead or deck by 
means of metallic bulkhead, or deck, pieces. The bulkhead 
pieces are to be protected against corrosion, and so 
constructed to be of a strength equivalent to the intact bulk- 
head; attention is drawn to 5.7.1, see also Ch 13,2.4.1. 
Details of the arrangements are to be submitted for approval. 


5.7.9 Where a piping system is required to be electrically 
conductive, for the control of static electricity, continuity is to 
be maintained across the joints and fittings, and the system is 
to be earthed, see also Pt 6, Ch 2,1.13. 


Fire endurance requirements (conclusion) 
Scuppers serving open decks in positions 1 and 2, as defined in regulation 13 of the International Convention on Load Lines, 1966, should be ‘X’ throughout unless fitted at the upper end with 


the means of closing capable of being operated from a position above the freeboard deck in order to prevent downflooding. 


Where non-metallic piping is used, remotely controlled valves to be provided at ship’s side (valve is to be controlled from outside space). 
For essential services, such as oil fuel tank heating and ship’s whistle, ‘X’ is to replace ‘O’. 


Remote closing valves to be provided at the cargo tanks. 
For tankers where compliance with MARPOL Annex |, Regulation 19.3.6 is required, ‘N/A’ is to replace ‘O’. 


When controlling functions are not required by the Rules or statutory requirements, ‘O’ may replace ‘L1’. 
Air and sounding pipes on open deck are to be of substantial construction, see Ch 13,10.2.2. 


For pipe between machinery space and deck water seal, ‘O’ may replace ‘L1’. 


When cargo tanks contain flammable liquids with f.p. > 60°C, ‘0’ may replace ‘N/A’ or X. 
For passenger vessels, ‘X’ is to replace ‘L1’. 


For drains serving only the space concerned, ‘O’ may replace ‘L1’. 


5.8 Testing 


Table 12.5.3 
NOTES 
10. 


11. 


5.8.1 The hydraulic testing of pipes and fittings is to be 
in accordance with Section 8. 


1 
2 
8 
4 
5. 
6 
7 
8 
9 
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5.8.2 Where a piping system is required to be electrically 
conductive, tests are to be carried out to verify that the 
resistance to earth from any point in the system does not 
exceed 1 MQ, see also Pt 6, Ch 2,21.2.3. 


m Section 6 
Valves 


6.1 Design requirements 


6.1.1 The design, construction and operational capability 
of valves is to be in accordance with an acceptable National 
or International Standard appropriate to the piping system. 
Where valves are not in accordance with an acceptable 
standard, details are to be submitted for consideration. Where 
valves are fitted, the requirements of 6.1.2 to 6.1.8 are to be 
satisfied. 


6.1.2 Valves are to be made of steel, cast iron, copper 
alloy, or other approved material suitable for the intended 
purpose. 


6.1.3 Valves having isolation or sealing components 
sensitive to heat are not to be used in spaces where leakage 
or failure caused by fire could result in fire spread, flooding or 
the loss of an essential service. 


6.1.4 Where valves are required to be capable of being 
closed remotely in the event of fire, the valves, including their 
control gear, are to be of steel construction or of an accept- 
able fire tested design. 


6.1.5 Valves are to be arranged for clockwise closing and 
are to be provided with indicators showing whether they are 
open or shut unless this is readily obvious. Legible name- 
plates are to be fitted. 


6.1.6 Valves are to be so constructed as to prevent the 
possibility of valve covers or glands being slackened back or 
loosened when the valves are operated. 


6.1.7 Valves are to be used within their specified pressure 
and temperature rating for all normal operating conditions, 
and are to be suitable for the intended purpose. 


6.1.8 Valves intended for submerged installation are to 
be suitable for both internal and external media. Spindle sealing 
is to prevent ingress of external media at the maximum 
external pressure head expected in service. 


E Section 7 
Flexible hoses 


7.1 General 
7.1.1 A flexible hose assembly is a short length of 


metallic or non-metallic hose normally with prefabricated end 
fittings ready for installation. 
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7.1.2 For the purpose of approval for the applications in 
7.2, details of the materials and construction of the hoses, 
and the method of attaching the end fittings together with 
evidence of satisfactory prototype testing, are to be submitted 
for consideration. 


7.1.3 The use of hose clamps and similar types of end 
attachments are not be used for flexible hoses in piping 
systems for steam, flammable media, starting air systems or 
for sea-water systems where failure may result in flooding. In 
other piping systems, the use of hose clamps may be accepted 
where the working pressure is less than 5 bar and provided 
that there are two clamps at each end connection. 


7.1.4 Flexible hoses are to be limited to a length necessary 
to provide for relative movement between fixed and flexibly 
mounted items of machinery/equipment or systems. 


7.1.5 Flexible hoses are not to be used to compensate 
for misalignment between sections of piping. 


7.1.6 Flexible hose assemblies are not to be installed 
where they may be subjected to torsional deformation (twisting) 
under normal operating conditions. 


7.1.7 The number of flexible hoses in piping systems 
mentioned in this Section is to be kept to a minimum and to 
be limited for the purpose stated in 7.2.1. 


7.1.8 Where flexible hoses are intended for conveying 
flammable fluids in piping systems that are in close proximity 
to hot surfaces, electrical installation or other sources of 
ignition, the risk of ignition due to failure of the hose assembly 
and subsequent release of fluids is to be mitigated as far as 
practicable by the use of screens or other suitable protection. 


7.1.9 Flexible hoses are to be installed in clearly visible 
and readily accessible locations. 


7.1.10 The installation of flexible hose assemblies is to be 

in accordance with the manufacturer's instructions and use 

limitations with particular attention to the following: 

(a) Orientation. 

(b) End connection support (where necessary). 

(c) Avoidance of hose contact that could cause rubbing and 
abrasion. 

(d) Minimum bend radii. 


7.1.11 Flexible hoses are to be permanently marked by the 
manufacturer with the following details: 

a) Hose manufacturer's name or trademark. 

b) Date of manufacture (month/year). 

c) Designation type reference. 

d) Nominal diameter. 

e) Pressure rating 

f) Temperature rating. 

Where a flexible hose assembly is made up of items from 
different manufacturers, the components are to be clearly 
identified and traceable to evidence of prototype testing. 
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7.2 Applications 


7.2.1 Short joining lengths of flexible hoses complying 
with the requirements of this Section may be used, where 
necessary, to accommodate relative movement between 
various items of machinery connected to permanent piping 
systems. The requirements of this Section may also be 
applied to temporarily-connected flexible hoses or hoses of 
portable equipment. 


7.2.2 Rubber or plastics hoses, with integral cotton or 
similar braid reinforcement, may be used in fresh and sea- 
water cooling systems. In the case of sea-water systems, 
where failure of the hoses could give rise to the danger of 
flooding, the hoses are to be suitably enclosed, as indicated 
in Ch 13,2.7. 


7.2.3 Rubber hoses, with single, double or more closely 
woven integral wire braid or other suitable material reinforce- 
ment, or convoluted metal pipes with wire braid protection, 
may be used in bilge, ballast, compressed air, fresh water, 
sea-water, oil fuel, lubricating oil, Class III steam, hydraulic 
and thermal oil systems. Flexible hoses of plastics materials 
for the same purposes, such as Teflon or Nylon, which are 
unable to be reinforced by incorporating closely woven 
integral wire braid are to have suitable material reinforcement 
as far as practicable. Where rubber or plastics hoses are used 
for oil fuel supply to burners, the hoses are to have external 
wire braid protection in addition to the integral wire braid. 
Flexible hoses for use in steam systems are to be of metallic 
construction. 


7.2.4 Flexible hoses are not to be used in high pressure 
fuel oil injection systems. 


7.2.5 The requirements in this Section for flexible hose 
assemblies are not applicable to hoses intended to be used in 
fixed fire-extinguishing systems. 


7.3 Design requirements 


7.3.1 Flexible hose assemblies are to be designed and 
constructed in accordance with recognised National or 
International Standards acceptable to LR. 


7.3.2 Flexible hoses are to be complete with approved 
end fittings in accordance with manufacturer's specification. 
End connections which do not have flanges are to comply 
with 2.12 as applicable and each type of hose/fitting 
combination is to be subject to prototype testing to the same 
standard as that required by the hose with particular 
reference to pressure and impulse tests. 


7.3.3 Flexible hose assemblies intended for installation in 
piping systems where pressure pulses and/or high levels of 
vibration are expected to occur in service, are to be designed 
for the maximum expected impulse peak pressure and forces 
due to vibration. The tests required by 7.4 are to take into 
consideration the maximum anticipated in-service pressures, 
vibration frequencies and forces due to installation. 
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7.3.4 Flexible hose assemblies constructed of non- 
metallic materials intended for installation in piping systems 
for flammable media, and sea-water systems where failure 
may result in flooding, are to be of fire-resistant type. Fire 
resistance is to be demonstrated by testing to ISO 15540 and 
ISO 15541. 


7.3.5 Flexible hose assemblies are to be suitable for the 
intended location and application, taking into consideration 
ambient conditions, compatibility with fluids under working 
pressure and temperature conditions consistent with the 
manufacturer's instructions and any other applicable require- 
ments in the Rules. 


7.4 Testing 


7.4.1 Acceptance of flexible hose assemblies is subject 
to satisfactory prototype testing. Prototype test programmes 
for flexible hose assembles are to be submitted by the 
manufacturer and are to be sufficiently detailed to demon- 
strate performance in accordance with the specified 
Standards. 


7.4.2 For a particular hose type complete with end 

fittings, the tests, as applicable, are to be carried out on 

different nominal diameters for pressure, burst, impulse and 

fire resistance in accordance with the requirements of the 

relevant Standard. The following Standards are to be used as 

applicable: 

° SO 6802 - Rubber and plastics hoses and hose 

assemblies with wire reinforcements - Hydraulic 

impulse test with flexing. 

° SO 6803 - Rubber or plastics hoses and hose 

assemblies — Hydraulic-pressure impulse test without 

flexing. 

° SO 15540 - Ships and marine technology - Fire 

resistance of hose assemblies — Test methods. 

° SO 15541 - Ships and marine technology - Fire 

resistance of hose assemblies — Requirements for test 

bench. 

° SO 10380 - Pipework - Corrugated metal hoses and 
hose assemblies. 

Other Standards may be accepted where agreed by LR. 


7.4.3 All flexible hose assemblies are to be satisfactorily 

prototype burst tested to an International Standard* to 

demonstrate they are able to withstand a pressure of not less 

than four times the design pressure without indication of 

failure or leakage. 

NOTE 

* The International Standards, e.g., EN or SAE for burst test- 
ing of non-metallic hoses, require the pressure to be 
increased until burst without any holding period at 4 x 
Maximum Working Pressure. 
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a Section 8 
Hydraulic tests on pipes and 
fittings 


8.1 Hydraulic tests before installation on board 


8.1.1 All Class | and Il pipes and their associated fittings 
are to be tested by hydraulic pressure to the Surveyor’s 
satisfaction. Further, all steam, feed, compressed air and oil 
fuel pipes, together with their fittings, are to be similarly tested 
where the design pressure is greater than 7,0 bar. The test is to 
be carried out after completion of manufacture and before 
installation on board and, where applicable, before insulating 
and coating. 


8.1.2 Where the design temperature does not exceed 
300°C, the test pressure is to be 1,5 times the design 
pressure, as defined in 1.3. 


8.1.3 Where testing of systems or sub-systems following 
final assembly is specified, in addition to the requirements of 
8.1.2 the lowest applicable pressure as defined in this sub- 
Section is to be used for testing. 


6.1.4 For steel pipes and integral fittings for use in 

systems where the design temperature exceeds 300°C, the 

test pressure is to be as follows: 

(a) For carbon and carbon-manganese steel pipes, the test 
pressure is to be twice the design pressure, as defined in 
1.3. 

(b) For alloy steel pipes, the test pressure is to be deter- 
mined by the following formula, but need not exceed 2p: 


oO 
p, = 15 a p bar (kgf/cm?) 


where 
P+ and p are as defined in 1.2.1 
o = permissible stress for the design temperature, in 
N/mm? (kgf/cm2), as stated in Table 12.2.2 
S190 = permissible stress for 100°C, in N/mm? (kgf/cm2), 
as stated in Table 12.2.2. 


8.1.5 Where alloy steels not included in Table 12.2.2 are 
used, the permissible stresses will be specially considered, 
as indicated in 2.2.2. 


8.1.6 Consideration will be given to the reduction of the 
test pressure to not less than 1,50, where it is necessary to 
avoid excessive stress in way of bends, branches, etc. 


8.1.7 Valves and fittings non-integral with the piping 
system, intended for Classes | and Il, are to be tested in 
accordance with recognised standards, but to not less than 
1,5 times the design pressure. Where design features are 
such that modifications to the test requirements are 
necessary, alternative proposals for hydraulic tests are to be 
submitted for special consideration. 


8.1.8 For requirements relating to valves and cocks 
intended to be fitted on the ship's side below the load water 
line, see Ch 13,2.5.10. 


8.1.9 In no case is the membrane stress to exceed 
90 per cent of the yield stress at the testing temperature. 
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8.2 Testing after assembly on board 


8.2.1 Heating coils in tanks, gas fuel and oil fuel piping 
are to be tested by hydraulic pressure, after installation on 
board, to 1,5 times the design pressure but in no case to less 
than 4 bar (4,1 kgf/cm2). 


8.2.2 Where pipes specified in 8.1.1 are butt welded 
together during assembly on board, they are to be tested by 
hydraulic pressure in accordance with the requirements of 8.1 
after welding. The pipe lengths may be insulated, except in 
way of the joints made during installation and before the 
hydraulic test is carried out. 


8.2.3 The hydraulic test required by 8.2.2 may be 
omitted provided non-destructive tests by ultrasonic or radio- 
graphic methods are carried out on the entire circumference 
of all butt welds with satisfactory results. Where ultrasonic 
tests have been carried out, the manufacturer is to provide 
the Surveyor with a signed statement confirming that 
ultrasonic examination has been carried out by an approved 
operator and that there were no indications of defects which 
could be expected to have a prejudicial effect on the service 
performance of the piping. 


8.2.4 Where bilge pipes are accepted in way of double 
bottom tanks or deep tanks, see Ch 13,7.9 and 7.10, the 
pipes after fitting are to be tested by hydraulic pressure to the 
same pressure as the tanks through which they pass. 


| Cross-reference 


See also Ch 13,2.10 for testing after installation. 


E Section 9 
Piping for LPG/LNG carriers, gas 
fuelled ships and classed 
refrigeration systems 


9.1 Scope 


9.1.1 This Section is applicable to piping systems installed 

in LPG/LNG carriers, gas fuelled ships and classed refrigeration 

systems for the following pipes and piping system components: 

a) Pipework - stainless steel, carbon steel and copper. 

b) Valves - normal and cryogenic service (below minus 
55°C). 

c) Bellows — normal and cryogenic service (below minus 
55°C). 

d) Pipe fittings - elbows, reducers, tee connections, etc. 

e) Ancillary fittings —- weldolets, threadolets, thermo- 
pockets. 
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9.1.2 The following piping systems are covered by this 

Section: 

(a) LPG/LNG cargo systems — normal cargo operations. 

(b) LPG/LNG cargo systems — cargo gas to reliquefaction 
system. 

(c) LNG cargo systems - gas burning and use of cargo as 
fuel. 

(d) LNG Regasification system — high and low pressure. 

(e) Cargo Reliquefaction system — nitrogen or mixed refrigerant. 

(f) Refrigeration - independent plant used in cascade 
systems. 

(g) Gas storage and supply systems for gas fuelled ships. 


9.2 Application 


9.2.1 The requirements of this Section apply to pipes 
and piping system components, such as valves, elbows and 
bellows, which are to be used on gas carriers, gas fuelled 
ships or classed _ refrigeration/reliquefaction systems. The 
requirements are also applicable to other gas cargo services 
such as regasification systems and gas combustion units, 
and are in addition to those contained in both the Rules for 
Ships for Liquefied Gases and relevant Sections of this 
Chapter where appropriate. 


9.3 Classes of pipe 


9.3.1 The material requirements for piping systems vary 
depending on the Class of the piping system. The Class of 
the piping system is dependent on the design pressure or 
temperature of the system and the pipe material used as 
shown in Table 12.1.1. 


9.3.2 Table 12.1.1 piping systems containing LPG/LNG, 
cargo or fuel gas as the conveyed medium are to be treated 
as ‘Flammable liquids’. These piping systems are to be 
categorised as Class Il. Vapour lines are also to be 
categorised as Class Il systems but the upper limit on 
pressure may be increased to 40 bar in accordance with the 
‘Other media’. Where higher design pressures are applied, 
such as in a regasification system, liquid lines above 16 bar 
and vapour lines above 40 bar are to be categorised as 
Class |. All open ended pipes, such as vent lines and pipes 
inside the cargo tanks may be categorised as Class Ill. 


9.3.3 For reliquefaction and refrigeration systems 
Table 12.1.1 is to be applied. Nitrogen and non-toxic or non- 
flammable refrigerants are to be considered under the ‘Other 
media’ heading. Refrigeration systems containing ammonia 
are to be considered as Class | systems irrespective of the 
operational pressure. 


9.4 Materials 


9.4.1 Stainless steel pipes, valves and fittings for welded 
fabrication are to be grades 304L, 316L, 321 or 347 in 
accordance with Ch 6,5 of the Rules for Materials. For non- 
welded fabrications the grades 304 and 316 may be 
accepted. 
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9.4.2 The materials used in Class | and Class Il systems 
are to be produced at a works approved by LR. Testing is to 
be in accordance with the Rules for Materials and Tables 6.1 
and 6.4 in chapter 6 of the Rules for Ships for Liquefied 
Gases. 


9.4.3 For stainless steel pipes, valve castings and 
forgings intended for service temperatures down to minus 
55°C, a LR materials certificate is required unless 

e DN <50 or 

e  DN<150 and DN x P <2500 

where a manufacturer's material certificate is acceptable. 


9.4.4 For pipe systems operating at cryogenic temperatures 
lower than minus 55°C, a LR materials certificate is required. 


9.5 Valves and piping components independent of 
temperature 
9.5.1 For valves and piping components fitted in the 


cargo piping system of LPG/LNG gas carriers, each type of 
valve and piping component is to have evidence of satisfactory 
type testing. 


9.6 Valves for cryogenic temperature service 


9.6.1 Each size and type of valve intended to be used at 
a working temperature below -55°C shall be approved 
through design appraisal and prototype testing. 


9.6.2 The tightness test required by 5.3.2.1 of the Rules 
for Ships for Liquefied Gases is to be conducted in accordance 
with a recognised National or International Code or Standard. 


9.7 Valves for refrigeration service 


9:7-1 For valves intended for installation in a refrigeration 
system with a nominal diameter equal to or less than 
150mm, a manufacturer's certificate is acceptable. The 
certificate is to include details of the maximum working 
pressure and test pressure, and sufficient information for the 
LR Surveyor to assess the suitability of the equipment for the 
intended use. Each size and type of valve is to be supplied 
with its own certificate and is to be signed by a responsible 
person in the manufacturer's quality control department. 


9.7.2 Valves with nominal diameters above 150 mm are 
to be supplied with a LR materials certificate in accordance 
with the Rules for Materials. 


9.7.3 Where valves are fitted to pressure vessels, the 
requirements of Chapters 10 and 11 are applicable for the 
Class of pressure vessel. Mountings for liquefied gas pressure 
vessels are to comply with the Rules for Ships for Liquefied 
Gases. Any acceptance of manufacturer's certification in other 
Sections of this Chapter is not applicable to the valves fitted to 
pressure vessels in chapters 10 and 11 of the Rules for Ships 
for Liquefied Gases. 
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9.7.4 Any valve fitted directly onto a pressure vessel is to 
be considered a mounting and is required to be hydraulically 
pressure tested to twice the approved design pressure. See 
Ch 11,10.2.1. 


9.8 Expansion bellows 


9.8.1 The following plans and particulars are to be 

submitted: 

(a) Dimensioned drawings of each type of bellows. 

(b) Design calculations to show that the bellows are suitable 
for the intended design conditions, carried out to EJMA 
(Expansion Joint Manufacturers Association) standards 
(latest edition) or equivalent. 

(c) A proposed prototype test program covering the tests 
detailed in 5.3.2.2 of the Rules for Ships for Liquefied 
Gases. 

(d) Calculations to EJMA standards may be accepted, 
together with sample testing detailed above, in order to 
cover the entire size range for the type. 


9.8.2 In accordance with 5.3 of the Rules for Ships for 
Liquefied Gases, the requirements for type testing in 9.8.3 to 
9.8.7 are to be performed on each type of expansion 
bellows intended for use on LPG/LNG piping. 


9.8.3 For each type of expansion bellows, an element of 
the bellows, not pre-compressed, is to be pressure tested at 
not less than five times the design pressure without bursting. 
This test is to be conducted at room temperature on each 
‘type’ of element and need not be the complete bellows unit. 
A test on one element can cover other sized bellows with the 
same cross-sectional bellows form. The design pressure is to 
be at least 10 bar; bellows fitted to safety valves and vent 
lines may have a minimum design pressure of 5 bar in 
accordance with 5.2.3.3 of the Rules for Ships for Liquefied 
Gases. The required test duration is not to be less than 
5 minutes. 


9.8.4 A pressure test is to be performed on each type of 
expansion joint complete with all the accessories such as 
flanges, stays and articulations, at twice the design pressure 
at the extreme displacement conditions recommended by the 
manufacturer without permanent deformation. The test is to 
be undertaken at the minimum design temperature, unless 
the bellows material is stainless steel for which this test may 
be carried out at ambient temperature. The test duration is to 
be 30 minutes unless otherwise agreed with LR. 


9.8.5 A cyclic thermal movement test, replicating the 
cooling down and warming up cycle which occurs during 
cargo loading and discharge, is to be performed on a 
complete expansion joint, by the application of representative 
external deflection resulting in bellow movement. This is to 
successfully withstand at least as many cycles, under the 
conditions of pressure, temperature, axial movement, 
rotational movement and transverse movement, as it will 
encounter in actual service. The number of cycles is to be 
estimated by the builder and depends on the ship’s intended 
trading pattern and life expectancy. As a minimum, testing to 
7000 cycles is to be carried out. The test is to be carried out 
at between 2-5 cycles per second. Testing at ambient 
temperature is permitted when this testing is at least as 
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severe as testing at the service temperature. The maximum 
movements on the horizontal and vertical axis are to be 
provided by the builders and obtained from their stress 
analysis; however, the test can be extended to any value 
which is greater than that expected, or to the maximum 
deflection for which the bellows unit is suitable. Movements in 
the test need not be in both horizontal and vertical directions; 
but the horizontal-vertical box diagonal distance may be 
used. NDE testing is required after cyclic testing. 


9.8.6 A cyclic fatigue test, representing ship deformation, 
is to be performed on a complete expansion joint, without 
internal pressure, by simulating the bellows movement 
corresponding to a compensated pipe length, for at least 
2,000,000 cycles at a frequency not higher than 5 cycles per 
second. The test may be waived if the piping arrangement, 
experiences ship deformation loads. NDE is required after 
cyclic testing. 


9.8.7 The cyclic thermal movement test and cyclic fatigue 
test may be waived by LR if satisfactory documentation is 
provided to establish the suitability of the expansion joints to 
withstand the expected working conditions. Where the 
maximum internal pressure exceeds 1,0 bar gauge, this 
documentation is to include sufficient test data to justify the 
design method used, with particular reference to correlation 
between calculation and test results. 


9.9 Pressure testing of piping and other piping 
components 
9.9.1 Pressure testing is to be undertaken in accordance 


with specific Rule requirements relating to the system in 
which the component is to be located. 


9.9.2 The duration for which pressure tests are to be 
held is to be in conjunction with an applicable and recognised 
code or standard acceptable to LR. 


9.10 Equipment documentation 


9.10.1 A certificate is required for each piping component 
supplied to be fitted in a Class | or Class Il system. This 
certification is required for each size and type of equipment 
delivered. A single certificate may cover a number of valves, 
provided that they are of the same type and size, and serial 
numbers have been included on the certificate. If the piping 
components are part of a system fitted to a skid or packaged 
unit, then the complete skid may be supplied with a single 
certificate stating that the package has been constructed 
using approved materials, approved and tested in accordance 
with LR Rule requirements. 
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9.11 Relief valves for LPG/LNG cargo and deck 
tanks 


9.11.1 Relief valves fitted to cargo tanks and deck tanks 

are to be of a type tested design. Type testing is to include: 

e flow or capacity verification to a recognised Standard 
acceptable to the Administration; 

e — cryogenic testing when operating at design tempera- 
tures colder than minus 55°C; 

e seat tightness testing to a recognised Standard or 
manufacturers’ procedure acceptable to the Administration; 
and 

° pressure testing of pressure-containing parts to at least 
1,5 times the design pressure. 


9.11.2 The materials used for construction of relief valves 
fitted to cargo tanks and deck tanks are to be produced in a 
works approved by LR and be provided with a Lloyd's 
Register Material Certificate. 


Es Section 10 
Austenitic stainless steels 


10.1 Pipe thickness 


10.1.1. The minimum thickness of austenitic stainless steel 
pipes is to be determined from the formula given in 2.2.1 and 
either 2.2.3 or 2.2.4 using a corrosion allowance of 0,8 mm. 
Values of 1,0 per cent proof stress and tensile strength of the 
material for use in the formula in 2.2.1 may be obtained from 
Table 6.5.2 in Chapter 6 of the Rules for Materials. 


10.1.2 Where stainless steel is used in lubricating oil, 
hydraulic oil and refrigeration systems, the corrosion 
allowance may be reduced to O mm. For pipes passing 
through tanks, an additional corrosion allowance is to be 
added to take account of external corrosion; the addition will 
depend on the external medium and the value is to be in 
accordance with Table 12.2.3. Where he pipes are efficiently 
protected, the corrosion allowance may be reduced by not 
more than 50 per cent. 


10.1.3. In no case is the thickness of austenitic stainless 
steel pipes to be less than that shown in Table 12.10.1. 


Table 12.10.1 Minimum thickness for austenitic 


stainless steel pipes 


Standard pipe sizes (outside diameter) Min. thickness 
in mm in mm 


10,2 to 17,2 1,0 
21,3 to 48,3 1,6 
60,3 to 88,9 2,0 


114,3 to 168,3 2,3 
219,1 2,6 
273,0 2,9 

323,9 to 406,4 3,6 

over 406,4 4,0 
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H Section 11 
Guidance notes on metal pipes for 
water services 


11.1 General 


11.1.1 These guidance notes, except where it is specifi- 
cally stated, apply to sea-water piping systems. 


11.1.2 In addition to the selection of suitable materials, 
careful attention should be given to the design details of the 
piping system and the workmanship in fabrication, 
construction and installation of the pipework in order to obtain 
maximum life in service. 


11.2 Materials 


11.2.1 Materials used in sea-water piping systems include: 
Galvanised steel. 

Steel pipes lined with rubber, plastics or stoved coatings. 
Copper. 

90/10 copper-nickel-iron. 

70/30 copper-nickel. 

Aluminium brass. 


11.2.2 Selection of materials should be based on: 

e the ability to resist general and localised corrosion, such 
as pitting, impingement attack and cavitation through- 
out all the flow velocities likely to be encountered; 

e — compatibility with the other materials in the system, such 
as valve bodies and casings, (e.g., in order to 
minimise bimetallic corrosion); 

e the ability to resist selective corrosion, e.g., dezincifica- 
tion of brass, dealuminification of aluminium brass and 
graphitisation of cast iron; 

e the ability to resist stress corrosion and corrosion fatigue; 
and 

° the amenability to fabrication by normal practices. 


11.3 Steel pipes 


11.3.1 Steel pipes should be protected against corrosion, 
and protective coatings should be applied on completion of all 
fabrication, i.e., bending, forming and welding of the steel 
pipes. 


11.3.2 Welds should be free from lack of fusion and 
crevices. The surfaces should be dressed to remove slag and 
spatter and this should be done before coating. The coating 
should be continuous around the ends of the pipes and on 
the faces of flanges. 


11.3.3 Galvanising the bores and flanges of steel pipes as 
protection against corrosion is common practice, and is 
recommended as the minimum protection for pipes in sea- 
water systems, including those for bilge and ballast service. 
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11.8.4 Austenitic stainless steel pipes are not recom- 
mended for salt-water services as they are prone to pitting, 
particularly in polluted waters. 


17.3.5 Rubber lined pipes are effective against corrosion 
and suitable for higher water velocities. The rubber lining 
should be free from defects, e.g., discontinuities, pinholes, 
etc., and it is essential that the bonding of the rubber to the 
bore of the pipe and flange face is sound. Rubber linings 
should be applied by firms specialising in this form of protec- 
tion. 


11.3.6 The foregoing comments on rubber lined pipes also 
apply to pipes lined with plastics. 


11.3.7 Stove coating of pipes as protection against 
corrosion should only be used where the pipes will be 
efficiently protected against mechanical damage. 


11.4 Copper and copper alloy pipes 


11.4.1 Copper pipes are particularly susceptible to perfo- 
ration by corrosion/erosion and should only be used for low 
water velocities and where there is no excessive local 
turbulence. 


11.4.2 Aluminium brass and copper-nickel-iron alloy pipes 
give good service in reasonably clean sea-water. For service with 
polluted river or harbour waters, copper-nickel-iron alloy pipes 
with at least 10 per cent nickel are preferable. Aloha-brasses, 
i.e., those containing 70 per cent or more copper, must be 
inhibited effectively against dezincification by suitable additions 
to the composition. Alpha beta-brasses, (i.e., those containing 
less than 70 per cent copper), should not be used for pipes and 
fittings. 


11.4.3. New copper alloy pipes should not be exposed 
initially to polluted water. Clean sea-water should be used at first 
to allow the metals to develop protective films. If this is not 
available the system should be filled with inhibited town mains 
water. 


11.5 Flanges 


11.5.1 Where pipes are exposed to sea-water on both 
external and internal surfaces, flanges should be made, 
preferably, of the same material. Where sea-water is confined to 
the bores of pipes, flanges may be of the same material or of 
less noble metal than that of the pipe, see also 2.3. 


11.5.2 Fixed or loose type flanges may be used. The fixed 
flanges should be attached to the pipes by fillet welds or by 
capillary silver brazing. Where welding is used, the fillet weld at 
the back should be a strength weld and that in the face, a seal 
weld. 


11.5.3. Inert gas shielded arc welding is the preferred 
process but metal arc welding may be used on copper-nickel- 
iron alloy pipes. 
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11.5.4 Mild steel flanges may be attached by argon arc 
welding to copper-nickel-iron pipes and give satisfactory service, 
provided that no part of the steel is exposed to the sea-water. 


11.5.5 Where silver brazing is used, strength should be 
obtained by means of the bond in a capillary space over the 
whole area of the mating surfaces. A fillet braze at the back of 
the flange or at the face is undesirable. The alloy used for silver 
brazing should contain not less than 49 per cent silver. 


11.5.6 The use of a copper-zinc brazing alloy is not 
permitted. 


11.6 Water velocity 


11.6.1 Water velocities should be carefully assessed at the 
design stage and the materials of pipes, valves, etc., selected 
to suit the conditions. 


11.6.2 The water velocity in copper pipes should not exceed 
1 m/s. 


11.6.3 The water velocity in the pipes of the materials below 
should normally be not less than about 1 m/s in order to avoid 
fouling and subsequent pitting, but should not be greater than 
the following: 


° Galvanised steel 3,0 m/s 
e ~~ Aluminium brass 3,0 m/s 
° 90/10 copper-nickel-iron 3,5 m/s 
e 70/30 copper-nickel 5,0 m/s 
11.7 Fabrication and installation 


11.7.1 Attention should be given to ensuring streamlined 
flow and reducing entrained air in the system to a minimum. 
Abrupt changes in the direction of flow, protrusions into the 
bores of pipes and other restrictions of flow should be 
avoided. Branches in continuous flow lines should be set at a 
shallow angle to the main pipe, and the junction should be 
smooth. 


11.7.2 Pipe bores should be smooth and clean. 


11.7.3 Jointing should be flush with the bore surfaces of 
pipes and misalignment of adjacent flange faces should be 
reduced to a minimum. 


11.7.4 Pipe bends should be of as large a radius as 
possible, and the bore surfaces should be smooth and free 
from puckering at these positions. Any carbonaceous films or 
deposits formed on the bore surfaces during the bending 
processes should be carefully removed. Organic substances 
are not recommended for the filling of pipes for bending 
purposes. 


11.7.5 The position of supports should be given special 
consideration in order to minimise vibration and ensure that 
excessive bending moments are not imposed on the pipes. 


11.7.6 Systems should not be left idle for long periods, 
especially where the water is polluted. 
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11.7.7 Strainers should be provided at the inlet to sea- 
water systems. 


11.8 Metal pipes for fresh water services 


11.8.1 Mild steel or copper pipes are normally satisfactory 
for service in fresh water applications. Hot fresh water, 
however, may promote corrosion in mild steel pipes unless 
the hardness and pH of the water are controlled. 


11.8.2 Water with a slight salt content should not be left 
stagnant for long periods in mild steel pipes. Low salinity and 
the limited supply of oxygen in such conditions promote the 
formation of black iron oxide, and this may give rise to severe 
pitting. Where stagnant conditions are unavoidable, steel 
pipes should be galvanised, or pipes of suitable non-ferrous 
material used. 


11.8.3 Copper alloy pipes should be treated to remove 
any carbonaceous films or deposits before the tubes are put 
into service. 


11.8.4 Brass fittings and flanges in contact with water 
should be made of an alpha-brass effectively inhibited against 
dezincification by suitable additions to the composition. 


17.8.5 Aluminium brass has been widely used as material 
for heat exchanger and condenser tubes, but its use in ‘once 
through’ systems is not recommended since, under certain 
conditions, it is prone to pitting and cracking. 
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Section 

1 General requirements 

2 Construction and installation 

3 Drainage of compartments, other than 


machinery spaces 


4 Bilge drainage of machinery spaces 

5 Sizes of bilge suction pipes 

6 Pumps on bilge service and their connections 

7 Piping systems and their fittings 

8 Additional requirements for bilge drainage and 
cross-flooding arrangements for passenger 
ships 

9 Additional requirements relating to fixed 


pressure water spray fire-extinguishing systems 


10 Drainage arrangements for ships not fitted with 
propelling machinery 


11 Ballast system 
12 Air, overflow and sounding pipes 


13 Additional requirements for drainage and 
pumping arrangements for bulk carriers 


14 Water ingress detection arrangements 


a Section 7 
General requirements 


1.1 Application 


7.7.1 The requirements of this Chapter apply to piping 
systems on all types of ship except where otherwise stated. 


1.1.2 Whilst the requirements satisfy the relevant 
regulations of the International Convention for the Safety of Life 
at Sea, 1974, and applicable amendments, attention should 
be given to any relevant regulations of the International 
Convention for the Prevention of Pollution from Ships, 1973, 
and applicable amendments, where these impact the design 
or construction of piping systems. Attention should also be 
given to any relevant statutory requirements of the National 
Authority of the country in which the ship is to be registered. 


1.1.3 Consideration will be given to special cases or to 
arrangements which are equivalent to those required by these 
Rules. Consideration will also be given to the pumping 
arrangements of small ships and ships to be assigned class 
notations for restricted or special services. 


1.1.4 Piping design is to comply with Chapter 12 as 
applicable. 
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1.2 Prevention of progressive flooding in damage 
condition 


1.2.1 For ships to which subdivision and damage stability 
requirements apply, precautions are to be taken to prevent 
progressive flooding between compartments resulting from 
damage to piping systems. For this purpose, piping systems 
are to be located inboard of the assumed extent of damage 
applicable to the ship type. 


1.2.2 Where it is not practicable to locate piping systems 

as required by 1.2.1, the following precautions are to be taken: 

(a) Bilge suction pipes are to be provided with non-return 
valves of approved type. 

(o) Other piping systems are to be provided with shut-off 
valves capable of being operated from positions 
accessible in the damage condition, or from above 
the bulkhead deck where required by the Rules. 

These valves are to be located in the compartment 

containing the open end or in a suitable position such that the 

compartment may be isolated in the event of damage to the 
piping system. 


1.2.3 Where subdivision and damage stability require- 
ments apply and where penetration of watertight divisions by 
pipes, ducts, trunks or other penetrations is necessary, 
arrangements are to be made to maintain the watertight 
integrity. 


1.3 Plans and particulars 


1.3.1 The following plans (in diagrammatic form) and 
particulars are to be submitted for approval. Additional plans 
should not be submitted unless the arrangements are of a 
novel or special character affecting classification: 

a) Arrangements of air pipes and closing devices for all 

tanks and enclosed spaces. 

b) Sounding arrangements for all tanks, enclosed spaces 

and cargo holds. 

c) Arrangements of level alarms fitted in tanks, cargo holds, 

machinery spaces, pump rooms and any other spaces. 

d) Arrangements of any cross flooding or heeling tank 

systems. 

e) Bilge drainage arrangements for all compartments which 
are to include details of location, number and capacity 
of pumping units on bilge service. In the case of passenger 
ships, the bilge pump numeral, as defined in the 
International Convention for the Safety of Life at Sea, 
1974, and applicable amendments are to be stated, 
together with the number of flooded compartments 
which the ship is required to withstand under damage 
conditions. 

(f) Ballast filling and drainage arrangements: a schematic 
piping drawing showing connection of the ballast water 
treatment system to the ballast filling and drainage 
arrangement is to be submitted. 

(g) Oil fuel filling, transfer, relief and spill/drainage arrange- 
ments. 

(h) Tank overflow arrangements. 

(j) | Blanking arrangements for bilge and ballast piping 
systems for bulk carriers having floodable holds. 

(k) Isolation arrangements for bilge systems where cargo 
holds are intended for the carriage of dangerous goods. 
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() Details verifying compliance with the sizing of air pipes 
required by 12.8. 

(m) Arrangements of oil fuel piping in connection with oil 
burning installations and oil fired galleys. 

(n) Arrangements of oil fuel burning units for boilers and 
thermal fluid heaters. 

(o0) Arrangement of boiler feed system. 

(op) Arrangements of thermal fluid circulation systems. 

(q) Arrangement of compressed air systems for main and 
auxiliary services. 

(r) Arrangements of lubricating oil systems. 

(s) Arrangements of flammable liquids used for control and 
heating systems. 

(t) Arrangements of power transmission systems for 
services essential for safety or for the operation of the 
ship at sea. 

(u) Arrangements of cooling water systems for main and 
auxiliary services. 

(v) Oil fuel settling service and other oil fuel tanks not 
forming part of the ship’s structure and lubricating and 
hydraulic oil tanks with a capacity of 500 litres or more, 
not forming part of the ship’s structure. 

(w) Arrangements and dimensions of all steam pipes where 
the design pressure or temperature exceeds 16,0 bar 
(16,3 kgf/cm?) or 300°C, respectively, and the outside 
diameter exceeds 76,1 mm, with details of flanges, bolts 
and weld attachments, and particulars of the material of 
pipes, flanges, bolts and electrodes. 

(x) Details verifying compliance with the capacity of the oil 
fuel treatment plant required by Ch 14,3.9.1. 

(y) Details verifying compliance of demands on low pressure 
air systems by supplying essential services as required 
by Ch 14,10.1.3. 

(z) For water ingress detection arrangements, see Section 14, 
plans and information in accordance with Pt 6, Ch 1,1.2 
and, additionally, general arrangement plans showing the 
spaces provided with water ingress detectors, installed 
equipment locations and cable routes. Details of 
National Administration approvals are to be included. 


E Section 2 
Construction and installation 


2.1 Materials 


211 Except where otherwise stated in this Chapter, 
pipes, valves and fittings are to be made of steel, cast iron, 
copper, copper alloy, or other approved material suitable for 
the intended service. 


2.1.2 Where applicable, the materials are to comply with 
the relevant requirements of Chapter 12. 


2.1.3 Materials sensitive to heat, such as aluminium, lead 
or plastics, are not to be used in systems essential to the safe 
operation of the ship, or for containing combustible liquids or 
sea-water where leakage or failure could result in fire or in the 
flooding of watertight compartments, see Chapter 12 for 
plastics pipes. 
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2.1.4 Aluminium alloy pipes are not acceptable for fire 
extinguishing pipes unless they are suitably protected against 
the effect of heat. The proposed use of aluminium alloy with 
appropriate insulation will be considered when it has been 
demonstrated that the arrangements provide equivalent 
structural and integrity properties compared to steel. In open 
and exposed locations where the insulation material is likely 
to suffer from mechanical damage suitable protection is to be 
provided. 


2.2 Pipe wall thickness 


2.2.1 The minimum nominal wall thickness of steel, 
copper and copper alloy pipes are to be in accordance with 
Chapter 12. 


2.2.2 Special consideration will be given to the wall 
thickness of pipes made of materials other than steel, copper 
and copper alloy. 


2.3 Valves - Installation and control 


2.3.1 Valves and cocks are to be fitted in places where 
they are at all times readily accessible, unless otherwise 
specifically mentioned in the Rules. Valves in cargo oil and 
ballast systems may be fitted inside tanks, subject to 2.3.2. 


2.3.2 All valves which are provided with remote control 
are to be arranged for local manual operation, independent 
of the remote operating mechanism. For shipside valves and 
valves on the collision bulkhead, the means for local manual 
operation are to be permanently attached. For submerged 
valves in cargo oil and ballast systems, as permitted by 2.3.1, 
local manual operation may be by extended spindle or a 
portable hand pump. Where manual operation is by hand 
pump, the control lines to each submerged valve are to 
incorporate quick coupling connections, as close to the valve 
actuator as practicable, to allow easy connection of the hand 
pump. Not less than two hand pumps are to be provided. 


2.3.3 In case of valves which are required by the Rules to 
be provided with remote control, opening and/or closing of 
the valves by local manual means are not to render the 
remote control system inoperable. 


2.4 Attachment of valves to watertight plating 


2.4.1 Valve chests, cocks, pipes or other fittings attached 
direct to the plating of tanks, and to bulkheads, flats or 
tunnels which are required to be of watertight construction, 
are to be secured by means of studs screwed through the 
plating or by tap bolts, and not by bolts passing through 
clearance holes. Alternatively, the studs or the bulkhead piece 
may be welded to the plating. 


2.4.2 For requirements relating to valves on the collision 
bulkhead, see 3.5.4. 
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2.5 Ship-side valves and fittings (other than those 
on scuppers and sanitary discharges) 


2.5.1 All sea inlet and overboard discharge pipes are to 
be fitted with valves or cocks secured direct to the shell 
plating, or to the plating of fabricated steel water boxes 
attached to the shell plating. These fittings are to be secured 
by bolts tapped into the plating and fitted with countersunk 
heads, or by studs screwed into heavy steel pads fitted to the 
plating. The stud holes are not to penetrate the plating. 


2.5.2 Valves for ship-side applications are to be installed 
such that the section of piping immediately inboard of the 
valve can be removed without affecting the watertight integrity 
of the hull. 


2.5.3 Distance pieces of short, rigid construction, and 
made of approved material, may be fitted between the valves 
and shell plating. Distance pieces of steel may be welded to 
the shell plating. Details of the welded connections and of 
fabricated steel water boxes are to be submitted. 


2.5.4 Gratings are to be fitted at all openings in the ship’s 
side for sea inlet valves and inlet water boxes. The net area 
through the gratings is to be not less than twice that of the 
valves connected to the sea inlets, and provision is to be 
made for clearing the gratings by use of low pressure steam 
or compressed air, see 2.5.9. 


2.5.5 All suction and discharge valves and cocks secured 
direct to the shell plating of the ship are to be fitted with 
spigots passing through the plating, but the spigots on the 
valves or cocks may be omitted if these fittings are attached 
to pads or distance pieces which themselves form spigots in 
way of the shell plating. Blow-down valves or cocks are also 
to be fitted with a protection ring through which the spigot is 
to pass, the ring being on the outside of the shell plating. 
Where alternative forms of attachment are proposed, details 
are to be submitted for consideration. 


2.5.6 Blow-down valves or cocks on the ship’s side are 
to be fitted in accessible positions above the level of the 
working platform, and are to be provided with indicators 
showing whether they are open or shut. Cock handles are not 
to be capable of being removed unless the cocks are shut, 
and, if valves are fitted, the hand wheels are to be suitably 
retained on the spindle. 


2.5.7 Sea inlet and overboard discharge valves and 
cocks are in all cases to be fitted in easily accessible 
positions and, so far as practicable, are to be readily visible. 
Indicators are to be provided local to the valves and cocks, 
showing whether they are open or shut. Provision is to be 
made for preventing any discharge of water into lifeboats. The 
valve spindles are to extend above the lower platform, and 
the hand wheels of the main cooling water sea inlet and 
emergency bilge suction valves are to be situated not less 
than 460 mm above this platform. 


2.5.8 Ship-side valves and fittings, if made of steel or 
other approved material with low corrosion resistance, are to 
be suitably protected against wastage. 
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2.5.9 The scantlings of valves and valve stools fitted with 
steam or compressed air clearing connections are to be 
suitable for the maximum pressure to which the valves and 
stools may be subjected. 


2.5.10 Valves, cocks and distance pieces, intended for 
installation on the ship’s side below the load waterline, are to 
be tested by hydraulic pressure to not less than 5 bar. 


2.5.11 For sea connections for ships having notation for 
ice navigation, see Pt 8, Ch 2,3.3, Pt 8, Ch 2,3.5 and Pt 8, 
Ch 2,11.21. 


2.6 Piping systems - Installation 


2.6.1 Bilge, ballast and cooling water suction and 
discharge pipes are to be permanent pipes made in readily 
removable lengths with flanged joints, except as mentioned 
in 7.10, and are to be efficiently secured in position to prevent 
chafing or lateral movement. For joints in oil fuel piping 
systems, see Ch 14,4.5 and 4.6. 


2.6.2 Where lack of space prevents the use of normal 
circular flanges, details of the alternative methods of joining 
the pipes are to be submitted. 


2.6.3 Long or heavy lengths of pipes are to be supported 
by bearers so that no undue load is carried by the flanged 
connections of the pumps or fittings to which they are attached. 


2.7 Provision for expansion 


2.7.1 Suitable provision for expansion is to be made, 
where necessary, in each range of pipes. 


2.7.2 Where expansion pieces are fitted, they are to be 
of an approved type and are to be protected against over 
extension and compression. The adjoining pipes are to be 
suitably aligned, supported, guided and anchored. Where 
necessary, expansion pieces of the bellows type are to be 
protected against mechanical damage. 


2.7.3 Expansion pieces of an approved type incorporating 
special quality oil resistant rubber or other suitable synthetic 
material may be used in cooling water lines in machinery 
spaces. Where fitted in sea- water lines, they are to be provided 
with guards which will effectively enclose, but not interfere with, 
the action of the expansion pieces and will reduce to the 
minimum practicable any flow of water into the machinery 
spaces in the event of failure of the flexible elements. Proposals 
to use such fittings in water lines for other services, including: 
e ballast lines in machinery spaces, in duct keels and 
inside double bottom water ballast tanks, and 
e bilge lines inside duct keels only, 
will be specially considered when plans of the pumping 
systems are submitted for approval. 


2.7.4 For requirements relating to flexible hoses, see 
Chapter 12. 
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2.8 Piping in way of refrigerated chambers 


2.8.1 All pipes, including scupper pipes, air pipes and 
sounding pipes which pass through chambers intended for 
the carriage or storage of refrigerated produce are to be well 
insulated. 


2.8.2 Where the pipes referred to in 2.8.1 pass through 
chambers intended for temperatures of 0°C or below, they 
are also to be insulated from the steel structure, except in 
positions where the temperature of the structure is mainly 
controlled by the external temperature and will normally be 
above freezing point. Pipes passing through a deckplate 
within the ship side insulation, where the deck is fully 
insulated below and has an insulation ribband on top, are to 
be attached to the deck plating. In the case of pipes adjacent 
to the shell plating, metallic contact between the pipes and 
the shell plating or frames is to be arranged so far as 
practicable. 


2.8.3 The air refreshing pipes to and from refrigerated 
compartments need not, however, be insulated from the steel 
work. 


2.9 Miscellaneous requirements 


2.9.1 All pipes situated in cargo spaces, fish holds, chain 
lockers or other positions where they are liable to mechanical 
damage are to be efficiently protected. 


2.9.2 Wash deck pipes and discharge pipes from the 
pumps to domestic water tanks are not to be led through 
cargo holds. Any proposed departure from this requirement 
is to be submitted for consideration. 


2.9.3 So far as practicable, pipelines, including exhaust 
pipes from oil engines, are not to be led in the vicinity of 
switchboards or other electrical appliances in positions where 
the drip or escape of liquid, gas or steam from joints or fittings 
could cause damage to the electrical installation. Where it is 
not practicable to comply with these requirements, drip trays 
or shields are to be provided as found necessary. Short 
sounding pipes to tanks are not to terminate near electrical 
appliances, see 12.13.2. 


2.10 Testing after installation 


2.10.1 After installation on board, all steam, hydraulic, 
compressed air and other piping systems covered by 1.3.1, 
together with associated fittings which are under internal 
pressure, are to be subjected to a running test at the intended 
maximum working pressure. 


|_| Cross-reference 


For guidance on metal pipes for water services, see 
Ch 12,11. 
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ve Section 3 
Drainage of compartments, other 
than machinery spaces 


3.1 General 


3.1.1 All ships are to be provided with efficient pumping 
plant having the suctions and means for drainage so arranged 
that any water within any compartment of the ship, or any 
watertight section of any compartment, can be pumped out 
through at least one suction when the ship is on an even keel 
and is either upright or has a list of not more than 5°. For this 
purpose, wing suctions will generally be necessary, except in 
short, narrow compartments where one suction can provide 
effective drainage under the above conditions. 


3.1.2 In passenger ships, the pumping plant is to be 
capable of draining any watertight compartment under all 
practicable conditions after a casualty, whether the ship is 
upright or listed. 


3.1.3 In the case of dry compartments, the suctions 
required by 3.1.1 are, except where otherwise stated, to be 
branch bilge suctions, i.e., suctions connected to a main bilge 
line. 


3.1.4 For drainage arrangements of non-self-propelled 
ships, see Section 10. 


FoF ir) For additional drainage arrangements on ferries 
and Roll on-Roll off ships, see Pt 4, Ch 2,9.9. 


3.1.6 For a normally inaccessible small void compart- 
ment such as an echo sounding compartment, which is 
accessed from within a normally inaccessible space such as 
a forepeak tank, alternative drainage arrangements to those 
required by 3.1.1 may be considered. For such arrangements, 
a warning notice is to be located in a prominent position 
specifying the precautions to be taken prior to opening the 
manhole of the small void compartment. Means are to be 
provided to indicate flooding of the compartment without 
opening, such as fitting indicator plugs to the manhole. 
Drainage arrangements are to be submitted to LR for 
approval. 


3.2 Cargo holds 


3.2.1 In ships having only one hold, and this over 30 m 
in length, bilge suctions are to be fitted in suitable positions 
in the fore and after sections of the hold. 


3.2.2 Where close ceiling or continuous gusset plates are 
fitted over the bilges, arrangements are to be made whereby 
water in a hold compartment may find its way to the suction 
pipes. 
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3.2.3 Where the inner bottom plating extends to the 
ship’s side, the bilge suctions are to be led to wells placed at 
the wings. If the tank top plating has inverse camber, a well is 
also to be fitted at the centreline, but in the case of trawlers 
and fishing vessels, a single well fitted at the centre may be 
accepted. For capacity and construction of bilge wells, 
see 7.6. 


3.2.4 For drainage arrangements from refrigerated cargo 
spaces, see Pt 6, Ch 3,4.19. 


3.2.5 For cargo holds having non-weathertight hatch 
covers or where hatch covers have been omitted, drainage 
arrangements are to take into account the effects of additional 
water ingress into the hold(s). High level bilge alarms are to 
be provided in cargo holds having non-weathertight hatch 
covers or where hatch covers have been omitted, see also 
Pt 4, Ch 8,11. 


3.2.6 Drainage arrangements of cargo holds intended for 
the carriage of flammable or toxic liquids are to be designed 
to prevent inadvertent drainage of such products through 
machinery space piping systems. 


3.3 Holds and deep tanks for alternative carriage 
of liquid or dry cargo 


3.3.1 Where holds and deep tanks are intended for the 

alternative carriage of liquid or dry cargo, the drainage 

arrangements are to be in accordance with the following: 

(a) For dry cargoes, 3.1 and 3.2. 

(o) For water ballast, oil fuel or cargo oil having a flash point 
of 60°C or above, 3.4. 

(c) For cargo oil having a flash point below 60°C, Chapter 15. 


3.3.2 For blanking arrangements of filling and suction 
pipes, see 7.12. 


3.4 Tanks and cofferdams 


3.4.1 All tanks (including double bottom tanks), whether 
used for water ballast, oil fuel or liquid cargoes, are to be 
provided with suction pipes, led to suitable power pumps, 
from the after end of each tank. 


3.4.2 In general, the drainage arrangements are to be in 
accordance with 3.1. However, where the tanks are divided 
by longitudinal watertight bulkheads or girders into two or 
more tanks, a single suction pipe, led to the after end of each 
tank, will normally be acceptable. 


3.4.3 Similar drainage arrangements are to be provided 
for cofferdams, except that the suctions may be led to the 
main bilge line. 


3.4.4 The pumping arrangements for tanks that are 
intended to carry cargo oil having a flash point of 60°C or 
above, are also to comply with the requirements of Chapter 14, 
Sections 2, 3 and 4, as far as they are applicable. 
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3.5 Fore and after peaks 


3.5.1 Fuel oil, lubrication oil and other flammable liquids 
are not to be carried in forepeak tanks. 


3.5.2 Where the peaks are used as tanks, a power pump 
suction is to be led to each tank, except in the case of small 
tanks used for the carriage of domestic fresh water, where 
hand pumps may be used. 


3.5.3 Where the peaks are not used as tanks, and main 
bilge line suctions are not fitted, drainage of both peaks may be 
effected by hand pump suctions, provided that the suction lift is 
well within the capacity of the pumps and in no case exceeds 
7,3 m. In the case of trawlers and fishing vessels, drainage of 
the after peak may be effected by means of a self-closing cock 
fitted in a well lighted and readily accessible position. 


3.5.4 Except as permitted by 3.5.5, the collision bulk- 
head is not to be pierced below the bulkhead deck by more 
than one pipe for dealing with the contents of the fore peak. 
The pipe is to be provided with a screw-down valve capable 
of being operated from an accessible position above the bulk- 
head deck, the chest being secured to the bulkhead inside 
the fore peak. An indicator is to be provided to show whether 
the valve is open or closed. The valves may be fitted on the 
after side of the collision bulkhead, provided that the valve is 
readily accessible under all service conditions and the space in 
which it is located is not a cargo space. 


3.5.5 Where the fore peak is divided into two compart- 
ments, the collision bulkhead may be pierced below the 
bulkhead deck by two pipes (i.e., one for each compartment) 
provided there is no practical alternative to the fitting of a 
second pipe. Each pipe is to be provided with a screw-down 
valve, fitted and controlled as in 3.5.4. 


3.6 Spaces above fore peaks, after peaks and 
machinery spaces 


3.6.1 Provision is to be made for the drainage of the 
chain locker and watertight compartments above the fore 
peak tank by hand or power pump suctions. 


3.6.2 Steering gear compartments or other small 
enclosed spaces situated above the after peak tank are to be 
provided with suitable means of drainage, either by hand or 
power pump bilge suctions. 


3.6.3 Subject to special approval of any applicable sub- 
division requirements, compartments referred to in 3.6.2 that 
are adequately isolated from the adjacent ‘tween decks, may 
be drained by scuppers of not less than 38 mm bore, 
discharging to the tunnel (or machinery space in the case of 
ships with machinery aft) and fitted with self-closing cocks 
situated in well lighted and visible positions. 


3.6.4 In case of trawlers and fishing vessels, accommo- 
dation spaces which overhang the machinery space, may 
also be drained as in 3.6.3. 


3.6.5 For drainage of the fore and after peaks, see 3.5. 
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3.7 Maintenance of integrity of bulkheads 


3.7.1 The intactness of the machinery space bulkheads, 
and of tunnel plating required to be of watertight construction, is 
not to be impaired by the fitting of scuppers discharging to 
machinery space or tunnels from adjacent compartments which 
are situated below the bulkhead deck. These scuppers may, 
however, be led into a strongly constructed scupper drain tank 
situated in the machinery space or tunnel, but closed to these 
spaces and drained by means of a suction of appropriate size 
led from the main bilge line through a screw-down non-return 
valve. 


3.7.2 The scupper tank air pipe is to be led to above the 
bulkhead deck, and provision is to be made for ascertaining 
the level of water in the tank. 


3.7.3 Where one tank is used for the drainage of several 
watertight compartments, the scupper pipes are to be 
provided with screw-down non-return valves. 


3.7.4 No drain valve or cock is to be fitted to the collision 
bulkhead. Drain valves or cocks are not to be fitted to other 
watertight bulkheads if alternative means of drainage are 
practicable. 


3.7.5 Where drain valves or cocks are fitted to bulkheads 
other than the collision bulkhead, as permitted by 3.7.4, the 
drain valves or cocks are to be at all times readily accessible 
and are to be capable of being shut off from positions above 
the bulkhead deck. Indicators are to be provided to show 
whether the drains are open or shut. These arrangements are 
not permissible in passenger ships. 


3.7.6 Bilge drain valves or cocks may be used for draining 
accommodation spaces and the after dry peak of trawlers 
and fishing vessels as stated in 3.6.4 and 3.5.3. 


3.7.7 For drainage of stern compartment, see 3.6. 


a Section 4 
Bilge drainage of machinery 
spaces 


4.1 General 


4.1.1 The bilge drainage arrangements in the machinery 
space are to comply with 3.1, except that the arrangements 
are to be such that any water which may enter this compart- 
ment can be pumped out through at least two bilge suctions 
when the ship is on an even keel, and is either upright or has 
a list of not more than 5°. One of these suctions is to be a 
branch bilge suction, i.e., a suction connected to the main 
bilge line, and the other is to be a direct bilge suction, i.e., a 
suction led direct to an independent power pump. Examples 
of the necessary arrangements are detailed in 4.2 and 4.3. 


4.1.2 In passenger ships, the drainage arrangements are 
to be such that machinery spaces can be pumped out under 
all practical conditions after a casualty, whether the ship is 
upright or listed. 
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4.2 Machinery space with double bottom 


4.2.1 Where the double bottom extends the full length of 
the machinery space and forms bilges at the wings, it will be 
necessary to provide one branch and one direct bilge suction 
at each side. 


4.2.2 Where the double bottom plating extends the full 
length and breadth of the compartment, one branch bilge 
suction and one direct bilge suction are to be led to each of 
two bilge wells, situated one at each side. 


4.2.3 For capacity and construction of bilge wells, 
see 7.6. 


4.3 Machinery space without double bottom 


4.3.1 Where there is no double bottom and the rise of 
floor is not less than 5°, one branch and one direct bilge 
suction are to be led to accessible positions as near the 
centreline as practicable. 


4.3.2 In ships where the rise of floor is less than 5°, and 
in all passenger ships, additional bilge suctions are to be 
provided at the wings. 


4.4 Additional bilge suctions 


4.4.1 Additional bilge suctions may be required for the 
drainage of depressions in the tank top formed by crankpits, 
or other recesses, by tank tops having inverse camber or by 
discontinuity of the double bottom. 


4.4.2 In ships in which the propelling machinery is 
situated at the after end of the ship, it will generally be 
necessary for bilge suctions to be fitted in the forward wings 
as well as in the after end of the machinery space, but each 
case will be dealt with according to the size and structural 
arrangements of the compartment. 


4.4.3 In ships propelled by electrical machinery, special 
means are to be provided to prevent the accumulation of bilge 
water under the main propulsion generators and motors. 


4.5 Separate machinery spaces 


4.5.1 Where the machinery space is divided by watertight 
bulkheads to separate the boiler room(s), or auxiliary engine 
room(s) from the main engine room, the number and position 
of the branch bilge suctions in the boiler room(s) or auxiliary 
engine room(s) are to be the same as for cargo holds. 


4.5.2 In addition to the branch bilge suctions, required by 
4.5.1, at least one independent power pump direct bilge 
suction is to be fitted in each compartment. Similar provision is 
to be made in separate motor rooms of electrically propelled 
ships. 


6 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Ship Piping Systems 


4.5.3 In passenger ships, each independent bilge pump 
is to have a direct bilge suction from the space in which it is 
situated, but not more than two such suctions are required in 
any one space. Where two or more such suctions are 
provided, there is to be at least one suction on each side of 
the space. 


4.6 Machinery space - Emergency bilge drainage 


4.6.1 In addition to the bilge suctions detailed in 4.1 to 
4.5, an emergency bilge suction is to be provided in each 
main machinery space. This suction is to be led to the main 
cooling water pump from a suitable low level in the machinery 
space and is to be fitted with a screw-down non-return valve 
having the spindle so extended that the hand wheel is not less 
than 460 mm above the bottom platform. 


4.6.2 Where two or more cooling water pumps are 
provided, each capable of supplying cooling water for normal 
power, only one pump need be fitted with an emergency bilge 
suction. 


4.6.3 In ships with steam propelling machinery, the 
suction is to have a diameter of at least two-thirds that of the 
pump suction. In other ships, the suction is to be the same 
size as the suction branch of the pump. 


4.6.4 Where main cooling water pumps are not suitable 
for bilge pumping duties, the emergency bilge suction is to be 
led to the largest available power pump, which is not a bilge 
pump detailed in 6.1 and 6.2. This pump is to have a 
capacity not less than that required for a bilge pump and the 
bilge suction is to be the same size as that of the pump 
suction branch. 


4.6.5 Where the pump to which the emergency bilge 
suction is connected is of the self-priming type, the direct 
bilge suction on the same side of the ship as the emergency 
suction may be omitted, except in passenger ships. 


4.6.6 Emergency bilge suction valve nameplates are to 
be marked ‘For emergency use only’. 


4.6.7 Where UMS (Unattended Machinery Space) notation 

is to be assigned, the requirements of Pt 6, Ch 1,4.6.2 are 

not applicable for valves serving an emergency bilge system, 

provided that: 

a) the emergency bilge valve is normally maintained in a 
closed position; 

b) a non-return device is installed in the emergency bilge 
piping; and 

c) the emergency bilge suction piping is located inboard of 
a shell valve that is fitted with the control arrangements 
complying with Pt 6, Ch 1,4.6.2. 


4.7 Tunnel drainage 


4.7.1 The tunnel well is to be drained by a suction from 
the main bilge line. In all ships, including passenger ships, this 
well may extend to the outer bottom. 
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4.7.2 Where the tank top in the tunnel slopes down from 
aft to forward, a bilge suction is to be provided at the forward 
end of the tunnel, in addition to the tunnel well suction 
required by 4.7.1. 


a Section 5 
Sizes of bilge suction pipes 


5.1 Main bilge line 


5.1.1 The diameter, dm, of the main bilge line is to be not 
less than required by the following formula, to the nearest 
5 mm, but in no case is the diameter to be less than that 
required for any branch bilge suction: 


dm = 1,68 L(B+D) +25mm 
where 
dm = internal diameter of main bilge line, in mm 


B = greatest moulded breadth of ship or maximum 
breadth of cargo hold for ore carriers, in metres 

D = moulded depth to bulkhead deck, in metres 

L = Rule length of ship as defined in Pt 3, Ch 1,6.1, in 
metres, for ships other than passenger ships 

= length between perpendiculars at the extremities of 

the deepest subdivision load line, in metres, for 
passenger ships. 


5.2 Branch bilge suctions to cargo and machinery 
spaces 


5.2.1 The diameter, dp, of branch bilge suction pipes to 
cargo and machinery spaces is to be not less than required 
by the following formula, to the nearest 5 mm, but in no case 
is the diameter of any suction to be less than 50 mm: 


dy = 2,15 4/C(B+D) +25 mm 
where 
da, = internal diameter of branch bilge suction, in mm 


C = length of compartment, in metres, and 
B and D are as defined in 5.1.1. 


5.3 Direct bilge suctions, other than emergency 
suctions 


5.3.1 The direct bilge suctions in the main engine room, 
and the direct bilge suctions in large separate boiler rooms, 
motor rooms of electrically propelled ships and auxiliary 
engine rooms are not to be of a diameter less than that 
required for the main bilge line. 


5.3.2 Where the separate machinery spaces are of small 
dimensions, the sizes of the direct bilge suctions to these 
spaces will be specially considered. 


5.3.3 For sizes of emergency bilge suctions, see 4.6. 
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5.4 Main bilge line - Tankers and similar ships 


5.4.1 In oil tankers and similar ships, where the engine 
room pumps do not deal with bilge drainage outside the 
machinery space, the diameter of the main bilge line may be 
less than that required by the formula in 5.1.1, provided that 
the cross-sectional area is not less than twice that required 
for the branch bilge suctions in the machinery space. 


5.5 Distribution chest branch pipes 


5.5.1 The area of each branch pipe connecting the bilge 
main to a distribution chest is to be not less than the sum of 
the areas required by the Rules for the two largest branch 
bilge suction pipes connected to that chest, but need not be 
greater than that required for the main bilge line. 


5.6 Tunnel suction 
5.6.1 The bilge suction pipe to the tunnel well is to be not 


less than 65 mm bore, except in ships not exceeding 60 m in 
length, in which case it may be 50 mm bore. 


a Section 6 
Pumps on bilge service and their 


connections 
6.1 Number of pumps 
6.1.1 For ships other than passenger ships, at least two 


power bilge pumping units are to be provided in the machinery 
space. In ships of 90 m in length and under, one of these units 
may be worked from the main engines and the other is to be 
independently driven. In larger ships both units are to be 
independently driven. 


6.1.2 Each unit may consist of one or more pumps 
connected to the main bilge line, provided that their combined 
capacity is adequate. 


6.1.3 In ships other than passenger ships, a bilge ejector 
in combination with a high pressure sea-water pump may be 
accepted as a substitute for an independent bilge pump as 
required by 6.1.1. 


6.1.4 Special consideration will be given to the number 
of pumps for small ships and, in general, if there is a class 
notation restricting a small ship to harbour or river service, a 
hand pump may be accepted in lieu of one of the bilge 
pumping units. 


6.1.5 For passenger ships, at least three power bilge 
pumps are to be provided, one of which may be operated 
from the main engines. Where the bilge pump numeral as 
derived from Regulation 35-1 of Chapter Il-1 of the 
International Convention for the Safety of Life at Sea, 1974, 
and applicable amendments, is 30 or more, one additional 
independent power pump is to be provided. 
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6.1.6 For location of pumps on passenger ships, see 8.1. 


6.2 General service pumps 


6.2.1 The bilge pumping units, or pumps, required by 6.1 
may also be used for ballast, fire or general service duties of 
an intermittent nature, but they are to be immediately 
available for bilge duty when required, see also SOLAS 1974 
as amended Reg. Il-2/C,10, as applicable. 


6.3 Capacity of pumps 


6.3.1 Each bilge pumping unit, or bilge pump in the case 
of passenger ships, is to be connected to the main bilge line 
and is to be capable of giving a speed of water through the 
Rule size of main bilge pipe of not less than 122 m/min. 


6.3.2 The capacity of each bilge pumping unit or bilge 
pump is to be not less than required by the following formula: 


_ 5375 jo 
C= o om 
where 
dm = Rule internal diameter of main bilge line, in mm 


Q = capacity, in m3/hour. 


6.3.3 In ships other than passenger ships, where one 
bilge pumping unit is of slightly less than Rule capacity, the 
deficiency may be made good by an excess capacity of the 
other unit. In general, the deficiency is to be limited to 30 per 
cent. 


6.4 Self-priming pumps 


6.4.1 All power pumps which are essential for bilge 
services are to be of the self-priming type, unless an approved 
central priming system is provided for these pumps. Details 
of this system are to be submitted. 


6.4.2 Cooling water pumps having emergency bilge suctions 
need not be of the self-priming type. 


6.4.3 For requirements regarding emergency bilge suctions, 
see 4.6. 


6.5 Pump connections 


6.5.1 The connections at the bilge pumps are to be such 
that one unit may continue in operation when the other unit 
is being opened up for overhaul. 


6.5.2 Pumps required for essential services are not to be 
connected to a common suction or discharge chest or pipe 
unless the arrangements are such that the working of any 
pumps so connected is unaffected by the other pumps being in 
operation at the same time. 
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6.6 Direct bilge suctions 


6.6.1 The direct bilge suctions in the machinery space(s) 
are to be led to independent power pump(s), and the arrange- 
ments are to be such that these direct suctions can be used 
independently of the main bilge line suctions. 


a Section 7 
Piping systems and their fittings 


7.1 Main bilge line suctions 


7.1.1 Suctions from the main bilge line, i.e., branch bilge 
suctions, are to be arranged to draw water from any hold, 
compartment, watertight section or machinery compartment 
of the ship, excepting small spaces such as those mentioned 
in 3.1.6, 3.5 and 3.6, where manual pump suctions are 
accepted, and are not to be of smaller diameter than that 
required by the formula in 5.2.1, see also 7.4.1 and 7.5.1. For 
special arrangements for oil tankers, see Chapter 15. 


7.1.2 Where passenger or cargo ships are of a design 
having enclosed car decks or cargo spaces located on the 
bulkhead deck or on the freeboard deck, special considera- 
tion will be given to the drainage arrangements where any 
fixed pressure water spray system is fitted, see a/so Pt 3, 
Ch 12,4.1 and 9.1. 


7.2 Prevention of communication between 
compartments 


7.2.1 The arrangement of valves, cocks and their 

connections is to be such as to prevent the possibility of one 

watertight compartment being placed in communication with 

another, or of dry cargo spaces, machinery spaces or other 

dry compartments being placed in communication with the 

sea or with tanks. For this purpose, screw-down non-return 

valves are to be provided in the following fittings: 

e Bilge valve distribution chests. 

e Bilge suction hose connections, whether fitted direct to 
the pump or on the main bilge line. 

° Direct bilge suctions and bilge pump connections to 
main bilge line. 


7.3 Isolation of bilge system 


7.3.1 Bilge pipes which are required for draining cargo or 
machinery spaces are to be entirely distinct from sea inlet 
pipes or from pipes which may be used for filling or emptying 
spaces where water or oil is carried. This does not, however, 
exclude a bilge ejection connection, a connecting pipe from a 
pump to its suction valve chest, or a deep tank suction pipe 
suitably connected through a changeover device to a bilge, 
ballast or oil line. 
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7.4 Machinery space suctions - Mud boxes 


7.4.1 Suctions for bilge drainage in machinery spaces 
and tunnels, other than emergency suctions, are to be led 
from easily accessible mud boxes fitted with straight tail pipes 
to the bilges and having covers secured in such a manner as 
to permit their being expeditiously opened or closed. Strum 
boxes are not to be fitted to the lower ends of these tail pipes 
or to the emergency bilge suctions. 


7.5 Hold and other compartment suctions - 
Strum boxes 


7.5.1 The open ends of bilge suctions in holds and other 
compartments outside machinery spaces and tunnels such 
as cofferdams and tanks other than those permanently 
arranged for the carriage of fresh water, water ballast, oil fuel 
or liquid cargo and for which other efficient means of 
pumping are provided, are to be enclosed in strum boxes 
having perforations of not more than 10 mm diameter, whose 
combined area is not less than twice that required for the 
suction pipe. The boxes are to be so constructed that they 
can be cleared without breaking any joint of the suction pipe. 


7.6 Bilge wells 


7.6.1 Bilge wells required by 3.2.3 and 4.2.2 are to be 
formed of steel plates and are to be not less than 0,15 m3 
capacity. In small compartments, steel bilge hats of reason- 
able capacity may be fitted. 


7.6.2 In passenger ships, the depth of bilge wells in 
double bottom tanks will be specially considered. 


7.6.3 Where access manholes to bilge wells are necessary, 
they are to be fitted as near to the suction strums as practicable. 


7.7 Tail pipes 


7.7.1 The distance between the foot of all bilge tail pipes 
and the bottom of the bilge well is to be adequate to allow a 
full flow of water and to facilitate cleaning. 


7.8 Location of fittings 


7.8.1 Bilge valves, cocks and mud boxes are to be fitted 
at, or above, the machinery space and tunnel platforms. 
Where it is not practicable to avoid the fittings being situated 
at the starting platform or in passageways, they may be 
situated just below the platform, provided readily removable 
traps or covers are fitted and nameplates indicate the 
presence of these fittings. 


7.8.2 Where relief valves are fitted to pumps having sea 
connections, these valves are to be fitted in readily visible 
positions above the platform. The arrangements are to be 
such that any discharge from the relief valves will also be 
readily visible. 
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7.9 Bilge pipes in way of double bottom tanks 


7.9.1 Bilge suction pipes are not to be led through 
double bottom tanks if it is possible to avoid doing so. 


7.9.2 Bilge pipes which have to pass through these tanks 
are to have a wall thickness in accordance with Table 12.2.4 
in Chapter 12. (The thickness of pipes made from material 
other than steel will be specially considered). 


7.9.3 Expansion bends, not glands, are to be fitted to 
these pipes within the tanks, and the pipes are to be tested, 
after installation, to the same pressure as the tanks through 
which they pass. 


7.10 Bilge pipes in way of deep tanks 


7.10.1 In way of deep tanks, bilge pipes should preferably 
be led through pipe tunnels but, where this is not done, the 
pipes are to be of steel, having a wall thickness in accordance 
with Table 12.2.4 in Chapter 12, with welded joints or heavy 
flanged joints. The number of joints is to be kept to a minimum. 


7.10.2 Expansion bends, not glands, are to be fitted to 
these pipes within the tanks, and the open ends of the bilge 
suction pipes in the holds are to be fitted with non-return 
valves of the special type approved for use in holds, 
see 7.11.1. 


7.10.3. The pipes are to be tested, after installation, to a 
pressure not less than the maximum head to which the tanks 
can be subjected in service. 


7.11 Hold bilge non-return valves 


7.11.1. Where non-return valves are fitted to the open ends 
of bilge suction pipes in cargo holds in order to decrease the 
risk of flooding, they are to be of an approved type which 
does not offer undue obstruction to the flow of water. 


7.12 Blanking arrangements 


7.12.1 In case of deep tanks and cargo holds which may 
be used for either water ballast or dry cargo, provision is to 
be made for blank flanging the water ballast filling and suction 
pipes when the tank or hold is being used for the carriage of 
dry cargo, and for blank flanging the bilge suction pipes when 
the tank or hold is being used for the carriage of water ballast. 
Change-over devices may be used for this purpose. 


7.12.2 For arrangements when oil fuel or cargo oil (having 
a flash point of 60°C or above) is carried in deep tanks, see 
Ch 14,4.14. 


7.12.3 Where a ship is designed for the alternative carriage 
of dry cargo or oil having a flash point below 60°C, the 
blanking arrangements will be specially considered. 
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| Section 8 
Additional requirements for bilge 
drainage and cross-flooding 
arrangements for passenger ships 


8.1 Location of bilge pumps and bilge main 


8.1.1 In passenger ships, the power bilge pumps 
required by 6.1.5 are to be placed, if practicable, in separate 
watertight compartments which will not readily be flooded by 
the same damage. If the engines and boilers are in two or 
more watertight compartments, the bilge pumps are to be 
distributed throughout these compartments so far as is 
possible. 


8.1.2 In passenger ships of 91,5 m or more in length, or 
having a bilge pump numeral of 30 or more (See 6.1.5), the 
arrangements are to be such that at least one power pump 
will be available for use in all ordinary circumstances in which 
the ship may be flooded at sea. This requirement will be 
satisfied if: 

e — one of the pumps is an emergency pump of a submersible 
type having a source of power situated above the bulk- 
head deck, or 

e — the pumps and their sources of power are so disposed 
throughout the length of the ship that, under any 
conditions of flooding which the ship is required by 
statutory regulation to withstand, at least one pump in 
an undamaged compartment will be available. 


8.1.3 The bilge main is to be so arranged that no part is 
situated nearer the side of the ship than B. measured at right 
angles to the centreline at the level of the deepest subdivision 
load line, where B is the breadth of the ship. 

8.1.4 Where any bilge pump or its pipe connection to 
the bilge main is situated outboard of the 2 line, then a non- 


return valve is to be provided in the pipe connection at the 
junction with the bilge main. The emergency bilge pump and 
its connections to the bilge main are to be so arranged that 


they are situated inboard of the £ line. 


8.2 Prevention of communication between 
compartments in the event of damage 


8.2.1 Provision is to be made to prevent the compartment 
served by any bilge suction pipe being flooded, in the event of 
the pipe being severed, or otherwise damaged by collision or 
grounding in any other compartment. For this purpose, where 
the pipe is at any part situated nearer the side of the ship 


than 2 or in a duct keel, a non-return valve is to be fitted to 


the pipe in the compartment containing the open end. 
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8.3 Arrangement and control of bilge valves 


8.3.1 All the distribution boxes, valves and cocks in 
connection with the bilge pumping arrangements are to be so 
arranged that, in the event of flooding, one of the bilge pumps 
may be operative on any compartment. If there is only one 
system of pipes common to all pumps, the necessary valves 
or cocks for controlling the bilge suctions must be capable of 
being operated from the bulkhead deck. Where, in addition 
to the main bilge pumping system, an emergency bilge 
pumping system is provided, it is to be independent of the 
main system and so arranged that a pump is capable of 
operating on any compartment under flooding conditions; in 
this case, only the valves and cocks necessary for the 
operation of the emergency system need be capable of being 
operated from above the bulkhead deck. 


8.3.2 All valves and cocks mentioned in 8.3.1 which can 
be operated from above the bulkhead deck are to have their 
controls at their place of operation clearly marked and provided 
with means to indicate whether they are open or closed. 


8.4 Cross-flooding arrangements 


8.4.1 Where divided deep tanks or side tanks are 
provided with cross-flooding arrangements to limit the angle 
of heel after side damage, the arrangements are to be self- 
acting where practicable. In any case, where controls to 
cross-flooding fittings are provided, they are to be operable 
from above the bulkhead deck. 


= Section 9 
Additional requirements relating 
to fixed pressure water spray 
fire-extinguishing systems 


9.1 Bilge drainage requirements 


9.1.1 Where arrangements for cooling cargo, Ro-Ro or 
special category spaces below the bulk-head or freeboard 
deck, or fire-fighting by means of fixed spraying nozzles or by 
flooding of these spaces with water are provided, the 
following provisions are to apply, see a/so IMO guidelines 

(MSC. 1/Circ.1320): 

(a) The drainage system is to be sized to remove no less 
than 125 per cent of the combined capacity of both the 
water spraying system pumps and the required number 
of fire hose nozzles. 

(o) The drainage system valves are to be operable from 
outside the protected space at a position in the vicinity of 
the extinguishing system controls. 

(c) Adequately sized bilge wells are to be located at the side 
shell of the ship at a distance from each other of not 
more than 40 m in each watertight compartment, the 
bilge wells should be uniformly distributed fore and aft, 
see also Pt 3, Ch 12, 4.1.4 and Pt 4, Ch 2,11.2. For 
cargo ships only, if this is not possible, the free surface 
effect on the ship’s stability is to be determined and 
submitted to the Flag Administration for appraisal. 
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9.1.2 If drainage of vehicle or cargo spaces is by gravity, 
the drainage is to be led directly overboard or to a closed 
drain tank. If led overboard the scuppers are to comply with 
Pt 3, Ch 12,4.1.3. If led to a closed drain tank, this tank is to 
be located outside the machinery spaces and provided with a 
vent pipe leading to a safe location on the open deck. See 
also Pt 4, Ch 2,11.2. 


9.1.3 Drainage from a cargo space into bilge wells in a 
lower space is only permitted if that space satisfies the same 
requirements as the cargo space above. 


9.1.4 On ships with closed vehicle spaces, ro-ro spaces 
and special category spaces, means are to be provided to 
prevent the blockage of drainage systems from these spaces. 


a Section 10 
Drainage arrangements for ships 
not fitted with propelling 
machinery 


10.1 Hand pumps 


10.1.1. Where auxiliary power is not provided, hand pumps 
are to be fitted, in number and position, as may be required 
for the efficient drainage of the ship. 


10.1.2 In general, one hand pump is to be provided for 
each compartment. Alternatively, two pumps connected to a 
bilge main, having at least one branch to each compartment, 
are to be provided. 


10.1.3. The pumps are to be capable of being worked from 
the upper deck or from positions above the load waterline 
which are at all times readily accessible. The suction lift is not 
to exceed 7,3 m and is to be well within the capacity of the 
pump. 


10.1.4 The sizes of the hand pumps are to be not less 
than those given in Table 13.10.1. Where the ship is closely 
subdivided into small watertight compartments, 50 mm bore 
suctions will be accepted. 


Table 13.10.1 Sizes of hand pumps 


Bore of suction 

of barrel pipe of bucket 

of bucket pumps and 
pump semi-rotary pumps 


Diameter 


Tonnage under upper deck 


mm mm 


Not exceeding 500 tons 50 


Above 500 tons but 
not exceeding 1000 tons 57 


Above 1000 tons but 
not exceeding 2000 tons 65 


Above 2000 tons 70 
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10.2 Ships with auxiliary power 


10.2.1 In ships in which auxiliary power is available on 
board, power pump suctions are to be provided for dealing 
with the drainage of tanks and of the bilges of the principal 
compartments. 


10.2.2 The pumping arrangements are to be as required 
for self-propelled ships, so far as these requirements are 
applicable, duly modified to suit the size and service of the 
ship. 


10.2.3 Details of the pumping arrangements are to be 
submitted for special consideration. 


i Section 11 
Ballast system 


11.1 Stand-by arrangements for ballast pumping 


11.1.1 Where ballasting/de-ballasting is required for ship 
operation or trading purposes stand-by ballast pumping 
arrangements are to be provided, see also 6.2.1 and 
Ch 15,2.4.4. 


11.2 Integrated cargo and ballast systems 


11.2.1 Where ballast and cargo systems share power 
supplies and/or control engineering systems, the additional 
requirements of this sub-Section apply. 


11.2.2 A failure is not to prevent operation of the ballast 
system by other means. 


11.2.3 Controls to stop the cargo system, including 
normal controls and emergency stop and safety shut-downs, 
are not to prevent operation of the ballast system. 


11.3 Ballast water treatment system installations 


11.3.1 Failure of a ballast water treatment system is not to 
impair or restrict ballasting or de-ballasting operations. 


11.3.2 Failure of a ballast water treatment system shall not 
impair or restrict any other essential system as defined by 
Pt 6, Ch 2,1.5. 


11.3.3 Ballast water treatment systems are to be installed 
on a by-pass arrangement, designed to ensure that the 
treatment system can be efficiently isolated from the ballast 
water system without impairing ballast water flow. 


11.3.4 Pipe work associated with ballast water treatment 
systems units is to meet the requirements of Table 12.5.3 in 
Chapter 12. 


11.3.5 Valves are to comply with the requirements of 
Ch 12,6. 
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11.3.6 All electrical equipment forming part of ballast 
water treatment units is to meet the applicable requirements 
of Pt 6, Ch 2. Hazardous areas associated with ballast water 
treatment system installations are to be determined in 
accordance with the requirements of Pt 6, Ch 2,14. 


11.3.7 Any deck and bulkhead penetrations are to meet 
the requirements of Section 1. 


11.3.8 Arrangements for transferring ballast water from 

non-hazardous to hazardous areas is only permitted where: 

e — There is no ballast water supply from hazardous areas 
to non-hazardous areas. 

e Ballast water from the non-hazardous area is discharged 
to a hazardous area with the piping provided with two 
non-return valves installed in series. 

e All pipe penetrations from the non-hazardous area to the 
hazardous area are led above main deck level. 

e — Engine room and pump-room bulkheads are not to be 
penetrated. 


a Section 12 
Air, overflow and sounding pipes 


12.1 Definitions 


12.1.1 Reference to cargo oil in this Section is to be taken 
to mean cargo oil which has a flash point 60°C or above 
(closed cup test). 


12.2 Materials 


12.2.1 Air, overflow and sounding pipes are to be made of 
steel or other approved material. For use of plastics pipes of 
approved type, see Chapter 12. 


12.2.2 The portions of air, overflow and sounding pipes 
fitted above the weather deck are to be of steel or equivalent 
material. 


12.3 Nameplates 


12.3.1 Nameplates are to be affixed to the upper ends of 
all air and sounding pipes. 


12.4 Air pipes 


12.4.1 Air pipes are to be fitted to all tanks, cofferdams, 
tunnels and other compartments which are not fitted with 
alternative ventilation arrangements. 


12.4.2 The air pipes are to be fitted at the opposite end of 
the tank to that which the filling pipes are placed and/or at the 
highest part of the tank. Where the tank top is of unusual or 
irregular profile, special consideration will be given to the 
number and position of the air pipes. 
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12.4.3 For a normally inaccessible small void compart- 
ment such as an echo sounding compartment, which is 
accessed from within a normally inaccessible space such as 
a forepeak tank, alternative air pipe arrangements to those 
required by 12.4.1 may be considered. For such arrange- 
ments, a warning notice is to be located in a prominent 
position specifying the precautions to be taken prior opening 
the manhole and entering the small void compartment. 
Ventilation arrangements are to be submitted to LR for 
approval. 


12.5 Termination of air pipes 


12.5.1 Air pipes to double bottom tanks, deep tanks 
extending to the shell plating, or tanks which can be run up 
from the sea are to be led to above the bulkhead deck. Air 
pipes to oil fuel and cargo oil tanks, cofferdams and all tanks 
which can be pumped up are to be led to the open. For height 
of air pipes above deck, see Pt 3, Ch 12,3. 


12.5.2 Air pipes from storage tanks containing lubricating 
or hydraulic oil may terminate in the machinery space, 
provided that the open ends are so situated that issuing oil 
cannot come into contact with electrical equipment or heated 
surfaces. Air pipes from heated lubricating oil tanks are to be 
led to the open. 


12.5.3 The open ends of air pipes to oil fuel and cargo oil 
tanks are to be situated where no danger will be incurred from 
issuing oil vapour when the tank is being filled. 


12.5.4 The location and arrangement of air pipes for oil 
fuel service, settling and lubricating oil tanks are to be such 
that in the event of a broken vent pipe, this does not directly 
lead to the risk of ingress of sea-water or rainwater. 


12.5.5 For special requirements for the termination of air 
pipes on ferries, see Pt 3, Ch 12,3 and Pt 4, Ch 2,11. 


12.6 Gauze diaphragms 


12.6.1. The open ends of air pipes to oil fuel and cargo oil 
tanks are to be furnished with a wire gauze diaphragm of 
incorrodible material which can be readily removed for cleaning 
or renewal. 


12.6.2 Where wire gauze diaphragms are fitted at air pipe 
openings, the area of the opening through the gauze is to be 
not less than the cross-sectional area required for the pipe, 
see 12.8. 


12.7 Air pipe closing appliances 


12.7.1. The closing appliances fitted to tank air pipes in 
accordance with Pt 3, Ch 12,3 are to be of an automatic 
opening type which will allow the free passage of air or liquid 
to prevent the tanks being subjected to a pressure or vacuum 
greater than that for which they are designed, and prevent the 
free entry of water into the tanks. 
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12.7.2 Ai pipe closing devices are to be of a type accept- 
able to Lloyd’s Register (hereinafter referred to as ‘LR’) and 
are to be tested in accordance with a National or International 
Standard recognised by LR. The flow characteristic of the 
closing device is to be determined using water, see 12.8.1 
and 12.8.2. 


12.7.3 Wood plugs and other devices which can be 
secured closed are not to be fitted at the outlets. 


12.7.4 Air pipe automatic closing devices shall be so 
designed that they will withstand both ambient conditions as 
indicated in Pt 5, Ch 1,3.5 and 3.6 and designed working 
conditions, and be suitable for use at inclinations up to and 
including +40°. 


12.7.5 Air pipe automatic closing devices shall be 
constructed to allow inspection of the closure and the inside 
of the casing as well as changing the seals. 


12.7.6 Efficient ball or float seating arrangements are to be 
provided for the closures. Bars, cages or other devices are to 
be provided to prevent the ball or float from contacting the 
inner chamber in its normal state, and made in such a way 
that the ball or float is not damaged when subjected to liquid 
impact due to a tank being overfilled. 


12.7.7 Air pipe automatic closing devices are to be self- 
draining. 


12.7.8 The clear area through an air pipe closing device in 
the open position shall be at least equal to the area of the 
inlet. 


12.7.9 In the case of air pipe closing devices of the float 
type, suitable guides are to be provided to ensure un- 
obstructed operation under all working conditions of heel and 
trim as specified in 12.7.4. 


12.7.10 The maximum allowable tolerances for wall thick- 
ness of floats shall not exceed +10 per cent of thickness. 


12.7.11 The inner and the outer chambers of an automatic 
air pipe head are to be of a minimum thickness of 6 mm. 


12.7.12 Casings of air pipe closing devices are to be of 
approved metallic materials, adequately protected against 
corrosion. 


12.7.13 For galvanised steel air pipe heads, the zinc coating 
is to be applied by the hot method and the thickness is to be 
70 to 100 microns. 


12.7.14 For areas of the head susceptible to erosion (e.g., 
those parts directly subjected to ballast water impact when 
the tank is being pressed up, such as the inner chamber area 
above the air pipe plus an overlap of 10° or more either side) 
an additional harder coating should be applied. This is to be 
an aluminium-bearing epoxy, or other equivalent coating, 
applied over the zinc. 
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12.7.15 Closures and seats made of non-metallic materials 
are to be compatible with the media intended to be carried in 
the tank and to sea-water, and suitable for operating at 
ambient temperatures between -25°C and 85°C. 


12.8 Size of air pipes 


12.8.1 For every tank which can be filled by the ship’s 
pumps, the total cross-sectional area of the air pipes and the 
design of the air pipe closing devices are to be such that 
when the tank is overflowing at the maximum pumping 
capacity available for the tank, it will not be subjected to a 
pressure greater than that for which it is designed. 


12.8.2 — |Inall cases, whether a tank is filled by ship’s pumps 
or other means, the total cross-sectional area of the air pipes 
is to be not less than 25 per cent greater than the effective 
area of the respective filling pipe. 


12.8.3 Where tanks are fitted with cross flooding connec- 
tions, the air pipes are to be of adequate area for these 
connections. 


12.8.4 Air pipes are to be not less than 50 mm bore. 


12.9 Overflow pipes 


12.9.1 For all tanks which can be filled by the ship’s 

pumps or by shore pumps, overflow pipes are to be fitted 

where: 

(a) The total cross-sectional area of the air pipe is less than 
that required by 12.8. 

(b) The pressure head corresponding to the height of the air 
pipe is greater than that for which the tank is designed. 


12.9.2 |In the case of oil fuel and lubricating oil tanks, the 
overflow pipe is to be led to an overflow tank of adequate 
capacity or to a storage tank having a space reserved for 
overflow purposes. Suitable means are to be provided to 
indicate when overflow is occurring, or when the contents 
reach a predetermined level in the tanks. 


12.9.3. Overflow pipes are to be self draining under normal 
conditions of trim. 


12.9.4 Where overflow sight glasses are provided, they are 
to be in a vertically dropping line and designed such that the 
oil does not impinge on the glass. The glass is to be of heat 
resisting quality, adequately protected from mechanical 
damage and well lit. 


12.10 Air and overflow systems 


12.10.1 Where a combined air or overflow system is fitted, 
the arrangement is to be such that in the event of any one of 
the tanks being bilged, tanks situated in other watertight 
compartments of the ship cannot be flooded from the sea 
through combined air pipes or the overflow main. For this 
purpose, it will normally be necessary to lead the overflow 
pipe to a point close to the bulkhead deck. 
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12.10.2 In the case of trawlers and fishing vessels, the 
arrangement is to be such that in the event of any one of the 
tanks being bilged, the other tanks cannot be flooded from 
the sea through the combined air pipes or the overflow main. 


12.10.3 Where overflow from tanks which are used for the 
alternative carriage of oil and water ballast is connected to an 
overflow system, arrangements are to be made to prevent 
water ballast overflowing into tanks containing oil, see also 
Ch 14,4.14. 


12.10.4 Where a common overflow main is provided, the 
main is to be sized to allow any two tanks connected to that 
main to overflow simultaneously. 


12.11 Sounding arrangements 


12.11.1 Provision is to be made for sounding all tanks and 
the bilges of those compartments which are not at all times 
readily accessible. The soundings are to be taken as near the 
suction pipes as practicable. 


12.11.2 Bilges of compartments which are not at all times 
readily accessible are to be provided with sounding pipes. 


12.11.3 Where fitted, sounding pipes are to be as straight 
as practicable, and if curved to suit the structure of the ship, 
the curvature must be sufficiently easy to permit the ready 
passage of the sounding rod or chain. 


12.11.4 Sounding devices of approved type may be used 
in lieu of sounding pipes for sounding tanks. These devices 
are to be tested, after fitting on board, to the satisfaction of 
the Surveyors. 


12.11.5 Where gauge glasses are used for indicating the 
level of liquid in tanks containing lubricating oil, oil fuel or other 
flammable liquid, the glasses are to be of the flat type of heat- 
resisting quality, adequately protected from mechanical 
damage, and fitted with self-closing valves at the lower ends 
and at the top ends if these are connected to the tanks below 
the maximum liquid level. 


12.11.6 If means of sounding, other than a sounding pipe, 
is fitted in any ship for indicating the level of liquid in tanks 
containing oil fuel, lubricating oil or other flammable liquid, 
failure of such means or over filling of the tank should not 
result in the release of tank contents. 


12.11.7 In passenger ships, sounding devices for oil fuel 
tanks, lubricating oil tanks and other tanks which may contain 
flammable liquids are to be of a type which does not require 
penetration below the top of the tank. 


12.11.8 For a normally inaccessible small void compart- 
ment such as an echo sounding compartment, which is 
accessed from within a normally inaccessible space such as 
a forepeak tank, alternative sounding arrangements to those 
required by 12.11.1 may be considered. For such arrange- 
ments, a warning notice is to be located in a prominent 
position specifying precautions to be taken prior opening the 
manhole of the small void compartment. Means are to be 
provided to indicate flooding of the compartment without 
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opening, such as fitting indicator plugs to the manhole. 
Sounding arrangements are to be submitted to LR for 
approval. 


12.12 Termination of sounding pipes 


12.12.1 Sounding pipes are to be led to positions above the 
bulkhead deck which are at all times accessible and, in the 
case of oil fuel tanks, cargo oil tanks, lubricating oil tanks and 
tanks containing other flammable oils, the sounding pipes are 
to be led to safe positions on the open deck. 


12.12.2 For closing requirements, see also Pt 3, Ch 12,3. 


12.13 Short sounding pipes 


12.13.1 In machinery spaces and tunnels, in circumstances 
where it is not practicable to extend the sounding pipes as 
mentioned in 12.12, short sounding pipes extending to well 
lighted readily accessible positions above the platform may 
be fitted to double bottom tanks. Where such pipes serve 
tanks containing oil fuel or other flammable liquid, an 
additional sounding device of approved type is to be fitted. 
An additional sounding device is not required for lubricating 
oil tanks. Any proposal to terminate in the machinery space, 
sounding pipes to tanks, other than double bottom tanks, will 
be the subject of special consideration. 


12.13.2 Short sounding pipes to oil fuel, cargo oil (flash 
point not less than 60°C), lubricating oil tanks and other 
flammable oil tanks (flash point not less than 60°C) are to be 
fitted with cocks having parallel plugs with permanently 
attached handles, so loaded that, on being released, they 
automatically close the cocks. In addition, a small diameter 
self-closing test cock is to be fitted below the cock mentioned 
above in order to ensure that the sounding pipe is not under 
a pressure of oil before opening-up the sounding cock. 
Provision is to be made to ensure that discharge of oil through 
this test cock does not present an ignition hazard. An 
additional small diameter self-closing test cock is not required 
for lubricating oil tanks. 


12.13.3 Asa further precaution against fire, such sounding 
pipes are to be located in positions as far removed as possible 
from any heated surface or electrical equipment and, where 
necessary, effective shielding is to be provided in way of such 
surfaces and/or equipment. 


12.13.4 In ships that are required to be provided with a 
double bottom, short sounding pipes, where fitted to double 
bottom tanks, are in all cases to be provided with self- 
closing cocks as described in 12.13.2. 


12.13.5 Where a double bottom is not required to be fitted, 
short sounding pipes to tanks other than oil tanks are to be 
fitted with shut-off cocks or with screw caps attached to the 
pipes by chains. 


12.13.6 In passenger ships, short sounding pipes are 
permissible only for sounding cofferdams and double bottom 
tanks situated in a machinery space, and are in all cases to 
be fitted with self-closing cocks as described in 12.13.2. 
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12.14 Elbow sounding pipes 


12.14.1 Elbow sounding pipes are not to be used for deep 
tanks unless the elbows and pipes are situated within closed 
cofferdams or within tanks containing similar liquids. They 
may, however, be fitted to other tanks and may be used for 
sounding bilges, provided that it is not practicable to lead 
them direct to the tanks or compartments, and subject to any 
subdivision and damage stability requirements that may apply, 
see 1.2.1. 


12.14.2 The elbows are to be of heavy construction and 
adequately supported. 


12.14.3 In passenger ships, elbow sounding pipes are not 
permissible. 


12.15 Striking plates 


12.15.17 Striking plates of adequate thickness and size are 
to be fitted under open-ended sounding pipes. 


12.15.2 Where slotted sounding pipes having closed ends 
are employed, the closing plugs are to be of substantial 
construction. 


12.16 Sizes of sounding pipes 


12.16.17 Sounding pipes are to be not less than 32 mm 
bore. 


12.16.2 All sounding pipes, whether for compartments or 
tanks, which pass through refrigerated spaces or the insula- 
tion thereof, in which the temperatures contemplated are 0°C 
or below, are to be not less than 65 mm bore, see also 2.8.1 
for insulation. 


a Cross-references 
For ‘Ice Class’ requirements, see Part 8. 


For venting and gauging equipment for cargo tanks in oil 
tankers, see Ch 15,4 and Ch 15,5. 


For control engineering equipment, see Pt 6, Ch 1. 


For requirements relating to scuppers and sanitary discharges, 
see Pt 3, Ch 12. 


LLOYD'S REGISTER 


15 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Ship Piping Systems 


E Section 13 
Additional requirements for 
drainage and pumping 
arrangements for bulk carriers 


13.1 General requirements 


13.1.1 Arrangements for drainage and pumping are to be 
in accordance with the requirements of SOLAS 1974 as 
amended, Chapter XII, Regulation 13. 


13.1.2 On bulk carriers, the means for draining and pumping 
ballast tanks forward of the collision bulkhead and bilges of 
dry spaces any part of which extends forward of the foremost 
cargo hold are to be capable of being brought into operation 
from a readily accessible enclosed space, the location of 
which is accessible from the navigation bridge or propulsion 
machinery control positions without traversing exposed free- 
board or superstructure decks. Where pipes serving such 
tanks or bilges pierce the collision bulkhead, valve operation 
by means of remotely operated actuators may be accepted, 
as an alternative to the valve control specified in 3.5.4, 
provided that the location of such valve controls complies with 
this requirement. 


13.2 Dewatering capability 


13.2.1 The dewatering system for ballast tanks located 
forward of the collision bulkhead, and for bilges of dry spaces 
any part of which extends forward of the foremost cargo hold, 
is to be designed to remove water from the forward spaces at 
a rate of not less than 320A m3/h, where A is the cross- 
sectional area in m? of the largest air pipe or ventilator pipe 
connected from the exposed deck to a closed forward space 
that is required to be dewatered by these arrangements. 


a Section 14 
Water ingress detection 
arrangements 


14.1 General requirements 


14.1.1. Equipment for detecting the ingress of water in bulk 
carriers is to be fitted in accordance with the requirements of 
SOLAS 1974 as amended, Chapter XII, Regulation 12. 


14.1.2 Equipment for detecting the ingress of water in 
single hold cargo ships is to be fitted in accordance with the 
requirements of SOLAS 1974 as amended, Chapter Il-1, 
Regulation 25. 


14.1.3 Flooding detection systems in passenger ships 
carrying 36 persons or more are to be fitted in accordance 
with the requirements of SOLAS 1974 as amended, Chapter Il-1, 
Regulation 22-1. 
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14.1.4 Alarm and indicators specified in 14.2 to 14.4 are to 
be provided on the navigation bridge and, for passenger 
ships, additionally in the safety centre if located in a separate 
space from the navigation bridge. 


14.1.5 Equipment required by 14.1.2 to 14.1.4 is to satisfy 
the applicable requirements of Pt 6, Ch 1. 


14.1.6  Pt6,Ch1,1.3.1 details applicable requirements for 
Survey at the manufacturer’s works. At the initial installation 
and during each subsequent Complete Survey of Machinery 
alarm systems or Special Survey, the operation of the ingress 
detection arrangements is to be demonstrated to the 
satisfaction of the LR Surveyor. 


14.1.7 | Where alternative arrangements to those required 
by 14.1.2 to 14.1.4 are proposed, evidence is to be submit- 
ted for consideration by LR that demonstrates: 

e — water ingress will be detected in all areas considered 
necessary to reliably detect flooding of watertight 
spaces; 

° responsible personnel will be effectively notified in the 
event of water ingress to allow for planned response; 
and 

e acceptance by the National Administration with which 
the ship is registered. 


14.2 Water ingress detection arrangements in bulk 
carriers 


14.2.1. Bulk carriers are to be fitted with water level detectors: 

(a) in each cargo hold, giving audible and visual alarms, one 
when the water level above the inner bottom in any hold 
reaches a height of 0,5 m and another at a height not 
less than 15 per cent of the depth of the cargo hold but 
not more than 2 m. The water level detectors are to be 
fitted in the aft end of each cargo hold. For cargo holds 
which are used for water ballast, an alarm overriding 
device may be installed. The visual alarms are to clearly 
discriminate between the two different water levels 
detected in each hold; 

(b) in any ballast tank forward of the collision bulkhead 
required by Pt 3, Ch 3,4, giving an audible and visual 
alarm when the liquid in the tank reaches a level not 
exceeding 10 per cent of the tank capacity. An alarm 
overriding device may be installed to be activated when 
the tank is in use; and 

(c) in any dry or void space other than a chain cable locker, 
any part of which extends forward of the foremost cargo 
hold, giving an audible and visual alarm at a water level 
of 0,1 m above the deck. Such alarms need not be 
provided in enclosed spaces the volume of which does 
not exceed 0,1 per cent of the ship’s maximum displace- 
ment volume. 
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14.3 Water ingress detection arrangements in 
single hold cargo ships 


14.3.1 Ships having a length, L, of less than 80 m and a 
single cargo hold below the freeboard deck or cargo holds 
below the freeboard deck which are not separated by at least 
one bulkhead made watertight up to that deck, are to be fitted 
in such space or spaces with water level detectors. 


14.3.2 The water level detectors required by 14.3.1 are to: 

(a) give an audible and visual alarm when the water level 
above the inner bottom in the cargo hold reaches a 
height of not less than 0,3 m, and another when such 
level reaches not more than 15 per cent of the mean 
depth of the cargo hold; and 

(b) be fitted at the aft end of the hold, or above its lowest 
part where the inner bottom is not parallel to the 
designed waterline. Where webs or partial watertight 
bulkheads are fitted above the inner bottom, the installation 
of additional detectors is to be considered. 


14.3.3 The water level detectors required by 14.3.1 need 
not be fitted in ships complying with 14.2, or in ships having 
watertight side compartments each side of the cargo hold 
length which extend vertically at least from inner bottom to 
freeboard deck. 


14.4 Flooding detection systems in passenger 
ships 


14.4.1 Passenger ships for 36 persons or more are to be 
provided with a flooding detection system for watertight 
spaces below the bulkhead deck. 


14.4.2 The flooding detection system required by 14.4.1 
is to be fitted in all watertight spaces below the bulkhead deck 
that: 

(a) have a volume, in cubic metres, that is more than the 
ship’s moulded displacement per centimetre immersion 
at deepest subdivision draught; or 

(b) have a volume more than 30 cubic metres, whichever is 
the greater. 


14.4.3 Any watertight spaces that are individually 
equipped with a liquid level monitoring system (Such as fresh 
water, ballast water, fuel, etc.), including an indicator panel or 
other means of monitoring at the navigation bridge, and the 
safety centre if located in a separate space from the naviga- 
tion bridge, are excluded from the requirements of this 
sub-Section. 


14.4.4 The number and location of flooding detection 
sensors is to be sufficient to ensure that any substantial water 
ingress into a watertight space requiring a flooding detection 
system is detected under reasonable angles of trim and heel. 
To accomplish this, flooding detection sensors are to be 
installed as indicated below: 

(a) Vertical location — sensors are to be installed as low as 

practical in the watertight space; 
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(o) Longitudinal location — in watertight spaces located 
forward of the mid-length sensors are generally to be 
installed at the forward end of the space; and in water- 
tight spaces located aft of the mid-length, sensors are 
generally to be installed at the aft end of the space. For 
watertight spaces located in the vicinity of the mid- 
length, consideration is to be given to the appropriate 
longitudinal location of the sensor. In addition, any water- 
tight space of length more than 20 per cent of the ship’s 
subdivision length or with arrangements that would 
seriously restrict the longitudinal flow of water is to be 
provided with sensors at both the forward and aft ends; 
and 

(c) Transverse location - sensors are generally to be 
installed at the centreline of the space (or alternatively at 
both the port and starboard sides). In addition, any 
watertight space that extends the full breadth of the ship 
or with arrangements that would seriously restrict the 
transverse flow of water is to be provided with sensors at 
both the port and starboard sides. 


14.4.5 Where a watertight space extends in height over 
more than one deck, there is to be at least one flooding 
detection sensor at each deck level. This provision is not 
applicable in cases where a continuous flood level monitoring 
system is installed. 


14.4.6 Consideration may be given to the number and 
location of flooding detection sensors in watertight spaces 
with unusual arrangements or in other cases where these 
requirements would not achieve the intended purpose, see 
14.1.7. 
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Section 

1 General requirements 

2 Oil fuel - General requirements 

3 Oil fuel burning arrangements 

4 Oil fuel pumps, pipes, fittings, tanks, etc. 

5 Steam piping systems 

6 Boiler feed water, condensate and thermal fluid 


circulation systems 


7 Engine cooling water systems 
8 Lubricating oil systems 
9 Hydraulic systems 


10 Low pressure compressed air systems 
11 Multi-engined ships 


12 Control, alarm and safety systems of machinery 


E Section 1 
General requirements 


1.1 General 


7.7.1 In addition to the requirements detailed in this 
Chapter, the requirements of Ch 13,1 and 2 are to be 
complied with, where applicable. 


1.1.2 The requirements of Ch 13,3 are also to be 
complied with, so far as they are applicable, for the drainage 
of tanks, oily bilges and cofferdams, etc. 


1.1.3 The requirements of Sections 2 and 4 are to be 
complied with, as far as they are applicable, for all flammable 
liquids. 


a Section 2 
Oil fuel - General requirements 


2.1 Flash point 


QTE The flash point (closed-cup test) of oil fuel for use in 
ships classed for unrestricted service is, in general, to be not 
less than 60°C. For emergency generator engines a flash 
point of not less than 48°C is permissible. 


2.1.2 The use of oil fuel having a flash point of less than 
60° but not less than 43° may be permitted for emergency 
generators, emergency fire pumps, engines and auxiliary 
machines which are not located in machinery spaces subject 
to the requirements of 4.19. 
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2.1.3 The use of fuel having a lower flash point than 
specified in 2.1.1 or 2.1.2 may be permitted in cargo ships 
provided that such fuel is not stored in any machinery space 
and the arrangements for the complete installation are 
specially approved. 


2.1.4 Oil fuel in storage tanks is not to be heated to a 
temperature exceeding 10°C below its flash point. Higher 
temperatures will be considered for oil fuel stored in settling 
and service tanks where: 

(a) The tanks are vented to a safe position outside the 
engine room and, as in the case of all oil fuel tanks, the 
ends of the ventilation pipes are fitted with gauze 
diaphragms. 

(o) Openings in the drainage systems of tanks containing 
heated oil fuel are located in spaces where no 
accumulation of oil vapours at temperatures close to the 
flash point can occur. 

(c) The length of vent pipes from such tanks and/or a 
cooling device is sufficient for cooling oil vapours to 
below 60°C, or the outlet of the vent pipes is located at 
least 3 m from sources of ignition. 

d) There is no source of ignition in the vicinity of openings in 
the drainage systems. 

e) There are no openings from the vapour space of the fuel 
tanks into machinery spaces other than bolted manhole 
covers. 

f) Enclosed spaces are not located directly over such fuel 
tanks, except for vented cofferdams. 

g) Electrical equipment is not fitted in the vapour space of 
tanks unless it meets the requirements of Pt 6, 
Ch 2,14.2.4 for electrical equipment in zone 0 explosive 
atmospheres. 


2.1.5 The temperature of any heating medium is not to 
exceed 220°C. 


2.2 Special fuels 


2.2.1 When it is desired to carry a quantity of fuel having 
a flash point below 43°C for special services, e.g. aviation 
spirit for use in helicopters, full particulars of the proposed 
arrangements are to be submitted for special consideration. 
For helicopter refuelling, as a minimum, the requirements of 
SOLAS 1974 as amended II-2/G, 18-7 will apply. 


2.2.2 For the burning of methane gas in methane 
tankers, see the Rules and Regulations for the Construction 
and Classification of Ships for the Carriage of Liquefied Gases 
in Bulk (hereinafter referred to as the Rules for Ships for 
Liquefied Gases). 


2.2.3 Where it is proposed to use gaseous fuels for main 
or auxiliary engines in ships other than LNG carriers, the rele- 
vant requirements of the Rules for the Classification of Natural 
Gas Fuelled Ships are to be complied with. Full particulars of 
the proposed arrangements are to be submitted for special 
consideration. Attention is to be given to any relevant statu- 
tory requirements of the National Authority of the country in 
which the ships are to be registered. 
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2.3 Oil fuel sampling 


2.3.1 Sampling points are to be provided at locations 
within the oil fuel system that enable samples of oil fuel to be 
taken in a safe manner. 


2.3.2 The position of a sampling point is to be such that 
the sample of the oil fuel is representative of the oil fuel 
quality at that location within the system. 

NOTE: 

Samples taken from sounding pipes are not considered to be 
representative of the tank’s contents. 


2.3.3 The sampling arrangements within the machinery 
space are to be capable of safely providing samples when 
machinery is running and are to be provided with isolating 
valves and cocks of the self-closing type. The sampling points 
are to be located in positions as far removed as possible from 
any heated surface or electrical equipment so as to preclude 
impingement of oil fuel onto such surfaces on equipment 
under all operating conditions, see Ch 1,3.7. 


2.4 Ventilation 


2.4.1 The spaces in which the oil fuel burning appliances 
and the oil fuel settling and service tanks are fitted are to be 
well ventilated and easy of access. 


2.5 Boiler insulation and air circulation in 
boiler room 


2.5.1 The boilers are to be suitably lagged. The clearance 
spaces between the boilers and tops of the double bottom 
tanks, and between the boilers and the sides of the storage 
tanks in which oil fuel and cargo oil is carried, are to be 
adequate for the free circulation of the air necessary to keep 
the temperature of the stored oil sufficiently below its flash 
point. 


2.5.2 Where water tube boilers are installed, there is to 
be a space of at least 760 mm between the tank top and the 
underside of the pans forming the bottom of the combustion 
spaces. 


2.5.3 Smoke-box doors are to be shielded and well 
fitting, and the uptake joints made gastight. Where the surface 
temperature of the uptakes may exceed 220°C, they are to 
be efficiently lagged to minimise the risk of fire and to prevent 
damage by heat. Where lagging covering the uptakes, 
including flanges, is oil-absorbing or may permit penetration 
of oil, the lagging is to be encased in sheet metal or 
equivalent. In locations where the Surveyor is satisfied that oil 
impingement could not occur, the lagging need not be 
encased. 


2.6 Funnel dampers 


2.6.1 Dampers which are capable of completely closing 
the gas passages are not to be fitted to inner funnels of ships 
equipped for burning oil fuel only. In ships burning oil or coal 
alternatively, dampers may be retained, if they are provided 
with a suitable device whereby they may be securely locked in 
the fully open position. 
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2.7 Heating arrangements 


2.7.1 Where steam is used for heating oil fuel, cargo oil or 
lubricating oil, in bunkers, tanks, heaters or separators, the 
exhaust drains are to discharge the condensate into an 
observation tank in a well lighted and accessible position 
where it can be readily seen whether or not it is free from oil, 
see Ch 15,6.4. 


2.7.2 Where hot water is used for heating, means are to 
be provided for detecting the presence of oil in the return lines 
from the heating coils. 


2.7.3 Where it is proposed to use any heating medium 
other than steam or hot water, full particulars of the proposed 
arrangements are to be submitted for special consideration. 


2.7.4 The heating pipes in contact with oil are to be of 
iron, steel, approved aluminium alloy or approved copper 
alloy, and, after being fitted on board, are to be tested by 
hydraulic pressure in accordance with the requirements of 
Ch 12,8.1. 


2.7.5 Where electric heating elements are fitted means 
are to be provided to ensure that all elements are submerged 
at all times when electric current is flowing and that their 
surface temperature cannot exceed 220°C. 


2.8 Temperature indication 


2.8.1 Tanks and heaters in which oil is heated are to be 
provided with suitable means for ascertaining the tempera- 
ture of the oil. Where thermometers or temperature sensing 
devices are not fitted in blind pockets, a warning notice, in 
raised letters, is to be affixed adjacent to the fittings stating 
‘Do not remove unless tank/heater is drained’. 


2.8.2 Controls are to be fitted to limit oil temperatures in 
oil storage and service tanks in accordance with 2.1.4 and in 
oil heaters to the maximum approved operating temperature, 
see Pt 6, Ch 1. 


2.9 Precautions against fire 


2.9.1 Oil fuel tanks and oil fuel filters are not to be 
situated immediately above boilers or other highly heated 
surfaces, see also Ch 1,4.5. 


2.9.2 Oil fuel pipes are not to be installed above or near 
high temperature equipment. Oil fuel pipes should also be 
installed and screened or otherwise suitably protected to 
avoid oil spray or oil leakages onto hot surfaces, into 
machinery air intakes, or other sources of ignition such as 
electrical equipment. Pipe joints are to be kept to a minimum, 
and where provided are to be of a type acceptable to LR. 
Pipes are to be led in well lit and readily visible positions, see 
also Ch 2,8. 
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2.9.3 Pumps, filters and heaters are to be located to 
avoid oil spray or oil leakages onto hot surfaces or other 
sources of ignition, or onto rotating machinery parts. Where 
necessary, shielding is to be provided and the arrangements 
are to allow easy access for routine maintenance. The design 
of filter and strainer arrangements is to be such as to avoid 
the possibility of them being opened inadvertently when under 
pressure. This may be achieved by either mechanically 
preventing the pressurised filter from being opened or by 
providing pressure gauges which clearly indicate which filter is 
under pressure. In either case, suitable means for pressure 
release are to be provided, with drain pipes led to a safe 
location. 


2.9.4 The arrangement and location of short sounding 
pipes to oil tanks are to be in accordance with Ch 13,12.13. 
For alternative sounding arrangements, see Ch 13,12.11. 


2.9.5 Water service pipes and hoses are to be fitted in 
order that the floor plates and tank top or shell plating in way of 
boilers, oil fuel apparatus or deep storage tanks in the engine 
and boiler spaces can at any time be flushed with sea-water. 


2.9.6 So far as is practicable, the use of wood is to be 
avoided in the engine rooms, boiler rooms and tunnels of 
ships burning oil fuel. 


2.9.7 Drip trays are to be fitted at the furnace mouths to 
intercept oil escaping from the burners, and under all other oil 
fuel appliances which are required to be opened up frequently 
for cleaning or adjustment. 


2.9.8 Oil-tight drip trays of ample size having suitable 
drainage arrangements are to be provided at pipes, pumps, 
valves and other fittings where there is a possibility of 
leakage. Valves should be located in well lighted and readily 
visible positions. Drip trays will not be required where pumps, 
valves and other fittings are placed in special compartments 
either inside or outside the machinery space with approved 
overall drainage arrangements or for valves which are so 
positioned that any leakage will drain directly into the bilges 
see 2.9.2. 


2.9.9 Where drainage arrangements are provided from 
collected leakages, they are to be led to a suitable oil drain 
tank not forming part of an overflow system. 


2.9.10 Separate oil fuel tanks are to be placed in an 
oil-tight spill tray of ample size having drainage arrangements 
leading to a drain tank of suitable size, see 4.17. 


2.9.11 Where level switches are used below the tank top, 
they are to be contained in a steel enclosure or other 
enclosures which provide equivalent protection against fire. 
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2.10 Oil fuel contamination 


2.10.1 The materials and/or their surface treatment used 
for the storage and distribution of oil fuel are to be selected 
such that they do not introduce contamination or modify the 
properties of the fuel. The use of copper or zinc compounds 
in oil fuel distribution and utilisation piping is not permitted 
except for small diameter pipes in low pressure systems, see 
4.6.1. 


2.10.2 For prevention of ingress of water into oil fuel tanks 
via air pipes, see Ch 13,10.5.4. 


2.10.3. The piping arrangements for oil fuel are to be 
separate and distinct from those intended for lubricating oil 
systems to prevent contamination of fuel oil by lubricating oil. 


2.10.4 Piping arrangements or alternative means are to be 
provided to ensure that distillates (i.e. gas oils/diesel grades) 
are to be kept separate and distinct from residual grades, up 
to the service tanks required by 4.18, in order to prevent 
cross-contamination. Cross-connection is permitted between 
separate arrangements in the event of failure of a designated 
item of equipment. 


2.11 Tanks and cofferdams 


2.11.1 Tanks containing oil fuel are to be separated from 
passenger, crew and baggage compartments by a gastight 
and watertight boundary or a cofferdam which is suitably 
ventilated and drained. 


4 Cross-reference 


For requirements regarding refrigerated cargo spaces in way 
of oil storage tanks, see Pt 6, Ch 3,4. 


a Section 3 
Oil fuel burning arrangements 


3.1 Oil burning units 


OF All oil burning equipment is to be capable of operating 
at defined power/rating levels where specified by the Owner/ 
Operator. Confirmation by the manufacturer of this capability is 
to be provided to LR including the specified power/rating 
parameters, and operating and maintenance regimes. See also 
Pt 5, Ch 1,3.1.2. 
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3.1.2 Where steam is required for the main propelling 
engines, or where steam or thermal oil is required for auxiliary 
machinery for essential services, or for heating of heavy oil 
fuel and is generated by burning oil fuel under pressure, there 
are to be not less than two oil burning units. For auxiliary boilers, 
a single oil burning unit may be accepted, provided that 
alternative means, such as an exhaust gas boiler or composite 
boiler, are available for supply of essential services. Where the 
oil burning unit is not of the monobloc type (i.e., separate 
register and oil supply unit), each oil burning unit is to 
comprise a pressure pump, suction filter, discharge filter and, 
when required, a heater. 


3.1.3 In installations consisting of two or more oil burning 
units, the number, arrangement and capacity of such units is 
to be capable of supplying sufficient fuel to allow the steam 
to be generated or thermal oil heated, as applicable to 
provide essential services with any one unit out of action. 


3.1.4 Unit pressure pumps are to be entirely separate 
from the feed, bilge or ballast systems. 


3.1.5 In dual oil fuel burning systems for boilers which 
are primarily designed for operation with residual fuel oil 
grades, arrangements are to be such that atomising steam 
cannot be used in combination with distillate fuel oil grades 
where the burner arrangements have not been designed for 
such use. 


3.1.6 In all dual oil fuel burning systems for boilers, the 
manufacturer of the combustion equipment is to ensure that 
the full system, including control and monitoring systems, is 
capable of continuous operation in all conditions for each fuel 
grade. 


3.1.7 Whenever the oil fuel burning units are stopped, 
shut-off arrangements for oil fuel to the units are to be 
provided as follows: 

(a) If the supply oil fuel is under pressure during shut-off to 
oil burning units, duplicated shut-off valves in series are 
to be fitted. Arrangements are to be such to allow 
manual testing for leakage from each of the valves in the 
installed condition, the test arrangement is to be such to 
prevent inadvertent operation, and any discharges are 
to be led to a safe position to ensure that discharge of 
leakage oil does not present an ignition hazard. 

(b) If arrangements are such that oil fuel pressure is 
released through drainage during oil fuel shut-off to oil 
burning units, a single shut-off device may be accepted 
subject to approval by LR. 


3.1.8 When combined air and fuel/steam/air combustion 
systems are used for multiple boiler installations, they are to 
be such that single boiler operation will not be adversely 
affected by the operation of another boiler system at any 
time. 
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3.1.9 Arrangements are to be such that furnace pre- 
purging is completed prior to any burner ignition sequence. 
The purge time is to be based on a minimum of 4 air changes 
of the combustion chamber, furnace and uptake spaces. The 
purge timing is to take account of the air flow rate and the 
sequence is not to commence until all air registers and 
dampers, as applicable, are fully open and the forced draft 
fans are operating. 


3.1.10 The effect of multiple light-off failures is to be 
assessed and the need to lock out further ignition sequences 
established. The manufacturer’s recommended procedures 
are to be followed before further atternpts to ignite the boiler 
are made. These procedures are to be displayed at the 
ignition control positions and included in the warning notice 
required by 3.1.11. 


3.1.11 Means are to be provided so that, in the event of 
flame failure, the oil fuel supply to the burner(s) is shut-off 
automatically, and an alarm is given, see Pt 5, Ch 10,18.3, 
Ch 14,12.2 and Ch14,12.3, as applicable. 


3.1.12 Itis to be demonstrated to the Surveyor's satisfaction 
during trials that burner shut-off times due to flame failure 
comply with the following requirements, and details of the 
procedures and means used to set this time interval are to be 
submitted for consideration: 

(a) The time interval at burner start up between the burner 
oil fuel valve(s) being opened and then closed in the 
event of flame failure is to be long enough to allow a 
stable flame to be established and detected under 
normal operational circumstances, but is to be set to 
minimise the quantity of oil fuel delivered to the furnace 
and the possibility of subsequent damage as a result of 
unintended ignition. 

(o) The time interval between flame failure detection and 
closing of burner oil fuel valve(s) is to be long enough to 
prevent shutdown due to incorrect detection of a flame 
failure under normal operational circumstances, but is to 
be set to minimise the quantity of unburned oil fuel 
delivered to the furnace and the possibility of subsequent 
damage as a result of unintended ignition. 


3.1.13 A warning notice is to be fitted in a prominent 
position at every oil burning unit local manual control station 
which specifies that burners operated with manual or local 
overrides in use are only to be ignited after sufficient purging 
of the furnace and of any additional precautions required 
when operating in this condition. 


3.2 Gravity feed 


3.2.1 In systems where oil is fed to the burners by gravity, 
duplex filters are to be fitted in the supply pipeline to the burners 
and so arranged that one filter can be opened up when the 
other is in use. 


3.3 Starting-up unit 
3.3.1 A starting-up oil fuel unit, including an auxiliary 


heater and hand pump, or other suitable starting-up device, 
which does not require power from shore, is to be provided. 
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3.3.2 Alternatively, where auxiliary machinery requiring 
compressed air or electric power is used to bring the boiler 
plant into operation, the arrangements for starting such 
machinery are to comply with Ch 2,9.1. 


3.4 Steam connections to burners 


3.4.1 Where burners are provided with steam purging 
and/or atomising connections, the arrangements are to be 
such that oil fuel cannot find its way into the steam system in 
the event of valve leakage. 


3.5 Burner arrangements 


3.5.1 The burner arrangements are to be such that a 
burner cannot be withdrawn unless the oil fuel supply to that 
burner is shut off, and that the oil cannot be turned on unless 
the burner has been correctly coupled to the supply line. 


3.6 Quick-closing valve 


3.6.1 A quick-closing master valve is to be fitted to the 
oil supply to each boiler manifold, suitably located so that the 
valve can be readily operated in an emergency, either directly 
or by means of remote control, having regard to the machinery 
arrangements and location of controls. 


3.7 Spill arrangements 


3.7.1 Provision is to be made, by suitable non-return 
arrangements, to prevent oil from spill systems being returned 
to the burners when the oil supply to these burners has been 
shut off. 


3.8 Alternately-fired furnaces 


3.8.1 For alternately-fired furnaces of boilers using 
exhaust gases and oil fuel, the exhaust gas inlet pipe is to be 
provided with an isolating device and interlocking arrange- 
ments whereby oil fuel can only be supplied to the burners 
when the isolating device is closed to the boiler. 


3.9 Oil fuel treatment for supply to main and 
auxiliary oil engines and gas turbines 


3.9.1 A suitable fuel treatment plant that may include 
filtration, centrifuging and/or coalescing is to be provided to 
reduce the level of water and particulate contamination of the oil 
fuel to within the engine or gas turbine manufacturer's limits for 
inlet to the combustion system. The capacity and arrange- 
ments of the treatment plant is to be suitable for ensuring 
availability of treated oil fuel for the maximum continuous 
demand of the propulsion and electrical generating plant. 
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3.9.2 Two or more treatment systems are to be provided 
as part of the fuel treatment plant such that failure of one 
system will not render the other system(s) inoperative. 
Arrangements are to ensure that the failure of a treatment 
system will not interrupt the supply of clean oil fuel to oil 
engines or gas turbines used for propulsion and electrical 
generating purposes where treatment plant is installed 
between oil fuel service tanks and the inlet to the combustion 
system. Any treatment equipment in the system is to be 
capable of being cleaned without interrupting the flow of 
treated fuel to supply the combustion system. 


3.9.3 Centrifuges used for oil fuel treatment are to be 
type tested for their intended usage when installed on board 
a ship in accordance with a standard acceptable to LR. 


3.9.4 Where heating of the oil fuel is required for the 
efficient functioning of the oil fuel treatment plant, a minimum 
of two heating units are to be provided. Each heating unit is to 
be of sufficient capacity to raise and maintain the required 
temperature of the oil fuel for the required delivery flow rate. 


3.9.5 Heating units may be in circuit with separate treat- 
ment systems or provided with connections such that any 
heating unit can be connected to any treatment system. 


3.9.6 Where heating of the oil fuel is required for combus- 
tion, not less than two pre-heaters are to be provided, each 
with sufficient capacity to raise the temperature of the fuel to 
provide a viscosity suitable for combustion. 


3.9.7 Filters and/or coalescers are to be fitted in the oil fuel 
supply lines to each oil engine and gas turbine to ensure that only 
suitably filtered oil is fed to the combustion system. The arrange- 
ments are to be such that any unit can be cleaned without 
interrupting the supply of filtered oil to the combustion system. 


3.10 Booster pumps 


3.10.1 Where an oil fuel booster pump is fitted, which is 
essential to the operation of the main engine, a standby pump 
is to be provided. 


3.10.2 The standby pump is to be connected ready for 
immediate use but where two or more main engines are fitted, 
each with its own pump, a complete spare pump may be 
accepted provided that it is readily accessible and can easily 
be installed. 


3.11 Booster pumps when operating in emissions 
control areas 


3.11.1 Ships intending to use Heavy Fuel Oil (HFO) or 
Marine Diesel Oil (MDO) when operating outside emissions 
control areas and marine fuels with a sulphur content not 
exceeding 0,1 per cent m/m and minimum viscosity of 2 cSt 
when operating inside emission control areas are to meet the 
requirements of 3.11.2. or 3.11.3. 
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3.11.2 | The booster pumps which are fitted in compliance 
with 3.10 are acceptable for use in emissions control areas 
where these pumps are each suitable for marine fuels with a 
sulphur content not exceeding 0,1 per cent m/m and mini- 
mum viscosity of 2 cSt operation at the required capacity for 
normal operation of propulsion machinery. 


3.11.3. When the booster pumps which are fitted in 
compliance with 3.10 are suitable to operate on marine fuels 
with a sulphur content not exceeding 0,1 per cent m/m and 
minimum viscosity of 2 cSt, but one pump alone is not 
capable of delivering marine fuels with a sulphur content not 
exceeding 0,1 per cent m/m and minimum viscosity of 2 cSt 
at the required capacity, two booster pumps may operate in 
parallel to achieve the required capacity for normal operation 
of propulsion machinery. In this case, one additional fuel oil 
pump is to be provided. The additional booster pump shall, 
when operating in parallel with one of the booster pumps in 
3.10, be suitable for and capable of delivering marine fuels 
with a sulphur content not exceeding 0,1 per cent m/m and 
minimum viscosity of 2 cSt at the required capacity for normal 
operation of the propulsion machinery. 


3.12 Fuel valve cooling pumps 

3.12.1. Where pumps are provided for fuel valve cooling, 
the arrangements are to be in accordance with 3.10. 

3.13 Oil-fired galleys 


3.13.1 The oil fuel tank is to be located outside the galley 
and is to be fitted with approved means of filling and venting. 


3.13.2 The fuel supply to the burners is to be controlled 
from a position which will always be accessible in the event 
of a fire occurring in the galley. 


3.13.3 The galley is to be well ventilated. 


3.13.4 When liquefied petroleum gas is used, bottles are 
to be stored on the open deck or in a well ventilated space 
which only opens to the open deck. 


a Section 4 
Oil fuel pumps, pipes, fittings, 
tanks, etc. 


4.1 Transfer pumps 


4.1.1 Where a power driven pump is necessary for 
transferring oil fuel, a standby pump is to be provided and 
connected ready for use, or, alternatively, emergency connec- 
tions may be made to one of the unit pumps or to another 
suitable power driven pump. 
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4.2 Control of pumps 


4.2.1 The power supply to all independently driven oil fuel 
transfer and pressure pumps is to be capable of being stopped 
from a position outside the space which will always be 
accessible in the event of fire occurring in the compartment in 
which they are situated, as well as from the compartment itself. 


4.3 Relief valves on pumps 


4.3.1 All pumps which are capable of developing a 
pressure exceeding the design pressure of the system are to 
be provided with relief valves. Each relief valve is to be in closed 
circuit, i.e. arranged to discharge back to the suction side of 
the pump and to effectively limit the pump discharge pressure 
to the design pressure of the system. 


4.4 Pump connections 


4.4.1 Valves or cocks are to be interposed between the 
pumps and the suction and discharge pipes, in order that any 
pump may be shut off for opening up and overhauling. 


4.5 Pipes conveying oil 


4.5.1 Pipes conveying oil under pressure are to be of 
seamless steel or other approved material having flanged or 
welded joints, and are to be placed in sight above the platform 
in well lighted and readily accessible parts of the machinery 
spaces. The number of flanged joints is to be kept to a 
minimum. 


4.5.2 Where pipes convey heated oil under pressure the 
flanges are to be machined, and the jointing material, which is 
to be impervious to oil heated to 150°C, is to be the thinnest 
possible, so that flanges are practically metal to metal. The 
scantlings of the pipes and their flanges are to be suitable for a 
pressure of at least 13,7 bar (14 kgf/cm2) or for the design 
pressure, whichever is the greater. 


4.5.3 The short joining lengths of pipes to the burners from 
the control valves at the boiler may have cone unions, provided 
these are of specially robust construction. 


4.5.4 Flexible hoses of approved material and design may 
be used for the burner pipes, provided that spare lengths, 
complete with couplings, are carried on board. 


4.5.5 For requirements relating to flexible hoses, see 
Ch 12.7. 
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4.6 Low pressure pipes 


4.6.1 Transfer, suction and other low pressure oil pipes 
and all pipes passing through oil storage tanks are to be 
made of cast iron or steel, having flanged joints suitable for a 
working pressure of not less than 6,9 bar (7 kgf/cm). The 
flanges are to be machined and the jointing material is to be 
impervious to oil. Where the pipes are 25 mm bore or less, 
they may be of seamless copper or copper alloy, except those 
which pass through oil storage tanks. Oil pipes within the 
engine and boiler spaces are to be fitted where they can be 
readily inspected and repaired. 


4.6.2 For requirements regarding bilge pipes in way of 
double bottom tanks and deep tanks, see Ch 13,7.9 and 7.10. 


4.7 Valves and cocks 


4.7.1 Valves, cocks and their pipe connections are to be 
so arranged that oil cannot be admitted into tanks which are 
not structurally suitable for the carriage of oil or into tanks 
which can be used for the carriage of fresh water. 


4.7.2 All valves and cocks forming part of the oil fuel 
installation are to be capable of being controlled from readily 
accessible positions which, in the engine and boiler spaces, 
are to be above the working platform, see also Ch 13,2.3. 


4.7.3 Every oil fuel suction pipe from a double bottom 
tank is to be fitted with a valve or cock. 


4.8 Valves on deep tanks and their control 
arrangements 
4.8.1 Every oil fuel suction pipe from a storage, settling 


and daily service tank situated above the double bottom, and 
every oil fuel levelling pipe within the boiler room or engine 
room, is to be fitted with a valve or cock secured to the tank. 


4.8.2 The valves and cocks mentioned in 4.8.1 are to be 
capable of being closed locally and from positions outside the 
space in which the tank is located. The remote controls are 
to be accessible in the event of fire occurring in the deep 
tank’s space. Instructions for closing the valves or cocks are 
to be indicated at the valves and cocks and at the remote 
control positions. 


4.8.3 The control for remote operation of the valve on the 
emergency generator fuel tank is to be in a separate location 
from the controls for the remote operation of other valves for 
tanks located in machinery spaces. 


4.8.4 In the case of tanks of less than 500 litres capacity, 
consideration will be given to the omission of remote controls. 


4.8.5 Every oil fuel suction pipe which is led into the engine 
and boiler spaces, from a tank situated above the double 
bottom outside these spaces, is to be fitted in the machinery 
space with a valve controlled as in 4.8.2, except where the 
valve on the tank is already capable of being closed from an 
accessible position above the bulkhead deck. 
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4.8.6 Where the filling pipes to deep oil tanks are not 
connected to the tanks near the top, they are to be provided 
with non-return valves at the tanks or with valves or cocks fitted 
and controlled as in 4.8.2. 


4.9 Water drainage from settling tanks 


4.9.1 Settling tanks are to be provided with means for 
draining water from the bottom of the tanks. 


4.9.2 If settling tanks are not provided, the oil fuel bunkers 
or daily service tanks are to be fitted with water drains. 


4.9.3 Open drains for removing the water from oil tanks 
are to be fitted with valves or cocks of self-closing type, and 
suitable provision is to be made for collecting the oily discharge. 


4.10 Relief valves on oil heaters 


4.10.1 Relief valves are to be fitted on the oil side of heaters 
and are to be adjusted to operate at a pressure of 3,4 bar 
(3,5 kgf/cm?) above that of the supply pump relief valve, see 
4.3. The discharge from the relief valves is to be led to a safe 
position. 


4.11 Filling arrangements 


4.11.1 Filling stations are to be isolated from other spaces 
and are to be efficiently drained and ventilated. 


4.11.2 Provision is to be made against over-pressure in the 
filling pipelines, and any relief valve fitted for this purpose is to 
discharge to an overflow tank or other safe position. 


4.12 Transfer arrangements - Passenger ships 


4.12.1 In passenger ships, provision is to be made for the 
transfer of oil fuel from any oil fuel storage or settling tank to 
any other oil fuel storage or settling tank in the event of fire or 
damage. 


4.13 Alternative carriage of oil fuel and water ballast 


4.13.1. Where it is intended to carry oil fuel and water 
ballast in the same compartments alternatively, the valves or 
cocks connecting the suction pipes of these compartments 
with the ballast pump and those connecting them with the oil 
fuel transfer pump are to be so arranged that the oil may be 
pumped from any one compartment by the oil fuel pump at 
the same time as the ballast pump is being used on any other 
compartment. In passenger ships the arrangement will require 
to be specially approved. 


4.13.2 Where settling or service tanks are fitted, each having 
a capacity sufficient to permit 12 hours normal service without 
replenishment, the above requirement may be dispensed with. 
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4.13.3 Attention is drawn to the statutory regulations 
issued by National Authorities in connection with the 
International Convention for the Prevention of Pollution of the 
Sea by Oil, 1973/78. 


4.14 Deep tanks for the alternative carriage of oil, 
water ballast or dry cargo 


4.14.1 In the case of deep tanks which can be used for 
the carriage of oil fuel, cargo oil, water ballast or dry cargo, 
provision is to be made for blank flanging the oil and water 
ballast filling and suction pipes, also the steam heating coils if 
retained in place, when the tank is used for dry cargo, and for 
blank flanging the bilge suction pipes when the tanks are used 
for oil or water ballast. 


4.14.2 |f the deep tanks are connected to an overflow 
system, the arrangements are to be such that liquid or vapour 
from other tanks cannot enter the deep tanks when dry cargo 
is carried in them. 


4.15 Separation of cargo oils from oil fuel 


4.15.1 Pipes conveying vegetable oils or similar cargo oils 
are not to be led through oil fuel tanks, nor are oil fuel pipes to 
be led through tanks containing these cargo oils. For require- 
ments regarding provision of cofferdams between oil and 
water tanks, see Pt 3, Ch 3,4.7. 


4.16 Fresh water piping 


4.16.1 Pipes in connection with compartments used for 
storing fresh water are to be separate and distinct from any 
pipes which may be used for oil or oily water, and are not to 
be led through tanks which contain oil, nor are oil pipes to be 
led through fresh water tanks. 


4.17 Separate oil fuel tanks 


4.17.1. Where separate oil fuel tanks are permitted, their 
construction is to be in accordance with the requirements of 
4.17.2 to 4.17.6, see also SOLAS 1974 as amended 
Reg.II-2/B4.2.2.3.2. 


4.17.2 In general, the minimum thickness of the plating of 
service, settling and other oil tanks, where they do not form 
part of the structure of the ship, is to be 5 mm, but in the case 
of very small tanks, the minimum thickness may be 3 mm. 


4.17.3 For rectangular steel tanks of welded construction, 
the plate thicknesses are to be not less than those indicated 
in Table 14.4.1. The stiffeners are to be of approved 
dimensions. 


4.17.4 The dimension given in Table 14.4.1 for the breadth 
of the panel is the maximum distance allowable between 
continuous lines of support, which may be stiffeners, 
wash-plates or the boundary of the tank. 
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Table 14.4.1 Plate thickness of separate oil fuel 


tanks 


Head from bottom of tank to top of overflow 
pipe, metres 


Thickness 
of plate, mm 2,5 3,0 3,7 4,3 4,9 


Breadth of panel, mm 


525 
645 
770 
900 
1140 


4.17.5 Where necessary, stiffeners are to be provided, and 
if the length of the stiffener exceeds twice the breadth of the 
panel, transverse stiffeners are also to be fitted, or, alterna- 
tively, tie bars are to be provided between stiffeners on 
opposite sides of the tank. 


4.17.6 On completion, the tanks are to be tested by a 
head of water equal to the maximum to which the tanks may 
be subjected, but not less than 2,5 m above the crown of the 
tank. 


4.18 Oil fuel service tanks 


4.18.1 An oil fuel service tank is an oil fuel tank which 
contains only the required quality of fuel ready for immediate 
use. 


4.18.2 Two oil fuel service tanks, for each type of fuel used 
on board, necessary for propulsion and generator systems, 
are to be provided. Each tank is to have a capacity for at least 
eight hours’ operation, at sea, at maximum continuous rating 
of the propulsion plant and/or generating plant associated 
with that tank. 


4.18.3 The arrangement of oil fuel service tanks is to be 
such that one tank can continue to supply oil fuel when the 
other is being cleaned or opened up for repair. 


4.18.4 For ships of less than 500 gross tonnage, the 
capacity of each oil fuel service tank required by 4.18.2 may 
be less than for eight hours operation, where the class 
notation includes a service restriction. 


4.19 Arrangements for fuels with a flash point 
between 43° and 60° 


4.19.1 Fuel oil tanks other than those in double bottom 
compartments shall be located outside ‘Category A’ 
machinery spaces, see also Pt 3, Ch 3,4.7. 


4.19.2 Provisions are to be made for the measurement of 
oil fuel temperature at the pump suction pipe. 


4.19.3 Stop valves are to be provided at the inlet and 
outlet side of oil fuel strainers. 
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4.19.4 Pipe joints shall be either welded or spherical type 
union joints. 


a Section 5 
Steam piping systems 


5.1 Provision for expansion 


5.1.1 In all steam piping systems, provision is to be made 
for expansion and contraction to take place without unduly 
straining the pipes. 


5.1.2 Where expansion pieces are used, particulars are 
to be submitted. 


5.1.3 For installation requirements regarding expansion 
pieces, see Ch 13,2.7. 


5.2 Drainage 


5.2.1 The slope of the pipes and the number and 
position of the drain valves or cocks are to be such that water 
can be efficiently drained from any portion of the steam piping 
system when the ship is in normal trim and is either upright 
or has a list of up to 5°. 


5.2.2 Arrangements are to be made for ready access to 
the drain valves or cocks. 


5.2.3 For the drainage of boiler and exhaust gas economiser 
safety valves, see Ch 10,15.2.8. 


5.3 Soot cleaning drains 


5.3.1 The capacity of the drains from exhaust gas 
economisers/boilers is to be sufficient to remove all wash 
water or condensate generated by installed washing systems 
and arrangements are to be such that engines and turbo- 
chargers are protected from wash water or condensate 
drainage from the washing system. 


5.3.2 Adequate arrangements are to be made for the 
collection and disposal of the waste water generated during 
periodic water washing of the exhaust gas economiser/boiler. 
Details are to be submitted for approval. 


5.4 Pipes in way of holds 


5.4.1 In general, steam pipes are not to be led through 
spaces which may be used for cargo, but where it is 
impracticable to avoid this arrangement, plans are to be 
submitted for consideration. The pipes are to be efficiently 
secured and insulated, and well protected from mechanical 
damage. Pipe joints are to be as few as practicable and 
preferably butt welded. 
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5.4.2 If these pipes are led through shaft tunnels, pipe 
tunnels in way of cargo holds or through duct keels, they are 
to be efficiently secured and insulated. 


5.5 Reduced pressure lines 


5.5.1 Pipelines which are situated on the low pressure 
side of reducing valves, and which are not designed to 
withstand the full pressure at the source of supply, are to be 
fitted with pressure gauges and with relief valves having 
sufficient discharge capacity to protect the piping against 
excessive pressure. 


5.6 Steam for fire-extinguishing in cargo holds 
5.6.1 Where steam is used for fire-extinguishing in cargo 
holds provision is to be made to prevent damage to cargo by 


leakage of steam or by drip. 


5.6.2 Details of the proposed precautionary measures 
are to be submitted. 


E Cross-reference 


For steam heating arrangements for oil fuel, cargo oil or 
lubricating oil, see 2.7. 


E Section 6 
Boiler feed water, condensate and 
thermal fluid circulation systems 


6.1 Feed water piping 


6.1.1 Two separate means of feed are to be provided for 
all main and auxiliary boilers which are required for essential 
services. In the case of steam/steam generators, one means 
of feed will be accepted provided steam for essential services 
is available simultaneously from another source. 


6.2 Feed and circulation pumps 


6.2.1 Two or more feed pumps are to provided of 
sufficient capacity to supply the boilers under full load 
conditions with any one pump out of action. 


6.2.2 Feed pumps may be worked from the main engines 
or may be independently driven, but at least one of the pumps 
required in 6.2.1 is to be independently driven. 


6.2.3 In twin screw ships in which there is only one 
independent feed pump, each main engine is to be fitted with 
a feed pump. Where all the feed pumps are independently 
driven, the pumps are to be connected to deal with the 
condensate from both engines or from either engine. 
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6.2.4 Independent feed pumps required for feeding the 
main boilers are to be fitted with automatic regulators for 
controlling their output. 


6.2.5 The arrangement of forced water/thermal fluid 
circulation pumps for exhaust gas economisers/boilers/ 
thermal heaters is to be such that where required, the flow 
through the exhaust gas economiser/boiler/thermal heater is 
to be established prior to engine start up. Where applicable, 
provision is to be made to allow for operation in the dry 
condition. 


6.2.6 The forced circulation flow required by 6.2.5 is to 
be maintained on completion of engine shutdown for a sufficient 
duration in accordance with the exhaust gas economiser/ 
boiler/thermal heater manufacturer’s instructions. Details of 
arrangements are to be submitted for approval. 


6.2.7 Where arrangements are such that exhaust gas 
economisers/boilers/thermal heaters require forced water/ 
thermal fluid circulation, standby pumps are to be fitted, see 
Pt 5, Ch 4,8.8.3. 


6.3 Harbour feed pumps 


6.3.1 Where main-engine driven feed pumps are fitted 
and there is only one independent feed pump, a harbour feed 
pump or an injector is to be fitted to provide the second 
means of feed to the boilers which are in use when the main 
engines are not working. This requirement need not be 
complied with in the case of trawlers and fishing vessels. 


6.3.2 The harbour feed pump required by 6.3.1 may be 
used for general service, provided that it is not connected to 
tanks containing oil, or to tanks, cofferdams and bilges which 
may contain oily water. 


6.3.3 The valves on the suction pipes from the hotwell or 
condenser and the feed drain tank or filter are to be of the 
non-return type. 


6.4 Condensate pumps 


6.4.1 Two or more extraction pumps are to be provided 
for dealing with the condensate from the main and auxiliary 
condensers, at least one of which is to be independently 
driven. Where one of the independent feed pumps is fitted 
with direct suctions from the condensers and a discharge to 
the feed tank, it may be accepted for this purpose. 


6.5 Valves and cocks 


6.5.1 Feed and condensate pumps are to be provided 
with valves or cocks, interposed between the pumps and the 
suction and the discharge pipes, so that any pump may be 
opened up for overhaul while the others continue in 
operation. 
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6.6 Reserve feed water 


6.6.1 All ships fitted with boilers are to be provided with 
storage space for reserve feed water, the structural and piping 
arrangements being such that this water cannot be 
contaminated by oil or oily water, see Pt 3, Ch 3,4.7 for 
structural arrangements. 


6.6.2 For main boilers, one or more evaporators, of 
adequate capacity, are also to be provided. 


a] Cross-reference 


For feed water level regulators for water tube boilers, see 
Ch 10,16.8. 


a Section 7 
Engine cooling water systems 


7.1 Main supply 


7.1.1 Provision is to be made for an adequate supply of 
cooling water to the main propelling machinery and essential 
auxiliary engines, also to the lubricating oil and fresh water 
coolers and air coolers for electric propelling machinery, 
where these coolers are fitted. The cooling water pump(s) 
may be worked from the engines or be driven independently. 


7.1.2 In the case of main steam turbine installations, a 
sea inlet scoop arrangement may replace the main sea-water 
circulating pump, subject to the conditions stated in 7.2.2(c). 


7.2 Standby supply 


7.2.1 Provision is also to be made for a separate supply 
of cooling water from a suitable independent pump of 
adequate capacity. 


7.2.2 The following arrangements are acceptable 
depending on the purpose for which the cooling water is 
intended: 

(a) Where only one main engine is fitted, the standby pump 
is to be connected ready for immediate use. 

(b) Where more than one main engine is fitted, each with its 
own pump, a complete spare pump of each type may 
be accepted. 

(c) Where a sea inlet scoop arrangement is fitted, and there 
is only one independent condenser circulating pump, a 
further pump, or a connection to the largest available 
pump suitable for circulation duties, is to be fitted to 
provide the second means of circulation when the ship is 
manoeuvring. The pump is to be connected ready for 
immediate use. 

(d) Where fresh water cooling is employed for main and/or 
auxiliary engines, a standby fresh water pump need not 
be fitted if there are suitable emergency connections 
from a salt water system. 
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(e) Where each auxiliary is fitted with a cooling water pump, 
standby means of cooling need not be provided. Where, 
however, a group of auxiliaries is supplied with cooling 
water from a common system, a standby cooling water 
pump is to be provided for this system. This pump is to 
be connected ready for immediate use and may be a 
suitable general service pump. 


7.3 Selection of standby pumps 


7.3.1 When selecting a pump for standby purposes, 
consideration is to be given to the maximum pressure which 
it can develop if the overboard discharge valve is partly or fully 
closed and, when necessary, condenser doors, water boxes, 
etc., are to be protected by an approved device against 
inadvertent over-pressure. See Ch 3,7.3 for the hydraulic test 
pressure which condensers are required to withstand. 


7.4 Relief valves on main cooling water pumps 


7.4.1 Where cooling water pumps can develop a 
pressure head greater than the design pressure of the system, 
they are to be provided with relief valves on the pump 
discharge to effectively limit the pump discharge pressure to 
the design pressure of the system. For location of relief valves, 
see Ch 13,7.8. 


7.5 Sea inlets 


7.5.1 Not less than two sea inlets are to be provided for 
the pumps supplying the sea-water cooling system, one for 
the main pump and one for the standby pump. Alternatively, 
the sea inlets may be connected to a suction line available to 
main and standby pumps. 


7.5.2 Where standby pumps are not connected ready for 
immediate use, see 7.2.2(b), the main pump is to be 
connected to both sea inlets. 


7.5.3 Cooling water pump sea inlets are to be low inlets 
and one of them may be the ballast pump or general service 
pump sea inlet. 


7.5.4 The auxiliary cooling water sea inlets are preferably 
to be located one on each side of the ship. 


7.6 Strainers 


7.6.1 Where sea-water is used for the direct cooling of the 
main engines and essential auxiliary engines, the cooling water 
suction pipes are to be provided with strainers which can be 
cleaned without interruption to the cooling water supply. 


m Cross-reference 


For guidance on metal pipes for water services, see 
Ch 12,11. 
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E Section 8 
Lubricating oil systems 


8.1 General requirements 


8.1.1 The arrangements for storage, distribution and 
utilisation of lubricating oils are to comply with the require- 
ments of this Section. 


8.2 Pumps 


8.2.1 Where lubricating oil for the main engine(s) is 
circulated under pressure, a standby lubricating oil pump is 
to be provided where the following conditions apply: 

(a) The lubricating oil pump is independently driven and the 
total output of the main engine(s) exceeds 370 kW 
(500 shp). 

(o) One main engine with its own pump is fitted and the 
output of the engine exceeds 370 kW (500 shp). 

(c) More than one main engine each with its own lubricating 
oil pump is fitted and the output of each engine exceeds 
370 kW (500 shp). 


8.2.2 The standby pump is to be of sufficient capacity to 
maintain the supply of oil for normal conditions with any one 
pump out of action. The pump is to be fitted and connected 
ready for immediate use, except that where the conditions 
referred to in 8.2.1(c) apply a complete spare pump may be 
accepted. In all cases satisfactory lubrication of the engines is 
to be ensured while starting and manoeuvring. 


8.2.3 Similar provisions to those of 8.2.1 and 8.2.2 are to 
be made where separate lubricating oil systems are employed 
for piston cooling, reduction gears, oil operated couplings and 
controllable pitch propellers, unless approved alternative 
arrangements are provided. 


8.2.4 Independently driven pumps of rotary type are to 
be fitted with a non-return valve on the discharge side of the 


pump. 


8.3 Control of pumps 


8.3.1 The power supply to all independently driven 
lubricating oil transfer and pressure pumps is to be capable of 
being stopped from a position outside the space, which will 
always be accessible in the event of fire occurring in the 
compartment in which they are situated, as well as from the 
compartment itself. 


8.4 Relief valves on pumps 


8.4.1 All lubricating oil pumps which are capable of 
developing a pressure exceeding the design pressure of the 
system are to be provided with relief valves or equivalent. 
Each relief valve is to be in closed circuit, i.e., arranged to 
discharge back to the suction side of the pump, thereby limit- 
ing the pump discharge pressure to the design pressure of 
the system. 
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8.4.2 Where centrifugal type lubricating oil pumps are 
fitted, pressure relief valves will not be required, provided that 
pipes, valves and fittings are suitable for the greater of the 
design pressure or pump non-delivery pressure. 


8.5 Emergency supply for propulsion turbines 
and propulsion turbo-generators 


8.5.1 A suitable emergency supply of lubricating oil is to 
be arranged to come automatically into use in the event of a 
failure of the supply from the pump. 


8.5.2 The emergency supply may be obtained from a 
gravity tank containing sufficient oil to maintain adequate 
lubrication for not less than six minutes, and, in the case of 
propulsion turbo-generators, until the unloaded turbine 
comes to rest from its maximum rated running speed. 


8.5.3 Alternatively, the supply may be provided by the 
standby pump or by an emergency pump. These pumps are 
to be so arranged that their availability is not affected by a 
failure in the power supply. 


8.5.4 For automatic shutdown arrangements of main 
turbines in the event of failure of the lubrication system, see 
Ch 3,5.1 and Ch 4,8. 


8.6 Maintenance of bearing lubrication 


8.6.1 The arrangements for lubricating bearings and for 
draining crankcase and other oil sumps of main and auxiliary 
engines, gearcases, electric generators, motors, and other 
running machinery are to be so designed that lubrication will 
remain efficient with the ship inclined under the conditions as 
shown in Ch 1,3.7. 


8.6.2 For details of the requirements relating to the 
lubrication of bearings of electric generators and motors, see 
Pt 6, Ch 2,1.10 and Section 8. 


8.7 Filters 


OL. 1 Where the lubricating oil for main propelling engines 
is circulated under pressure, provision is to be made for the 
efficient filtration of the oil. The filters are to be capable of 
being cleaned without stopping the engine or reducing the 
supply of filtered oil to the engine. Proposals for an automatic 
by-pass for emergency purposes in high speed engines are to 
be submitted for special consideration. 


8.7.2 In the case of propulsion turbines and their gears, 
arrangements are to be made for the lubricating oil to pass 
through magnetic strainers and fine filters. Generally, the 
openings in the filter elements are to be not coarser than 
required by the manufacturer of the turbines, especially for the 
supply to turbine thrust bearings. 


8.7.3 Centrifuges used for lubricating oil treatment are to 
be type tested for a ship in accordance with a national or 
international standard acceptable to LR. 
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8.8 Filling arrangements 


8.8.1 Filling stations are to be isolated from other spaces 
and are to be efficiently drained and ventilated. 


8.8.2 Provision is to be made against over-pressure in the 
filling pipelines, and any relief valve fitted for this purpose is 
to discharge to an overflow tank or other safe position, or an 
equivalent arrangement is to be provided, except filling by 
means of loose hose. 


8.9 Cleanliness of pipes and fittings 


8.9.1 Extreme care is to be taken to ensure that 
lubricating oil pipes and fittings, before installation, are free 
from scale, sand, metal particles and other foreign matter. 


8.10 Pipes conveying oil 


8.10.1 Pipes conveying lubricating oil under pressure are 
to be of seamless steel or other approved material having 
flanged or welded joints, and are to be placed in sight above 
the platform in well lit and readily accessible parts of the 
machinery spaces. The number of flanged joints is to be kept 
to a minimum. 


8.10.2 For requirements relating to flexible hoses, see 
Ch 12,7. 


8.11 Lubricating oil drain tank 


8.11.1 | Where an engine lubricating oil drain tank extends 
to the bottom shell plating in ships that are required to be 
provided with a double bottom, a shut-off valve is to be fitted 
in the drainpipe between the engine casing and the double 
bottom tank. This valve is to be capable of being closed from 
an accessible position above the level of the lower platform. 


8.12 Lubricating oil contamination 


8.12.1. The materials used in the storage and distribution 
of lubricating oil are to be selected such that they do not 
introduce contaminants or modify the properties of the oil. 
The use of cadmium or zinc in lubricating oil systems where 
they may normally come into contact with the oil is not 
permitted. 


8.12.2 Arrangements are to be made for each forced 
lubrication system, renovation system, ready to use tank(s) 
and their associated rundown lines to drain tanks to be 
flushed after system installation and prior to running of 
machinery. The flushing arrangements are to be in accor- 
dance with the equipment manufacturer's procedures and 
recommendations. 


8.12.3 For prevention of ingress of water into lubricating 
oil tanks via air pipes, see Ch 13,12.5.4. 


12 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Machinery Piping Systems 


8.12.4 The design and construction of engine and gear 
box piping arrangements are to prevent contamination of 
engine lubricating oil systems by leakage of cooling water or 
from bilge water where engines or gearboxes are partly 
installed below the lower platform. Where flexibility is required 
to accommodate movement between the engine and sump 
tank, any flexible joint assembly is to be of an approved type 
suitable for its intended application. 


8.12.5 Where there is a permanently attached oil filling 
pipe and cap provided for an engine or other item of 
machinery, provision is to be made for the topping up oil to 
safely pass through a suitable strainer to prevent unwanted 
matter getting into the lubricating oil system. The caps are to 
be capable of being secured in the closed position. 


8.12.6 Sampling points are to be provided that enable 
samples of lubricating oil to be taken in a safe manner. The 
sampling arrangements are to have the capability to provide 
samples when machinery is running and are to be provided 
with valves and cocks of the self-closing type and located in 
positions as far removed as possible from any heated surface 
or electrical equipment. 


8.13 Deep tank valves and their control 
arrangements 


8.13.1 The requirements for remote operation of valves on 
deep tank suction pipes may be waived where the valves are 
closed during normal operation. 


8.13.2 | Remotely operated valves on lubricating oil deep 
tank suctions should not be of the quick-closing type where 
inadvertent use would endanger the safe operation of the main 
propulsion and essential auxiliary machinery. 


8.13.3 Every lubricating oil suction pipe from a storage, 
settling and service tank situated above the double bottom, 
and every oil levelling pipe within the engine room, is to be 
fitted with a valve or cock secured to the tank. 


8.13.4 Valves and cocks are to be capable of being closed 
locally and from positions outside the space in which the tank 
is located. The remote controls are to be accessible in the 
event of fire occurring in the deep tank’s space. Instructions 
for closing the valves or cocks are to be indicated at the 
valves and cocks and at the remote control positions. 


8.13.5 In the case of tanks of less than 500 litres, capacity, 
consideration will be given to the omission of remote controls. 


8.13.6 Every lubricating oil suction pipe which is led into 
the engine space from a tank situated above the double 
bottom outside this space is to be fitted in the machinery 
space with a valve controlled as in 8.13.4, except where the 
valve on the tank is already capable of being closed from an 
accessible position above the bulkhead deck. 


8.13.7 Where the filling pipes to deep lubricating oil tanks 
are not connected to the tanks near the top, they are to be 
provided with non-return valves at the tanks or with valves or 
cocks, fitted and controlled as in 8.13.4. 


Part 5, Chapter 14 


Sections 8 & 9 


8.14 Separate oil tanks 


8.14.1 On completion, the tanks are to be tested by a 
head of water equal to the maximum to which the tanks may 
be subjected. 


8.15 Precautions against fire 


8.15.1 Lubricating oil tanks and filters are not to be 
situated immediately above boilers or other highly heated 
surfaces. 


8.15.2 Lubricating oil pipes are not to be installed above 
or near high-temperature equipment. Lubricating oil pipes 
should also be installed and screened or otherwise suitably 
protected, to avoid oil spray or oil leakages on to hot surfaces, 
into machinery air intakes, or other sources of ignition such 
as electrical equipment. Pipe joints are to be kept to a 
minimum and where provided are to be of a type acceptable 
to LR. Pipes are to be led in well lit and readily visible 
positions. 


8.15.3 Pumps, filters and heaters are to be located to 
avoid lubricating oil spray or leakage on to hot surfaces or 
other sources of ignition, or on to rotating machinery parts. 
Where necessary, shielding is to be provided and the 
arrangements are to allow easy access for routine 
maintenance. The design of filter and strainer arrangements is 
to be such as to avoid the possibility of them being opened 
inadvertently when under pressure. This may be achieved 
either by mechanically preventing the pressurised filter from 
being opened or by providing pressure gauges which clearly 
indicate which filter is under pressure. In either case, suitable 
means for pressure release are to be provided, with drain 
pipes led to a safe location. 


|_| Cross-references 


For air, sounding pipes and gauge glasses, see Ch 13,12. For 
separation of lubricating oil tanks from fuel tanks, see Pt 3, 
Ch 3,4.7. 


a Section 9 
Hydraulic systems 


9.1 General 


9.1.1 The requirements of this Section are applicable to 
flammable oils employed under pressure in power transmis- 
sion, control, actuating and heating systems, and hydraulic 
media in systems which are providing essential services. 


9.1.2 The arrangements for storage, distribution and 
utilisation of hydraulic and flammable oils employed in the 
systems defined in 9.1.1 are to comply with the requirements of 
this Section. 
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9.2 System arrangements 


9.2.1 Hydraulic fluids are to be suitable for the intended 
purpose under all operating service conditions. 


9.2.2 Materials used for all parts of hydraulic seals are to 
be compatible with the working fluid at the appropriate working 
temperature and pressure. 


9.2.3 Provision is to be made for hand operation of the 
systems in an emergency, unless an acceptable alternative is 
available. 


9.2.4 Where hydraulic securing arrangements are applied, 
the system is to be capable of being locked in the closed 
position so that in the event of hydraulic system failure the 
securing arrangements will remain locked. 


9.2.5 Where pilot operated non-return valves are fitted to 
hydraulic cylinders for locking purposes, the valves are to be 
connected directly to the actuating cylinder(s) without 
intermediate pipes or hoses. 


9.2.6 Hydraulic circuits for securing and locking of bow, 
inner, stern or shell doors are to be arranged such that they 
are isolated from other hydraulic circuits when securing and 
locking devices are in the closed position. For requirements 
relating to hydraulic steering gear arrangements see Ch 19,3. 


9.2.7 Suitable oil collecting arrangements for leaks shall 
be fitted below hydraulic valves and cylinders. 


9.3 Relief valves on pumps 


9.3.1 All pumps which are capable of developing a pres- 
sure exceeding the design pressure of the system are to be 
provided with relief valves. Each relief valve is to be in closed 
circuit, i.e., arranged to discharge back to the suction side of 
the pump and effectively to limit the pump discharge pressure 
to the design pressure of the system. 


9.4 Pipes conveying oil 


9.4.1 Pipes conveying hydraulic oil under pressure are to 
be of seamless steel or other approved material having flanged 
or welded joints, and are to be placed in sight above the 
platform in well lit and readily accessible parts of the 
machinery spaces. The number of flanged joints is to be kept to 
a minimum. 


9.4.2 For requirements relating to flexible hoses, see 
Ch 12,7. 
9.5 Filling arrangements 


9.5.7 Filling stations are to be isolated from other spaces 
and are to be efficiently drained and ventilated. 
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9.5.2 Provision is to be made against over-pressure in the 
filling pipelines, and any relief valve fitted for this purpose is to 
discharge to an overflow tank or other safe position, or an 
equivalent arrangement is to be provided, except filling by 
means of a loose hose. 


9.6 Separate oil tanks 


9.6.1 On completion, the tanks are to be tested by a head 
of water equal to the maximum to which the tanks may be 
subjected. 


9.7 Precaution against fire 


9.7.1 Hydraulic oil tanks and filters are not to be situated 
immediately above boilers or other highly heated surfaces. 


9.7.2 Hydraulic oil pipes are not to be installed above or 
near high-temperature equipment. Hydraulic oil pipes should 
also be installed and screened or otherwise suitably protected, 
to avoid oil spray or oil leakages on to hot surfaces, into 
machinery air intakes, or other sources of ignition such as elec- 
trical equipment. Pipe joints are to be kept to a minimum and 
where provided are to be of a type acceptable to LR. Pipes are 
to be led in well lit and readily visible positions. 


9.7.3 Pumps, filters and heaters are to be located to avoid 
hydraulic oil spray or leakage on to hot surfaces or other 
sources of ignition or on to rotating machinery parts. Where 
necessary, shielding is to be provided and the arrangements 
are to allow easy access for routine maintenance. The design of 
filter and strainer arrangements is to be such as to avoid the 
possibility of them being opened inadvertently when under 
pressure. This may be achieved either by mechanically 
preventing the pressurised filter from being opened or by 
providing pressure gauges which clearly indicate which filter is 
under pressure. In either case, suitable means for pressure 
release are to be provided, with drain pipes led to a safe loca- 
tion. 


a Section 10 
Low pressure compressed air 
systems 


10.1 General 


10.1.1. The requirements of this Section are applicable to 
low pressure (LP) compressed air systems intended for 
essential pneumatic control and instrumentation purposes. 
The documentation required by Ch 13,1.3.1 is to provide 
information to demonstrate compliance with 10.1.2 to 10.1.5. 


10.1.2 Low pressure compressed air systems are to 
produce and distribute cooled compressed air throughout the 
ship to supply all pneumatic control and instrumentation 
systems where the air pressure requirements are typically 
3 to 10 bar. LP compressed air systems may include air 
compressors, oil/water separators, filters, dryers, distribution 
lines and air receivers. 
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10.1.3. The design of LP compressed air systems is to be 
capable of providing a continuous flow of air to meet the 
demands of all essential services under all ambient condi- 
tions. This demand may include the use of intermittently used 
equipment that is part of the ship's equipment, such as power 
tools for machinery maintenance, testing equipment and line 
cleaning. Compressed air systems used for diesel engine or 
gas turbine starting are to comply with the requirements of 
Ch 2,16 and Ch 4,6 as applicable. 


10.1.4 User equipment requirements for the quality of 
compressed air in terms of dewpoint (dryness), oil content 
and solid particle count are to be recognised in the selection 
and configuration of compressors, equipment, filters and 
dryers which are included in the system. 


10.1.5 Configuration arrangements of LP compressed air 

systems may consist of: 

(a) Dedicated LP air compressors and LP air receivers with 
a distribution system for LP users; or 

(o) Supply from the starting air system to dedicated air 
pressure reducing valves/cross-over stations feeding 
into a distribution system for LP users. 


10.2 Compressors and reducing valves/stations 
10.2.1 Where LP air is not derived from the starting air 
system, at least two LP air compressors are to be provided. 
The output of any one compressor is to match the total 
demand of all essential users. The system is to be arranged 
for auto-start of the compressors and means are to be 
provided to indicate if any compressor is operating longer and 
more frequently than the manufacturer’s recommended 
operating periods. 


10.2.2 — If only one LP air compressor is to be provided, a 
cross connection to the starting air system is to be made via 
a reducing valve/cross-connection station. 


10.2.3. Where LP air is derived only from the starting air 
system, at least two means of supplying air to the LP air 
system are to be provided. Each of the two means of 
supplying air is to have sufficient capability of supplying the 
total demand on the LP air system with one of the means out 
of action. 


10.2.4 Where the starting air system is fitted with an 
auxiliary compressor it is to be capable of continuous running 
and to be capable of maintaining the stored capacity of 
starting compressed air in the air receivers as required by 
Ch 2,16 and Ch 4,6 whilst also supplying essential LP 
services. 


10.2.5 Where the starting air system is designed to main- 
tain sufficient compressed air for LP services and engine 
starting arrangements, an additional auxiliary compressor will 
not be required. 
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10.3 Air receivers 

10.3.1 The LP air system and any associated air receivers 
are to be configured to provide sufficient stored energy to 
supply LP compressed air without the pressure in the system 
falling below a level that is insufficient for the operation of all 
essential users. See a/so Pt 6, Ch 1,2.5.7. 


10.3.2 All air receivers are to comply with the requirements 
of Chapter 11 as applicable. 


10.3.3 Stop valves on air receivers are to permit slow 
opening to avoid sudden pressure rises in the piping system. 


10.4 Distribution system 
10.4.1 Drain pots with drain valves are to be provided 
throughout the distribution system at all low points. 


10.4.2 Pipelines that are situated on the low pressure side 
of reducing valves/stations and that are not designed to 
withstand the full pressure of the source supply, are to be 
provided with pressure gauges and with relief valves having 
sufficient capacity to protect the piping against excessive 
pressure. 


10.4.3 In-line filters capable of being cleaned/changed 
without interrupting the flow of filtered air are to be fitted in 
the system. 


10.5 Pneumatic remote control valves 

10.5.1. Where valves, which are required by the Rules to 
be capable of being closed from outside a machinery space, 
have pneumatic closing arrangements, a dedicated air 
receiver is to be fitted to supply compressed air to the valves. 
This air receiver is to be located outside the machinery space. 


10.5.2 The air receiver is to be maintained fully charged 
from the main LP air system via a non-return valve located at 
the air receiver inlet which is to be locked in the open 
position. 


10.5.3 In the case of passenger ships, a permanently 
attached hand-operated air compressor capable of charging 
the air receiver is to be provided in the space in which the air 
receiver is located. 


10.5.4 The capacity of the air receiver is to be sufficient to 
operate all valves and any other essential supplies such as 
ventilation flaps without replenishment. 


10.6 Control arrangements 


10.6.1 The control, alarm and monitoring systems are to 
comply with Pt 6, Ch 1. 
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i Section 11 
Multi-engined ships 


11.1 General 

11.1.1 This Section is applicable to ships of less than 
500 gross tons and which are not required to comply with the 
International Convention for the Safety of Life at Sea, 1974, 
as amended (SOLAS 74), and that have multi-engine 
installations for propulsion purposes. 


11.1.2 For vessels in which the propulsion systems are 
independent and the propulsion system prime movers are 
also fully independent of each other such that in the event of 
the failure of one of the sources of propulsion power the 
vessels will retain the capability of safely manoeuvring under 
all conditions of service, the following may not be required: 
(a) Spare fuel oil booster pump stipulated in 3.10.2. 
(b) Spare lubricating oil pump stipulated in 8.2.1(c), 8.2.2 
and 8.2.3. 
(c) Spare cooling water pump stipulated in 7.2.2(b). 


a Section 12 
Control, alarm and safety systems 
of machinery 


12.1 General 

12.1.1 | Where machinery is fitted with automatic or remote 
controls so that under normal operating conditions it does not 
require any manual intervention by the operators, it is to be 
provided with the alarms and safety arrangements required 
by 12.2 to 12.5, as appropriate. Alternative arrangements 
which provide equivalent safeguards will be considered. 


12.1.2 | Where machinery is arranged to start automatically 
or from a remote control station, interlocks are to be provided 
to prevent start-up under conditions which could hazard the 
machinery. 


12.1.3. Where machinery specified in this Section is 
required to be provided with a standby pump, the standby 
pump is to start automatically if the discharge pressure from 
the working pumps falls below a predetermined value. 


12.1.4 Where a first stage alarm together with a second 
stage alarm and automatic shut-down of machinery are 
required in the relevant Tables of this Section, the sensors and 
circuits utilised for the second stage alarm and automatic 
shut-down are to be independent of those required for the 
first stage alarm. 


12.2 Thermal fluid heaters 


12.2.1 Alarms and safeguards are indicated in 12.2.2 to 
12.2.8 and Table 14.12.1. 
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12.2.2 The standby pumps for oil fuel and thermal fluid 
circulation are to start automatically when the discharge 
pressure from the working pump falls below a predetermined 
value. The standby pumps for thermal fluid circulation are to 
start before shut-off due to low thermal fluid pressure, see 
Table 14.12.1, is activated. 


12.2.3 The following heater services are to be fitted with 
automatic controls so as to maintain steady state conditions 
throughout the operating range of the heater: 

(a) Combustion system. 

(b) Oil fuel supply temperature or viscosity (heavy oil only). 
(c) Thermal fluid temperature. 


12.2.4 Burner controls are to be arranged such that light- 
off is only possible at the minimum firing rate compatible with 
flame establishment. If ignition is set to occur at a fuel rich 
condition then the burner is to revert to the correct operating 
air/fuel ratio on establishment of a stable flame. 


12.2.5 Arrangements are to be such that burner oil fuel 

valve(s) do not open: 

(a) prior to completion of required warm up times for 
residual fuel oil; or 

(b) when the power supply to the igniter has failed, as 
applicable; or 

(c) until a pilot flame is established, as applicable; or 

(d) prior to the completion of furnace purging, see 3.1.7. 


12.2.6 Arrangements for flame failure detection are to be 
provided with self-monitoring capabilities which ensure that 
the flame detector is not erroneously indicating the presence 
of a flame. In the event of failure being detected by these self- 
monitoring capabilities: 
e an alarm is to be activated; 
° In the event of loss of flame detection capability for a 
burner; 
oil fuel to the burner is to be shut off automatically; and 
e an alarm is to be activated. 


12.2.7 Where established as necessary by 3.1.8, means 
are to be provided to prevent starting of the ignition sequence 
following multiple flame failures until completion of the identi- 
fied lock-out period. 


12.2.8 Following burner shut-down, the furnace is to be 
purged automatically for at least the required pre-purging 
time. In event of shut-down due to activation of a required 
safeguard, this purging is to be manually initiated. 


12.3 Incinerators 
12.3.1 Alarms and safeguards are indicated in 12.3.2, 
12.3.3 and Table 14.12.2. 


12.3.2 Where arrangements are provided to introduce 
solid waste into the furnace, these are to be such that there is 
no risk of a fire hazard. 


12.3.3 The combustion temperature is to be controlled to 
ensure that all liquid and solid waste is efficiently burned with- 
out exceeding predetermined temperature limits. 


16 


LLOyp’S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Machinery Piping Systems Part 5, Chapter 14 


Section 12 


Table 14.12.1 Thermal fluid heaters: Alarms and safeguards 


Item 


Alarm 


Expansion tank level* 
Thermal fluid flow 


Thermal fluid pressure 


* 


Thermal fluid outlet temperature 


ion air pressure* 


Oil fuel pressure* 
Oil fuel temperature or viscosity* 


Oil fuel atomising steam/air pressure 


Burner flame* 


Flame monitoring device(s)* 
gniter power supply* 


Forced draft fan* 


Air register and dampers (including those in the uptake)* 
Control system* 


Uptake temperature 


Low 


Low 
Low 
tst stage high 
2nd stage high 
Low 
Low 
High and low 


Low 
Failure 


Failure 


Failure 


Power failure 


Not fully open 
Power failure 


High 


Oi burners to be shut off automatically 


Oi burners to be shut off automatically, see 


Oi burners to be shut off automatically 


Oil fuel burners to be shut off automati 
12.1.4 


Oil fuel burners to be shut off automatically in 
operation or not released during start-up, see 
Note 3. Purge sequence to be inhibited see 3.1.9 


ly, see 


Heavy oil only 


Each burner to be monitored. Oil fuel to burner to 
be shut off automatically, see 3.1.11 to 3.1.12, and 
Note 3 


See 12.2.6 and Note 3 


Each igniter to be checked before oil fuel is supplied 
to burner(s), see 12.2.5 and Note 3 


Oil fuel burners to be shut off automatically in 
operation or not released during start-up, see 
Note 3 


Purge sequence to be inhibited, see 3.1.9 


Oil fuel burners to be shut off automatically. 
Control using alternative arrangement is to remain 
available, see Pt 6, Ch 1,2.5.7 


To monitor for soot fires. Oil fuel to the burner is to 
be shut off, see Notes 4 and 6 


NOTES 


Special consideration may be given to the requirements for oil-fired hot water heaters. 
For heaters not supplying thermal oil for services essential for the safety or the operation of the ship at sea, only the items marked* are 


required. 


These safeguards are to remain operative during automatic, manual and emergency operation. 

Alarm and oil fuel shut-off is only required where exhaust gas economisers/boilers are fitted. 

For exhaust gas economisers/boilers requiring thermal fluid forced circulation, the low flow alarm is to be fitted with provision to override 
the alarm if the exhaust gas economiser/boiler is to be operated in the dry condition. See also 6.2.5. 

Alternatively, details of an appropriate fire detection system are to be submitted for consideration. 


Table 14.12.2 


Item 


Incinerators: Alarms and safeguards 


Alarm 


Note 


Oil fuel temperature or viscosity 
Oil fuel pressure 
Combustion air pressure 


Burner flame and ignition 
Furnace temperature 


Furnace temperature 
Exhaust temperature 


High and low 
Low 


Heavy oil and sludge 


Oil fuel and/or sludge to burners to be shut off 
automatically 


Oil fuel and/or sludge to burners to be shut off 
automatically, see Note 


Oil fuel and/or sludge to burners to be shut off 
automatically 


If applicable 


OTE 


Combustion spaces are to be purged automatically before re-ignition takes place in the event of a flame-out on all burners. 
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12.4 Miscellaneous machinery 12.4.5 Oil tank electric heating. Oil fuel and lubricating 
oil tanks that are provided with electric heating elements are 

12.4.1 Alarms and safeguards are indicated in 12.4.2 to to be fitted with a high temperature alarm, which may be 
12.4.6 and Table 14.12.3. incorporated in the temperature control system, a low level 
alarm and an additional low level sensor to cut off the power 

12.4.2 Dual fuel systems. Oil and gas dual-fired systems supply at a level above that at which the heating element 


for boilers and engines are to be provided with indication to would be exposed. 
show which fuel is in use. 
12.4.6 Oil fuel tanks. Means are to be provided to 


12.4.3 Lifts. For details of alarms and safeguards for lifts eliminate the possibility of overflow from oil fuel service tanks 
classed by LR, reference is to be made to LR’s Code for into the machinery space and to safeguard against overflow 
Lifting Appliances in a Marine Environment. of oil from oil fuel service tanks through the air pipe. See 


Chapter 13 regarding the termination of air pipes. 

12.4.4 Oil heaters. Oil fuel or lubricating oil heaters are to 
be fitted with a high temperature alarm which may be incor- 
porated in the temperature control system. In addition to the 
temperature control system, an independent sensor with 
manual reset is to be fitted, which will automatically cut off the 
heating supply in the event of excessively high temperatures 
or loss of flow, except where the maximum temperature of the 
heating medium remains limited to a value below 220°C. 


Table 14.12.3 Miscellaneous machinery: Alarms and safeguards 


Alarm 


erntube lubricating oil tank level Low 
erntube bearing temperature (oil lubricated) High 
oolant tanks level Low 


il fuel service tanks level High and low Where a common overflow tank is fitted, a high level 
alarm in the common overflow tank may be accepted 


il fuel service tanks temperature High Where heating arrangements are fitted 


il fuel settling tanks temperature High Where heating arrangements are fitted 


Sludge tanks level High — 

Feed water tanks level Low Service tank only 

Purifier water seal broken Fault — 

Purifier oil inlet temperature High = 

Air compressor lubricating oil Failure Automatic shut-down 

Air compressor discharge air temperature High = 

Hydraulic control system pressure Low — 

Pneumatic control system pressure Low — 

Oil heater temperature High — 

Control environmental conditions Abnormal See also Pt 6, Ch 1,1.3.3 
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Section 

1 General requirements 

2 Piping systems for bilge, ballast, oil fuel, etc. 
3 Cargo handling system 

4 Cargo tank venting, purging and gas-freeing 
5 Cargo tank level gauging equipment 

6 Cargo heating arrangements 

7 Inert gas systems 


i Section 1 
General requirements 


1.1 Application 


1.1.1 The requirements of this Chapter are additional to 
those of Chapter 13 and are applicable to ships which are 
intended for the carriage of oil in bulk. 


ltz The requirements are based on the assumption 
that the ships are of normal tanker type having the main 
propelling machinery aft. Departures from this arrangement 
will require special consideration. 


1.1.3 The requirements are primarily intended for ships 
which are to carry flammable liquids having a flash point not 
exceeding 60°C (closed-cup test). 


1.1.4 Where ships are intended to carry specific cargoes 
which are non-flammable or which have a flash point 
exceeding 60°C, the requirements will be modified, where 
necessary, to take account of the lesser hazards associated 
with the cargoes. 


18 For a list of cargoes which can be carried in oil 
tankers, see Table 9.1.2 in Pt 4, Ch 9. 


1.2 Plans and particulars 


eel In addition to the plans and particulars required in 

Chapter 13, the following plans (in a diagrammatic form) are 

to be submitted for consideration: 

e Pumping arrangement at the fore and aft ends and 
drainage of cofferdams and pump-rooms. 

° General arrangement of cargo piping in tanks and on 
deck. 

e — General arrangement of cargo tank vents. The plan is to 
indicate the type and position of the vent outlets from 
any superstructure, erection, air intake, etc. 

e — Arrangement of inert gas piping system together with 
details of inert gas generating plant including all control 
and monitoring devices. 

e Piping arrangements for cargo oil (F.P. 60°C or above, 
closed-cup test). 
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e — Ventilation arrangements of cargo and/or ballast pump- 
rooms and other enclosed spaces which contain cargo 
handling equipment. 

e Arrangements for venting, purging and gas measure- 
ment for double hull and double bottom spaces. 

° Details of alarms and safety arrangements required by 
1.6, see also Pt 6, Ch 1,2. 


1.3 Materials 


1.3.1 All materials used in the cargo pumping and piping 
systems are to be suitable for use with the intended cargoes 
and, where applicable, they are to comply with the require- 
ments of Chapter 12. 


1.3.2 The requirements of 1.3.1 are also applicable to 
other piping systems which may come into contact with 
cargo. 


1.4 Design 


1.4.1 All piping, valves and fittings are to be suitable for 
the maximum pressure to which the system can be 
subjected. 


1.4.2 Piping subject to pressure is to be of seamless or 
other approved type, and is to comply with the requirements 
of Chapter 12. 


1.5 Hazardous zones and spaces 


1.5.1 Oil engines, or any other equipment which could 
constitute a possible source of ignition, are not to be situated 
within cargo tanks, pump-rooms, cofferdams or other spaces 
liable to contain petroleum or other explosive vapours, or in 
spaces or zones immediately adjacent to cargo oil or slop 
tanks. The temperature of steam, or other fluid, in pipes (or 
heating coils) in these spaces is not to exceed 220°C. On gas 
tankers and chemical tankers, the maximum temperature is 
not to exceed that of the required temperature class of 
electrical equipment in the cargo area. 


1.5.2 For definition of hazardous zones and spaces and 
requirements for electrical equipment within such spaces, see 
Pt 6, Ch 2,14.5. 


1.5.3 For the requirements for earthing and bonding of 
pipework for the control of static electricity, see Pt 6, 
Ch 2,1.18. 


1.6 Cargo pump-room 


1.6.1 Control engineering systems are to be in accor- 
dance with the requirements of Pt 6, Ch 1. 


1.6.2 Cargo pump-rooms are to be totally enclosed and 
are to have no direct communication with machinery spaces. 
For bilge drainage arrangements in pump-room, see 2.2. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Piping Systems for Oil Tankers 


1.6.3 Pump-rooms are to be situated within, or adjacent 
to the cargo tank area and are to be provided with ready 
means of access from the open deck, see also Pt 4, Ch 9,13. 


1.6.4 In cargo pump-rooms any drain pipes from steam 
or exhaust pipes from the steam cylinders of the pumps are to 
terminate well above the level of the bilges. 


1.6.5 Alarms and safety arrangements are to be provided 
as indicated in 1.6.6 and Table 15.1.1. These requirements 
are applicable to pump-rooms where pumps for cargo, such 
as cargo pumps, stripping pumps, pumps for slop tanks, 
pumps for COW or similar pumps are provided and not for 
pump-rooms intended solely for ballast transfer. See also 
1.6.7. 


Table 15.1.1 Alarms and safety arrangements 


Item Alarm Note 


Temperature sensing of 

bulkhead shaft glands, High 
bearings and pump see Note 1 
casings 


Cargo, ballast and 
stripping pumps 


Bilge level High — 


> 10% LEL 


Hydrocarbon High 


concentration see Note 2 


NOTES 

1. The alarm signals shall trigger continuous visual and audible 
alarms in the cargo control room or the pump control station. 

2. This alarm signal shall trigger a continuous audible and visual 
alarm in the pump-room, cargo control room, engine control 
room and bridge. 


1.6.6 A system for continuously monitoring the 
concentrations of hydrocarbon gases within the cargo pump- 
room is to be fitted. Monitoring points are to be located in 
positions where potentially dangerous concentrations may be 
readily detected. Gas analysing units with non-safe-type 
measuring equipment may be located outside cargo areas 
(e.g. in cargo control room, navigation bridge or engine room 
when mounted on the forward bulkhead) provided that: 

(a) sampling lines do not pass through gas safe spaces, 
except where permitted by (e); 

(b) the gas sampling pipes are fitted with flame arresters. 
Sample gas is to be led to the atmosphere with outlets 
arranged in a safe location, in the open atmosphere; 

(c) bulkhead penetrations of sample pipes between safe 
and dangerous areas are of an approved type. A manual 
isolating valve is to be fitted in each of the sampling lines 
at the bulkhead in the safe area; 

(d) the gas detection equipment including sampling piping, 
sampling pumps, solenoid valves and analysing units, 
are located in a fully enclosed steel cabinet, with a 
gasketed door, monitored by its own sampling point. At 
gas concentrations above 30 per cent LEL inside the 
steel cabinet, the entire gas-analysing unit is to be 
automatically shut down; and 
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(e) where the cabinet cannot be arranged on the bulkhead, 
sample pipes are to be of steel or other equivalent 
material and without detachable connections, except for 
the connection points for isolating valves at the bulkhead 
and analysing units. The sample pipes are to be led by 
their shortest route. 

Sequential sampling is acceptable as long as it is dedicated 

for the pump-room only, including exhaust ducts, and the 

detection equipment is capable of monitoring from each 
sampling head location at intervals not exceeding 30 minutes. 


1.6.7 Where items of equipment other than described in 
Table 15.1.1 are located in the pump-room and are driven by 
shafts passing through bulkheads, the potential risk of ignition 
of hydrocarbon gas is to be assessed and proposals for 
mitigation submitted to LR for consideration. 


1.7 Arrangements for fixed hydrocarbon gas 
detection systems in double hull and 
double bottom spaces of oil tankers 


LAA In accordance with SOLAS 1974, as amended, 
Ch Il-2/B, Reg. 4.5.7, double hull and double bottom spaces 
of oil tankers with a deadweight of 20000 tonnes and above 
that are not provided with a constant operative inerting 
system are to be provided with a fixed hydrocarbon gas 
detection system. 


1.7.2 Where a fixed hydrocarbon gas detection system 
is required by 1.7.1, itis to be of an approved type and it is to 
meet the requirements of Chapter 16 of the /nternational 
Code for Fire Safety Systems (FSS Code). 


1.8 Cargo pump-room ventilation 


1.8.1 Cargo pump-rooms and other closed spaces 
which contain cargo handling equipment, and to which 
regular access is required during cargo handling operations, 
are to be provided with permanent ventilation systems of the 
mechanical extraction type. 


1.8.2 The ventilation system is to be capable of being 
operated from outside the compartment being ventilated and 
a notice to be fixed near the entrance stating that no person 
is to enter the space until the ventilation system has been in 
operation for at least 15 minutes. 


1.8.3 The ventilation systems are to be capable of 20 air 
changes per hour, based on the gross volume of the pump- 
room or space. 


1.8.4 The ventilation ducting is to be arranged to permit 
extraction from the vicinity of the pump-room bilges, 
immediately above the transverse floor plates or bottom 
longitudinals. An emergency intake is also to be arranged in 
the ducting at a height of 2 m above the pump-room lower 
platform and is to be provided with a damper capable of 
being opened or closed from the weather deck and lower 
platform level. An arrangement involving a specific ratio of 
areas of upper emergency and lower main ventilation 
openings, which can be shown to result in at least the 
required number of air changes through the lower inlets, can 
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be accepted without the use of dampers. When the lower 
inlets are sealed off, owing to flooding of the bilges, then at 
least 75 per cent of the required number of air changes is to 
be obtainable through the upper inlets. Means are to be 
provided to ensure the free flow of gases through the lower 
platform to the duct intakes. 


1.8.5 Protection screens of not more than 13 mm square 
mesh are to be fitted in outside openings of ventilation ducts, 
and ventilation intakes are to be so arranged as to 
minimise the possibility of re-cycling hazardous vapours from 
any ventilation discharge opening. Vent exits are to be 
arranged to discharge to a safe place on the open deck and 
comply with the requirements of 1.8.6. 


1.8.6 The vent exits from pump-rooms are to discharge 
at least 3 m above deck, and from the nearest air intakes or 
openings to accommodation and enclosed working spaces, 
and from possible sources of ignition. 


1.8.7 The ventilation is to be interlocked to the lighting 
system (except emergency lighting) such that the cargo 
pump-room lighting may only come on when the ventilation 
is in operation. Failure of the ventilation system shall not cause 
the lighting to go out. 


1.9 Non-sparking fans for hazardous areas 


1.9.1 The air gap between impeller and housing of the 
fan is to be not less than 0,1 of the impeller shaft bearing 
diameter or 2 mm whichever is the larger, subject also to 
compliance with 1.9.2(e). Generally, however, the air gap need 
be no more than 13 mm. 


1.9.2 The following combinations of materials are 

permissible for the impeller and the housing in way of the 

impeller: 

a) impellers and/or housings of non-metallic material, due 

regard being paid to the elimination of static electricity, 

b) impellers and housings of non-ferrous metals, 

c) impellers and housings of austenitic stainless steel, 

d) impellers of aluminium alloys or magnesium alloys and a 

ferrous housing provided that a ring of suitable thickness 

of non-ferrous material is fitted in way of the impeller, 

e) any combination of ferrous impellers and housings with 
not less than 13 mm tip clearance, 

f) any combination of materials for the impeller and 
housing which are demonstrated as being spark proof 
by appropriate rubbing tests. 


1.9.3 The following combinations of materials for 

impellers and housing are not considered spark proof and are 

not permitted: 

(a) impellers of an aluminium alloy or magnesium alloy and 
a ferrous housing, irrespective of tip clearance, 

(o) impellers of a ferrous material and housings made of an 
aluminium alloy, irrespective of tip clearance, 

(c) any combination of ferrous impeller and housing with 
less than 13 mm tip clearance, other than permitted by 
1.9.2(c). 
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1.9.4 Electrostatic charges both in the rotating body and 
the casing are to be prevented by the use of antistatic 
materials (i.e. materials having an electrical resistance 
between 5 x 104 ohms and 108 ohms), or special means are 
to be provided to avoid dangerous electrical charges on the 
surface of the material. 


1.9.5 Type tests on the complete fan are to be carried out 
to the Surveyor’s satisfaction. 


1.9.6 Protection screens of not more than 13 mm square 
mesh are to be fitted in the inlet and outlet of ventilation ducts 
to prevent the entry of objects into the fan housing. 


1.9.7 The installation of the ventilation units on board is to 
be such as to ensure the safe bonding to the hull of the units 
themselves. 


1.10 Slop tanks 


7.10.1 The requirements in 1.10.2 to 1.10.7 are applica- 
ble to ships intended for the carriage of ore or oil when oil 
residues are to be retained in the slop tanks and the ship is 
otherwise gas free, see also Pt 4, Ch 9,11.3. 


1.10.2 Slop tanks are to be provided with an approved 
independent venting system, see Section 4. 


1.10.3 At least two portable instruments are to be 
available on board for gas detection. 


1.10.4 Means are to be provided for isolating the piping 
connecting the pump-room with the slop tanks. The means 
of isolation is to consist of a valve followed by a spectacle 
flange or a spool piece with appropriate blank flanges. This 
arrangement is to be located adjacent to the slop tanks, but 
where this is unreasonable or impracticable it may be located 
within the pump-room directly after the piping penetrates the 
bulkhead. A separate permanently installed pumping and 
piping arrangement is to be provided for discharging the 
contents of the slop tanks directly to the open deck for 
transfer to shore reception facilities when the ship is in the dry 
cargo mode. When this transfer system is used for slop 
transfer in dry cargo mode, it shall have no connection to 
other systems. Separation by means of removal of spool 
pieces may be accepted. 


1.10.5 Adequate ventilation is to be provided for spaces 
surrounding slop tanks, see also Pt 4, Ch 9,11.3. 


1.10.6 Warning notices are to be erected at suitable points 
detailing precautions to be observed prior to the ship loading 
or unloading, or when the ship is carrying dry cargo with liquid 
in the slop tanks. 


1.10.7 In order to satisfy the requirements of certain 
National and/or Terminal Authorities, it may be necessary to 
provide an inert gas system for blanketing the slop tank 
contents. 


LLOYD’S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Piping Systems for Oil Tankers 


1.11 Steam connections to cargo tanks 


1.11.1 Where steaming out and/or fire-extinguishing 
connections are provided for cargo tanks or cargo pipe lines, 
they are to be fitted with valves of the screw-down non-return 
type. The main supply to these connections is to be fitted with 
a master valve placed in a readily accessible position clear of 
the cargo tanks. 


Sl Cross-reference 


See Pt 6, Ch 1,3 for alarm system requirements. 


a Section 2 
Piping systems for bilge, ballast, 
oil fuel, etc. 


2.1 Pumping arrangements at ends of ship 
outside hazardous zones and spaces 


2.1.1 The pumping arrangements in the machinery space 
and at the forward end of the ship are to comply with the 
requirements for general cargo ships, in so far as they are 
applicable, and with the special requirements detailed in this 
Section. 


2.1.2 Bilge, ballast and oil fuel lines, etc., which are 
connected to pumps, tanks or compartments at the ends of 
the ship outside hazardous zones and spaces, are not to pass 
through cargo tanks or have any connections to cargo tanks, 
or cargo piping. No objection will be made to these lines 
being led through ballast tanks or void spaces within the 
range of the cargo tanks. 


2.1.3 The oil fuel bunkering system is to be entirely 
separate from the cargo handling system. 


2.1.4 Where non-permanent connections are required in 
piping systems between non-hazardous and hazardous 
spaces, two means of isolation are to be provided. One of 
these means is to provide positive separation by means of a 
removable spool piece or flexible hose, and blank flanges are 
to be fitted. The other is to be a non-return valve, or similar, in 
accordance with an acceptable National or International 
Standard that is appropriate for the design conditions of the 
piping system. The non-return valve and removable piece are 
to be located within the existing hazardous spaces. A notice 
is also to be provided located in a prominent position 
adjacent to the means of isolation, clearly indicating that the 
spool piece or flexible hose is to be removed, and blanking 
flanges are to be fitted, when the piping is not in use. The 
removable spool piece is to be clearly identified (labelled/ 
painted in a distinctive colour) and stowed close to its 
working position. 
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2.2 Cargo pump-room drainage 


224 Provision is to be made for the bilge drainage of the 
cargo pump-rooms by pump or bilge ejector suctions. The 
cargo pumps or cargo stripping pumps may be used for this 
purpose, provided that the bilge suctions are fitted with 
screw-down non-return valves and, in addition, an isolating 
valve or cock is fitted on the pump connection to the bilge 
chest. The pump-room bilges of small tankers may be drained 
by means of a hand pump having a 50 mm bore suction. 
Pump-room suctions are not to enter machinery spaces. 


2.3 Deep cofferdam drainage 


2.3.1 Cofferdams, which are required to be provided at 
the fore and aft ends of the cargo spaces in accordance with 
Pt 4, Ch 9,1.2 are to be provided with suitable drainage 
arrangements. Examples of acceptable arrangements are 
detailed in 2.3.2 and 2.3.3. 


2.3.2 Where deep cofferdams can be filled with water 
ballast, a ballast pump in the main engine room may be used 
for emptying the after cofferdam. Where fitted, a ballast pump 
in a forward pump-room may be used for emptying the 
forward cofferdam. In each case, the suctions are to be led 
direct to the pump and not to a pipe system. 


2.3.3 Where intended to be dry compartments, after 
cofferdams adjacent to the pump-room may be drained by a 
cargo pump, provided that isolating arrangements are fitted in 
the bilge system as required by 2.2.1; forward cofferdams 
may be drained by a bilge and ballast pump in a forward 
pump-room. Alternatively, cofferdams may be drained by 
bilge ejectors or, in the case of small ships, by hand pumps. 


2.3.4 Cofferdams are not to have any direct connections 
to the cargo tanks or cargo lines. 


2.4 Drainage of ballast tanks and void spaces 
within the range of the cargo tanks 


2.4.1 Ballast tanks and void spaces within the range of 
the cargo tanks are not to be connected to cargo pumps, or 
have any connections to the cargo system. A separate 
ballast/bilge pump is to be provided for dealing with the 
contents of these spaces. This pump is to be located in the 
cargo pump-room or other suitable space within the range of 
the cargo tanks. 


2.4.2 Ballast pumps shall be provided with suitable 
arrangements to ensure efficient suction from ballast tanks. 


2.4.3 Where submerged water ballast pumps are fitted, 
they are to be located in separate compartments on opposite 
sides of the ship such that, in the event of hull damage due 
to grounding or collision, the risk of total loss of ballast 
pumping capability is minimised. 


2.4.4 Ballast piping is not to pass through cargo tanks 
and is not to be connected to cargo oil piping. Provision may, 
however, be made for emergency discharge of water ballast 
by means of a portable spool connection to a cargo oil pump 
and where this is arranged, a non-return valve is to be fitted in 
the ballast suction to the cargo oil pump. 
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2.4.5 Consideration will be given to connecting double 
bottom and/or wing tanks, which are in the range of the cargo 
tanks, to pumps in the machinery space where the tanks are 
completely separated from the cargo tanks by cofferdams, 
heating ducts or containment spaces, etc. 


2.5 Air and sounding pipes 


2.5.1 Deep cofferdams at the fore and aft ends of the cargo 
spaces and other tanks or cofferdams within the range of the 
cargo tanks, which are not intended for cargo, are to be provided 
with air and sounding pipes led to the open deck. The air pipes 
are to be fitted with gauze diaphragms at their outlets. 


2.5.2 The air and sounding pipes required by 2.5.1 are 
not to pass through cargo tanks. 


2.5.3 On oil tankers of less than 5000 tonnes dead- 
weight, where wing ballast tanks or spaces are not required, 
the sounding and air pipes to double bottom spaces below 
cargo tanks may pass through the cargo tanks. However, the 
pipes are to be of heavy gauge steel, and are to be in 
continuous lengths or with welded joints. 


2.6 Ballast piping in pump-room double bottoms 


2.6.1 Ballast piping is permitted to be located within the 
cargo pump-room double bottom provided any damage to 
that piping does not render the ship’s ballast and cargo 
pumps, located in the cargo pump-room, ineffective. 


2.7 Fore peak ballast tank 


2.7.1 The fore peak tank can be ballasted with the 
system serving other ballast tanks within the cargo area, 
provided that: 

(a) the fore peak tank is considered as a hazardous area; 

(o) the vent pipe openings are located on open deck at an 
appropriate distance from sources of ignition. In this 
respect, the hazardous zones distances are to be 
defined in accordance with Pt 6, Ch 2,14.5; 

(c) means are provided, on the open deck, to allow 
measurement of flammable gas concentrations within 
the fore peak tank by a suitable portable instrument; 

(d) the sounding arrangement to the fore peak tank is direct 
from open deck; and 

(e) the access to the fore peak tank is direct from open 
deck; alternatively, indirect access from the open deck 
to the fore peak tank through an enclosed space may 
be accepted, provided that: 

(i) in case the enclosed space is separated from the 
cargo tanks by cofferdams, the access is through 
a gas-tight bolted manhole located in the 
enclosed space and a warning sign is to be 
provided at the manhole, stating that the fore 
peak tank may only be opened after it has been 
proven to be gas free, or any electrical equipment 
which is not certified safe in the enclosed space 
is isolated. 

(ii) | where the enclosed space has a common 
boundary with the cargo tanks and is therefore a 
hazardous area, the enclosed space is to be well 
ventilated. 
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E Section 3 
Cargo handling system 


3.1 General 


3.1.1 A complete system of piping and pumps is to be 
fitted for dealing with the cargo. 


3.1.2 Standby means for pumping out each cargo tank 
are to be provided. 


B13 Where cargo tanks are provided with single deep 
well pumps, or submerged pumps, it will be necessary to 
provide alternative means for emptying the tanks in the event 
of the failure of a pump. Portable submersible pumps may be 
provided on board for this purpose, but the arrangements are 
to be such that a portable pump could be safely introduced 
into a full or part-full tank. Details of the arrangements are to 
be submitted. 


3.1.4 Provision is to be made for the gas freeing of the 
cargo oil tanks when the cargo has been discharged, and for 
the ventilation and gas freeing of all compartments adjacent to 
cargo oil tanks. It is recommended that arrangements be 
provided to enable double bottom tanks situated below cargo 
tanks to be filled with water ballast to assist in the gas freeing 
of these tanks, see also 7.6.2. 


3.1.5 At least two portable instruments are to be 
available on board for gas detection. 


3.1.6 Cargo tank access hatches and all other openings 
to cargo tanks, such as ullage and tank cleaning openings 
and restricted sounding devices, see 5.2, are to be located 
on the weather deck. 


3.2 Cargo pumps 


3.2.1 Pumps for the purpose of filling or emptying the 
cargo oil tanks are to be used exclusively for this purpose, 
except as provided in 2.2.1. They are not to have any connec- 
tions to compartments outside the range of cargo oil tanks. 


3.2.2 Means are to be provided for stopping the cargo oil 
pumps from a position outside the pump-rooms, as well as 
at the pumps. 


3.2.3 The pumps are to be provided with effective relief 
valves which are to be in closed circuit, i.e. discharging to the 
suction side of the pumps. Alternative proposals to safeguard 
against over-pressure on the discharge side of the pump will 
be specially considered. 


3.2.4 Where cargo pumps are driven by shafting which 
passes through a pump-room bulkhead or deck, gastight 
glands are to be fitted to the shaft at the pump-room plating. 
The glands are to be efficiently lubricated from outside the 
pump-room. The seal parts of the glands are to be of 
materials that will not initiate sparks. The glands are to be of 
an approved type and are to be attached to the bulkhead in 
accordance with Ch 13,2.4. Where a bellows piece is 
incorporated in the design, it is to be hydraulically tested to 
3,4 bar (3,5 kgf/cm?) before fitting. 
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3.2.5 Where cargo pumps are driven by hydraulic motors 
which are located inside cargo tanks, the design is to be such 
that contamination of the operating medium with cargo liquid 
cannot take place under normal operating conditions. The 
arrangements are to comply with 3.7.7 and 3.7.8, in so far as 
they are applicable. 


3.3 Cargo piping system 


3.3.1 Cargo piping and similar piping to cargo tanks are 
not to pass through ballast tanks. 


3.3.2 Cargo pipes are not to pass through tanks or 
compartments which are outside the cargo tank area. 


3.3.3 Means are to be provided to enable the contents of 
the cargo lines pumps to be drained to a cargo tank or other 
suitable tank. Where drain tanks are fitted in pump-rooms, 
they are to be of the closed type with air and sounding pipes 
led to the open deck. 


3.3.4 Expansion joints of approved type or bends are to 
be provided, where necessary, in the cargo pipe lines. 


3.3.5 Expansion pieces of an approved type, incorporating 
oil resistant rubber or other suitable material, may be 
accepted in cargo piping, see also Ch 13,2.7.2. 


3.3.6 In combination carriers where cargo wing tanks are 
provided, cargo oil lines below deck are to be installed inside 
these tanks. However, Lloyd’s Register (hereinafter referred to 
as ‘LR’) may permit cargo oil lines to be placed in special 
ducts which are to be capable of being adequately cleaned 
and ventilated to the satisfaction of LR’s Surveyors. Where 
cargo wing tanks are not provided cargo oil lines below deck 
are to be placed in special ducts. 


3.3.7 Means are to be provided for keeping deck spills 
away from accommodation and service areas. This may be 
accomplished by means of a 300 mm coaming extending 
from side to side. Special consideration shall be given to the 
arrangements associated with stern loading. 


3.4 Terminal fittings at cargo loading stations 


3.4.1 Terminal pipes, valves and other fittings in the cargo 
loading and discharging lines to which shore installation hoses 
are directly connected, are to be of steel or approved ductile 
material. They are to be of robust construction and strongly 
supported, see also 1.3 and 1.4. 


3.4.2 A manually operated shut-off valve is to be fitted to 
each shore loading/discharging connection. 


3.4.3 Drip pans for collecting cargo residues in cargo 
lines and hoses are to be provided beneath pipe and hose 
connections in the manifold area. 
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3.5 Bow or stern loading and discharge 
arrangements 


3.5.1 Where a ship is arranged for bow and/or stern 
loading and discharge of cargo outside the cargo tank area, 
the pipe lines and related piping and equipment forward 
and/or aft of the cargo area are to have only welded joints and 
are to be provided with spectacle flanges or removable spool 
pieces, where branched off from the main line, and a blank 
flange at the bow and/or stern end connections, irrespective 
of the number and type of valves in the line. 


3.5.2 The spaces within 4,5 m of flanged connections to, 
or valves or drip trays associated with, discharge manifolds 
discharge manifolds are to be considered as hazardous 
spaces with regard to electrical or incendive equipment, see 
also Pt 6, Ch 2,14.10. 


3.6 Connections to cargo tanks 


3.6.1 Where cargo tanks are provided with direct filling 
connections, the loading pipes are to be led to as low a level 
as practicable inside the tank. 


3.6.2 Where cargo suction and/or filling lines are led 
through cargo tanks, or through other spaces situated below 
the weather deck, the connection to each tank is to be 
provided with a valve situated inside the tank, and capable of 
being operated from the deck. In the case of cargo tanks 
which are located adjacent to below-deck pump-rooms, or 
pipe tunnels, the deck operated valves may be located in 
these spaces at the bulkhead. In any case, not less than two 
isolating shut-off valves are to provided in the pipe lines 
between the tanks and the cargo pumps. 


3.7 Remote control valves 


3.7.1 Valves on deck and in pump-rooms which are 
provided with remote control, are, in general, to be arranged 
for local manual operation independent of the remote 
operating mechanism, see also Ch 13,2.3.2 and 2.3.3. 


3.7.2 Where the valves and their actuators are located 
inside the cargo tanks, two separate suctions are to be 
provided in each tank, or alternative means of emptying the 
tank, in the event of a defective actuator, are to be provided. 


3.7.3 All actuators are to be of a type which will prevent 
the valves from opening inadvertently in the event of the loss 
of pressure in the operating medium. Indication is to be 
provided at the remote control station showing whether the 
valve is open or shut. 


3.7.4 Materials of construction of the actuators and 
piping inside the cargo tanks are to be suitable for use with 
the intended cargo. 


3.7.5 Compressed air is not to be used for operating 
actuators inside cargo tanks. 
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3.7.6 The actuator operating medium in hydraulic 
systems is to have a flash point of 60°C or above (closed-cup 
test) and is to be compatible with the intended cargoes. 


3.7.7 The design of the actuators is to be such that 
contamination of the operating medium with cargo liquid 
cannot take place under normal operating conditions. 


3.7.8 Where the operating medium is oil, or other fluid, 
the supply tank is to be located as high as practicable above 
the level of the top of the cargo tanks, and all actuator supply 
lines are to enter the cargo tanks through the highest part of 
the tanks. Furthermore, the supply tank is to be of the closed 
type with an air pipe led to a safe space on the open deck 
and fitted with a flameproof wire gauze diaphragm at its open 
end. This tank is also to be fitted with a high and low level 
audible and visual alarm. The requirements of this paragraph 
need not be complied with if the actuators and piping are 
located external to the cargo tanks. 


3.7.9 It is recommended that for remote control valves 
not arranged for manual operation, emergency means be 
provided for operating the valve actuators in the event of 
damage to the main hydraulic circuits on deck. In the case of 
valves located inside cargo tanks, this could be achieved by 
ensuring that the supply lines to the actuators are led 
vertically inside the tanks from deck, and that connections, 
with necessary isolating valves, are provided on deck for 
coupling to a portable pump carried on board. 


3.8 Cargo handling controls 


3.8.1 Electrical measuring, monitoring control and 
communication circuits located in hazardous spaces are to 
be in accordance with Pt 6, Ch 2,14.2, appropriate to the 
defined hazardous zone. 


3.8.2 The handling controls and instruments are to be 
arranged for safe and easy operation. They may be grouped 
at a number of control stations or at one main control station. 


3.8.3 A satisfactory means of communication is to be 
provided between cargo handling stations, open deck, the 
bridge and the machinery space. 


3.8.4 The cargo handling controls and instrumentation 
are, so far as possible, to be separate from the propulsion and 
auxiliary machinery controls and instrumentation. 
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E Section 4 
Cargo tank venting, purging and 
gas-freeing 


4.1 Cargo tank venting 


4.1.1 The venting systems of cargo tanks are to be 
entirely distinct from the air pipes of the other compartments 
of the ship. The arrangements and position of openings in the 
cargo tank deck from which emission of flammable vapours 
can occur are to be such as to minimise the possibility of 
flammable vapours being admitted to enclosed spaces 
containing a source of ignition, or collecting in the vicinity of 
deck machinery and equipment which may constitute an 
ignition hazard. 


4.1.2 The venting arrangements are to be so designed 

and operated as to ensure that neither pressure nor vacuum 

in cargo tanks exceeds design parameters and are to be such 
as to provide for: 

a) the flow of the small volumes of vapour, air or inert gas 
mixtures caused by thermal variations in a cargo tank in 
all cases through pressure/vacuum valves: and 

b) the passage of large volumes of vapour, air or inert gas 
mixtures during cargo loading and ballasting, or during 
discharging. 

c) a secondary means of allowing full flow relief of vapour, 
air or inert gas mixtures to prevent overpressure or 
underpressure in the event of failure of the arrangements 
in 4.1.2(b). Alternatively, pressure sensors may be fitted 
to monitor the pressure in each tank protected by the 
arrangement required in 4.1.2(b), with a monitoring 
system in the ship’s cargo control room or the position 
from which cargo operations are normally carried out. 
Such monitoring equipment is also to provide an alarm 
facility which is activated by detection of over-pressure 
or under-pressure conditions within a tank. 


4.1.3 The venting arrangements in each cargo tank may 
be independent or combined with other cargo tanks and may 
be incorporated into the inert gas piping. 


4.1.4 Where the arrangements are combined with other 
cargo tanks either stop valves or other acceptable means are 
to be provided to isolate each cargo tank. Where stop valves 
are fitted, they are to be provided with locking arrangements 
which are to be under the control of the responsible ship’s 
officer. 


4.1.5 There is to be a clear visual indication of the 
operational status of the valves, or other acceptable means. 
Where tanks have been isolated, it is to be ensured that the 
relevant isolating valves are opened before cargo loading or 
ballasting or discharging of those tanks is commenced. Any 
isolation is to continue to permit the flow caused by thermal 
variations in a cargo tank in accordance with 4.1.2(a). 


4.1.6 If cargo loading and ballasting or discharging of a 
cargo tank or cargo tank group, which is isolated from a 
common venting system is intended, that cargo tank or cargo 
tank group is to be fitted with a means for over-pressure or 
under-pressure protection as required in 4.1.2(c). 
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4.1.7 The venting arrangements are to be connected to 
the top of each cargo tank and are to be self-draining to the 
cargo tanks under all normal conditions of trim and list of the 
ship. Where it may not be possible to provide self-draining 
lines permanent arrangements are to be provided to drain the 
vent lines to a cargo tank. 


4.1.8 The venting system is to be provided with devices 
to prevent the passage of flame into the cargo tanks. The 
design, testing and locating of these devices are to comply 
with recognised International Standards. 


4.1.9 Ullage openings are not to be used for pressure 
equalisation and they should be fitted with self-closing tightly 
sealing covers. Flame arrestors and screens are not permitted 
in these openings. 


4.1.10 Provision is to be made to guard against liquid 
rising in the venting system to a height which would exceed 
the design head of cargo tanks. This is to be accomplished by 
overflow control systems, or other equivalent means, e.g., 
overfill alarms, together with gauging devices and cargo tank 
filling procedures but not spill valves which are not considered 
equivalent to an overflow system. The system for guarding 
against liquid rising to a height which would exceed the 
design head of cargo tanks is to be independent of the 
gauging devices. 


4.1.11 Openings for pressure release required by 4.1.2(a) 

are to: 

(a) have as great a height as is practicable above the cargo 
tank deck to obtain maximum dispersal of flammable 
vapours but in no case less than 2 m above the cargo 
tank deck, and 

(b) be arranged at the furthest distance practicable but not 
less than 5 m from the nearest air intakes and openings 
to enclosed spaces containing a source of ignition and 
from deck machinery, chain locker openings and equip- 
ment which may constitute an ignition hazard. 


4.1.12  Pressure/vacuum valves required by 4.1.2(a) may 
be provided with a by-pass arrangement when they are 
located in a vent main or masthead riser. Where such an 
arrangement is provided there are to be suitable indicators to 
show whether the by-pass is open or closed. 


4.1.13 Vent outlets for cargo loading, discharging and 

ballasting required by 4.1.2(b) are to: 

(a) permit the free flow of vapour mixtures or alternatively, 
permit the throttling of the discharge of the vapour 
mixtures to achieve a velocity of not less than 30 m/sec; 

(b) be so arranged that the vapour mixture is discharged 
vertically upwards; 

(c) where the method is by free flow of vapour mixtures, be 
such that the outlet is not less than 6 m above the cargo 
tank deck or fore and aft gangway if situated within 4 m 
of the gangway and located not less than 10 m 
measured horizontally from the nearest air intakes and 
openings to enclosed spaces containing a source of 
ignition and from deck machinery, chain locker openings 
and equipment which may constitute an ignition hazard; 
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(d) where the method is by high velocity discharge, be 
located at a height not less than 2 m above the cargo 
tank deck and not less than 10 m measured horizontally 
from the nearest air intakes and openings to enclosed 
spaces containing a source of ignition and from deck 
machinery, chain locker openings and equipment which 
may constitute an ignition hazard. These outlets are to 
be provided with high velocity devices of an approved 
type; and 

(e) be designed on the basis of the maximum designed 
loading rate multiplied by a factor of at least 1,25 to take 
account of gas evolution, in order to prevent the 
pressure in any cargo tank from exceeding the design 
pressure. The master is to be provided with information 
regarding the maximum permissible loading rate for each 
cargo tank and in the case of combined venting systems, 
for each group of cargo tanks. 


4.1.14 Pressure/vacuum valves are to be set at a positive 
pressure of not more than 0,2 bar (0,2 kgf/cm?) above 
atmospheric and a negative pressure of not more than 
0,07 bar (0,07 kgf/cm?) below atmospheric. Higher positive 
pressures not exceeding 0,7 bar (0,7 kgf/cm?) gauge may be 
permitted in specially designed integral tanks. 


4.1.15 — In combination carriers the arrangements to isolate 
slop tanks containing oil or residues from other cargo tanks 
are to consist of blank flanges which will remain in position at 
all times when cargoes other than liquid cargoes referred to in 
7.5.16 are carried. 


4.2 Cargo tank purging and/or gas-freeing 


4.2.1 Arrangements for purging and/or gas-freeing are to 
be such as to minimise the hazards due to the dispersal of 
flammable vapours in the atmosphere and to flammable 
mixtures in cargo tank, thus the requirements of 4.2.2 to 4.2.4 
are to be complied with, as applicable. 


4.2.2 When the ship is provided with an inert gas system 
the cargo tanks are first to be purged in accordance with the 
provisions of 7.6.2 until the concentration of hydrocarbon 
vapours in the cargo tanks has been reduced to less than 
two per cent by volume. Thereafter gas freeing may take 
place at the cargo tank deck level. 


4.2.3 When the ship is not provided with an inert gas 
system, the operation is to be such that the flammable vapour 
is initially discharged either: 

(a) through the vent outlets as specified in 4.1.13, or 

(b) through outlets at least 2 m above the cargo tank deck 
level with a vertical efflux velocity of at least 30 m/sec. 
maintained during gas freeing operation, or 

(c) through outlets at least 2 m above the cargo tank deck 
level with a vertical efflux velocity of at least 20 m/sec. 
and which are protected by suitable devices to prevent 
the passage of flame. 


4.2.4 When the flammable vapour concentration at the 
outlet has been reduced to 30 per cent of the lower 
flammable limit, gas-freeing may thereafter be continued at 
the cargo tank deck level. 
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4.3 Venting, purging and gas measurement of 
double hull and double bottom spaces 


4.3.1 Double hull and double bottom spaces are to be 
fitted with suitable connections for the supply of air. 


4.3.2 

systems: 

(a) double hull spaces are to be fitted with suitable connec- 
tions for the supply of inert gas; 

(b) where such spaces are connected to a permanently 
fitted inert gas distribution system means are to be 
provided to prevent hydrocarbon gases from the cargo 
tanks entering the double hull spaces through the 
system; 

(c) where such spaces are not permanently connected to 
an inert gas distribution system, appropriate means are 
to be provided to allow connection to the inert gas main. 


On tankers required to be fitted with inert gas 


4.3.3 When selecting portable instruments for measuring 
oxygen and flammable vapour, due attention is to be given to 
their use in combination with the fixed gas sampling line 
systems referred to in 4.3.4. 


4.3.4 Where the atmosphere in double hull spaces 
cannot be reliably measured using flexible gas sampling 
hoses, such spaces are to be fitted with permanent gas 
sampling lines. The configuration of such line systems is to 
be adapted to the design of such spaces. 


4.3.5 The materials of construction and the dimensions 
of gas sampling lines are to be such as to prevent restriction. 
Where plastics materials are used, they are to be electrically 
conductive. 


4.4 Gas measurement 


4.4.1 All tankers are to be equipped with at least two 
portable instruments for measuring per cent LEL of hydro- 
carbon concentrations in air. 


4.4.2 All tankers are to be equipped with at least two 
portable oxygen analysers. 


4.4.3 For tankers fitted with an inert gas system two 
portable gas detectors capable of measuring flammable 
vapour concentrations in inerted atmospheres are to be 
provided, see 7.8.7. 


4.4.4 Suitable means are to be provided for the calibra- 
tion of gas measurement instruments. 
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E Section 5 
Cargo tank level gauging 
equipment 


5.1 General 


5.1.1 Each cargo tank is to be fitted with suitable means 
for ascertaining the liquid level in the tank in accordance with 
the requirements of 5.2 and 5.3. 


5.2 Restricted sounding device 


5.2.1 Sounding pipes or other approved devices, which 
may permit a limited amount of vapour to escape to 
atmosphere when being used, would be accepted for those 
tanks which are not required to be fitted with closed sounding 
devices, see 5.3. The devices are to be so designed as to 
minimise the sudden release of vapour or liquid under 
pressure and the possibility of liquid spillage on deck. Means 
are also to be provided for relieving tank pressure before the 
device is operated. 


5.2.2 Separate ullage openings may be fitted as a 
reserve means for sounding cargo tanks. 


5.2.3 Arrangements which permit the escape of vapour 
to the atmosphere are not to be fitted in enclosed spaces. 


5.3 Closed sounding devices 


5.3.1 In all tankers fitted with a fixed inert gas system, the 
cargo tanks are to be fitted with closed sounding devices of 
an approved type, which do not permit the escape of cargo to 
the atmosphere when being used. 


5.3.2 Proposals to use indirect sounding or measuring 
devices which do not penetrate the tank plating will be 
specially considered. 


È] Section 6 
Cargo heating arrangements 


6.1 General 


6.1.1 Where heating systems are provided for the cargo 
tanks, the arrangements are to comply with the requirements 
of 6.2 to 6.5. 


6.2 Blanking arrangements 


6.2.1 Spectacle flanges of spool pieces are to be provided 
in the heating medium supply and return pipes to the cargo 
heating system, at a suitable position within the cargo area, so 
that lines can be blanked off in circumstances where the cargo 
does not require to be heated or where the heating coils have 
been removed from the tanks. Alternatively, blanking arrange- 
ments may be provided for each tank heating circuit. 
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6.3 Heating medium 

6.3.1 Where a combustible liquid is used as the heating 
medium it is to have a flash point of 60°C or above (closed- 
cup test). 


6.3.2 In general, the temperature of the heating medium 
is not to exceed 220°C, see 1.5. 


6.4 Heating circuits 

6.4.1 The heating medium supply and return lines are not 
to penetrate the cargo tank plating, other than at the top of 
the tank, and the main supply lines are to be run above the 
weather deck. 


6.4.2 Isolating shut-off valves or cocks are to be provided 
at the inlet and outlet connections to the heating circuit(s) of 
each tank, and means are to be provided for regulating the 
flow. 


6.4.3 Where steam or water is employed in the heating 
circuits, the returns are to be led to an observation tank which 
is to be in a well ventilated and well lighted part of the 
machinery space remote from the boilers. 


6.4.4 Where a thermal oil is employed in the heating 
circuits, the arrangements will be specially considered but, in 
any case, they are to be such that contamination of the 
thermal oil with cargo liquid cannot take place under normal 
operating conditions. In general, the arrangements are, at 
least, to comply with 3.7.8, in so far as they are applicable. 


6.4.5 In any heating system, a higher pressure is to be 
maintained within the heating circuit than the maximum 
pressure head which can be exerted by the contents of the 
cargo tank on the circuit. Alternatively, when the heating 
circuit is not in use, it may be drained and blanked. 


6.5 Temperature indication 

6.5.1 Means are to be provided for measuring the cargo 
temperature. Where overheating could result in a dangerous 
condition, an alarm system which monitors the cargo temper- 
ature is to be provided. 


E] Section 7 
Inert gas systems 


7.1 General 

Iela The following requirements apply where an inert 
gas system, based on flue gas, is fitted on board ships 
intended for the carriage of oil in bulk having a flash point not 
exceeding 60°C (closed-cup test). For inert gas systems 
utilising nitrogen, additional requirements contained in 7.10 
are to be applied. 
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7.1.2 Ships complying with these requirements will be 
eligible for the additional notation IGS in the Register Book, 
see Pt 1, Ch 2. 


7.1.8 Throughout this Section the term ‘cargo tank’ 
includes also ‘slop tanks’. For definition of Machinery spaces 
of Category ‘A’, see SOLAS Reg. II-2/A. 


7.1.4 The inert gas system is to comply with the require- 
ments of Chapter 15 of the FSS Code, insofar as they are 
applicable, to new ships only. For the purposes of classifica- 
tion any use of the word ‘Administration’ in the Regulation is 
to be taken as meaning LR. 


7.1.5 Those parts of scrubbers, blowers, non-return 
devices, scrubber effluent and other drain pipes which may 
be subjected to corrosive action by the gases and/or liquids, 
are to be either constructed of corrosion resistant material or 
lined with rubber, glass fibre epoxy resin or other equivalent 
coating material. 


7.1.6 The compartment in which any oil fired inert gas 
generator is situated is to be treated as a machinery space of 
Category A with respect to fire protection, see also Ch 1,4.8. 


7.1.7 Arrangements are to be made to vent the inert gas 
from oil fired inert gas generators to the atmosphere when 
predetermined limits are reached, see 7.8.9(a) to (d), e.g., 
during start-up or in the event of equipment failure. 


7.1.8 Automatic shut-down of the oil fuel supply to inert 
gas generators is to be arranged on predetermined limits 
being reached with respect to low water pressure or low 
water flow rate to the cooling and scrubbing arrangement and 
with respect to high gas temperature. 


7.1.9 Automatic shut-down of the gas regulating valve is 
to be arranged with respect to failure of the power supply to 
the oil fired inert gas generators. 


7.2 Gas supply 

7.2.1 The inert gas may be treated flue gas from the main 
or auxiliary boiler(s), gas turbine(s), or from a separate inert 
gas generator. In all cases, automatic combustion control, 
capable of producing suitable inert gas under all service 
conditions, is to be fitted. 


7.2.2 Two oil fuel pumps are to be fitted to the inert gas 
generator. One fuel pump only may be accepted provided 
sufficient spares for the oil fuel pump and its prime mover are 
carried on board to enable any failure of the oil fuel pump and 
its prime mover to be rectified by the ship’s crew. 


7.2.3 The inert gas system is to be capable of: 

(a) inerting empty cargo tanks by reducing the oxygen 
content of the atmosphere in each tank to a level at 
which combustion cannot be supported; 

(b) maintaining the atmosphere in any part of any cargo tank 
with an oxygen content not exceeding eight per cent by 
volume and at a positive pressure at all times in port and 
at sea except when it is necessary for such a tank to be 
gas free; 
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(c) eliminating the need for air to enter a tank during normal 
operations except when it is necessary for such a tank to 
be gas free; 

(d) purging empty cargo tanks of hydrocarbon gas, so that 
subsequent gas freeing operations will at no time create 
a flammable atmosphere within the tank. 


7.2.4 The system is to be capable of delivering inert gas 
to the cargo tanks at a rate of at least 125 per cent of the 
maximum rate of discharge capacity of the ship expressed as 
a volume to time rate. 


7.2.5 The system is to be capable of delivering inert gas 
with an oxygen content of not more than five per cent by 
volume in the inert gas supply main to the cargo tanks at any 
required rate of flow. 


7.2.6 Flue gas isolating valves are to be fitted in the inert 
gas supply mains between the boiler uptakes and the flue gas 
scrubber. These valves are to be provided with indicators to 
show whether they are open or shut, and precautions are to 
be taken to maintain them gastight and keep the seatings 
clear of soot. Arrangements are to be made to ensure that 
boiler soot blowers cannot be operated when the corre- 
sponding flue gas valve is open. 


7.3 Gas scrubber 


7.3.1 A flue gas scrubber is to be fitted which will 
effectively cool the volume of gas specified in 7.2.4 and 
remove solids and sulphur combustion products. The cooling 
water arrangements are to be such that an adequate supply 
of water will always be available without interfering with any 
essential services on the ship. Provision is also to be made 
for alternative supply of cooling water. 


7.3.2 Filters or equivalent devices are to be fitted to 
minimise the amount of water carried over to the inert gas 
blowers. 


7.3.3 The scrubber is to be located aft of all cargo tanks, 
cargo pump-rooms and cofferdams separating these spaces 
from machinery spaces of Category A. 


7.4 Gas blowers 

7.4.1 At least two blowers are to be fitted which together 
are capable of delivering to the cargo tanks at least the 
volume of gas required by 7.2.4. In no case is one of these 
blowers to have a capacity less than one-third of the total 
capacity required. In a system with gas generators one blower 
only may be accepted if that system is capable of delivering 
the total volume of gas required by 7.2.4 to the protected 
cargo tanks, provided that sufficient spares for the blower and 
its prime mover are carried on board to enable any failure of 
the blower and its prime mover to be rectified by the ship’s 
crew. 
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7.4.2 The inert gas system is to be so designed that the 
maximum pressure which it can exert on any cargo tank will 
not exceed the test pressure of any cargo tank. Suitable 
shut-off arrangements are to be provided on the suction and 
discharge connections of each blower. Arrangements are to 
be provided to enable the functioning of the inert gas plant to 
be stabilised before commencing cargo discharge. If the 
blowers are to be used for gas freeing, their air inlets are to 
be provided with blanking arrangements. 


7.4.3 The blowers are to be located aft of all cargo tanks, 
cargo pump-rooms and cofferdams separating these spaces 
from machinery spaces of Category A. 


7.5 Gas distribution lines 


7.5.1 Special consideration is to be given to the design 
and location of scrubber and blowers with relevant piping and 
fittings in order to prevent flue gas leakages into enclosed 
spaces. 


7.5.2 To permit safe maintenance, an additional water 
seal or other effective means of preventing flue gas leakage 
is to be fitted between the flue gas isolating valves and 
scrubber or incorporated in the gas entry to the scrubber. 


7.5.3 A gas regulating valve is to be fitted in the inert gas 
supply main. This valve is to be automatically controlled to 
close as required in 7.8.11 and 7.8.12. It is also to be capa- 
ble of automatically regulating the flow of inert gas to the 
cargo tanks unless means are provided to automatically 
control the speed of the inert gas blowers required in 7.4.1. 


7.5.4 The valve referred to in 7.5.3 is to be located at the 
forward bulkhead of the forwardmost gas safe space through 
which the inert gas supply main passes. 


7.5.5 At least two non-return devices, one of which is to 
be a water seal, are to be fitted in the inert gas supply main, 
in order to prevent the return of hydrocarbon vapour to the 
machinery space uptakes or to any gas safe spaces under all 
normal conditions of trim, list and motion of the ship. They are 
to be located between the automatic valve required by 7.5.3 
and the aftermost connection to any cargo tank or cargo 
pipeline. 


7.5.6 The devices referred to in 7.5.5 are to be located in 
the cargo area on deck. 


7.5.7 The water seal referred to in 7.5.5 is to be capable 
of being supplied by two separate pumps, each of which is 
to be capable of maintaining an adequate supply at all times. 


7.5.8 The arrangement of the seal and its associated 
fittings is to be such that it will prevent backflow of hydrocar- 
bon vapours and will ensure the proper functioning of the seal 
under operating conditions. 


7.5.9 Provision is to be made to ensure that the water 
seal is protected against freezing in such a way that the 
integrity of seal is not impaired by overheating. 
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7.5.10 A water loop or other approved arrangement is also 
to be fitted to each associated water supply and drain pipe 
and each venting or pressure-sensing pipe leading to gas safe 
spaces. Means are to be provided to prevent such loops from 
being emptied by vacuum. 


7.5.11 The deck water seal and all loop arrangements are 
to be capable of preventing return of hydrocarbon vapours at 
a pressure equal to the test pressure of the cargo tanks. 


7.5.12 The second non-return device is to be a non-return 
valve or equivalent capable of preventing the return of vapours 
or liquids and fitted forward of the deck water seal required 
in 7.5.5. It is to be provided with positive means of closure. 
As an alternative to positive means of closure, an additional 
valve having such means of closure may be provided forward 
of the non-return valve to isolate the deck water seal from the 
inert gas main to the cargo tanks. 


7.5.13 Asan additional safeguard against the possible 
leakage of hydrocarbon liquids or vapours back from the deck 
main, means are to be provided to permit this section of the 
line between the valve having positive means of closure 
referred to in 7.5.12 and the valve referred to in 7.5.3 to be 
vented in a safe manner when the first of these valves is 
closed. 


7.5.14 The inert gas main may be divided into two or more 
branches forward of the non-return devices required by 7.5.5. 


7.5.15 The inert gas supply mains are to be fitted with 
branch piping leading to each cargo tank. Branch piping for 
inert gas is to be fitted with either stop valves or equivalent 
means of control for isolating each tank. Where stop valves 
are fitted, they are to be provided with locking arrangements, 
which are to be under the control of a responsible ship’s 
officer. The method of control is to provide positive indication 
of the operational status of such valves. 


7.5.16 In combination carriers, the arrangement to isolate 
the slop tanks containing oil or oil residues from other tanks is 
to consist of blank flanges which will remain in position at all 
times other than when cargoes other than oil are being carried 
except as provided for in 1.9. 


7.5.17 | Means are to be provided to protect cargo tanks 
against the effect of over-pressure or vacuum caused by 
thermal variations when the cargo tanks are isolated from the 
inert gas mains. 


7.5.18 Piping systems are to be so designed as to prevent 
the accumulation of cargo or water in the pipelines under all 
normal conditions. 


7.5.19 Arrangements are to be provided to enable the inert 
gas main to be connected to an external supply of inert gas. 
The arrangement is to consist of a 250 mm nominal size pipe 
bolted flange connection, isolated from the inert gas main by 
a valve and connected to the system forward of the non- 
return valve referred to in 7.5.12. 
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7.6 Venting arrangements 


7.6.1 The arrangements for the venting of all vapours 
displaced from the cargo tanks during loading and ballasting 
are to comply with Section 4 and are to consist of either one 
or more mast risers, or a number of high velocity vents. The 
inert gas supply mains may be used for such venting. 


7.6.2 The arrangements for inerting, purging or gas 
freeing of empty tanks as required in 7.2.3 are to be such that 
the accumulation of hydrocarbon vapours in pockets formed 
by the internal structural members in a tank is minimised and 
that: 

(a) on individual cargo tanks the gas outlet pipe, if fitted, is 
to be positioned as far as practicable from the inert 
gas/air inlet and in accordance with Section 4. The inlet 
of such outlet pipes may be located either at deck level 
or at not more than 1 m above the bottom of the tank; 

(b) the cross sectional area of such gas outlet pipes referred 
to in (a) is to be such that an exit velocity of at least 
20 m/s can be maintained when any three tanks are 
being simultaneously supplied with inert gas. Their 
outlets are to extend not less than 2 m above deck level; 

(c) each gas outlet referred to in (b) is to be fitted with 
suitable blanking arrangements; 

(d) if a connection is fitted between the inert gas supply 
mains and the cargo piping system, arrangements are 
to be made to ensure an effective isolation having regard 
to the large pressure difference which may exist between 
the systems. This is to consist of two shut-off valves with 
an arrangement to vent the space between the valves in 
a safe manner or an arrangement consisting of a spool- 
piece with associated blanks. The valve separating the 
inert gas supply main from the cargo main and which is 
on the cargo main side is to be a non-return valve with a 
positive means of closure. 


7.6.3 One or more pressure-vacuum breaking devices 
are to be provided to prevent the cargo tanks from being 
subject to: 

(a) a positive pressure in excess of the test pressure of the 
cargo tank if the cargo were to be loaded at the maxi- 
mum rated capacity and all other outlets were left shut; 
and 

(b) anegative pressure in excess of 700 mm water gauge if 
cargo were to be discharged at the maximum rated 
capacity of the cargo pumps and the inert gas blowers 
were to fail. 

Such devices shall be installed on the inert gas main unless 

they are installed in the venting system required by Section 4 

or on individual cargo tanks. 


7.6.4 The location and design of the devices referred to in 
7.6.3 are to be in accordance with Section 4. 
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7.7 Unattended machinery 


7.7.1 Where inert gas generators are fitted with auto- 
matic or remote controls so that under normal operating 
conditions they do not require any manual intervention by the 
operators, they are to be provided with the alarms and safety 
arrangements required by 7.7.2, 7.7.3, 7.8 and 7.10, as 
appropriate. Alternative arrangements which provide equiva- 
lent safeguards will be considered. 


7.7.2 Where machinery is arranged to start automatically 
or from a remote control station, interlocks are to be provided 
to prevent start-up under conditions which could hazard the 
machinery. 


7.7.3 Where machinery specified in 7.7.1 and 7.7.2 is 
required to be provided with a standby pump, the standby 
pump is to start automatically if the discharge pressure from 
the working pumps falls below a predetermined value. 


7.8 Instrumentation and alarms 


7.8.1 Alarms and safeguards are indicated in 7.8.2 to 
7.8.17 and Table 15.7.1. 


7.8.2 Inert gas generators are to be fitted with an auto- 
matic combustion control system so as to maintain steady 


state conditions throughout the operating range of the 
generator. 


Table 15.7.1 


tem 


Inert gas systems - Alarms and safeguards 


Part 5, Chapter 15 


Section 7 


7.8.3 Means are to be provided for continuously indicating 
the temperature and pressure of the inert gas at the discharge 
side of the gas blowers, whenever the gas blowers are 
operating. 


7.8.4 Instrumentation is to be fitted for continuously 

indicating and permanently recording, when the inert gas is 

being supplied: 

(a) the pressure of the inert gas supply mains forward of the 
non-return devices required by 7.5.5; and 

(o) the oxygen content of the inert gas in the inert gas 
supply mains on the discharge side of the gas blowers. 


7.8.5 The devices referred to in 7.8.4 are to be placed in 
the cargo control room where provided. But where no cargo 
control room is provided, they are to be placed in a position 
easily accessible to the officer in charge of cargo operations. 


7.8.6 In addition to 7.8.4, meters are to be fitted: 

(a) in the navigating bridge to indicate at all times the 
pressure referred to in 7.8.4(a) and the pressure in the 
slop tanks of combination carriers, whenever those 
tanks are isolated from the inert gas supply main; and 

(b) in the machinery control room or in the machinery space 
to indicate the oxygen content referred to in 7.8.4(b). 


7.8.7 Portable instruments for measuring oxygen and 
flammable vapour concentration are to be provided. In 
addition, suitable arrangement is to be made on each cargo 
tank such that the condition of the tank atmosphere can be 
determined using these portable instruments. 


Water pressure or water flow to flue gas scrubber 
Water level in flue gas scrubber 

nert gas temperature from inert gas blowers 

nert gas blower operation 
Oxygen content of gas in excess of 5% 


Water level in inert gas system water seal 


nert gas pressure 
Combustion air pressure to oil burner 
Oil fuel pressure 

Oil fuel temperature or viscosity 

Burner flame and ignition 

Cooling water temperature 

Oil fuel supply 

Power supply to inert gas generator 
Automatic control system power supply 


Power supply to automatic control system for inert gas regulating valve and indicating devices 


nert gas pressure discharge from inert gas blowers less than 100 mm water gauge 
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Combustion spaces are to be purged automatically before re-ignition takes place in the event of a flame out on all burners. 


Inert gas blowers to be shut down automatically and inert gas regulating valve is to be closed automatically. 


Oil fuel to burner to be shut off automatically. 
Inert gas regulating valve to be closed automatically. 


To be fitted in the machinery space and cargo control room, where provided, see 7.8.14. 
Operator is required to submit operational procedures for the suspension of cargo operations until inert gas quality is improved for 


review, see 7.8.17. 

For dry and semi-dry water seals, see 7.8.15. 
See 7.8.4(a). 

Heavy oil only. 


The Table contains the minimum list of alerts and shutdowns for an inert gas generator; additional alerts and shutdowns may be necessary 
as determined through risk-mitigating activities in response to the completed Risk-Based Analysis (e.g., FMECA) for the inert gas 


generator. 
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7.8.8 Suitable means are to be provided for the zero and 
span calibration of both fixed and portable gas concentration 
measurement instruments, referred to in 7.8.4, 7.8.6 and 
7.8.7. 


7.8.9 For inert gas systems of both flue gas type and the 
inert gas generator type audible and visual alarms are to be 
provided to indicate: 

(a) low water pressure or low water flow rate to the flue gas 
scrubber as referred to in 7.3.1; 

(b) high water level in the flue gas scrubber as referred to in 
Tad; 

(c) high gas temperature as referred to in 7.8.3; 

(d) failure of the inert gas blowers referred to in 7.4; 

(e) oxygen content in excess of eight per cent by volume as 
referred to in 7.8.4(b); 

(f failure of the power supply to the automatic control 
system for the gas regulating valve and to the indicating 
devices as referred to in 7.5.3 and 7.8.4; 

(g) low water level in the water seal as referred to in 7.5.5; 

(h) gas pressure less than 100 mm water gauge as referred 
to in 7.8.4(a). The alarm arrangements is to be such as 
to ensure that pressure in slop tanks in combination 
carriers can be monitored at all times; and 

(j) high gas pressure as referred to in 7.8.4(a). 


7.8.10 For inert gas systems of the inert gas generator 

type, additional audible and visual alarms are to be provided 

to indicate: 

(a) insufficient oil fuel supply, 

(b) failure of the power supply to the generator, 

(c) failure of the power supply to the automatic control 
system for the generator. 

See also Pt 6, Ch 1 for requirements for control, alarm and 

safety systems. 


7.8.11 Automatic shutdown of the inert gas blowers and 
gas regulating valve is to be arranged on predetermined limits 
being reached in respect of (a), (6) and (c) of 7.8.9. 


7.8.12 Automatic shut-down of the gas regulating valve is 
to be arranged in respect of 7.8.9(d). 


7.8.13 In respect of 7.8.9(e), when the oxygen content of 
the inert gas exceeds eight per cent by volume, immediate 
action is to be taken to improve the gas quality. Unless the 
quality of the gas improves, all cargo tank operations are to be 
suspended so as to avoid air being drawn into the tanks and 
the isolation valve referred to in 7.5.12 is to be closed. 


7.8.14 The alarms required in (e), (f) and (h) of 7.8.9 are to 
be fitted in the machinery space and cargo control room, 
where provided, but in each case in such a position that they 
are immediately received by responsible members of the 
crew. 


7.8.15 In respect of 7.8.9(g), where a semi-dry or dry 
water seal is fitted, the arrangements are to be such that the 
maintenance of an adequate reserve of water will be ensured 
at all times and that the water seal will be automatically 
formed when the gas flow ceases. The audible and visual 
alarm on the low level of water in the water seal is to operate 
when the inert gas is not being supplied. 
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7.8.16 An audible alarm system independent of that 
required in 7.8.9(h) or automatic shut-down of cargo pumps 
is to be provided to operate on predetermined limits of low 
pressure in the inert gas mains being reached. 


7.8.17 Detailed instruction manuals are to be provided on 
board, covering the operations, safety and maintenance 
requirements and occupational health hazards relevant to the 
inert gas system and its application to the cargo tank system. 
The manuals are to include guidance on procedures to be 
followed in the event of a fault or failure of the inert gas 
system. 


7.9 Installation and tests 


7.9.1 The inert gas system, including alarms and safety 
devices, is to be installed on board and tested under working 
conditions to the satisfaction of the Surveyors. 


7.10 Nitrogen generator systems 

7.10.1 The following requirements are specific only to the 
gas generator system and apply where inert gas is produced 
by separating air into its component gases by passing 
compressed air through a bundle of hollow fibres, semi- 
permeable membranes or adsorber materials. 


7.10.2 Alarms and safeguards are indicated in 7.10.3 to 
7.10.19 and Table 15.7.2. 


7.10.3 Where nitrogen generator systems are provided in 
place of boiler flue gas or oil fired inert gas generators 
referred to in 7.1, the following requirements of Chapter 15 of 
the FSS Code remain applicable for the piping arrangements, 
alarms and instrumentation downstream of the gas generator: 
2.3.1.3.1, 2.3.1.3.2, 2.3.1.5, 2.3.2, 2.4.2, 2.4.3.1.6, 2.4.3.1.8, 
2.4.3.1.9, 2.4.3.3, 2.43.4, 2.4.4, as well as SOLAS 
Reg.Il-2/4.5.3.4.2, 4.5.6.3 and 11.6.3.4. 


7.10.4 A nitrogen generator consisting of a feed air 
treatment system and any number of membrane or adsorber 
modules in parallel is to be capable of delivering nitrogen to 
the cargo tanks at a rate of at least 125 per cent of the 
maximum discharge capacity of the ship expressed as a 
volume to time rate. 


7.10.5 The air compressor and the nitrogen generator 
may be installed in the engine room or in a separate 
compartment, which may be treated as an ‘other machinery 
space’ with respect to fire protection. 


7.10.6 Where a separate compartment is provided, it is to 
be positioned outside the cargo area and is to be fitted with 
an independent mechanical extraction ventilation system 
providing at least 6 air changes per hour. The compartment is 
to have no direct access to accommodation spaces, service 
spaces and control stations, and is to be provided with 
oxygen level detection equipment with a low oxygen level 
alarm. 
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Table 15.7.2 


tem 


Part 5, Chapter 15 
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Nitrogen generator systems - Alarms and safeguards 


Alarm 


Feed air pressure from air compressor 
Air compressor discharge temperature 
Water level in condensate drain separator 
Electric heater (where fitted) 

Oxygen content 

Power supply to oxygen content monitoring instrumentation downstream of Nitrogen generator 


Low 
High 
High 
Failure 
High 
Failure 


OTES 


See 7.10.15. 
Automatic shutdown of inert gas generating system. 


To be fitted in the machinery space and cargo control room, where provided, see 7.8.14. 
Oxygen content not to exceed 5% with automatic discharge to atmosphere where this is exceeded, see 7.10.7. 


The Table contains the minimum list of alerts and shutdowns for an inert gas generator; additional alerts and shutdowns may be neces- 


sary as determined through risk-mitigating activities in response to the completed Risk-Based Analysis (e.g., FMECA) for the inert gas 


generator. 


7.10.7 The nitrogen generator is to be capable of 
delivering high purity nitrogen with oxygen content not 
exceeding 5 per cent by volume. The system is to be fitted 
with automatic means to discharge gas to the atmosphere 
during start-up and abnormal operation when predetermined 
limits are reached, see 7.10.17(a) to (e). 


7.10.8 The system is to be provided with two air 
compressors. The total required capacity of the system is 
preferably to be divided equally between the two compressors, 
and in no case is one compressor to have a capacity less than 
1/3 of the total capacity required. A system with one air 
compressor only may be accepted provided that sufficient 
spares for the air compressor and its prime mover are carried 
on board to enable their failure to be rectified by the ship’s 
crew. 


7.10.9 A feed air treatment system is to be fitted to remove 
free water, particles and traces of oil from the compressed air, 
and to maintain the specification temperature. 


7.10.10 Where a nitrogen receiver/buffer tank is required to 
be fitted it may be installed in a dedicated compartment or in 
the separate compartment containing the air compressor and 
the generator or may be located in the cargo area. Where the 
nitrogen receiver/buffer tank is installed in an enclosed space, 
the access is to be arranged from the open deck only and 
the access door is to open outwards. Permanent ventilation 
and alarm arrangements are to be fitted as required by 
7.10.6. 


7.10.11 The oxygen-enriched air from the nitrogen 

generator and the nitrogen-product enriched gas from the 

protective devices of the nitrogen receiver are to be arranged 

to discharge to a safe location on the open deck. This safe 

location needs to address the two types of discharges 

separately. 

For oxygen-enriched air from the nitrogen generator, safe 

locations on the open deck are: 

° outside of hazardous areas as defined by Pt 6, Ch 2,13.5; 

e not within 3 m of areas traversed by personnel; 

° not within 6 m of air intakes for machinery and all 
ventilation inlets. 


For nitrogen-product enriched gas from the protective 

devices of the nitrogen receiver, safe locations on the open 

deck are: 

e not within 3 m of areas traversed by personnel; 

° not within 6 m of air intakes for machinery and al 
ventilation inlets/outlets. 


7.10.12 In order to permit maintenance, means of isolation 
are to be fitted between the generator and the receiver. 


7.10.13 At least two non-return devices are to be fitted in 
the inert gas supply main, one of which is to be of the double 
block and bleed arrangement. The second non-return device 
is to be equipped with positive means of closure. 


7.10.14 Instrumentation is to be provided for continuously 
indicating the temperature and pressure of air: 

a) at the discharge of the compressor, 

b) at the inlet to the nitrogen generator. 


7.10.15 Instrumentation is to be fitted for continuously 
indicating and permanently recording the oxygen content of 
the inert gas downstream of the nitrogen generator when 
inert gas is being supplied. 


7.10.16 The instrumentation referred to in 7.10.15 is to be 
placed in the cargo control room where provided. Where no 
cargo control room is provided, the instrumentation is to be 
placed in a position easily accessible to the officer in charge 
of cargo operations. 


7.10.17 Audible and visual alarms are to be provided to 

indicate: 

a) low feed-air pressure from compressor as referred to in 
7.10.14(a), 

b) high air temperature as referred to in 7.10.14(a), 

c) high condensate level at automatic drain of water sepa- 
rator as referred to in 7.10.9, 

d) failure of electrical heater, if fitted, 

e) oxygen content in excess of that required in 7.10.7, 

f) failure of power supply to the instrumentation as referred 
to in 7.10.15. 


7.10.18 Automatic shut-down of the system is to be 
arranged upon alarm conditions as required by 7.10.17(a) to 


(e). 


LLOYD'S REGISTER 


15 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Piping Systems for Oil Tankers 


7.10.19 The alarms required by 7.10.17(a) to (f) are to be 
fitted in the machinery space and cargo control room, where 
provided, but in each case in such a position that they are 
immediately received by responsible members of the crew. 


7.11 Nitrogen/inert gas systems fitted for purposes 
other than inerting required by SOLAS 
Reg. Il-2/4.5.5.1.1 


7.11.1. This section applies to systems fitted on oil tankers 
of less than 20000 DWT. 


7.11.2 The requirements of 7.10 apply except paragraphs 
7.10.1, 7.10.3, 7.10.4 and 7.10.8. 


7.11.3 Where the connections to the cargo tanks, to the 
hold spaces or to cargo piping are not permanent, the non- 
return devices required by 7.10.13 may be substituted by 
two non-return valves. 


a Cross-reference 


For vapour detection, see also Ch 13,2 of the Rules and 
Regulations for the Construction and Classification of Ships 
for the Carriage of Liquid Chemicals in Bulk. 


Part 5, Chapter 15 


Section 7 
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Section 

1 Scope 

2 General requirements 

3 Design requirements 

4 Piping systems 

5 Control and monitoring 

6 Electrical systems 

7 Inspection, testing and fitting of water jets 
8 Installation, maintenance and replacement 


m Section 1 


Scope 
1.1 General 
Tett For the purposes of these Rules, a water jet propul- 


sion unit is described as a machine which takes in water, by 
means of a suitable inlet and conduit and accelerates the 
mass of water using an impeller and nozzle to form a jet 
propulsion system. The water jet system comprises the unit 
and its associated actuation and control devices. The detail 
of the prime mover is excluded but not its effect on the water 
jet system. 


1.1.2 This Chapter defines the requirements for the 
design and service life of marine water jet propulsion systems 
and is to be read in conjunction with the General 
Requirements for the Design and Construction of Machinery 
in Chapter 1. 


7.7.3 The requirements for a fixed or steerable water jet 
propulsion system rated at 500 kW and above, which is 
integral with the ship’s hull structure and forms a means of 
main propulsion, are detailed in this Chapter. This includes 
support arrangements, controls and the systems necessary 
to maintain operation and functionality of the water jet unit. 


1.1.4 These requirements relate to water jets driven by 
axial or mixed flow pumps. Where units driven by radial flow 
pumps or inducers are proposed, details are to be submitted 
for consideration. 


a Section 2 
General requirements 


2.1 Water jet arrangement 
2.1.1 In general, for a ship to be assigned an unrestricted 


service notation, a minimum of two water jet systems are to 
be provided where these form the sole means of propulsion. 
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For ships where a single water jet system is the sole means of 
propulsion or steering, a detailed engineering and safety 
justification is to be evaluated by LR, see 2.3.22. This 
evaluation process will include a risk assessment analysis 
using a recognised technique to verify that sufficient levels of 
redundancy and monitoring are incorporated in the water jet 
unit’s essential support systems and operating equipment. 


2.1.2 Water jet propulsion units are to be capable of 
continuous operation between their maximum and minimum 
output power rating at specified operating conditions, see 
Ch 1,3 and within the operational service profiles defined by 
2.3.11 and 2.3.12. 


2.1.3 It is the Shipbuilder’s responsibility to ensure that 
all of the installed equipment is suitable for operation in the 
location and under the environmental conditions defined in 
Chapter 1. Where anticipated environmental conditions are 
outside these limits or where additional conditions are to be 
considered, such as vibration and impulsive accelerations, 
requirements and details of compliance are to be submitted to 
LR. 


2.2 Plans to be submitted 


2.2.1 Plans, in triplicate, and information as detailed 
below and in 2.3 and 2.4, are to be submitted for considera- 
tion. 


2.2.2 General arrangement plans showing details of the 
following: 
a) Shafting assembly indicating bearing positions. 


b) Steering assembly. 

c) Reversing assembly. 

d) Shaft sealing arrangement assembly. 

e) Longitudinal section of the complete water jet unit. 


2.2.3 Detailed and dimensioned plans indicating scant- 
ings, materials of construction and where applicable surface 
finish of the following: 

a) Arrangement of the system, including the intended 
method of attachment to the hull and building-in, tunnel 
geometry, shell openings, method of stiffening, 
reinforcement, etc. 

b) All torque transmitting components, including the shaft- 

ing system, impeller and stator if fitted. 

c) Steering components, together with a description and 

line diagram of the control circuit. This is to include 

steerable exit water jet nozzles where fitted. 

d) Components of the retractable buckets where these are 

used for providing astern thrust. 

e) The bearing or bearings absorbing the thrust and 
supporting the impeller, together with the method of 
lubrication. 

f) Details of any shafting support or guide vanes used in 
the water jet system. 


2.2.4 Schematic plans of the lubrication and hydraulics 
required for steering/reversing systems, together with pipe 
material, relief valves and the working pressures required. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Water Jet Systems 


2.3 Calculations and information 


2.3.1 Strength calculations based on fatigue considera- 
tions incorporating the maximum continuous torque rating 
and the most ‘onerous’ operating condition, see 2.3.12, 
including any short-term high power operation, and including 
the effects of mean and fluctuating loads, transitory loadings, 
residual stress allowances, and stress raisers, for the 
following components: 

(a) Impeller, stator and any bolting arrangements supporting 
propulsion or steering loads. 

(b) Shaft supports and coupling arrangements. 

c) Inlet guide vanes, if fitted. 

(d) Steering components, including the lugs of steerable 
nozzles where fitted. 

(e) Retractable buckets and associated mechanisms which 
are used to provide astern thrust. A calculation of the 
hydrodynamic transient loads is to be made for each 
design and is to include the full ahead to full astern 
condition. The calculation procedure used is to be 
supported, where possible, with full scale or model test 
data, or satisfactory service experience, to validate the 
design method. 


2.3.2 Calculations supporting the connection method of 
the impeller to the shaft, including details of the fit, push-up, 
securing, bolting arrangements, etc. In addition, where 
lengths of shafts are joined using couplings of the shrunk 
element type, full particulars of the method of achieving the 
grip force. 


2.3.3 Calculations relating to the design of the shaftline 
as evidence of compliance with Chapter 6. 


2.3.4 Torsional vibration calculations of the complete 
dynamic system in accordance with the relevant requirements 
included in Chapter 8. 


2.3.5 Shaft lateral vibration calculations where required 
by Chapter 8. 


2.3.6 Calculations of the tunnel strength and supporting 
structure. 


2.3.7 A calculation to determine the stresses within the 
impeller blade. 


2.3.8 A calculation of the blade natural frequency for the 
impeller blades. 


2.3.9 A calculation of the relative blade passing 
frequency between the rotor and stator blades. 


2.3.10 The value of the fluctuating stresses during one 
revolution of the impeller and from transient loadings. 


2.3.11 Details of the power/speed range of operation, 
indicating the maximum continuous torque rating, together 
with the associated thrusts; this information may be 
presented in the form of a characteristic curve for the water 
jet. 
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2.3.12 The water jet thrust for the assessment of the 

strength condition being considered is to be as follows: 

(a) For ships which are intended to operate predominantly in 
a free-running condition and at steady service condi- 
tions, the water jet thrust is to correspond to the 
absorption of the maximum continuous shaft power and 
corresponding revolutions per minute, giving the 
maximum torque for which the shaft system is approved. 

(b) For ships which are designed for several operating 
conditions, the maximum thrust associated with these 
conditions and the absorption of the corresponding 
power, in addition to the maximum continuous powering 
condition, are to be used in the calculation. 

(c) The justification for the thrust selected is to be submitted 
for consideration in the approval process and this is to 
include the ship type and the ship speed at the condi- 
tions considered. 


2.3.13  Ajustification that the water jet system will meet the 
self-priming criteria, see 3.1.6. 


2.3.14 Specifications of materials and NDE procedures for 
components essential for propulsion and steering operation 
and, in the case of the impeller and stator, the yield strength 
and the fatigue characteristics of the material intended for 
their manufacture. 


2.3.15 A detailed weld specification where an impeller has 
welded blades. 


2.3.16 Full details of the means of corrosion protection in 
the case of carbon or carbon manganese steel shafts. 
Alternatively, where it is proposed to use composite shafts, 
details of the connections at flanges, materials, resin, lay-up 
procedures, quality control procedures and documentary 
evidence of fatigue endurance strength is to be provided. 


2.3.17 Dry impeller mass and polar moment of inertia. 
2.3.18 The prime mover type and designation. 
2.3.19 Details of the control engineering aspects of the 


system design in accordance with Pt 6, Ch 1. 


2.3.20 The tolerance specification, agreed between the 
manufacturer and the Shipbuilder or Owner, to which the 
components of the unit are to be manufactured is to be 
defined, together with a justification. 


2.3.21 Details of the water jet’s loading reactions together 
with the positions of application within the hull and is to 
include the maximum applied thrust, tunnel pressures, 
moments and forces imposed on the ship. 


2.3.22 The water jet unit’s rated flow and head. 
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2.3.23 Where an engineering and safety justification report 

is required, the following supporting information is to be 

submitted: 

e A Failure Mode and Effects Analysis report (FMEA), see 
2.4. 

e Design standards and assumptions. 

e — Limiting operating parameters. 

e A statement and evidence in respect of the anticipated 
reliability of any non-duplicated components. 


2.3.24 Recommended installation, inspection, mainte- 
nance and component replacement procedures. This is to 
include any in-water engineering procedures where recom- 
mended by the water jet manufacturer. 


2.3.25 All transient loads which the steering unit is likely to 
experience from manoeuvring, accelerating, decelerating and 
the sea conditions. 


2.4 Failure Mode and Effects Analysis (FMEA) 


2.4.1 An FMEA is to be carried out where a single water 
jet system is the ship’s sole means of propulsion, see 2.2.3. 
The FMEA is to identify components where a single failure 
could cause the loss of all propulsion and/or steering 
capability, and the proposed arrangements for preventing and 
mitigating the effects of such a failure. 


2.4.2 The FMEA is to be carried out using the format 
presented in Table 22.2.1 in Chapter 22 or an equivalent 
format that addresses the same reliability issues. Analyses in 
accordance with IEC 60812 Analysis for System Reliability — 
Procedure for Failure Mode and Effects Analysis, or the IMO 
Code of Safety for High Speed Craft, 2000, Annex 4 - 
Procedures for Failure Mode and Effects Analysis, would be 
acceptable. 


2.4.3 The FMEA is to be organised in terms of equipment 
and function. The effects of item failures at a stated level and 
at higher levels are to be analysed to determine these effects 
on the system as a whole. Actions for mitigation of the effects 
of failure are to be determined, see 2.4.1. 


2.4.4 The FMEA is to: 

a) identify the equipment or sub-system and mode of 
operation; 

b) identify potential failure modes and their causes; 

c) evaluate the effects on the system of each failure mode; 

d) identify measures for reducing the risks associated with 
each failure mode; 

e) identify measures for preventing failure; and 

f) identify trials and testing necessary to prove conclu- 
sions. 


2.4.5 At sub-system level it is acceptable, for the 
purpose of these Rules, to consider failure of equipment items 
and their functions. It is not required that the failure of compo- 
nents within that equipment item be analysed, see Ch 
22,2.1.5. 
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2.4.6 Where a FMEA is used for consideration of systems 
that depend on software-based functions for control or 
co-ordination, the analysis is to investigate failure of the 
functions rather than a specific analysis of the software code 
itself. 


| Section 3 
Design requirements 


3.1 General 


3.1.1 The arrangement of water jet units is to be such 

that the ship can be satisfactorily manoeuvred to a declared 

performance capability. The operating conditions covered are 
to include the following: 

a) Maximum continuous shaft power/speed to the impeller 
in the ahead condition at the declared steering angles 
and conditions. 

b) Manoeuvring speeds of the impeller shaft and/or 
reversing mechanism in the ahead and astern direction 
at the declared steering angles and sea conditions. 

c) The stopping manoeuvre described in Ch 1,5.2.2(b). 

d) Astern running conditions for the ship. 


3.1.2 The mean loadings are those loadings induced by 
the water jet absorbing the mean torque supplied by the 
prime mover. 


3.1.3 Fluctuating loads are defined as those loads which 
occur during one revolution of the impeller due to cyclic 
variations. For example, the spatial flow variations and 
torsional vibration at nominally steady state operating condi- 
tions. 


3.1.4 Transient loads are defined as those loadings 
resulting from acceleration and deceleration of the ship, 
manoeuvring, seaway conditions and other similar forms of 
loading. This also includes any significant back-pressure 
effects developed from the operation of the reversing bucket, 
if fitted. 


3.1.5 To ensure self-priming of the water jet unit, the shaft 
centreline of the unit is to be lower than the light draught static 
waterline of the ship. In cases where this is either impractica- 
ble or undesirable, the distance of the impeller shaft centreline 
above the ship’s light draught waterline is to be less than or 
equal to 10 per cent of the pump inlet diameter. 


3.1.6 Provision is to be made to allow for the in-service 
visual inspection of the complete blade surfaces of both the 
impeller and stator blades using either a direct visual or 
borescope inspection technique. 


3.2 Shaftline 


3.2.1 The diameter of the shaftline components are to 
comply with Chapter 6. For calculation purposes the shaft 
carrying the impeller is to be taken as equivalent to a screw- 
shaft. 
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3.2.2 Where it is proposed to use carbon or carbon 
manganese steel shafts which may be in contact with sea- 
water, these are to be protected. 


3.2.3 The diameter of unprotected screwshafts of corro- 
sion-resistant material is not to be less than that given in 
Vol 7, Pt 11, Ch 2,4.4.7 of the Rules and Regulations for the 
Classification of Special Service Craft. 


3.2.4 The use of composite shafts is permitted, see 
2.3.16. 


3.2.5 Where lengths of shafts are joined using couplings 
of the shrunk element type, a factor of safety, based upon the 
mean plus the vibratory and transient torques, against 
slippage of 2,0 is to be achieved for couplings which are 
located inboard and 2,5 for couplings which are located 
outboard. 


3.2.6 Where shaftline components are bolted together, a 
factor of safety of 1,5 is to be achieved for the design of the 
bolted connection when considered in the context of the 
mean, fluctuating and transitory loadings. 


3.2.7 If a keyed fitting of the impeller to the shaft is 
contemplated, then the requirements of Ch 6,3.10 are to be 
satisfied. 


3.2.8 Where it is proposed to fit a keyless impeller, the 
fitting is to comply with the requirements of Ch 7,3.2, as appli- 
cable, excluding the requirements for Ice Class. Use of the 
words ‘propeller’ and ‘screwshaft’ are to be taken as 
meaning ‘impeller’ and ‘impellershaft’ respectively. 


3.3 Shaft support system and guide vanes 


3.3.1 In cases where the shaft requires support from the 
tunnel walls ahead of the impeller or, alternatively, where guide 
vanes are required to assist the flow around a bend in the 
ducting system, the supports or guide vanes are to be suit- 
ably aligned to the flow and have suitably rounded 
leading and trailing edges or be of an aerofoil section. 


3.3.2 In general, the fillet radius should be greater than 
or equal to the maximum thickness of the vane or support at 
that location. Smaller radii may be considered for which the 
results of an approved measurement programme or calcula- 
tion procedure are to be submitted. In all cases, a factor of 
safety of at least 1,5 is to be demonstrated for the maximum 
designed operating conditions. 


3.3.3 A facility for the inspection of the supports or guide 
vanes is to be provided which will allow either direct visual or 
borescope inspection of these components and their transi- 
tion to other members. 
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3.4 Impeller 


3.4.1 A calculation to determine the stresses within the 
impeller blades is to be carried out, which takes into account 
the mean blade loading, fluctuating loadings, transient loads 
and centrifugal force. The computations may be accom- 
plished by either classical methods or numerical analysis. 
Designs of water jet systems which have been based on a 
combination of computational fluid dynamics and finite 
element methods will be considered. However, it will be 
necessary to demonstrate to the satisfaction of LR that the 
formulation of the methods used has been correlated with 
previous full scale measurement or other calculation 
experience. 


3.4.2 For the purposes of the calculation required by this 
sub-Section, the fluctuating stresses during one revolution of 
the impeller is to be taken as 20 per cent of the maximum 
mean stress, and the stresses from transient loadings are to 
be taken as 15 per cent of the hydrodynamic mean stress, 
unless otherwise specified by the designer. 


3.4.3 The fatigue assessment of the impeller blades is to 
be based on the stress in the root sections, excluding the 
influence of the blade root fillets. This assessment is to include 
the following components: 

e the maximum stresses derived from the mean loading, 
including both the hydrodynamic and centrifugal 
components; 

e the amplitude of the fluctuating stresses during one 
revolution of the impeller; 

e the stresses derived from transient loading and an 
allowance for any residual stresses in the material. 

It is permissible to combine the variable components of stress 

in a linear fatigue damage accumulation assessment proce- 

dure. A factor of safety of at least 1,5 against fatigue failure is 
to be demonstrated for the maximum continuous rating 

condition or any other more onerous condition, see 3.1.1. 


3.4.4 In general, the fillet radius is to be greater than the 
maximum thickness of the impeller blade at that location. 
Composite radiused fillets or elliptical fillets which provide an 
improved stress concentration factor are preferred. 


3.4.5 Where an impeller has bolted-on blades, consider- 
ation is to be given to the distribution of stress in the palms of 
the blade and in the boss and bolting arrangements. 


3.4.6 Where an impeller has welded blades the welds are 
to be of the full penetration type or of equivalent strength. 
Where laser welding is to be used, details are to be submitted 
for consideration. 


3.4.7 The blades are to be provided with hydrodynami- 
cally faired leading and trailing edges which may be either of 
simple radius or of a more complex aerofoil edge form. The 
tip clearance, whilst being kept to a minimum for hydrody- 
namic purposes, is to be sufficient to allow for any transient 
vibrational behaviour, axial shaft movement or differential 
thermal expansion. 
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3.4.8 A calculation of the blade natural frequency for the 
impeller blades is to be undertaken. The fundamental natural 
frequency in water of the blade is to be shown to lie outside 
any expected excitation frequencies within a speed range of 
the water jet unit and up to 10 per cent above the maximum 
impeller speed. 


3.5 Stator 


3.5.1 The stator blades, where fitted, are to be designed 
to be capable of withstanding the combined hydrodynamic 
mean, fluctuating, transient and mechanical loads, including 
any loads transmitted via shaft bearings, developed by the 
unit and reacted through the blades when the impeller is 
absorbing full power. Consideration is to be given to 
situations when the vessel is either free running or in a 
condition specified by 3.1.1 or undergoing stopping, 
accelerating or decelerating manoeuvres. A factor of safety 
against mechanical failure by yielding of the blades of 1,5 is to 
be demonstrated. 


3.5.2 In general, the fillet radius is to be greater than the 
maximum thickness of the blade at that location. Composite 
radiused fillets or elliptical fillets which provide improved stress 
concentration factors are preferred. 


3.5.3 If the stator ring comprises a segmented assembly, 
then consideration is also to be given to the distribution of 
stress in the various adjacent members of the overall assembly. 


3.5.4 A calculation of the relative blade passing 
frequency between the rotor and stator blades is to demon- 
strate that this does not coincide with the natural frequency of 
the stator blades over the speed range of the water jet unit 
and up to 10 per cent above maximum impeller speed. 


3.5.5 The stator blades are to be provided with hydrody- 
namically faired leading edges which may have either a simple 
radius or a more complex aerofoil edge form. 


3.5.6 Where the stator blading assembly forms part of 
the nozzle, the requirements of 3.7 are to be considered in 
association with those for the stator assembly. 


3.6 Tunnel and securing arrangements 


3.6.1 The tunnel is to be adequately supported, framed 
and fully integrated into the hull structure. The critical 
locations and integrity of the supports and framing are to be 
as specified in the FMEA and agreed by the Shipbuilder and 
LR. 


3.6.2 The tunnel and supporting structure scantlings are 
to be not less than the Rule requirements for the surrounding 
structure. The strength of the hull structure in way of tunnel(s) 
is to be maintained. The structure is to be adequately 
reinforced and compensated as necessary. All openings are 
to be suitably reinforced and have radiused corners. 
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3.6.3 Consideration is to be given to providing the inlet 
to the tunnel with a suitable guard to prevent the ingress of 
large objects into the rotodynamic machinery. The dimensions 
of this guard, if fitted, are to strike a balance between undue 
efficiency loss due to flow restriction and viscous losses, the 
size of object allowed to pass and the susceptibility to clog 
with weed and other flow-restricting matter. 


3.6.4 The inlet profile of the tunnel is to be designed so 
as to provide a smooth uptake of the water over the range of 
vessel operating trims and avoid significant separation and/or 
cavitation of the flow which may then pass downstream into 
the rotating machinery. 


3.6.5 Design consideration is to take account of 
pressures which could develop as a result of a duct blockage 
as well as in relation to the axial location of rotating parts. 


3.6.6 The strength of the tunnel and supporting structure 
are to be examined by direct calculation procedures. 


3.7 Nozzle/steering arrangements 


3.7.1 In general, the steering systems and components 
are to comply with the requirements of Chapter 19. 


3.7.2 For vessels with more than one steerable water jet, 
the requirement for auxiliary steering arrangements in Ch 19,2 
is to be achieved by equipping each of the steerable water 
jets with its own dedicated and independent steering gear 
control system and power actuating system. Consideration 
will be given to alternative arrangements providing equiva- 
lence can be demonstrated. 


3.7.3 The main steering arrangements are to be operated 
by power and capable of changing the direction of the ship’s 
directional control system from one side to the other at 
declared steering angle limits at an average rotational speed 
of not less than 0,4 rev/min, with the ship running ahead at 
maximum ahead service speed. 


3.7.4 The auxiliary steering arrangements are to be: 

(a) Capable of changing the direction of the ship’s direc- 
tional control system from one side to the other at 
declared steering angle limits at an average rotational 
speed of not less than 0,083 rev/min, with the ship 
running ahead at one half of the maximum ahead service 
speed or 7 knots, whichever is the greater. 

(o) For all ships, operated by power where necessary to 
meet the requirements of (a) and in any ship having 
power more than 2,500 kW propulsion power per 
thruster unit. 


3.7.5 Nozzles can be either of a fixed or steerable form. 
The design of the nozzle is to take into account fully the 
change in pressure distribution along its inner surface together 
with the other mechanical loads (e.g. stator assembly loads) 
and transient loads caused by the flow-directing attachments 
which may be reacted through the body of the nozzle. In this 
analysis the changes to the pressure distribution caused by 
transient manoeuvres are to be considered. 
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3.7.6 In addition to the requirements of Chapter 19, the 
steering mechanism and bucket are to be capable of main- 
taining the manoeuvrability of the ship in terms of turning 
circle, zig-zag and stopping requirements within the limits 
defined by IMO Resolution MSC.137(76), Standards for Ship 
Manoeuvrability. 


3.7.7 Consideration is to be given to all transient loads 
which the steering unit is likely to experience from manoeu- 
vring, accelerating, decelerating and the sea conditions. 


3.7.8 The nozzle/bucket is to be given mechanical 
protection by the Shipbuilder from other impact damage such 
as collision. 


3.8 Bolts 


3.8.1 Detailed consideration and analysis is to be given 
to essential bolting arrangements in critical locations as 
specified in the FMEA and where indicated by the manufac- 
turer or Shipbuilder and agreed by LR. These are to include; 
bolts used in the securing of blades or guide vanes, assembly 
of the unit in the ship and any conduit components. 


iE Section 4 
Piping systems 


4.1 General 


4.1.1 The piping systems for a water jet unit are to 
comply with the general requirements of Chapter 12. 


4.1.2 Lubricating and hydraulic oil systems and standby 
arrangements are to comply with the requirements of 
Chapter 14; in addition, steering hydraulic systems are to 
comply with the applicable requirements of Chapter 19. 


a Section 5 
Control and monitoring 


5.1 General 


5.1.1 In addition to this Section, the control engineering 
systems are to comply with Pt 6, Ch 1. 


5.1.2 For water jets used as the only means of propul- 
sion and steering, a standby or alternative power source for 
the actuating device that controls the angular position and/or 
the reversing angle is to be provided. Automatic start of the 
standby pump supplying hydraulic power for steering and 
reversing is to be provided. 


53123 Means are to be provided at each control station to 
stop each water jet. 
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5.2 Monitoring and alarms 
5.2.1 In addition to the requirements of Chapter 19, 


alarms and monitoring requirements are indicated in 5.2.2 to 
5.2.4 and Table 16.5.1. 


Table 16.5.1 Alarms 


Item 


Hydraulic system pressure 


Hydraulic oil supply tank 
level 


Where an oil cooler is 
fitted 


Hydraulic oil temperature 


Lubricating oil temperature — 


In forced lubrication 
systems 


Lubricating oil pressure 


Lubricating oil tank level 


Where a tank is provided 


Ratio of jet rom/vessel Only if installed power 
speed per jet >4 MW 
Control system failure Includes follow-up failure 
of steering or reversing 
system 


Control system power Failure — 
supply 


5.2.2 An indication of the angular position of the nozzle 
is to be provided at each station from which it is possible to 
control the direction of thrust from the units. 


5.2.3 An indication of both the required and actual 
reversing bucket position is to be provided at each station 
from which it is possible to control the reversal of thrust. 


5.2.4 All alarms associated with water jet unit faults are 
to be indicated individually at the control stations and in 
accordance with the alarm system specified by Pt 6, Ch 1. 


= Section 6 
Electrical systems 


6.1 Installation and distribution arrangements 


6.1.1 The electrical installation is to comply with the 
relevant sections of Pt 6, Ch 2. 


6.1.2 Water jet auxiliaries and controls are to be served 
by individual circuits. Services that are duplicated are to be 
separated throughout their length as widely as practicable 
and without the use of common feeders, transformers, convert- 
ers, protective devices or control circuits. 
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m Section 7 
Inspection, testing and fitting of 
water jets 


7.1 General 


7.1.1 The finished impeller is to be statically balanced on 
completion of the manufacturing process and meet the 
requirements of ISO 1940 or an alternative standard accept- 
able to LR. In the case where the blade tip speed is greater 
than 60 m/s, dynamic balancing is required unless otherwise 
agreed by the manufacturer and LR. 


7.1.2 The following tests, markings and inspections are 

to be carried out in the presence of the Surveyor: 

(a) The balancing of the impeller or the blades. 

(b) Non-destructive examination of the impeller blades and 
the principal component parts of the propulsion system; 
see Ch 4,8 for austenitic stainless steels and Ch 8,3 for 
aluminium alloys of the Rules for Materials. 

(c) The quality of the fit of the impeller boss on the shaft 
taper. 

(d) The fitting of the impeller to the shaft and its subsequent 
functional testing. 

(e) The finished surfaces of the impeller boss, conical bores, 
fillets, cones and blade surfaces are to be shown to 
conform to the tolerances specified on the impeller 
drawing. 


7.1.3 Bolts and nuts in critical locations, as specified in 
the FMEA and where indicated by the manufacturer or 
Shipbuilder and agreed by LR, are to be equipped with 
adequate securing arrangements to the satisfaction of the LR 
Surveyor. 


7.2 Shop tests and installation of water jet 
systems 


7.2.1 The completed water jet unit is to undergo a tight- 
ness test in which an internal hydrostatic pressure of 1,5 bar 
above the maximum working pressure of the unit is to be 
applied. 


7.2.2 In cases where the impeller is fitted to the shaft 
using an interference fit, the bedding of the impeller with the 
shaft is to be demonstrated in the shop to the satisfaction of 
the LR Surveyor. Sufficient time is to be allowed for the 
temperature of the components to equalise before bedding. A 
contact marking between the bore of the impeller boss and 
the shaft surface of better than 80 per cent is to be demon 
strated when the contact marking ink is spread thinly on the 
surface of the shaft. Alternative means for demonstrating the 
bedding of the impeller will be considered. 


7.2.3 Means are to be provided to indicate the relative 
axial position of the impeller boss on the shaft. Permanent 
reference marks are to be made on the impeller boss, shaft 
and any nut to indicate angular and axial positioning of the 
impeller. Care is to be taken in marking the inboard end of the 
shaft taper to minimise stress-raising effects. 
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7.2.4 A copy of the fitting curve relative to temperature 
and means for determining any subsequent movement are to 
be placed on board. 


7.2.5 The impeller running clearances are to be checked 
following the installation of the unit in the ship. 


7.2.6 The thrust bearing clearances in the water jet 
system are to be verified against the required design values. 
This is to be done following the installation of the unit in the 
ship. 


7.2.7 The piping systems are to be adequately flushed in 
accordance with the manufacturer’s recommendations and 
the final levels of contamination recorded. Similarly, pressure 
testing of the piping systems is to comply with Chapter 12. 


7.3 Sea trial requirement 


7.3.1 The following requirements are to be complied with: 
° Ch 1,5.2 for sea trials. 

e Ch 19,7.2 for steering trials. 

In addition, the general design capability specified in 3.1.1 is 
to be demonstrated to the Surveyor’s satisfaction. 


7.3.2 The control systems relating to the correct func- 
tioning of the water jet are to be the subject of harbour and 
then sea trials. Demonstration of the requirements of Pt 6, 
Ch 1 is required and the design combinations of control func- 
tions are to be undertaken during the trials programme. 


7.3.3 On sea trials and under free running conditions the 
relationship between ship speed and impeller rotational speed 
is to be verified against the water jet’s design basis. 


7.3.4 Any trials and testing identified from the FMEA 
report, see 2.4.4, are to be carried out. 


a Section 8 
Installation, maintenance and 
replacement 


8.1 General 


8.1.1 All water jet system propulsion units are to be 
provided with a copy of the manufacturer’s installation and 
maintenance manual that is pertinent to the actual equipment. 
See 2.3.24. 
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8.1.2 The manual required by 8.1.1 is to be placed on 
board and is to contain the following information: 


(a) 


Description of the water jet propulsion system with 
details of function and design operating limits. This is 
also to include details of support systems such as lubri- 
cation, cooling and condition monitoring arrangements. 
Identification of all components together with details of 
any that have a defined maximum operating life. 
Instructions for installation of the system on board ship 
with details of any required specialised equipment. 
Instructions for commissioning at initial installation and 
following maintenance. 

Maintenance and service instructions to include inspec- 
tion/renewal of bearings and sealing arrangements. This 
is also to include component fitting procedures, clear- 
ance measurements and lubricating oil treatment where 
applicable. 

Actions required in the event of fault/failure conditions 
being detected. 

Precautions to be taken by personnel working during 
installation and maintenance. 


Part 5, Chapter 16 


Section 8 


LLOyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Requirements for Fusion Welding of Pressure 


Vessels and Piping 


Section 
1 General 
2 Manufacture and workmanship of fusion 


welded pressure vessels 


3 Repairs to welds on fusion welded pressure 
vessels 
4 Post-weld heat treatment of pressure vessels 


5 Welded pressure pipes 


6 Non-Destructive Examination 


O Section 1 
General 


1.1 Scope 


H The requirements of this Chapter apply to the 
welding of pressure vessels and process equipment, heating 
and steam raising boilers and pressure pipes. The allocation 
of Class is determined from the design criteria referenced in 
Chapters 10, 11 and 12. 


1.1.2 Fusion welded pressure vessels will be accepted only 
if manufactured by firms equipped and competent to undertake 
the quality of welding required for the Class of vessel proposed. 
For Class 1, 2/1 and 2/2 pressure vessels, the manufacturer’s 
works are to be approved in accordance with the requirements 
specified in Materials and Qualification Procedures for Ships, 
Book A Procedure MQPS 0-4. 


1:1:3 For pressure vessels which only have circumferen- 
tial seams, see Ch 10,1.5.4 and Ch 11,1.5.5. 


1.2 General requirements for welding plant and 
welding quality 


1.2.1 In the first instance, and before work is 
commenced, the Surveyors are to be satisfied that the 
required quality of welding is attainable with the proposed 
welding plant, equipment and procedures in accordance with 
the guidelines specified in Materials and Qualification 
Procedures for Ships Book A, Procedure 0-4. 


1.2.2 All welding is to be in accordance with the require- 
ments specified in Chapter 13 of the Rules for the 
Manufacture, Testing and Certification of Materials (hereinafter 
referred to as the Rules for Materials). 
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1.3 Manufacture and workmanship of fusion 
welded pressure vessels 


7.3.1 Pressure vessels are to be constructed and 
examined in accordance with the requirements specified in 
Chapter 13 of the Rules for Materials, unless more stringent 
requirements are specified. 


o Section 2 
Manufacture and workmanship of 
fusion welded pressure vessels 


2.1 General requirements 


241 Prior to commencing construction, the design of 
the vessel is to be approved where required by Ch 10,1.6 and 
Ch 11,1.6. 


2.1.2 Pressure vessels will be accepted only if manufac- 
tured by firms that have been assessed and approved in 
accordance with MQPS 0-4. 


2.2 Materials of construction 


2.2.1 Where the construction requires post weld heat 
treatment, consideration should be given to certifying the 
material after subjecting the test pieces to a simulated heat 
treatment. 


2.3 Tolerances for cylindrical shells 


2.3:1 Measurements are to be made to the surface of the 
parent plate and not to a weld, fitting or other raised part. 


2.3.2 In assessing the out-of-roundness of pressure 
vessels, the difference between the maximum and minimum 
internal diameters measured at one cross-section is not to 
exceed the amount given in Table 17.2.1. 


Table 17.2.1 Tolerances for cylindrical shells 


Maximum 
departure from 
designed form 


Nominal internal Difference between 
diameter of vessel maximum and 
in Mmm minimum diameters 


< 300 1,2 Mmm 

> 300 < 460 1,6 Mmm 
> 460 < 600 2,4 MM 
> 600 < 900 3,2 mm 
> 900 < 1220 4,0 mm 
> 1220 < 1520 4,8 mm 
> 1520 < 1900 5,6 mm 


1,0 per cent of 
internal diameter 


> 1900 < 2300 
> 2300 < 2670 
> 2670 < 3950 


6,4 mm 
7,2 mm 
8,0 mm 


> 3950 < 4650 19mm 
> 4650 0,4 per cent of 
internal diameter 


0,2 per cent of 
internal diameter 
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2.3.3 The profile measured on the inside or outside of the 
shell, by means of a gauge of the designed form of the shell, 
and having a chord length equal to one-quarter of the internal 
diameter of the vessel, is not to depart from the designed 
form by more than the amount given in Table 17.2.1. This 
amount corresponds to x in Fig. 17.2.1. 


Chord = 0,25D; 


Chord = 0,25D; 


Lj 
o, | 


Fig. 17.2.1 Tolerances for cylindrical shells 


2.3.4 Shell sections are to be measured for out-of- 
roundness, either when laid flat on their sides or when set up 
on end. When the shell sections are checked while lying on 
their sides, each measurement for diameter is to be repeated 
after turning the shell through 90° about its longitudinal axis. 
The two measurements for each diameter are to be averaged, 
and the amount of out-of-roundness calculated from the 
average values so determined. 


2.3.5 Where there is any local departure from circularity 
due to the presence of flats or peaks at welded seams, the 
departure from designed form shall not exceed that of 
Table 17.2.1. 


2.3.6 The external circumference of the completed shell 
is not to depart from the calculated circumference (based 
upon nominal inside diameter and the actual plate thickness) 
by more than the amounts given in Table 17.2.2. 
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Table 17.2.2 Circumferential tolerances 
Outside diameter 
(nominal inside diameter plus twice 
actual plate thickness), 
in mm 


Circumferential 
tolerance 


300 to 600 inclusive +5 mm 


Greater than 600 


+0,25 per cent 


E Section 3 
Repairs to welds on fusion welded 
pressure vessels 


3.1 General 
3.7.1 Repairs to welds on fusion welded pressure vessels 


are to be in accordance with the requirements of Chapter 13 
of the Rules for Materials. 


ea Section 4 
Post-weld heat treatment of 
pressure vessels 


41 General 
4.1.1 Post-weld heat treatment of fusion welded pressure 


vessels are to be in accordance with the requirements of 
Chapter 13 of the Rules for Materials. 


E Section 5 
Welded pressure pipes 


5.1 General 


5.1.1 Fabrication of pipework is to be carried out in 
accordance with the requirements of Ch 13,5 of the Rules for 
Materials. 


5.2 Welding workmanship 


5.2.1 Preheating is to be effected by a method which 
ensures uniformity of temperature at the joint. The method of 
heating and the means adopted for temperature control are to 
be to the satisfaction of the Surveyors. 


S22 All welding is to be performed in accordance with 
the approved welding procedures in this Section by welders 
who are qualified for the materials, joint types and welding 
processes employed. 
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5.2.3 Welding without filler metal is generally not permit- 
ted for welding of duplex stainless steel materials. 


5.2.4 All welds in high pressure and high temperature 
pipelines are to have a smooth surface finish and even 
contour; if necessary, they are to be made smooth by 
grinding. 


5.2.5 Check tests of the quality of the welding are to be 
carried out periodically at the discretion of the Surveyors. 


O Section 6 
Non-Destructive Examination 


6.1 General 
6.1.7 Non-Destructive Examination (NDE) of pressure 


vessels and piping is to be performed in accordance with the 
requirements of Ch 13,4 and 5 of the Rules for Materials. 
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1 General requirements 

2 Machinery arrangements 
3 Control arrangements 


| Section 1 
General requirements 


1.1 General 


1431 This Chapter applies to both cargo ships and 
passenger ships and is in addition to other relevant Chapters 
of the Rules. 


1:1:2 The Rules contained in this Chapter cover machinery 
arrangements and control systems necessary for operating 
essential machinery from a (centralised) control station on the 
bridge under normal sea-going and manoeuvring conditions, 
but do not signify that the machinery space may be operated 
unattended. 


1.1.3 In general, ships complying with the requirements 
of this Chapter will be eligible for the machinery class notation 
IP, see Pt 1, Ch 2,2.4. 


1.1.4 The details of control systems will vary with the type 
of machinery being controlled, and special consideration will 
be given to each case. 


1.2 Plans 


LZ Control systems. Where control systems are 
applied to essential machinery or equipment the following 
plans are to be submitted in triplicate: 

° Details of operating medium, i.e. pneumatic, hydraulic 
or electric including standby sources of power. 
Description of operation with explanatory diagrams. 
Line diagrams of control circuits. 

List of monitored points. 

List of control points. 

List of alarm points. 

Test schedule including test facilities provided. 


1.2.2 Plans for the control systems of the following 

machinery are to be submitted: 

° Main propelling machinery, including all auxiliaries 
essential for propulsion. 

e Controllable pitch propellers. 

e Electric generating plant. 

e — Evaporating and distilling systems for use with main 
steam machinery. 

e Steam raising plant for essential services. 


1.2.3 Alarm systems. Details of the overall alarm system 
linking the machinery space control station with the bridge 
control station are to be submitted. 
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1.2.4 Control stations. Details of bridge and machinery 
space control stations are to be submitted, e.g. control panels 
and consoles. 


1.2.5 Machinery configurations. Plans showing the 
general arrangement of the machinery space, together with 
the layout and configuration of the main propulsion and 
essential machinery, are to be submitted. 


E Section 2 
Machinery arrangements 


2.1 Main propulsion machinery 


2.1.1 The main propulsion machinery may be oil engines, 
turbines or electric motors but the configuration of the 
propulsion system and its relationship with other essential 
equipment is to comply with the remaining requirements of 
this Section. 


22 The main propulsion machinery is to drive one of 
the generators required by 2.2.2. This generator is to be 
capable of supplying the essential electrical load under all 
normal sea-going and manoeuvring conditions. 


2.1.3 Standby machinery is to be provided capable of 
being readily connected to the main propulsion system so as 
to provide emergency propulsion. This standby machinery is 
to be capable of connection so as to provide an alternative 
drive to the generator required in 2.1.2. It need not provide 
power to both systems simultaneously, see also 2.2.2. 


2.2 Supply of electric power and essential 
services 
2.2.1 Continuity of electrical power supply and essential 


services are to be ensured under all normal sea-going and 
manoeuvring conditions without manual intervention in the 
machinery space. Methods by which this may be achieved 
include automatic start-up of generating sets and essential 
pumps or manual start-up of these services from the bridge. 


2.2.2 Generating sets and converting sets are to be 
sufficient to ensure the operation of services essential for the 
propulsion and safety of the ship even when one generating 
set or converting set is out of service. 


2.3 Controllable pitch propellers 


2.3.1 For propulsion systems with controllable pitch 
propellers a standby or alternative power source for the 
actuating medium for controlling the pitch of the propeller 
blades is to be provided. 
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a Section 3 
Control arrangements 


3.1 Bridge control 


3:1:1 Means are to be provided to ensure satisfactory 
control of propulsion from the bridge in both the ahead and 
astern directions when operating on either the main or 
standby engine(s). 


3.1.2 Instrumentation to indicate the following is to be 

fitted on the bridge and at any other station from which the 

propulsion machinery may be controlled: 

(a) Propeller speed. 

(b) Direction of rotation of the propeller for a fixed pitch 
propeller. 

c) Pitch position for a controllable pitch propeller. 

d) Direction and magnitude of thrust. 

e) Clutch position, where applicable. 


Sas 


3.1.3 An alarm is to operate in the event of a failure of the 
power supply to the bridge control system. 


3.1.4 Emergency Stop Functions, independent of the 
bridge control system, are to be provided on the bridge to 
enable the watchkeeping officer to stop the main propulsion 
machinery in an emergency. 


3.2 Alarm system 


3.2.1 An alarm system is to be provided to indicate faults 
in essential machinery and control systems in accordance 
with this Chapter. 


3.2.2 Machinery faults are to be indicated at the control 
stations on the bridge and in the machinery space. 


3.2.3 In the event of a machinery fault occurring, the 

alarm system is to be such that the watchkeeping officer on 

the bridge is made aware of the following: 

(a) A machinery fault has occurred. 

(b) The machinery fault is being attended to, and 

(c) The machinery fault has been rectified. (Alternative 
means of communication between the bridge control 
station and the machinery control station may be used 
for this function.) 


3.2.4 The alarm system should be designed with self- 
monitoring properties. As far as practicable, any fault in the 
alarm system should cause it to fail to the alarm condition. 


3.2.5 The alarm system should be capable of being 
tested during normal machinery operation. 


3.2.6 Failure of the power supply to the alarm system is 
to be indicated as a separate fault alarm. 


3.2.7 Alarm indication is to be both audible and visual. If 
arrangements are made to silence audible alarms they are not 
to extinguish visual alarms. 


3.2.8 The acceptance of an alarm on the bridge is not to 
silence the audible alarm in the machinery space. 
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3.2.9 Machinery alarms should be distinguishable from 
other audible alarms, e.g. fire, carbon dioxide. 


3.2.10 Acknowledgement of visual alarms is to be clearly 
shown. 


3.2.11 If the audible alarm has been silenced and a 
second fault occurs before the first has been rectified, the 
audible alarm is again to operate. To assist in the detection of 
transient faults which are subsequently self-correcting, 
fleeting alarms should lock-in until accepted. 


3.3 Communication 


3.3.1 Two means of communication are to be provided 
between the bridge and the control station in the machinery 
space. One of these means may be the bridge control 
system; the other is to be independent of the main electrical 
power supply. 


33:2 The bridge, machinery space control station and 
any other control position from which the propulsion 
machinery can be controlled are to be fitted with means to 
indicate which station is in command. 


3.3.3 Change-over between control stations is to be 
possible under all normal sea-going and manoeuvring 
conditions without affecting the speed or direction of 
propulsion. This changeover may be effected only with the 
acceptance of the station taking control. 


3.4 Engine starting safeguards 


3.4.1 Where it is possible to start a main propulsion or 
auxiliary oil engine from the bridge, an indication that sufficient 
starting air pressure is available is to be provided on the 
bridge. 


3.4.2 The number of automatic consecutive attempts 
which fail to produce a start is to be limited to safeguard 
sufficient starting air pressure, or, in the case of electric 
starting, a sufficient charge level in the batteries. 


3.4.3 An alarm is to be provided for low starting air 
pressure, set at a limit which will still permit engine starting 
operations. 


3.4.4 Where propulsion or auxiliary engines are started 
from the bridge, interlocks are to be provided to prevent 
starting of the engine under conditions which could hazard 
the machinery. These are to include ‘turning gear engaged’, 
‘low lubricating oil pressure’ and ‘shaft brake engaged’. 


3.5 Operational safeguards 
3.5.1 Means are to be provided to prevent the machin- 


ery and shafting being subjected to excessive torque or other 
detrimental mechanical and thermal overloads. 
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3.5.2 Prolonged running in a restricted speed range is to 
be prevented automatically or, alternatively, an indication of 
restricted speed ranges is to be provided at each control 
station. 


3.5.3 For ships propelled by steam turbines the risk of 
thermal distortion of the turbines is to be prevented by 
automatic steam spinning when the shaft is stopped in the 
manoeuvring mode. An audible and visual alarm is to operate 
on the bridge and in the machinery space when the shaft has 
been stopped for two minutes. 


3.5.4 In the case of lubricating oil systems for main 
propulsion and standby engine(s), the engine(s) is to be 
stopped automatically on failure of the lubricating oil supply. 
The circuit and sensor employed for this automatic shutdown 
are to be additional to the alarm circuit and sensor required 
by Ch 14,8. Where means are provided to over-ride the 
automatic shutdown required by this paragraph, the arrange- 
ments are to be such as to preclude inadvertent operation. 
Visual indication of operation of the over-ride is to be fitted. 


3.5.5 In the case of oil engines, oil mist monitoring is to 
be provided for crankcase protection where arrangements are 
fitted to over-ride the automatic stop for failure of the 
lubricating oil supply. 


3.5.6 Boilers with automatic controls which under normal 
operating conditions do not require any manual intervention 
by the operators are to be provided with safety arrangements 
which automatically shut-off the oil fuel to all the burners in 
the event of either low water level or combustion air failure. 
Oil fuel is to be shut-off automatically to any burner in the 
event of flame failure. 


3.5.7 Arrangements are to be provided to automatically 
stop propulsion gas turbines for the following fault conditions: 
(a) Overspeed, see Ch 4,4. 

(b) High exhaust temperature, see Ch 4,3. 
(c) Flame failure, or 

(d) Excessive vibration. 

3.5.8 Where standby pumps are arranged to start auto- 
matically in the event of low discharge pressure from the 
working pump an alarm is to be given to indicate when the 
standby pump has started. 


3.6 Automatic control of essential services 
3.6.1 All control systems for essential services are to be 
stable throughout the operating range of the main propulsion 


machinery. 


3.6.2 The temperature of the following is to be automatically 
controlled within normal operating limits: 


Oil engines: 
(a) Lubricating oil to the main engine and/or auxiliary 
engines. 


(b) Oil fuel — temperature or viscosity. 

c) Piston coolant, where applicable. 

(d) Cylinder coolant main and auxiliary engines, where 
applicable. 

(e) Fuel valve coolant, where applicable. 
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Steam plant: 
a) Lubricating oil to main engine and/or auxiliary engines. 
b) Oil fuel to burners — temperature or viscosity. 

c) Superheated steam. 

d) External de-superheated steam. 

Gas turbines: 

a) Lubricating oil to main engine and auxiliary engines. 

b) Oil fuel - temperature or viscosity. 

c) Exhaust gas. 


3.6.3 The pressure of the following is to be automatically 
controlled within normal operating limits: 


Steam plant: 

(a) Superheated steam. 

(o) Oil fuel. 

(c) External de-superheated steam system(s). 
(d) Gland steam. 

(e) Reduced steam ranges. 


3.6.4 The level of the following is to be automatically 
controlled within normal operating limits: 

Steam plant: 

(a) Boiler drum level. 

(o) De-aerator level. 

(c) Condenser level. 


3.6.5 Boilers essential for the propulsion of the vessel are 
to be provided with an automatic combustion control system. 


3.7 Local control 


3.7.1 The arrangements are to be such that essential 
machinery can be operated with the system of bridge control 
or any automatic controls out of action. Alternatively, the 
control systems should have sufficient redundancy so that 
failure of the control equipment in use does not render 
essential machinery inoperative. 
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Section 

1 General 

2 Performance 

3 Construction and design 

4 Steering control systems 

5 Electric power circuits, electric control circuits, 


monitoring and alarms 


6 Emergency power 

7 Testing and trials 

8 Additional requirements 

9 ‘Guidelines’ for the acceptance of non- 


duplicated rudder actuators for tankers, 
chemical tankers and gas carriers of 

10 000 tons gross and upwards but of less than 
100 000 tons deadweight 


3 Section 7 
General 


1.1 Application 


7.1.1 The requirements of this Chapter apply to the 
design and construction of steering gear. 


1.1.2 Whilst the requirements satisfy the relevant 
regulations of the International Convention for the Safety of 
Life at Sea 1974 as amended, and the IMO Protocol of 1978, 
attention should be given to any relevant statutory require- 
ments of the National Authority of the country in which the 
ship is to be registered. 


1.1.3 Consideration will be given to other cases, or to 
arrangements which are equivalent to those required by the 
Rules. 


1.2 Definitions 


1.2.1 Steering gear control system means the equip- 
ment by which orders are transmitted from the navigating 
bridge to the steering gear power units. Steering gear control 
systems comprise transmitters, receivers, hydraulic control 
pumps and their associated motors, motor controllers, piping 
and cables. 


1.2.2 Main steering gear means the machinery, rudder 
actuator(s), the steering gear power units, if any, and ancillary 
equipment and the means of applying torque to the rudder 
stock (e.g., tiller or quadrant) necessary for effecting 
movement of the rudder for the purpose of steering the ship 
under normal service conditions. 
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1.2.3 Steering gear power unit means: 

(a) in the case of electric steering gear, an electric motor 
and its associated electrical equipment; 

(b) in the case of electrohydraulic steering gear, an electric 
motor and its associated electrical equipment and 
connected pump; 

(c) in the case of other hydraulic steering gear, a driving 
engine and connected pump. 


1.2.4 Auxiliary steering gear means the equipment 
other than any part of the main steering gear necessary to 
steer the ship in the event of failure of the main steering gear 
but not including the tiller, quadrant or components serving 
the same purpose. 


1.2.5 Power actuating system means the hydraulic 
equipment provided for supplying power to turn the rudder 
stock, comprising a steering gear power unit or units, 
together with the associated pipes and fittings, and a rudder 
actuator. The power actuating systems may share common 
mechanical components, i.e., tiller quadrant and rudder 
stock, or components serving the same purpose. 


1.2.6 Maximum ahead service speed means the 
maximum service speed which the ship is designed to 
maintain, at the summer load waterline at maximum propeller 
RPM and corresponding engine MCR. 


1.2.7 Rudder actuator means the components which 
converts directly hydraulic pressure into mechanical action to 
move the rudder. 


1.2.8 Maximum working pressure means the maximum 
expected pressure in the system when the steering gear is 
operated to comply with 2.1.2(b). 


1.2.9 Steering arrangements means the complete 
system of components for providing ship directional control. 


1.2.10 Directional control system means the equipment 
used to effect changes in ship direction e.g., the rudder, 
podded propulsion unit, azimuth thrusters or water jet nozzle. 
Note that for podded propulsion systems, azimuth thrusters, 
water jet systems, or other similar systems for effecting 
changes in ship direction, it is to be assumed that the units 
must provide thrust in addition to rotation and hence the 
directional control system must include the propulsion 
system. 


1.3 General 


1.3.1 The steering gear is to be secured to the seating by 
fitted bolts, and suitable chocking arrangements are to be 
provided. The seating is to be of substantial construction. 


1.3.2 The steering gear compartment is to be: 

(a) readily accessible and, as far as practicable, separated 
from machinery spaces; and 

(o) Provided with suitable arrangements to ensure working 
access to steering gear machinery and controls. These 
arrangements are to include handrails and gratings or 
other non-slip surfaces to ensure suitable working 
conditions in the event of hydraulic fluid leakage. 
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1.4 Plans 


1.4.1 Before starting construction, the steering gear 
machinery plans, specifications and calculations are to be 
submitted. The plans are to give: 

(a) Details of scantlings and materials of all load bearing and 
torque transmitting components and hydraulic pressure 
retaining parts together with proposed rated torque and 
all relief valve settings. 

(b) Schematic of the hydraulic system(s), together with pipe 
material, relief valves and working pressures. 

(c) Details of control and electrical aspects. 


1.5 Materials 


1.5.1 All components used in steering arrangements for 
ship directional control are to be of sound reliable construction 
to the Surveyor’s satisfaction. 


1.5.2 All components transmitting mechanical forces to 
the rudder stock are to be tested according to the require- 
ments of the Rules for the Manufacture, Testing and 
Certification of Materials (hereinafter referred to as the Rules 
for Materials). 


1.5.3 Ram cylinders; pressure housings of rotary vane 
type actuators, hydraulic power piping, valves, flanges and 
fittings; and all steering gear components transmitting 
mechanical forces to the rudder stock (such as tillers, 
quadrants, or similar components) are to be of steel or other 
approved ductile material, duly tested in accordance with the 
requirements of the Rules for Materials. In general, such 
material is to have an elongation of not less than 12 per cent 
nor a tensile strength in excess of 650 N/mm2. Special 
consideration will be given to the acceptance of grey cast iron 
for valve bodies and redundant parts with low stress levels. 


1.5.4 Where appropriate, consideration will be given to 
the acceptance of non-ferrous material. 


1.6 Rudder, rudder stock, tiller and quadrant 


1.6.1 For the requirements of rudder and rudder stock, 
see Pt 3, Ch 13,2. 


1.6.2 For the requirements of tillers and quadrants including 
the tiller to stock connection, see Table 19.1.1. 


1.6.3 In bow rudders having a vertical locking pin 
operated from the deck above, positive means are to be 
provided to ensure that the pin can be lowered only when the 
rudder is exactly central. In addition, an indicator is to be fitted 
at the deck to show when the rudder is exactly central. 


1.6.4 The factor of safety against slippage, S (i.e., for 
torque transmission by friction) is generally based on 


the torque transmissible by friction 
M 


S 


where 
M is the maximum torque at the relief valve pressure 
which is generally equal to the design torque as specified 
by the steering gear manufacturer. 
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1.6.5 For conical sections, S is based on the following 
equation: 


s HAO, 
A[(W + A 5, 0)2 + Q2 
where 
A = interfacial surface area, in mm? 


W = weight of rudder and stock, if applicable, when 
tending to separate the fit, in N 


O 
Il 


shear force = 2M. in N 
dm 
where 
dm İN mm is the mean contact diameter of tiller/stock 
interface and M in Nmm is defined in 1.6.4 
© = cone taper half angle in radians (e.g., for cone taper 
1:10, 8 = 0,05) 
u = coefficient of friction 
om radial interfacial pressure or grip stress, in N/mm2. 
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Table 19.1.1 Connection of tiller to stock 


Item Requirements 


(1) Dry fit - tiller to stock, For keyed connection, factor of safety against slippage, S = 1,0 
see also 1.6.4 and 1.6.5 The maximum stress in the fillet radius of the tiller Keyway should not exceed the yield stress 
For conical sections, the cone taper should be < 1:10 
For keyless connection, factor of safety against slippage, S = 2,0 
The maximum equivalent von Mises stress should not exceed the yield stress 
For conical sections, the cone taper should be < 1:15 
Coefficient of friction (maximum) = 0,17 
Grip stress not to be less than 20 N/mm2 


Hydraulic fit — tiller to stock, For keyed connection, factor of safety against slippage, S = 1,0 

see also 1.6.4 and 1.6.5 The maximum stress in the fillet radius of the tiller keyway should not exceed the yield stress 
For conical sections, the cone taper should be < 1:10 

For keyless connection, factor of safety against slippage, S = 2,0 

The maximum equivalent von Mises stress should not exceed the yield stress 

For conical sections, the cone taper should be < 1:15 

Coefficient of friction (maximum) = 0,14 

Grip stress not to be less than 20 N/mm2 


Ring locking assemblies fit — Factor of safety against slippage, S = 2,0 

tiller to stock, The maximum equivalent von Mises stress should not exceed the yield stress 
see also 1.6.3 Coefficient of friction = 0,12 

Grip stress not to be less than 20 N/mm2 


Bolted tiller and quadrant Shim to be fitted between two halves before machining to take rudder stock, then removed prior to fitting 
(this arrangement could be 
accepted provided the 


Minimum thickness of shim, 

For 4 connecting bolts: t = 0,0014 & mm 
proposed rudder stock y s , t 
diameter in way of tiller does For 6 connecting bolts: t = 0,0012 & mm 


not exceed 350 mm Key(s) to be fitted 
diameter), see symbols 0,60 õsu 
Diameter of bolts, p = oT, alll 
tb 


A predetermined setting-up load equivalent to a stress of approximately 0,7 of the yield strength of the 
bolt material should be applied to each bolt on assembly. A lower stress may be accepted provided that 
two keys, complying with item (5), are fitted. 


Distance from centre of stock to centre of bolts should generally be equal to 5; (: 0+ s2) mm 


Mt 


0,66 & 
Nt 


Thickness of flange on each half of the bolted tiller > 


Key/keyway, Effective sectional area of key in shear > 0,25 8,2. mm? 


s68 symbols Key thickness 2 0,17 64 mm 


Keyway is to extend over full depth of tiller and is to have a rounded end. Keyway root fillets are to be 
provided with suitable radii to avoid high local stress 


Section modulus - tiller arm | To be not less than the greater of: 

(at any point within its length 0,15 3,3 (bt - bs) 3 
about vertical axis), Zr = cm 
see symbols 1000 by 


0,06 8,3 (b+ — 0,9 &) 
1000 by 


If more than one arm fitted, combined modulus is to be not less than the greater of (a) or (b) 


A 


For solid tillers, the breadth to depth ratio is not to exceed 2 


Boss, Depth of boss > ô 
see symbols Thickness of boss in way of tiller > 0,4 6; 


Symbols 


distance between the section of the tiller arm under thickness of shim for machining bolted tillers and quad- 
consideration and the centre of the rudder stock, in mm rants, in mm 
Note: by and bg are to be measured with zero section modulus of tiller arm, in cm3 

rudder angle Rule rudderstock diameter in way of tiller, see Pt 3, 
distance from the point of application of the load on the Ch 13 
tiller to the centre of the rudder stock, in mm diameter of bolts securing bolted tillers and quadrants, 
number of bolts in the connection flanges, but generally inmm 
not to be taken greater than six 
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i Section 2 


Performance 
2.1 General 
2.1.1 Unless the main steering arrangements for ship 


directional control comprise two or more identical power 
units, in accordance with 2.1.4 or 8.1.1, every ship is to be 
provided with main steering arrangements and auxiliary steer- 
ing arrangements in accordance with the requirements of the 
Rules. The main steering arrangements and the auxiliary 
steering arrangements are to be so arranged that the failure of 
one of them will not render the other one inoperative. 


2.1.2 The main steering arrangements for ship directional 

control are to be: 

(a) Of adequate strength and capable of steering the ship 
at maximum ahead service speed which shall be 
demonstrated in accordance with 7.2; 

(b) Capable of putting the rudder over from 35° on one side 
to 35° on the other side with the ship at its deepest sea- 
going draught and running ahead at maximum ahead 
service speed and under the same conditions, from 35° 
on either side to 30° on the other side in not more than 
28 seconds. 

(c) Operated by power where necessary to meet the require- 
ments of (b) and in any case when the Rules excluding 
strengthening for navigation in ice, require a rudder stock 
over 120 mm diameter in way of the tiller; and 

(d) So designed that they will not be damaged at maximum 
astern speed; however, this design requirement need not 
be proved by trials at maximum astern speed and 
maximum rudder angle. 


2.1.3 The auxiliary steering arrangements for ship direc- 

tional control are to be: 

(a) Of adequate strength and capable of steering the ship 
at navigable speed and of being brought speedily into 
action in an emergency; 

(b) Capable of putting the rudder over from 15° on one side 
to 15° on the other side in not more than 60 seconds 
with the ship at its deepest sea-going draught and 
running ahead at one half of the maximum ahead service 
speed or 7 knots, whichever is the greater; and 

(c) Operated by power where necessary to meet the 
requirements of (b) and in any case when the Rules, 
excluding strengthening for navigation in ice, require a 
rudder stock over 230 mm diameter in way of the tiller. 


2.1.4 Where the main steering arrangements for ship 
directional control comprise two or more identical power 
units, auxiliary steering arrangements need not be fitted, 
provided that: 

(a) In a passenger ship, the main steering arrangements are 
capable of operating the ship’s directional control system 
as required by 2.1.2(b) while any one of the power units 
is out of operation; 

(b) In a cargo ship, the main steering arrangements are 
capable of operating the ship’s directional control system 
as required by 2.1.2() while operating with all power units; 

(c) The main steering arrangements are arranged so that 
after a single failure in its piping system or in one of the 
power units the defect can be isolated so that steering 
capability can be maintained or speedily regained. 
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2.1.5 Main and auxiliary steering gear power units are to 

be: 

(a) Arranged to re-start automatically when power is 
restored after power failure; 

(b) Capable of being brought into operation from a position 
on the navigating bridge. In the event of a power failure 
to any one of the steering gear power units, an audible 
and visual alarm is to be given on the navigating bridge; 

(c) Arranged so that transfer between units can be readily 
effected. 


2.1.6 Where the steering gear is so arranged that more 
than one power or control system can be simultaneously 
operated, the risk of hydraulic locking caused by a single 
failure is to be considered. 


2.1.7 A means of communication is to be provided 
between the navigating bridge and the steering gear 
compartment. 


2.1.8 Steering gear, other than of the hydraulic type, will 
be accepted provided the standards are considered 
equivalent to the requirements of this Section. 


2.1.9 Manually operated gears are only acceptable when 
the operation does not require an effort exceeding 16 kg 
under normal conditions. 


2.2 Rudder angle limiters 


2.2.1 Power-operated steering gears are to be provided 
with positive arrangements, such as limit switches, for 
stopping the gear before the rudder stops are reached. These 
arrangements are to be synchronised with the gear itself and 
not with the steering gear control. 


a Section 3 
Construction and design 


3.1 General 


3- 11 Rudder actuators other than those covered by 8.3 
and the ‘Guidelines’ are to be designed in accordance with 
the relevant requirements of Chapter 11 for Class | pressure 
vessels (notwithstanding any exemptions for hydraulic 
cylinders). 


3.1.2 Accumulators, if fitted, are to comply with the 
relevant requirements of Chapter 11. 


3.1.3 The welding details and welding procedures are to 
be approved. All welded joints within the pressure boundary 
of a rudder actuator or connecting parts transmitting 
mechanical loads are to be of full penetration type or of 
equivalent strength. 


3.1.4 The construction is to be such as to minimise local 
concentrations of stress. 
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3.9.5 The design pressure for calculations to determine 
the scantlings of piping and other steering gear components 
subjected to internal hydraulic pressure shall be at least 
1,25 times the maximum working pressure to be expected 
under the operational conditions specified in 2.1.2(b) taking 
into account any pressure which may exist in the low 
pressure side of the system. Fatigue criteria may be applied 
for the design of piping and components, taking into account 
pulsating pressures due to dynamic loads, see Section 9. 


3.1.6 For the rudder actuator, the permissible primary 
general membrane stress is not to exceed the lower of the 
following values: 


BBs gfe 
— or 
Ae 
where 
6g = specified minimum tensile strength of material at 
ambient temperature 
oy = specified minimum yield stress or 0,2 per cent 


proof stress of the material, at ambient temperature 
A and B are given by the following Table: 


Wrought Cast Nodular 
steel steel cast iron 
A 3,5 4 5 
B de 2 3 
3.2 Components 


3.2.1 Special consideration is to be given to the suitability 
of any essential component which is not duplicated. Any such 
essential component shall, where appropriate, utilise anti- 
friction bearings such as ball bearings, roller bearings or sleeve 
bearings which shall be permanently lubricated or provided 
with lubrication fittings. 


3.2.2 All steering gear components transmitting mechanical 
forces to the rudder stock, which are not protected against 
overload by structural rudder stops or mechanical buffers, are 
to have a strength at least equivalent to that of the rudder 
stock in way of the tiller. 


3.2.3 Actuator oil seals between non-moving parts, forming 
part of the external pressure boundary, are to be of the metal 
upon metal type or of an equivalent type. 


3.2.4 Actuator oil seals between moving parts, forming 
part of the external pressure boundary, are to be duplicated, 
so that the failure of one seal does not render the actuator 
inoperative. Alternative arrangements providing equivalent 
protection against leakage may be accepted. 


3.2.5 Piping, joints, valves, flanges and other fittings are 
to comply within the requirements of Chapter 12 for Class | 
piping systems components. The design pressure is to be in 
accordance with 3.1.5. 


3.2.6 Hydraulic power operated steering gear are to be 

provided with the following: 

(a) Arrangements to maintain the cleanliness of the 
hydraulic fluid taking into consideration the type and 
design of the hydraulic system; 
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(o) A fixed storage tank having sufficient capacity to recharge 
at least one power actuating system including the 
reservoir, where the main steering gear is required to be 
power operated. The storage tank is to be permanently 
connected by piping in such a manner that the hydraulic 
systems can be readily recharged from a position within 
the steering gear compartment and provided with a 
contents gauge. 


3.3 Valve and relief valve arrangements 


3.3.1 For vessels with non-duplicated actuators, isolating 
valves are to be fitted at the connection of pipes to the 
actuator, and are to be directly fitted on the actuator. 


3.3.2 Arrangements for bleeding air from the hydraulic 
system are to be provided, where necessary. 


3.3.3 Relief valves are to be fitted to any part of the 
hydraulic system which can be isolated and in which pressure 
can be generated from the power source or from external 
forces. The settings of the relief valves is not to exceed the 
design pressure. The valves are to be of adequate size and 
so arranged as to avoid an undue rise in pressure above the 
design pressure. 


3.3.4 Relief valves for protecting any part of the hydraulic 
system which can be isolated, as required by 3.3.3 are to 
comply with the following: 

(a) The setting pressure is not to be less than 1,25 times the 
maximum working pressure. 

(o) the minimum discharge capacity of the relief valve(s) is 

not to be less than 110 per cent of the total capacity of 
the pumps which can deliver through it (them). 
Under such conditions the rise in pressure is not to 
exceed 10 per cent of the setting pressure. In this 
regard, due consideration is to be given to extreme 
foreseen ambient conditions in respect of oil viscosity. 


3.4 Flexible hoses 


3.4.1 Hose assemblies approved by Lloyd’s Register 
(hereinafter referred to as ‘LR’) may be installed between two 
points where flexibility is required but are not to be subjected 
to torsional deflection (twisting) under normal operating 
conditions. In general, the hose should be limited to the length 
necessary to provide for flexibility and for proper operation of 
machinery, see also Ch 12,7. 


3.4.2 Hoses should be high pressure hydraulic hoses 
according to recognised Standards and suitable for the fluids, 
pressures, temperatures and ambient conditions in question. 


3.4.3 Burst pressure of hoses is to be not less than four 
times the design pressure. 
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a Section 4 
Steering control systems 


4.1 General 


4.1.1 Steering gear control is to be provided: 

(a) For the main steering gear, both on the navigating bridge 
and in the steering gear compartment; 

(b) Where the main steering gear is arranged according to 
2.1.4, by two independent control systems, both operable 
from the navigating bridge. This does not require duplica- 
tion of the steering wheel or steering lever. Where the 
control system consists of a hydraulic telemotor, a second 
independent system need not be fitted, except in a tanker, 
chemical tanker or gas carrier of 10 000 gross tonnage 
and upwards; 

(c) For the auxiliary steering gear, in the steering gear 
compartment and, if power operated, it shall also be 
operable from the navigating bridge and is to be 
independent of the control system for the main steering 
gear. 

(d) Where the steering gear is so arranged that more than 
one control system can be simultaneously operated, the 
risk of hydraulic locking caused by single failure is to be 
considered. 


4.1.2 Any main and auxiliary steering gear control system 
operable from the navigating bridge is to comply with the 
following: 

(a) Means are to be provided in the steering gear compart- 
ment for disconnecting any control system operable 
from the navigating bridge from the steering gear it 
serves; 

(b) The system is to be capable of being brought into 
operation from a position on the navigating bridge. 


4.1.3 The angular position of the rudder shall: 

(a) If the main steering gear is power-operated, be indicated 
on the navigating bridge. The rudder angle indication is 
to be independent of the steering gear control system; 

(o) Be recognisable in the steering gear compartment. 


4.1.4 Appropriate operating instructions with a block 
diagram showing the changeover procedures for steering 
gear control systems and steering gear actuating systems are 
to be permanently displayed in the wheelhouse and in the 
steering gear compartment. 


4.1.5 Where the system failure alarms for hydraulic lock, 
see Table 19.5.1, are provided, appropriate instructions shall 
be placed on the navigating bridge to shut down the system 
at fault. 


Part 5, Chapter 19 


Sections 4 & 5 


i Section 5 
Electric power circuits, electric 
control circuits, monitoring and 


alarms 
5.1 Electric power circuits 
5.1.1 Short-circuit protection, an overload alarm and, in 


the case of polyphase circuits, an alarm to indicate single 
phasing is to be provided for each main and auxiliary motor 
circuit. Protective devices are to operate at not less than twice 
the full load current of the motor or circuit protected and are 
to allow excess current to pass during the normal accelerating 
period of the motors. 


SAD Where steering gear motor circuits are supplied by 
converters, consideration will be given to arrangements that 
provide an equivalent level of safety, reliability, availability and 
indication to those specified in 5.1.1 provided that technical 
justification is submitted. 


5:1:3 The alarms required by 5.1.1 are to be provided on 
the bridge and in the main machinery space or control room 
from which the main machinery is normally controlled. 


5.1.4 Indicators for running indication of each main and 
auxiliary motor are to be installed on the navigating bridge and 
at a suitable main machinery control position. 


S55 A low-level alarm is to be provided for each power 
actuating system hydraulic fluid reservoir to give the earliest 
practicable indication of hydraulic fluid leakage. Alarms are to 
be given on the navigation bridge and in the machinery space 
where they can be readily observed. 


5.1.6 Two exclusive circuits are to be provided for each 
electric or electrohydraulic steering gear arrangement 
consisting of one or more electric motors. 


ore A Each of these circuits is to be fed from the main 
switchboard. One of these circuits may pass through the 
emergency switchboard. 


5.1.8 One of these circuits may be connected to the 
motor of an associated auxiliary electric or electrohydraulic 
power unit. 


5.1.9 Each of these circuits is to have adequate capacity 
to supply all the motors which can be connected to it and 
which can operate simultaneously. 


5.7.10 These circuits are to be separated throughout their 
length as widely as is practicable. 


5.1.11 In ships of less than 1600 gross tonnage, if an 
auxiliary steering gear is not electrically powered or is 
powered by an electric motor primarily intended for other 
services, the main steering gear may be fed by one circuit 
from the main switchboard. Consideration would be given to 
other protective arrangements than described in 5.1.1, for 
such a motor primarily intended for other services. 
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5.2 Electric control circuits 


5.2.1 Electric control systems are to be independent and 
separated as far as is practicable throughout their length. 


5.2.2 Each main and auxiliary electric control system 
which is to be operated from the navigating bridge is to 
comply with the following: 

(a) It is to be served with electric power by a separate circuit 
supplied from the associated steering gear power circuit, 
from a point within the steering gear compartment, or 
directly from the same section of switchboard busbars, 
main or emergency, to which the associated steering 
gear power circuit is connected. 

(b) Each separate circuit is to be provided with short-circuit 
protection only. 


5.3 Monitoring and alarms 


5.3.1 Alarms and monitoring requirements are indicated 
in 5.3.2 and Table 19.5.1. 


Table 19.5.1 Alarm requirements 


Item Alarm Note 


Rudder position — Indication, see 4.1.3 
Failure See 5.3.3 


Steering gear Failure — 
power units, 
power 


Steering gear Overload, For alarm and running 
motors indication locations, 
Single see 5.1.3 and 
phase 5.1.4 


See 5.3.3 


Control system Failure — 
power 


Control system Failure 


Steering gear Low Each reservoir to be 
hydraulic oil monitored. For 
level alarm locations, see 

Salo 


Auto pilot Failure Running indication 


Hydraulic oil High Where oil cooler 
temperature is fitted 


Where more than 
one system (either 
power or control) 
can be operated 
simultaneously 
each system is to 
be monitored, 
see Note 


Hydraulic lock Fault 


When oil filters are 


Hydraulic oil filter High 
differential pressure fitted 


NOTE 

This alarm is to identify the system at fault and to be activated when 

(for example): 

e position of the variable displacement pump control system 
does not correspond with given order; or 

e incorrect position of 3-way full flow valve or similar in constant 
delivery pump system is detected. 
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5.3.2 The alarms described in Table 19.5.1 are to be 
indicated on the navigating bridge and the additional locations 
described and are to be in accordance with the alarm system 
specified by Pt 6, Ch 1,2.3. 


5.3.3 Steering control systems are to be monitored and 

an audible and visual alarm is to be initiated on the navigation 

bridge in the event of: 

e failure of the control system, including command and 
feedback circuits; or 

° unacceptable deviation between the rudder order and 
actual rudder position and/or unacceptable delay in 
response to changes in the rudder order. 


E Section 6 
Emergency power 


6.1 General 


6.1.1 Where the rudder stock is required to be over 
230 mm diameter in way of the tiller, excluding strengthening 
for navigation in ice, or for ships fitted with podded propul- 
sion units or water jet systems where the power per 
propulsion unit exceeds 2,500 kW, an alternative power 
supply, sufficient at least to supply the steering arrangements 
which comply with the requirements of 2.1.3 and also its 
associated control system and the steering angle indicator, 
shall be provided automatically, within 45 seconds, either from 
the emergency source of electrical power or from an inde- 
pendent source of power located in the steering gear 
compartment. This independent source of power shall be 
used only for this purpose. 


6.1.2 In every ship of 10 000 gross tonnage and 
upwards, the alternative power supply shall have a capacity 
for at least 30 minutes of continuous operation and in any 
other ship for at least 10 minutes. 


6.1.3 Where the alternative power source is a generator, 
or an engine driven pump, starting arrangements are to 
comply with the requirements relating to the starting arrange- 
ments of emergency generators. 


a Section 7 
Testing and trials 


7.1 Testing 


7.1.1 The requirements of the Rules relating to the 
testing of Class 1 pressure vessels, piping, and related fittings 
including hydraulic testing apply. 


7.1.2 After installation on board the vessel the steering 
gear is to be subjected to the required hydrostatic and 
running tests. 
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7.1.3 Each type of power unit pump is to be subjected 
to a type test. The type test shall be for a duration of not less 
than 100 hours, the test arrangements are to be such that the 
pump may run in idling conditions, and at maximum delivery 
capacity at maximum working pressure. During the test, idling 
periods are to be alternated with periods at maximum delivery 
capacity at maximum working pressure. The passage from 
one condition to another should occur at least as quickly as 
on board. During the whole test no abnormal heating, 
excessive vibration or other irregularities are permitted. After 
the test, the pump is to be opened out and inspected. Type 
tests may be waived for a power unit which has been proven 
to be reliable in marine service. 


7.2 Trials 


1:21 The steering gear is to be tried out on the trial trip in 
order to demonstrate to the Surveyor’s satisfaction that the 
requirements of the Rules have been met. The trial is to 
include the operation of the following: 

(a) The steering gear, including demonstration of the 
performances required by 2.1.2(b) and 2.1.3(b): 

° For the main steering gear trial, the propeller pitch 
of controllable pitch propellers is to be at the 
maximum design pitch approved for the 
maximum continuous ahead RPM; 

° If the ship cannot be tested at the deepest 
draught then the loading condition can be 
accepted on the conditions that either the rudder 
is fully submerged (at zero speed waterline) and 
the vessel is in an acceptable trim condition, or 
the rudder load and torque at the trial loading 
condition have been reliably predicted and 
extrapolated to the full load condition, to the 
satisfaction of the Administration. In any case, for 
the main steering gear trial, the speed of the ship 
corresponding to the maximum continuous 
revolutions of main engine and maximum design 
pitch applies; 

(b) The steering gear power units, including transfer 
between steering gear power units; 

(c) The isolation of one power actuating system, checking 
the time for regaining steering capability; 

(d) The hydraulic fluid recharging system; 

(e) The emergency power supply required by 6.1.1; 

(f, The steering gear controls, including transfer of control 
and local control; 

(g) The means of communication between the steering gear 
compartment and the wheelhouse, also the engine 
room, if applicable; 

(h) The alarms and indicators; 

(j) Where the steering gear is designed to avoid hydraulic 
locking this feature shall be demonstrated. 

Test items (d), (g), (h) and (j) may be effected at the dockside. 


7.2.2 The ability of the machinery to reverse the direction 
of thrust in sufficient time and bring the ship to rest within a 
reasonable distance from maximum ahead service speed is 
to be demonstrated and recorded. 
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7.2.3 The stopping times, ship headings and distances 
recorded on trials, together with the results of trials to deter- 
mine the ability of ships having multiple propulsion/steering 
arrangements to navigate and manoeuvre with one or more 
of these devices inoperative, shall be available on board for 
the use of the Master or designated personnel. 


| Section 8 
Additional requirements 


8.1 For tankers, chemical tankers or gas carriers 
of 10 000 tons gross and upwards and every 
other ship of 70 000 tons gross and upwards 


8.1.1 The main steering gear is to comprise two or more 
identical power units complying with provisions of 2.1.4. 


8.2 For tankers, chemical tankers or gas carriers 
of 10 000 tons gross and upwards 


8.2.1 Subject to 8.3 the following are to be complied 

with: 

(a) The main steering gear is to be so arranged that in the 
event of loss of steering capability due to a single failure 
in any part of one of the power actuating systems of the 
main steering gear, excluding the tiller, quadrant or 
components serving the same purpose, or seizure of the 
rudder actuators, steering capability is to be regained in 
not more than 45 seconds after the loss of one power 
actuating system. 

(b) The main steering gear is to comprise either: 

(i) two independent and separate power actuating 
systems, each capable of meeting the require- 
ments of 2.1.2(b); or 

(ii) at least two identical power actuating systems 
which, acting simultaneously in normal operation, 
are capable of meeting the requirements of 
2.1.2(b). Where necessary to comply with these 
requirements, inter-connection of hydraulic 
power actuating systems is to be provided. Loss 
of hydraulic fluid from one system is to be 
capable of being detected and the defective 
system automatically isolated so that the other 
actuating system or systems remain fully 
operational. 

(c) Steering gears other than of the hydraulic type are to 
achieve equivalent Standards. 


8.3 For tankers, chemical tankers or gas carriers 
of 10 000 tons gross and upwards but of less 
than 100 000 tons deadweight 


8.3.1 Solutions other than those set out in 8.2.1 which 
need not apply the single failure criterion to the rudder 
actuator or actuators, may be permitted provided that an 
equivalent safety Standard is achieved and that: 
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(a) Following loss of steering capability due to a single 
failure of any part of the piping system or in one of the 
power units, steering capability is regained within 
45 seconds; and 

(o) Where the steering gear includes only a single rudder 
actuator special consideration is given to stress analysis 
for the design including fatigue analysis and fracture 
mechanics analysis, as appropriate, the material used, 
the installation of sealing arrangements and the testing 
and inspection and provision of effective maintenance. 
In consideration of the foregoing, regard will be given to 
the ‘Guidelines’ in Section 9. 


8.3.2 Manufacturers of steering gear who intend their 
product to comply with the requirements of the ‘Guidelines’ 
are to submit full details when plans are forwarded for 
approval. 


m Section 9 
‘Guidelines’ for the acceptance of 
non-duplicated rudder actuators 
for tankers, chemical tankers and 
gas carriers of 10 000 tons gross 
and upwards but of less than 


100 000 tons deadweight 
9.1 Materials 
9.1.1 Parts subject to internal hydraulic pressure or 


transmitting mechanical forces to the rudder-stock are to be 
made of duly tested ductile materials complying with 
recognised Standards. Materials for pressure retaining 
components are to be in accordance with recognised 
pressure vessel Standards. These materials are not to have 
an elongation less than 12 per cent nor a tensile strength in 
excess of 650 N/Mm2. 


9.2 Design 


9.2.1 Design pressure. The design pressure should be 

assumed to be at least equal to the greater of the following: 

(a) 1,25 times the maximum working pressure to be 
expected under the operating conditions required 
in 2.1.2(b). 

(o) The relief valve(s) setting. 


9.2.2 Analysis. In order to analyse the design the 

following are required: 

(a) The manufacturers of rudder actuators should submit 
detailed calculations showing the suitability of the design 
for the intended service. 

(o) A detailed stress analysis of pressure retaining parts of 
the actuator should be carried out to determine the 
stresses at the design pressure. 
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(c) Where considered necessary because of the design 
complexity or manufacturing procedures, a fatigue 
analysis and fracture mechanics analysis may be 
required. In connection with these analyses, all foreseen 
dynamic loads should be taken into account. 
Experimental stress analysis may be required in addition 
to, or in lieu of, theoretical calculations depending upon 
the complexity of the design. 


9.2.3 Dynamic loads for fatigue and fracture mechanics 
analysis. The assumption for dynamic loading for fatigue and 
fracture mechanics analysis where required by 3.1.5, 8.3 and 
9.2.2 are to be submitted for appraisal. Both the case of high 
cycle and cumulative fatigue are to be considered. 


9.2.4 Allowable stresses. For the purpose of determining 
the general scantlings of parts of rudder actuators subject to 
internal hydraulic pressure the allowable stresses should not 
exceed: 


Om < f 
O71 < 1,5f 
Op < 1,5f 

01+ Op < 1,5f 

OmtOp < 1,5f 

where 
_ BY a Sy. 
f = the lesser of A or B 
Op = equivalent primary bending stress 
Om = equivalent primary general membrane stress 


oy = specified minimum yield stress or 0,2 per cent 
proof stress of material at ambient temperature 


6g = specified minimum tensile strength of material at 
ambient temperature 
6; = equivalent primary local membrane stress 
A and B are as follows: 
Wrought Cast Nodular 
steel steel cast iron 
A 4 4,6 5,8 
B 2 2,3 3,5 


9.2.5 Burst test. Pressure retaining parts not requiring 
fatigue analysis and fracture mechanics analysis may be 
accepted on the basis of a certified burst test and the detailed 
stress analysis required by 9.2.2 need not be provided. 

The minimum bursting pressure should be calculated as 
follows: 


A = as from table in 9.2.4 
P = design pressure as defined in 9.2.1 
Pp = minimum bursting pressure 
Op = tensile strength as defined in 9.2.4 
Opa = actual tensile strength. 


9.3 Construction details 


9.3.1 General. The construction should be such as to 
minimise local concentrations of stress. 
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Section 9 
9.3.2 Welds. 9.6 Additional requirements for steering gear 
(a) The welding details and welding procedures should be fitted to ships with Ice Class notations 
approved. 
(b) All welded joints within the pressure boundary of a 9.6.1 See Pt 3, Ch 9. 


rudder actuator or connection parts transmitting 
mechanical loads should be full penetration type or of 
equivalent strength. 


9.3.3 Oil seals. Oil seals forming part of the external 
pressure boundary are to comply with 3.2.3 and 3.2.4. 


9.3.4 Isolating valves are to be fitted at the connection 
of pipes to the actuator, and should be directly mounted on 
the actuator. 


9.3.5 Relief valves for protecting the rudder actuator 
against over-pressure as required in 3.3.3 are to comply with 
the following: 

(a) The setting pressure is not to be less than 1,25 times the 
maximum working pressure expected under operating 
conditions required by 2.1.2(b). 

(b) The minimum discharge capacity of the relief valve(s) is 
to be not less than 110 per cent of the total capacity of 
all pumps which provided power for the actuator. Under 
such conditions the rise in pressure should not exceed 
10 per cent of the setting pressure. In this regard due 
consideration should be given to extreme foreseen 
ambient conditions in respect of oil viscosity. 


9.4 Non-destructive testing 


9.4.1 The rudder actuator should be subjected to 
suitable and complete non-destructive testing to detect both 
surface flaws and volumetric flaws. The procedure and 
acceptance criteria for non-destructive testing should be in 
accordance with requirements of recognised Standards. If 
found necessary, fracture mechanics analysis may be used 
for determining maximum allowable flaw size. 


9.5 Testing 


9.5.1 Tests, including hydrostatic tests, of all pressure 
parts at 1,5 times the design pressure should be carried out 
subject to any limitations imposed by valves and other 
components. Where additional testing of systems or sub- 
systems following final assembly is required, the test pressure 
may be subject to any limitations imposed by valves and other 
components. 


9.5.2 When installed on board the ship, the rudder 
actuator should be subjected to a hydrostatic test at the 
pressure defined in 9.5.1 and a running test. 
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Section 

1 General requirements 

2 Performance 

3 Construction and design 

4 Control engineering arrangements 
5 Electrical equipment 

6 Testing and trials 


a Section 1 
General requirements 


1.1 Application 


Tia This Chapter applies to azimuth or rotatable 
thruster units, for propulsion or D.P. duty which transmit a 
power greater than 220 kW used as the sole means of 
steering and are in addition to the relevant requirements of 
Chapter 19. 


1.1.2 In general, for a vessel to be assigned an 
unrestricted service notation a minimum of two azimuth 
thruster units are to be provided where these form the sole 
means of propulsion. Where a single thruster installation is 
proposed, it will be subject to special consideration. 


1.2 Plans 


1.2.1 The following additional plans are to be submitted 
for consideration together with particulars of materials and the 
maximum shaft power and revolutions per minute: 

e Sectional assembly including nozzle ring structure, 
nozzle support struts, etc. 

Shafts, gears and couplings. 

Steering mechanisms with details of ratings. 

Bearing specifications. 

Schematic piping systems. 


O Section 2 
Performance 


2.1 General 


2.1.1 The arrangement of thrusters is to be such that the 
ship can be satisfactorily manoeuvred. 
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2.1.2 For vessels with multiple azimuthing thrusters, the 
requirement for auxiliary steering arrangements in Ch 19,2 is 
to be achieved by equipping each of the azimuthing thrusters 
with its own dedicated and independent steering gear control 
system and power actuating system. Consideration will be 
given to alternative arrangements providing equivalence can 
be demonstrated. 


2.1.3 In addition to the requirements of Chapter 19, the 
azimuthing mechanism is to be capable of a rotational speed 
of not less than 1,5 rev/min. 


2.1.4 The main steering arrangements are to be capable 
of changing the direction of the ship’s directional control 
system from one side to the other at declared steering angle 
limits at an average rotational speed of not less than 
0,4 rev/min, with the ship running ahead at maximum ahead 
service speed. 


ZS The auxiliary steering arrangements are to be: 

(a) Capable of changing the direction of the ship’s direc- 
tional control system from one side to the other at 
declared steering angle limits at an average rotational 
speed of not less than 0,083 rev/min, with the ship 
running ahead at one half of the maximum ahead service 
speed or 7 knots, whichever is the greater. 

(b) For all ships, operated by power where necessary to 
meet the requirements of (a) and in any ship having 
power more than 2,500 kW propulsion power per 
thruster unit. 


O Section 3 
Construction and design 
3.1 Materials 
3.1.7 Specification for materials of gears, shafts, couplings 
and propeller, giving chemical composition, heat treatment 


and mechanical properties are to be submitted for approval. 


3.1.2 Specification for materials for the stock, struts, etc., 
are to be submitted for approval. 


3.1.3 Where an ice class notation is included in the class 
of a ship, additional requirements are applicable as detailed 
in Part 8 and Pt 3, Ch 9. 

3.2 Design 


3.2.1 The requirements detailed in Chapters 1, 5, 6, 7, 8, 
9, 14 and 19 are to be complied with where applicable. 
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3.2.2 For steerable thrusters with a nozzle, the equiva- 
lent rudder stock diameter in way of tiller, used in Table 19.1.1 
in Chapter 19, is to be determined as follows: 


3 
5; = 26,03 \/ (V + 3)? Ay Xp mm 


where 
V = maximum service speed, in knots, which the ship 
is designed to maintain under thruster operation 
An = projected nozzle area, in m2, and is equal to the 
length of the nozzle multiplied by the mean external 
vertical height of the nozzle 
and 
Xp = horizontal distance from the centreline of the steering 
tube to the centre of pressure, in metres. The position 
of the centre of pressure is determined for both ahead 
and astern cases from Pt 3, Ch 13, 2.3.1. 
The corresponding maximum turning moment, Mz, is to be 
determined as follows: 
My; = turning moment for conical couplings and is to be 
taken as the greatest of Me, Ma or Mw 
Me = PL Xp x 106 N mm (kgf mm) in the ahead condition 
My = PL xp x 108 N mm (kgf mm) in the astern condition 
My = the torque generated by the steering gear at the 
maximum working pressure supplied by the 
manufacturer, in N mm (kgf mm). My is not to 
exceed the greater of 3,0Mẹ or 3,0Ma 
PĻ = lateral force on rudder acting at centre of pressure, 
as defined in Pt 3, Ch 13,2.2.1 (where Ap equals 
2An), in KN (tonne-f). 


3.2.3 The nozzle structure is to be in accordance with 
Pt 3, Ch 13,3. 


3.2.4 In addition to the requirements of Table 13.3.1, in 
Pt 3, Ch 13, the scantlings of the nozzle stock or steering 
tube are to be such that the section modulus against 
transverse bending at any section xx is not less than: 


2 
Z = 1,73 (ve 34) Ay? xp? 4 F T2104 cm8 
where 
a = dimension, in metres, as shown in Fig. 20.3.1 
Tm = maximum thrust of the thruster unit in tonnes. 


3.2.5 The scantlings of nozzle connections or struts will 
be specially considered. In the case of certain high powered 
ships, direct calculation may be required. 


3.2.6 For steerable thrusters without a nozzle the scant- 
lings in way of the tiller will be specially considered. 


3.3 Steering gear elements 


3.3.1 These gears are to be considered for the following 

conditions: 

e a design maximum dynamic duty steering torque; 

e a static duty (<108 load cycles) steering torque, and the 
static duty steering torque should be not less than Mr. 

Values for the above should be submitted together with the plans. 
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3105/01 


Fig. 20.3.1 Steerable thruster 


3.4 Components 


3.4.1 The hydraulic power operating systems for each 

azimuth thruster are to be provided with the following: 

(a) arrangements to maintain the cleanliness of the hydraulic 
fluid, taking into consideration the type and design of the 
hydraulic system; 

(b) a fixed storage tank having sufficient capacity to 
recharge at least one azimuth power actuating system 
including the reservoir. The piping from the storage tank 
is to be permanent and arranged in such a manner as 
to allow recharging from within the thruster space. 


o Section 4 
Control engineering arrangements 


4.1 General 


4.1.1 Except where indicated in this Section the control 
engineering systems are to be in accordance with Pt 6, Ch 1. 


4.1.2 Steering control is to be provided for the azimuth 
thrusters from the navigating bridge, the main machinery 
control station and locally. 


4.1.3 An indication of the angular position of the 
thruster(s) and the magnitude of the thrust are to be provided 
at each station from which it is possible to control the 
direction of thrust. 


4.1.4 Means are to be provided at the remote control 
station(s) to stop each thrust unit. 
4.2 Monitoring and alarms 


4.2.1 Alarms and monitoring requirements are indicated 
in 4.2.2 and Table 20.4.1. 
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Table 20.4.1 Alarms for control systems 5.2.3 The failure of one thruster unit or its control system 
is not to render any other thruster inoperative. 


Item Note 
Thruster azimuth - Indicator, see 4.1.3 5.3 Distribution arrangements 
Steering motor Power Also running indication 
failure, on bridge and at machinery 5.3.1 Thruster auxiliaries and controls are to be served 


single phase | control stati Ye a ck ; : 
vee ú o by individual circuits. Services that are duplicated are to be 


Propulsion motor PE ae IA sia separated throughout their length as widely as is practicable 
POSE ene | QN PA JE Lee rey and without the use of common feeders, transformers, 


control station , ; so 
; converters, protective devices or control circuits. 
Control system power Failure 


Hydraulic oi Low 
supply tank level 5.4 Auxiliary supplies 
Hydraulic oi Low 
system pressure 5.4.1 Where the auxiliary services and thruster units are 
Hydraulic oi High Where oil cooler is fitted supplied from a common source, the following requirements 
system temperature are to be complied with: 

Hydraulic oil filters High Where oil filters are fitted (a) the voltage regulation and current sharing requirements 
differential pressure defined in Pt 6, Ch 2,9.4.2 and 9.4.7 are to be main- 
tained over the full range of power factors that may 


Lubricating oil Low If separate forced , : 
supply lubrication occur in service, 


(b) auxiliary equipment and services are to operate with any 
waveform distortion introduced by converters without 


4.2.2 The alarms described in Table 20.4.1 are to be deleterious effect. (This may be achieved by the 


indicated individually on the navigating bridge and in provision of suitably filtered/converted supplies). 


accordance with the alarm system specified by Pt 6, 
Ch 1,2.3. 


Section 6 


Testing and trials 
| Section 5 


Electrical equipment ef a 


6:1:1 The requirements detailed in Chapters 1, 5 and 19 
are to be complied with and, in addition, the performance 
specified in 2.1.2 is to be demonstrated to the Surveyor’s 
satisfaction. 


5.1 General 


5.1.1 The electrical installation is to be designed, 
constructed and installed in accordance with the require- 


ments of 5.2 to 5.4. 
6.1.2 The actual values of steering torque should be 


verified during sea trials to confirm that the design maximum 


A Where the thruster units are electrically driven the ‘ 
dynamic duty torque has not been exceeded. 


relevant requirements, including surveys, of Pt 6, Ch 2 are to 
be complied with. 


5.2 Generating arrangements 


5.2.1 Where a central power generation system is 
employed, the requirements of Pt 6, Ch 2,16.3.5 are to be 
complied with. 


5.2.2 The generating and distribution system is to be so 
arranged that after any single failure, steering capability can 
be maintained or regained within a period not exceeding 
45 seconds, and the effectiveness of the steering after such a 
fault will not be reduced by more than 50 per cent. This may 
be achieved by the parallel operation of two or more 
generating sets, or alternatively when the electrical require- 
ments may be met by one generating set in operation, on loss 
of power, the automatic starting and connection to the 
switchboard of a standby set, provided that this set can 
restart and run a thruster with its auxiliaries. 
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Section 

1 Requirements for Condition Monitoring Systems 
and Machinery Condition-Based Maintenance 
Systems 


a Section 1 
Requirements for Condition 
Monitoring Systems and 
Machinery Condition-Based 
Maintenance Systems 


1.1 Scope 


iA The requirements of this Chapter are applicable to 

condition monitoring systems and machinery condition-based 

maintenance systems which: 

(a) provide control, alarm or safety functions for essential 
machinery and equipment (see Pt 6, Ch 1,2.1.1) in 
accordance with manufacturers recommendations; or 

(b) provide machinery condition related information as part 
of a machinery planned maintenance scheme for use as 
an alternative to machinery and equipment surveys 
required by the Regulations (see Pt 1, Ch 3) in accor- 
dance with LR’s ShipRight procedures. 


TAZ Condition monitoring systems which deviate from 
the requirements of this Section but provide an equivalent 
level of performance may be submitted to LR for considera- 
tion. 


1.7.3 The requirements of this Section are to be applied 
to condition monitoring systems where the assignment of the 
MCM descriptive note is requested. 


1.1.4 The requirements of this Section are to be applied 
to machinery condition-based maintenance systems where 
the assignment of the MCBM Descriptive Note is requested in 
addition to the MCM Descriptive Note. 


1.2 Plans and particulars 


1.2.1 The information and plans required to be submit- 
ted are as specified in the relevant Chapters of Parts 5 and 6 
applicable to the particular machinery and where specified in 
this Chapter. 


a2 In addition to information required by 1.2.1, the 
documents listed in the ShipRight Procedures for Machinery 
Planned Maintenance and Condition Monitoring are to be 
submitted to LR for consideration. 


1.2.3 In addition to information required by 1.2.1, the 
documents listed in the ShipRight Procedures for Machinery 
Planned Maintenance and Condition Monitoring are to be 
submitted to LR for consideration where the MCBM 
Descriptive Note is requested. 


Section 7 


1.2.4 Equipment type approval reports providing evidence 
of compliance with 1.3.1 and 1.3.2 are to be submitted. 


1.2.5 Additional information and plans providing evidence 
of compliance with the requirements of 1.3.3, 1.4.1 and 1.5.4 
are to be submitted. 


1.3 General requirements for condition 
monitoring systems 


1.3.1 Condition monitoring equipment is to be capable 
of providing the service for which it is intended and is to 
satisfy the relevant requirements for condition monitoring 
equipment in LR’s Type Approval System, Product 
Assessment and Test Specification (TACM). 


1.3.2 Condition monitoring equipment is to be suitable 
for the environment in which it is intended to operate and is to 
satisfy the relevant requirements for environmental testing in 
LR’s Type Approval System, Test specification No.1. 


7.3.3 The installation of condition monitoring equipment 
in spaces and locations in which flammable mixtures are liable 
to collect, e.g., areas containing flammable gas or vapour 
and/or combustible dust, is to be minimised as far as is 
practicable and is to satisfy the relevant requirements for the 
use of electrical equipment in flammable atmospheres in Pt 6, 
Ch 2,14. 


1.3.4 Where permanently installed condition monitoring 
systems are used, the cables are to comply with the relevant 
Sections of Pt 6, Ch 2,11 and the piping systems are to 
comply with relevant Sections of Chapters 12 and 13. 


1.3.5 Where the system is based on programmable 
electronic systems, the requirements of Pt 6, Ch 1,3.6.3 are 
to be complied with. 


1.3.6 Portable condition monitoring equipment is to be 
maintained and calibrated in accordance with a recognised 
National or International Standard to ensure the accuracy of 
the readings obtained. The standard is to include the issue of 
calibration certificates by a recognised test house in accord- 
ance with a recognised National or International Standard for 
instrument calibration. Copies of calibration certificates are to 
be retained on board and referenced on all condition 
monitoring reports submitted as part of the onboard 
condition monitoring program. Portable equipment used in 
hazardous areas is to be of a safe type suitable for use in the 
appropriate hazardous zone. 


1.3.7 Measuring points are to be clearly identified in the 
submission and proposals to ensure repeatability of measure- 
ments are to be included. 


1.3.8 The condition monitoring equipment is, as far as is 
practicable, to be located and installed such that it is 
accessible for maintenance and survey. 
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1.3.9 The condition monitoring equipment is to be 
installed in accordance with the manufacturer's instructions, 
see the Product Assessment and Test Specification (PACM), 
or by an approved technical organisation as defined in the LR 
ShipRight Procedures for Machinery Planned Maintenance 
and Condition Monitoring, and to the satisfaction of the LR 
Surveyor. 


1.4 Requirements for systems providing control, 
alarm and safety functions 


1.4.1 In addition to the requirements of 1.8, condition 
monitoring equipment which provides control, alarm or safety 
functions for essential machinery and equipment is also to 
satisfy the relevant requirements for control, alarm and safety 
systems in Pt 6, Ch 1 and the installation of electrical equip- 
ment in Pt 6, Ch 2. 


1.5 Requirements for systems providing 
machinery condition related information as 
part of machinery condition-based 
maintenance systems 


1.5.7 In addition to the requirements of 1.8, condition 
monitoring equipment which provides machinery condition 
related information as part of a machinery planned mainte- 
nance scheme for use as an alternative to machinery and 
equipment surveys required by the Regulations is also to 
satisfy the relevant requirements of LR’s ShipRight 
Procedures for Machinery Planned Maintenance and 
Condition Monitoring. 


1:9:2 Where condition monitoring data is used as part of 
a machinery condition-based maintenance system, persons 
interpreting data and making diagnostic decisions are to be 
suitably competent, in accordance with ISO 18436 or an 
equivalent recognised National Standard. Evidence of 
competence, including training certificates of those providing 
analysis and data interpretation, are to be submitted and held 
on board. These certificates are to be made available to LR 
on request for audit and survey purposes. 


1.5.3 The condition monitoring equipment is, as far as is 
practicable, to be located and installed such that it is 
accessible for maintenance and survey. 


1.5.4 The condition monitoring equipment is to be 
installed in accordance with the manufacturer’s instructions, 
see the Product Assessment and Test Specification (TACM) 
or by an approved technical organisation as defined in the 
ShipRight Procedures for Machinery Planned Maintenance 
and Condition Monitoring, and to the satisfaction of the LR 
Surveyor. 


Section 1 
1.6 Requirements for machinery condition-based 
maintenance systems 
164 Any vessel applying to operate a machinery 


condition-based maintenance system with the MCBM 
Descriptive Note is also to have an approved planned 
maintenance system in place with the MPMS Descriptive 
Note assigned. 


1.6.2 Where a MCBM Descriptive Notation is requested 
and a vessel operates both an approved continuous 
machinery (CSM) survey cycle and has an approved 
machinery condition monitoring system in place which meets 
the requirements of the MCM Descriptive Notation, the 
MCBM Descriptive Notation is to be taken to mean that the 
vessel complies with the requirements of the MCM notation; 
however, the MCM Descriptive Notation will not be assigned. 


1.6.3 Proposals for machinery condition-based maintenance 
systems are to be submitted for approval and are to meet the 
requirements of LR’s ShipRight Procedures for Machinery 
Planned Maintenance and Condition Monitoring, and be to 
the satisfaction of the LR Surveyor. This plan is to include 
proposals for returning the vessel to a conventional 
maintenance and survey regime, and withdrawal of the 
MCBM Descriptive Notation, if the Owner decides for any 
reason to withdraw from condition-based maintenance or if 
the vessel should change ownership and the new Owners do 
not wish to retain the MCBM Descriptive Note. 


1.6.4 Machinery condition-based maintenance systems 
are to be developed in accordance with the methodology 
given in ISO 17359 or an equivalent recognised National 
Standard. 


7.6.5 Proposals are to identify those items of machinery 
and equipment which are to be maintained according to their 
condition and those which are to be maintained in 
accordance with manufacturers time-based and running 
hours-based service and maintenance requirements. To 
assess which items are to be maintained according to their 
condition, a criticality assessment is to be carried out. 


1.6.6 The criticality assessment is to include a FMEA/ 

FMECA assessment and is to take account of: 

° machinery and equipment redundancy; 

° failure rate and mean time to repair; 

e local effects of failure on the safe operation of the 
machinery and equipment; and 

e — wider effects of failure on the ship’s essential services 
and the safe operation of the ship, including environ- 
mental impact. 

The criticality assessment is included in the submission for 

approval in accordance with LR’s ShipRight Procedures for 

Machinery Planned Maintenance and Condition Monitoring, 

as stated in 1.6.3, and is to be to the satisfaction of the LR 

Surveyor. 


1.6.7 Boilers and pressure vessels are not eligible for 
condition-based monitoring. 
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1.6.8 For all machinery and equipment which is proposed 
for maintenance based on condition monitoring data, in 
addition to the criticality assessment in 1.6.5, evidence is to 
be submitted which demonstrates that the condition of the 
machinery and equipment can be measured accurately and 
that the measured parameters are clearly defined in the 
condition monitoring plan. 


1.6.9 Machinery condition monitoring is to meet the 
requirements of 1.3 and 1.5; in addition, the machinery 
condition-based maintenance plan is to include guidance on 
parameter limit values, trend analysis and fault diagnosis. This 
requirement for guidance information does not remove the 
requirement for those persons with responsibility for analysing 
condition monitoring data to be suitably trained and 
competent, in accordance with 1.5.2. 


7.6.10 As part of the criticality assessment, it is to be 
demonstrated that any machinery included in the list of items 
for condition-based maintenance shall have measurable 
performance parameters which will give adequate warning of 
machinery deterioration that may result in failure, to allow 
maintenance to be scheduled in advance of such failure. 


1.6.11 The condition-based maintenance plan is to maintain 
records of all data included in the plan approval document. 
The plan shall include proposals for: 

essential data describing the machine; 

essential data describing operating conditions; 

the measurement position; 

the measured quantity units and processing; and 

e date and time information. 

These records are to be available on request to any LR 
Surveyor or representative. 


1.6.12 Proposals to ensure repeatability of results are to 
be submitted for approval. 


1.6.13 Those items of machinery and equipment which 
are subject to a mandatory five-year survey are still required 
to be surveyed by a LR Surveyor at intervals not exceeding 
five years. A list of these items is to be found in LR’s 
ShipRight Procedures for Machinery Planned Maintenance 
and Condition Monitoring. 


1.6.14 For items which are not suitable for condition- 
based maintenance, see 1.6.7, the required maintenance will, 
as a minimum, comply with the equipment manufacturer's 
maintenance requirements. 


7.6.15 | The MCBM records, including diagnostic analysis 
and condition assessment reports, for items of machinery 
and equipment being maintained on the basis of condition 
monitoring data, are to be surveyed over a five-year 
continuous survey cycle, with 20 per cent of the records 
being subject to survey each year such that all records are 
surveyed over a five-year period. 
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Section 
1 General requirements 


2 Failure Mode and Effects Analysis (FMEA) 


3 Machinery arrangements 

4 Control arrangements 

5 Separate machinery spaces * (star) 
Enhancement 

6 Testing and trials 


a Section 7 
General requirements 


1.1 General 


iA This Chapter states the requirements for ships 
having machinery redundancy, and are in addition to the 
relevant requirements in other relevant Sections of these 
Rules. 


1.7.2 The requirements, which are optional, cover 
machinery arrangements and control systems necessary for 
ships which have propulsion and steering systems configured 
such that, in the event of a single failure of a system or item of 
active equipment, see 1.1.3, the ship will retain the ability to 
use available installed prime mover capacity and installed 
propulsion systems that are unaffected by the failure. The ship 
is also to retain steering capability at a service speed of not 
less than seven knots. The requirements also cover machinery 
arrangements where the propulsion and steering systems are 
installed in separate compartments such that, in the event of a 
loss of one compartment, the ship will retain availability of 
propulsion power and manoeuvring capability. 


7.1.3 For the purpose of this Chapter, items of active 

equipment are those which have a defined function for 

operation of a propulsion or steering system, such as but not 

limited to: 

e — Prime movers, i.e. diesel engines, electric motors, steam 
turbines and gas turbines; 


e Generators and their excitation equipment; 

e Transformers and converters; 

e — Gearing and shafting systems; 

° Propulsion devices, i.e. propellers, water jets and 
thrusters; 

e Pumps; 

e Valves (where power actuated); 

° Fuel treatment plant; 

° Coolers/heaters; 

e Filters; 


Piping and electrical cables connecting items of active equip- 
ment are not considered to be active. 


Part 5, Chapter 22 


Section 7 


1.1.4 Requirements additional to these Rules may be 
imposed by the Flag State with whom the ship is registered 
and/or by the Administration within whose territorial 
jurisdiction the ship is intended to operate. 


1.1.5 Sections 2, 3 and 4 state the applicable require- 
ments for arrangements necessary to maintain availability of 
propulsion and manoeuvring capability, in the event of a single 
failure in equipment. Ships complying with the applicable 
requirements of Sections 2 to 4 will be eligible for the machin- 
ery class notation PMR or PMRL (Propulsion Machinery 
Redundancy), SMR or SMRL (Steering Machinery 
Redundancy) or PSMR or PSMRL (Propulsion and Steering 
Machinery Redundancy), which will be recorded in the 
Register Book. 

NOTE 

The additional L character to PMR, SMR and PSMR notations 
indicates a limited capability. 


1.1.6 Section 5 states the additional requirements necessary 
to maintain availability of propulsion and manoeuvring 
capability where machinery is installed in separate compart- 
ments and the loss of any one compartment due to fire or 
flooding has been addressed. Ships complying with the 
applicable requirements of Sections 2 to 5 of this Chapter will 
be eligible for the machinery class notation PMR* or PMRL* 
(Propulsion Machinery Redundancy in separate machinery 
spaces), SMRx* or SMRL* (Steering Machinery Redundancy 
in separate machinery spaces) or PSMR* or PSMRL* 
(Propulsion and Steering Machinery Redundancy in separate 
machinery spaces) which will be recorded in the Register 
Book. 


LAL For assignment of PSMR or PSMRx* machinery 
class notations, the ship is to retain the ability to use not less 
than 50 per cent of the installed prime mover capacity and 
not less than 50 per cent of the installed propulsion systems 
and retain steering capability at a service speed of not less 
than seven knots in the event of a single failure of a system or 
item of equipment. 


7.1.8 Where the ship does not comply with 1.1.7 but can 
retain a service speed of not less than seven knots using 
available installed prime mover capacity and propulsion systems 
(which may be less than 50 per cent) following a failure of a 
system or item of equipment, machinery class notations 
PSMRL or PSMRLx* may be assigned. The available installed 
prime mover capacity and installed propulsion systems are to 
be identified and included in 1.2.7. 


1.2 Plans and information 


1.2.1 In addition to the plans and information required by 
Parts 5 and 6, the information detailed in 1.2.2 to 1.2.6 is also 
to be submitted. 


1.2.2 Machinery spaces. Plans showing the general 
arrangement of the machinery spaces, together with a 
description of the propulsion system, main and emergency 
electrical power supply systems and steering arrangements 
are to be submitted. The plans are to indicate segregation and 
access arrangements for machinery spaces and associated 
control rooms/stations. 
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1.2.3 Failure Mode and Effects Analysis (FMEA). For 
the propulsion systems, electrical power supplies, essential 
services, control systems and steering arrangements, a FMEA 
report is to be submitted and is to address the requirements 
identified in Sections 2 and 5. 


1.2.4 Manoeuvring capability. An assessment of the 
ship’s ahead and astern manoeuvring capability, under the 
following operating conditions, is to be submitted: 

(a) Where only 50 per cent or less of the installed prime 
mover capacity and 50 per cent or less of the installed 
propulsion systems are available. 

(b) Where the steering capability requirements described in 
3.2.1 are available. 

IMO Resolution MSC 137(76) — Standards for Ship Manoeuvrability, 

provides guidance, on standard manoeuvres required in an 

assessment of the manoeuvrability of ships. 


1.2.5 Testing and trials procedures. A schedule of testing 
and trials to demonstrate that the ship is capable of being 
operated with machinery functioning as described in 4.2 is to 
be submitted. In addition, any testing programme that may 
be necessary to prove the conclusions of the FMEA is to be 
submitted. 


1.2.6 Operating Manuals. Operating Manuals are to be 

submitted for information and provided on board. The 

manuals are to include the following information: 

(a) Particulars of machinery and control systems. 

(b) General description of systems for propulsion and 
steering. 

(c) Operating instructions for all machinery and control 
systems used for propulsion and steering. 

(d) Procedures for dealing with the situations identified in 
the FMEA report. 


1.2.7 Installed prime mover capacity and installed 
propulsion systems. A schedule of the propulsion systems 
and their operating capacity and capability under normal and 
foreseeable failure conditions is to be submitted. 


Table 22.2.1 Failure Mode and Effects Analysis 


Project: 
Failure Mode and Effects Analysis 


Part 5, Chapter 22 


Sections 1 & 2 


i Section 2 
Failure Mode and Effects Analysis 
(FMEA) 


2.1 General 


2.1.1 An FMEA is to be carried out in accordance with 
2.1.2 to 2.1.7 for the propulsion systems, electrical power 
supply systems and steering systems to demonstrate that a 
single failure in active equipment or loss of an associated 
sub-system, see 1.1.3, will not cause loss of all propulsion 
and/or steering capability as required by a class notation. 
Typical sub-systems include associated control and 
monitoring arrangements, data communications, power 
supplies (electrical, hydraulic or pneumatic), fuel, lubricating, 
cooling, etc. 


242 The FMEA is to be carried out using the format 
presented in Table 22.2.1 or an equivalent format that 
addresses the same safety issues. Analyses in accordance 
with IEC 60812, Analysis techniques for system reliability — 
Procedure for failure mode and effects analysis (FMEA) or 
IMO MSC Resolution 36(63) Annex 4 — Procedures for Failure 
Mode and Effects Analysis, would be acceptable. 


2.1.3 The FMEA is to be organised in terms of equipment 
and function. The effects of item failures at a stated level and 
at higher levels are to be analysed to determine the effects on 
the system as a whole. Actions for mitigation are to be 
determined. 


2.1.4 The FMEA is to: 
(a) identify the equipment or sub-system, mode of 
operation and the equipment; 

(o) identify potential failure modes and their causes; 

c) evaluate the effects on the system of each failure mode; 
(d) identify measures for reducing the risks associated with 

each failure mode; and 
(e) identify trials and testing necessary to prove conclusions. 


System: Element: 


Sheet 
No: 


Item Component | Function 
No. Description 


Mode of Failure Failure 
Operation Mode Cause 


Failure Effect of Failure Severity | Corrective | Remarks 
Detection On On Action 


Item System 


NOTE 
The ‘severity category’ is to be in accordance with the following: 
(a) Catastrophic; (b) Hazardous; (c) Major; or (d) Minor. 
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2.1.5 At sub-system level it is acceptable, for the 
purpose of these Rules, to consider failure of equipment items 
and their functions, e.g. failure of a pump to produce flow or 
pressure head. It is not required that the failure of components 
within that pump be analysed. In addition, their failure need 
only be dealt with as a cause of failure of the pump. 


2.1.6 Where FMEA is used for consideration of systems 
that depend on software-based functions for control or 
co-ordination, the analysis is to investigate failure of the 
functions rather than a specific analysis of the software code 
itself. 


2.1.7 The FMEA is to establish that in the event of a 

single failure: 

(a) for PSMR and PSMR*x notations, that the ship will 
retain not less than 50 per cent of the installed prime 
mover capacity and not less than 50 per cent of the 
installed propulsion systems and retain steering 
capability; 

(o) for PMR and PMRx notations, that the ship will retain 
not less than 50 per cent of the installed prime mover 
capacity and not less than 50 per cent of the installed 
propulsion systems; 

(c) for SMR and SMR*x notations, that the steering 
capability remains available; 

(d) for PSMRL* notation, that the ship will retain the 
ability to use available installed prime mover capacity 
and installed propulsion systems that are not directly 
affected by the failure and retain steering capability at a 
service speed of not less than seven knots; and 

(e) for PMRL* notation, that the ship will retain the ability to 
use available installed prime mover capacity and 
installed propulsion systems that are not directly affected 
by the failure. 


o Section 3 
Machinery arrangements 


3.1 Main propulsion machinery 


3.1.1 For PSMR, PSMRx, PMR and PMR* notations, 
independent main propulsion systems are to be provided so 
that the ship will retain not less than 50 per cent of the prime 
mover capacity and not less than 50 per cent of the installed 
propulsion systems in the event of a single failure of a system 
or active item of equipment, see 1.1.3. In the event of a single 
failure in equipment, the remaining system(s) is to be capable 
of maintaining a service speed of not less than seven knots 
and, for PSMR and PSMRœ* notations, give adequate 
manoeuvring capability, see 1.2.4. 


3.1.2 For PMRL, PSMRL, PMRL* and PSMRLx* 
notations, independent main propulsion systems are to be 
provided so that there remains the ability to use the remaining 
available installed prime mover capacity and installed propulsion 
systems following a single failure of a system or item of 
equipment. In the event of a single failure in equipment, the 
remaining system(s) is to be capable of maintaining a 
manoeuvring speed and, for PSMRL and PSMRL* notations, 
give adequate manoeuvring capability, see 1.2.4. 


Part 5, Chapter 22 


Sections 2 & 3 


3.2 Steering machinery 


3.2.1 For PSMR, PSMRx, SMR and SMRx notations, 

independent steering systems for manoeuvring the ship are 

to be installed, such that steering capability will continue to 

be available in the event of any of the following: 

(a) Single failure in the steering gear equipment. 

(b) Loss of power supply or control system to any steering 
system. 


3.3 Electrical power supply 


3.3.1 The main busbars of the switchboard supplying the 
propulsion machinery and essential services are to be 
capable of being isolated by a multi-pole linked circuit breaker, 
disconnector, or switch-disconnector into at least two 
independent sections. 


3.3.2 In the event of the loss of one section or failure of 
the power supply from one generator, there is to be continuity 
of sufficient electrical power to supply essential services such 
that the available installed prime mover capacity and installed 
propulsion systems will continue to have the ability of 
functioning at their operational capability where PSMRL, 
PSMRL*, PMRL and PMRL* notations are required. See 
3.2.1 for steering machinery requirements. 


3.3.3 In the event of the loss of one section or failure of 
the power supply from one generator, there is to be 
continuity of sufficient electrical power to supply essential 
services such that the ship will retain not less than 50 per cent 
of the prime mover capacity and not less than 50 per cent of 
the installed propulsion systems where PSMR, PSMRx, 
PMR and PMR notations are required. See 3.2.1 for 
steering machinery requirements. 


3.3.4 For ships capable of operating with one service 
generator connected to the switchboard, arrangements are 
to be such that a standby generator will automatically start 
and connect to the switchboard on loss of the service 
generator. Sequential starting of essential services is to be 
provided. 


3.3.5 For ships operating with two or more generator 
sets in service connected to the switchboard, arrangements 
are to be such that, in the event of loss of one generator, the 
remaining set(s) is to be adequate for the continuity of 
essential services supplied from that switchboard. This may 
be achieved by preferential tripping of non-essential services. 
Alternatively, arrangements can be such that a standby 
generator will start automatically and connect to the switch- 
board on loss of one of the generator sets in service. 


3.4 Essential services for machinery 


3.4.1 Services essential for the operation of the 
propulsion machinery, steering and the supply of electrical 
power are to be arranged so to that the ship will retain not 
less than 50 per cent of the prime mover capacity and 50 per 
cent of the installed propulsion systems and retain steering 
capability in the event of a single failure in any of the services, 
where required by the respective class notations. 
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3.5 Oil fuel storage and transfer systems 


3.5.1 The arrangements for the storage of oil fuel bunkers 
are to ensure that there is an adequate supply of existing oil 
fuel on board to allow sufficient time for a shore-based 
quality analysis of new bunkers, in accordance with ISO 8217 
Petroleum Products — Fuels (Class F) Specification of Marine 
Fuels prior to use. 


3.5.2 Provision is to be made to enable samples of oil fuel 
to be taken at the bunkering manifolds. 


o Section 4 
Control arrangements 


4.1 General 


4.1.1 This Section states the requirements for the 
installation of control, alarm and safety systems but does not 
signify that machinery spaces may be operated unattended. 
For unattended machinery space operation, compliance with 
Pt 6, Ch 1,4 is also required. 


4.1.2 The control, alarm and safety systems required in 
4.2 are to comply with Pt 6, Ch 1,2. 


4.2 Bridge control 


4.2.1 The controls, alarms, instrumentation and safe- 
guards required in 4.2.2 to 4.2.6 are to be provided on the 
bridge. 


4.2.2 For PSMR, PSMRx, PMR and PMRx notations, 
means are to be provided to ensure satisfactory control of 
propulsion in both the ahead and astern directions when all 
main propulsion systems are functioning and when one 
propulsion system is not available. 


4.2.3 For PSMR, PSMRx, SMR and SMRx notations, 
means are to be provided to ensure satisfactory control of 
steering when all steering systems are functioning and when 
any one steering system is not available. 


4.2.4 Where required by 5.4.3, isolation of essential 
services is to be carried out either automatically or manually 
from the bridge. Indication of the status of isolation arrange- 
ments is to be provided. 


4.2.5 Instrumentation to indicate the operational status 
of running and standby machinery is to be provided for the 
propulsion systems, the supply of electrical power, steering 
systems and other essential services. 


4.2.6 Alarms are to be provided in the event of: 

(a) A fire in any machinery compartment. 

(bo) A high bilge level in any machinery compartment. 
Irrespective of the assignment of the UMS notation, the 
bilge level detection system and arrangements for auto- 
matically pumping bilges, if applicable, are to comply 
with Pt 6, Ch 1,4.6. 
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m Section 5 
Separate machinery spaces x 
(star) Enhancement 


5.1 General 


SNI This Section states the additional requirements 
where propulsion and steering machinery are installed in 
separate compartments such that, in the event of the loss of 
one compartment, the ship will retain availability of propulsion 
power and manoeuvring capability. 


5.1.2 The machinery arrangements, control arrange- 
ments and FMEA required by Sections 2 to 4, together with 
testing and trials requirements in Section 6, are to be 
complied with in addition to 5.2 to 5.7. 


5.2 Machinery arrangements 


5.2.1 The main propulsion machinery is to be arranged 
in not less than two compartments such that, in the event of 
the loss of one compartment, propulsion power and/or 
manoeuvring capability will continue to be available, where 
required by the respective class notations. 


5.2.2 The steering systems are to be arranged in not less 
than two separate compartments, such that steering 
capability will continue to be available in the event of the loss 
of one compartment, where required by the respective class 
notations. 


5.3 Electrical power supply 


5.3.1 The generating sets and converting sets required 
by Pt 6, Ch 2,2 are to be arranged so that they are located in 
at least two separate machinery compartments. 


§.3.2 The independent sections of the switchboard 
required by 3.3.1 are to be arranged in not less than two 
separate compartments. 


5.3.3 In the event of the loss of one compartment, there 
is to be continuity of sufficient electrical power to supply 
essential services, such that propulsion power and steering 
capability will continue to be available. 


5.4 Essential services for machinery 


5.4.1 Services essential for the operation of the propul- 
sion machinery, steering and the supply of electrical power 
are to be arranged, so that propulsion power and steering 
capability are maintained in the event of the loss of one 
machinery compartment. 
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5.4.2 The design of systems which may have a common 
source, such as those used for supplying oil fuel, lubricating 
oil, fresh and sea-water cooling, ventilation of compartments 
and engine starting energy, is to ensure continuous 
availability of supply in the event of the loss of any one 
compartment. Where applicable, continuous availability of 
heating services, oil fuel and water treatments is also to be 
provided. See 3.5 and 5.6 for oil fuel storage and transfer 
systems. 


5.4.3 Where essential services are arranged so that they 
may supply machinery in another compartment, means of 
isolation from that compartment is to be provided. 


5.4.4 Where pumps for essential services are arranged 
to supply more than one compartment, standby pumps for 
the same supplies are to be provided in a different compart- 
ment. The standby pumps are to be arranged to start 
automatically if the discharge pressure from the working 
pumps falls below a predetermined value. 


5.5 Bilge drainage arrangements 


5.5.1 The independent power pumps for bilge drainage 
are to be located in two separate watertight compartments. 
Each pump is to be capable of draining any compartment. 
Means of isolation from other compartments is to be 
provided. 


5.5.2 In addition to the independent power pumps 
installed to comply with 5.5.1, an emergency bilge drainage 
arrangement is to be provided in each main propulsion 
machinery space. 


5.5.3 Each separate machinery compartment is to be 
provided with at least one independent power pump direct 
bilge suction. 


5.6 Oil fuel storage 


5.6.1 The oil fuel service tanks required by Ch 14,4.18 
are to be located in separate compartments. 


5.6.2 Provision is to be made to ensure that oil fuel 
preparation and transfer arrangements to the oil fuel service 
tanks are continuously available in the event of the loss of any 
one compartment, see also 5.4.2. 


5.7 FMEA 


5.7.1 The FMEA required by 2.1.1 for the propulsion 

systems, electrical power supplies, essential services, control 

systems and steering arrangements is also to address the 

following: 

(a) Fire in a machinery space or control room. 

(b) Flooding of any watertight compartment which could 
affect propulsion or steering capability. 

(c) Separation of machinery spaces. 
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o Section 6 
Testing and trials 


6.1 Sea trials 


6.1.1 In addition to the requirements for sea trials in 
Ch 1,5.2, trials are to be carried out to demonstrate that when 
the ship is operating 50 per cent of the prime mover capacity 
and 50 per cent of the installed propulsion systems, a speed 
of not less than 7 knots can be maintained with adequate 
steering capability, where required by the respective class 
notations. 


6.1.2 Trials are to be carried out to demonstrate the 
ship’s steering capability in accordance with the assessment 
required by 1.2.4 with one steering system out of action. 


6.1.3 Where the FMEA report has identified the need to 

prove the conclusions, testing and trials are to be carried out 

as necessary to investigate the following: 

(a) The effect of a specific component failure. 

(b) The effectiveness of automatic/manual isolation 
systems. 

(c) The behaviour of any interlocks that may inhibit 
operation of essential systems. 


6.1.4 During sea trials, the operational envelope(s) is to 
be determined under the conditions detailed in 3.1.1 and/or 
3.2.1, as required for the class notation. 
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Section 

1 General 

2 Safe return to port 

3 Qualitative failure analysis for propulsion, 


steering and essential services 


4 Orderly evacuation and abandonment after a 
casualty 
5 Verification, testing and trials 


E Section 1 
General 


1.1 Scope and application 


7.7.1 The requirements of this Chapter are additional for 
passenger ships and are related to machinery and equipment 
providing services necessary to support safe return to port 
under the ship’s own propulsion in the event of flooding or 
after a fire and to support orderly evacuation and abandon- 
ment in the event of a fire. 


7.17.2 The requirements of this Chapter are restricted to 
machinery and equipment specifically addressed by relevant 
engineering systems Rules. 
7.1.3 The requirements of this Chapter should be read in 
conjunction with LR’s ShipRight Procedure SRtP. Where the 
requirements of this Chapter and ShipRight SRtP are 
complied with, the vessel will be assigned the Descriptive 
Note SRtP. 
NOTE 
Vessels without the descriptive note should also be 
appraised, using the ShipRight Procedure SRtP Appendix 1 
and 2 unless otherwise advised. 


1.1.4 The performance of machinery and equipment for 

services referred to in the relevant SOLAS Regulations that 

are not specifically addressed by relevant engineering 

systems Rules are not considered (e.g., basic services to safe 

areas, radiocommunications, navigation systems, etc.). 

However, these services are to be considered in terms of: 

(a) the supply of electrical power in accordance with SOLAS 
1974, as amended; and 

(b) protection provided to machinery and equipment 
described in 1.1.2 (e.g., fire suppression measures in 
spaces containing propulsion machinery). 


1.1.5 For passenger ships having a length of 120 m or 
more, or having three or more main vertical zones, the 
requirements of Sections 1 to 5 apply. 


1.1.6 For other passenger ships not covered by 1.1.5, 
the requirements of Sections 2 and 4 are not applicable. The 
requirements of Section 3 shall be restricted to the qualitative 
failure analysis described in 3.2.2. 
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1.1.7 These requirements do not address operational 
decisions on the actual use of machinery and equipment in 
the event of flooding or fire (e.g., the use of propulsion and 
steering in a flooding damage condition). 


1.2 Definitions 


1.2.1 For the purposes of this Chapter, ‘the relevant 

SOLAS Regulations’ refers to SOLAS 1974, as amended: 

(a) Chapter Il-1/B-1, Regulation 8-1, System capabilities 
after a flooding casualty on passenger ships; 

(o) Chapter Il-2/G, Regulation 21, Casualty threshold, safe 
return to port and safe areas; and 

(c) Chapter Il-2/G, Regulation 22, Design criteria for 
systems to remain operational after a fire casualty. 

(a) and (b) apply for Sections 2 and 3, (c) applies for Section 4. 


1.2.2 For the purposes of this Chapter, ‘relevant engineering 
systems Rules’ refers to this Part (i.e., Part 5), Pt 6, Ch 1 and 
Pt 6, Ch 2. 


1.2.3 

includes: 

(a) loss of space of origin up to the nearest ‘A’ class bound- 
aries, which may be a part of the space of origin, if the 
space of origin is protected by a fixed fire extinguishing 
system; or 

(b) loss of the space of origin and adjacent spaces up to the 
nearest ‘A’ class boundaries, which are not part of the 
space of origin. 


The ‘casualty threshold’ in the context of a fire 


1.2.4 Ship lengths and main vertical zones considered 
are to be as defined by Pt 3, Ch 1,6.1.8 and SOLAS 1974, 
as amended Chapter II-2/A, Regulation 3.32, respectively. 


1.2.5 ‘Safe areas’ are those that will be available, during 
a ship’s return to port under its own propulsion after a 
casualty that does not exceed the casualty threshold 
stipulated, to provide the basic services to ensure that the 
health of passengers and crew is maintained. 


1.2.6 For the purposes of this Chapter, ‘reversionary 
control stations’ are those control stations provided for use 
during safe return to port and orderly evacuation and 
abandonment to satisfy the requirements of Sections 2 and 
4 in the event of the normal control station being subject to 
fire damage or flooding. 


1.2.7 A ‘failure’ is the termination of the ability of an item 

to perform a required function. For the purposes of Section 3: 

(a) failures result from a fault in a component or system 
such that it cannot perform an intended or required 
function, including faults resulting from fire or flooding 
damage; 

(b) ‘common cause failures’ are those failures which will 
cause more than one item to fail simultaneously, or within 
a sufficiently short period of time as to have the effect of 
simultaneous failures; and 

(c) ‘consequential failures’ are secondary failures caused by 
the effects of a primary failure, i.e., where the occurrence 
of a failure leads directly to further failures. 
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1.3 General requirements and risk management 


1.3.1 For passenger ships having a length of 120 m or 
more, or having 3 or more main vertical zones, it is the 
responsibility of the Shipbuilder to ensure that the arrange- 
ment of the ship’s machinery and equipment as described in 
1.1.2 are sufficient for the intended operating modes and to 
support the provision of the services that the National 
Administration has determined to be necessary for: 
(a) the ship’s safe return to port under its own propulsion, 

see Section 2: 

(i) after a casualty that does not exceed the casualty 
threshold; or 
(i) | when the ship is subject to flooding of any single 
watertight compartment; and/or 

(b) supporting the orderly evacuation and abandonment of 

the ship if the casualty threshold is exceeded, see 

Section 4. 
This necessitates activities, which will normally be risk based, 
to determine the machinery and equipment needed to remain 
operational for a period of time to satisfy the requirements of 
the relevant SOLAS Regulations to the satisfaction of the 
National Administration. These activities are to be carried out 
prior to the submission of plans in accordance with this 
Chapter. 


1.3.2 The activities referred to in 1.3.1 may be conducted 
at the same time, or in conjunction with, activities to deter- 
mine the criteria that the National Administration specify as 
necessary to achieve overall compliance with the relevant 
SOLAS Regulations. The ship’s intended operational routes 
and/or service restrictions may be considered when estab- 
lishing criteria. 


7.3.3 It is the responsibility of the Shipbuilder to ensure 
that watertight and fire divisions, fire-fighting systems and 
bulkhead decks shown on the plans are those approved by 
the National Administration. 


1.3.4 Where alternatives to the requirements of this 
Chapter are proposed, details demonstrating that the machinery 
and engineering systems comply with the relevant SOLAS 
Regulations are to be submitted for consideration. 


1.4 Plans and information 


1.4.1 In addition to the plans and information otherwise 
required by relevant engineering systems Rules, the plans and 
information detailed in 1.4.2 to 1.4.12 are to be submitted. 


1.4.2 The analysis report described in 3.1.5(a) that 

includes the following information: 

(a) identification of any applicable standards used for 
analysis of the design; 

(b) description of the analysis team and their roles for 
information only; 

(c) identification of the objectives of the analysis, including 
any National Administration acceptance criteria; 

(d) identification of assumptions made in the analysis; 

(e) description of intended system function under normal 
conditions and in the event of fire or flooding; 
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(f) identification of the equipment, system or sub-system 
and mode of operation, including the design plans and 
information considered; 

(g) identification of casualty scenarios, probable failure 
modes and acceptable deviations from the intended or 
required function; 

(h) evaluation of the local effects and the effects on the 
overall installation of each failure mode as applicable; 

(j) identification of the worst case scenario in the event of a 
fire casualty or flooding, as described in 2.1.1, and an 
assessment of the ship’s ahead and astern manoeuvring 
capability under these conditions (IMO Resolution 
MSC.137(76), Standards for Ship Manoeuvrability, 
provides standards to assess the manoeuvrability of 
ships); and 

(k) trials, testing and other activities necessary to verify 
compliance with Section 3. The final report described in 
3.1.5(b) is to be submitted once the proposed design is 
finalised. 


1.4.3 Description of intended system function under 
normal conditions and in the event of fire or flooding for the 
services referred to in Sections 2 and 4. 


1.4.4 Details of analyses conducted to assess the 
availability of services referred to in Sections 2 and 4 in the 
event of fire or flooding. 


1.4.5 Details of National Administration criteria (see also 

1.3.1), including: 

(a) service speed, manoeuvring capability and time period 
of operation and ship range for ship return to port under 
its own propulsion; 

(b) systems determined to be vital to damage control 
efforts; 

(c) identification of required internal communications 
arrangements; and 

(d) identification of navigation light circuits to be capable of 
operation during return to port. 


1.4.6 General arrangement plans of the ship showing the 
location of machinery and equipment, piping systems, cables 
and controls stations to be employed for: 
(a) each of the services described in 2.1.2, 2.1.3, and 4.1.2; 
and 
(b) the provision of electrical power described in 2.1.4 and 
4.1.3. 
The plans are to identify: 
(c) watertight compartments and the bulkhead deck; and 
(d) for passenger ships having a length of 120 m or more or 
having three or more main vertical zones: 
(i) safe areas in the context of a casualty; and 
(i) | casualty threshold ‘A’ class structural fire protec- 
tion boundaries. 
The plans are to indicate segregation and fire/flooding protec- 
tion measures and access arrangements for machinery 
spaces and associated control stations. These plans are also 
to be made available to the Surveyor on board. 


1.4.7 A functional description of the system configura- 
tions and intended systems operation in the event of a fire or 
flooding casualty for the services referred to in Sections 2 to 
4. This is to include reversionary control stations and required 
internal communications. A copy is to be provided on board. 
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1.4.8 Identification and details: 

(a) equipment designed to operate in flooded spaces or 
under fire conditions; and/or 

(o) other flooding or fire protection measures. 


1.4.9 A schedule of normal and emergency operating 
loads on the electrical system for the different expected 
operating conditions and services described in Sections 2 
and 4. 


1.4.10 Details identifying the auxiliary systems required for 
the operation and control of machinery and equipment to 
provide the services described in Sections 2 and 4. 


1.4.11 Details of time period of operation and ship range 
and service speed corresponding to fuel storage capacity 
available in the event of fire or flooding scenarios. 


1.4.12 A schedule of activities, including testing and trials, 
to verify that the ship is capable of providing the services 
described in Sections 2 and 4. 


a Section 2 
Safe return to port 


2.1 General 


2.1.1 Consistent with the requirements of the relevant 
SOLAS Regulations, this Section provides design criteria for 
machinery and equipment described in 1.1.2 to remain 
operational for the ship’s safe return to port under its own 
propulsion, in the event of: 

(a) afire casualty that does not exceed the casualty threshold; 

or 
(bo) flooding of any single watertight compartment. 


2.1.2 When fire damage from a casualty does not exceed 
the casualty threshold or when the ship is subject to flooding 
of any single watertight compartment, machinery and equip- 
ment essential for the following services are to remain 
operational in the remaining part of the ship not affected by 
fire or flooding: 

(a) propulsion systems and their necessary auxiliaries 
and control systems. Propulsion machinery and 
auxiliary machinery essential for the propulsion of the 
ship at a service speed and range/distance acceptable 
to the National Administration for return to port under its 
own propulsion, see Section 3; 

(b) steering systems and steering-control systems. 
Steering systems and steering-control systems sufficient 
to provide manoeuvring capability acceptable to the 
National Administration for return to port under its own 
propulsion, see Section 3; 

(c) systems for transfer and service of oil fuel. Systems 
for internal transfer and service of oil fuel capable of fuel 
supply to active propulsion and power generation equip- 
ment; 

(d) bilge and ballast system. The bilge pumping systems, 
and all associated equipment essential for its operation, 
in all spaces not directly affected by the casualty, see 
also Chapter 13 and Pt 6, Ch 1,2.7; 
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(e) flooding detection systems. See also Ch 13,14; 
(f) internal communications. The means of communica- 
tion required by: 

(i) Ch 1,4.7, Pt 6, Ch 1,2.2.2 and/or 2.6.3 between 
the bridge and machinery main and subsidiary 
control stations and engineer’s accommodation; 
and 

(ii) Ch 19,2.1.7 between the navigating bridge and 
the steering gear compartment; 

necessary for operation of machinery and equipment, or 
otherwise identified by the National Administration to be 
required, during a ship’s return to port under its own 
propulsion; and 

(g) navigation lights. Electric circuit protection, controls 
and failure alarms for lights specified by the National 
Administration to be capable of operation, see also Pt 6, 
Ch 2,15.6. 


2.1.3 In addition to the requirements of Pt 6, Ch 2,1.16 
and 1.17, when fire damage from a casualty does not exceed 
the casualty threshold or when the ship is subject to flooding 
of any single watertight compartment, machinery and equip- 
ment essential for the following services are to remain 
operational in the remaining part of the ship not affected by 
fire or flooding: 

(a) for internal communication: 

(i) general emergency alarm system. This is in 
addition to the requirements of Pt 6, Ch 2,18.2; 

(ii) public address system. This is in addition to the 
requirements of Pt 6, Ch 2,18.3; and 

(iii) | from the safety centre as required by Pt 6, 
Ch 2,17.10.3; 

where identified by the National Administration to be 
required to satisfy the relevant SOLAS Regulations for 
communication between the bridge, engineering 
spaces, safety centre, fire-fighting and damage control 
teams, and for passenger and crew notification and 
mustering; 

(o) for fire main systems where supplied by electrically 
driven fire pumps, the pumps (and electrical equipment 
essential for their operation) are to be located and 
arranged such that operating capability will be available 
in the event of any main vertical zones being directly 
affected by the casualty. This is in addition to the require- 
ments of Pt 6, Ch 2,17.4; 

(c) for fixed fire-extinguishing systems: 

(i) for automatic sprinkler systems where supplied 
by electrically driven pumps, the pumps are to be 
located and arranged such that operating capa- 
bility will be available in all spaces not directly 
affected by the casualty. This is in addition to the 
requirements of Pt 6, Ch 2,17.2; 

(ii) for electrically driven refrigeration units for carbon 
dioxide fire-extinguishing systems, the units are 
to be located and arranged such that operating 
capability will be available in all spaces not 
directly affected by the casualty. This is in addi- 
tion to the requirements of Pt 6, Ch 2,17.5; and 

(iii) | electrically operated fire-extinguishing media 
release alarms in spaces not directly affected by 
the casualty. This is in addition to the require- 
ments of Pt 6, Ch 2,17.9. 
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(d) the fire detection and alarm system in all soaces not 
directly affected by the casualty. This is in addition to the 
requirements of Pt 6, Ch 1,2.8 and Pt 6, Ch 2,17.1; 

(e) power-operated watertight doors in spaces not directly 
affected by the casualty. This is in addition to the require- 
ments of Pt 6, Ch 2,19.1; 

(f) lighting of safe areas and escape route or electrically 
powered low location lighting. This is in addition to the 
requirements of Pt 6, Ch 2, 3, 5.4, 5.7, 18.1 and 18.4; 
and 

(g) other systems required by relevant engineering systems 
Rules that the National Administration has determined 
to be vital to damage control efforts. 


2.1.4 When fire damage from a casualty does not exceed 
the casualty threshold or when the ship is subject to flooding 
of any single watertight compartment, electrical power, where 
required, is to be available and sustainable for the following 
services: 

(a) those required by 2.1.2; 

(b) navigational systems, including navigation lights, 
required by the National Administration to be capable of 
operation during return to port (see also Pt 7, Ch 9 for 
relevant classification notations); 

(c) internal communication required during a ship’s return to 
port under its own propulsion. Where applicable, charg- 
ing power for portable means of communication is to be 
included; 

(d) external communication (for communicating via the 
GMDSS or the VHF Marine and Air Band distress 
frequencies even if the main GMDSS equipment is lost); 

(e) fire pumps for the fire main system not directly affected 
by the casualty; 

(f) fixed fire-extinguishing systems (gaseous and water) 
designed to protect an entire space in all spaces not 
directly affected by the casualty; 

(g) fire detection and alarm system in all spaces not directly 
affected by the casualty; 

(h) power-operated watertight and semi-watertight doors; 

(j) systems and equipment intended to support the provi- 
sion of services to safe areas; 

(k) other systems that the National Administration has 
determined to be vital to damage control efforts; and 

() other fixed electrically powered loads intended to be 
operated during return to port. 

The electrical power available is to be at least sufficient to 

supply the machinery and equipment specified by the 

National Administration as necessary and any additional loads 

identified in (I) during a ship’s return to port under its own 

propulsion with due regard to such services as may be 
operated simultaneously. 


2.1.5 Auxiliary and support systems (e.g., engine-room 
ventilation, lighting of spaces outside safe areas not affected 
by the casualty, etc.) required for the operation and control of 
machinery and equipment required to operate in accordance 
2.1.2 and 2.1.3 and to provide electrical power in accordance 
with 2.1.4 are to remain operational. 
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2.1.6 Oil fuel stores, machinery and equipment are to 
have sufficient capacity to permit the services required by 
2.1.2 to 2.1.5 to be provided for a time period of operation, 
ship range/distance and service speed acceptable to the 
National Administration for the ship’s return to port under its 
own propulsion. 


2.1.7 To satisfy 2.1.2 to 2.1.6, machinery and equipment 
is to be provided, constructed, segregated and arranged 
such that the services specified may be provided safely and 
effectively in the event of potential damage to machinery and 
equipment as a result of a fire that does not exceed the 
casualty threshold or flooding of any single watertight 
compartment, including control, safety, alarm and monitoring 
equipment and control stations. 


2.1.8 A description of the intended system function in the 
event of fire or flooding for the services referred to in this 
Section are to be submitted for consideration, see 1.4.2 and 
1.4.3. A risk based analysis is to be conducted in accordance 
with standards acceptable to LR to assess the availability of 
services required by this Section (for propulsion and steering, 
see Section 3; for other services, see 1.4.4 and 3.3.4). 


a Section 3 
Qualitative failure analysis for 
propulsion, steering and essential 
services 


3.1 General 


B14 A qualitative risk based failure analysis is to be 
conducted in accordance with this Section to assess compli- 
ance with the analysis objectives. 


3.1.2 The analysis is to assess the magnitude and conse- 

quences of various types of potential hazards in the design 

that might lead to failure to fulfil the analysis objective(s) stated 

in 3.2. The following are to be considered during the analysis: 

(a) analysis facilitation; 

(b) these Rules; 

(c) relevant statutory regulations and National Administration 
criteria; 

(d) the ship design; 

(e) the intended ship operation; and 

(f) the relevant machinery, equipment and systems. 


3.1.3 Those conducting the analysis and their roles are 
to be recorded in the analysis report. 


3.1.4 Requirements specified by the National Administration 
to satisfy the relevant SOLAS Regulations for the ship’s 
propulsion and steering during return to port, see 2.1.2, are to 
be identified in the analysis report, see a/so 1.3.1. 
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3.1.5 The analysis is to be documented, see 1.4.2, and 

two reports are to be submitted: 

(a) a preliminary analysis, after the initial arrangements of 
different compartments and propulsion and steering 
arrangements are known, to permit an assessment of 
compliance with this Section. This is to include an 
assessment of propulsion and steering capability in the 
event of a failure, fire or flooding in any compartment 
casualty; and then 

(o) a final report on the design, documenting compliance 
with this Section, that includes a detailed assessment of 
machinery and equipment required to provide propulsion 
and steering safely and effectively in accordance with the 
applicable requirements of 2.1.2. 


3.2 Analysis objectives 


3.2.1 For passenger ships having a length of 120 m or 

more, or having 3 or more main vertical zones, the analysis is 

to: 

(a) assess, identify and record the effects of failure in 
propulsion and steering equipment and systems after a 
fire casualty or flooding as described in 2.1.1(a) and (b); 
and 

(o) verify compliance with 2.1.2(a) and (b). 


3.2.2 For other passenger ships, the analysis is to 
assess, identify and record the effects of failure in propulsion 
and steering equipment in any space. 


3.3 Analysis scope 


3.3.1 The analysis is to consider the propulsion and 
steering machinery, equipment and other associated systems 
and equipment which might impair the availability of propulsion 
and steering. 


3.3.2 To consider the effects of fire or flooding, the 
analysis is to address the installed locations of relevant equip- 
ment and systems. 


3.3.3 The analysis is to include assessment of potential 
common cause failures and consequential failures when 
analysing system redundancy intended to maintain propulsion 
and/or steering in the event of a failure. 


3.3.4 Where the analysis scope is extended to additionally 
consider other services and verify additional compliance with 
the requirements of Sections 2 and/or 4, details may be 
submitted, see 1.4.3 and 1.4.4. 
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a Section 4 
Orderly evacuation and 
abandonment after a casualty 


4.1 General 


4.1.1 Consistent with the requirements of the relevant 
SOLAS Regulations, this Section provides design criteria for 
machinery and equipment described in 1.1.2 to remain 
operational, thereby supporting orderly evacuation and aban- 
donment of the ship in the event of a fire that exceeds the 
casualty threshold. 


4.1.2 In addition to the requirements of Pt 6, Ch 2,1.14, 

when fire damage from a casualty exceeds the casualty 

threshold, machinery and equipment essential for the provision 
of the following emergency services are to remain operational 
in the remaining part of the ship not affected by fire: 

(a) for fire main systems where supplied by electrically 
driven fire pumps, the pumps (and electrical equipment 
essential for their operation) are to be located and 
arranged such that operating capability will be available 
in all main vertical zones not directly affected by the 
casualty. This is in addition to the requirements of Pt 6, 
Ch 2,17.4; 

(b) for internal communication: 

(i) general emergency alarm system. This is in 
addition to the requirements of Pt 6, Ch 2,18.2; 
(ii) public address system. This is in addition to the 
requirements of Pt 6, Ch 2,18.3; and 
(iii) | from the safety centre as required by Pt 6, 
Ch 2,17.10.3; 
where identified by the National Administration to be 
required to satisfy SOLAS 1974 as amended, Chapter 
Il-2/G, Regulation 22.3.1.2 for communication in support 
of fire-fighting and/or for passenger and crew notification 
and evacuation; 

(c) for bilge systems, the bilge pumping systems, and all 
associated equipment essential for its operation, in all 
spaces not directly affected by the casualty to permit the 
removal of fire-fighting water. This is in addition to the 
requirements of Chapter 13 and Pt 6, Ch 1,2.7; and 

(d) lighting of escape routes, assembly stations and at 
embarkation stations of life-saving appliances and 
electrically powered low location lighting. This is in 
addition to the requirements of Pt 6, Ch 2, 3, 5.4, 5.7, 
18.1 and 18.4. 


4.1.3 When fire damage from a casualty exceeds the 
casualty threshold, electrical power, where required, is to be 
available and sustainable for the following services: 

(a) those required by 4.1.2; 

(b) other required means of internal communications 
systems not addressed by 4.1.2(b); 

(c) means of external communications provided to commu- 
nicate via the GMDSS or the VHF Marine and Air Band 
distress frequencies even if the main GMDSS equipment 
is lost; 

(d) guidance systems for evacuation not addressed by 
4.1.2(d); 

(e) life-saving appliances and arrangements; 
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(f) other systems that the National Administration has 
determined to be necessary to comply with SOLAS 
1974 as amended, Chapter II-2/G, Regulation 22.3.1; 
and 

(g) other fixed electrically powered loads intended to be 
operated during evacuation and abandonment. 

The electrical power available is to be at least sufficient to 

supply the machinery and equipment specified by the 

National Administration as necessary to support orderly 

evacuation and abandonment with due regard to such 

services as may be operated simultaneously. 


4.1.4 Machinery and equipment required to satisfy this 
sub-Section is to be capable of operation for at least 3 hours 
based on the assumption of no damage outside the un- 
serviceable main vertical zone. System operation within the 
unserviceable main vertical zones is not required. 


4.1.5 A description of the intended system function in the 
event of fire for the services referred to in this Section is to be 
submitted for consideration, see 1.4.3. A risk based analysis 
is to be conducted in accordance with standards acceptable 
to LR to assess the availability of services required by this 
Section, see 1.4.4 and 3.3.4. 


a Section 5 
Verification, testing and trials 


5.1 General 


5.1.1 Activities, including testing and trials, are to be 
carried out to verify that the services described in Sections 2 
and 4 may be provided in the event of fire or flooding to the 
satisfaction of LR, see 1.1.3 and 1.4.12. These activities are 
to include at least those in 5.1.2 and 5.1.3. 


5.1.2 System Capability Testing is to be carried out to 
verify the ability of each essential system to provide capabili- 
ties in line with the design criteria. This testing is to be 
completed during harbour acceptance trials and sea trials, to 
the satisfaction of LR. 
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5.1.3 Scenario testing is to be carried out, verifying the 

ability of all the essential systems to provide the required 

capabilities under the identified fire and flooding casualties, 

taking full account of interaction and dependencies between 

the essential systems. Tests can be performed during harbour 

acceptance trials; however, certain scenarios will be required 

to be tested under sea-going conditions, where performance 

can only be properly verified during trials at sea (e.g., naviga- 

tional systems, manoeuvrability, etc.). Testing of at least six 

scenarios is to be completed and is to include at least: 

(a) loss of a Main Vertical Zone; 

(b) casualty that results in the largest reduction in propul- 
sion power; 

(c) casualty that results in the largest reduction in steering 
capability; 

(d) casualty that results in the most manual actions; 

(e) casualty with the highest fire risk/load; and 

(f casualty affecting the greatest number of essential 
systems. 

Note: It is acceptable that scenarios (b), (c), (d), (e) and (f) may 

be covered by the same test if applicable. 


5.1.4 The above testing is to verify: 

(a) The effect of a specific component failure. 

(b) The effectiveness of automatic/manual isolation 
systems. 

(c) The behaviour of any interlocks that may inhibit opera- 
tion of essential systems. 


5.2 Trials 


5.2.1 In addition to the requirements for sea trials in 
Ch 1,5.2, trials are to be carried out to demonstrate that an 
acceptable service speed and steering capability for return to 
port can be achieved in the event of fire or flooding, see 
2.1.2(a), (0) and 5.1.3. The operational envelope(s) under the 
failure conditions is(are) to be determined. 
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Section 

1 General 

2 Functional requirements 

3 Information to be submitted 
4 Materials 

5 Hull construction 

6 Mechanical equipment 


7 Pumping and piping 
8 Pressure vessels 


9 Electrical and control equipment 


a Section 7 
General 


1.1 Scope 


1.1.1 The requirements of this Chapter apply to machinery 
and equipment fitted to combustion machinery in order to 
reduce emissions produced by the combustion of fuel. Such 
machinery and equipment is hereinafter referred to as emissions 
abatement plant. 

The requirements are intended to ensure that the 
emissions abatement plant is safe to operate and maintain 
and, additionally, where the combustion machinery provides 
power for essential services, that failure of the emissions 
abatement plant does not result in an unacceptable loss or 
degradation of those essential services. 

The requirements are applicable to emissions 
abatement plant making use of both primary techniques, 
which reduce emissions by controlling the combustion 
process or removing pollutants prior to combustion, and to 
secondary emissions abatement techniques which reduce 
emissions from the exhaust gas after combustion. 

It should be noted that these requirements do not 
provide for the reliability or redundancy necessary to ensure 
continued operation of the emissions abatement plant, and 
thereby compliance with relevant emissions requirements, 
following failure of any machinery, equipment or components 
associated with the emissions abatement plant. 
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a Section 2 
Functional requirements 


2.1 Functional requirements of emissions 
abatement plant 


2.1.1 Emissions abatement plant is to be capable of 
operating at the maximum output power of the combustion 
machinery to which it is connected. Where the machinery 
installation is configured such that it is not intended to operate 
all the combustion machinery connected to the emissions 
abatement plant simultaneously in normal operating conditions, 
this will be subject to special consideration and supported by 
the submission required by 3.1.2. For engines, the maximum 
power is as stated on the Engine International Air Pollution 
Prevention Certificate (EIAPPC) or an equivalent certificated 
engine rating for vessels which are not subject to MARPOL 
Annex VI. 


2.1.2 Operation and maintenance of the emissions 
abatement plant is not to present a hazard to the ship’s 
occupants or to the environment. 


2.1.3 Failure of the emissions abatement plant is not to 
present a hazard to the ship’s occupants or any other hazard 
other than untreated emissions to the environment. 


2.1.4 Where the emissions abatement plant is connected 
to combustion machinery providing power for essential 
services, failure of, or the inability to operate, the emissions 
abatement plant is not to prevent the combustion machinery 
from delivering sufficient power to those essential services so 
as to ensure the safe operation of the ship. 


2.1.5 Any discharges to water from the emissions 
abatement plant are to be in accordance with the requirements 
of National and International Regulations, as applicable. 


| Section 3 
Information to be submitted 


3.1 General 


3.1.1 The information required by this Section, the 
information required by Pt 3, Ch 1,5 and Chapter IV of the 
Rules and Regulations for the Construction and Classification 
of Ships for the Carriage of Liquid Chemicals in Bulk, as 
applicable (hereinafter referred to as the Rules for Ships for 
Liquid Chemicals). 


3.1.2 A description of the emissions abatement plant 
and the abatement technique(s) used. This is to include 
details of the proposed combustion machinery operating 
configurations where using a common emissions abatement 
system for multiple exhaust gas inlet streams and any 
limitations on the operation of combustion machinery 
connected to the emissions abatement system. 
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3.1.3 Where emissions abatement plant makes use of 
more than one abatement technique, e.g., separate means 
for reducing NO, and SO,, details demonstrating their 
compatibility with the combustion machinery and with each 
other. 


3.1.4 Diagram showing the process flows. 


3.1.5 Details of the maximum and minimum ambient and 
sea-water temperatures within which the emissions abatement 
plant is to operate, and maximum and minimum ambient air 
temperature and humidity where applicable. 


3.1.6 Details of the hazards associated with operation 
and maintenance and reasonably foreseeable failure of the 
emissions abatement plant and the means by which they are 
mitigated. 


3.1.7 Details of any fuel treatments, fuel additives or fuel 
emulsification used as a primary means of emissions 
abatement from combustion machinery, together with a 
manufacturer’s letter confirming the suitability of combustion 
machinery to operate with such treatments and additives. 
Details are to include evidence that materials, fuel filtration 
and arrangements for the control of viscosity and temperature 
have been suitably modified, along with evidence of the 
suitability of fuel pumps and fuel valves for the treated fuel, 
with particular attention to viscosity, lubricity and stability, as 
applicable. 


3.2 Materials 

3.2.1 Details of the materials proposed for all types of 
construction. 

3.3 Chemical substances 

3.3.1 Details of the flammability, toxicity, corrosivity and 


reactivity of any chemicals used, together with details of any 
exothermic and hazardous reactions, particularly with regard 
to sea-water. 


3.3.2 General arrangement of spaces where toxic or 
flammable liquids, gases, dusts or vapours are stored or may 
accumulate, indicating the hatches and other access openings. 


3.3.3 Details of arrangements for loading, storage, 
transfer and disposal of chemicals, by-products or waste 
products. 


3.3.4 General arrangement showing spaces maintained 
at an over-pressure to prevent the ingress of gases, dusts or 
vapours. 


3.3.5 Details and arrangements of blowdown and bleed- 
off systems, where applicable, including quantities of 
chemicals, substances and effluents and the capacity and 
working pressure of tanks and receivers installed for the 
reception of such substances and effluents. 
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3.3.6 Arrangements for purging, gas freeing, inerting or 
otherwise rendering safe of the emissions abatement plant 
and storage facilities for chemicals, effluent and by-products 
associated with the plant. 


3.3.7 The flow and return flow of chemicals, substances, 

effluent or by-products, including: 

(a) Substance supply and product discharge, with details of 
the arrangements showing the location of shut-off valves 
and of the control and indicating stations. 

(b) The process plant parameters and analysis of conditions 
under which emergency shut-down will be initiated. 

(c) Measures to eliminate risk of process fluid reverse flows 
which could present a risk to propulsion engines, 
auxiliary engines and essential services. 

(d) The proposed emergency procedures for controlled 
shut-down of the plant, i.e., depressurising, isolating 
and the arrangements for the continued operation of the 
essential services necessary to allow for such controlled 
shut-down under the emergency conditions identified in 
3.3.7(b), as applicable. 


3.3.8 Proposals for the decontamination of the 
emissions abatement plant compartments for installations 
using chemicals, substances and/or producing effluent or by- 
products or where there is a possibility of generating 
hazardous substances during the operation of plant. These 
proposals are to include both normal operating requirements 
for decontamination (such as for carrying out maintenance) 
and post-incident decontamination. 


3.3.9 Arrangement for the detection of liquids, gas and 
vapours where such substances could present a fire, 
explosion or health hazard. 


3.4 Mechanical equipment 


3.4.1 Details of mechanical equipment associated with 
the emissions abatement plant to be installed. 


3.4.2 Details of any safety and pressure-relief devices 
and their discharge arrangements. 


3.4.3 Plans showing the materials of construction, working 
pressures and temperatures, maximum and = minimum 
exhaust gas flows, fuel quality parameters, maximum and 
minimum flow rates of any water, fluids, chemicals or 
substances required by the process, maximum effluent or by- 
product discharge rate resulting from the process. 


3.4.4 Details of the arrangements for protecting the 
emissions abatement plant, its tanks and vessels against 
temperature, over-pressure and vacuum. Details are to 
include consideration of storage temperature requirements 
and, where applicable, tanks are to be maintained within the 
temperature limits of the chemicals and substances they 
contain so as to avoid risks of boiling, stress corrosion, 
freezing and other temperature-sensitive processes. 
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3.4.5 Details of the by-pass arrangements or, where 
considered unnecessary, evidence demonstrating that the 
emissions abatement plant is capable of continued operation 
with the expected gas flows. Evidence is to include 
conditions where the emissions abatement plant is in a shut- 
down condition, both as a result of emergency conditions 
and when shut down for normal operational reasons. This is 
to be supported by detailed proposals demonstrating 
material suitability and is to ensure that, where there is a risk 
of blockage, this can be monitored so as to ensure that 
remedial action can be taken before blockage presents a risk 
to both propulsion and auxiliary engine and emissions 
abatement plant operations. 


3.5 Pressure vessels 


3.5.1 Plans of any pressure vessels, including details of 
the support of the vessels. Diagrammatic plans for systems 
associated with emissions abatement process equipment as 
required by Chapter 10 and Chapter 11, as applicable. 


3.5.2 Details of the safety and pressure-relief devices 
and their discharge arrangements. 


3.5.3 Stress calculations taking into account the ship 
linear and angular accelerations, roll and pitch amplitudes, 
ship flexure and wind loads, appropriate to any condition 
which may normally arise at sea. 


3.6 Pumping and piping 


3.6.1 Plans of the emissions abatement plant piping 
systems, showing the materials of construction, scantlings, 
support and expansion arrangements, together with the 
calculations. 


3.6.2 Diagrammatic plans for systems associated with 
emissions abatement process equipment, as required by 
Chapter 12, Chapter 13 and Chapter 14 and by the Rules for 
Ships for Liquid Chemicals, as applicable. 


3.6.3 Plans showing the arrangement and dimensions of 
main exhaust pipes, with details of flanges, bolts and weld 
attachments and particulars of the materials of the pipes, 
flanges, bolts and welding consumables. 


3.6.4 Details of the safety and pressure-relief devices 
and their discharge arrangements. 


3.6.5 Details of air and sounding pipes to tanks containing 
chemicals, substances and effluent. 


3.6.6 The arrangements for the storage on board the 
ship, and the disposal, of bilge and effluent from the 
emissions abatement plant spaces, giving particular 
consideration to the risk of flooding as a result of emissions 
abatement plant failure. Recognition is to be given to the 
requirements of the appropriate National Authority. 


Part 5, Chapter 24 


Sections 3, 4 & 5 


3.7 Electrical and control equipment 


3.7.1 General arrangement plan of the process plant, 
showing the location of the major items of electrical equipment. 


3.7.2 Line diagram of the installation(s), indicating the 
rating of the various items of rotating machinery, converters 
and transformers. 


3.7.3 Arrangement plans and circuit diagrams of the 
switchboards. 


3.7.4 General arrangement plan of the process plant, 
showing the location of electrical equipment in hazardous 
zones. 


3.7.5 A schedule of safe-type electrical equipment 
located in hazardous zones, giving details of the type of 
equipment employed, the certifying authority and the certificate 
number. 


3.7.6 Line diagrams of any control system(s) fitted. 
3.7.7 General arrangement plan of the process plant, 
showing the locations of items of control equipment and the 


locations of hazardous zones. 


3.7.8 Schedule of the parameters which are monitored 
and controlled, including alarms and shut-down devices. 


m Section 4 
Materials 


4.1 General 


4.1.1 The materials used in the construction of the 
emissions abatement plant and any associated chemical and 
effluent storage tanks are to be manufactured and tested in 
accordance with the requirements of the Rules for the 
Manufacture, Testing and Certification of Materials and/or the 
Rules for Ships for Liquid Chemicals. 


S Section 5 
Hull construction 


5.1 General 


5.1.7 The hull structure is to comply with the relevant 
requirements of Parts 3 and 4, except where stated otherwise 
in this Section. 


5.1.2 All substance and effluent tank structures and their 
location relative to the ship’s hull are to comply with Chapters 2 
and 4 of the Rules for Ships for Liquid Chemicals. 
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5.1.3 Where necessary, the probable temperature variations 
during operations and the thermal stress considerations are 
to be stated. Where it is necessary either to heat or cool 
chemical storage tanks, the arrangements are to meet the 
requirements of Chapter 7 of the Rules for Ships for Liquid 
Chemicals. 


5.1.4 Where independent tanks are used for chemical 
substances, these are to be bunded to contain spillage. The 
bund is to comply with the following: 

(a) the bund is dimensioned so as to contain the maximum 
contents of the tank at the angles of inclination required 
for main and auxiliary machinery in Table 1.3.2 in 
Chapter 1; or 

(b) there is a drain arrangement meeting the requirements 
of 5.1.6; or 

(c) the tank is located in a dedicated compartment containing 
no equipment other than that required by the tank with 
permanent access and floor plates positioned above the 
liquid level if the tank were to discharge its full contents 
into the compartment. Any valves, equipment and 
emergency stop functions are to be operable from 
outside this compartment and are to meet the require- 
ments of 5.2. 

Tanks and spill containment arrangements are to be fitted 

with alarms and safeguards, in accordance with Table 9.1.9. 


5.7.5 Proposals are to be made for the dimensioning of 
containment arrangements, relative to the potential leakage 
which may require containment. Where it is not practicable to 
contain the potential leakage fully and where this leakage can 
pose a hazard to personnel, proposals are to be submitted, 
demonstrating that leakage will be transferred to a suitable 
retention tank, and the means of transfer shall be capable of 
operating in a dead ship condition and shall be fitted with a 
flow detection alarm, in accordance with Table 9.1.9. 


5.1.6 Tanks are to be arranged such that any residues 
and slops can be pumped out, drained or otherwise removed 
from the tank without exposing personnel to these residues 
and slops. 


51-7 Chemical tanks are not to be located in the same 
space as essential machinery and equipment. 


5.1.8 Arrangements for venting and gas-freeing chemical 
tanks required by emissions abatement plant are to meet the 
requirements of Chapter 8 of the Rules for Ships for Liquid 
Chemicals. 


5.2 Location service and control spaces 


52l Where flammable or toxic chemicals, gases or 
vapours are present, as identified in 3.3.1 and 3.3.2, service 
and control stations essential to the operation of the plant are 
to meet the requirements of 9.1.4, and should, wherever 
possible, be located so that access thereto is from a defined 
safe space. If such a location is not possible, the station is to 
be specially ventilated. 

Arrangements are to be made in spaces occupied 
by emissions abatement plant, in order that substances 
which are flammable, corrosive, toxic or likely to present a 
hazard due to reaction when mixed are kept separate unless 
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they are fully contained within a part of the emissions 
abatement system which has been designed for the safe 
mixing of such substances. 


5.3 Integrity of water and gastightness between 
compartments 


5.3.1 Where integrity of water or gastightness is required 
between compartments containing the plant, it is to be 
maintained in way of pipe tunnels or duct keels where these 
traverse such compartments. 


5.3.2 Installations and the spaces in which they are 
installed are to be, in all cases, compliant with applicable 
National and International requirements for prevention, 
detection and extinction of fire. 


5.4 Cofferdams 


5.4.1 Cofferdams are to be sited as required by the 
Rules for Ships for Liquid Chemicals, as applicable, 
segregating any spaces in which chemicals, substances or 
effluents are stored or retained in bulk. 


5.5 Plant support structure 


5.5.1 Decks and other structures supporting the plant 
are, in general, to comply with the requirements of Part 3. 
Such structures can, however, be considered on the basis of 
an agreed uniformly distributed loading in association with 
local loads at plant support points, provided that adequate 
transverse strength of the ship is maintained. 


5.5.2 Where the nature and dispositions of heavy plant 
items are such that forces on the ship and support structure 
due to ship motions are significant (whether underway with or 
without working fluids, or moored with working fluids), 
calculations of the loading and the structural response are to 
be submitted. 


5.6 Loading due to wave-induced motions 


5.6.1 In cases where the mass distribution of large 
columnar equipment items is such that the centre of action of 
the dynamic force differs significantly from the centre of 
gravity of the item, due account of this is to be taken in the 
calculation of the forces and moments at the support 
positions. 


5.7 Integrity of weather deck 


5.7.1 The integrity of the weather deck is to be 
maintained. Where items of plant penetrate the weather deck 
and are intended to constitute the structural barrier to prevent 
the ingress of water to spaces below the freeboard deck, 
their structural strength is to be equivalent to the Rule 
requirements for this purpose. Otherwise, such items are to 
be enclosed in superstructures or deckhouses fully 
complying with the Rules. 
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m Section 6 
Mechanical equipment 


6.1 General 


6.1.1 Emissions abatement plant associated with oil 
engines, gas turbine and boilers is to comply with the 
requirements of Chapters 2, 4 and 10 respectively, as 
applicable. 


6.1.2 The mounting arrangements for the equipment is 
to be capable of withstanding the forces and moments 
stated in 5.5 and 5.6. 


6.1.3 The design is to take account of the risk of fire or 
explosion hazards which may arise from deposition of 
chemicals, unburnt fuel, particulates or any by-products of 
chemical reactions which may arise during normal operation. 


6.1.4 The emissions abatement plant is to be capable of 
being started in a hot condition without risk of failure due to 
thermal shock. 


6.1.5 Safety or pressure-relief devices are to discharge 
to a place which will not present a hazard to the ship’s 
occupants or to any machinery. 


6.1.6 Where bursting discs or rupture panels are used as 
safety and  pressure-relief devices, these are to be 
dimensioned and designed in accordance with a recognised 
National or International Standard. 


6.1.7 Where it can be expected that there will be 
deposition of materials, caking and waste, arrangements are 
to be provided for the safe cleaning of such systems. 


6.1.8 Where there is a possibility of operating conditions 
in the system falling below the dew point temperature of any 
gases or vapours present in the system, suitable drains are to 
be provided to permit the discharge of any condensate 
formed. 


6.2 By-pass or equivalent arrangements 


6.2.1 The emissions abatement plant is to be provided 
with a by-pass capable of transmitting the minimum and 
maximum exhaust gas flows from the combustion machinery 
to which it is connected. Where a by-pass is considered 
unnecessary, the emissions abatement plant is to be capable 
of safely transmitting the minimum and maximum exhaust 
gas flows with the emissions abatement plant out of 
operation, such that the combustion machinery to which it is 
connected can continue to operate. 


6.2.2 Where a by-pass is fitted, there is to be a flow path 
for exhaust gas at all times. 


6.2.3 A means of measuring differential pressure across 
the emissions abatement plant is to be provided. 
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6.3 Shared emissions abatement plant 


6.3.1 Where emissions abatement plant is connected to 
more than one engine or source of exhaust gas, valves or 
equivalent means of isolating the exhaust systems of 
individual engines from common manifolds are to be provided 
to prevent reverse flow of exhaust gas into the exhaust 
manifolds of engines which have been shut down. 


6.3.2 Where isolating valves are fitted, a means to verify 
the effectiveness of the isolation is to be provided. 


6.4 Maintenance of back-pressure 


6.4.1 The exhaust back-pressure, after installation of 
emissions abatement plant, is to remain within the allowable 
limits stated by engine and combustion machinery 
manufacturers under all expected operating conditions, 
unless it is intended to operate the system at a negative 
pressure by means of an induced draught fan. 


6.4.2 Where an induced draught fan is fitted to maintain 
the required exhaust back-pressure, a fan failure is not to 
prevent the combustion machinery from operating. 


6.4.3 Where the emissions abatement plant is fed from 
multiple exhaust gas inlet streams, the back-pressure is to be 
maintained within the allowable limits provided by engine 
machinery manufacturers for all engine or combustion 
machinery operating configurations. 


6.5 Protection of combustion machinery 


6.5.1 Measures are to be implemented to ensure that 
water from the emissions abatement plant cannot flow back 
into engine turbo-charger(s) or other machinery. 


6.5.2 Means are to be provided for protecting critical 
engine components from foreign object damage resulting 
from failure of, or damage to, the emissions abatement plant. 
Where such damage is considered unlikely, evidence is to be 
submitted accordingly. 


6.5.3 Where chemicals or substances are injected into 
the exhaust gas stream before turbo-charger(s) or emissions 
abatement plant are fitted, this is not to present a risk of 
damage, chemical attack or performance degradation to the 
turbo-charger(s) or engine(s) or machinery with which they 
are associated. 


6.5.4 Where fuel treatments, additives or emulsification 
are used as a primary means of abating exhaust emissions, 
machinery is to be compatible with such additives, 
treatments and emulsified fuel. 


6.5.5 Where exhaust gas is re-circulated as a means of 
emission abatement, the re-circulated exhaust gas is not to 
cause fouling and corrosion of critical engine Components 
and scavenge air temperature is to be maintained at a level 
which does not adversely affect engine performance. 
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6.5.6 Where a wet scrubber is used to clean and cool 
re-circulated exhaust gas, the scrubber is to satisfy the 
requirements of 7.1.9. 


a Section 7 
Pumping and piping 


7.1 General 


Fb Pipe work and transfer systems which may carry 
chemical substances are to meet the requirements of 
Chapter 5 of the Rules for Ships for Liquid Chemicals. Lining 
steel pipe systems with corrosion-resistant materials is 
subject to special approval. The elasticity of the lining is not 
to be less than that of the supporting boundary material. 


(132 Pipe systems carrying sea-water or fresh water are 
to meet the requirements of Chapters 12, 13 and 14. Where 
there is a risk of fresh water or sea-water systems becoming 
contaminated with process chemicals, substances or effluent, 
pipe systems are to comply with 7.1.1. 


7.1.3 Chemical transfer and control arrangements are to 
meet the requirements of Ch 5,5.6 of the Rules for Ships for 
Liquid Chemicals. 


7.1.4 Bilge and effluent pumping and piping systems in 
the emissions abatement plant spaces are to be constructed 
of material suitable for any chemicals or substances used by 
the emissions abatement plant, effluent that is produced or 
any combination of substances on board which might result 
from accidental admixture. 


7.1.5 Arrangements are to be provided for the control of 
the bilge and effluent pumping and piping system. They are 
to be installed in the emissions abatement plant spaces from 
within these spaces and also from a position outside the 
spaces. 


7.1.6 Bilge and effluent pumping and piping systems for 
hazardous materials should, wherever possible, be installed 
in the space associated with the particular hazard. 


7.1.7 Piping systems carrying chemical substances or 
effluents and by-products are to meet the requirements of 
Chapter 6 of the Rules for Ships for Liquid Chemicals. This 
requirement includes exhaust piping where such substances 
are injected into exhaust gas or where the exhaust gas 
passes through a liquid scrubber which uses chemical 
substances. 


7.1.8 Where filters are used, they are to be capable of 
being safely removed for cleaning and replacement safely 
without interrupting emissions abatement plant or engine 
operations. 
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7.1.9 Where scrubbers are used, the following apply: 

(a) Closed loop wet scrubbers are to have natural gravity fall 
drainage from the wet sump of the scrubber to the 
process tank or circulating pump suction, with the drain 
line dimensioned to accommodate 125 per cent of the 
maximum pumping capacity of the installed water 
pump(s). No valves are to be fitted to the drain line from 
the scrubber sump to the process tank unless it can be 
demonstrated that suitable precautions are in place to 
prevent the possibility of the scrubber filling with water 
and reverse-flowing into the engine exhaust duct. Where 
a valve is fitted to this line, the system is to be protected 
as for the overboard discharge valve of an open loop 
system, in accordance with Table 9.1.9. 

(b) For open loop wet scrubbers, the overboard discharge 
valve and any other sea-water valves downstream of the 
scrubber are to be protected in accordance with 
Table 9.1.9. The sea suction valve(s) are also to have 
position indicators which are to give remote indication of 
valve position. The scrubber is to be mounted above the 
waterline under all operating conditions to prevent sea- 
water ingress into the scrubber from the natural flow. 

(c) For wet scrubbing systems (open loop and closed loop), 
an overflow line is to be fitted to prevent the risk of 
reverse flow of water to engines, boilers and other 
machinery. This overflow is to be dimensioned to 
accommodate 125 per cent of maximum capacity of 
installed water pumps and is to have no impairment to 
flow. This overflow line is to be directed to the process 
tank in closed loop or hybrid installations. On open loop 
installations, it is to be directed overboard. The over- 
board discharge is to have an effective means of 
preventing reverse flow of sea-water. Alternative 
arrangements to prevent the risk of reverse flow are 
subject to special consideration. 

(d) Overboard discharge connections from scrubbers are to 
be positioned below the lowest operating waterline and 
are to be internally protected from effluent-induced 
corrosion. 


7.1.10 Where applicable, tanks are to be maintained within 
the temperature limits of the chemicals and substances they 
contain so as to avoid risks of boiling, stress corrosion, freezing 
and other temperature-sensitive processes. 


ket Section 8 
Pressure vessels 


8.1 General 


8.1.1 Pressure vessels are to be in accordance with the 
requirements of the relevant Sections of Chapter 10 or 
Chapter 11 as applicable, or with agreed Codes and 
specifications normally used for similar plants in land 
installations, suitably modified and/or adapted for the marine 
environment. 


8.1.2 Mounting arrangements are to take account of 
forces and moments generated at the supports. Mounting 
arrangements are to take account of thermal expansion and 
contraction. 
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8.1.3 Access is to be provided for inspection, and 
checking of mountings, fittings, controls and pressure-relief 
devices. 


8.1.4 Arrangements are to allow the pressure settings of 
pressure-relief devices to be checked. 


8.1.5 Where provision is made to isolate pressure-relief 
devices from pressure vessels for maintenance purposes, at 
least two such pressure-relief devices are to be fitted. 

The isolating or blocking valves are to be arranged 
such that at least one pressure-relief device remains 
operational at all times. 


a Section 9 
Electrical and control equipment 


9.1 General 


9.1.1 Electrical system(s) associated with emissions 
abatement plant are to meet the requirements of Pt 6, Ch 2. 


9.1.2 Control system(s) associated with the emissions 
abatement plant are to meet the requirements of Pt 6, Ch 1. 


9.1.3 Electrical and control equipment associated with 
the emissions abatement plant is to be compatible with any 
chemicals used and meet the requirements of Chapter 10 of 
the Rules for Ships for Liquid Chemicals. 


9.1.4 Where flammable or toxic chemicals, gases or 
vapours are present, as identified in 3.3.1 and 3.3.2, or 
where there is a possibility that flammable gases and vapours 
can be produced as a result of deviations from normal 
operation, the defining of hazardous zones is to be in 
accordance with Pt 6, Ch 2,14. 

As a minimum, for the detection of gas and 
vapours, a gas detection system is to be fitted which is to 
activate at a concentration corresponding to the substance 
safe occupational level. The locations of the detectors are to 
be determined relative to the layouts of the individual spaces 
and are to be indicated on the plan submission required by 
3.3.9. Where it is not practicable to install a detection system 
where gas detection equipment is not appropriate, e.g., for 
substances not emitting gases or vapours, alternative 
proposals are to be submitted to ensure the safety of 
persons from exposure to such substances. 


9.1.5 Process tanks which form part of the operating 
loop of any emissions abatement equipment are to have a 
high level alarm, in accordance with Table 9.1.9. Effluent 
tanks which are not part of the normal process loop and 
which are used for storage of effluent or substances prior to 
discharge from the vessel are to be protected, in accordance 
with Table 9.1.9. 

Tank alarm and trip sensors are to be positioned at 
a point which will allow the system shut-down to operate 
before the tank overflows, based on the maximum design 
flow rates and shut-down response time. Where a low level is 
identified as presenting a risk to crew or machinery, tanks are 
to have a low level alarm and a low level trip. These are to be 
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positioned so as to operate before a low level results in a 
hazardous condition, based on system design flow rates and 
a system shut-down response time. 


9.1.6 An emergency stop function is to be provided, 
which is to: 
° Close quick-closing valves on chemical tank(s) (where 
applicable). 
Stop chemical feed pump(s) (where applicable). 
e Where fitted, open exhaust gas cleaning by-pass valve. 
° Stop scrubber water pumps and close scrubber water 
inlet valve (where applicable). 


9.1.7 The emergency stop function is to be capable of 
being actuated from the machinery control room, the 
navigating bridge and from within compartments containing 
exhaust gas cleaning plant. 

In order to mitigate the risk of chemical release, spaces 
containing chemical storage tanks or chemical pumping 
equipment are to have an emergency stop which is to shut 
down the chemical supply to the emissions abatement plant. 
Other parts of the emissions abatement plant such as wash 
water pumps need only be stopped by this emergency stop 
where loss of chemical injection could result in further risks 
arising from operating the plant without chemical injection. 
This is to form part of the submission required in 3.1.6. 


9.1.8 Alarms and safeguards are to be provided for the 
critical system parameters in order to avoid danger to crew 
and machinery. As a minimum, the alarms and safeguards 
listed in Table 9.1.9 are to be fitted. Where these Rules 
require alarms and also trip protection to be fitted, the alarm 
and trip are to be independent of each other. 


9.1.9 Where emissions abatement plant makes use of 
chemical substances, a means of monitoring abnormal flows 
of such chemicals is to be provided. 
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Table 9.1.9 Machinery emissions to air abatement plant: alarms and safeguards 


Item 


Exhaust gas outlet temperature High 

Exhaust gas inlet temperature High 

Exhaust gas inlet temperature Low Only for selective catalytic reduction 
Differential pressure across abatement plant unit High 

Abatement plant by-pass valve in exhaust duct Valve movement See Note 1 

Machinery exhaust duct isolating valve Valve movement See Note 2 


Wet emissions abatement unit overboard Closed Emissions abatement plant is to be shut down automatically, 
discharge valve see Note 6 


Wet emissions aba unit overflow line flow Flow present Emissions abatement plant is to be shut down automatically, 
detection see Note 6 


emissions aba water pressure Low 


emissions aba unit water level 1st Stage high 


emissions aba unit water level 2nd Stage high Emissions abatement plant is to be shut down automatically, 
see Note 6 


Chemical feed flow High Chemical feed pump is to be shut down automatically 
Chemical feed flow 1st Stage low 
Chemical feed flow 2nd Stage low Chemical feed pump is to be shut down automatically 


Process tank level 1st Stage high See Note 3 


Process tank level 2nd Stage high Emissions abatement plant is to be shut down automatically, 
see Note 3 


Chemical storage level 1st Stage high 
Chemical storage level 2nd Stage high 
Chemical storage level Low 


Chemical storage temperature High See Note 4 


Chemical storage temperature Low See Note 4 


Chemical tank containment bund level High Tank outlet quick closing valve is to close automatically, 
see Note 5 


Chemical tank containment drain line flow Flow present Tank outlet quick closing valve is to close automatically, 
detection see Note 5 


Exhaust gas recirculating fan failure Failure 


Recirculating exhaust gas temperature return to High 
engine 


Induced draught fan failure Failure Where fitted 


NOTES 


1 Only where a by-pass valve is fitted, see 3.3.5. This valve shall open to the by-pass position as part of the unit shut-down logic. 

Only where fitted, see 5.1. 

The process tank is any tank forming part of a wet abatement system flow loop or effluent tanks which receive bleed-off from the main 
flow loop, or such tanks not forming part of the system flow loop but which are essential for operation of the system, including those on 
exhaust gas recirculating installations, see 7.1.9. Where low level can present a hazard, process tanks are also to have low level 
protection. 

Where chemical substances are to be kept within a defined temperature range, alarms will be fitted, based on the allowable 
temperature range, see 5.1.2 and 7.1.10. 

Chemical spillage detection alarm will depend on the means of spill containment fitted, see 5.1.2. 

Wet emissions abatement unit shall include such systems fitted as part of the exhaust gas recirculating installations. 
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a Section 7 
General requirements 


1.1 General 


IRN This Chapter applies to all ships intended to be 
classed with Lloyd’s Register (hereinafter referred to as ‘LR’), 
and is in addition to other relevant Sections of the Rules. 


1.1.2 Control engineering systems are to: 

° provide control of required services and habitability 
requirements during defined operational conditions. This 
is to include, but is not limited to, power generation, 
propulsion and their associated services; 

e provide control of the engineering systems necessary to 
ensure availability of essential and emergency safety 
systems during all normal and reasonably foreseeable 
abnormal conditions; 

e provide control of the engineering systems necessary to 
ensure transitional power supplies remain available; 

° be suitably protected against damage to itself under fault 
conditions and to prevent injury to personnel; and 

° not fail in a way which may cause machinery and 
systems located in hazardous areas to create additional 
fire or explosion risk. 


1.1.3 Control engineering systems on passenger ships 
having a length of 120 m or more or having three or more main 
vertical zones (see Pt 5, Ch 23,1.2.4 for definitions) are, in 
addition to the requirements of this Chapter, to be located, 
designed and arranged to comply with Pt 5, Ch 23, as applicable. 


1.1.4 LR will be prepared to give consideration to special 
cases or to arrangements which are equivalent to the Rules 
where sufficient technical justification is provided. For uncon- 
ventional designs, see also Pt 7, Ch 15. 


1.2 Documentation required for design review 


7.2.1 The documentation described in 1.2.2 to 1.2.9 is to 
be submitted for design review. 
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1.2.2 Where control, alarm and safety systems are 
intended for the machinery or equipment as defined in 1.2.3 
the following are to be submitted: 

° Description of operation with explanatory diagrams. 

Line diagrams of control circuits. 

List of monitored points. 

List of control points. 

Details of alarms and warnings to be presented by the 

user interface, including: 

(i) an approach to category assignments which is in 
accordance with the IMO Code on Alerts and 
Indicators, 2009; and 

(ii) for alarms required by these Rules, the intended 
operator response and the message to be 
presented. 

e — Test schedules (for both works testing and sea trials) 
which should include methods of testing and test 
facilities provided, see 1.3.1. 

° Failure Mode and Effects Analysis (FMEA) where required 
by other sections of the Rules. 

e List of safety functions and details of any overrides, 
including consequences of use, see 2.4.8 and 2.6.8. 


1.2.3 Plans for the control, alarm and safety systems of 
the following are to be submitted: 

° Air compressors. 

Bilge and ballast systems. 

Cargo pumping systems for tankers. 

Cargo and ballast pumps in hazardous areas. 

Cargo tank, cargo hold, ballast tank and void space 
instrumentation where such arrangements are specified 
by other sections of the Rules (e.g., water ingress 
detection, gas detection). 

Controllable pitch propellers. 

Electric generating plant. 

Fixed water based local application fire-fighting systems, 
see 2.9. 

Incinerators. 

Inert gas generators. 

Main propelling machinery including essential auxiliaries. 
Miscellaneous machinery or equipment (where control, 
alarm and safety systems are specified by other Sections 
of the Rules). 

Oil fuel transfer and storage systems. 

Steam raising plant. (Boilers and their ancillary equipment). 
Steering gear. 

Thermal fluid heaters. 

Transverse thrust units. 

Valve position indicating systems. 

Waste-heat boiler. 

Waterjets for propulsion purposes. 

Windlasses. 


1.2.4 System operational concept. A description of the 
intended operation of the control, alarm and safety systems 
for the main and auxiliary machinery, and other systems 
essential for the propulsion and safety of the ship. This 
description is to include a demonstration that the design 
provides an effective means of operation and control for all 
ship operating conditions. 


1.2.5 Alarm systems. Details of the overall alarm system 
linking the main control station, subsidiary control stations, 
the bridge area and accommodation are to be submitted. 
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1.2.6 Programmable electronic systems. In addition to 

the documentation required by 1.2.2 the following is to be 

submitted: 

(a) System requirements specification. 

(b) System functional description. 

(c) System integration plan, see 2.14.2. 

(d) Failure Mode and Effects Analysis (FMEA), see 2.14.5. 

(e) Details of the hardware configuration in the form of a 
system block diagram, including input/output schedules. 

(f) Hardware certification details, see 2.10.5 and 2.13.3. 

(g9) Software production plans, including applicable 
procedures, see 2.15.4. 

(h) Factory acceptance, integration and sea trial test 
schedules for hardware and software. 

(i) Details of data storage arrangements, see 2.10.10 and 
2.13.6. 


1.2.7 For wireless data communication equipment: 

(a) Details of manufacturer’s installation and maintenance 
recommendations; 

(b) network plan with arrangement and type of aerials and 
identification of location; 

(c) specification of wireless communication system protocols 
and management functions, see 2.12.4; and 

(d) details of radio frequency and power levels, including 
details of those permitted by the National Administration. 


1.2.8 Plans showing the location and details of control 
stations, e.g., control panels and consoles. Location and 
details of controls and displays on each panel. Detailed user 
interface specifications. A general arrangement plan of control 
rooms showing the position of consoles, handrails, operator 
area, lighting, door and window arrangements. Drawing of 
HVAC systems including vent arrangements. 


1.2.9 Fire detection systems. Plans showing the system 
operation and the type and location of all machinery space fire 
detector heads, manual call points and the fire detector 
indicator panel(s) are to be submitted. The plans are to 
indicate the position of the fire detectors in relation to 
significant items of machinery, ventilation and extraction 
openings. 


1.3 Control, alarm and safety equipment 


1.3.1 Equipment associated with control, alarm and 
safety systems as defined in 1.2.3 are to be surveyed at the 
manufacturers’ works in accordance with the approved test 
schedule see 1.2.2, and the inspection and 
testing are to be to the Surveyor’s satisfaction. 


1.3.2 Equipment used in control, alarm and safety 
systems is to be suitable for its intended purpose, and 
accordingly, whenever practicable, be selected from the List 
of Type Approved Products published by LR. A copy of the 
Procedure for LR Type Approval System will be supplied on 
application. For fire detection alarm systems, see 2.8.2 and for 
programmable electronic systems, see 2.10.5 and 2.13.3. 


1.3.3 Where equipment requires a controlled environ- 
ment, an alternative means is to be provided to maintain the 
required environment in the event of a failure of the normal air 
1 conditioning system, see also Table 14.12.3 in Pt 5, Ch 14. 
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1.3.4 Assessment of performance parameters, such as 
accuracy, repeatability, etc., are to be in accordance with an 
acceptable National or International Standard, e.g., IEC 60051: 
Direct acting indicating analogue electrical measuring 
instruments and their accessories (all parts). 


1.3.5 Special consideration will be given to arrangements 
that comply with a relevant and acceptable National or 
International Standard, such as IEC 60092-504: Electrical 
installations in ships — Part 504: Special features — Control and 
instrumentation. 


1.4 Alterations and additions 


1.4.1 When an alteration or addition to the approved 
system(s) is proposed, plans are to be submitted for approval. 
The alterations or additions are to be carried out under survey 
and the installation and testing are to be to the Surveyor’s 
satisfaction. 


1.4.2 Details of proposed software modifications are to 
be submitted for consideration. Modifications are to be 
undertaken in accordance with defined modification 
processes which are part of the supplier’s or system integrator’s 
quality management system. The following documentation is 
to be submitted: 

(a) Project-specific software modification plan. 

(b) An impact analysis which identifies the effect(s) of the 
proposed modification. The results of the analysis are to 
be used to inform the extent of verification and 
validation that is to be applied. This analysis is to 
consider both the local impact and, where applicable, 
the system level impact of the modification. 

(c) Configuration management records that satisfy the 
requirements of ISO 10007, to demonstrate the 
traceability of the proposed modification. 

(d) Factory acceptance, integration and sea trial test 
schedules as determined by the impact analysis in (b). 

(e) Updated documentation as detailed in 1.2.5. 


1.4.3 Verification and validation activities are to 
demonstrate that the modified functionality performs as 
expected and that the modification has not unintentionally 
modified functionality outside the scope of the modification. 


1.4.4 Software versions are to be uniquely identified by 
number, date or other appropriate means. Modifications are 
not to be made without also changing the version identifier. A 
record of changes to the system since the original issue (and 
their identification) is to be maintained and made available to 
the LR Surveyor on request. 


1.5 Definitions 


1.5.1 An Emergency Stop (E-Stop) is a safeguard 
instigated by a single human action. It requires a stop of all 
movement within the controlled system as rapidly as possible 
to prevent a hazard occurring or to reduce an existing hazard 
to persons, machinery or the vessel. 


1.5.2 An Emergency Trip (E-Trip) is a safeguard instigated 
by a single human action and means the disconnection of 
fuel, electrical, hydraulic or other power source from the 
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controlled system to prevent a hazard occurring or to reduce 
an existing hazard to persons, machinery or the vessel. 
Movement within the system may be allowed to continue. 


1.5.3 An Emergency Stop Function may be either an 
Emergency Stop or Emergency Trip, as appropriate to the 
system and risk being controlled. 


1.5.4 Alarm System: a system which will alert relevant 
personnel to faults, abnormal situations and other conditions 
requiring attention in the machinery and the safety and control 
systems. 


1.5.5 Control System: a system which responds to input 
signals from the process and/or operator and generates 
output signals causing the equipment under control to operate 
in the desired manner. 


1.5.6 Failure: a loss of the ability of a structure, system 
or element to function within acceptance criteria. 


1.5.7 Fail safe: a system design such that, when a failure 
occurs, the system reverts to the least hazardous state. 


1.5.8 A reasonably foreseeable abnormal condition is an 

event, incident or failure that: 

° has happened and could happen again; 

e is planned for (e.g., emergency actions cover such a 
situation, maintenance is undertaken to prevent it, etc.). 

They should be identified by: 

° using analysis processes that were capable of revealing 
abnormal conditions; 

° employing a mix of personnel including competent 
safety/risk professionals and those with relevant domain 
knowledge and understanding to apply the processes; 

e referencing relevant events and historic data; and 

e — documenting the results of the analysis. 


1.5.9 Safety System: a designated system that: 

e — implements the required safety functions necessary to 
achieve or maintain a safe state for the equipment under 
control; and 

° is intended to achieve, on its own or with other safety 
systems, the necessary safety needed for the required 
safety functions. 


1.5.10 Safe State: the state of equipment under control 
when safety is achieved. For some situations, a safe state only 
exists so long as the equipment under control is continuously 
controlled. Such continuous control may be for a short or 
indefinite period. 


1.5.11. System: a set of elements which interact accord- 
ing to a design, where an element of a system can be another 
system, called a sub-system, which may be a controlling 
system or a controlled system, and may include hardware, 
software and human interaction. 
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E Section 2 
Essential features for control, 
alarm and safety systems 


2.1 General 


2.1.1 Systems complying with ISO 17894, Ships and 
marine technology — Computer applications — General principles 
for the development and use of programmable electronic 
systems in marine applications, may be accepted as meeting 
the requirements of this Section, in which case evidence of 
compliance is to be submitted for consideration. 


2.2 Control stations for machinery 


2.2.1 A system of alarm and warning displays and 
controls is to be provided which readily ensures identification 
of faults in the machinery and satisfactory supervision of 
related equipment by duty personnel. This may be provided at 
a main control station or, alternatively at subsidiary control 
stations. In the latter case, a master alarm display is to be 
provided at the main control station showing which of the 
subsidiary control stations is indicating a fault condition. 


2.2.2 At the main control station (if provided) or close to 
the subsidiary stations (if fitted) means of communication with 
the bridge area, the accommodation for engineering personnel 
and, if necessary, the machinery space are to be provided. 


2.2.3 Where operator interfaces are installed in the 
wheelhouse, illumination should not interfere with night vision. 
All illumination and lighting of instruments, keyboards and 
controls are to be adjustable to zero illumination, except for 
lighting for visual indication of alarms and the controls of 
dimmers, which are to remain readable. 


2.2.4 Provision is to be made at the main control station, 
or subsidiary control stations as appropriate, for the operation 
of an engineers’ alarm which is to be clearly audible in the 
engineers’ accommodation. 


2.2.5 Provision is to be made at the main control station 
and any other subsidiary control station from which the main 
propulsion and auxiliary machinery or associated equipment 
may be controlled to indicate which station is in control. 


2.2.6 Control of machinery and associated equipment is 
to be possible only from one station at a time. 


2.2.7 Changeover between control stations is to be 
arranged so that it may only be effected with the acceptance 
of the station taking control. The system is to be provided with 
interlocks or other suitable means to ensure effective transfer 
of control. 


2.3 Alarm systems, general requirements 


2.3.1 Machinery, safety and control system faults are to 
be indicated at the relevant control stations to advise duty 
personnel of a fault condition. The presence of unrectified 
faults is to be clearly indicated at all times. 
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2.3.2 Alarms and warnings associated with machinery 
and equipment required to satisfy this sub-Section are to be 
categorised according to the urgency and type of response 
required by the crew, as described in the IMO Code on Alerts 
and Indicators, 2009. The assignment of a category to each 
alert is to be evaluated on the basis not only of the machinery 
or equipment being monitored, but also the complete 
installation. Categories not included in an alarm system may 
be omitted from the system design. Details of alternative alert 
management proposals supported with evidence of service 
experience may be submitted for consideration by LR. 


2.3.3 Where the facility to provide messages in association 
with alarms and warnings exists, messages accompanying 
alarms and warnings are to describe the condition and indicate 
the intended response required by the crew. 


2.3.4 Where the facility to provide messages in associa- 
tion with alarms and warnings exists, messages of different 
categories are to be clearly distinguishable from each other. 
Alarms associated with machinery, safety and control system 
faults are to be clearly distinguishable from other alarms (e.g., 
fire, general alarm). 


2.3.5 Where alarms are displayed as group alarms 
provision is to be made to identify individual alarms at the 
main control station (if fitted) or alternatively at subsidiary 
control stations. 


2.3.6 All alarms are to be both audible and visual. If 
arrangements are made to silence audible signals they are not 
to extinguish visual indications. 


2.3.7 Acknowledgement of visual alarms is to be clearly 
indicated. 


2.3.8 Acknowledgement of alarms at positions outside a 
machinery space is not to silence the audible signal or 
extinguish the visual indication in that machinery space. 


2.3.9 If an alarm has been acknowledged and a second 
fault occurs prior to the first being rectified, audible signals 
and visual indications are again to operate. Where alarms are 
displayed at a local panel adjacent to the machinery and with 
arrangements to provide a group or common fault alarm in 
the control room, the occurrence of a second fault prior to the 
first alarm being rectified need only be displayed at the local 
panel; however, the group alarm is to be re-initiated. 
Unacknowledged alarms on monitors are to be distinguished 
by either flashing text or a flashing marker adjacent to the text. 
A change of colour will not in itself be sufficient to distinguish 
between acknowledged and unacknowledged alarms. 


2.3.10 For the detection of transient faults which are 
subsequently self-correcting, alarms are required to lock in 
until accepted. 


2.3.11. The alarm system is to be arranged with automatic 
changeover to a standby power supply in the event of a 
failure of the normal power supply. Where an alarm system 
could be adversely affected by an interruption in power 
supply, changeover to the standby power supply is to be 
achieved without a break. 


| 2.3.12 


| 2.4.2 


| 2.4.3 


| 2.4.4 
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Failure of any power supply to the alarm system is 
to operate an audible and visual alarm. 


2.3.13 The alarm system should be designed with self- 
monitoring properties. Insofar as practicable, any fault in the 
alarm system should cause it to fail to the alarm condition. 


2.3.14 The alarm system is to be capable of being tested 
during normal machinery operation, see 7.1.2. 


2.3.15 The alarm system is to be designed as far as 
practicable to function independently of control and safety 
systems such that a failure or malfunction in these systems 
will not prevent the alarm system from operating. 


2.3.16 Disconnection or manual overriding of any part of 
the alarm system is to be clearly indicated. 


2.3.17 When alarm systems are provided with means to 
adjust their set point, the arrangements are to be such that 
the final settings can be readily identified. 


2.3.18 Where monitors are provided at the station in 
control and, if fitted, in the duty engineer’s accommodation, 
they are to provide immediate display of new alarm informa- 
tion regardless of the information display page currently 
selected. This may be achieved by provision of a dedicated 
alarm monitor, a dedicated area of screen for alarms or other 
suitable means. 


2.3.19 Where practicable, alarms displayed on monitors 
are to be displayed in the order in which they occur. Alarms 
requiring manual shut-down or slow-down action are to be 
given visual prominence. 


2.4 Safety systems, general requirements 


2.4.1 Safety systems are to operate automatically in case 

of serious faults endangering the machinery, so that: 

(a) normal operating conditions are restored, e.g., by the 
starting of standby machinery, or 

(b) the operation of the machinery is temporarily adjusted to 
the prevailing conditions, e.g., by reducing the output of 
the machinery, or 

(c) the machinery is protected from critical conditions by 
shutting off the fuel or power supplies thereby stopping 
the machinery. 


The safety system required by 2.4.1(c) is to be 
designed as far as practicable to operate independently of the 
control and alarm systems, such that a failure or malfunction 
in the control and alarm systems will not prevent the safety 
system from operating, see Pt 5, Ch 14,12.1.4. 


For safety systems required by 2.4.1(a) and (b) 
complete independence from other control systems is not 
necessary. 


Safety systems for different items of the machinery 
plant are to be arranged so that failure of the safety system 
of one part of the plant will not interfere with the operation of 
the safety system in another part of the plant. 
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2.4.5 The safety system is to be designed to ‘fail-safe’. 
The characteristics of the ‘fail-safe’ operation are to be 
evaluated on the basis not only of the safety system and its 
associated machinery, but also the complete installation. 
Failure of a safety system is to initiate an audible and visual 
alarm. 


2.4.6 When a safety system is activated, an audible and 
visual alarm is to be provided to indicate the cause of the 
safety action. 


2.4.7 The safety system is to be manually reset before 
the relevant machinery can be restarted. 


2.4.8 Where arrangements are provided for overriding 
a safety system, they are to be such that inadvertent 
operation is prevented. Visual indication is to be given at the 
relevant control station(s) when a safety override is operated. 
The consequences of overriding a safety system are to be 
established and documented. 


2.4.9 The safety system is to be arranged with automatic 
changeover to a standby power supply in the event of a 
failure of the normal power supply. 


2.4.10 Failure of any power supply to a safety system is to 
operate an audible and visual alarm. 


2.4.11. When safety systems are provided with means to 
adjust their set point, the arrangements are to be such that 
the final settings can be readily identified. 


2.4.12 As far as practicable, the safety system required by 
2.4.1(b) is to be arranged to effect a rapid reduction in speed 
or power. 


2.5 Control systems, general requirements 


2.5.1 Control systems for machinery operations are to be 
stable throughout their operating range. 


2.5.2 Failure of any power supply to a control system is 
to operate an audible and visual alarm. 


2.5.3 Control systems should be designed to ‘fail-safe’. 
The characteristics of the ‘fail-safe’ operation are to be 
evaluated on the basis not only of the control system and its 
associated machinery, but also the complete installation. 


2.5.4 The control system is to be designed such that 
normal operation of the controls cannot induce detrimental 
mechanical or thermal overloads in the machinery. 


2.5.5 Remote or automatic controls are to be provided 
with suitable instrumentation at the relevant control stations 
to ensure effective control by duty personnel and to indicate 
that the system is functioning correctly. 


2.5.6 When control systems are provided with means to 
adjust their sensitivity or set point, the arrangements are to 
be such that the final settings can be readily identified. 


2.5.7 Failure of a control system is not to result in the loss 
of ability to provide essential services by alternative means. 
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This may be achieved by manual control or redundancy 
within the control system or redundancy in machinery and 
equipment, see a/so 2.13.2. Instrumentation is to be provided 
at local manual control stations to ensure effective operation 
of the machinery by duty personnel. 


2.6 Bridge control for main propulsion machinery 


2.6.1 Means are to be provided to ensure satisfactory 
control of propulsion from the bridge in both the ahead and 
astern directions. 


2.6.2 

bridge: 

(a) Propeller speed. 

(o) Direction of rotation of propeller for a fixed pitch propeller 
or pitch position for a controllable pitch propeller, see 
also Pt 5, Ch 7,5.3. 

(c) Direction and magnitude of thrust. 

(d) Clutch position, where applicable. 

(e) Shaft brake position, where applicable. 


The following indications are to be provided on the 


2.6.3 The propeller speed, direction of rotation and, if 
applicable, the propeller pitch are to be controlled from the 
bridge under all sea-going and manoeuvring conditions. 


2.6.4 Remote control of the propulsion machinery is to 
be from only one control station at any one time, see also 
2.2.6. Main propulsion control units on the navigating bridge 
may be interconnected. Means are to be provided at the 
control station to ensure smooth transfer of control between 
the bridge and other control stations. 


2.6.5 Means of control, independent of the bridge control 
system, are to be provided on the bridge to enable the watch- 
keeper to stop the propulsion machinery in an emergency. 


2.6.6 Audible and visual alarms are to operate on the 
bridge and in the alarm system required by 4.2 if any power 
supply to the bridge control system fails. Where practicable, 
the preset speed and direction of thrust are to be maintained 
until corrective action is taken. 


2.6.7 Two means of communication are to be provided 
between the bridge and the main control station in the 
machinery space. One of these means may be the bridge 
control system; the other is to be independent of the main 
electrical power supply, see also 2.2.2 and Pt 5, Ch 1,4. 


2.6.8 Automation systems are to be designed in a 
manner such that a threshold warning of impending or 
imminent slow-down or shut-down of the propulsion system 
is given to the officer in charge of the navigational watch in 
time to assess navigational circumstances in an emergency. In 
particular, the systems are to control, monitor, report, alert 
and take safety action to slow down or stop propulsion while 
providing the officer in charge of the navigational watch an 
opportunity to intervene manually, except for those cases 
where manual intervention will result in total failure of the 
engine and/or propulsion equipment within a short time, for 
example, in the case of overspeed. 
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2.7 Valve control systems 


2.7.1 Where cargo, bilge, ballast, oil fuel transfer and sea 
valves for engine services are operated by remote or 
automatic control, the requirements of 2.7.2 to 2.7.5 are to 
be satisfied. 


2.7.2 Failure of control system power or actuator power 
is not to permit a valve to move to an unsafe condition. 


2.7.3 Positive indication is to be provided at the remote 
control station for the service to show the actual valve position 
or alternatively that the valve is fully open or closed. 


2.7.4 Equipment located in places which may be flooded 
is to be capable of operating when submerged. 


2.7.5 A secondary means of operating the valves, which 
may be by local manual control, is to be provided. 


2.7.6 For requirements applicable to closing appliances 
on scuppers and sanitary discharges, see Pt 3, Ch 12,4.2. 
For power supplies on passenger ships, see Ch 2,3.2. 


2.8 Fire detection alarm systems 


2.8.1 Fire detection and fire alarm systems are to comply 
with Chapter 9 of the Fire Safety Systems Code (FSS) and 
2.8.2 to 2.8.23 as applicable. 


2.8.2 Fire detection control units, indicating panels, 
detector heads, manual call points and short-circuit isolation 
units are to be Type Approved in accordance with Test 
Specification Number 1 given in LR’s Type Approval System 
for an environmental category appropriate for the locations in 
which they are intended to operate. For addressable systems, 
see also 2.10. 


2.8.3 The alarm system is to be designed with self- 
monitoring properties. Power or system failures are to initiate 
an audible alarm distinguishable from the fire alarm. This alarm 
may be incorporated in the machinery alarm system as 
required by 2.3. 


2.8.4 When fire detectors are provided with means to 
adjust their sensitivity, the arrangements are to be such that 
the set point can be fixed and readily identified. 


2.8.5 The fire detector heads are to be of a type which 
can be tested and reset without the renewal of any compo- 
nent. Facilities are to be provided on the fire-control panel for 
functional testing and reset of the system. 


2.8.6 When it is intended that a particular loop is to be 
temporarily switched off, this state is to be clearly indicated at 
the fire detection indicating panels. 


2.8.7 When it is intended that a particular detector(s) is 
(are) to be temporarily switched off locally, this state is to be 
clearly indicated at the local position. Reactivation of the 
detector(s) is to be performed automatically after a preset time. 
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2.8.8 It is to be demonstrated to the Surveyor’s satisfac- 
tion that detector heads are so located that air currents will 
not render the system ineffective whether the ship is at sea or 
in port. 


2.8.9 An audible fire alarm is to be provided having a 
characteristic tone which distinguishes it from the alarm 
system required by 2.3 or any other alarm system. 


2.8.10 Where an automatic fire detection system is to be 
fitted in a machinery space, the requirements of 2.8.11 to 
2.8.15 are also to be satisfied. See also SOLAS 1974, as 
amended Reg. II-2/C.7, or Chapter 4 as applicable. 


2.8.11 Detector heads are to be located in the machinery 
spaces so that all potential fire outbreak points are guarded. 
A combination of detectors is to be provided to ensure that 
the system will react to all possible fire characteristics. 


2.8.12 Fire detection indicating panels are to denote the 
section in which a detector or manually operated call point has 
operated. At least one indicating panel is to be so located that 
it is easily accessible to responsible members of the crew at 
all times. An indicating panel is to be located on the navigating 
bridge. 


2.8.13 A fire detection control unit is to be located in the 
navigating bridge area, the fire-control station, or in some other 
position such that a fire in the machinery spaces will not render 
it inoperable. 


2.8.14 The audible fire-alarm is to be immediately audible 
on all parts of the navigating bridge, the fire-control station, the 
crew accommodation areas and the machinery spaces. 


2.8.15 Facilities are to be provided in the fire detection 
system to initiate manually the fire alarm from the following 
locations: 

(a) Positions adjacent to all exits from machinery spaces. 
(o) Navigating bridge. 

(c) Control station in engine room. 

(d) Fire-control station. 


2.8.16 Fire detection systems within the accommodation 
spaces and cabin balconies are also to comply with 2.8.17 to 
2.8.22. 


2.8.17 In passenger ships, the fixed fire detection and fire 
alarm systems are to be capable of remotely and individually 
identifying each detector and manually operated call point. On 
other ships, indicating units are to denote, as a minimum, the 
section in which a detector or manually operated call point has 
operated. At least one indication unit is to be so located that it 
is easily accessible to responsible members of the crew. One 
indicating unit is to be located on the navigating bridge if the 
control panel is located in the central control station. 


2.8.18 Clear information is to be displayed on or adjacent 
to each indicating unit about the spaces covered and the 
location of the section and, for passenger ships, each detector 
and manually operated call point. 


LLOyp’S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Control Engineering Systems 


2.8.19 The fire detection system is not to be used for any 
other purpose, except that closing of fire doors and similar 
functions may be permitted at the control panel. 


2.8.20 The fire-control panel is to be located on the 
navigating bridge or in a central fire-control station and may 
form part of that panel specified in 2.8.13. For passenger ships 
carrying more than 36 passengers, the fire-control panel is to 
be located in the continuously manned central control station. 


2.8.21 Detectors and manually operated call points are to 
be grouped into sections. The activation of any detector or 
manually operated call point is to initiate a visual and audible 
fire signal at the control panel and indicating units. If the signals 
have not received attention within two minutes an audible 
alarm is to be automatically sounded throughout the crew 
accommodation and service spaces, control stations and 
machinery spaces of Category A. This alarm sounder system 
need not be an integral part of the detection system. 


2.8.22 A section of fire detectors and manually operated 
call points which covers a control station, a service space or 
an accommodation space is not to include a machinery space 
of Category A. 


2.8.23  Forelectrical engineering requirements, see Ch 2,17.1. 


2.9 Fixed water-based local application 
fire-fighting systems 


2.9.1 Where fixed water-based local application fire- 
fighting systems are installed in accordance with SOLAS as 
amended Ch. Il-2/C, Reg. 10.5.6, arrangements are to be in 
accordance with this sub-Section. 


2.9.2 Systems are to be available for immediate use and 
arranged for manual activation from inside and outside the 
protected space. See also Ch 2,17.3.4. 


2.9.3 The activation of a system is not to result in loss of 
electrical power or reduction of the manoeuvrability of the ship 
and is not to require confirmation of space evacuation or 
sealing, see also Ch 2,17.3.12. 


2.9.4 System zones and protected areas are to be 
arranged to allow essential services to be provided by 
machinery and/or equipment located outside areas affected 
by direct spray or extended water in the event of a system 
activation, where the machinery and/or equipment is 
duplicated or otherwise replicated to provide redundancy. 


2.9.5 A control panel is to be provided for managing 
actions such as opening of valves, starting of pumps and 
initiation of alarms and warnings and processing information 
from detectors. This panel is to be independent of the fire 
detection control unit required by 2.8. 


2.9.6 Alarms are to be initiated upon activation of a 
system and are to indicate the specific zone activated at the 
control panel. Alarms are to be provided in each protected 
space, at an attended machinery control station and in the 
wheelhouse. The audible alarm signal is to be distinguishable 
from other safety system signals. 
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2.9.7 A failure in a manual system activation switch circuit 
is not to prevent system activation using other installed 
manual system activation switches or, where installed, auto- 
matic activation. The means of activation are to be provided 
with self-monitoring facilities which will activate an alarm at an 
attended control station in the event of failure detection. 


2.9.8 Where SOLAS requires the system, additionally, to 
be capable of automatic release, the arrangements are to be 
in accordance with 2.9.9 to 2.9.12. 


2.9.9 A minimum of two fire detectors are to be provided 
for each protected area. One is to be a flame detector and 
the other is to be a smoke or heat detector, as considered 
appropriate to the nature of the risk and ambient conditions. 
The system is to be activated upon detection by two of the 
detectors. A fault in one detector is to initiate an alarm at an 
attended control station and is not to inhibit activation of the 
system under the control of the other detector or manually. 


2.9.10 The fire detectors are to be arranged (located, 
oriented, guarded, etc.) to ensure that a fire in one protected 
area will not result in the inadvertent automatic activation of a 
system for another protected area. Guards or barriers 
provided to comply with this requirement are not to reduce 
the ability to detect a fire in the protected area. 


2.9.11 A fire detection alarm system panel in accordance 
with 2.8 may be used for receiving fire detection signals. 
Separate loops are not required provided that the address of 
the initiating device can be identified at the control panel. The 
received signals are then to be sent to the control panel 
required by 2.9.5 for processing and action. 


2.9.12 The system’s fire detection systems and control 
units are to meet the performance criteria of SOLAS Ch II/C, 
Reg. 7 and are to be Type Approved in accordance with Test 
Specification Number 7 given in LR’s Type Approval System 
for an environmental category appropriate for the locations in 
which they are intended to operate. 


2.10 Programmable electronic systems - General 
requirements 


2.10.1 The requirements of this sub-Section are to be 
complied with where control, alarm or safety systems 
incorporate programmable electronic equipment. Systems for 
essential services and safety critical applications, systems 
incorporating shared data communication links and systems 
which are integrated are to comply with the additional 
requirements of 2.11, 2.13 and 2.14 as applicable. For 
systems complying with ISO 17894, Ships and marine 
technology — Computer applications — General principles for 
the development and use of programmable electronic 
systems in marine applications, see 2.1.2. 


2.10.2 Where programmable electronic systems share 
resources, any components that can affect the ability to 
provide effectively required control, alarm or safety functions 
are to fulfil the requirements of 2.10 to 2.14 related to providing 
those required functions. 
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2.10.3 Programmable electronic equipment is to revert to 
a defined safe state on initial start-up or re-start in the event 
of failure. 


2.10.4 — Inthe event of failure of any programmable electronic 
equipment, the system, and any other system to which it is 
connected, is to fail to a defined safe state or maintain safe 
operation, as applicable. 


2.10.5 Programmable electronic equipment is to be certified 
by a recognised authority as suitable for the environmental 
conditions in which it is intended to operate, see a/so 2.13.3. 


2.10.6 | Emergency stop functions are to be hard-wired and 
independent of any programmable electronic equipment. 
Alternatively, the system providing emergency stop functions 
is to comply with the requirements of 2.13.2 and/or 2.13.8. 


2.10.7 Programmable electronic equipment is to be 
provided with self-monitoring capabilities such that hardware 
and functional failures will initiate an audible and visual alarm 
in accordance with the requirements of 2.3 and, where 
applicable, 4.2. Hardware failure indications are to enable 
faults to be identifiable at least down to the level of the lowest 
replaceable unit and the self-monitoring capabilities are to 
ensure that diagnostic information is readily available. 


2.10.8 Means are to be provided to recover or replace 
data required for safe and effective system operation lost as a 
result of component failure. The submission required by 1.2.6 
is to address reinstatement of system operation following data 
loss. 


2.10.9 System configuration, programs and data are to be 
protected against loss or corruption in the event of failure of 
any power supply. For essential services and safety critical 
systems, see 2.13.6. 


2.10.10 Where it is necessary to store data required for 
system operation in volatile memory, a back-up power supply 
is to be provided that prevents data loss in the event of loss of 
the normal power supply. The submission required by 1.2.6 
is to include details of any routine maintenance necessary and 
the measures necessary to restore system operation in the 
event of data loss as a result of power supply failure. 


2.10.11 Back-up power supplies required by 2.10.10 are to 
be rated to supply the connected load for a defined period of 
time that allows sufficient time to restore the supply in the 
event of loss of the normal power supply as a result of failure 
of a main source of electrical power. This period is not to be 
less than 30 minutes. 


2.10.12 Where regular battery replacement is required to 
maintain the availability of volatile memory back-up power 
supply required by 2.10.10, these are to be included in the 
schedule of batteries required by Ch 2,1.2.15 and 12.7, 
irrespective of battery type and size. Applicable entries in this 
schedule are to note that these batteries are not for safety 
critical systems or essential or emergency services. 


2.10.13 Access to system configuration, programs and 
data is to be restricted by physical and/or logical means 
providing effective security against unauthorised alteration. 
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2.10.14 Where date and time information is required by the 
equipment, this is to be provided by means of a battery 
backed clock with restricted access for alteration. Date and 
time information is to be fully represented and utilised. 


2.10.15 Displays and controls are to be protected against 
liquid ingress due to spillage. 


2.10.16 Display units are to comply with the requirements 
of an acceptable National or International Standard, e.g., IEC 
60950-1: Information technology equipment — Safety - Part 1: 
General requirements, in respect of emission of ionising radi- 
ation. 


2.10.17 Where systems detect fault conditions, any 
affected mimic diagrams are to ensure that the status of 
unreliable and incorrect data is clearly identified. 


2.10.18 Multi-function displays and controls are to be 
duplicated and interchangeable where used for the control or 
monitoring of more than one system, machinery item or 
item of equipment. At least one unit at the main control station 
is to be supplied from an independent uninterruptible power 
system (UPS). 


2.10.19 The number of multi-function display and control 
units provided at the main control station and their power 
supply arrangements are to be sufficient to ensure continuing 
safe operation in the event of failure of any unit or any power 
supply. 


2.10.20 Software lifecycle activities, e.g., design, develop- 
ment, supply and maintenance, are to be carried out in 
accordance with an acceptable quality management system. 
Software quality plans are to be submitted. These are to 
demonstrate that the provisions of ISO/IEC 90003: Software 
engineering - Guidelines for the application of 
ISO 9001:2000 to computer software, or equivalent, are 
incorporated. The plans are to define responsibilities for the 
lifecycle activities, including verification, validation, module 
testing and integration with other components or systems. 


2.11 Data communication links 

2.11.1 Where control, alarm or safety systems use shared 
data communication links to transfer data, the requirements of 
2.11.2 to 2.11.10 are to be complied with. The requirements 
apply to local area networks, fieldbuses and other types of 
data communication link which make use of a shared medium 
to transfer control, alarm or safety related data between 
distributed programmable electronic equipment or systems. 


2.11.2 | Data communication is to be automatically restored 
within 45 seconds in the event of a single component failure. 
Upon restoration, priority is to be given to updating safety 
critical data and control, alarm and safety related data for 
essential services. Components comprise all items required 
to facilitate data communication, including cables, switches, 
repeaters, software components and power supplies. 


2.11.3 Loss of a data communication link is not to result 
in the loss of ability to operate any essential service by 
alternative means, see also 2.13.2. 
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2.11.4 The properties of the data communication link 
(e.g., bandwidth, access control method, etc.) are to ensure 
that all connected systems will operate in a safe, stable and 
repeatable manner under all operating conditions. The latency 
of control, alarm and safety related data is not to exceed two 
seconds. 


2.11.5 Protocols are to ensure the integrity of control, 
alarm and safety related data, and provide timely recovery of 
corrupted or invalid data. 


2.11.6 | Means are to be provided to monitor performance 
and identify hardware and functional failures. An audible and 
visual alarm is to operate in accordance with the requirements 
of 2.3 and, where applicable, 4.2 in the event of a failure of 
an active or standby component. 


2.11.7 System self-monitoring capabilities are to be 
arranged to initiate transition to a defined safe state for the 
complete installation in the event of data communication 
failure, see also 2.5.3. 


2.11.8 Means are to be provided to prevent unintended 
connection or disconnection of any equipment where this 
may affect the performance of any other systems in 
operation. 


2.11.9 Data cables are to comply with the applicable 
requirements of Ch 2,11. Other media will be subject to 
special consideration. 


2.11.10 The installation is to provide adequate protection 
against mechanical damage and electromagnetic interference. 


2.11.11 Components are to be located with appropriate 
segregation such that the risk of mechanical damage or 
electromagnetic interference resulting in the loss of both 
active and standby components is minimised. Duplicated 
data communication links are to be routed to give as much 
physical separation as is practical. 


2.12 Additional requirements for wireless data 
communication links 
2.12.1 The requirements of this sub-Section are in addition 


to 2.11 and apply to systems incorporating wireless data 
communication links. 


2.12.2 Wireless data communication links are not to be 
used for safety critical systems or essential services that are 
required for the propulsion or safety of the ship, except as 
permitted by 2.12.3. 


2.12.3 For services not required to operate continuously, 
wireless data communication links may be considered where 
an alternative means of operation can be brought into action 
within an acceptable period of time. 


2.12.4 Wireless data communication is to employ recog- 
nised international wireless communication system protocols 
that incorporate the following: 
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(a) Message integrity: fault prevention, detection, diagnosis 
and correction, ensuring that the received message is 
not corrupted or altered when compared to the trans- 
mitted message. 

(b) Configuration and device authentication: is to permit 
connection only of devices that are included in the 
system design. 

(c) Message encryption: protection of the confidentiality 
and/or criticality of the data content. 

(d) Security management: protection of network assets and 
prevention of unauthorised access to network assets. 


2.12.5 The wireless system is to comply with the radio 
frequency and power level requirements of the International 
Telecommunications Union and any requirements of the 
National Administration with which the ship is registered. 


2.12.6 Compliance with different port state and local 
regulations pertaining to the use of radio-frequency transmis- 
sion that would prohibit the operation of a wireless data 
communication link, due to frequency and power level 
restrictions, is not addressed by these requirements and is 
the responsibility of the Owner and Operator. 


2.13 Programmable electronic systems - 
Additional requirements for essential services 
and safety critical systems 

2.13.1 The requirements of 2.13.2 to 2.13.10 are to be 


complied with where control, alarm or safety systems for 

essential services, as defined by Ch 2,1.6, or safety critical 

systems, incorporate programmable electronic equipment. 

(a) Safety critical systems are those which provide functions 
intended to protect persons from physical hazards (e.g., 
fire, explosion, etc.), or to prevent mechanical damage 
which may result in the loss of an essential service (e.g., 
main engine low lubricating oil pressure shut-down). 

(b) Applications that are not essential services may also be 
considered to be safety critical (e.g., domestic boiler low 
water level shut-down). 


2.13.2 Alternative means of safe and effective operation 
are to be provided for essential services and, wherever prac- 
ticable, these are to be provided by a fully independent 
hard-wired back-up system. Where these alternative means 
are not independent of any programmable electronic equip- 
ment, the software is to satisfy the requirements of LR’s 
Software Conformity Assessment System — Assessment 
Module GEN7 (1994). 


2.13.3. Items of programmable electronic equipment used 
to implement control, alarm or safety functions are to be Type 
Approved in accordance with LR’s Type Approval System Test 
Specification Number 1 (2002). Type approval to an alternative 
and relevant National or International Standard may be 
submitted for consideration. 


2.13.4 The system is to be configured such that control, 
alarm and safety function groups are independent. A failure 
of the system is not to result in the loss of more than one of 
these function groups. Proposals for alternative arrangements 
providing an equivalent level of safety will be subject to special 
consideration. 
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2.13.5 For essential services, the system is to be arranged 
to operate automatically from an alternative power supply in 
the event of a failure of the normal supply. 


2.13.6 Volatile memory is not to be used to store data 

required for: 

e an essential service or safety critical functions; or 

e — ensuring safety or preventing damage, including during 
start-up or re-start. 

Alternative proposals which demonstrate that an equivalent 

level of system integrity will be achieved may be submitted for 

consideration. 


2.13.7 Failure of any power supply is to initiate an audible 
and visual alarm in accordance with the requirements of 2.3 
and, where applicable, 4.2. 


2.13.8 Where it is intended that the programmable 
electronic system implements an emergency stop function or 
safety critical functions, the software is to satisfy the 
requirements of LR’s Software Conformity Assessment 
System - Assessment Module GEN1 (1994). Alternative 
proposals providing an equivalent level of system integrity will 
be subject to special consideration, e.g., fully independent 
hard-wired back-up system, redundancy with design diver- 
sity, etc. 


2.13.9 Control, alarm and safety related information is to 
be displayed in a clear, unambiguous and timely manner, and, 
where applicable, is to be given visual prominence over other 
information on the display. 


2.13.10 Means of access to safety critical functions are to 
be dedicated to the intended function and readily distin- 
guishable. 


2.14 Programmable electronic systems - Additional 
requirements for integrated systems 
2.14.1 The requirements of 2.14.2 to 2.14.7 apply to 


integrated systems providing control, alarm or safety 
functions in accordance with the Rules, including systems 
capable of independent operation interconnected to provide 
co-ordinated functions or common user interfaces. Examples 
include integrated machinery control, alarm and monitoring 
systems, power management systems and safety manage- 
ment systems providing a grouping of fire, passenger, crew 
or ship safety functions, see Ch 2,17 to 19. 


2.14.2 System integration is to be managed by a single 
designated party, and is to be carried out in accordance with 
a defined procedure identifying the roles, responsibilities and 
requirements of all parties involved. This procedure is to be 
submitted for consideration where the integration involves 
control functions for essential services or safety functions 
including fire, passenger, crew, and ship safety. 


2.14.3 The system requirements specification, see 1.2.6, 
is to identify the allocation of functions between modules of 
the integrated system, and any common data communica- 
tion protocols or interface standards required to support 
these functions. 
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2.14.4 Reversionary modes of operation are to be 
provided to ensure safe and graceful degradation in the event 
of one or more failures. In general, the integrated system is to 
be arranged such that the failure of one part will not affect the 
functionality of other parts, except those that require data 
from the failed part. 


2.14.5 Where the integration involves control functions for 
essential services or safety functions, including fire, 
passenger, crew, and ship safety, a Failure Mode and Effects 
Analysis (FMEA) is to be carried out in accordance with 
IEC 60812: Analysis techniques for system reliability - 
Proceaure for failure mode and effects analysis (FMEA), or an 
equivalent and acceptable National or International Standard 
and the report and worksheets submitted for consideration. 
The FMEA is to demonstrate that the integrated system will 
‘fail-safe’, see 2.4.5 and 2.5.3, and that essential services in 
operation will not be lost or degraded beyond acceptable 
performance criteria where specified by these Rules. 


2.14.6 The quantity and quality of information presented to 
the operator are to be managed to assist situational aware- 
ness in all operating conditions. Excessive or ambiguous 
information that may adversely affect the operator’s ability to 
reason or act correctly is to be avoided, but information 
needed for corrective or emergency actions is not to be 
suppressed or obscured in satisfying this requirement. 


2.14.7 Where information is required by the Rules or by 
National Administration requirements to be continuously 
displayed, the system configuration is to be such that the 
information may be viewed without manual intervention, e.g., 
the selection of a particular screen page or mode of operation. 
See also 2.10.16. 


a Section 3 
Ergonomics of control stations 


3.1 Objectives 


3.1.1 In order to take account of operator tasks at control 
stations, enhance usability and reduce human error, the layout 
arrangements are to comply with the requirements set out in 
3.2. 


3.1.2 In order to establish a working environment that 
has minimum distractions, is sufficiently comfortable, helps 
maintain vigilance and maximises communication amongst 
operators at main control stations, the requirements of 3.3 are 
to be complied with. 


3.1.3 The requirements of 3.4 to 3.6 apply to operator 
interfaces for essential engineering systems located either 
locally, remotely or within the main control room. The require- 
ments are intended to enhance the usability of systems and 
equipment, reduce human error, enhance situational aware- 
ness and support safe and effective monitoring and control 
under normal and abnormal modes of operation. 
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3.2 Control station layout 


3.2.1 Control stations are to provide sufficient space and 
access for the intended number of operators in the expected 
operating conditions. 


3.2.2 Local control stations are to be positioned to 
minimise the risk of harm to the operator. 


3.2.3 Controls, displays and indicators are to be both 
logically and physically grouped, according to their function. 


3.2.4 Where a function may be accessed from more than 
one interface, the arrangement of displays and controls is to 
be consistent. 


3.2.5 Frequently used controls and displays are to be 
within easy reach and visible to the operator from the normal 
working position. 


3.2.6 Controls and displays used infrequently and which 
may be used in an emergency are to be clearly identifiable, 
clearly visible, easily accessible and positioned to allow safe 
operability. 


3.2.7 The relationship of a control with a display is to be 
immediately apparent. 


3.2.8 The relationship of controls and displays with the 
equipment under control is to be immediately apparent. 


3.2.9 There is to be adequate spacing between controls 
and between controls and obstructions. 


3.2.10 Controls and their associated displays are to be 
located such that the information on the displays can be easily 
read during the operation of the controls. 


3.2.11 Indicators related to controls are to be visible during 
their operation. 


3.2.12 Instruments are to face the operator’s intended 
working position. 


3.3 Physical environment 


3:3:1 Control stations are to be positioned, as far as 
practicable, away from, or insulated against, sources of 
structurally transmitted vibration and noise, such as 
ventilation fans, engine intake fans and other noise sources. 


3.3.2 In general, noise levels are to comply with IMO Res. 
A.468(XII) Code on Noise Levels on Board Ships, and take 
into account IMO Res. A.348(IX), Recommendation on 
Methods of Measuring Noise Levels at Listening Posts. 


3.3.3 Where provided, the heating, ventilation and air 
conditioning system is to be capable of maintaining the 
temperature between 18°C and 27°C. 
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3.3.4 The flow of air from heating or air conditioning 
systems is not to be guided directly to the operator, or means 
are to be provided to adjust the direction of airflow from those 
systems. 


3.3.5 Lighting is to be located to avoid glare from work- 
ing and display surfaces, and is to be flicker-free. Surfaces 
are to have a non-reflective or matt finish. 


3.3.6 Placement of controls, displays and indicators are 
to consider the position of light sources relative to the 
operator, with respect to reflections and evenness of lighting. 


3.3.7 Where a transparent cover is fitted over a control, 
display or indicator, it is to be designed to minimise 
reflections. 


3.3.8 The level of lighting is to be sufficient to enable 
operation of user interfaces. Lighting levels in accordance with 
Table 1.3.1 will be considered to satisfy this requirement. 


Table 1.3.1 Specific lighting levels 


Work area Ideal Lux Minimum Lux 


General Lighting 


Control room 
consoles (front) 


Control room 
consoles (rear) 


Local operating 
panels 


Remote operating 
panels 


3.3.9 Seating provided for use at control stations is to 
allow for varying height and/or reach needs of operators. 
Seating arrangements are to minimise the need for twisting 
and/or turning motions by the operator. 


3.3.10 Physical hazards, e.g., sharp edges, protuberances 
and trip hazards, are to be avoided. 


3.3.11 Sufficient handrails or equivalent are to be fitted to 
enable operators to move and stand safely in rough seas. 


3.3.12 Work surfaces are to be capable of withstanding 
oils and solvents common to ships and are to be easy to 
clean. 


3.4 Operator interface 
3.4.1 The design of the operator interface is to permit the 


satisfactory monitoring, control and supervision of the 
machinery and equipment. 
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3.4.2 Information is to be presented to the operator 
consistently, both within and between different interfaces, see 
3.6.2 to 3.6.4. 


3.4.3 The response of the machinery and equipment to 
operator input is to be consistent between interfaces for the 
same function. 


3.4.4 Visual, audible or mechanical feedback is to be 
provided to indicate that operator input has been 
acknowledged. 


3.4.5 Functions requested by the operator are to be 
confirmed by the displays on completion. 


3.4.6 Indications and documentation are to be in English 
or the language of the crew. 


3.5 Controls 


3.5.1 Operator inputs are to be checked for errors, for 
example, out of range data or incorrect actions, and the 
operator is to be alerted when they occur. 


3.5.2 Means are to be provided to correct wrong inputs 
or commands rapidly and safely. 


3.5.3 Assistance is to be provided to the operator to 
recover from operator errors, for example, through advisory 
screens where the automation system has this facility. 


3.5.4 Operator confirmation is to be provided for any 
control action that could affect the safety of the ship, i.e., they 
should not rely on single keystrokes. 


3.5.5 The purpose of each control is to be clearly 
indicated. Where standard symbols have been internationally 
adopted, they should be used. 


3.5.6 The settings of mechanical controls are to be 
immediately evident. 


3.5.7 The means of operation of mechanical controls is 
to be consistent with expectations. 


3.5.8 Controls or combined controls and indicators are 
to be distinguishable from indicators. 


3.5.9 Where control is provided by touch screens, the 
soft keys are to be of a sufficient size for operation in areas 
where vibration occurs or gloves are likely to be worn. 


3.5.10 Where virtual keypads/keyboards or dialogue 
boxes are used on touch screens, they are not to obscure 
status or alarm areas of the display. 


3.5.11 Keyboards are to be divided logically into functional 
areas. Alohanumeric, paging and specific system keys are to 
be grouped separately. 


3.5.12 Controls that affect the safe operation of the ship 
should be arranged so as to minimise the possibility of 
inadvertent operation. 
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3.6 Displays 


3.6.1 The displays and indicators are to present the 
operator with clear, timely and relevant information. 


3.6.2 Graphical symbols and colour coding are to be 
consistent. The graphical symbols of display functions are to 
be in accordance with a recognised International Standard, 
for example, ISO 14617 (all parts) Graphical symbols for 
diagrams. Colour coding of functions and signals is to be in 
accordance with a recognised International Standard, for 
example, ISO 2412: Shipbuilding — Colours of indicator lights. 


3.6.3 The symbols used in mimic diagrams for the 
services listed in Pt 6, Ch 2,1.6.1 are to be consistent across 
all displays. 


3.6.4 The display of information is to be consistent with 
respect to screen layout and arrangement of information. 


3.6.5 Flashing of information is to be reserved for un- 
acknowledged alerts or transient states, for example, valve 
moving. 


3.6.6 The functions supported by a display are to be 
clearly indicated. For displays that can support multiple 
functions, it is to be possible to select the display associated 
with the primary function or an overview by a simple operator 
action. 


3.6.7 The operating mode of the machinery and equip- 
ment is to be clearly indicated. 


3.6.8 In general, indications provided by instrumentation 
which are displayed digitally are not to change more 
frequently than twice per second. 


3.6.9 To indicate an increasing value in a single direction, 
on a fixed circular scale, the pointer is to move clockwise. If 
the pointer is fixed, the scale is to move anticlockwise to 
indicate an increase in value. 


3.6.10 To indicate an increasing value on a horizontal linear 
scale, the pointer is to move from left to right. On a vertical 
linear scale, the pointer is to move upwards to indicate an 
increase in value. 


3.6.17. The pointer is not to obscure the numbers on the 
scale. 


3.6.12 Alphanumeric data, text, symbols and other graphical 
information is to be readable from relevant operator positions 
under lighting conditions, as specified in 3.3.8. Character 
height in millimetres is to be not less than three and a half 
times the reading distance in metres and character width is 
to be 0,7 times the character height. 


3.6.13 | A simple sans-serif character font is to be used in 
displays. In descriptive text, lower case letters are to be used, 
where appropriate, as opposed to capitals, to improve read- 
ability. 
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3.6.14 | Where information related to the safe operation of 
machinery and equipment is provided, it is to be continuously 
available to the operator. 


3.6.15 Failures are to be indicated in a clear and 
unambiguous manner. Sufficient information is to be provided 
for the operator to identify the cause of the failure. 


E Section 4 
Unattended machinery space(s) - 
UMS notation 


4.1 General 


4.1.1 Where it is proposed to operate the following 
machinery in an unattended space, no matter what period is 
envisaged, the controls, alarms and safeguards required by 
Part 5, together with those given in 4.2 to 4.7 are to be 
provided: 

a) Air compressors. 

Controllable pitch propellers and transverse thrust units. 


) 

c) Electric generating plant. 

d) Inert gas generators. 

e) Incinerators. 

f) Main propelling machinery including essential auxiliaries. 

g) Oil fuel transfer and storage systems (purifiers and oil 
heaters). 

h) Steam raising plant (boilers and their ancillary equip- 
ment). 


() | Thermal fluid heaters. 
k) Waste heat boilers. 


4.2 Alarm system for machinery 


4.2.1 An alarm system which will provide warning of 
faults in the machinery is to be installed. The system is to 
satisfy the requirements of 2.3. 


4.2.2 Audible and visual indication of machinery alarms is 
to be relayed to the engineers’ accommodation so that 
engineering personnel are made aware that a fault has occurred. 


4.2.3 The engineers’ alarm required by 2.2.4 is to be 
activated automatically in the event that a machinery alarm or 
warning has not been acknowledged in the space within a 
predetermined time. 


4.2.4 Audible and visual indication of machinery alarms 
is to be relayed to the navigating bridge control station in such 
a way that the navigating officer of the watch is made aware 
when: 

(a) amachinery fault has occurred; 

(o) the machinery fault is being attended to; and 

(c) the machinery fault has been rectified. 

Alternative means of communication between the bridge 
area, accommodation for engineering personnel and 
machinery spaces will be considered. 
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4.2.5 Group alarms may be arranged on the bridge to 
indicate machinery faults, but alarms associated with faults 
requiring speed or power reduction or the automatic shut- 
down of propulsion machinery are to be identified by separate 
group alarms or by individual alarms. 


4.3 Bridge control for main propulsion machinery 


4.3.1 A bridge control system for the main propulsion 
machinery is to be fitted. The system is to satisfy the require- 
ments of 2.6. 


4.4 Control stations for machinery 


4.4.1 A control station(s) is to be provided in the space 
and on the bridge which satisfies the requirements of 2.2. 


4.5 Fire detection alarm system 


4.5.1 An automatic fire detection system is to be fitted in 
the space together with an audible and visual alarm system. 
The system is to satisfy the requirements of 2.8. 


4.6 Bilge level detection 


4.6.1 An alarm system is to be provided to warn when 
liquid in machinery space bilges has reached a predetermined 
level, and is to comply with 2.3. This level is to be sufficiently 
low to prevent liquid from overflowing from the bilges onto the 
tank top. The number and location of detectors are to be 
such that accumulation of liquids will be detected at all angles 
of heel and trim. In ships above 2000 gross tons there are to 
be two independent systems of bilge level detection in the 
machinery space, arranged such that each branch bilge as 
required by Pt 5, Ch 13 is provided with a level detector. 


4.6.2 Local or remote controls of any valve within the 
space serving a sea inlet, a discharge below the waterline, a 
bilge injection or a direct bilge system, should be so sited as 
to be readily accessible and to allow adequate time for 
operation in case of influx of water to the space, having regard 
to the time which could be taken to reach and operate such 
controls, see also 2.7 and Pt 5, Ch 13,2 and Ch 13,4. 


4.6.3 Where the bilge pumps are arranged to start 
automatically, means are to be provided to indicate if the 
influx of liquids is greater than the pump capacity or, if the 
pump is operating more frequently than would be expected. 
Special attention should be given to oil pollution prevention 
requirements. 
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4.7 Supply of electric power, general 


4.7.1 For ships operating with one generator set in 
service, arrangements are to be such that a standby 
generator will automatically start and connect to the 
switchboard in as short a time as practicable, but in any case 
within 45 seconds, on loss of the service generator. For ships 
operating with two or more generator sets in service, arrange- 
ments are to be such that on loss of one generator the 
remaining one(s) are to be adequate for continuity of essential 
services. For the detailed requirements of these arrange- 
ments, see Ch 2,2.2. 


iB Section 5 
Machinery operated from a 
centralised control station - 
CCS notation 


5.1 General requirements 


5.1.1 Where it is proposed to operate the machinery as 
listed in 4.1.1 with the continuous supervision from a 
centralised control station, the control station is to be such 
that the machinery operation will be as effective as it would 
be under direct supervision. 


5.1.2 The arrangements are to be such that corrective 
actions can be taken at the control station in the event of 
machinery faults, e.g., stopping of machinery, starting of 
standby machinery, adjustment of operating parameters, etc. 
These actions may be effected by either remote manual or 
automatic control. 


5.1.3 The controls, alarms and safeguards required by 
Section 3 and by 4.6 together with a fire detection system 
satisfying the requirements of 2.8 are to be provided. 
However, the automatic operation of machinery and certain 
safeguards required by Section 3 may be omitted. 


5.1.4 Additional requirements for controls, alarms and 
safeguards are given in 5.2. 


5.2 Centralised control station for machinery 


5.2.1 A centralised control station which satisfies the 
requirements of 5.2.2 to 5.2.7 is to be provided at a suitable 
location. 


5.2.2 A system of alarm displays and controls is to be 
provided which readily ensures identification of faults in the 
machinery and satisfactory supervision of related equipment. 
The alarm and control systems are to satisfy the requirements 
of 2.3 and 2.5, as applicable. 


5.2.3 Indication of all essential parameters necessary for 
the safe and effective operation of the machinery is to be 
provided, e.g., temperatures, pressures, tank levels, speeds, 
powers, etc. 
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5.2.4 Indication of the operational status of running and 
standby machinery is to be provided. 


D29 At the centralised control station, means of 
communication with the bridge area, the accommodation for 
engineering personnel and, if necessary, the machinery space 
are to be provided. 


5.2.6 In addition to the communication required by 5.2.5, 
a second means of communication is to be provided between 
the bridge and the centralised control station. One of these 
means is to be independent of the main electrical power 
supply, see also Pt 5, Ch 1. 


5.2.7 Arrangements are to be provided in the centralised 
control station so that the normal supply of electrical power 
may be restored in the event of failure. 


a Section 6 
Integrated computer control - 
ICC notation 


6.1 General 


6.1.1 Integrated Computer Control class notation ICC 
may be assigned where an integrated computer system in 
compliance with 6.1 to 6.3 provides fault tolerant control and 
monitoring functions for one or more of the following services: 
(a) Propulsion; 

(b) Electrical generation and distribution (power manage- 

ment systems); 
(c) Cargo and ballast. 


6.1.2 A Failure Mode and Effects Analysis (FMEA) is to be 
carried out in accordance with IEC 60812: Analysis 
techniques for system reliability - Procedure for failure mode 
and effects analysis (FMEA) and the report and worksheets 
submitted for consideration. See also 2.14.5. The FMEA is to 
demonstrate that control and monitoring functions required 
by 6.2 will remain available at each operator station in the 
event of a single fault of the integrated computer control 
system, including input error, without adverse effect on the 
service(s). 


6.1.3 Special consideration will be given to integrated 
computer control systems for other applications, except 
where these are addressed by other control engineering class 
notations. In particular, see Pt 7, Ch 9 for requirements of the 
optional class notation IBS — Integrated Bridge Navigation 
Systems. 


6.2 General requirements 


6.2.1 The integrated computer control system is to 
comply with the programmable electronic system require- 
ments of 2.10 to 2.13 and the control and monitoring 
requirements of the Rules applicable to particular equipment, 
machinery or systems. 
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6.2.2 Alarm displays are to be provided, in compliance 
with the requirements of 2.3, which ensure ready identifica- 
tion of faults in the equipment under control. 


6.2.3 Alarm and indication functions required by 2.4 are 
to be provided by the integrated computer control system in 
response to the activation of any safety function for 
associated machinery. Systems providing the safety functions 
are in general to be independent of the integrated computer 
system. See also 2.13.7. 


6.2.4 Controls are to be provided, in compliance with 
2.5, to ensure the safe and effective operation of equipment 
and response to faults, e.g., stopping, starting, adjustment of 
parameters, etc. Indication of operational status and other 
such parameters necessary to satisfy this requirement, is to 
be provided for all equipment under control by the integrated 
computer control system. 


6.3 Operator stations 


6.3.1 Each operator station allowing control of equipment 
is to be provided with a minimum of two multi-function display 
and control units. The number of units is to be sufficient to 
allow simultaneous access to control and monitoring 
functions required by 6.2.2 to 6.2.4. See also 2.10.19 to 
2.10.16. 


6.3.2 Each multi-function display and control unit is to 
include a monitor, keyboard and tracker ball. Alternative 
arrangements will be considered where these enable each 
unit to be configured by the user to provide required control or 
monitoring functions. 


6.3.3 Where the integrated computer control system is 
arranged such that control and monitoring functions may be 
accessed at more than one operator station, the selected 
mode of operation of each station (e.g., in control, standby, 
etc.) is to be clearly indicated. See also 2.2. 


6.3.4 Means of communication are to be provided 
between operator stations and any other stations from which 
the equipment may be controlled. The arrangements are to 
be permanently installed and are to remain operational in the 
event of failure of the main electrical power supply to the 
integrated control system. 


a Section 7 


Trials 
7.1 General 
7.1.1 Before a new installation (or any alteration or 


addition to an existing installation) is put into service, trials are 
to be carried out. These trials are in addition to any accep- 
tance tests which may have been carried out at the 
manufacturers’ works and are to be based on the approved 
test schedules list as required by 1.2.2. In the case of new 
construction it will be expected that most of these trials will 
be carried out before the official sea trials of the ship. During 
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sea trials, system dynamic tests are to be carried out to 
demonstrate overall satisfactory performance of the control 
engineering installation. 


7.1.2 Means are to be provided to facilitate testing during 
normal machinery operation, e.g., by the provision of three- 
way test valves or equivalent. 


7.1.3 Acceptance tests and trials for programmable 
electronic systems are to include verification of software 
lifecycle activities appropriate to the stage in the system’s 
lifecycle at the time of system examination. The documentation 
required by 1.2.6 is to be in accordance with the current 
configuration and the testing and trials are to address software 
modifications and configuration management procedures to 
the Surveyor’s satisfaction. 


7.1.4 Wireless data communication links are to be oper- 
ational and tested during trials. Tests are to demonstrate that 
radio-frequency transmission does not interfere with the 
operation of equipment required by this Chapter or other 
Sections of the Rules and does not itself malfunction as a 
result of electromagnetic interference during expected 
operating conditions. Reversionary modes are to be activated 
to demonstrate continued safe and effective operation in the 
event of fault conditions. 


7.2 Unattended machinery space operation - 
UMS notation 


7.2.1 In addition to the tests required by 7.1 the suitability 
of the installation for operation in the unattended mode is to 
be demonstrated during sea trials over a four to six hour 
period observing the following: 

(a) Occurring alarms and the frequency of operation both 
during steady steaming and under manoeuvring 
conditions using bridge control. 

(b) Any intervention by personnel in the operation of the 
machinery. 


7.3 Operation from a centralised control station - 
CCS notation 


7.3.1 In addition to the tests required by 7.1, the 
suitability of the installation for operation from the centralised 
control station is to be demonstrated during sea trials. 


7.4 Record of trials 


7.4.1 Two copies of the alarm and control equipment test 
schedules signed by the Surveyor and Builder are to be 
provided on completion of the survey. One copy is to be 
placed on board the vessel and the other submitted to LR. 
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Section 

1 General requirements 

2 Main source of electrical power 

3 Emergency source of electrical power 
4 External source of electrical power 


5 Supply and distribution 


6 System design - Protection 
7 Switchgear and controlgear assemblies 
8 Protection from electric arc hazards within 


electrical equipment 
9 Rotating machines 
10 Converter equipment 


17 Electric cables, optical fibre cables and busbar 
trunking systems (busways) 


12 Batteries 

13 Equipment - Heating, lighting and accessories 

14 Electrical equipment for use in explosive gas 
atmospheres or in the presence of combustible 
dusts 

LO: Navigation and manoeuvring systems 

16 Electric propulsion 

17 Fire safety systems 

18 Crew and passenger emergency safety systems 

19 Ship safety systems 

20 Lightning conductors 

21 Testing and trials 


22 Spare gear 


ni Section 7 
General requirements 


1.1 General 


7.1.1 The requirements of this Chapter apply to passenger 
ships and cargo ships except where otherwise stated. 
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tl 2 Whilst these requirements are considered to meet 
those of the International Convention for the Safety of Life at 
Sea, 1974, and applicable amendments, attention should 
also be given to any relevant Statutory Regulations of the 
National Administration of the country in which the ship is to 
be registered. Compliance with the Statutory Regulations of 
the National Administration may be accepted as meeting the 
requirements of the International Convention for the Safety of 
Life at Sea, 1974, and applicable amendments. 


1.1.3 Electrical services required to maintain the ship in 
a normal sea-going, operational and habitable condition are 
to be capable of being maintained without recourse to the 
emergency source of electrical power. 


1.1.4 Electrical services essential for safety are to be 
maintained under declared normal and reasonably foreseeable 
abnormal conditions. 


1.1.5 The safety of passengers, crew and ship from 
electrical hazards is to be ensured. 


1.7.6 Electrical installations on passenger ships having a 
length of 120 m or more or having three or more main vertical 
zones (see Pt 5, Ch 23,1.2.4 for definitions) are, in addition to 
the requirements of this Chapter, to be located, designed and 
arranged to comply with Pt 5, Ch 23, as applicable. 


Lele Lloyd’s Register (hereinafter referred to as ‘LR’) 
will be prepared to give consideration to special cases or 
to arrangements which are equivalent to the Rules. For 
unconventional designs, see also Pt 7, Ch 15. Consideration 
will also be given to electrical arrangements of small ships and 
ships to be assigned class notation for restricted or special 
services. 


1.2 Documentation required for design review 


1.2.1 The documentation described in 1.2.2 to 1.2.17 is 
to be submitted for design review. 


1.2.2 Single line diagrams of main, emergency and 

transitional power and lighting systems which are to include: 

a) ratings of machines, transformers, batteries and semi- 
conductor converters; 

b) all feeders connected to the main and emergency 
switchboards; 

c) section boards and distribution boards; 

d) insulation type, size and current loadings of cables; 

e) make, type and rating of circuit-breakers and fuses; 

f) details of harmonic filters (where fitted); and 

g) details of power supply arrangements used for control 
systems. 


1.2.3 A functional description of operation of the main, 
emergency and transitional electrical power systems, which 
is to include: 

(a) the operating philosophy of the main, emergency and 
transitional electrical power systems under normal and 
reasonably foreseeable abnormal conditions; 

(o) degraded modes of operation; 

(c) load management and load sharing philosophy; and 

(d) protection philosophy. 
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1.2.4 An earthing philosophy document that defines the 
basic approach to be taken for earthing the electrical power 
systems and all electrical loads. 


1.2.5 Simplified diagrams of generator circuits, inter- 

connector circuits and feeder circuits showing: 

(a) protective devices, e.g., short-circuit, overload, reverse 
power protection; 

(b) instrumentation and synchronising devices; 

(c) preference tripping; 

(d) remote stops and fire safety stops; and 

(e) earth fault indication/protection. 


1.2.6 Calculations of short-circuit currents at main, 
emergency and transitional switchboards and section boards 
including those fed from transformers, details of circuit- 
breaker and fuse operating times and discrimination curves 
showing compliance with 6.1 and 11.6.2. 


1.2.7 Where required by 8.1.1, the hazards resulting from 
electric arcs within electrical equipment and their 
consequences for personnel are to be identified, and at least 
the following supporting evidence is to be submitted: 

(a) system design; 

(b) operating philosophies, e.g., manual or automatic 
control, local or remote operation; 

(c) general arrangement plans for switchboards, section 
boards and distribution boards, see also 1.3.4; 

(d) general arrangement plans for the space in which the 
electrical equipment to be assessed are located 
showing: 

(i) access to adjacent spaces; 

(ii) the location of the electrical equipment; 

(ii) ventilation arrangements for air conditioning 
and/or the extraction of smoke, gas and vapours 
resulting from electric arcs; and 

(iv) positions within the space in which the electrical 
equipment is located where personnel will be 
performing tasks, e.g., switching, equipment 
maintenance, instrument observation or cleaning, 
or where personnel could reasonably be 
expected to enter; 

e) calculations in accordance with 8.3; 

(f} system operating procedures; and 

g) details of defined additional safety measures to be taken 
during activities. 


1.2.8 For ships in which explosive gas atmospheres 
and/or combustible dusts occur, a general arrangement of the 
ship showing hazardous zones and spaces, as defined within 
Section 14, is to be submitted. Where the explosive gas or 
combustible dust is not associated with the ship’s cargo, 
arrangement drawings for the hazardous locations only may 
be submitted in place of the complete ship general arrange- 
ment. 


1.2.9 A schedule of electrical equipment for use in 
explosive gas atmospheres or in the presence of combustible 
dusts giving details, as appropriate, of: 

(a) type of equipment; 

(b) type of protection, e.g., Ex ‘qd’; 
(c) apparatus group, e.g., IIB; 
(d) temperature class, e.g., T3; 
(e) enclosure ingress protection, e.g., IP55; 
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(f) certifying authority; 

(g) certificate number; 

(h) location of equipment. 

Details may be included on arrangement drawings for the 
hazardous locations, in place of a separate schedule. Where 
uncertified equipment is permitted by 14.2 or 14.3 or the 
Rules relevant to the specific type of ship, details of other 
documentation confirming (b) to (d) may be submitted in place 
of those listed under (f) and (9). 


7.2.10 For ships with electrical propulsion systems, a func- 

tional description is to be provided which includes: 

(a) the operating philosophy of the propulsion control 
systems under normal and reasonably foreseeable 
abnormal operating conditions; 

(b) degraded modes of operation; 

(c) protection philosophy; 

(d) earthing philosophy; and 

(e) harmonic analysis, including loss of harmonic filters. See 

also 1.8.8. 


1.2.11. Simplified circuit diagram of electrical propulsion 

system (where fitted) giving details of: 

(a) ratings of electrical machines, transformers, batteries, 
harmonic filters, dynamic braking assemblies and semi- 
conductor converters; 

b) lubrication and cooling arrangements, where provided; 

) insulation type, size and current loadings of cables; 

) make, type and rating of circuit-breakers and fuses; 

) instrumentation and protective devices; 
earth fault indication/protection; 

) propulsion control systems, and the procedures used to 
ensure that there is satisfactory control of the design in 
relation to the requirements of Section 16,4; and 

(h) harmonic analysis. 


1.2.12 Details of electrically operated fire, ship, crew and 

passenger emergency safety systems which are to include 

typical single line diagrams and arrangements, showing main 

vertical and, where applicable, horizontal fire zones, spaces 

along the ship bottom that are not fitted with a double bottom 

and the location of equipment and cable routes, including 

identification of relevant high fire risk areas, to be employed 

for: 

(a) emergency lighting; 

(b) accommodation fire detection, alarm and extinction 
systems; 

c) fixed water-based local application fire-fighting systems; 

d) public address system; 

e) general emergency alarm; 

f) watertight doors, bow, stern and shell doors and other 

electrically operated closing appliances; and 

(g) low location lighting. 

NOTE 

A general arrangement plan of the complete ship showing the 

main vertical fire zones, spaces along the ship bottom that 

are not fitted with a double bottom and the location of 

equipment and cable routes, including identification of 

relevant high fire risk areas, for the above systems, is to be 

made available for the use of the Surveyor on board. 
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1.2.13 Evidence of the suitability of electrical and electronic 
equipment for use in protected areas and adjacent areas, as 
required by 17.3.9 and 17.3.10, including a schedule of elec- 
trical and electronic equipment located in protected areas and 
adjacent areas, and general arrangement plans showing the 
coverage of the protected areas and adjacent areas. See also 
1.11. 


1.2.14 For battery installations, arrangement plans and 
calculations are to show compliance with 12.5. 


1.2.15 A schedule of batteries fitted for use for emergency 
and essential services, giving details of: 


e type and manufacturer’s type designation; 

e voltage and ampere-hour rating; 

° location; 

° equipment and/or system(s) served; 

° maintenance/replacement cycle dates; 

° date(s) of maintenance and/or replacement; and 

e for replacement batteries in storage, the date of 
manufacture and shelf life; with accompanying battery 
replacement procedure documentation to show 
compliance with 12.7. 

NOTE 

The above includes all batteries fitted as part of an 


uninterruptible power system (UPS) used for any essential or 
emergency services. 


1.2.16 For high voltage rotating machines, type test 
reports for stator insulation systems, see 9.1.14. 


1.3 Documentation required for supporting 
evidence 
1.3.1 The documentation and particulars in 1.3.2 to 1.3.5 


are to be submitted as supporting evidence. 


1.3.2 Plans for all cables that pass through atria or 
equivalent spaces, and for vertical runs in trunks or other 
restricted spaces. The information supplied is to show 
compliance with 11.8.10. 


1.3.3 In order to establish compliance with 1.11.2 and 
5.1.4 to 5.1.6, a general arrangement plan of the ship 
showing the location of major items of electrical equipment, 
for example: 

° main and emergency generators; 

° transitional source of supply (where fitted); 

° switchboards; 

e section boards and distribution boards supplying 
essential and emergency services; 

emergency batteries; 

motors for emergency services; 

propulsion motors; 

propulsion transformers; 

propulsions semiconductor converters; 

dynamic braking equipment; 

reactors; 

harmonic filters; and 

cable routes between these items of equipment. 
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1.3.4 Arrangement plans of main and emergency switch- 
boards, section boards and documentation that 
demonstrates that creepage and clearance distances are in 
accordance with 7.5. The form factor of internal separation of 
low-voltage switchgear and controlgear assemblies is to be 
in accordance with IEC 61439-2: Low-voltage switchgear and 
controlgear assemblies — Part 2: Power switchgear and 
controlgear assemblies, or an alternative acceptable and 
relevant National Standard. The form factor is to be stated, 
and the arrangement plans are to show how the form factor 
has been achieved. 


1.3.5 Schedule of normal and emergency operating 
loads on the system estimated for the different operating 
conditions expected. The following details are to be provided 
to meet this requirement: 

(a) a description of the expected operating profiles (e.g., the 
number of generating sets connected when manoeuvring 
at sea, etc.), including that required by Pt 5, Ch 2,1.1.1; 
and 

(b) a schedule of the normal and emergency operating 
loads, which is to state the kilowatt rating of each load 
and a load factor between 0 and 1 that reflects: 

(i) the duty cycle of the load; and 
(ii) the proportion of its maximum rating at which the 
load is expected to operate. 


1.3.6 In order to establish compliance with the require- 
ments of 1.7.3, when requested, evidence is to be submitted 
to demonstrate the suitability of electrical equipment for its 
intended purpose in the conditions in which it is expected to 
operate. 


1.3.7 For non-metallic cable support systems or protec- 
tive casings, test evidence, details of installation procedures 
and manufacturer’s recommendations that show compliance 
with 11.13. 


1.4 Surveys 


1.4.1 Electrical propelling machinery and associated 
equipment together with auxiliary services essential for the 
safety of the ship are to be installed in accordance with the 
relevant requirements of this Chapter, surveyed and have 
tests witnessed by the Surveyors. 


1.4.2 The following equipment, where intended for use 
for essential and emergency services, is to be surveyed by 
the Surveyors during manufacture and testing: 

° Converting equipment of 100 kW and over; 

e — Rotating machines of 100 kW and over; 

e — Switchboards and section boards; and 

e UPS units of 50 kVA and over. 


1.4.3 For electric propulsion systems, in addition to the 
equipment listed in 1.4.2, the following equipment is to be 
surveyed by the Surveyors during manufacture and testing: 
dynamic braking assemblies, see 16.5.8; 

exciters; 

filters; 

reactors; 

pre-magnetisation transformers; and 

slip ring assemblies. 
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1.4.4 For refrigerating cargo installations having an RMC 
notation, motors are to be tested and certificates furnished 
by the manufacturer. Motors of 100 kW or over are to be 
surveyed by the Surveyors during manufacture and testing. 


1.4.5 All other electrical equipment, not specifically 
referenced in 1.4.2 to 1.4.4, intended for use for essential or 
emergency services is to be supplied with a manufacturer’s 
works test certificate showing compliance with the construc- 
tional Standard(s) as referenced by the relevant requirements 
of this Chapter. 


1.5 Additions or alterations 


1.5.1 No addition, temporary or permanent, is to be 
made to the approved load of an existing installation until it 
has been ascertained that the current carrying capacity and 
the condition of the existing equipment including cables and 
switchgear are adequate for the increased load. 


1.5.2 Plans are to be submitted for consideration, and 
the alterations or additions are to be carried out under the 
survey, and to the satisfaction of the Surveyors. 


1.5.3 When it is proposed to replace permanently 
installed secondary valve-regulated sealed batteries with 
vented batteries, details are to be submitted for consideration 
to ensure continued safety in the presence of the products of 
electrolysis and evaporation being allowed to escape freely 
from the cells to the atmosphere. These details are to demon- 
strate that there will be adequate ventilation in accordance 
with 12.5.9 and that the location and installation requirements 
of 12.3 and 12.4 are complied with. 


1.5.4 Proposed modifications to the electrical protection 
settings are to be developed in accordance with 6.1.4 and 
plans submitted are also to address the updating of approved 
version of the details required by 1.2.5 and 1.2.6. 


1.5.5 Where it is intended to replace an existing 
incandescent lamp type navigation light with a light emitting 
diode type navigation light, details are to be submitted for 
consideration that demonstrate compliance with 15.6. Light 
emitting diode type navigation lights failure detection arrange- 
ments are to satisfy the requirements of 15.6.5 and 15.6.6. 


1.6 Definitions 


1.6.1 Essential services are those necessary for the 
propulsion and safety of the ship, such as the following: 

° ir compressors for oil engines; 

air pumps; 

automatic sprinkler systems; 
ballast pumps; 

bilge pumps; 
e; 
Cc 
Cc 
e 


o 


irculating and cooling water pumps; 
ommunication systems; 

ondenser circulating pumps; 

ectric propulsion equipment; 

electric starting systems for oil engines; 
extraction pumps; 

fans for forced draught to boilers; 
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feed water pumps; 

fire detection and alarm systems; 

fuel valve cooling pumps; 

hydraulic pumps for controllable pitch propellers and 

those serving essential services here listed that would 

otherwise be directly electrically driven; 

° lubricating oil pumps; 

° inert gas fans and scrubber and deck seal pumps; 
lighting systems for those parts of the ship normally 
accessible to and used by personnel and passengers; 

e liquefied gas cargo handling; 

navigational aids where required by Statutory Regulations; 

navigation lights and special purpose lights where 

required by Statutory Regulations; 

oil fuel pumps and oil fuel burning units; 

oil separators; 

pumps for fire-extinguishing systems; 

scavenge blowers; 

steering gear; 

thrusters for dynamic positioning; 

valves which are required to be remotely operated; 

ventilating fans for engine and boiler rooms; 

watertight doors, shell doors and other electrical 

operated closing appliances; 

windlasses; 

° power sources and supply systems for supplying the 
above services; and 

° steam raising plant, where steam is required for other 

essential services. 


1.6.2 Services such as the following are considered 
necessary for minimum comfortable conditions of habitability: 
° cooking; 

° heating; 

e — domestic refrigeration; 

° mechanical ventilation; 

e 


sanitary and fresh water. 


1.6.3 Services such as the following, which are additional 

to those in 1.6.1 and 1.6.2, are considered necessary to 

maintain the ship in a normal sea-going operational and 

habitable condition: 

e cargo handling and cargo care equipment; 

° hotel services, other than those required for habitable 
conditions; 

e thrusters, other than those for dynamic positioning. 


1.6.4 A ‘high voltage’ is a voltage exceeding 1000 V a.c. 
or 1500 V d.c. between conductors, see also 5.1.3. 


1.6.5 A ‘switchboard’ is a switchgear and controlgear 
assembly for the control of power generated by a source of 
electrical power and its distribution to electrical consumers. 


1.6.6 A ‘section board’ is a switchgear and controlgear 
assembly for controlling the supply of electrical power from a 
switchboard and distributing it to other section boards, 
distribution boards or final sub-circuits. 


1.6.7 A ‘distribution board’ is an assembly of one or more 
protective devices arranged for the distribution of electrical 
power to final sub-circuits. 
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1.6.8 A ‘final sub-circuit’ is that portion of a wiring system 
extending beyond the final overcurrent device of a board. 


1.6.9 ‘Special category spaces’ are those enclosed 
spaces above or below the bulkhead deck intended for the 
carriage of motor vehicles with fuel, for their own propulsion, 
in their tanks, into and from which such vehicles can be 
driven, and to which passengers have access. Special 
category spaces may be accommodated on more than one 
deck provided that the total overall clear height for vehicles 
does not exceed 10 m. 


1.6.10 ‘Machinery spaces of Category A’ are those spaces 

and trunks to such spaces which contain: 

(a) internal combustion machinery used for main propulsion; 
or 

(b) internal combustion machinery used for purposes other 
than main propulsion where such machinery has in the 
aggregate a total power output of not less than 375 kW; 
or 

(c) any oil-fired boiler or oil fuel unit. 


7.6.11 ‘Dead ship condition’ means that the entire 
machinery installation, including the power supply, is out of 
operation and that the auxiliary services for bringing the main 
propulsion systems into operation (e.g., compressed air, 
starting current from batteries, etc.) and for the restoration of 
the main power supply are not available. Means are to be 
available to start the emergency generator at all times, see 
Pt 5, Ch 2,9.4. 


1.6.12 Protected space is a machinery space where a 
fixed water-based local application fire-fighting system is 
installed. 


1.6.13. Protected areas are areas within a protected space 
which are protected by a fixed water-based local application 
fire-fighting system. 


1.6.14 Adjacent areas are areas, other than protected 
areas, exposed to direct spray or other areas where water 
may extend when a fixed water-based local application fire- 
fighting system is activated. 


1.6.15 For emergency services and their emergency 

power supplies required to be capable of being operated 

under fire conditions, ‘high fire risk areas’ are: 

(a) machinery spaces, as defined by SOLAS 1974 as 
amended, Ch Il-2; 


(o) spaces containing fuel treatment equipment; 

(c) galleys and pantries containing cooking appliances; 

(d) laundries containing drying equipment; 

(e) hazardous zones and spaces; and 

(f) for passenger ships carrying more than 36 passengers: 


(i) public spaces containing furniture and furnishings 
of other than restricted fire risk and having a deck 
area of 50 m2 or more; 

(ii) barber shops and beauty parlours; and 

(iii) | saunas. 

Requests to exempt spaces identified in (f) may be consid- 
ered when evidence is submitted that demonstrates 
emergency services will remain available in the event of a fire 
in the space (e.g., studies of fire protection measures, 
installation locations, system redundancy, etc.). 
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1.6.16 An ‘electric arc’ is an electrical discharge or a 
short-circuit through ionised air caused by isolation or 
insulation integrity failure. 


1.6.17 ‘Incident energy’ is the amount of energy 
impressed on a surface, a certain distance from the source, 
generated during an electric arc event. 


1.7 Design and construction 


heed Electrical propelling machinery and associated 
equipment together with equipment for services essential for 
the propulsion and safety of the ship are to be constructed in 
accordance with the relevant requirements of this Chapter. 


1.7.2 The design and installation of other equipment is to 
be such that risk of fire due to its failure is minimised. It is, as 
a minimum, to comply with a National or International 
Standard revised where necessary for ambient conditions. 


1.7.3 Electrical equipment is to be suitable for its 
intended purpose and accordingly, whenever practicable, be 
selected from the List of Type Approved Products published 
by LR. A copy of the Procedure for LR Type Approval System 
will be supplied on application. 


1.7.4 For areas susceptible to deluge or submersion, 
cable entries are to prevent water ingress. In general, cable 
entries are to be in accordance with IEC 60092-101: 
Electrical Installations in Ships — Part 101: Definitions and 
General Requirements. 


1.8 Quality of power supplies 


1.8.1 All electrical equipment supplied from the main and 
emergency sources of electrical power and electrical 
equipment for essential and emergency services supplied 
from d.c. sources of electrical power is to be so designed and 
manufactured that it is capable of operating satisfactorily 
under normally occurring variations of voltage and frequency. 


1.8.2 Unless specified otherwise, a.c. electrical equipment 
is to operate satisfactorily with the following simultaneous 
variations, from their nominal value, when measured at the 
consumer input terminals: 
(a) voltage: 
permanent variations +6 per cent, -10 per cent 
transient variations due to step changes in load 
+20 per cent 
recovery time 1,5 seconds 
(b) frequency: 
permanent variations +5 per cent 
transient variations due to step changes in load +10 per cent 
recovery time 5 seconds 
A maximum rate of change of frequency not exceeding 
+1,5 Hz per second during cyclic frequency fluctuations. 
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1.8.3 Harmonics. Unless specified otherwise, the total 
harmonic distortion (THD) of the voltage waveform at any a.c. 
switchboard or section board is not to exceed 8 per cent of the 
fundamental for all frequencies up to 50 times the supply 
frequency and no voltage at a frequency above 25 times supply 
frequency is to exceed 1,5 per cent of the fundamental of the 
supply voltage. THD is the ratio of the rms value of the harmonic 
content to the rms value of the fundamental, expressed in per 
cent and may be calculated using the expression: 


THD = 

where 
Vh = rms amplitude of a harmonic voltage of order h 
V,; = rms amplitude of the fundamental voltage. 


1.8.4 Unless specified otherwise, d.c. electrical equipment 
is to operate satisfactorily with the following simultaneous 
variations from its nominal value, when measured at the 
consumer input terminals: 
(a) When supplied by d.c. generator(s) or a rectified a.c. 
supply: 
Voltage tolerance (continuous) 
Voltage cyclic variation deviation 5 per cent 
Voltage ripple 10 per cent 
(a.c. rms over steady state d.c. voltage); 
(b) When supplied by batteries: 
(i) Equipment connected to the batteries during 
charging: 
Voltage tolerance +30 per cent, -25 per cent; 
(ii) Equipment not connected to batteries during 
charging: 
Voltage tolerance +20 per cent, -25 per cent. 
Different voltage variations as determined by the charging/ 
discharging characteristics, including ripple voltage from the 
charging device, may be considered. When battery chargers/ 
battery combinations are used as d.c. power supply systems 
adequate measures are to be taken to keep the voltage 
within the specified limits during charging, boost charging 
and discharging of the battery. 


+10 per cent 


1.9 Ambient reference and operating conditions 


1.9.1 The rating for classification purposes of essential 
electrical equipment intended for installation in ships to be 
classed for unrestricted (geographical) service is to be based 
on an engine room ambient temperature of 45°C, and a sea- 
water temperature at the inlet of 32°C. The equipment 
manufacturer is not expected to provide simulated ambient 
reference conditions at a test bed. 


1.9.2 In the case of a ship to be classed for restricted 
service, the rating is to be suitable for the ambient conditions 
associated with the geographical limits of the restricted 
service, see Pt 1, Ch 2. 
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1.9.3 Main and essential auxilary machinery and 
equipment is to operate satisfactorily under the conditions 
shown in Pt 5, Ch 1,3.6. Electrical equipment satisfying 
alternative ambient operating condition requirements for 
installation on ships contained in an acceptable and relevant 
National or International Standard may be considered to 
satisfy this requirement. 

NOTE 

Details of local environmental conditions are stated in 
Annex B of IEC 60092-101-2002: Electrical installations in 
ships — Part 101: Definitions and general requirements. 


1.9.4 Where electrical equipment is installed within 
environmentally controlled spaces, the ambient temperature for 
which the equipment is suitable for operation at its rated 
capacity may be reduced to a value not less than 35°C 
provided: 

e the equipment is not for use for emergency services and 
is located outside of machinery space(s); 

e — temperature control is achieved by at least two cooling 
units so arranged that, in the event of loss of one 
cooling unit, for any reason, the remaining unit(s) will be 
capable of satisfactorily maintaining the design temper- 
ature; 

e — the equipment is able to be initially set to work safely 
within a 45°C ambient temperature until such a time that 
the lesser ambient temperature may be achieved; the 
cooling equipment is to be rated for an ambient 
temperature of not less than 45°C; and 

e alarms are provided, at a continually attended control 
station, to indicate any malfunction of the cooling units. 

See also Ch 1,1.3.3. 


1.9.5 Where equipment is to comply with 1.9.4, it is to 
be ensured that electrical cables for their entire length are 
adequately rated for the maximum ambient temperature to 
which they are exposed along their length. 


1.9.6 Equipment used for cooling and maintaining the 
lesser ambient temperature in accordance with 1.9.4 are 
considered essential services and are to satisfy the require- 
ments of 5.2. 


1.10 Inclination of ship 


1.10.1 Emergency and essential electrical equipment is to 
operate satisfactorily under the conditions as shown in 
Table 2.1.1. 


1.10.2 In ships for the carriage of liquefied gas the 
emergency source of electrical power is also to remain 
operable under the conditions described in the Rules and 
Regulations for the Construction and Classification of Ships 
for the Carriage of Liquefied Gases in Bulk (hereinafter referred 
to as the Rules for Ships for Liquefied Gases), Chapter 10, 
LR 10.1-05 General. In ships for the carriage of liquid chem- 
icals the emergency source of electrical power is also to 
remain operable under the conditions described in the Rules 
and Regulations for the Construction and Classification of 
Ships for the Carriage of Liquid Chemicals in Bulk (hereinafter 
referred to as the Rules for Ships for Liquid Chemicals), 
Chapter 10, LR 10.1(e) General. 
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Table 2.1.1 Inclination of ship 


Angle of inclination, degrees, see Note 2 


Installations, 


components Athwartships 


Fore-and-aft 


static dynamic static dynamic 


Essential electrical 15 22,5 7,9 
equipment 


Safety systems, 
e.g., emergency 
power installations, 
crew and passenger 
safety systems 


Switchgear, electrical 
and electronic 
appliances 
see Note 1 


NOTES 

1. Up to an angle of 45° no undesired switching operations or 
operational changes may occur. 

2. Athwartships and fore-and-aft inclinations may occur 
simultaneously. 

3. Where the length of the ship exceeds 100 m, the fore-and-aft 
static angle of inclination may be taken as: 


500 degrees 
L 


where L = Rule length, in metres, see Pt 3, Ch 1,6.1. 


7.10.3 Any proposal to deviate from the angles given in 
Table 2.1.1 will be specially considered taking into account 
the type, size and service of the ship. 


1.10.4 The dynamic angles of inclination in Table 2.1.1 
may be exceeded in certain circumstances dependent upon 
ship type and operation. The Shipbuilder is, therefore, to 
ensure that the electrical equipment is capable of operating 
under these angles of inclination. 


1.11 Location and construction 


1.11.1 All electrical equipment is to be constructed or 

selected, and installed such that: 

(a) live parts cannot be inadvertently touched, unless they 
are supplied at the safety voltage specified in 1.12.2(h); 

(o) it does not cause injury when handled or touched in the 
normal manner; and 

(c) itis unaffected by any water, steam or oil and oil vapour 
to which it is likely to be exposed. 

Electrical equipment having, as a minimum, the degrees of 

protection as specified in IEC 60092-201: Electrical installations 

in ships — Part 201: System design — General for the relevant 

location will satisfy these requirements. 


1.11.2 Switchboards, section boards and distribution 
boards supplying essential and emergency services, as well 
as cables from the respective generators to and between 
these boards, are to be arranged to avoid areas of high fire 
risk and elevated temperatures, for example, in close proximity 
to incinerators and boilers. 
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1.11.3 Electrical equipment, as far as is practicable, is to be 

ocated: 

a) such that it is accessible for the purpose of maintenance 
and survey; 

b) clear of flammable material; 

c) in spaces adequately ventilated to remove the waste 
heat liberated by the equipment under full load 
conditions, at the ambient conditions specified in 1.9; 

d) where flammable gases cannot accumulate. If this is not 
practicable, electrical equipment is to be of the 
appropriate ‘safe-type’, see Section 14; 

e) where it is not exposed to the risk of mechanical injury 
or damage from water, steam or oil. 


1.11.4 | Equipment design and the choice of materials are 

to reduce the likelinood of fire, ensuring that: 

(a) where the electrical energised part can cause ignition 
and fire, it is contained within the bounds of the 
enclosure of the electrotechnical product; 

(o) the design, material(s) and construction of the enclosure 
minimises, as far as is practicable, any internal ignition 
causing ignition of adjacent materials; and 

(c) where surfaces of the electrotechnical products can be 
exposed to external fire, they do not, as far as practicable, 
contribute to the fire growth. 

NOTE 

Compliance with IEC 60695: Fire hazard testing (all parts), or 

an alternative and acceptable Standard, will satisfy this 

require-ment. 


1.11.5 Insulating materials and insulated windings are to 
be resistant to tracking, moisture, sea air, oil and oil vapour 
unless special precautions are taken to protect them. 


7.11.6 The minimum creepage and clearance distances 
provided for electrical connections, terminals and similar bare 
live parts are to be in accordance with a relevant International 
or National Standard for the equipment or apparatus concerned. 
In cases where the rated voltage is outside that given in the 
Standard or where no Standard is available, the minimum 
creepage and clearance distances provided are to be in 
accordance with 7.5. Details of alternatives proposals including 
supporting design rationale and demonstration may be 
submitted for consideration. 


1.11.7 — Studs, screw-type or spring-type clamp terminations, 
satisfactory for the normal operating currents and voltages, 
are to be provided in electrical equipment for the connection 
of external cable, or busbar conductors, as appropriate, see 
also 11.15. There is to be adequate space and access for the 
terminations. 


1.11.8 The design of equipment is to enable ease of 
access to all parts requiring inspection or replacement in 
service. 


1.11.9 | Equipment is not to remain alive through the control 
circuits and/or pilot lamps when switched off by the control 
switch. This does not apply to synchronising switches and/or 
plugs. 


7.11.10 The operation of all electrical equipment and the 
lubrication arrangements are to be efficient under such 
conditions of vibration and shock as arise in normal practice. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Electrical Engineering 


1.11.11 All nuts, screws and clamping devices used in 
connection with current-carrying, supporting and working 
parts are to be provided with means to ensure that they 
cannot work loose by vibration and shock as arise in normal 
practice. 


1.11.12 To allow ease of access, connectors are to be 
spaced far enough apart to permit connection and discon- 
nection. At test points, adequate clearance is to be provided 
between connection points and controls to provide access 
for testing. 


71.71.13 Conductors and equipment are to be placed at 
such a distance from the magnetic compasses, or are to be 
so disposed, that the interfering magnetic field is negligible 
when circuits are switched on and off. 


1.11.14 Where electrical power is used for propulsion, the 
equipment is to be so arranged that it will operate 
satisfactorily in the event of partial flooding by bilge water 
above the tank top up to the bottom floor plate level, under 
the normal angles of inclination given in 1.9 for essential 
electrical equipment, see Pt 5, Ch 13. 


1.12 Earthing of non-current carrying parts 


1.12.1 Except where exempted by 1.12.2, all non-current- 
carrying exposed metal parts of electrical equipment and 
cables are to be earthed for personal protection against 
electric shock. 


1.12.2 The following parts may be exempted from the 

requirements of 1.12.1: 

(a) lamp-caps, where suitably shrouded; 

(b) shades, reflectors and guards supported on lampholders 
or light fittings constructed of, or shrouded in, non- 
conducting material; 

(c) metal parts on, or screws in or through, non-conducting 
materials, which are separated by such material from 
current-carrying parts and from earthed non-current 
carrying parts in such a way that in normal use they 
cannot become live or come into contact with earthed 
parts; 

(d) apparatus which is constructed in accordance with the 
principle of double insulation; 

(e) bearing housings which are insulated in order to prevent 
circulation of current in the bearings; 

(f) clips for fluorescent lamps; 

(g) cable clips and short lengths of pipes for cable 
protection; 

(h) apparatus supplied at a safety voltage not exceeding 
50 V d.c. or 50 V a.c., between conductors, or between 
any conductor and earth in a circuit isolated from the 
supply. Autotransformers are not to be used for the 
purpose of achieving the alternating current voltage; 

(i) | apparatus or parts of apparatus which although not 
shrouded in insulating material is nevertheless otherwise 
so guarded that it cannot be touched and cannot come 
in contact with exposed metal. 
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1.12.3 Where extraneous-conductive parts (i.e., parts not 
forming part of the electrical installation and liable to introduce 
an electric potential) are not bonded by separate earthing 
conductors, details are to be submitted that demonstrate that 
a permanent, metal-to-metal connection of negligible 
impedance, which will not degrade due to corrosion or 
vibration, will be achieved. 


1.12.4 Armouring, braiding and other metal coverings of 
cables are to be effectively earthed. Where the armouring, 
braiding and other metal coverings are earthed at one end 
only, they are to be adequately protected and insulated at the 
unearthed end with the insulation being suitable for the 
maximum voltage that may be induced. See 14.9.3 for 
earthing of cables in hazardous zones or spaces. 


1.12.5 The electrical continuity of all metal coverings of 
cables throughout the length of the cable, particularly at joints 
and tappings, is to be ensured. 


1.12.6 Metal parts of portable appliances, other than 
current-carrying parts and parts exempted by 1.12.2 are to 
be earthed by means of an earth-continuity conductor in the 
flexible cable or cord through the associated plug and socket- 
outlet. 


1.12.7 Earthing conductors are to be of copper or other 
corrosion-resistant material and be securely installed and 
protected where necessary against damage and also, where 
necessary, against electrolytic corrosion. Connections are to 
be so secured that they cannot work loose under vibration. 


1.12.8 The nominal cross-section areas of copper 
earthing conductors for electrical equipment are in general to 
be equal to the cross-section of the current-carrying 
conductor up to 16 mm2, with a minimum of 1,5 mm2. Above 
this figure they are to be equal to at least half the cross- 
section of the current-carrying conductor with a minimum of 
16 mm2. 


1.12.9 The nominal cross-section areas of copper 
earthing conductors for armouring, braiding and other metal 
coverings of cables are, in general, to be equal to the 
equivalent cross-section of the armouring, braiding and other 
metal coverings with a minimum of 1,5 mm2. 


1.12.10 Earthing conductors of materials other than copper 
are to have a conductance not less than that specified for an 
equivalent copper earthing conductor. 


1.12.11 The connection of the earthing conductor to the 
hull of the ship is to be made in an accessible position, and is 
to be secured by a screw or stud of a diameter appropriate for 
the size of earthing conductor, but not less than 6 mm, which 
is to be used for this purpose only. Bright metallic surfaces at 
the contact areas are to be ensured immediately before the 
nut or screw is tightened and, where necessary, the joint is to 
be protected against electrolytic corrosion. The connection is 
to remain unpainted. 
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1.13 Bonding for the control of static electricity 


1.13.1 Bonding straps for the control of static electricity 
are required for cargo tanks, process plant and piping 
systems, for flammable products and solids liable to release 
flammable gas and/or combustible dust, which are not 
permanently connected to the hull of the ship either directly 
or via their bolted or welded supports and where the 
resistance between them and the hull exceeds 1 MQ. 


1.13.2 Where bonding straps are required for the control 
of static electricity, they are to be robust, that is, having a 
cross-sectional area of at least 10 mm2, and are to comply 
with 1.12.7 and 1.12.11. 


1.14 Alarms 


1.14.1. Where alarms are required by this Chapter they are 
to be arranged in accordance with Ch 1,2.3. Sound signal 
equipment, fire and general alarm bells are not required to be 
supplemented by visual indications, except in areas having 
high levels of background noise, such as machinery spaces. 


1.14.2 The alarms in this Chapter are additional to those 
required by Chapter 1. They may however form part of the 
alarm system that is required by Chapter 1. 


1.14.3 Cables for emergency alarms and their power 
sources are to be in accordance with 1.16. 


1.14.4 Electrical equipment and cables for emergency 
alarms are to be so arranged that the loss of alarms in any 
one area due to localised fire, collision, flooding or similar 
damage is minimised, see 1.16 and 1.17. 


1.14.5 Electric system: Alarms and safeguards are 
indicated in Table 2.1.2. 


Table 2.1.2 Electric system: Alarms and 


safeguards 


Item Alarm 


Busbar voltage High and low 
Busbar frequency Low 


Operation of load Warning 
shedding 
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Table 2.1.3 Character height and viewing distance 


Viewing distance (mm) 


Minimum character height (mm) 


Less than 500 
500 — 1000 
1000 — 2000 
2000 — 4000 
4000 — 8000 


1.15.3 Controls, indicators and displays required by this 
Chapter are to be labelled to indicate their function. Labels 
are to be positioned in a manner that associates the label with 
the item being labelled. 


1.15.4 Labels, signs and notices are to use short, clear 

messages. In general, warning signs and notices are to 

comprise: 

e —asignal word to convey the gravity of the risk (e.g., 
Danger, Warning or Caution); 

e a statement of the nature and/or consequence of the 
hazard; and 

e — wherever practical, an instruction giving appropriate 
behaviour to avoid the hazard. 


1.16 Operation under fire conditions 


1.16.1 As a minimum, the following emergency services 

and their emergency power supplies, are required to be 

capable of being operated under fire conditions: 

° Control and power systems to power-operated fire 
doors and status indication for all fire doors. 

° Control and power systems to power-operated watertight 
doors and their status indication. 


e — Emergency lighting. 

° Fire and general emergency alarms. 

° Fire detection systems. 

° Fire-extinguishing systems and fire-extinguishing media 
release alarms. 

° Fire safety stops, see also 17.6. 

e — Low location lighting, see also 18.4.3. 

° Public address systems. 

e 


Emergency fire pump. 


1.16.2 Where cables for the emergency services listed in 
1.16.1 pass through high fire risk areas, main vertical or 
horizontal fire zones other than those which they serve, they 


For closed air circuit 
water-cooled 
machines 


Generator cooling High 
air temperature 


1.15 Labels, signs and notices 


1.15.1 Labels, signs and notices required by this Chapter 
are to be positioned in clearly visible locations which will not 
be obscured. 


1.15.2 Labels, signs and notices are to be easy to read 
under the expected operating conditions. Character height in 
accordance with Table 2.1.3 will be considered to satisfy this 
requirement. 


are to be so arranged that a fire in any of these areas or 

zones does not affect the operation of the emergency service 

in any other area or zone. This may be achieved either by: 

e — cables being of a fire resistant type complying with 
11.5.3, and at least extending from the main control/ 
monitoring panel to the nearest local distribution panel 
serving the relevant area or zone; or 

e there being at least two-loops/radial distributions run as 
widely apart as is practicable and so arranged that in 
the event of damage by fire at least one of the loops/ 
radial distributions remains operational. 
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1.16.3 Where the cables for the power supplies for the 
emergency services listed in 1.16.1 pass through high fire risk 
areas, main vertical or horizontal fire zones other than those 
which they serve, they are to be of a fire resistant type 
complying with 11.5.3, extending at least to the local 
distribution panel serving the relevant area or zone. 


1.16.4 Fire resistant electrical cables for the emergency 
services listed in 1.16.1, including their power supplies, are to 
be run as directly as is practicable, having regard to any special 
installation requirements, for example those concerning minimum 
bend radii. 


1.16.5 In addition to 1.11.4, materials used for electrical 
equipment, cables and accessories within passenger accom- 
modation areas are not to be capable of producing excessive 
quantities of smoke and toxic products. 

NOTE 

Compliance with IEC 60695: Fire hazard testing (all parts), or 
an alternative and acceptable Standard, will satisfy this 
requirement. 


1.17 Operation under flooding conditions 

1.17.1 Flooding of spaces along the ship bottom that are 
not fitted with a double bottom is not to result in the loss of 
the ability to provide electrically operated fire, ship, crew and 
passenger emergency safety systems outside of the spaces. 


1.17.2 Installation of electrical equipment necessary to 
provide fire, ship, crew and passenger emergency safety 
systems in spaces along the ship bottom not fitted with a 
double bottom is to be avoided, wherever practical. Where it 
is proposed to install electrical equipment, including cabling, 
necessary to provide fire, ship, crew and passenger 
emergency safety systems in such spaces, evidence is to be 
submitted to demonstrate that required emergency services 
will be available in other spaces in the event of flooding of the 
space not fitted with a double bottom. 


1.18 Protection of electrical equipment against the 
effects of lightning strikes 
1.18.1 Precautions are to be taken to protect essential 


electronic equipment that may be susceptible to damage 
from voltage pulses attributable to the secondary effects of 
lightning. This may be achieved by suitable design and/or the 
use of additional protective devices, such as surge arrestors. 
Resultant induced voltages may be further reduced by the 
use of earthed metallic screened cables. See also Section 19. 


1.19 Programmable electronic systems 

1.19.1 Where programmable electronic systems are 
implemented and used to control the electrical installation, or 
to provide safety functions in accordance with the require- 
ments of this Chapter (e.g., electric propulsion, circuit-breaker 
settings, switchgear and controlgear controllers, etc.), the 
arrangements are to satisfy the applicable requirements of 
Ch 1,2.10 to 2.13. 
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1.19.2 Where 1.18.1 applies, proposed modifications to 
software and acceptance testing and trials are to be in accor- 
dance with Ch 1,1.4 and Section 7 as applicable. 


a Section 2 
Main source of electrical power 


2.1 General 


2.1.1 The main source of electrical power is to comply 
with the requirements of this Section without recourse to the 
emergency source of electrical power. 


2.2 Number and rating of generators and 
converting equipment 


2.2.1 Under sea-going conditions, the number and rating 
of service generating sets and converting sets, such as 
transformers and semi-conductor converters, when any one 
generating set or converting set is out of action, are: 

(a) to be sufficient to ensure the operation of electrical 
services for essential equipment, habitable conditions, 
cargo refrigeration machinery of ships having a RMC 
notation and the container socket outlets and ventilation 
system of container ships having a CRC notation. See 
16.3.5 for electric propulsion systems; 

(b) to have sufficient reserve capacity to permit the starting 
of the largest motor without causing any motor to stall or 
any device to fail due to excessive voltage drop on the 
system; 

(c) to be capable of providing the electrical services 
necessary to start the main propulsion machinery from 
a dead ship condition. The emergency source of 
electrical power may be used to assist if it can provide 
power at the same time to those services required to be 
supplied by Section 3, see also 2.3.2. 


2.2.2 The arrangement of the ship’s main source of 
power is to be such that the operation of electrical services 
for essential equipment, habitable conditions and cargo 
refrigeration machinery of ships having a RMC notation can 
be maintained regardless of the speed and direction of the 
propulsion machinery shafting. 


2.2.3 Where the electrical power requirement to 
maintain the ship in a normal operational and habitable 
condition is usually supplied by one generating set, arrange- 
ments are to be provided to prevent overloading of the 
running generator, see 6.9. On loss of power there is to be 
provision for automatic starting and connecting to the main 
switchboard of the standby set in as short a time as 
practicable, but in any case within 45 seconds, and automatic 
sequential restarting of essential services, see 1.6.1, in as 
short a time as is practicable. 

NOTE 

Where the prime mover starting time will result in exceeding 
this starting and connection time, details are to be submitted 
for consideration. 
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2.3 Starting arrangements 


2.3.1 The starting arrangements of the generating sets 
prime movers are to comply with the requirements of Pt 5, 
Ch 2,16 as applicable. 


2.3.2 Where the emergency source of electrical power is 
required to be used to restore propulsion from a ‘dead ship 
condition’, the emergency generator is to be capable of 
providing initial starting energy for the propulsion machinery 
within 30 minutes of the ‘dead ship condition’. The emergency 
generator capacity is to be sufficient for restoring propulsion in 
addition to supplying those services in 3.2.7(a), 3.2.7(b), 
3.2.7(c) for passenger ships and 3.3.7(a), 3.3.7(b), 3.3.7(c) and 
3.3.7(d) for cargo ships. See Pt 5, Ch 2,9.11.1 for dead ship 
condition starting arrangements. 


2.4 Prime mover governors 


2.4.1 The governing accuracy of the generating sets 
prime movers is to meet the requirements of Pt 5, Ch 2,7.3. 


2.4.2 The maximum electrical step load switched on or off 
is not to cause the frequency variation of the electrical supply 
to exceed the parameters given in 1.8.2. 


2.5 Main propulsion driven generators not forming 
part of the main source of electrical power 


2.5.1 Generators and generator systems having the 
ship’s propulsion machinery as their prime mover but not 
forming part of the ship’s main source of electrical power may 
be used whilst the ship is at sea to supply electrical services 
required for normal operational and habitable conditions 
provided that the requirements of 2.5.2 to 2.5.4 are satisfied. 


2.5.2 Within the declared operating range of the generators 
and/or generator system, the specified voltage and frequency 
variations of the Rules are to be met. 


2.5.3 Where there is remote control of the propulsion 
machinery, arrangements are to ensure that essential 
machinery power supplies are maintained during manoeuvring 
conditions in order to prevent a blackout situation. 


2.5.4 In addition to the requirements of 2.2.3, arrange- 
ments are to be fitted to automatically start one of the 
generators forming the main source of power should the 
frequency variations exceed those permitted by the Rules. 


Part 6, Chapter 2 


Sections 2 & 3 


a Section 3 
Emergency source of electrical 
power 


3.1 General 


3.1.1 The requirements of this Section apply to passenger 
and cargo ships to be classed for unrestricted service. They 
do not apply to cargo ships of less than 500 tons gross 
tonnage. 


3.1.2 For ships assigned a Service Restriction Notation 
in accordance with Pt 1, Ch 2, a lesser period than the 
36 hour period and 18 hour period specified in 3.2.7 and 
3.3.7 respectively may be considered, but not less than 
12 hours. 


3.1.3 The emergency source of power for cargo ships of 
less than 500 tons gross tonnage will be the subject of special 
consideration. 


3.2 Emergency source of electrical power in 
passenger ships 


3.2.1 A self-contained emergency source of electrical 
power is to be provided. 


3.2.2 The emergency source of electrical power, 
associated transforming equipment, if any, transitional source 
of emergency power, emergency switchboard and emergency 
lighting switchboard are to be located above the uppermost 
continuous deck and be readily accessible from the open 
deck. They are not to be located forward of the collision 
bulkhead. 


3.2.3 The location of: 

e the emergency source of electrical power and associ- 
ated transforming equipment, if any; 

° the transitional source of emergency power; 

e the emergency switchboard; and 

e the emergency lighting switchboard; 

in relation to: 

e the main source of electrical power, associated trans- 
forming equipment, if any; and 

e the main switchboard; 

is to be such as to ensure that a fire or other casualty in 

spaces containing: 

e the main source of electrical power, associated trans- 
forming equipment, if any, and the main switchboard; or 

° in any machinery space of Category A; 

will not interfere with the supply, control and distribution of 

emergency electrical power. 
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3.2.4 The space containing: 

e the emergency source of electrical power, associated 
transforming equipment, if any; 

e the transitional source of emergency electrical power; 
and 

e — the emergency switchboard; 

is not to be contiguous to the boundaries of machinery 

spaces of Category A or those spaces containing: 

e the main source of electrical power, associated trans- 
forming equipment, if any; or 

e — the main switchboard. 


3.2.5 Where compliance with 3.2.3 or 3.2.4 is not 
practicable, details of the proposed arrangements are to be 
submitted. 


3.2.6 Provided that suitable measures are taken for safe- 
guarding independent emergency operation under all 
circumstances, the emergency generator may be used 
exceptionally, and for short periods, to supply non-emergency 
circuits. 


3.2.7 The electrical power available is to be sufficient to 
supply all those services that are essential for safety in an 
emergency, due regard being paid to such services as may 
have to be operated simultaneously. The emergency source 
of electrical power is to be capable, having regard to starting 
currents and the transitory nature of certain loads, of supplying 
simultaneously at least the following services for the periods 
specified hereinafter, if they depend upon an electrical source 
for their operation: 

(a) Fora period of 36 hours, emergency lighting: 


(i) at every survival craft preparation station, muster 
and embarkation station and oversides; 
(ii) in alleyways, stairways and exits, giving access 


to the muster and embarkation stations; 

(ii) in all service and accommodation alleyways, 
stairways and exits, personnel lift cars; 

(iv) in the machinery spaces and main generating 
stations including their control positions; 

(v) in all control stations, machinery control rooms, 
and at each main and emergency switchboard; 

(vi) at all stowage positions for fireman’s outfits; 

(vii) at the steering gear; and 

(viii) at the fire pump, the sprinkler pump and the 
emergency bilge pump and at the starting 
position of their motors; 

(b) For a period of 36 hours: 

(i) the navigation lights and other lights, as required 
by the International Regulations for Preventing 
Collisions at Sea in force; and 

(ii) | the radiocommunications, as required by 
Amendments to SOLAS 1974, Chapter IV. 

(c) Fora period of 36 hours: 

(i) all internal communication equipment required in 
an emergency; 

(i) the navigational aids as required by Amendments 
to SOLAS 1974 Reg V/19 ; where such provision is 
unreasonable or impracticable this requirement may 
be waived for ships of less than 5000 tons gross; 

(iii) the fire detection, fire alarm and sample extraction 
smoke detection systems, and the fire door 
holding and release system; and 
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(iv) _ for intermittent operation of the daylight signalling 
lamp, the ship’s whistle, the manually operated 
call points and all internal signals that are required 
in an emergency; 

unless such services have an independent supply for the 
period of 36 hours from an accumulator battery suitably 
located for use in an emergency. 

(d) For a period of 36 hours: 

(i) emergency fire pump; 

(ii) the automatic sprinkler pump, if any; and 

(iii) | the emergency bilge pump and all the equipment 
essential for the operation of electrically powered 
remote controlled bilge valves. 

(e) The steering gear for the period of time required by Pt 5, 
Ch 19,6. 
(f) For a period of half an hour: 


(i) any watertight doors if electrically operated 
together with their control, indication and alarm 
circuits; 


(ii) the emergency arrangements to bring the lift cars 
to deck level for the escape of persons. The 
passenger lift cars may be brought to deck level 
sequentially in an emergency. 

(g) Where applicable, the services required by 2.3.2. 

(h) Where connected, the supplementary lighting required 
by 3.2.16 and, where applicable, the air compressors for 
breathing apparatus cylinders referred to in 17.11.1. 


3.2.8 The emergency source of electrical power may be 

either a generator or an accumulator battery, which are to 

comply with the following: 

(a) Where the emergency source of electrical power is a 
generator it is to be: 

(i) driven by a suitable prime mover with an 
independent supply of fuel having a flashpoint 
(closed-cup test) of not less than 43°C; 

(i) | started automatically upon failure of the electrical 
supply from the main source of electrical power 
and is to be automatically connected to the 
emergency switchboard; those services referred 
to in 3.2.7 are then to be transferred automati- 
cally to the emergency generating set. The 
automatic starting system and the characteristics 
of the prime mover are to be such as to permit 
the emergency generator to carry its full rated 
load as quickly as is safe and practicable, subject 
to a maximum of 45 seconds; and 

(iii) — provided with a transitional source of emergency 
electrical power according to 3.2.9. 

(b) Where the emergency source of electrical power is an 
accumulator battery, it is to be capable of: 

(i) carrying the emergency electrical load without 
recharging while maintaining the voltage of the 
battery throughout the discharge period within 
12 per cent above or below its nominal voltage; 

(ii) automatically connecting to the emergency 
switchboard in the event of failure of the main 
source of electrical power; and 

(ii) immediately supplying at least those services 
specified in 3.2.9. 
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3.2.9 The transitional source of emergency electrical 
power required by 3.2.8 is to consist of an accumulator 
battery suitably located for use in an emergency which is to 
operate without recharging while maintaining the voltage of 
the battery throughout the discharge period within 12 per cent 
above or below its nominal voltage and be of sufficient 
capacity and so arranged as to supply automatically in the 
event of failure of either the main or emergency source of 
electrical power for half an hour at least the following services, 
if they depend upon an electrical source for their operation: 

(a) the lighting required by 3.2.7(a) and (b); 

(b) all services required by 3.2.7(c)(i), (iii) and (iv) unless such 
services have an independent supply for the period 
specified from an accumulator battery suitably located 
for use in an emergency. 

(c) Where connected, the supplementary lighting required 
by 3.2.16. 

(d) Power to operate the watertight doors at least three 
times, i.e., closed-open-closed against an adverse list 
of 15°, but not necessarily all of them simultaneously, 
together with their control, indication and alarm circuits 
as required by 3.2.7(f)(i). 


3.2.10 |The emergency switchboard is to be installed as 
near as is practicable to the emergency source of electrical 
power. 


3.2.11. Where the emergency source of electrical power is 
a generator, the emergency switchboard is to be located in 
the same space unless the operation of the emergency 
switchboard would thereby be impaired. 


3.2.12 No accumulator battery except for engine 
starting, fitted in accordance with this Section, is to be 
installed in the same space as the emergency switchboard. 
An indicator is to be mounted in a suitable place on the main 
switchboard or in the machinery control room to indicate 
when the batteries constituting either the emergency source 
of electrical power or the transitional source of emergency 
electrical power are being discharged. 


3.2.13 The emergency switchboard is to be supplied 
during normal operation from the main switchboard by an 
interconnector feeder which is to be adequately protected at 
the main switchboard against overload and short-circuit and 
which is to be disconnected automatically at the emergency 
switchboard upon failure of the main source of electrical 
power. Where the system is arranged for feedback 
operation, the interconnector feeder is also to be protected 
at the emergency switchboard at least against short-circuit. 


3.2.14 In order to ensure the ready availability of the 
emergency source of electrical power to supply circuits 
required to provide emergency services, arrangements are to 
be made, where necessary, to automatically disconnect non- 
emergency circuits from the emergency switchboard in the 
event of overloading to ensure that electrical power is 
available to the emergency circuits. 


3.2.15 Provision is to be made for the periodic testing of 
the complete emergency system and is to include the testing 
of automatic starting arrangements. 
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3.2.16 In passenger ships, supplementary lighting is to be 
provided in all cabins to indicate the exit clearly so that 
occupants will be able to find their way to the door. Such 
lighting, which may be connected to an emergency source of 
power or have a self-contained source of electrical power in 
each cabin, is to illuminate automatically when power to the 
normal cabin lighting is lost and remain on for a minimum of 
half an hour. 


3.2.17 In addition to the emergency lighting required by 
3.2.7(a) passenger ships with roll on-roll off cargo spaces or 
special category spaces are to be provided with the following: 
(a) in all passenger public spaces and alleyways supple- 
mentary electric lighting that can operate for at least 
three hours when all other sources of electric power 
have failed and under any condition of heel. The 
illumination provided is to be such that the approach to 
the means of escape can be readily seen. The source of 
power for the supplementary lighting is to consist of 
accumulator batteries within the lighting units that are 
continuously charged where practicable, from the 
emergency switchboard. Consideration may be given to 
other means of lighting which is at least as effective. The 
supplementary lighting is to be such that any failure of 
the lamp will be immediately apparent. Any accumulator 
battery provided is to be replaced at intervals having 
regard to the specified service life in the ambient 
conditions that they are subject to in service. 

(o) A portable rechargeable battery operated lamp is to be 
provided in every crew space alleyway, recreational 
space and every working space which is normally 
occupied unless supplementary emergency lighting, as 
required by (a) is provided. 


3.3 Emergency source of electrical power in 
cargo ships 


3.3.1 A self-contained emergency source of electrical 
power is to be provided. 


3.3.2 The emergency source of electrical power, 
associated transforming equipment, if any, transitional source 
of emergency power, emergency switchboard and emergency 
lighting switchboard are to be located above the uppermost 
continuous deck and be readily accessible from the open 
deck. They are not to be located forward of the collision 
bulkhead. 


3.3.3 The location of: 

e the emergency source of electrical power and associ- 
ated transforming equipment, if any; 

° the transitional source of emergency power; 

e the emergency switchboard; and 

e — the emergency lighting switchboard; 

in relation to: 

e the main source of electrical power, associated trans- 
forming equipment, if any; and 

e — the main switchboard; 

is to be such as to ensure that a fire or other casualty in 

spaces containing: 

e the main source of electrical power, associated trans- 
forming equipment, if any, and the main switchboard; or 
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° in any machinery space of Category A; 
will not interfere with the supply, control and distribution of 
emergency electrical power. 


3.3.4 The space containing: 

e the emergency source of electrical power, associated 
transforming equipment, if any; 

e the transitional source of emergency electrical power; 
and 

e the emergency switchboard; 

is not to be contiguous to the boundaries of machinery 

spaces of Category A or those spaces containing: 

e the main source of electrical power, associated trans- 
forming equipment, if any; or 

e — the main switchboard. 


3.3.5 Where compliance with 3.3.3 or 3.3.4 is not 
practicable, details of the proposed arrangements are to be 
submitted. 


3.3.6 Provided that suitable measures are taken for safe- 
guarding independent emergency operation under all 
circumstances, the emergency generator may be used, 
exceptionally, and for short periods, to supply non-emergency 
circuits. 


3.3.7 The electrical power available is to be sufficient to 
supply all those services that are essential for safety in an 
emergency, due regard being paid to such services as may 
have to be operated simultaneously. The emergency source 
of electrical power is to be capable, having regard to starting 
currents and the transitory nature of certain loads, of supplying 
simultaneously at least the following services for the periods 
specified hereinafter, if they depend upon an electrical source 
for their operation: 

(a) Fora period of three hours, emergency lighting at every 
survival craft preparation station, muster and 
embarkation station and over the sides. Remotely 
located stations for a liferaft installed in accordance with 
SOLAS 1974 as amended, CH III/B, Regulation 31.1.4 
that is provided with portable means of illumination 
acceptable to the National Administration with which the 
Ship is registered may be considered to satisfy this 
requirement; 

(bo) Fora period of 18 hours, emergency lighting: 

(i) in all service and accommodation alleyways, 
stairways and exits, personnel lift cars and 
personnel lift trunks; 

(ii) in the machinery spaces and main generating 
stations including their control positions; 

(iii) in all control stations, machinery control rooms, 
and at each main and emergency switchboard; 

(iv) at all stowage positions for fireman’s outfits; 

(v) at the steering gear; and 

(vi) at the emergency fire pump, at the sprinkler 
pump, if any, and at the emergency bilge pump, 
if any, and at the starting positions of their 
motors; 

(vii) in all cargo pump-rooms of tankers. 

(c) Fora period of 18 hours: 

(i) the navigation lights and other lights, as required 
by the International Regulations for Preventing 
Collisions at Sea in force; and 
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(ii) | the radiocommunications, as required by Amend- 
ments to SOLAS 1974, Chapter IV. 

(d) Fora period of 18 hours: 

(i) all internal communication equipment as required 
in an emergency; 

(i) the navigational aids as required by Amendments 
to SOLAS 1974 Reg V/19; where such provision 
is unreasonable or impracticable this requirement 
may be waived for ships of less than 5000 tons 
gross; 

(iii) the fire detection and fire-alarm system; and 

(iv) intermittent operation of the daylight signalling 
lamp, the ship’s whistle, the manually operated 
call points and all internal signals that are required 
in an emergency; 

unless such services have an independent supply for the 
period of 18 hours from an accumulator battery suitably 
located for use in an emergency. 

(e) Fora period of 18 hours the emergency fire pump if 
dependent upon the emergency generator for its source 
of power. 

(f} The steering gear for the period of time required by 
Pt 5, Ch 19,6. 

(g) Where applicable, the services required by 2.3.2. 


3.3.8 The emergency source of electrical power may be 

either a generator or an accumulator battery, which is to 

comply with the following: 

(a) Where the emergency source of electrical power is a 
generator it is to be: 

(i) driven by a suitable prime mover with an 
independent supply of fuel, having a flashpoint 
(closed-cup test) of not less than 43°C; 

(i) | started automatically upon failure of the main 
source of electrical power supply unless a 
transitional source of emergency electrical power 
in accordance with 3.3.9 is provided; where the 
emergency generator is automatically started, it 
is to be automatically connected to the emergency 
switchboard; those services referred to in 3.3.9 
are to be connected automatically to the emergency 
generator; and 

(iii) — provided with a transitional source of emergency 
electrical power as specified in 3.3.9 unless an 
emergency generator is provided capable both of 
supplying the services mentioned in that para- 
graph and of being automatically started and 
supplying the required load as quickly as is safe 
and practicable subject to a maximum of 
45 seconds. 

(b) Where the emergency source of electrical power is an 
accumulator battery it is to be capable of: 

(i) carrying the emergency electrical load without 
recharging while maintaining the voltage of the 
battery throughout the discharge period within 
12 per cent above or below its nominal voltage; 

(ii) automatically connecting to the emergency 
switchboard in the event of failure of the main 
source of electrical power; and 

(ii) immediately supplying at least those services 
specified in 3.3.9. 
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3.3.9 The transitional source of emergency electrical 
power where required by 3.3.8 is to consist of an accumula- 
tor battery suitably located for use in an emergency which is 
to operate without recharging while maintaining the voltage 
of the battery throughout the discharge period within 12 per 
cent above or below its nominal voltage and be of sufficient 
capacity and is to be so arranged as to supply automatically 
in the event of failure of either the main or the emergency 
source of electrical power for half an hour at least the 
following services if they depend upon an electrical source for 
their operation: 

(a) the lighting required by 3.3.7(a), (b) and (c). For this 
transitional phase, the required emergency electric 
lighting, in respect of the machinery space and accom- 
modation and service spaces may be provided by 
permanently fixed, individual, automatically charged, 
relay operated accumulator lamps; and 

(b) all services required by 3.3.7(d)(i), (iii) and (iv) unless such 
services have an independent supply for the period 
specified from an accumulator battery suitably located 
for use in an emergency. 


3.3.10 |The emergency switchboard is to be installed as 
near as is practicable to the emergency source of electrical 
power. 


3.3.11 Where the emergency source of electrical power is 
a generator, the emergency switchboard is to be located in 
the same space unless the operation of the emergency 
switchboard would thereby be impaired. 


3.3.12 No accumulator battery fitted in accordance with 
this Section, unless for engine starting, is to be installed in the 
same space as the emergency switchboard. An indicator shall 
be mounted in a suitable place on the main switchboard or in 
the machinery control room to indicate when the batteries 
constituting either the emergency source of electrical power 
or the transitional source of electrical power are being 
discharged. 


3.3.13 The emergency switchboard is to be supplied 
during normal operation from the main switchboard by an 
interconnector feeder which is to be adequately protected at 
the main switchboard against overload and short-circuit and 
which is to be disconnected automatically at the emergency 
switchboard upon failure of the main source of electrical 
power. Where the system is arranged for feedback operation, 
the interconnector feeder is also to be protected at the 
emergency switchboard at least against short-circuit. 


3.3.14 In order to ensure the ready availability of the 
emergency source of electrical power to supply circuits 
required to provide emergency services, arrangements are to 
be made, where necessary, to disconnect automatically non- 
emergency circuits from the emergency switchboard in the 
event of overloading to ensure that electrical power is 
available to the emergency circuits. 


3.3.15 Provision is to be made for the periodic testing of 
the complete emergency system and is to include the testing 
of automatic starting arrangements. 
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3.4 Starting arrangements 


3.4.1 Where the emergency source of power is a 
generator, the starting arrangements are to comply with the 
requirements given in Pt 5, Ch 2,9.4. 


3.5 Prime mover governor 


3.5.1 Where the emergency source of power is a 
generator, the governor is to comply with 2.4. 


3.6 Radio installation 


3.6.1 Every radio installation as required by SOLAS 1974 
as amended, Chapter IV, Part C, is to be provided with 
reliable, permanently arranged electrical lighting, independent 
of the main and emergency sources of electrical power, for 
the adequate illumination of the radio controls for operating 
the radio installation. 


3.6.2 A reserve source or sources of energy is to be 
provided on every ship, for the purpose of conducting distress 
and safety radiocommunications, in the event of failure of the 
ship’s main and emergency sources of electrical power. The 
reserve source or sources of energy is to be capable of 
simultaneously operating the VHF radio installation and, as 
appropriate for the sea or sea area for which the ship is 
equipped, either the MF radio installation, the MF/HF radio 
installation, or the INMARSAT ship earth station and any of 
the additional loads mentioned in 3.6.4, 3.6.5 and 3.6.7 fora 
period of at least one hour. The reserve source or sources of 
energy need not supply independent HF and MF radio 
installations at the same time. 


3.6.3 The reserve source or sources of energy is to be 
independent of the propelling power of the ship and the ship’s 
electrical system. 


3.6.4 Where, in addition to the VHF radio installation, two 
or more of the other radio installations, referred to in 3.6.2, 
can be connected to the reserve source or sources of energy, 
the reserve source or sources are to be capable of 

simultaneously supplying, for the period specified by 3.6.2, 

the VHF radio installation and: 

(a) all other radio installations which can be connected to 
the reserve source or sources of energy at the same 
time; or 

(o) whichever of the other radio installations will consume 
the most power, if only one of the other radio installa- 
tions can be connected to the reserve source or Sources 
of energy at the same time as the VHF radio installation. 


3.6.5 The reserve source or sources of energy may be 
used to supply the electrical lighting required by 3.6.1. 


3.6.6 Where a reserve source of energy consists of a 
rechargeable accumulator battery or batteries a means of 
automatically charging the batteries is to be provided which is 
to be capable of recharging them to minimum capacity 
requirements within 10 hours. 
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3.6.7 If an uninterrupted input of information from the 
ship’s navigational or other equipment to a radio installation 
as referred to in 3.6.2 is needed to ensure its proper perfor- 
mance, means are to be provided to ensure the continuous 
supply of such information in the event of failure of the ship’s 
main or emergency source of electrical power. 


i Section 4 
External source of electrical 
power 


41 Temporary external supply 


4.1.1 Where arrangements are made for the supply of 
electricity from a source on shore or elsewhere, a connection 
box is to be installed in a position suitable for the convenient 
reception of flexible cables from the external source and 
containing a circuit-breaker or isolating switch and fuses and 
terminals including one earthed, of ample size and suitable 
shape to facilitate a satisfactory connection of three-phase 
external supplies with earthed neutrals. 


4.1.2 Suitable cables, permanently fixed, are to be 
provided, connecting the terminals in the connection box to a 
linked switch and/or a circuit-breaker at the main switch- 
board. An indicator is to be provided at the main switchboard 
in order to show when the cables are energised. 


4.1.3 Means are to be provided for checking the phase 
sequence of the incoming supply. 


4.1.4 At the connection box a notice is to be provided 
giving full information on the system of supply, the normal 
voltage and frequency of the installation’s system and the 
procedure for carrying out the connection. 

4.1.5 Alternative arrangements may be submitted for 
consideration. See also Pt 7, Ch 13 for class notation OPS. 


4.2 Permanent external supply 


4.2.1 Details are to be submitted. 


a Section 5 
Supply and distribution 


5.1 Systems of supply and distribution 


SNT The following systems of generation and distribu- 
tion are acceptable, other than for tankers intended for the 
carriage in bulk of oil, liquefied gases and other hazardous 
liquids having a flash point not exceeding 60°C (closed-cup 
test): 

(a) d.c., two-wire; 

(b) a.c., single-phase, two-wire; 

(c) a.c., three-phase: 
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(i) three-wire; 
(ii) four-wire with neutral solidly earthed but without 
hull return. 


5.1.2 For tankers intended for the carriage in bulk of oil, 
liquefied gases and other hazardous liquids having a flash 
point not exceeding 60°C (closed-cup test) only the following 
systems of generation and distribution are acceptable: 

(a) d.c., two-wire, insulated; 

b) a.c., single-phase, two-wire, insulated; 

c) a.c., three-phase, three-wire, insulated; 

d) earthed systems, a.c. or d.c., limited to areas outside 
any hazardous space or zone, and arranged so that no 
current arising from an earth-fault in any part of the 
system could pass through a hazardous space or zone; 

(e) earthed systems, complying with 5.1.1 and 5.5.7, 
provided the Government of the Flag State permits such 
an arrangement in accordance with the ‘Equivalents’ 
provisions of SOLAS Chapter I, Regulation 5, see 
Ch 1,1.4 of the Rules for Ships for Liquid Chemicals 
and/or the Rules for Ships for Liquefied Gases, as 
appropriate, see also 14.1.2. 

Earthed intrinsically safe circuits are permitted to pass into 

and through hazardous spaces and zones. 


5.1.3 System voltages for both alternating current and 

direct current in general are not to exceed: 

e — 15 000 V for generation and power distribution; 

e 500 V for cooking and heating equipment permanently 
connected to fixed wiring; 

e 250 V for lighting, heaters in cabins and public rooms, 
and other applications not mentioned above. 

Voltages above these will be the subject of special consideration. 


5.1.4 The arrangement of the main system of supply is to 
be such that a fire or other casualty in any space containing 
the main source of electrical power, associated converting 
equipment, if any, the main switchboard and the main lighting 
switchboard will not render inoperable any emergency 
service, other than those located within the space where the 
fire or casualty has occurred. 


5.1.5 The main switchboard is to be so placed relative to 
the main source of power that, as far as is practicable, the 
integrity of the main system of supply will be affected only by 
a fire or other casualty in one space. 


5.1.6 The arrangement of the emergency system of 
supply is to be such that a fire or other casualty in spaces 
containing the emergency source of electrical power, 
associated converting equipment, if any, the emergency 
switchboard and the emergency lighting switchboard, will not 
cause loss of services required to maintain the propulsion and 
safety of the ship. 


5.17 Distribution systems required in an emergency are 
to be so arranged that a fire in any one main fire zone, as 
defined by SOLAS 1974 as amended Reg II-2/A, 3.32, will 
not interfere with the emergency distribution in any other such 
zone. 
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5.2 Essential services 


5.2.1 Essential services that are required by Part 5 to be 
duplicated are to be served by individual circuits, separated in 
their switchboard or section board and throughout their length 
as widely as is practicable without the use of common 
feeders, protective devices, control circuits or controlgear 
assemblies, so that any single fault will not cause the loss of 
both services. 


5.272 Where 5.2.1 is applicable the main busbars of the 
switchboard, or section boards, are to be capable of being split, 
by a multipole linked circuit-breaker, disconnector or switch- 
disconnector, into at least two independent sections, each 
supplied by at least one generator, either directly or through a 
converter. The essential services are to be equally divided, as 
far as is practicable, between the independent sections. 


5.2.3 Where 5.2.2 is applicable provision is to be made 
to transfer to a temporary circuit those essential services 
which are not required to be, and have not been, duplicated 
in the event of loss of their normal section of switchboard or 
section board. 


5.3 Isolation and switching 


5.3.1 The incoming and outgoing circuits from every 
switchboard or section board are to be provided with a 
means of isolation and switching to permit each circuit to be 
switched off: 

(a) on load; 

(b) for mechanical maintenance; 

(c) in an emergency to prevent or remove danger. 

In addition the requirements of 5.3.2 and 5.3.3 are to be 
complied with. 


5.3.2 Isolation and switching is to be by means of a 
circuit-breaker or switch arranged to open and close 
simultaneously all insulated poles. Where a switch is used as 
the means of isolation and switching, it is to be capable of: 
(a) switching off the circuit on load; 

(b) withstanding, without damage, the overcurrents which 

may arise during overloads and short-circuit. 

In addition, these requirements do not preclude the provision 
of single pole control switches in final sub-circuits, for 
example light switches. For circuit-breakers, see 6.5 and 7.3. 


5.3.3 Provision is to be made, in accordance with one of 

the following, to prevent any circuit being inadvertently 

energised: 

(a) the circuit-breaker or switch can be withdrawn, or 
locked in the open position; 

(o) the operating handle of the circuit-breaker or switch can 
be removed; 

(c) the circuit fuses, where fitted, can be readily removed 
and retained by authorised personnel. 


5.3.4 Where arrangements are in place for automatic 
changeover between two or more supplies of electrical power 
in the event of failure of one supply, the arrangements are to 
be such that a fault in one feeder does not result in the loss of 
all supplies to the automatic changeover switch. 
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5.3.5 Where a section board, distribution board or item 
of equipment can be supplied by more than one circuit, a 
switching device is to be provided to permit each incoming 
circuit to be isolated and the supply transferred to the 
alternative circuit. In addition, the requirements of 5.3.6 and 
5.3.7 are to be complied with. 


5.3.6 The switching device required by 5.3.5 is to be 
situated within or adjacent to the section board, distribution 
board or item of equipment. Where necessary, interlocking 
arrangements are to be provided to prevent circuits being 
inadvertently energised. 


5.3.7 A notice is to be fixed to any section board, 
distribution board or item of equipment to which 5.3.5 applies 
warning personnel before gaining access to live parts of the 
need to open the appropriate circuit-breakers or switches, 
unless an interlocking arrangement is provided so that all 
circuits concerned are isolated before access is gained. 


5.3.8 Tankers designed in accordance with IEC 60092-502: 
Electrical installations in ships — Part 502: Tankers — Special 
features, see 14.1.2, are to meet the requirements of 5.3 of 
that Standard. 


5.3.9 Where high voltage equipment is contained in a 

room or protected area which also forms its enclosure, the 

access door(s) of the space is to be so interlocked that it 

cannot be opened until: 

e the high voltage supply(ies) to the equipment is switched 
off; 

e the equipment and its cable(s) are earthed down to 
dissipate stored energy sufficient to ensure personnel 
safety. 


5.3.10 The access to the space(s) described in 5.3.9 are 
to be suitably marked to indicate the danger of high voltage. 


5.4 Insulated distribution systems 


5.4.1 A device(s) is to be installed for every insulated 
distribution system, whether primary or secondary, for power, 
heating and lighting circuits, to continuously monitor the 
insulation level to earth and to operate an alarm in the engine 
control room, or equivalent attended position, in the event of 
an abnormally low level of insulation resistance, see also 
Ch 1,4.2. 


5.4.2 Where any insulated lower voltage system is 
supplied through transformers from a high voltage system, 
adequate precautions are to be taken to prevent the low 
voltage system being charged by capacitive leakage from the 
high voltage system. 


5.4.3 Tankers designed in accordance with IEC 60092-502: 
Electrical installations in ships — Part 502: Tankers — Special 
features (see 14.1.2) are to meet the requirements of 5.3 of 
that Standard. 


5.4.4 Where filters are fitted, for example to reduce EMC 
susceptibility, these are not to cause distribution systems to 
be unintentionally connected to earth. 
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5.5 Earthed distribution systems 


5.5.1 No fuse, non-linked switch or non-linked circuit- 
breaker is to be inserted in an earthed conductor. Any switch 
or circuit-breaker fitted is to operate simultaneously in the 
earthed conductor and the insulated conductors. These 
requirements do not preclude the provision (for test purposes) 
of an isolating link to be used only when the other conduc- 
tors are isolated. 


5.5.2 For high voltage systems, where the earthed 
neutral system of generation and primary distribution is used, 
earthing is to be through an impedance in order to limit the 
total earth fault current to a magnitude which does not exceed 
that of the three phase short-circuit current for which the 
generators are designed. 


5:9:3 Generator neutrals may be connected in common, 
provided that the third harmonic content of the voltage wave- 
form of each generator does not exceed five per cent. 


5.5.4 Where a switchboard is split into sections operated 
independently or where there are separate switchboards, 
neutral earthing is to be provided for each section or for each 
switchboard. Means are to be provided to ensure that the 
earth connection is not removed when generators are 
isolated. 


5.5.5 A means of isolation is to be fitted in the earthing 
connection of each generator so that generators can be 
completely isolated for maintenance. 


5.5.6 All earthing impedances are to be connected to the 
hull. The connections to the hull are to be so arranged that 
any circulating currents in the earth connections do not 
interfere with radio, radar, communication and control 
equipment circuits. 


5.5.7 Tankers designed in accordance with IEC 60092-502: 
Electrical installations in ships — Part 502: Tankers — Special 
features (see 14.1.2) are to meet the requirements of 5.3 of 
that Standard. 


5.6 Diversity factor 


5.6.1 Circuits supplying two or more final sub-circuits are 
to be rated in accordance with the total connected load 
subject, where justified, to the application of a diversity factor. 
Where spare ways are provided on a section or distribution 
board, an allowance for future increase of load is to be added 
to the total connected load before application of any diversity 
factor. 


5.6.2 A diversity factor may be applied to the calculation 
for size of cable and rating of switchgear and fusegear, taking 
into account the duty cycle of the connected loads and the 
frequency and duration of any motor starting loads. 


5.6.3 For winches and crane motors the diversity factor is 
to be calculated and submitted when required. 
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5.7 Lighting circuits 


5.7.1 Lighting circuits are to be supplied by final sub- 
circuits separate from those for heating and power. This does 
not preclude the supply from a lighting circuit supplying a 
single fixed appliance, such as a cabin fan, a dry shaver, a 
wardrobe or anti-condensation heater, taking a maximum 
current of 2 A. 


5.7.2 Lighting for the following spaces is to be supplied 

from at least two final sub-circuits in such a way that failure 

of one of the circuits does not leave the space in darkness. 

One of these circuits may be an emergency circuit provided it 

is normally energised. 

° Spaces that are required to be lit for the safe working of 
the ship, such as control stations, normal working 
spaces, etc. 

° Spaces where there may be a hazard due to movement 
of crew, passengers and/or equipment, such as in 
corridors, working passage ways, stairways leading to 
boat decks, public rooms, etc. 

° Spaces where there may be a hazard due to moving 
machinery and hot parts, such as in machinery spaces, 
workshops, large galleys, laundries, etc. 


5:7:3 Lighting for enclosed hazardous spaces is to be 
supplied from at least two final sub-circuits to permit light from 
one circuit to be retained while maintenance is carried out on 
the other. One of these circuits may be an emergency circuit, 
provided it is normally energised in which case the arrange- 
ments are to comply with Section 3. 


5.7.4 Emergency lighting is to be fitted in accordance 
with Section 3, see also Section 18. 


57-9 Lighting of unattended spaces, such as cargo 
spaces, is to be controlled by multipole linked switches 
situated outside such spaces. Provision is to be made for the 
complete isolation of these circuits and locking the means of 
control in the off position. 


5.7.6 Where lighting circuits in the cargo pump-rooms of 

tankers are also used for emergency lighting, and have been 

interlocked with the ventilation, the interlocking arrangements 

are: 

e not to cause the lighting to go out following a failure of 
the ventilation system; and 

° not to prevent operation of the emergency lighting 
following the loss of the main source of electrical power. 


5.8 Motor circuits 


5.8.1 A separate final sub-circuit is to be provided for 
every motor for essential services, see 1.6.1. 


5.9 Motor control 


5.9.1 Every electric motor is to be provided with efficient 
means for starting and stopping so placed as to be easily 
operated by the person controlling the motor. Every motor 
above 0,5 kW is to be provided with control apparatus as 
given in 5.9.2 to 5.9.4. 
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5.9.2 Means to prevent undesired restarting after a 
stoppage due to low volts or complete loss of volts are to be 
provided. This does not apply to motors where a dangerous 
condition might result from the failure to restart automatically, 
e.g., steering gear motor. 


5.9.3 Means for automatic disconnection of the supply in 
the event of excess current due to mechanical overloading of 
the motor are to be provided, see also 6.10. 


5.9.4 Motor controlgear is to be suitable for the starting 
current and for the full load rated current of the motor. 


| Section 6 
System design - Protection 


6.1 General 


6.1.1 Installations are to be protected against over- 

currents including short-circuits, and other electrical faults. 

The tripping/fault clearance times of the protective devices 

are to provide complete and co-ordinated protection to 

ensure: 

(a) availability of essential and emergency services under 
fault conditions through discriminative action of the 
protective devices; as far as practicable the arrange- 
ments are also to secure the availability of other services; 

(o) elimination of the fault to reduce damage to the system 
and hazard of fire. 


6.1.2 Short-circuit and overload protection are to be 
provided in each non-earthed line of each system of supply 
and distribution, unless exempted under the provisions of any 
paragraph in this Section. 


6.1.3 The protection of circuits is to be such that a fault 
in a circuit does not cause the interruption of supplies used to 
provide emergency or essential services other than those 
dependent on the circuit where the fault occurred. For circuits 
used to provide essential services which need not necessarily 
be in continuous operation to maintain propulsion and 
steering but which are necessary for maintaining the vessel's 
safety, arrangements that ensure that a fault in a circuit does 
not cause the sustained interruption of supply to healthy 
circuits may be accepted. Such arrangements are to ensure 
the supply to healthy circuits is automatically re-established in 
sufficient time after a fault in a circuit. 


6.1.4 Protection systems are to be developed using a 
systematic design procedure incorporating verification and 
validation methods to ensure successful implementation of 
the requirements above. Details of the procedures used are 
to be submitted when requested. An approved copy of the 
details required by 1.2.5 and 1.2.6 is to be retained on board 
and made available to the Surveyor on request. Access to 
protection relays setpoints is to be restricted, such that they 
will generally only be adjusted by authorised personnel to 
avoid accidental operation. A record is to be kept of the initial 
setpoints and any subsequent changes made to them. 
These details are to be made available to the Surveyor on 
request. 
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6.1.5 Short-circuit protection is to be provided for each 
source of power and at each point at which a distribution 
circuit branches into two or more subsidiary circuits. 


6.1.6 Where protection for generator power circuits is 
provided at the associated switchboard, the cabling between 
generator and switchboard is to be of a type, and installed in 
a manner such as to minimise the risk of short-circuit. 


6.1.7 Protection for battery circuits is to be provided at a 
position external and adjacent to the battery compartments. 
Where arrangements comply with 12.3.5, the protection may 
be installed at a suitable location in the battery compartment. 


6.1.8 Protection may be omitted from the following: 

(a) Engine starting battery circuits. 

(o) Circuits for which it can be shown that the risk resulting 
from spurious operation of the protective device may be 
greater than that resulting from a fault. 


6.1.9 Short-circuit protection may be omitted from 
cabling or wiring to items of equipment internally protected 
against short-circuit or where it can be shown that they are 
unlikely to fail to a short-circuit condition and where the 
cabling or wiring is installed in a manner such as to minimise 
the risk of short-circuit. 


6.1.10 
following: 
(a) one line of circuits of the insulated type; 

(o) circuits supplying equipment incapable of being over- 
loaded, or overloading the associated supply cable, 
under normal conditions, and unlikely to fail to an 
overload condition. 


Overload protection may be omitted from the 


6.2 Protection against short-circuit 


6.2.1 Protection against short-circuit currents is to be 
provided by circuit-breakers or fuses. 


6.2.2 The rated short-circuit making and breaking 
capacity of every protective device is to be adequate for the 
prospective fault level at its point of installation; the require- 
ments for circuit-breakers and fuses are detailed in 6.5 and 
6.6 respectively. 


6.2.3 The prospective fault current is to be calculated for 

the following set of conditions: 

(a) all generators, motors and, where applicable, all trans- 
formers, connected as far as permitted by any 
interlocking arrangements; 

(o) a fault of negligible impedance close up to the load side 
of the protective device. 


6.2.4 In the absence of precise data, the prospective fault 

current may be taken to be: 

(a) for alternating current systems at the main switchboard: 
10 x f.l.c. (rated full load current) for each generator that 
may be connected, or, if the subtransient direct axis 
reactance, X”y, of each generator is known, 

fic 
X"q (P.u) 


simultaneously in service. 


for each generator, and 3 x f.l.c. for motors 
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The value derived from the above is an approximation to 
the r.m.s. symmetrical fault current; the peak asymmet- 
rical fault current may be estimated to be 2,5 times this 
figure (corresponding to a fault power factor of 
approximately 0,1). 

(b) battery-fed direct current systems at the battery 
terminals: 

(i) 15 times ampere hour rating of the battery for 
vented lead-acid cells, or of alkaline type 
intended for discharge at low rates corresponding 
to a battery duration exceeding three hours, or 

(ii) 30 times ampere hour rating of the battery for 
sealed lead-acid cells having a capacity of 
100 ampere hours or more, or of alkaline type 
intended for discharge at high rates corresponding 
to a battery duration not exceeding three hours 
and, 

(iii) 6x f.l.c. for motors simultaneously in service (if 
applicable). 


6.3 Protection against overload 


6.3.1 The characteristics of protective devices provided 
for overload protection are to ensure that cabling and 
electrical machinery are protected against overheating result- 
ing from mechanical or electrical overload. 


6.3.2 Fuses of a type intended for short-circuit protection 
only (e.g., fuse links complying with IEC 60269-1: Low- 
voltage fuses — Part 1: General requirements, of type ‘a’) are 
not to be used for overload protection. 


6.4 Protection against earth faults 


6.4.1 Every distribution system that has an intentional 
connection to earth, by way of an impedance, is to be 
provided with a means to continuously monitor and indicate 
the current flowing in the earth connection. 


6.4.2 If the current in the earth connection exceeds 
5 A there is to be an alarm and the fault current is to be 
automatically interrupted or limited to a safe value. 


6.4.3 The rated short-circuit capacity of any device used 
for interrupting earth fault currents is to be not less than the 
prospective earth fault current at its point of installation. 


6.4.4 Insulated neutral systems with harmonic distortion 
of the voltage waveform, which may result in earth fault 
currents exceeding the level given in 6.4.2 because of 
capacitive effects, are to be provided with arrangements to 
isolate the faulty circuit(s). 


6.5 Circuit-breakers 


6.5.1 Circuit-breakers for alternating current systems are 

to satisfy the following conditions: 

(a) the rm.s. symmetrical breaking current for which the 
device is rated is to be not less than the r.m.s. value of 
the a.c. component of the prospective fault current, at 
the instant of contact separation (i.e., first half cycle, or 
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time of interruption where an intentional time delay is 
provided to ensure suitability); 

(b) the peak asymmetrical making current for which the 
device is rated is not to be less than the peak value of 
the prospective fault current at the first half cycle, 
allowing for maximum asymmetry; 

(c) the power factor at which the device short-circuit ratings 
are assigned is to be no greater than that of the 
prospective fault current; alternatively for high voltage, 
the rated percentage d.c. component of the short-circuit 
breaking current of the device is to be not less than that 
of the prospective fault current. 


6.5.2 Circuit-breakers for d.c. systems are to have a 
breaking current not less than the initial prospective fault 
current. The time constant of the fault current is not to be 
greater than that for which the circuit-breaker was tested. 


6.5.3 The fault ratings considered in 6.5.1 and 6.5.2, are 
to be assigned on the basis that the device is suitable for 
further use after fault clearance. 


6.5.4 Circuit-breaker selection is, and ratings are, to be 
in accordance with the relevant requirements of IEC 60092- 
202: Electrical installations in ships — Part 202: System design 
— Protection. Alternative methods acceptable to LR of selecting 
suitable circuit-breakers may be considered. 


6.6 Fuses 


6.6.1 Fuses for a.c. systems are to have a breaking 
current rating not less than the initial r.m.s. value of the a.c. 
component of the prospective fault current. 


6.6.2 Fuses for d.c. systems are to have a d.c. breaking 
current rating not less than the initial value of the prospective 
fault current. 


6.7 Circuit-breakers requiring back-up by fuse or 
other device 


6.7.1 The use of a circuit-breaker having a short-circuit 
current capacity less than the prospective short-circuit current 
at the point of installation is permitted, provided that it is 
preceded by a device having at least the necessary 
short-circuit capacity. The generator circuit-breakers are not 
to be used for this purpose. 


6.7.2 The same device may back up more than one 
circuit-breaker provided that no essential or emergency 
service is supplied from there, or that any such service is 
duplicated by arrangements unaffected by tripping of the 
device. 


6.7.3 The combination of back-up device and circuit- 
breaker is to have a short-circuit performance at least equal to 
that of a single circuit-breaker satisfying the requirements of 
6.5. 


6.7.4 Evidence of testing of the combination is to be 
submitted for consideration; alternatively, consideration may 
be given to arrangements where it can be shown that: 
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(a) the takeover current, above which the back-up device 
would clear a fault, is not greater than the rated 
short-circuit breaking capacity of the circuit-breaker and; 

(b) the characteristics of the back-up device, and the 
prospective fault level, are such that the peak fault current 
rating of the circuit-breaker cannot be exceeded and; 

(c) the Joule integral of the let-through current of the back- 
up device does not exceed that corresponding to the 
rated breaking current and opening time of the circuit- 
breaker. 


6.8 Protection of generators 


6.8.1 The protective gear required by 6.8.2 and 6.8.3 is 
to be provided as a minimum. 


6.8.2 Generators not arranged to run in parallel are to be 
provided with a circuit-breaker arranged to open simultane- 
ously, in the event of short-circuit, overload or under-voltage, 
all insulated poles. In the case of generators rated at less than 
50 kW, a multipole linked switch with a fuse, complying with 
5.3.2, in each insulated pole will be acceptable. 


6.8.3 Generators arranged to operate in parallel are to be 
provided with a circuit-breaker arranged to open simultane- 
ously, in the event of a short-circuit, an overload or an 
under-voltage, all insulated poles. This circuit-breaker is to be 
provided with reverse power protection with time delay, 
selected or set within the limits of 2 per cent to 15 per cent of 
full load to a value fixed in accordance with the characteristics 
of the prime mover; a fall of 50 per cent in the applied 
voltage is not to render the reverse power mechanism 
inoperative, although it may alter the amount of reverse power 
required to open the breakers. 


6.8.4 The generator circuit-breaker short-circuit and 
overload tripping arrangements, or fuse characteristics, are 
to be such that the machine’s thermal withstand capability is 
not exceeded. 


6.8.5 Generators having a capacity of 1500 kVA or above 
are to be equipped with a protective device which, in the event 
of a short-circuit in the generator or in the cables between the 
generator and its circuit-breaker, will instantaneously open the 
circuit-breaker and de-excite the generator. 


6.8.6 The voltage and time delay settings of the under- 
voltage release mechanism(s) required by 6.8.2 and 6.8.3 are 
to be chosen to ensure that the discriminative action required 
by 6.1.1(a) is maintained. 
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6.9 Load management 


6.9.1 Arrangements are to be made to disconnect 
automatically, after an appropriate time delay, circuits of the 
following categories, when the generator(s) is/are overloaded, 
sufficient to ensure the connected generating set(s) is/are not 
overloaded: 

(a) non-essential circuits; 

(b) circuits feeding services for habitability, see 1.6.2; 

(c) in cargo ships, circuits for cargo refrigeration. 

NOTE 

For emergency generators see 3.2.14 and 3.3.14 as 
applicable. 


6.9.2 If required, this load switching may be carried out in 
one or more stages, in which case the non-essential circuits 
are to be included in the first group to be disconnected. 


6.9.3 The load management of power systems 
supplying electric propulsion motors is to satisfy the require- 
ments of 16.3. 


6.9.4 Consideration is to be given to providing means to 
inhibit automatically the starting of large motors, or the 
connection of other large loads, until sufficient generating 
capacity is available to supply them. 


6.10 Feeder circuits 


6.10.1 Isolation and protection of each feeder circuit is to 
be ensured by a multipole circuit-breaker or linked switch with 
a fuse in each insulated conductor. Protection is to be in 
accordance with 6.2 and 6.3. The protective devices are to 
allow excess current to pass during the normal accelerating 
period of motors. 


6.11 Motor circuits 


6.11.1 Motors of rating exceeding 0,5 kW and all motors 
for essential services are to be protected individually against 
overload and short-circuit. For motors which for essential 
services are duplicated, the overload protection may be 
replaced by an overload alarm; arrangements for steering 
gear motors are to comply with 14.1. 


6.11.2 Protection for both the motor and its supply cable 
may be provided by the same device, provided that due 
account is taken of any differences between ratings of cable 
and motor. 


6.11.3 Where operation of an item of equipment is depen- 
dent upon a number of motors, consideration may be given to 
the provision of a common means of short-circuit protection. 


6.11.4 For motors for intermittent service, the characteris- 
tics of the arrangements for overload protection are to be 
chosen in relation to the load factor(s) of the motor‘(s). 


6.11.5 | Where fuses are used to protect polyohase motor 
circuits, means are to be provided to protect the motor from 
unacceptable overcurrent in the case of single phasing. 
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6.12 Protection of transformers 

6.12.1 Short-circuit protection for transformers is to be 
provided by circuit-breakers or fuses in the primary circuit and 
in addition, overload protection is to be provided either in the 
primary or secondary circuit. 


6.12.2 Arrangements are to be made to prevent the primary 
windings of transformers being inadvertently energised from 
their secondary side when disconnected from their source of 
supply. 


6.13 Harmonic filters 
6.13.1 Harmonic filters’ final sub-circuits are to be 
protected individually against overload and short-circuit. 


6.13.2 An alarm is to be initiated in the event of protective 
device operation. 


6.13.3 Where parallel harmonic filters are used, an alarm 
is to be initiated in the event of current imbalance that could 
lead to failure of a harmonic filter. 


i Section 7 
Switchgear and controlgear 
assemblies 


7.1 General requirements 


7.1.1 Switchgear and controlgear assemblies and their 
components are to comply with one of the following 
standards, amended where necessary for ambient 
temperature and other environmental conditions: 

(a) IEC 61489: Low-voltage switchgear and controlgear 
assemblies (relevant parts); 

(o) IEC 62271-200: High-voltage switchgear and 
controlgear — Part 200: AC metal-enclosed switchgear 
and controlgear for rated voltages above 1 kV and up to 
and including 52 kV; 

(c) IEC 62271-201: High-voltage switchgear and 
controlgear — Part 201: AC insulation-enclosed 
switchgear and control gear for rated voltages above 1 
kV and up to and including 52 kV; 

(d) IEC 60255: Measuring relays and protection equipment; 

(e) acceptable and relevant National Standard. 

In addition, the requirements of 7.2 to 7.19 are to be complied 

with. 


7.2 Busbars 


7.2.1 Busbars and their connections are to be of copper 
or aluminium, all connections being so made as to inhibit 
corrosion/oxidisation between current-carrying mating faces, 
which may result in poor electrical contact giving rise to over- 
heating. Busbars and their supports are to be designed to 
withstand the mechanical stresses which may arise during 
short-circuits. A test report or calculation to verify the short- 
circuit withstand strength of the busbar system is to be 
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submitted for consideration when required. 


7.2.2 For bare conductors, where no precautions are 
taken against surface oxidisation, the temperature rise limit at 
rated normal current is not to exceed 45°C. Where suitable 
precautions are taken against surface oxidisation, e.g., by 
using silver, nickel or tin coated terminations, a temperature 
rise limit not exceeding 60°C is permitted. Where the busbar 
temperature rises are above 45°C it is to be ensured that 
there is no adverse effect on equipment adjacent to and/or 
connected to the busbars and that the temperature rise limits 
of any materials in contact with the busbars are not 
exceeded. A test report or calculation to verify the rated 
current assigned to the busbar system is to be submitted for 
consideration when required. 


7.3 Circuit-breakers 


7.3.1 Circuit-breakers are to comply with one of the 

following standards amended where necessary for ambient 

temperature: 

(a) IEC 60947-2: Low-voltage switchgear and controlgear — 
Part 2: Circuit-Breakers; or 

(o) IEC 62271-100: High-voltage switchgear and controlgear 
— Part 100: Alternating current circuit-breakers; or 

(c) an acceptable and relevant National Standard. 

Type test reports to verify the characteristics of a circuit-breaker 

are to be submitted for consideration when required. 

7.3.2 Circuit-breakers are to be capable of isolation. 

7.3.3 Circuit-breakers are to be of the trip free type and, 

where applicable, be fitted with anti-pumping control. 


7.3.4 High-voltage circuit-breakers are to be of the with- 
drawable type or with equivalent means or arrangements 
permitting safe maintenance whilst the busbars are live. 


7.3.5 Where the means of setting adjustable protection 
characteristics are not durably marked and locked in position 
and cannot be visually inspected (e.g., electronic storage), the 
settings of characteristics are to be recorded and a copy of the 
records included in the details retained on board, see 6.1.4. 


7.3.6 Air circuit-breakers for essential or emergency 
services and rated at 800 A and above are to have a 
cumulative count kept of the switching operations of the 
electrical contacts. This count, along with the manufacturer’s 
details for the circuit-breaker, including the maximum number 
of switching operations for the electrical contacts, is to be 
retained on board. These details are to be made available to 
the Surveyor on request. 


7.4 Contactors 


7.4.1 High-voltage contactors are to comply with one of 
the following standards amended where necessary for 
ambient temperature: 

(a) IEC 62271-106: High-voltage switchgear and controlgear 
— Part 106: Alternating current contactors, contactor- 
based controllers and motor-starters; or 

(b) an acceptable and relevant National Standard. 
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Type test reports to verify the characteristics of a contactor are 
to be submitted for consideration when required. 


7.4.2 High-voltage contactors are to be of the withdraw- 
able type or with equivalent means or arrangements permitting 
safe maintenance whilst the busbars are live. 


7.5 Creepage and clearance distances 


7.5.1 The shortest distances between conductive parts 

and between conductive parts and earth, in air or along the 

surface of an insulating material, are to be suitable for the 

rated voltage having regard to: 

° the nature of the insulating material; 

e the transient over voltages developed by switching and 
fault conditions; and 

° the environment into which the assembly will be 
installed. 

Each assembly type is to be subjected to an impulse voltage 

test in accordance with its constructional Standard or, alter- 

natively, the minimum distances for bare conductive parts in 

switchgear and control gear assemblies given in 

Table 2.7.1 are to be used. 


Table 2.7.1 Minimum clearance distances 


Minimum clearance distance (mm) 


Non-verified 
assemblies 


Verified assemblies, 
see Note 2 


Nominal voltage (V) 


Main Other Main switchboards 
switchboards| switchgear | and other switch 

and and control gear 
control gear 
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(that is conductive pollution occurs or dry, non conductive 
pollution occurs which is expected to be conductive due 
to condensation) as defined in IEC 61439-1, Low-volt- 
age switchgear and control gear assemblies — Part 1: 
General requirements; the clearance distances for non- 
verified assemblies are to be used. 

e A minimum creepage distance of 16 mm is permitted for 
assemblies verified in accordance with the requirements 
of IEC 61439-2, Low-voltage switchgear and control 
gear assemblies — Part 2: Power switchgear and control 
gear assemblies. 

e An alternative relevant National or International Standard 
may be used when an acceptable justification is submit- 
ted as part of the documentation required by 1.3.4. 


7.5.3 For assemblies with a rated voltage above 1kV, the 
requirement of 7.5.1 may be met by complying with IEC 
60092-503 Electrical installations in ships — Part 503: Special 
features — AC supply systems with voltages in the range of 
above 1 kV up to and including 15 kV. 

° Tables 2.7.1 and 2.7.2 indicate the minimum clearance 
and creepage distances normally allowed. 

° For main switchboards rated at above 1kV, a minimum 
clearance distance of 25 mm is required for busbars and 
other bare conductors. 

An alternative relevant National or International Standard may 

be used when an acceptable justification is submitted as part 

of the documentation required by 1.3.4. 


Table 2.7.2 Minimum creepage distances 


Minimum creepage distance (mm) 


Nominal voltage (V) | Main switchboards 


Other switchgear and 
control gear 


<250 (see Note 1) 15 


<690 (see Note 1) 20 


< 1000 (see Note 1) 25 


<250 (see Note 1) 20 20 


<690 (see Note 1) 25 25 


< 1000 (see Note 1) 35 35 


< 3,300 55 


< 3,300 48 See Note 2 


< 6,600 90 


< 6,600 90 70 


< 11,000 100 120 


< 11,000 150 120 


<15,000 See Note 3 | See Note 3 160 


NOTES 

fk For assemblies installed in spaces where the pollution degree is 
> 3, see 7.5.2. 

2. For the verification requirements for a verified assembly refer to 
IEC 61439-2. 

3. Clearance distances with reference to the applicable relevant 
National or International Standards, are to be submitted for 
approval, see 1.3.4. 


7.5.2 For assemblies with a rated voltage of up to and 

including 1kV, the requirement of 7.5.1 may be met by 

complying with IEC 60092-302 Electrical installations in ships 

— Part 302: Low-voltage switchgear and control gear assemblies. 

e — Tables 2.7.1 and 2.7.2 indicate the minimum clearance 
and creepage distances normally allowed. 

° For assemblies installed in spaces where the environ- 
mental conditions are in excess of pollution degree 3 


<15,000 See Note 2 See Note 2 


NOTES 

1. For verified assemblies a minimum creepage distance of 16 
mm is permitted for LV switchboards, see 7.5.2. 

2. | Creepage distances, with reference to the applicable relevant 
National or International Standards, are to be submitted for 
approval, see 1.3.3. 


7.5.4 Suitable shrouding or barriers are to be provided in 
way of connections to equipment, where necessary, to maintain 
the minimum distances in Table 2.7.1. 
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7.6 Degree of protection 


7.6.1 Low voltage assemblies where the rated voltage 
between conductors or to earth exceeds 55 V a.c. or 250 V d.c. 
are to be of the deadfront or enclosed type. High-voltage 
assemblies are to be of the enclosed type. 


7.6.2 Where switchboards or section boards are required 
to comply with 5.2.2, barriers are to be installed to provide 
protection for the independent sections against contamina- 
tion due to the products of arcing, which may result in a fault. 


7.7 Distribution boards 


7.7.1 Distribution boards are to be suitably enclosed 
unless they are installed in a cupboard or compartment to 
which only authorised persons have access in which case the 
cupboard may serve as an enclosure, see 7.16.4. 


7.8 Earthing of high-voltage switchboards 


7.8.1 High-voltage switchboards are to be provided with 
suitable means to earth isolated circuits so that they are 
discharged and so maintained that they are safe to touch. 


7.8.2 Protective shutters associated with withdrawable 
parts are to be clearly marked to indicate the incoming and 
outgoing circuits and bus tie connections. The colour coding 
shall be as follows: 

° Incoming (busbar side) — red; 

e — Outgoing (circuit side) — yellow; and 

° Bus ties — red. 


7.9 Fuses 


7.9.1 Fuses are to comply with one of the following 

Standards, amended where necessary for ambient 

temperature: 

(a) IEC 60269 (all parts): Low-voltage fuses; 

(o) IEC 60282-1: High-voltage fuses — Part 1: Current-limiting 
fuses; 

(c) acceptable and relevant National Standard for enclosed 
current-limiting fuses. 

Type test reports to verify the characteristics of a fuse are to 

be submitted for consideration when required. 


7.10 Handrails or handles 

7.10.1 All main and emergency switchboards are to be 
provided with an insulated handrail or insulated handles 
suitably fitted on the front of the switchboard. Where access 
to the rear is required, a horizontal insulated handrail is to be 
suitably fitted on the rear of the switchboard. 


7.11 Instruments for alternating current generators 
7.11.1 For alternating current generators not operated in 
parallel, each generator is to be provided with at least one 
voltmeter, one frequency meter, and one ammeter with an 
ammeter switch to enable the current in each phase to be 
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read, or an ammeter in each phase. Generators above 
50 kVA are also to be provided with a wattmeter. 


7.11.2 For alternating current generators operated in 
parallel, each generator is to be provided with a wattmeter, and 
one ammeter with an ammeter switch to enable the current in 
each phase to be read, or an ammeter in each phase. 


7.11.3 For parallelling purposes, two voltmeters, two 
frequency meters and two synchronising devices, of which one 
at least is to be a synchroscope or a set of lamps are to be 
provided. One voltmeter and one frequency meter are to be 
connected to the busbars, the other voltmeter and frequency 
meter are to be switched to enable the voltage and frequency 
of any generator to be measured. Where the electrical power 
requirement to maintain the ship in a normal operational and 
habitable condition is usually supplied by two or more genera- 
tors operating in parallel, the two synchronising devices are to 
be independent of each other see also 2.2.1. 


7.11.4 The indicators and displays required by 7.11.1 to 
7.11.3 are to be located and arranged such that they may be 
viewed at a single operating position. Where manual 
paralleling is provided, generators are to have controls to 
adjust their voltage and frequency located at the single 
operating position. Access to voltage adjustment is to be 
restricted, such that it will generally only be used by 
authorised personnel to avoid accidental operation. 


7.11.5 Where the indications of voltage, frequency, current 
and power are displayed digitally, the indications are to be 
separately displayed. 


7.12 Instrument scales 

7.12.1. The upper limit of the scale of every voltmeter is to 
be approximately 120 per cent of the nominal voltage of the 
circuit, and the nominal voltage is to be clearly indicated. 


7.12.2 The upper limit of the scale of every ammeter is to 
be approximately 130 per cent of the normal rating of the circuit 
in which it is installed. Normal full load is to be clearly indicated. 


7.12.3 Kilowatt meters for use with alternating current 
generators which may be operated in parallel are to be 
capable of indicating 15 per cent reverse power. 


7.12.4 Where the indications provided by the instrumentation 
required by 7.11 are displayed digitally, nominal voltage, over 
voltage, over current and reverse power indications are to be 
indicated by an appropriate means. The information provided is 
to be clearly visible and immediately available. 


7.12.5 In general, indications provided by instrumentation 
which are displayed digitally are not to change more 
frequently than twice per second. 


7.13 Labels 

7.13.1 The identification of individual circuits and their 
devices is to be made on labels of durable material. The 
ratings of fuses and settings of protective devices are also to 
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be indicated. Section and distribution boards are to be 
marked with the rated voltage. 


7.14 Protection 


7.14.1 See Section 6. 


7.15 Wiring 


7.15.1 Insulated wiring connecting components are to be 
stranded, flame retardant and manufactured in accordance 
with a relevant and acceptable National Standard. 


7.16 Position of switchboards 


7.16.1 An unobstructed space not less than 1 m wide is 
to be provided in front of switchboards and section boards. 
When switchboards and section boards contain withdrawable 
equipment the unobstructed space is to be not less than 
0,4 m wide with this equipment in its fully withdrawn position. 


7.16.2 Where necessary, the space at the rear of switch- 
boards and section boards is to be ample to permit 
maintenance and in general not less than 0,6 m except that 
this may be reduced to 0,5 m in way of stiffeners or frames. 


7.16.3 The spaces defined in 7.16.1 and 7.16.2 are to 
have non-slip surfaces. Where access to live parts within 
switchboards and section boards is normally possible the 
surface is, in addition, to be electrically insulated. 


7.16.4 So far as is practicable, pipes are not to be installed 
directly above or in front of or behind switchboards, 
section boards and distribution boards. If such placing is 
unavoidable, suitable protection is to be provided in these 
positions, see Pt 5, Ch 13,2. 


7.16.5 For switchgear and controlgear assemblies, for 
rated voltages above 1 kV, arrangements are to be made to 
protect personnel in the event of gases or vapours escaping 
under pressure as the result of arcing due to an internal fault. 
Where personnel may be in the vicinity of the equipment 
when it is energised, this may be achieved by an assembly 
that has been tested in accordance with Annex A of 
IEC 62271-200:2011: High-voltage switchgear and 
controlgear — Part 200: AC metal-enclosed switchgear and 
controlgear for rated voltages above 1 kV and up to and 
including 52 kV and qualified for classification IAC (internal 
arc Classification). 


7.17 Switchboard auxiliary power supplies 


7.17.1 Where the operation of a protective device relies 
upon a power supply, an alarm is to be provided to indicate 
failure of the power supply, unless its failure causes automatic 
tripping of the protected circuit. 
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7.18 Testing 


7.18.1 Tests in accordance with 7.18.2 to 7.18.4 are to be 
satisfactorily carried out on all assemblies, complete or in 
sections, at the manufacturer’s premises, and a test report 
issued by the manufacturer, see also 1.4.2. 


7.18.2 A high voltage test, see Section 21. 


7.18.3 Calibration of protective devices and indicating 
instruments is to be verified by means of current and/or 
voltage injection. 


7.18.4 Demonstration of the satisfactory operation of 
protection circuits, control circuits and interlocks by means of 
simulated functional tests. 


7.18.5 For switchgear and controlgear assemblies, for 
rated voltages above 1 kV, type tests are to be carried out, in 
accordance with Annex A of IEC 62271-200:2011: 
High-voltage switchgear and controlgear — Part 200: AC 
metal-enclosed switchgear and controlgear for rated voltages 
above 7 kV and up to and including 52 kV and IAC (internal 
arc classification) assigned, to verify that the assembly will 
withstand the effects of an internal arc occurring within the 
enclosure at a prospective fault level equal to, or in excess of, 
that of the installation. 


7.19 Disconnectors and switch-disconnectors 


7.19.1 Disconnectors, switch-disconnectors and their 
components are to comply with one of the following 
standards, amended where necessary for ambient tempera- 
ture and other environmental conditions: 

(a) IEC 60947-3: Low-voltage switchgear and controlgear 
— Part 3: Switches, disconnectors, switch-disconnectors 
and fuse-combination units; 

(o) IEC 62271-102: High-voltage switchgear and 
controlgear — Part 102: High-voltage alternating current 
disconnectors and earthing switches; 

(c) acceptable and relevant National Standard. 

Type test reports to verify the characteristics of a disconnec- 

tor or switch-disconnector are to be submitted for 

consideration when required. 
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E Section 8 
Protection from electric arc 
hazards within electrical 
equipment 


8.1 General 


8.1.1 An assessment is to be carried out in accordance 

with 8.2.1 for all electrical equipment within which an arcing 

fault could occur, such as: 

° harmonic filters; 

° motor starter panels; 

° semiconductor converters; 

° switchboards, section boards and distribution boards; 
or 

° transformers. 


8.2 Hazard identification and assessment 


8.2.1 An assessment is to be carried out to identify the 
hazards and their consequences for personnel resulting from 
electric arcs within the electrical equipment identified in 8.1.1. 

The purpose of the assessment is to demonstrate that the 

design incorporates adequate measures to reduce the risk of 

injury to personnel should an arcing fault occur within the 
electrical equipment, and that this will help to ensure both 
personnel and ship safety. 

Details of the following are to be submitted: 

(a) each task to be performed, e.g., switching, equipment 
maintenance, instrument observation or cleaning; 

(b) the hazards to personnel that could result from an 
electric arc occurring during each task, and the hazards 
to personnel that could result from the electric arc; 

(c) the methods to be used to help to prevent electric arcs; 
and 

(d) the methods to be used to protect personnel from 
hazards resulting from electric arcs within electrical 
equipment. 


8.3 Calculations to be submitted 


8.3.1 The following calculations are to be conducted and 

used in the hazard identification and assessment: 

(a) calculations of the maximum current that would flow 
through an electric arc between each conductor and its 
adjacent conductor, and between each conductor and 
the exposed conductive parts of the enclosure, in the 
case of an arcing fault; 

(b) the maximum incident energy at the intended working 
distance in the case of an arcing fault; and 

(c) the distance from each conductor at which the incident 
energy would be 5 Joules (1,2 calories) per centimetre 
squared in the case of an arcing fault when the 
enclosure door is open. 

These calculations may be made in accordance with a 

relevant Standard acceptable to LR, for example, IEEE 

Standard 1584, /EEE Guide for Performing Arc-Flash Hazard 

Calculations. 
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8.4 Testing and trials 


8.4.1 It is to be demonstrated that, where provided, 
arrangements to detect arcing faults function correctly. 


a Section 9 
Rotating machines 


9.1 General requirements 


9.1.1 Rotating machines are to comply with the relevant 
parts of IEC 60092: Electrical installations in ships or an 
acceptable and relevant National Standard, and the require- 
ments of this Section. 


9.1.2 For all the rotating machines a manufacturer’s test 
certificate is to be provided, see also 1.4.2 to 1.4.4. 


9.1.3 All machines of 100 kW and over, intended for 
essential services, are to be surveyed by the Surveyor during 
manufacture and test. 


9.1.4 Shaft materials for rotating machines for essential 

services are to comply with the Rules for the Manufacture, 

Testing and Certification of Materials (hereinafter referred to 

as the Rules for Materials) and be manufactured under LR 

survey for the following applications: 

(a) shaft material for dynamic positioning and electric 
propulsion motors; 

(b) shaft material for main engine driven generators where 
the shaft is part of the propulsion shafting; and 

(c) shaft material for machines with power ratings of 250 kW 
or greater. 

Shaft material for machines with power ratings less than 

250 kW is to have a manufacturer’s certificate as detailed in 

Chapter 1 of the Rules for Materials. 


9.1.5 Where welding is applied to shafts of machines for 
securing arms or spiders, stress relieving is to be carried out 
after welding. The finalised assembly is to be visually 
examined by the Surveyors, crack detection carried out by an 
appropriate method and the finished welds found sound and 
free from cracks. 


9.1.6 The rotating parts of machines are to be so 
balanced that when running at any speed in the normal 
working range the vibration does not exceed the levels of 
IEC 60034-14: Rotating electrical machines — Part 14: 
Mechanical vibration of certain machines with shaft heights 
56 mm and higher - Measurement, evaluation and limits of 
vibration severity. 


9.1.7 The lubrication arrangement for bearings are to be 
effective under all operating conditions including the maximum 
ship inclinations defined by 1.10 and there are to be effective 
means provided to ensure that lubricant does not reach the 
machine windings or other conductors and insulators. 


9.1.8 Means are to be taken to prevent the ill effects of 
the flow of currents circulating between the shaft and machine 
bearings or bearings of connected machinery. 
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9.1.9 Alternating current machines are to be constructed 
such that, under any operating conditions, they are capable of 
withstanding the effects of a sudden short-circuit at their 
terminals without damage. 


9.1.10 Propulsion motors, and generators that form part of 
electrical propulsion systems, are to have at least one 
embedded temperature detector (ETD) in each phase of the 
machine winding in locations which may be subjected to the 
highest temperature. Where there are two coil sides per slot 
the ETD’s are to be located between the insulated coil sides 
in the slot, see 16.1.3. 


9.1.11 A high bearing temperature alarm is to be provided 
for generators of 100 kW and above, and electric propulsion 
motors, which are supplied with forced lubrication. 


9.1.12 A low lubricating oil pressure alarm is to be 
provided for generators and electric propulsion motors that 
are supplied with forced lubrication. 


9.1.13 A high lubricating oil temperature alarm is to be 
provided for electric propulsion motors that are supplied with 
forced lubrication. 


9.1.14 For high voltage machines, the stator insulation 
system is to be of a type that has undergone sample testing 
in accordance with the following International Standards, or 
relevant alternatives acceptable to LR, to demonstrate its 
suitability for the operating voltage in the presence of an LR 
Surveyor: 

(a) IEC 60894, Guide for test procedure for the 
measurement of loss tangent of coils and bars for 
machine windings, at the insulation class rated 
temperature; and 

(o) IEC 60034-15: Rotating electrical machines — Part 15: 
Impulse voltage withstand levels of form-wound stator 
coils for rotating a.c. machines, with power-frequency 
voltage withstand testing conducted. 

Test samples are to be representative in terms of the number 

and size of conductors, coil construction, combination of 

materials and manufacturing process. 


9.1.15 For testing required by 9.1.14 on coils relating to 
global vacuum pressure impregnated systems, test samples 
representing the unimpregnated state and the impregnated 
state of the final winding and stator core are to be used as 
appropriate for testing. 


9.2 Rating 


9.2.1 Generators, including their excitation systems, and 
continuously rated motors are to be suitable for continuous 
duty at their full rated output at maximum cooling air or water 
temperature for an unlimited period, without the limits of 
temperature rise in 9.3 being exceeded. Generators are to be 
capable of an overload power of not less than 10 per cent at 
their rated power factor for a period of 15 minutes without 
injurious heating. Other machines are to be rated in 
accordance with the duty which they have to perform and, 
when tested under rated load conditions, the temperature rise 
is not to exceed the values in 9.3. 
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9.2.2 When a rotating machine is connected to a supply 
system with harmonic distortion the rating of the machine is to 
allow for the increased heating effect of the harmonic loading. 


9.2.3 The design and construction of smoke extraction 
fan motors are to be suitable for the ambient temperature and 
operating time required. Type test reports to verify the 
performance of the electric motor are to be submitted for 
consideration. 


9.3 Temperature rise 


9.3.1 The limits of temperature rise specified in 
Table 2.9.1, are based on the cooling air temperature and 
cooling water temperature given in 1.9. 


9.3.2 If it is known that the temperature of cooling 
medium exceeds the values given in 1.9 the permissible 
temperature rise is to be reduced by an amount equal to the 
excess temperature of the cooling medium. 


9.3.3 If it is known that the temperature of cooling 
medium will be permanently less than the values given in 1.9 
the permissible temperature rise may be increased by an 
amount equal to the difference between the declared 
temperature and that given in 1.9 up to a maximum of 15°C. 


9.4 Generator control 


9.4.1 Each alternating current generator, unless of the 
self-regulating type, is to be provided with automatic means 
of voltage regulation; voltage build-up is not to require an 
external source of power. Provision is to be made to safe- 
guard the distribution system should there be a failure of the 
voltage regulating system resulting in a high voltage. 


9.4.2 The voltage regulation of any alternating current 
generator with its regulating equipment is to be such that at all 
loads, from zero to full load at rated power factor, the rated 
voltage is maintained within +2,5 per cent under steady 
conditions. There is to be provision at the voltage regulator to 
adjust the generator no load voltage. 


9.4.3 Generators, and their excitation systems, when 
operating at rated speed and voltage on no-load are to be 
capable of absorbing the suddenly switched, balanced, 
current demand of the largest motor or load at a power factor 
not greater than 0,4 with a transient voltage dip which does 
not exceed 15 per cent of rated voltage. The voltage is to 
recover to rated voltage within a time not exceeding 
1,5 seconds. 


9.4.4 The transient voltage rise at the terminals of a 
generator is not to exceed 20 per cent of rated voltage when 
rated kVA at a power factor not greater than 0,8 is thrown off. 
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Table 2.9.1 Limits of temperature rise of machines cooled by air 


Limits of temperature rise of machines cooled by air, °C 


Method of 
temperature 
measurement B 


Insulation class 
Part of machine 


. (a) a.c. windings of machines having output of ET 75 
5000 kVA or more 70 


(b) a.c. windings of machines having output of less [l 80 
than 5000 kVA 70 


. Windings of armatures having commutators 70 
60 


. Field windings of a.c. and d.c. machines having d.c. 70 
excitation other than those in item 4 60 


Field windings of synchronous machines with 80 
cylindrical rotors having d.c. excitation 


Stationary field windings of d.c. machines 70 
having more than one layer 60 


Low resistance field windings of a.c. and d.c. 70 
machine and compensating windings of d.c. 
machines having more than one layer 


Single-layer windings of a.c. and d.c. machines 
with exposed bare or varnished metal surfaces 
and single-layer compensating windings of d.c. 
machines 


. Permanently short-circuited insulated windings 50 65 70 90 115 


. Permanently short-circuited uninsulated windings 


The temperature rise of these parts shall in no case reach such 
a value that there is a risk to any insulation or other materials on 
adjacent parts or to the item itself 


. Magnetic cores and other parts not in contact with 
windings 


. Magnetic cores and other parts in contact with 50 65 70 90 110 
windings 


. Commutators and slip-rings open and enclosed 50 60 70 80 90 


NOTES 
1. Where water cooled heat exchangers are used in the machine cooling circuit the temperature rises are to be measured with respect to the 
emperature of the cooling water at the inlet to the heat exchanger and the temperature rises given in this Table shall be increased by 10°C 
provided the inlet water temperature does not exceed the values given in 1.9. 

T thermometer method 

R resistance method 

ETD = embedded temperature detector. 

Temperature rise measurements are to use the resistance method whenever practicable. 

The ETD method may only be used when the ETDs are located between coil sides in the slot. 


9.4.5 Generators and their voltage regulation systems are 9.4.7 When generators are operated in parallel, the kVA 


to be capable of maintaining, without damage, under steady 
state short-circuit conditions a current of at least three times 
the full load rated current for a duration of at least two 
seconds or where precise data is available for the duration of 
any time delay which may be provided by a tripping device 
for discrimination purposes. 


9.4.6 Generators required to run in parallel are to be 
stable from no load (kW) up to the total combined full load 
(kW) of the group, and load sharing is to be such that the load 
on any generator does not normally differ from its proportionate 
share of the total load by more than 15 per cent of the rated 
output (kW) of the largest machine or 25 per cent of the rated 
output (kW) of the individual machine, whichever is less. 


loads of the individual generating sets are not to differ from 
the proportionate share of the total kVA load by more than five 
per cent of the rated kVA output of the largest machines. 


9.5 Overloads 


9.5.1 Machines are to withstand on test, without injury, 

the following momentary overloads: 

(a) Generators. An excess current of 50 per cent for 
15 seconds after attaining the temperature rise 
corresponding to rated load, the terminal voltage being 
maintained as near the rated value as possible. The fore- 
going does not apply to the overload torque 
capacity of the prime mover. 
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(o) Motors. At rated speed or, in the case of a range of 
speeds, at the highest and lowest speeds, under 
gradual increase of torque, the appropriate excess torque 
given below. Synchronous motors and synchronous 
induction motors are required to withstand the excess 
torque without falling out of synchronism and without 
adjustment of the excitation circuit preset at the value 
corresponding to rated load: 


d.c. motors 50 per cent for 15 seconds; 
polyphase a.c. 

synchronous motors 50 per cent for 15 seconds; 
polyphase a.c. 

synchronous 

induction motors 35 per cent for 15 seconds; 
polyphase a.c. 

induction motors 60 per cent for 15 seconds. 


(c) Propulsion machines. The overload tests for propulsion 
machines will be specially considered for each 
installation. 

(d) Windlasses. For the design and testing of windlass 
electric motors, see Pt 3, Ch 13,8.8. 


9.6 Machine enclosure 


9.6.1 Where liquid-cooled heat exchangers are used in 
the machine cooling circuit there is to be provision to detect 
leakage of the liquid, and the system is to be arranged so as 
to prevent the entry of liquid into the machine. 


9.7 Direct current machines 


9.7.1 The final running position of brushgear is to be 
clearly and permanently marked. 


9.7.2 Direct current machines are to work with fixed 
brush setting from no load to the momentary overload 
specified without injurious sparking. 


9.8 Survey and testing 


9.8.1 On machines for essential services tests are to be 
carried out and a certificate furnished by the manufacturer. The 
tests are to include temperature rise, momentary overload, 
high voltage, and commutation. The insulation resistance and 
the temperature at which it was measured are to be recorded, 
see also 1.4.2 to 1.4.4. 


9.8.2 In the case of duplicate machines, type tests of 
temperature rise, excess current and torque and commuta- 
tion taken on a machine identical in rating and in all other 
essential details may be accepted in conjunction with 
abbreviated tests on each machine. Type tests for propulsion 
machines will be specially considered, see also Section 16. 
For the abbreviated tests, each machine is to be run and is 
to be found electrically and mechanically sound and is to have 
a high voltage test and insulation resistance recorded. 


9.8.3 A high voltage test, in accordance with Section 21, 
is to be applied to new machines, preferably at the conclusion 
of the temperature rise test. Where both ends of each phase 
are brought out to accessible separate terminals each phase 
is to be tested separately. 
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9.8.4 Survey during manufacture, see 1.4, is to be 
conducted prior to testing of the completed machine and is to 
include inspection of rotor and stator assemblies to assess 
compliance with the constructional requirements of the 
relevant standards and this Section. 


9.8.5 For high voltage machines, a description of rotor 
and stator insulation system application procedures (taping, 
impregnation, pressing and curing, etc.) with application 
process records, including details of checks and tests 
conducted to verify successful application, is to be made 
available to the LR Surveyor during manufacture, see also 
9.1.14. 


9.8.6 Routine impulse tests are to be carried out on the 
coils of high voltage machines in accordance with IEC 60034- 
15: Rotating electrical machines — Part 15: Impulse voltage 
withstand levels of form-wound stator coils for rotating a.c. 
machines, in order to demonstrate a satisfactory withstand 
level of the inter-turn insulation to voltage surges. The test is 
to be carried out on all coils after they have been inserted in 
the slots and after wedging and bracing. Each coil shall be 
subjected to at least five impulses of injected voltage, the 
peak value of the injected voltage being given by the formula: 
Voeak = 2,45V 
where 

V = rated line voltage rm.s. 
Alternative proposals to demonstrate the withstand level of 
inter-turn insulation will be considered. 


m Section 10 
Converter equipment 


10.1 Transformers 


10.1.1 Paragraphs 10.1.2 to 10.1.13 apply to transform- 
ers rated for 5 kVA upwards. 


10.1.2 Transformers are to comply with the requirements 
of IEC 60076 (all parts): Power transformers, or an 
acceptable and relevant National Standard amended where 
necessary for ambient temperature, see 1.9. 


10.1.3. Transformers may be of the dry type, encapsulated 
or liquid-filled type. 


10.1.4 The temperature rise of the winding of transformers 
above the ambient temperatures given in 1.9, when measured 
by resistance during continuous operation at the maximum 
rating, is not to exceed: 
(a) For dry type transformers, air cooled: 

insulation of Class A — 50°C 

insulation of Class E — 60°C 

insulation of Class B — 70°C 

insulation of Class F — 90°C 

insulation of Class H — 110°C 
(o) For liquid filled transformers: 

50°C — where air provides cooling of the fluid 

65°C — where water provides cooling of the fluid. 
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10.1.5 When a transformer is connected to a supply 
system with harmonic distortion, the rating of the transformer 
is to allow for the increased heating effect of the harmonic 
loading. Special attention is to be given to transformers 
connected for the purpose of reducing harmonic distortion. 


10.1.6 The inherent regulation of transformers at their 
rated output is to be such that the total voltage drop to any 
point in the installation does not exceed that allowed by 1.8. 


10.1.7 Transformers, except those for motor starting, are 
to be double wound. 


10.1.8 Liquid fillings for transformers are to be non-toxic 
and of a type which does not readily support combustion. 
Liquid filled transformers are to have a pressure relief device 
with an alarm and there is to be a suitable means provided to 
contain any liquid which may escape from the transformer due 
to the operation of the relief device or damage to the tank. 


10.1.9 All transformers are to be capable of withstanding 
for two seconds, without damage, the thermal and mechanical 
effects of a short-circuit at the terminals of any winding. 


10.1.10 When forced cooling is used, whether air or liquid, 
there is to be monitoring of the cooling medium and transformer 
winding temperatures with an alarm should these exceed preset 
limits. There are to be arrangements so that the load may be 
reduced to a level commensurate with the cooling available. 


10.1.11 Transformers for propulsion power are to be 

provided with arrangements such that, in the event of exces- 

sive winding temperature, an alarm is initiated and: 

e the load is reduced to a level commensurate with the 
cooling arrangements; or 

e — automatic shut-down of the transformer occurs. 


10.1.12 Where liquid-cooled heat exchangers are used in 
transformer cooling circuits, there is to be provision to detect 
leakage of the liquid and the system is to be arranged so as 
to prevent the entry of liquid into the transformer. 


10.1.13 The following tests are to be carried out on all 

transformers at the manufacturer’s works, and a certificate of 

tests issued by the manufacturer, see also 1.4.2 and 1.4.3: 

(a) measurement of winding resistances, voltage ratio, 
impedance voltage, short-circuit impedance, insulation 
resistance, load loss, no load loss and current; 

(b) dielectric tests; 

(c) temperature rise test on one transformer of each size 
and type; and 

(d) where evidence of compliance with 10.1.9 is not submit- 
ted for consideration, short-circuit withstand on one 
transformer of each size and type. 


10.2 Semiconductor converters 


10.2.1 The requirements of 10.2.2 to 10.2.18 apply to 
semiconductor converters rated for 5 kW upwards. 
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10.2.2 Semiconductor converters are to comply with the 
requirements of IEC 60146 (all parts): Semiconductor 
converters, or an acceptable and relevant National Standard 
amended where necessary for ambient temperature, see 1.9. 


10.2.3 Semiconductor static power converters are to be 
rated for the required duty having regard to peak loads, 
system transients and overvoltage. 


10.2.4 Converter equipment may be air or liquid cooled 
and is to be so arranged that it cannot remain loaded unless 
effective cooling is maintained. Alternatively the load may be 
automatically reduced to a level commensurate with the 
cooling available. 


10.2.5 Liquid cooled converter equipment is to be 
provided with leakage alarms and there is to be a suitable 
means provided to contain any liquid which may leak from the 
system in order to ensure that it does not cause an electrical 
failure of the equipment. Where the semiconductors and other 
current carrying parts are in direct contact with the cooling 
liquid, the liquid is to be monitored for satisfactory resistivity 
and an alarm initiated at the relevant control station should 
the resistivity be outside the agreed limits. 


10.2.6 Where forced cooling is used there is to be temper- 
ature monitoring of the heated cooling medium with an alarm 
and shut-down when the temperature exceeds a preset 
value. 


10.2.7 Cooling fluids are to be non-toxic and of low 
flammability. 
10.2.8. Converter equipment is to be so arranged that the 


semiconductor devices, fuses, control and firing circuit boards 
may be readily removed from the equipment for repair or 
replacement. 


10.2.9 Test and monitoring facilities are to be provided to 
permit identification of control circuit faults and faulty 
components. 


10.2.10 Protection devices fitted for converter equipment 
protection are to ensure that, under fault conditions, the 
protective action of circuit-breakers, fuses or control systems is 
such that there is no further damage to the converter or the 
installation. 


10.2.11 Converter equipment, including any associated 
transformers, reactors, capacitors and filters, if provided, is 
to be so arranged that the harmonic distortion, and voltage 
spikes, introduced in to the ship’s electrical system are within 
the limits of 1.8.3 or restricted to a lower level necessary to 
ensure that it causes no malfunction of equipment connected 
to the electrical installation. 


10.2.12 Overvoltage spikes or oscillations caused by 
commutation or other phenomena, are not to result in the 
supply voltage waveform deviating from a superimposed 
equivalent sine wave by more than 10 per cent of the 
maximum value of the equivalent sine wave. 


10.2.13 When converter equipment is operated in parallel, 
load sharing is to be such that under normal operating 
conditions overloading of any unit does not occur and the 
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combination of paralleled equipment is stable throughout the 
operating range. 


10.2.14 When converter equipment has parallel circuits 
there is to be provision to ensure that the load is distributed 
uniformly between the parallel paths. 


10.2.15 Transformers, reactors, capacitors and other circuit 
devices associated with converter equipment, or associated 
filters, are to be suitable for the distorted voltage and current 
waveforms to which they may be subjected and filter circuits 
are to be provided with facilities to ensure that their capacitors 
are discharged before the circuits are energised. 


10.2.16 Any regenerated power developed during the 
operation of converter equipment is not to result in 
disturbances to the supply system voltage and frequency 
which exceeds the limits of 1.8. 


10.2.17 Where control systems form an integral part of 
semiconductor equipment, they are to be designed and 
manufactured with regard to the environmental conditions to 
which they will be exposed in service and their performance 
is to be demonstrated during the test and trials programme. 


10.2.18 Tests at the manufacturer’s works of converter 
equipment and any associated reactors or filters are to 
include the high voltage test of 21.1, a temperature rise test 
on one of each size and type of converter equipment, and 
such other tests as may be necessary to demonstrate the 
suitability of the equipment for its intended duty. Details of 
tests are to be submitted for consideration when required, 
see also 1.4.2. 


10.3 Uninterruptible power systems 


10.3.1 The requirements of this sub-Section apply to all 
uninterruptible power systems (UPS) intended to maintain 
essential services or provide emergency services. This sub- 
Section is in addition to the requirements of 10.1 to 10.2 and 
Section 12, as applicable. 


10.3.2 UPS units are to be constructed in accordance 
with IEC 62040: Uninterruptible power systems (UPS) (all 
parts), or an acceptable and relevant National or International 
Standard. 


10.3.3. The operation of a UPS is not to depend upon 
external services. 


10.3.4 The type of UPS unit employed, whether off-line, 
line-interactive or on-line, is to be appropriate to the power 
supply requirements of the connected load equipment. 


10.3.5 An external bypass, that is hardwired and manually 
operated, is to be provided for UPS to allow isolation of UPS 
for safety during maintenance and maintain continuity of load 
power. 
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10.3.6 UPS units are to be monitored and an audible and 
visual alarm is to be initiated in the navigating bridge or the 
engine control room, or an equivalent attended location for: 

e power supply failure (voltage and frequency) to the 
connected load; 

earth fault; 

operation of battery protective device; 

battery discharge; and 

bypass in operation for on-line UPS units. 


10.3.7 UPS units required to provide emergency services 
are to be suitably located for use in an emergency. 


10.3.8 UPS units utilising valve-regulated sealed batteries 
may be located in compartments with standard marine or 
industrial electrical equipment provided that the arrangements 
comply with 12.3.5. Ventilation arrangements in accordance 
with IEC 62040-1: Uninterruptible power systems (UPS) - 
Part 1: General and safety requirements for UPS, or an 
acceptable and relevant National or International Standard, 
may be considered to satisfy the requirements of 12.5.10. 


10.3.9 Output power is to be maintained for the duration 
required for the connected equipment. 


10.3.10 The UPS battery capacity is, at all times, to be 
capable of supplying the designated loads for the time 
specified. Where it is proposed that additional circuits are 
connected to the UPS unit, details verifying that the UPS unit 
has adequate capacity are to be submitted for consideration, 
see 1.5. 


10.3.11 On restoration of the input power, the rating of the 
charge unit is to be sufficient to recharge the batteries while 
maintaining the output supply to the load equipment. 


10.3.12 Tests at the manufacturers works or after 
installation on board are to include such tests necessary to 
demonstrate, to the Surveyor’s satisfaction, the suitability of 
the UPS unit for its intended duty and location. As a minimum 
the following tests are required: 

e —atemperature rise test; 

e a battery capacity test; 

e a ventilation rate test of both the equipment housing and 
the space into which it is to be located, see also 12.5; 
and 

e functional testing, including operation of alarms. 

Details of tests are to be submitted for consideration when 

required, see also 1.4.2. 


10.3.13. Where the supply is to be maintained without a 
break following a power input failure, this is to be verified after 
installation by practical testing. 
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a Section 11 
Electric cables, optical fibre 
cables and busbar trunking 
systems (busways) 


11.1 General 


11.1.1 The requirements of 11.1 to 11.16 apply to all 
electric and optical fibre cables for fixed wiring unless other- 
wise exempted. The requirements of 11.17 apply to busbar 
trunking systems (busways) where they are used in place of 
electric cables. 


11.1.2 Electric cables for fixed wiring are to be designed, 
manufactured and tested in accordance with the relevant IEC 
Standard stated in Table 2.11.1 or an acceptable and 
relevant National Standard. 


Table 2.11.1 Electric cables 


Application IEC Standard Title 


60092-350 Electrical installations in 
ships — Part 350: 
General construction 
and test methods of 
power, control and 
instrumentation cables 
for shipboard and 
offshore applications 


General constructional 
and testing 
requirements 


60092-353 Electrical installations in 
ships — Part 353: Power 
cables for rated voltages 


1 kV and 3 kV 


Fixed power and 
control circuits 


60092-354 


Electrical installations in 
ships — Part 354: Single- 
and three-core power 
cables with extruded 
solid insulation for rated 
voltages 6 kV (Um = 7,2 


Fixed power circuits 


kV) up to 30 kV (Um = 
36 kV) 

60092-370 Electrical installations in 
ships — Part 370: 
Guidance on the 
selection of cables for 
telecommunication and 
data transfer including 
radio-frequency cables 


Instrumentation, 
control and 
communication 
circuits up to 60 V 


60092-376 Electrical installations in 
ships — Part 376: Cables 
for control and 
instrumentation circuits 


150/250 V (300 V) 


Control circuits and 
instrumentation up 
to 250 V 


Mineral insulated 60702 
(all parts) 


Mineral insulated cables 
and their terminations 
with a rated voltage not 
exceeding 750 V 


11.1.3 Details of optical fibre cables for fixed installation 
are to be submitted to assess compliance with applicable 
international or National Standards. These are to include: 

° Flame retardancy; 
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Fire resistance (if applicable); 

Smoke density; 

Halogen content; 

Mechanical properties; 

Suitability for use in the marine environment. 


11.1.4 Electric cables for electric propulsion systems are 
to be Type Approved in accordance with LR’s Type Approval 
System Test Specification Number 3 or, alternatively, surveyed 
by the Surveyors during manufacture and testing to assess 
compliance with the applicable International or National 
Standards and application of an acceptable quality manage- 
ment system. 


17.1.5 Provided that adequate flexibility of the finished 
cable is assured, conductors of nominal cross-section area 
2,5 mm and less need not be stranded. 


11.1.6 Electric and optical fibre cables for non-fixed appli- 
cations are to comply with a relevant National or International 
Standard. 


11.1.7 For the purpose of this Section, pipes, conduits, 
trunking or any other system for the additional mechanical 
protection of cables are hereafter referred to under the generic 
name ‘protective casings’. 


77.1.8 Electrical cables for telecommunications and data 
transfer are, whenever practicable, to be selected in accor- 
dance with the recommendations of IEC TR 60092-370: 
Guidance on the selection of cables for telecommunication 
and data transfer including radio-frequency cables. 


11.2 Testing 


11.2.1 Routine tests, consisting of at least: 

(a) measurement of electrical resistance of conductors; 

b) high voltage test, see also Section 21; 

c) insulation resistance measurement; 

d) for high voltage cables, partial discharge tests are to be 
made in accordance with the requirements of 
IEC 60885-2: Electrical test methods for electric cables 
— Part 2: Partial discharge tests, or an acceptable and 
relevant National Standard, at the manufacturer’s works 
prior to despatch. 

Evidence of successful completion of routine tests is to be 

provided by the manufacturer, see a/so 11.1.4. 


11.2.2 Particular, special and type tests are to be made, 
when required, in accordance with the requirements of the 
relevant publication or National Standard referred to in 11.1.2 
and a test report issued by the manufacturer. 


11.3 Voltage rating 


11.3.1. The rated voltage of any electric cable is to be not 
lower than the nominal voltage of the circuit for which it is used. 
The maximum sustained voltage of the circuit is not to exceed 
the maximum voltage for which the cable has been designed. 
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11.3.2 Electric cables used in unearthed systems are to 
be suitably rated to withstand the additional stresses imposed 
on the insulation due to an earth fault. 


11.4 Operating temperature 


11.4.1. The maximum rated conductor temperature of the 
insulating material for normal operation is to be at least 10°C 
higher than the maximum ambient temperature liable to be 
produced in the space where the cable is installed. 


11.4.2 ©The maximum rated conductor temperatures for 
normal and short-circuit operation, for the insulating materials 
included within the standards referred to in 11.1.2 is not to 
exceed the values stated in Table 2.11.2. 


11.4.3 Electric cables constructed of an insulating 
material not included in Table 2.11.2 are to be rated in 
accordance with the National Standard chosen in compliance 
with 11.1.2. 


Table 2.11.2 Maximum rated conductor temperature 


Maximum rated conductor 
temperature, °C 
Type of insulating compound 


Normal 


operation Short-circuit 


Thermoplastic, based upon: 


Polyvinyl chloride or co-polymer 70 
of vinyl chloride and vinyl 
acetate 


Elastomeric or thermosetting, 
based upon: 


Ethylene-propylene rubber or 
similar (EPM or EPDM) 


High modulus or hard grade 


ethylene propylene rubber 
Cross-linked polyethylene 


Ethylene-propylene rubber or 
similar (EPM or EPDM) halogen 
free 


High modulus or hard grade 
halogen-free ethylene 
propylene rubber 


Halogen-free cross-linked 
polyethylene 


Cross-linked polyolefin material 
for halogen-free cables 


Silicone rubber 
Halogen-free silicone rubber 


11.5 Construction 


11.5.1 Electric and optical fibre cables are to be at least of 
a flame-retardant type. IEC 60332-1-2: Tests on electric and 
optical fibre cables under fire conditions — Part 1-2: Test for 
vertical flame propagation for a single insulated wire or cable 
— Procedure for 1 kW pre-mixed flame,will be acceptable. 
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11.5.2 Exemption from the requirements of 11.5.1 for 
applications such as radio frequency or digital communica- 
tion systems, which require the use of particular types of 
cable, will be subject to special consideration. 


11.5.3 Where electric or optical fibre cables are required 
to be of a ‘fire resistant type’, they are in addition to be easily 
distinguishable and comply with the performance 
requirements of the appropriate part of IEC 60331: Tests for 
electric cables under fire conditions — Circuit integrity, when 
tested with a minimum flame application time of 90 minutes, 
as follows: 

e IEC 60331-1: Tests for electric cables under fire 
conditions — Circuit integrity — Part 1: Test method for fire 
with shock at a temperature of at least 830°C for cables 
of rated voltage up to and including 0,6/1,0 kV and with 
an overall diameter exceeding 20 mm; 

e IEC 60331-21: Tests for electric cables under fire 
conditions — Circuit integrity — Part 21: Procedures and 
requirements — Cables of rated voltage up to and 
including 0,6/1,0 kV; 

e IEC 60331-23: Tests for electric cables under fire 
conditions — Circuit integrity — Part 23: Procedures and 
requirements — Electric data cables; or 

e IEC 60331-25: Tests for electric cables under fire 
conditions — Circuit integrity — Part 25: Procedures and 
requirements — Optical fibre cables. 


11.5.4 Where electric or optical fibre cables are installed 
in locations exposed to the weather, in damp and in wet 
situations, in machinery compartments, refrigerated spaces 
or exposed to harmful vapours including oil vapour they are to 
have the conductor insulating materials or optical fibres 
enclosed in an impervious sheath of material appropriate to 
the expected ambient conditions. 


11.5.5 Where electric or optical fibre cables are installed 
in locations which are totally submerged for extended periods 
of time, they are to have the conductor insulating materials or 
fibres enclosed in an impervious sheath of material appropriate 
to the expected submerged conditions and duration. 


11.5.6 Where it is required that the construction of electric 
or optical fibre cables includes metallic sheaths, armouring or 
braids, they are to be provided with an overall impervious 
sheath or other means to protect the metallic elements 
against corrosion, see a/so 11.8.7 and 11.8.8. 


11.5.7 Where cables are installed in an area where 
contamination by oil is likely to occur, the oversheath is to be 
of an enhanced oil resistance grade. 


11.5.8 Where single core electric cables are used in 
circuits rated in excess of 20 Amps and are armoured the 
armour is to be of a non-magnetic material. 
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11.5.9 Electric cables are to be constructed such that they 
are capable of withstanding the mechanical and thermal 
effects of the maximum short-circuit current which can flow 
in any part of the circuit in which they are installed, taking into 
consideration not only the time/current characteristics of the 
circuit protective device but also the peak value of the 
prospective short-circuit current. Where electric cables are to 
be used in circuits with a maximum short-circuit current in 
excess of 70 kA, evidence is to be submitted for considera- 
tion when required demonstrating that the cable construction 
can withstand the effects of the short-circuit current. 


11.5.10 All high voltage electric cables are to be readily 
identified by suitable marking. 


11.6 Conductor size 


17.6.1. |The maximum continuous load carried by a cable 
is not to exceed its continuous current rating. It is to be 
chosen such that the maximum rated conductor temperature 
for normal operation for the insulation is not exceeded. In 
assessing the current rating the correction factors in 11.7 may 
be applied as required. 


Table 2.11.3 


Nominal 
cross-section 
(mm?) 


Thermoplastic, (70°C) 


Single 2 core 


Ny 
ol 


an 


ODARONNA==0 
o 


Elastomeric (90°C) 
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11.6.2 The cross-sectional area of the conductors is to be 
sufficient to ensure that, under short-circuit conditions, the 
maximum rated conductor temperature for short-circuit 
operation is not exceeded, taking into consideration the time 
current characteristics of the circuit protective device and the 
peak value of the prospective short-circuit current. 


11.6.3 The cable current ratings given in Tables 2.11.3 and 
2.11.4 are based on the maximum rated conductor 
temperatures given in Table 2.11.2. When cable sizes are 
selected on the basis of precise evaluation of current rating 
based upon experimental and calculated data, details are to 
be submitted for consideration. Alternative short-circuit 
temperature limits, other than those given in Table 2.11.4, 
may be applied using the data provided in: 

° IEC 60724: Short-circuit temperature limits of electric 
cables with rated voltages of 1kV (Um=1,2kV) and 3kV 
(Um=3,6kV); or 

° IEC 60986: Short-circuit temperature limits of electric 
cables with rated voltages from 6kV (Um=7,2kV) and up 
to 30kV (Um=36kV). 

Alternative short-circuit temperature limits provided in an 

acceptable and relevant National Standard may also be 

considered. 


Electric cable current ratings, normal operation, based on ambient 45°C 


Continuous r.m.s current rating, in amperes 


Elastomeric or thermosetting, based on 
silicon rubber (95°C) 


2 core Single 2 core 3or4 
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Table 2.11.4 


Fault current (kA) at 150°C 


Nominal 


Fault current (kA) at 250°C 
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Electric cable current ratings, r.m.s. short-circuit current 


Fault current (kA) at 350°C 


cross-section 
(mm?) 


1s 0,5s 0,1 s 1s 
duration duration duration duration 


0,5s O0,1s 1s 0,5s 0,1 s 
duration duration duration duration duration 


z 
o 


0,1 0,3 0,1 
0,1 0,3 0,1 
0,1 0,4 0,2 
0,2 
0,3 
0,4 


an 
oO 


o o 


AMDARWNNA+=+0 


11.6.4 |The cross-sectional area of the conductors is to be 
sufficient to ensure that at no point in the installation will the 
voltage variations stated in 1.8 be exceeded when the 
conductors are carrying the maximum current under their 
normal conditions of service. 


11.6.5 The size of earth conductors is to comply with 
1.12.8. 
11.6.6 |The cross-sectional area of conductors used in 


circuits supplying cyclic or non-continuous loads is to be 
sufficient to ensure that the cables maximum rated conductor 
temperature for normal operation is not exceeded when the 
conductors are operating under their normal conditions of 
service, see 11.7.4. 


11.7 Correction factors for cable current rating 


11.7.1 The correction factors of 11.7.2 to 11.7.5 provide a 
guide for general applications in assessing a current rating. A 
more precise evaluation based upon experimental and 
calculated data may be submitted for consideration. 


0,1 
0,2 
0,2 
0,3 
0,3 
0,4 
0,6 
0,7 


11.7.2  Bunching of cables. Where more than six electric 
cables, which may be expected to operate simultaneously at 
their full rated capacity, are laid close together in a cable bunch 
in such a way that there is an absence of free air circulation 
around them, a correction factor of 0,85 is to be applied. 
Signal cables may be exempted from this requirement. 


11.7.3 Ambient temperature. The current ratings of 
Table 2.11.3 are based on an ambient temperature of 45°C. 
For other values of ambient temperature the correction factors 
shown in Table 2.11.5 are to be applied. 


11.7.4 Short time duty. When the load is not continuous, 
i.e., operates for periods of half an hour or one hour and the 
periods of no load are longer than three times the cable’s time 
constant, T in minutes, the cable’s continuous rating may be 
increased by a duty factor, calculated in accordance with: 


Duty factor = 


When the load is not continuous, is repetitive and has 
periods of no-load less than three times the cable’s time 
constant, so that the cable has insufficient time to cool down 
between the applications of load, the cable’s continuous 
rating may be increased by an intermittent factor, calculated in 
accordance with: 
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Table 2.11.5 Correction factors 


Insulation material 


Part 6, Chapter 2 


Section 11 


Correction factor for ambient air temperature of °C 


50 


55 60 65 70 


Thermoplastic (70°C) 


Elastomeric or thermosetting 
(90°C) 


Elastomeric or 
thermosetting, based on 
silicone rubber (95°C) 


Intermittent factor = 


where 
tọ = the intermittent period, in minutes, i.e., the total 
period of load and no-load before the cycle is 
repeated 
T = 0,245d1,35 where d is the overall diameter of the 
cable, in mm 


ts = the service time of the load current in minutes 

11.7.5 Diversity. Where cables are used to supply two or 
more final sub-circuits account may be taken of any 
diversity factors which may apply, see 5.6. 

11.8 Installation of electric cables 

11.8.1 Electric and optical fibre cable runs are to be as far 
as practicable fixed in straight lines and in accessible posi- 
tions. 


Table 2.11.6 


Cable construction 


0,77 0,63 


Insulation Outer covering 


0,88 0,82 0,74 0,67 0,58 


0,89 0,84 0,77 0,71 0,63 


11.8.2 Bends in fixed electric and optical fibre cable runs 
are to be in accordance with the cable manufacturer’s recom- 
mendations. The minimum internal radius of bend for the 
installation of fixed electric cables is to be chosen according 
to the construction and size of the cable and is not to be less 
than the values given in Table 2.11.6. 


11.8.3 The installation of electric and optical fibre cables 
across expansion joints in any structure is to be avoided. 
Where this is not practicable, a loop of electric cable of length 
sufficient to accommodate the expansion of the joint is to be 
provided. For electric cables, the internal radius of the loop is 
to be at least 12 times the external diameter of the cable. For 
optical fibre cables, the internal radius of the loop is to meet 
the manufacturers’ minimum recommendations. 


Minimum internal radii of bends in cables for fixed wiring 


Minimum internal radius of bend 


Overall diameter of cable (times overall diameter of cable) 


Metal sheathed 
Armoured and braided 


Thermoplastic and elastomeric 
600/1000 V and below 


6D 


Other finishes 


4D 
6D 


Mineral Hard metal sheathed 


6D 


Thermoplastic and elastomeric 
above 600/1000 V 
— single core 


— multicore 
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11.8.4 Electric and optical fibre cables for essential and 
emergency services are to be arranged, so far as is practica- 
ble, to avoid galleys, machinery spaces and other enclosed 
spaces and high fire risk areas except as is necessary for the 
service being supplied. Such cables are also, so far as 
reasonably practicable, to be routed clear of bulkheads to 
preclude their being rendered unserviceable by heating of the 
bulkheads that may be caused by a fire in an adjacent space. 


11.8.5 Electric cables having insulating materials with 
different maximum rated conductor temperatures are to be 
so installed that the maximum rated conductor temperature 
for normal operation of each cable is not exceeded. 


11.8.6 Electric and optical fibre cables having a protective 
covering which may damage the covering of other cables are 
not to be bunched with those other cables. 


11.8.7 Cables having an exposed metallic screen, braid or 
armour are to be installed in such a manner that galvanic 
corrosion by contact with other metals is prevented. 
Sufficient measures are also to be taken to prevent damage 
to exposed galvanised coatings during installation. 


11.8.8 Protection is to be provided for cable oversheaths 
in areas where cables are likely to be exposed to damaging 
substances under normal circumstances or areas where the 
spillage or release of harmful substances is likely. 


11.8.9 Electric and optical fibre cables are to be as far as 
practicable installed remote from sources of heat. Where 
installation of cables near sources of heat cannot be avoided 
and where there is consequently a risk of damage to the 
cables by heat, suitable shields, insulation or other precau- 
tions are to be installed between the cables and the heat 
source. The free air circulation around the cables is not to be 
impaired. 


11.8.10. Where electric and optical fibre cables are installed 
in bunches, provision is to be made to limit the propagation of 
fire. This requirement is considered satisfied when cables of 
the bunch have been tested in accordance with the 
requirements of IEC 60332-3-22: Tests on electric and optical 
fibre cables under fire conditions — Part 3-22: Test for vertical 
flame spread of vertically-mounted bunched wires or cables — 
Category A, and are installed in the same configuration(s) as 
are used for the test(s). If the cables are not so installed, infor- 
mation is to be submitted to demonstrate satisfactorily that 
suitable measures have been taken to ensure that an equiva- 
lent limit of fire propagation will be achieved for the 
configurations to be used. Particular attention is to be given to 
cables in: 

e atria or equivalent spaces; and 

e vertical runs in trunks and other restricted spaces. 

In addition, cables that comply with the requirements of 
IEC 60332-3-22 are also required to meet the requirements 
of IEC 60332-1-2: Tests on electric and optical fibre cables 
under fire conditions — Part 1-2: Test for vertical flame 
propagation for a single insulated wire or cable — Procedure 
for 1 kW pre-mixed flame. 


11.8.11 Electric and optical fibre cables are not to be 
coated or painted with materials which may adversely affect 
their sheath or their fire performance. 
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11.8.12 Where electric and optical fibre cables are installed 
in refrigerated spaces they are not to be covered with ther- 
mal insulation but may be placed directly on the face of the 
refrigeration chamber, provided that precautions are taken to 
prevent the electric cables being used as casual means of 
suspension. 


11.8.13 All metal coverings of electric and optical fibre 
cables are to be earthed in accordance with 1.12. 


11.8.14 High voltage cables may be installed as follows: 

(a) in the open, (e.g., on carrier plating), when they are to 
be provided with a continuous metallic sheath or armour 
which is effectively bonded to earth to reduce danger to 
personnel. The metallic sheath or armour may be 
omitted provided that the cable sheathing material has a 
longitudinal electric resistance high enough to prevent 
sheath currents which may be hazardous to personnel; 

(o) contained in earthed metallic protective casings when 
the cables may be as in (a) or the armour or metal sheath 
may be omitted. In the latter case care is to be taken to 
ensure that protective casings are electrically continuous 
and that short lengths of cable are not left unprotected. 


11.8.15 High voltage electric cables are not to be run in the 
open through accommodation spaces. 


11.8.16 High voltage electric cables are to be segregated 
as far as is practicable from electric cables operating at lower 
voltages. 


11.8.17 Electric and optical fibre cables are to be, so far as 
reasonably practicable, installed remote from sources of 
mechanical damage. Where necessary the cables are to be 
protected in accordance with the requirements of 11.9. 


11.8.18 Electric and optical fibre cables with the exception 
of those for portable appliances and those installed in protec- 
tive casings are to be fixed securely in accordance with the 
requirements of 11.10. 


11.8.19 Electric and optical fibre cables serving any essen- 
tial services and any glands through which they pass must be 
able to withstand flooding for a period of 36 hours, based on 
the water pressure that may occur at the location. 


11.8.20 Where electric and optical fibre cables penetrate 
bulkheads and decks the requirements of 11.11 are to be 
complied with. 


11.8.21 Where electric and optical fibre cables are installed 
in protective casings the requirements of 11.12 are to be 
complied with. 


11.8.22 a.c. wiring is to be carried out using multicore 
cables wherever reasonably practicable. Where it is necessary 
to install single core electric cables for alternating current 
circuits in excess of 20 Amps the requirements of 11.14 are to 
be complied with, see a/so 11.5.8. 
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11.9 Mechanical protection of cables 


11.9.1 Electric cables exposed to risk of mechanical 
damage are to be protected by suitable protective casings 
unless the protective covering (e.g., armour or sheath) is 
sufficient to withstand the possible cause of damage. 


11.9.2 Electric cables installed in spaces where there is 
exceptional risk of mechanical damage such as holds, 
storage spaces, cargo spaces, etc., are to be suitably 
protected by metallic protective casings, even when 
armoured, unless the ship’s structure affords adequate 
protection. 


11.9.3 Metal protective casings are to be efficiently 
protected against corrosion, and effectively earthed in accor- 
dance with 1.12. 


11.10 Cable support systems 


11.10.17 Electric cables are to be effectively supported and 
secured, without being damaged, to the ship’s structure, 
either indirectly by a cable support system, or directly by 
means of clips, saddles or straps to bulkheads etc., see 
11.8.4. 


11.10.2 Cable support systems, which may be in the form of 
trays or plates, separate support brackets, hangers or ladder 
racks, together with their fixings and accessories, are to be 
robust and are to be of corrosion-resistant material or suitably 
corrosion inhibited before erection. The cable support system 
is to be effectively secured to the ship’s structure, the spacing 
of the fixings taking account of the probability of vibration and 
any heavy external forces, e.g., where located in areas 
subject to impact by sea-water. 


11.10.3 The distances between the points at which the 
cable is supported (e.g., distances between ladder rungs, 
support brackets, hangers, etc.) are to be chosen according 
to the construction of cable (i.e., size and rigidity) and the 
probability of vibration and are to be generally in accordance 
with those given in Table 2.11.7. 


Table 2.11.7 Maximum spacing of supports or 


fixings for securing cables 


External diameter of cable Non-armoured Armoured 


cables cables 


exceeding 


not exceeding 
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11.10.4 Where the cables are laid on top of their support 
system, the spacings of fixings may be increased beyond 
those given in Table 2.11.7, but should take account of the 
probability of movement and vibration and in general is not to 
exceed 900 mm. This relaxation is not to be applied where 
cables can be subjected to heavy external forces, e.g., where 
they are run on, or above, open deck or in areas subject to 
impact by sea-water. 


11.10.5 Single core electric cables are to be firmly fixed, 
using supports of strength adequate to withstand forces 
corresponding to the values of the peak prospective short- 
circuit current. 


11.11 Penetration of bulkheads and decks by cables 


11.11.1 Where electric or optical fibre cables pass through 
watertight, fire insulated or gastight bulkheads or decks sepa- 
rating hazardous zones or spaces from non-hazardous zones 
or spaces, the arrangements are to be such as to ensure the 
integrity of the bulkhead or deck is not impaired. The arrange- 
ments chosen are to ensure that the cables are not adversely 
affected. 


11.11.2 Where cables pass through non-watertight bulk- 
heads or structural steel, the holes are to be bushed with 
suitable material. If the steel is at least 6 mm thick, adequately 
rounded edges may be accepted as the equivalent of bushing. 


11.11.3 Electric and optical fibre cables passing through 
decks are to be protected by deck tubes or ducts. 


11.11.4 Where cables pass through thermal insulation they 
are to do so at right angles, in tubes sealed at both ends. 


11.12 Installation of electric and optical fibre cables 
in protective casings 


11.12.17 Protective casings are to be mechanically 
continuous across joints and effectively supported and 
secured to prevent damage to the electric or optical fibre 
cables. 


11.12.2 Protective casings are to be suitably smooth on the 
interior and have their ends shaped or bushed in such a 
manner as not to damage the cables. 


11.12.3 The internal radius of bends of protective casings 
are to be not less than that required for the largest cable 
installed therein, see 11.8.2. 


11.12.4 The space factor (ratio of the sum of the cross- 
sectional areas corresponding to the external diameters of the 
cables to the internal cross-sectional area of the protective 
casings) is not to exceed 0,4. 


11.12.5 Where necessary, ventilation openings are to be 
provided at the highest and lowest points of protective 
casings to permit air circulation and to prevent accumulation 
of water. 
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11.12.6 Expansion joints are to be provided in protective 
casings where necessary. 


11.12.7 Protective casings containing high voltage electric 
cables are not to contain other electric or optical fibre cables 
and are to be clearly identified, defining their function and volt- 
age. 


11.13 Non-metallic cable support systems, 
protective casings and fixings 


11.13.17 Where it is proposed to use non-metallic cable 
support systems, protective casings or fixings, the additional 
requirements of this sub-Section apply. For high voltage 
installations, metallic protective casings are required where 
11.8.14(b) applies. 


11.13.2 Non-metallic cable support systems and protective 

casings are to be installed in accordance with the manufac- 

turer’s recommendations. The support systems and 

protective casings are to have been tested in accordance with 

an acceptable test procedure for: 

(a) ambient operating temperatures; 

(b) safe working load; 

(c) impact resistance; 

(d) flame retardancy; 

(e) smoke and toxicity; and 

(f| use in explosive gas atmospheres or in the presence of 
combustible dusts, electrical conductivity; 

with satisfactory results. 


17.13.3 Non-metallic cable support systems, protective 
casings and fixings installed on the open deck are to be 
protected from degradation caused by exposure to solar 
radiation. 


11.13.4 Where the cable support system, protective casing 
or fixings are manufactured from a material other than metal, 
suitable supplementary metallic fixings or straps spaced at 
regular distances are to be provided such that, in the event 
of a fire or failure, the cable support system, protective casing 
and the affixed cables are prevented from falling and causing 
an injury to personnel and/or an obstruction to any escape 
route. Alternatively, the cables may be routed away from such 
areas. 


11.13.5 The load on non-metallic cable support systems or 
protective casings is not to exceed the tested safe working 
load. 


11.13.6 When a cable support system or protective casing 
is secured by means of clips or straps manufactured from a 
material other than metal the fixings are to be supplemented 
by suitable metal clips or straps spaced at regular distances 
each not exceeding 2 m and, for non-metallic cable support 
systems or protective casings, that used during safe working 
load testing. 


11.13.7 Non-metallic fixings are to be flame retardant in 
accordance with the requirements of IEC 60092-101: 
Electrical installations in ships — Part 101: Definitions and 
general requirements or an alternative relevant National or 
International Standard. 
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11.14 Single-core electric cables for alternating 
current 


11.14.71 When installed in protective casings, electric cables 
belonging to the same circuit are to be installed in the same 
casing, unless the casing is of non-magnetic material. 


11.14.2 Cable clips are to include electric cables of all phases 
of a circuit unless the clips are of non-magnetic material. 


11.14.3  Single-core cables of the same circuit are to be in 
contact with one another, as far as possible. In any event the 
distance between adjacent electric cables is not to be greater 
than one cable diameter. 


11.14.4 If single-core cables of current rating greater than 
250 A are installed near a steel bulkhead, the clearance 
between the cables and the bulkhead is to be at least 50 mm 
unless the cables belonging to the same a.c. circuit are 
installed in trefoil formation. 


11.14.5 Magnetic material is not to be used between single 
core cables of a group. Where cables pass through steel 
plates, all the conductors of the same circuit are to pass 
through a plate or gland, so made that there is no magnetic 
material between the cables, and the clearance between the 
cables and the magnetic material is not to be less than 
75 mm, unless the cables belonging to the same a.c. circuit 
are installed in trefoil formation. 


11.14.6 Electric cables are to be installed such that the 
induced voltages, and any circulating currents, in the sheath 
or armour are limited to safe values. 


11.15 Electric cable ends 


11.15.17 Where screw-clamp or spring-clamp type termina- 
tions are used in electrical apparatus for external cable 
connections, see 1.11.7, cable conductors of the solid or 
stranded type may be inserted directly into the terminals. 
Where flexible conductors are used, a suitable termination is 
to be fitted to the cable conductor to prevent ‘whiskering’ of 
the strands. 


11.15.2 If compression type conductor terminations are 
used on the cable ends, they are to be of a size to match the 
conductor and to be made with a compression type tool with 
the dies selected to suit the termination and conductor sizes 
and having a ratchet action to ensure completion of the 
compression action. 


11.15.3 Soldered sockets may be used in conjunction with 
non corrosive fluxes provided that the maximum conductor 
temperature at the joint, under short-circuit conditions, does 
not exceed 160°C. 


11.15.4 High voltage cables of the radial field type (i.e., 
having a conducting layer to control the electric field within 
the insulation) are to have terminations which provide 
electrical stress control. 
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11.15.5 Electric cables having hygroscopic insulation (e.g., 
mineral insulated) are to have their ends sealed against 
ingress of moisture. 


11.15.6 Cable terminations are to be of such a design and 
dimensions that the maximum current likely to flow through 
them will not result in degradation of the contacts or damage 
to insulation as the result of overheating. 


11.15.7 The fixing of conductors in terminals at joints and 
at tappings is to be capable of withstanding the thermal and 
mechanical effects of short-circuit currents. 


11.16 Joints and branch circuits in cable systems 


11.16.1 If a joint is necessary it is to be carried out so that 
all conductors or fibres are adequately secured, insulated and 
protected from atmospheric action. The flame retardant 
properties of the cable are to be retained, the continuity of 
metallic sheath, braid or armour is to be maintained and the 
current carrying capacity or transmission of data through the 
cable is not to be impaired. 


11.16.2 Tappings (branch circuits) are to be made in 
suitable boxes of such a design that the conductors and 
fibres remain suitably insulated, protected from atmospheric 
action and fitted with terminals or busbars of dimensions 
appropriate to the current rating. 


11.16.3 Tappings and splices of optical fibre cables are to 
be made in accordance with the manufacturers’ recommen- 
dations and to be provided with appropriate fittings. In 
addition they are to be located within suitably designed 
enclosures to ensure that the protection of the optical fibres is 
maintained. 


11.16.4 Cables of a fire resistant type, see 11.5.3, are to be 
installed so that they are continuous throughout their length 
without any joints or tappings. 


11.17 Busbar trunking systems (bustrunks) 


11.17.17. Where busbar trunking systems are used in place 
of electric cables, they are to comply with the requirements 
of 11.17.2 to 11.17.6, in addition to the applicable require- 
ments in Section 7. 


11.17.2 The busbar trunking, or enclosure system, is to have 
a minimum ingress protection of IP54, according to IEC60529: 
Degrees of protection provided by enclosures (IP Code). 


11.17.3 The internal and external arrangements of the 
busbar trunking, or enclosure system, are to ensure that the 
fire and/or watertight integrity of any structure through which 
it passes is not impaired. 


11.17.4 Where the busbar trunking system is employed for 
circuits on and below the bulkhead deck, arrangements are to 
be made to ensure that circuits on other decks are not affected 
in the event of partial flooding under the normal angles of 
inclination given in 1.10 for essential electrical equipment. 
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11.17.5 Supports and accessories are to be robust and are 
to be of corrosion-resistant material or suitably corrosion 
inhibited before erection. The support system is to effectively 
secure the busbar trunking system to the ship’s structure. 


11.17.6 When accessories are fixed to the busbar system by 
means of clips or straps manufactured from a material other 
than metal, the fixings are to be supplemented by suitable 
metal clips or straps, such that, in the event of a fire or failure, 
the accessories are prevented from falling and causing injury to 
personnel and/or an obstruction to any escape route. 
Alternatively, the busbar system may be routed away from 
such areas. 


E Section 12 
Batteries 


12.1 General 


12.1.1 The requirements of this Section apply to 
permanently installed secondary batteries of the vented and 
valve-regulated sealed type. 


12.1.2 A vented battery is one in which the cells have a 
cover provided with an opening through which the products of 
electrolysis and evaporation are allowed to escape freely from 
the cells to the atmosphere. 


12.1.3 A valve-regulated sealed battery is one in which the 
cells are closed but have an arrangement (valve) which allows 
the escape of gas if the internal pressure exceeds a pre- 
determined value. The electrolyte cannot normally be replaced. 


12.2 Construction 


12.2.1 Batteries are to be constructed so as to prevent 
spilling of the electrolyte due to motion and to minimise the 
emission of electrolyte spray. 


12.3 Location 


12.3.1 Vented batteries connected to a charging device 
with a power output of more than 2 kW, calculated from the 
maximum obtainable charging current and the nominal 
voltage of the battery, are to be housed in an adequately 
ventilated compartment assigned to batteries only, or in an 
adequately ventilated suitable box on open deck. 


12.3.2 Vented batteries connected to a charging device 
with a power output within the range 0,2 kW to 2 kW, 
calculated from the maximum obtainable charging current 
and the nominal voltage of the battery, are to be installed in 
accordance with 12.3.1, or may be installed within a well 
ventilated machinery or similar space. 


12.3.3 Vented batteries connected to a charging device 
with a power output of less than 0,2 kW, calculated from the 
maximum obtainable charging current and the nominal 
voltage of the battery, may be installed in an open position or 
in a battery box in any suitable space. 
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12.3.4 Where more than one charging device is installed 
for any battery or group of batteries in one location, the total 
power output is to be used to determine the installation 
requirements of 12.3.1, 12.3.2 or 12.3.3. 


12.3.5 Valve-regulated sealed batteries may be located in 
compartments with standard marine or industrial electrical 
equipment provided that the ventilation requirements of 
12.5.11 and the charging requirements of 12.6.4 and 12.6.5 
are complied with. Equipment that may produce arcs, sparks 
or high temperatures in normal operation is not to be in close 
proximity to battery vent plugs or pressure relief valve outlets. 


12.3.6 Where lead-acid and nickel-cadmium batteries are 
installed in the same compartment precautions are to be 
taken, such as the provision of screens, to prevent possible 
contamination of electrolytes. 


12.3.7 Where batteries may be exposed to the risk of 
mechanical damage or falling objects they are to be suitably 
protected. 


12.3.8 Batteries installed in crew and passenger cabins, 
together with their associated corridors, are to be of the 
hermetically sealed type. 


12.3.9 A permanent notice prohibiting smoking and the 
use of naked lights or equipment capable of creating a source 
of ignition is to be prominently displayed adjacent to the 
entrances of all compartments containing batteries. 


12.3.10 Only electrical equipment necessary for operational 
reasons and for the provision of lighting is to be installed in 
compartments provided in compliance with 12.3.1, the 
compartment ventilation exhaust ducts and zones within a 
1,5 m radius of the ventilation outlet(s). Such electrical equipment 
is to be certified for group IIC gases and temperature Class 
T1 in accordance with the applicable parts of IEC 60079: 
Explosive atmospheres, or an acceptable and relevant 
National Standard. 


12.3.11 A permanent notice is to be prominently displayed 
adjacent to battery installations advising personnel that 
replacement batteries are to be of an equivalent performance 
type. For valve-regulated sealed batteries, the notice is to 
advise of the requirement for replacement batteries to be 
suitable with respect to products of electrolysis and 
evaporation being allowed to escape from cells to the 
atmosphere, see also 1.5.3. 


12.4 Installation 


12.4.1 Batteries are to be arranged such that each cell or 
crate of cells is accessible from the top and at least one side 
and it is to be ensured that they are suitably secured to move 
with the ship’s motion. 


12.4.2 The materials used in the construction of a battery 
rack or stand are to be resistant to the battery electrolyte or 
suitably protected by paint or a coating. 


12.4.3 Measures are to be taken to minimise the effect of 
any electrolyte spillage and leakage, for example the use of 
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rubber capping around the top of the cells and the provision 
of a tray of electrolyte-resistant material below the cells, 
unless the deck is suitably protected with paint or a coating. 


12.4.4 The interiors of all compartments for batteries, 
including crates, trays, boxes, shelves and other structural 
parts therein, are to be of an electrolyte-resistant material or 
suitably protected, for example with paint or a coating. 


12.5 Ventilation 


12.5.1 Battery compartments and boxes are to be 
ventilated to avoid accumulation of dangerous concentrations 
of flammable gas. 


12.5.2 Where a battery compartment ventilator is required 
to be fitted with a closing device in accordance with Pt 3, 
Ch 12,2.3.9, a warning notice clearly stating the purpose of 
the closing device, for example: 
‘This closing device is to be kept open and only closed 
in the event of a fire or flooding — Explosive gas atmo- 
sphere’ 
is to be provided at the closing device to mitigate the 
possibility of inadvertent closing of the ventilator. Furthermore, 
means to lock the battery compartment ventilators in the 
open position are to be provided. 


12.5.3 Ducted natural ventilation may be employed for 
battery installations connected to a charging device with a 
power output of 2 kW or less, provided the exhaust duct can 
be run directly from the top of the compartment or box to the 
open air above, with no part of the duct more than 45° from 
the vertical. A suitable opening is also to be provided below the 
level of the top of the batteries, so as to ensure a free ventilation 
air flow. The ventilation duct is to have an area not less than 
50 cm? for every 1 m3 of battery compartment or box volume. 


12.5.4 Where natural ventilation is impracticable or 
insufficient, mechanical ventilation is to be provided, with the 
air inlet located near the floor and the exhaust at the top of 
the compartment. 


12.5.5 Mechanical exhaust ventilation complying with 
12.5.9 is to be provided for battery installations connected to 
a charging device with a total maximum power output of more 
than 2 kW. Also, to minimise the possibility of oxygen enrich- 
ment, compartments and spaces containing batteries with 
boost charging facilities are to be provided with mechanical 
exhaust ventilation irrespective of the charging device power 
output. 


12.5.6 The ventilation system for battery compartments 
and boxes, other than boxes located on open deck or in 
spaces to which 12.3.2, 12.3.3 and 12.3.5 refer, is to be 
separate from other ventilation systems. The exhaust ducting 
is to be led to a location in the open air, where any gases can 
be safely diluted, away from possible sources of ignition and 
openings into spaces where gases may accumulate. 


12.5.7 Fan motors associated with exhaust ducts from 
battery compartments are to be placed external to the ducts 
and the compartments. 
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12.5.8 Ventilating fans for battery compartments are to be 
so constructed and be of material such as to minimise risk of 
sparking in the event of the impeller touching the casing. Non- 
metallic-impellers are to be of an anti-static material. 


12.5.9 Battery boxes are to be provided with sufficient 
ventilation openings located so as to avoid accumulation of 
flammable gas whilst preventing the entrance of rain or spray. 


12.5.10 The ventilation arrangements for all installations of 
vented type batteries are to be such that the quantity of air 
expelled is at least equal to: 


Q = 1107n 
where 
n = number of cells in series 


I = maximum current delivered by the charging 
equipment during gas formation, but not less than 
25 per cent of the maximum obtainable charging 
current in amperes 

Q = quantity of air expelled in litres/hr. 


12.5.11 The ventilation rate for compartments containing 
valve-regulated sealed batteries may be reduced to 25 per 
cent of that given in 12.5.10. 


12.6 Charging facilities 


12.6.1 Charging facilities are to be provided for all 
secondary batteries such that they may be completely 
charged from the completely discharged state in a reason- 
able time having regard to the service requirements. 


12.6.2 Suitable means, including an ammeter and a volt- 
meter, are to be provided for controlling and monitoring 
charging of batteries, and to protect them against discharge 
into the charging circuits. 


12.6.3. For floating circuits or any other conditions where 
the load is connected to the battery whilst it is on charge, the 
maximum battery voltage is not to exceed the safe value for 
any connected apparatus. 


12.6.4 Where valve-regulated sealed batteries are 
installed, the charging facilities are to incorporate indepen- 
dent means such as overvoltage protection to prevent gas 
evolution in excess of the manufacturer’s design quantity. 


12.6.5 Boost charge facilities, where provided, are to be 
arranged such that they are automatically disconnected 
should the battery compartment ventilation system fail. 


12.7 Recording of batteries for emergency and 
essential services 


12.7.1 A schedule of batteries fitted for use for essential 
and emergency services is to be compiled and maintained. 


12.7.2 Procedures are to be put in place and documented 
to ensure that, where batteries are replaced, they are of an 
equivalent performance type, see also 1.5.3. 
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12.7.3 When additions or alterations are proposed to the 
existing batteries for essential and emergency services, the 
schedule and replacement procedure documentation are to 
be updated to reflect the proposed installation and submitted 
in accordance with 1.5.2. 


12.7.4 The schedule and replacement procedure 
documentation are to be made available to the LR Surveyor 
on request. 


E Section 13 
Equipment - Heating, lighting and 
accessories 


13.1 Heating and cooking equipment 


13.1.1 The construction of heaters is to give a degree of 
protection according to IEC 60529: Degrees of protection 
provided by enclosures (IP Code), or an acceptable and 
relevant National Standard, suitable for the intended location. 


13.1.2 Heating elements are to be suitably guarded. 


13.1.3 Heating and cooking equipment is to be installed 
such that adjacent bulkheads and decks are not subjected to 
excessive heating. 


13.2 Lighting - General 


13.2.7 Lampholders are to be constructed of flame retarding 
non-hygroscopic materials. 


13.2.2 Lighting fittings are to be so arranged as to prevent 
temperature rises which overheat or damage surrounding 
materials. They must not impair the integrity of fire divisions. 


13.3 Incandescent lighting 


13.3.1. Tungsten filament lamps and lampholders are to be 
in accordance with Table 2.13.1. 


13.3.2 | Lampholders of type E40 are to be provided with a 
means of locking the lamp in the lampholder. 


13.4 Fluorescent lighting 


13.4.1 Fluorescent lamps and lampholders are to be in 
accordance with Table 2.13.1. 


13.4.2 Fittings, reactors, capacitors and other auxiliaries 
are not to be mounted on surfaces which are subject to high 
temperatures. If mounted separately they are additionally to 
be enclosed in an earthed conductive casing. 


13.4.3 Where capacitors of 0,5 microfarads and above are 
installed, means are to be provided to promptly discharge the 
capacitors on disconnection of the supply. 
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Table 2.13.1 Lamps and lampholders 

Maximum 

lampholder 
current, A 


Maximum lamp rating 


Designation 


Voltage, V | Power, W 


Screw cap lamps 
E40 250 3000 
250 200 
250 

24 


Bayonet cap 
lamps 

B22 

B15d 

B15s 


Tubular fluorescent 
lamps 

G13 250 

G5 250 80 


NOTE 

Other lamp types are to be in accordance with IEC 60092-306: 
Electrical installations in ships - Part 306: Equipment - Luminaires 
and lighting accessories. 


13.5 Discharge lighting 


13.5.1 Discharge lamps operating in excess of 250 V are 
only acceptable as fixed fittings. Warning notices calling 
attention to the voltage are to be permanently displayed at 
points of access to the lamps and where otherwise 
necessary. 


13.6 Socket outlets and plugs 


13.6.1 | The temperature rise on the live parts of socket outlet 
and plugs is not to exceed 30°C. Socket outlets and plugs are 
to be so constructed that they cannot be readily short-circuited 
whether the plug is in or out, and so that a pin of the plug 
cannot be made to earth either pole of the socket outlet. 


13.6.2 All socket outlets of current rating in excess of 16 A 
are to be provided with a switch, and be interlocked such that 
the plug cannot be inserted or withdrawn when the switch is 
in the ‘on’ position. 


13.6.3 Where it is necessary to earth the non-current 
carrying parts of portable or transportable equipment, an 
effective means of earthing is to be provided at the socket outlet. 


13.6.4 On weather decks, galleys, laundries, machinery 
spaces and all wet situations socket outlets and plugs are to 
be effectively shielded against rain and spray and are to be 
provided with means of maintaining this quality after removal 
of the plug. 


13.7 Enclosures 
13.7.1 Enclosures for the containing and mounting of 


electrical accessories are to be of metal, effectively protected 
against corrosion, or of flame retardant insulating materials. 
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E Section 14 
Electrical equipment for use in 
explosive gas atmospheres or in 
the presence of combustible dusts 


14.1 General 


14.1.1. The installation of electrical equipment in spaces 
and locations in which flammable mixtures are liable to collect, 
e.g., areas containing flammable gas or vapour and/or 
combustible dust, is to be minimised as far as is consistent 
with operational necessity and the provision of lighting, 
monitoring, alarm or control facilities enhancing the overall 
safety of the ship. 


14.1.2 In order to eliminate potential sources of ignition 
from spaces and locations in which flammable mixtures are 
liable to collect, in accordance with SOLAS 1974 as 
amended, Chapter Il-1, Regulation 45, such dangerous or 
hazardous areas are to be identified and electrical equipment 
within these areas is to be selected and installed in 
accordance with the requirements of this Section. 


14.1.3. Equipment that is to be installed in an area where 
both explosive gases and combustible dusts can be present 
is to be selected in accordance with both 14.2 and 14.3. 


14.1.4 | For permanent secondary battery installations, see 
Section 12. 


14.2 Selection of equipment for use in explosive 
gas atmospheres 


14.2.1. When equipment is to be installed in areas where 
an explosive gas atmosphere may be present, it is generally to 
be of a type providing protection against ignition of the gases 
encountered and compliant with the relevant Parts of IEC 
60079: Explosive atmospheres, or an acceptable and rele- 
vant National Standard, unless permitted otherwise by 14.2.4, 
14.2.5 or 14.2.6. 


14.2.2 |The equipment protection type permitted depends 
on the hazardous zone where the equipment is to be located, 
as defined in 14.5. For certain locations on the ship other 
requirements may limit installations to specific equipment 
types and/or particular applications. 


14.2.3 Equipment for zone 0 or zone 1, with the excep- 
tion of simple apparatus as defined in 14.2.4 or 14.2.5, is to 
be certified or approved by a National or other appropriate 
authority. Equipment without independent certification or 
approval may be considered for installation in zone 2. 
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14.2.4 In zone 0, the following may be considered: 

(a) intrinsically safe, category ‘a’ (Ex ʻia’); or 

(b) simple electrical apparatus and components (for 
example thermocouples, photocells, strain gauges, 
junction boxes, switching devices), included in 
intrinsically safe circuits of category ‘ia’, not capable of 
storing or generating electrical power or energy in 
excess of the limits given in IEC 60079-14: Explosive 
atmospheres — Part 14: Electrical installations design, 
selection and erection. 


14.2.5 In zone 1, the following may be considered: 

(a) apparatus permitted within zone 0; 

(b) intrinsically safe, category ‘b’ (Ex ‘ib’); 

(c) simple apparatus as defined above, included in intrinsi- 
cally safe circuits of category ‘ib’; 

d) increased safety (Ex ‘e’); 

flameproof (Ex ‘d’); 

pressurised enclosure (Ex ‘p’); 

powder filled (Ex ‘q’); or 

encapsulated (Ex ‘m’). 


SESTE 


14.2.6 In zone 2, the following may be considered: 

(a) apparatus permitted within zone 0 or zone 1; 

(b) type of protection ‘n’ or ‘N’; 

(c) equipment such as control panels, protected by purging 
and pressurisation and capable of being verified by 
inspection as meeting the requirements of IEC 60079-2: 
Explosive atmospheres — Part 2: Equipment protection 
by pressurized enclosures "p"or 

(d) radio aerials having robust construction, meeting the 
relevant requirements of IEC 60079-15: Explosive 
atmospheres — Part 15: Equipment protection by type of 
protection "n". Additionally, in the case of transmitter 
aerials, it is to be shown, by detailed study or measure- 
ment, or by limiting the peak radiated power and field 
strength to 1 W and 30 V/m, respectively, that they 
present negligible risk of inducing incendive sparking in 
adjacent structures or equipment. 


14.2.7 Apparatus having type of protection ‘ia’, ‘ib’, or ‘d’, 
is to be of a Group (IIA, IIB or IIC) meeting or exceeding that 
required for safe operation in the presence of any gas or 
vapour that can be present, or is to be certified specifically for 
such gases or vapours. 


14.2.8 All apparatus is to be of a temperature classifica- 
tion (T1 to T6) that confirms, or is to be assessed so as to 
confirm, that its maximum surface temperature will not reach 
the ignition temperature of any gas or vapour, or mixture of 
gases or vapours, which can be present. The surface temper- 
ature considered may be that of an internal or external part, 
according to the type of protection of the apparatus. 


14.2.9 Consideration may also be given to other types of 
protection, selected in accordance with the requirements of 
IEC 60079-14: Explosive atmospheres — Part 14: Electrical 
installations design, selection and erection or arrangements 
complying with IEC 60092-502: Electrical installations in ships 
— Part 502: Tankers - Special features, see also 14.10 to 
14.12. 
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14.3 Selection of equipment for use in the 
presence of combustible dusts 


14.3.1 Where apparatus is to be installed in hazardous 
areas, as defined by 14.5.3, associated with the presence of 
combustible dusts, it is, when practicable, to be of a type 
certified or approved by a National or other appropriate 
authority for the dusts and, additionally, any explosive gases 
encountered. 


14.3.2 Electrical equipment for use in such hazardous 
areas is to be so designed and installed as to minimise the 
accumulation of dust which may interfere with the safe 
dissipation of heat from the enclosure. 


14.3.3. Where apparatus is to be installed in extended 

hazardous areas, as defined by 14.5.3, associated with the 

presence of combustible dust, the following may be considered: 

(a) apparatus permitted within a hazardous area associated 
with the combustible dust(s) that can be present; 

(b) apparatus having degree of protection IP5X, or better, 
and having a surface temperature under normal operating 
conditions not exceeding the auto-ignition temperature 
of the dust(s) that can be present; and 

(c) apparatus of a type which ensures absence of sparks or 
arcs and hot spots during normal operation. 


14.3.4 | Where equipment certified for combustible dusts is 

not available, consideration will be given to the use of 

apparatus complying as a minimum, with the following 

requirements provided no explosive gases will be present: 

(a) the enclosure is to be at least dust protected (IP5X) 
having, when type tested, an ingress of fine dust within 
the enclosure not exceeding 10 g per m3 of free air 
space, and 

(b) the surface temperature of the apparatus, under the 
most onerous combination of normal operating condi- 
tions, but in the absence of a dust layer, is not to exceed 
two-thirds of the minimum ignition temperature in 
degrees Celsius of the dust/air mixture(s) that can be 
present, or 

(c) the equipment is to be certified intrinsically safe having a 
temperature classification ensuring compliance with (b), 
or 

(d) pressurised and operated in accordance with procedures 
ensuring, prior to its re-energisation, the absence of dust 
within the enclosure following loss of pressurisation and 
consequent shut-down, and having surface temperature 
complying with (b), or 

(e) simple apparatus included in intrinsically safe circuits or 
radio aerials, complying with 14.2.5 or 14.2.6 respec- 
tively. 


14.3.5 Consideration may also be given to arrangements 
complying with IEC 60092-506: Electrical Installation in ships 
— Part 506: Special features - Ships carrying specific 
dangerous goods and materials hazardous only in bulk. 
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14.4 Installation of electrical equipment 

14.4.1. | The method of installation and application of electrical 
equipment suitable for use in explosive gas atmospheres or in 
the presence of combustible dusts is to be in accordance with 
IEC 60079-14: Explosive atmospheres — Part 14: Electrical 
installations design, selection and erection, or the national 
code of practice relevant to the standard with which the 
equipment complies. The ambient temperature range for 
which the apparatus is certified is to be taken to be -20°C to 
40°C, unless otherwise stated, and account is to be taken of 
this when assessing the suitability of the equipment for the 
auto-ignition temperature of the gases and dusts 
encountered. Any special requirements laid down by the 
equipment certification documentation are also to be 
observed. 


14.4.2 All switches and protective devices from which 
equipment located in hazardous zones or spaces is supplied 
are to interrupt all poles or phases and, where practicable are 
to be located in a non-hazardous zone or space. Such 
equipment, switches and protective devices are to be suitably 
labelled for identification purposes. 


14.5 Hazardous zones and spaces 

14.5.1 | Hazardous zones or spaces and sources of hazard 
for ships intended for the carriage in bulk of oil, liquefied gases 
and other hazardous substances, the requirements for ships 
carrying vehicles with fuel in their tanks and the requirements 
for ships with spaces for storing paint, are defined (either 
directly, or by reference to other documents) in 14.10 to 
14.15. 


14.5.2 Hazardous areas associated with flammable liquids 

or gases are classified into zones based upon the frequency 

of the occurrence and duration of an explosive gas atmo- 

sphere, as follows: 

e zone 0: place in which an explosive atmosphere consisting 

a mixture with air of flammable substances in the form 

gas, vapour or mist is present continuously or for long 

eriods or frequently 

e zone 1: place in which an explosive atmosphere consisting 

of a mixture with air of flammable substances in the form 

of gas, vapour or mist is likely to occur in normal opera- 

tion occasionally 

° one 2: place in which an explosive atmosphere consisting 
of a mixture with air of flammable substances in the form 
of gas, vapour or mist is not likely to occur in normal 
operation but, if it does occur, will persist for a short 
period only. 

See IEC 60079-10-1: Explosive atmospheres — Part 10-1: 

Classification of areas — Explosive gas atmospheres. 
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14.5.3. Hazardous areas associated with solid substances 

or packaged liquids to which 14.14 applies are classified into 

zones based upon the frequency of the occurrence and 

duration of an explosive atmosphere due to the presence of 

gas and/or dust, as follows: 

e hazardous area: area in which an explosive atmosphere 
is likely to occur in normal operation (comparable with 
zone 1) 
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e extended hazardous area: area in which an explosive 
atmosphere is not likely to occur in normal operation 
and, if it does occur, is likely to do so only infrequently 
and will exist for a short period only (comparable with 
zone 2). 

See IEC 60079-10-2: Explosive atmospheres — Part 10-2: 

Classification of areas - Combustible dust atmospheres, or 

IEC 60092-506: Electrical Installation in ships — Part 506: 

Special features — Ships carrying specific dangerous goods 

and materials hazardous only in bulk. An explosive atmo- 

sphere may exist due to gas and/or dust. 


14.5.4 The following principles are to apply in general, and 
where any specific arrangement does not fall into any of the 
categories covered by 14.10 to 14.15. 


14.5.5 A hazardous zone or space may arise from the 

presence of any of the following: 

(a) spaces or tanks containing either: 

(i) flammable liquid having a flashpoint (closed-cup 
test) not exceeding 60°C; 

(ii) — flammable liquid having a flashpoint exceeding 
60°C, heated or raised by ambient conditions to 
a temperature within 15°C of its flashpoint; or 

(iii) flammable gas; 

(o) piping systems or equipment containing fluid defined by 
(a) and having flanged joints or glands or other openings 
through which leakage of fluid may occur under normal 
operating conditions; 

(c) spaces containing solids, such as coal or grain, liable to 
release flammable gas and/or combustible dust; 

(d) spaces containing dangerous goods in packaged form, 
of the following Classes as defined in the IMDG Code: 1 
(with the exception of goods in division 1.4, compatibility 
group S), 2.1 (inclusive of applicable gas bottles for on 
board use), 3, 6.1 and 8; 

(e) piping systems or equipment associated with processes 
(such as electrochlorination) generating flammable gas 
as a by-product and having openings from which the 
gas may escape under normal operating conditions; or 

(f) piping systems or equivalent containing flammable 
liquids not defined by (a), having flanged joints, glands 
or other openings through which leakage of fluid in the 
form of a mist or fine spray may occur under normal 
operating conditions. 


14.5.6 The following zones or spaces are regarded as 

hazardous, zone 0: 

(a) the interiors of those spaces, tanks, piping systems and 
equipment defined by 14.5.5(a) and (b); and 

(o) enclosed, unventilated spaces containing pipework or 
equipment defined by 14.5.5(b) and (e). 
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14.5.7 The following zones or spaces are regarded as 

hazardous, zone 1: 

(a) unventilated spaces separated by a single bulkhead or 
deck from a cargo defined by 14.5.5(a); 

(b) ventilated spaces containing pipework or equipment 
defined by 14.5.5(b) and (e); 

(c) zones within a 1,5 m radius of ventilation outlets, 
hatches or doorways or other openings into spaces 
defined by (a) or (b), or within 1,5 m of the ventilation 
outlets of spaces regarded by 14.7 as open areas and 
which contain the pipework or equipment defined by 
14.5.5(b) or (e). Where the hazard results from flammable 
gas or vapour having a density relative to that of air of 
more than 0,75, the hazardous zone is considered to 
extend vertically downward to solid deck, or for a 
distance of 9 m, whichever is the lesser; 

(d) zones on open deck, or semi-enclosed spaces on open 
deck, within 3 m of the ventilation outlets of cargo tanks 
defined in 14.5.5 (a), which permit the flow of small 
volumes of vapour or gas mixtures caused by thermal 
variation; 

(e) zones within a 1,5 m radius of flanged joints, or glands or 
other openings defined by 14.5.5(b); in the case of gas 
or vapour having a relative density of more than 0,75, 
the hazardous zone is considered to extend vertically 
downwards as described under (c); 

(f) zones within a 1,5 m radius of flanged joints, or glands 
or other openings defined by 14.5.5(e) and (f); 

(g) zones within a 1,5 m radius of bunds or barriers 
intended to contain spillage of liquids defined by 
14.5.5(a); 

(h) zones on open deck within a 1,5 m radius of any 
opening into a space defined by (a); and 

(j) enclosed or semi-enclosed spaces with direct opening 
into a zone 1 hazardous location. 


14.5.8 The following zones or spaces are regarded as 

hazardous, zone 2: 

(a) ventilated spaces separated by a single bulkhead or 
deck from a zone 0 space; 

(b) zones on open deck extending 1,5 m beyond those 
defined by 14.5.7(c), (d), (e), (f, (g) or (h); 

(c) zones on open deck extending 2 m beyond those 
defined by 14.5.7 (q); 

(d) zones within a 1,5 m radius of ventilation inlets serving 
spaces defined by 14.5.7(b); and 

(e) enclosed or semi-enclosed spaces with direct opening 
into a zone 2 hazardous location. 


14.6 Semi-enclosed spaces 


14.6.1 Semi-enclosed spaces are considered to be 
spaces limited by decks and/or bulkheads in such a manner 
that the natural conditions of ventilation are sensibly different 
from those obtained on open deck. 
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14.7 Ventilation 


14.7.1. Where an enclosed or semi-enclosed space is 
provided with mechanical ventilation ensuring at least 12 air 
changes/hour, and leaving no areas of stagnant air, it may be 
regarded in consideration of hazardous zones as would 
otherwise be defined by 14.5.6(b), 14.5.7(b) or (h) and 
14.5.8(d), as an open area. 


14.7.2 Where the rate of ventilation air flow, in relation to 
the maximum rate of release of flammable substances 
reasonably to be expected under normal conditions, is 
sufficient to prevent the concentration of flammable 
substances approaching their lower explosive limit, consider- 
ation may be given to regarding as non-hazardous, the space, 
ventilation and other openings into it, and the zone around 
the equipment contained within. 


14.7.3. An alarm is to be provided on the navigating 
bridge, engine control room, and where applicable, cargo 
control room to indicate any loss of the required ventilation 
capacity. 


14.8 Pressurisation 


14.8.1 A space having access to a hazardous space or 
zone defined as zone 1 or zone 2 may be regarded as non- 
hazardous if fulfilling all the following conditions: 

(a) access is by means of an air-lock, having gastight steel 
doors, the inner of which as a minimum, is self-closing 
without any hold-back arrangement; 

(b) itis maintained at an overpressure relative to the exter- 
nal hazardous area by ventilation from a non-hazardous 
area; 

(c) the relative air pressure within the space is continuously 
monitored and so arranged that, in the event of loss of 
overpressure, an alarm is given and the electrical supply 
to all equipment not of a type suitable for zone 1 is auto- 
matically disconnected. Where the shut-down of 
equipment could introduce a hazard, an alarm may be 
given, in lieu of shutdown, upon loss of overpressure, 
and a means of disconnection of electrical equipment 
not of a type suitable for zone 1, capable of being 
controlled from an attended station, provided in conjunc- 
tion with an agreed operational procedure; where the 
means of disconnection is located within the space then 
it is to be effected by equipment of a type suitable for 
zone 1; 

(d) any electrical equipment required to operate upon loss 
of overpressure, lighting fittings (see 5.7.3) and equip- 
ment within the air-lock, is to be of a type suitable for 
zone 1; and 

(e) means are to be provided to prevent electrical equip- 
ment, other than of a type suitable for zone 1, being 
energised until the atmosphere within the space is made 
safe, by air renewal of at least 10 times the capacity of 
the space. 


14.8.2 A space having access to a hazardous space or 

zone defined as zone 2 may be regarded as non-hazardous 

if fulfilling all the following conditions: 

(a) access is by means of a self-closing gastight steel door 
without any hold-back arrangement; 
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(b) it is maintained at an overpressure relative to the 
external hazardous area by ventilation from a non- 
hazardous area; 

(c) the relative air pressure within the space is continuously 
monitored and so arranged that, in the event of loss of 
overpressure, an alarm is given. A means of disconnec- 
tion of electrical equipment not of a type suitable for 
zone 2 is to be provided; where the means of discon- 
nection is located within the space then it is to be 
effected by equipment of a type suitable for zone 2; 

(d) any electrical equipment required to operate upon loss 
of overpressure (e.g., lighting fittings, see 5.7.3), is to be 
of a type suitable for zone 2. 


14.9 Cable and cable installation 


14.9.1 Electric cables are not, as far as is practicable, to 
be installed in hazardous zones or spaces, except where 
serving equipment installed within the zone or space. Through 
runs of cable may be accepted in locations classified as 
zone 1 or zone 2, where alternative routes are impracticable. 


14.9.2 |n addition to the requirements of Section 11, 
cables for circuits that are not intrinsically safe, which are 
ocated in hazardous zones or spaces, or which may be 
exposed to cargo oil, oil vapour or gas, are to be either: 

a) mineral insulated with copper sheath, or 

b) armoured or braided for earth detection. 

c) otherwise adequately protected against mechanical or 
chemical damage, within zone 2 or non-hazardous loca- 
tions only, or 

d) as otherwise specifically permitted elsewhere within this 
Section. 


14.9.3. Armouring, braiding and other metal coverings of 
cables installed in dangerous zones or spaces are to be 
effectively earthed at least at both ends. 


14.9.4 Where there is risk of intermittent contact between 
armour and exposed metalwork, non-metallic impervious 
sheath is to be applied over metallic armour of cables. 


14.9.5 Cables associated with intrinsically safe circuits are 
to be used only for such circuits. They are to be physically 
separated from cables associated with non-intrinsically safe 
circuits, e.g., neither installed in the same protective casing 
nor secured by the same fixing clip. Consideration may be 
given to other arrangements complying with IEC 60079-14, 
Explosive atmospheres — Part 14: Electrical installations 
design,selection and erection. 


14.9.6 In zone 0, cable joints may only be used in intrinsi- 
cally safe circuits. 


14.9.7 Cable runs in zone 1 or zone 2 are, where practi- 

cable, to be uninterrupted. Where discontinuities cannot be 

avoided, cable joints are, additionally, to: 

° be made in an enclosure with a type of protection appro- 
priate to the location; or 

e provided the joint is not subject to mechanical stress, be 
epoxy filled, compound-filled or sleeved with heat- 
shrunk tubing, in accordance with the manufacturer’s 
instructions. 
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14.10 Requirements for tankers intended for the 
carriage in bulk of oil cargoes having a flash 
point not exceeding 60°C (closed-cup test) 


14.10.17. In order to eliminate potential sources of ignition 
from hazardous areas on board tankers in accordance with 
SOLAS 1974 as amended, Chapter Il-1, Regulation 45.11, 
electrical equipment is to be selected and installed in 
accordance with IEC 60092: Electrical installations in ships — 
Part 502: Tankers — Special features. 


14.10.2 The relevant group and temperature class for 
electrical equipment in hazardous zones are, respectively, IIA 
and T3. 


14.11 Requirements for ships for the carriage of 
liquefied gases in bulk 


14.11.1 See Chapter 10 of the Rules for Ships for Liquefied 
Gases. 


14.12 Requirements for ships intended for the 
carriage in bulk of other flammable liquid 
cargoes 


14.12.1 See Chapter 10 of the Rules for Ships for Liquid 
Chemicals. 


14.13 Special requirements for ships with spaces 
for carrying vehicles with fuel in their tanks, 
for their own propulsion 


14.13.1 Passenger ships with special category spaces 

above the bulkhead deck for carrying vehicles: 

(a) electrical equipment fitted within a height of 45 cm 
above the vehicle deck, or any platform on which 
vehicles are carried, or within the exhaust ventilation 
trunking for the space, is to be of a type acceptable for 
zone 1; 

(b) electrical equipment situated elsewhere within the space 
is to be of a type acceptable for zone 2, or is to have an 
enclosure of ingress protection rating of at least IP55, 
see IEC 60529: Degrees of protection provided by 
enclosures (IP Code). Smoke and gas detector heads are 
exempt from this requirement. 


14.13.2 Passenger ships with special category spaces 
below the bulkhead deck for carrying vehicles: electrical 
equipment fitted within the space and within the exhaust 
ventilation trunking for the space, is to be of a type 
acceptable for zone 1. 


14.13.3 Passenger ships with cargo spaces, other than 

special category spaces, for carrying vehicles: 

(a) electrical equipment within such a cargo space, or within 
the exhaust ventilation trunking for the space, is to be of 
a type acceptable for zone 1; 
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(b) all electrical circuits terminating in the cargo space are 
to be provided with multipole linked isolating switches 
located outside the cargo hold. Provision is to be made 
for locking in the off position. This does not apply to 
safety circuits such as those for fire, smoke or gas 
detection. 


14.13.4 Cargo ships with closed ro-ro cargo spaces for 

carrying vehicles: 

(a) except where exempted by (b) electrical equipment fitted 
within the space and within the exhaust ventilation 
trunking for the space is to be of a type acceptable for 
zone 1; 

(b) where the ventilation system required by SOLAS 
1974 as amended, Chapter Il-2, Regulation 20.3.1.1.1 
is arranged to operate continuously and is sufficient to 
provide at least ten air changes per hour, whenever 
vehicles are on board, above a height of 45 cm from the 
vehicle deck, or any platform on which vehicles are 
carried, electrical equipment is to be of a type accept- 
able for zone 2, or is to have an enclosure of ingress 
protection rating of at least IP 55; 

(c) all electrical circuits terminating in the cargo space are 
to be provided with multipole linked isolating switches 
located outside the cargo hold. Provision is to be made 
for locking in the off position. This does not apply to 
safety circuits such as those for fire, smoke or gas 
detection. 


14.14 Special requirements for ships intended for 
the carriage of dangerous goods and 
materials hazardous only in bulk 


14.14.17 In order to eliminate potential sources of ignition in 
enclosed cargo spaces or vehicle spaces in accordance with 
SOLAS 1974 as amended, Chapter II-2, Regulation 19.3.2, 
and from associated hazardous areas (see 14.5.3), electrical 
equipment is to be selected in accordance with 14.14.2 and 
14.14.3 and installed in accordance with 14.4 and 14.14.4 to 
14.14.7. 


14.14.2 Electrical equipment essential for the safety and 
operation of the ship is to be of a type providing protection 
against ignition of the gases and/or dusts that can be present, 
selected in accordance with IEC 60092-506: Electrical 
installations in ships — Part 506: Special features — Ships 
carrying specific dangerous goods and materials hazardous 
only in bulk. 


14.14.3 In addition to the requirements of IEC 60092-506: 
Electrical installations in ships — Part 506: Special features — 
Ships carrying specific dangerous goods and materials 
hazardous only in bulk, pipes such as ventilation and bilge 
pipes having ends opening into a hazardous area are to be 
considered a hazardous area. Enclosed spaces such as pipe 
tunnels and bilge pump-rooms containing such pipes and 
with equipment and components such as pumps, valves and 
flanges are to be considered as extended hazardous areas 
unless protected by overpressure. 
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14.14.4 Electrical equipment not essential for the safety or 
operation of the ship and which is not of a type providing 
protection against ignition of the gases and/or dusts that can 
be present is to be completely disconnected and protected 
against unauthorised re-connection. Disconnection is to be 
made outside the hazardous areas and be effected with 
isolating links or lockable switches. 


14.14.5 Electrical equipment and all cables, including 
through runs and terminating cables, are to be protected 
against mechanical damage. Cables are to be either enclosed 
in screwed heavy gauge steel drawn or seam-welded and 
galvanised conduit, or protected by electrically continuous 
metal sheathing or metallic wire armour braid or tape. 


14.14.6 Cable penetrations of decks and bulkheads are to 
be sealed against the passage of gas or vapour. 


14.15 Requirements for ships with spaces for 
storing paint 


14.15.1 In order to eliminate potential sources of ignition in 

paint stores, electrical equipment is to be selected 

as follows: 

(a) electrical equipment fitted within the space and within 
the exhaust ventilation trunking for the space is to be of 
a type acceptable for zone 1; 

(b) electrical equipment situated within 1 m of inlet and 
exhaust ventilation openings or within 3 m of exhaust 
mechanical ventilation outlets is to be of a type accept- 
able for zone 2, or is to have an enclosure of ingress 
protection rating of at least IP55, see IEC 60529, 
Classification of Degrees of Protection Provided by 
Enclosures. See 1.11.1 for degrees of protection 
required for equipment on open deck. 


14.15.2 A space having access to a paint store may be 
regarded as non-hazardous if fulfilling all of the following 
conditions: 

(a) access is by means of a self-closing gastight steel door 
without any hold-back arrangement; 

(b) the paint store is ventilated from a non-hazardous area 
and; 

(c) warning notices are fitted adjacent to the paint store 
entrance warning of flammable liquids contained in paint 
store. 

NOTE 

A watertight door may be considered as being gastight. 


14.15.3 The relevant group and temperature class for electri- 
cal equipment in hazardous zones are, respectively, IIB and 
T3. 
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a Section 15 
Navigation and manoeuvring 
systems 


15.1 Steering gear 


15.1.1 The requirements of 15.1.2 to 15.1.7 are to be read 
in conjunction with those in Pt 5, Ch 19,5. 


15.1.2 Two exclusive circuits, fed from the main source of 
electrical power and each having adequate capacity to supply 
all the motors which may be connected to it simultaneously 
are to be provided for each electric or electrohydraulic 
steering gear arrangement consisting of one or more electric 
motors. One of these circuits may pass through the 
emergency switchboard, see a/so Pt 5, Ch 19,6. 


15.1.3 The main and auxiliary steering gear motors are to 
be capable of being started from a position on the navigating 
bridge and also arranged to restart automatically when power 
is restored after a power failure. 


15.1.4 The motor of an associated auxiliary electric or 
electrohydraulic power unit may be connected to one of the 
circuits supplying the main steering gear. 


15.1.5 Only short-circuit protection is to be provided for 
each main and auxiliary steering gear motor circuit. 


15.1.6 In ships of less than 1600 gross tonnage, if an 
auxiliary steering gear is not electrically powered or is 
powered by an electric motor primarily intended for other 
services, the main steering gear may be fed by one circuit 
from the main switchboard. Consideration would be given to 
other protective arrangements other than described in 15.1.5 
for such a motor primarily intended for other services. 


15.1.7 Each main and auxiliary steering gear electric 
control system which is to be operated from the navigating 
bridge is to be served with electric power by a separate circuit 
supplied from the associated steering gear power circuit, from 
a point within the steering gear compartment, or directly from 
the same section of switchboard busbars, main or 
emergency, to which the associated steering gear power 
circuit is connected. Each separate circuit is to be provided 
with short-circuit protection only. 


15.2 Thruster systems for steering 

15.2.1 | Where azimuth or rotatable thruster units, used as 
the sole means of steering, are electrically driven the require- 
ments of Pt 5, Ch 20,5.1 are to be complied with. 

15.3 Thruster systems for dynamic positioning 


15.3.1 For ships having a DP notation the requirements of 
Pt 7, Ch 4 are to be complied with. 
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15.4 Thruster systems for manoeuvring 


15.4.1. Where a thruster unit is fitted solely for the purpose 
of manoeuvring, and is electrically driven, its starting and 
operation is not to cause the loss of any essential services. 


15.4.2 In order to ensure that the thruster system is not 
tripped inadvertently whilst manoeuvring the ship, overload 
protection in the form of an alarm is to be provided for the 
electric motor and any associated supply converters, in lieu 
of tripping. 


15.4.3 The thruster unit electric motor is not to be 
disconnected as part of a load management switching 
operation. 


15.5 Transverse thrust units 


15.5.1 Where transverse thrust units are remotely 
controlled, means are to be provided at the remote control 
station to stop the propulsion unit. 


15.5.2 Transverse thrust units are to be provided with 
indications of direction and magnitude of thrust and propeller 
pitch at each station from which it is possible to control justify 
the propeller pitch. 


15.6 Navigation lights 


15.6.1 Navigation lights are to be connected separately to 
a distribution board reserved for this purpose only and 
accessible to the officer of the watch. This distribution board 
is to be connected directly or through transformers to the 
emergency source of electrical power in compliance with, for 
passenger ships, 3.2.7(b) and 3.2.9(a) or, for cargo ships, 
3.3.7(c) and 3.3.9(a). An alarm is to be activated in the event 
of failure of a power supply from the distribution board. 


15.6.2 Each navigation light is to be controlled and 
protected in each insulated pole by a switch and fuse or 
circuit-breaker mounted on the distribution board. 


15.6.3 Provision is to be made on the navigating bridge for 
the navigation lights to be transferred to an alternative circuit 
fed from the main source of electrical power. 


15.6.4 Each navigation light is to be provided with an 
automatic indicator giving audible and/or visual indication of 
failure of the light. If an audible device alone is fitted, it is to 
be connected to an independent source of supply, e.g., a 
battery, with means provided to test this supply. If a visual 
signal is used connected in series with the navigation light, 
means are to be provided to prevent extinction of the naviga- 
tion light due to failure of the signal. The requirements of this 
paragraph do not apply to tugs, trawlers and similar small 
vessels. 


15.6.5 For navigation lights using light emitting diodes 
(consisting of multiple light sources) means to ensure that the 
overall luminous intensity of the navigation light is sufficient 
are to be provided in addition to the alarm to indicate the 
complete loss of the navigation light illumination required by 
15.6.4. For replacement navigation lights, see 1.5.5. 
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15.6.6 To satisfy 15.6.5, an audible and visual alarm is to 
be activated to notify the Officer of the Watch when the 
luminous intensity of the light reduces below the level 
required by the IMO Convention on the International 
Regulations for Preventing Collisions at Sea. Alternative 
measures to ensure continuing acceptable performance of 
navigation lights using light emitting diodes may be 
considered that are in accordance with: 

° IMO Res. MSC.253(83), Performance Standards for 
Navigation Lights, Navigation Light Controllers and 
associated Equipment, and 

e EN 14744, Inland navigation vessels and sea-going 
vessels — Navigation light, or a relevant National or 
International Standard. 

Where alternative measures are proposed that require 
verification by personnel of the luminous intensity of 
navigation lights using light emitting diodes, details of the 
inspection implementation in the ship’s safety management 
system and acceptance by the National Administration are to 
be submitted for consideration. 


15.6.7 Navigation light power supply units installed to 
convert, control and/or monitor the distribution board power 
supply required by 15.6.1 above for connection to the light 
source(s) (e.g., for LED type navigation lights) are, in the event 
of a short-circuit on the unit output, to disconnect or limit the 
supply to prevent further damage and activate an alarm. 


15.6.8 Navigation light power supply units are to be self- 

checking, detecting failures of the unit itself and activating an 

alarm. These are to include: 

e detection of system lock-ups (program hangs); 

e means to detect failure of navigation light switching 
command input circuits or links; and 

e — means to detect failure of the navigation light monitoring 
arrangements required to provide the alarms required by 
15.6.4 and 15.6.5, as applicable. 


15.6.9 The navigation light power supply failure alarms 
required by 15.6.1 are not to be displayed as a group alarm. 
Other navigation light alarms may be grouped for each 
navigation light where means are provided for personnel to 
determine the cause of the alarm. Activation of more than one 
of the navigation light alarms as a result of a single failure is to 
be prevented. 


15.6.10 Any statutory requirements of the country of 
registration are to be complied with and may be accepted as 
an alternative to the above. 


15.7 Navigational aids 

15.7.1 Navigational aids as required by SOLAS are to be 
fed from the emergency source of electrical power, see also 
3.2.7(c)(ii) and 3.3.7(d)i(ii). 


15.7.2 For ships having a notation NAV 1 navigational aids 
are to have an alternative supply fed from the main source of 
electrical power, independent of the emergency switchboard, 
with automatic changeover facilities. 
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| Section 16 
Electric propulsion 


16.1 General 

16.1.1 | Where the arrangements permit a propulsion motor 
to be connected to a generating plant having a continuous 
rating greater than the motor rating, means are to be provided 
to limit the continuous input to the motor to a value not 
exceeding the continuous full load torque for which the motor 
and shafts are approved. 


16.1.2 The ventilation and cooling systems for electrical 
propulsion equipment are to be provided with monitoring 
devices arranged to operate an alarm if the temperature of 
the heated cooling medium exceeds a predetermined safe 
value. 


16.1.3. The embedded temperature detectors required by 
9.1.10 are to be arranged to operate an alarm if the temper- 
ature exceeds a predetermined safe value. 


16.1.4 Propulsion motors, generators and converters are 
to be provided with means to prevent the accumulation of 
moisture and condensate when operating at low power levels, 
or when idle. 


16.2 System design and arrangement 

16.2.1 In general, for a ship to be assigned an unrestricted 
service notation, it is to have two independently driven 
propellers or other propulsion devices, each connected with 
at least one electric motor, where these form the sole means 
of propulsion. 


16.2.2 For vessels where a propulsion device driven by 
electric motors is proposed as the sole means of propulsion, 
at least two effective, independent electric propulsion motors 
are to be provided and the system is to be designed in 
accordance with Pt 7, Ch 14. The risk management is to 
identify components where a failure could cause loss of 
propulsion power or other essential services and the 
proposed arrangements for preventing and mitigating the 
effects of such a failure. 


16.3 Power requirements 

16.3.1 The propulsion system is to have sufficient power 
for manoeuvring the ship and for going astern. With the ship 
travelling at maximum service speed the propulsion 
equipment is to be capable of stopping and reversing the ship 
in an agreed time. 


16.3.2 The propulsion system is to have adequate torque 
and power margins for all operating conditions including 
manoeuvring and rough weather with due regard to propeller 
and ship characteristics. 


16.3.3 The electric power for the propulsion system may 
be derived from generating sets dedicated to propulsion duty 
or from a central power generation plant which serves both 
propulsion and ship service loads. 
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16.3.4 | Where propulsion power is derived from a central, 
common, power plant the control system is to ensure a safe 
distribution of power between propulsion and ship services, 
with tripping of non-essential loads and/or reduction in 
propulsion power if necessary. 


16.3.5 Where a central power generation system is 
employed the number and rating of generator sets is to be 
such that with one set out of action the remaining sets are 
capable of providing all essential and normal ship service 
loads whilst maintaining an effective level of propulsion power. 


16.3.6 Where, in a central power generation system, the 
electrical power requirements are normally supplied by two or 
more generating sets operating in parallel, on sudden loss of 
power from one set, the rating of the remaining set(s) in 
service is to be sufficient to ensure uninterrupted operation of 
essential services and an effective level of propulsion power. 


16.3.7 Where a central power generation system is 
employed, means are to be provided to connect available 
generator sets to meet the power requirement of the electric 
propulsion system. Arrangements are to be in place to 
prevent generator sets being automatically disconnected 
during ship manoeuvres. 


16.3.8 Where forced cooling is used on propulsion motors 
it is to be possible to operate the motor at a defined reduced 
power level in the event of failure of the forced cooling. 


16.3.9 Total harmonic distortion of the a.c. voltage wave- 
form up to 10 per cent on electric propulsion circuits, not 
directly connected to the main source of electrical power, may 
be considered where details are submitted which demon- 
strate that the equipment and systems are capable of 
operating under such conditions. 


16.4 Propulsion control 


16.4.1 Propulsion control systems are to be stable 
throughout their normal operating range and arranged to 
attenuate any effects of cyclic propeller load fluctuations 
caused by wave action. 


16.4.2 Step-less control of propeller speed, and/or pitch, 
from zero to full power ahead or astern is to be provided. 


16.4.3 The control system is to ensure that there is no 
dangerous overspeeding of propulsion motors upon loss of 
load. 


16.4.4 — Interlocks are to be provided in the control system 
to ensure that ahead and astern circuits are not energised 
simultaneously. 


16.4.5 Any single fault in either the propulsion machine 
excitation or power distribution systems is not to result in a 
total loss of propulsion power. 


16.4.6 Control, alarm and safety systems for the propul- 
sion system are to satisfy the requirements of Chapter 1. 
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16.4.7 Each control station is to be provided with an emer- 
gency stop function for the propulsion motors. The 
emergency stop function is to be independent of the normal 
control system. 


16.4.8 The control system is to limit the propulsion power 
if the power available from the generator(s) is not sufficient to 
supply the demand level of propulsion power. In the event of 
a power limitation, there is to be a visual indication at the 
control stations. 


16.4.9 | Means are to be provided to identify the cause of 
propulsion motor power limitation or automatic reduc- 
tion (e.g., excessive load torque, cooling failure, high 
temperature, power availability). 


16.4.10 Local controls are to be provided, independent of 
any remote or automatic system, to permit effective control 
of the propulsion equipment. 


16.4.11 Control systems are not to share hardware or data 
communication links with control, safety and alarm systems 
not associated with propulsion control, see also Ch 1,2.11. 


16.5 Protection of propulsion system 


16.5.1 Provision is to be made for protection against 
severe overloads, and electrical faults likely to result in 
damage to plant. 


16.5.2 Propulsion motors are to be capable of withstanding, 
without damage, the thermal and mechanical effects of a 
short-circuit at the terminals. 


16.5.3 Electric motors of podded propulsion units, and/or 
having permanent magnet excitation, are to be provided with 
a protective device which, in the event of a short-circuit in the 
motor or in the cables between the motor and its circuit- 
breaker, will instantaneously open the circuit-breaker and, in 
motors with electromagnetic excitation, de-excite the motor. 
Motors with permanent magnet main excitation are to be 
provided with means to prevent further damage as a result of 
continued rotation after disconnection (e.g., shaft brake). 


16.5.4 Safeguards for protecting propulsion equipment 
against damage resulting from earth faults are to be as spec- 
ified by the equipment manufacturer. Where the fault current 
flowing is liable to cause damage to the electrical equipment 
there are to be arrangements for interrupting the current auto- 
matically. 


16.5.5 For the protection of electrical equipment and 
cables against overvoltages means are to be provided for 
limiting the induced voltage when field windings, and other 
inductive circuits are opened. Protective resistors and devices 
are to be sized to cater for the likely extreme operating 
conditions. 


16.5.6 An alarm is to be initiated when the excitation 
system of electric generators providing propulsion power is 
overloaded such that damage due to heating could occur in 
the generator or its cabling. 
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16.5.7 Where, on stopping or reversing the propeller, 
regenerated energy is produced by the propulsion motor this 
is not to cause a dangerous increase of speed in the prime 
mover or a dangerous overvoltage condition on the supply 
system. Where a central power generation system is used 
then the voltage and frequency fluctuations are not to exceed 
the limits given in 1.8. 


16.5.8 Dynamic braking resistors are to be suitably rated 
for their expected operation. 


16.5.9 Propulsion converters are to be capable of with- 
standing, without damage, the thermal and mechanical 
effects of a short-circuit at the terminals or connection to a 
propulsion motor with a stalled or locked rotor. 


16.5.10 Loss of flow of air or liquid cooling of propulsion 
converters, where used, is to initiate an alarm at an attended 
control position. Loss of flow of air or liquid cooling is not to 
result in immediate damage to the propulsion converter, see 
10.2.4. 


16.5.11 Alarms and safeguards for electric propulsion 
equipment are indicated in Table 2.16.1. 


Table 2.16.1 Electric propulsion equipment: Alarms 


and safeguards 


Item Alarm Note 


Electric propulsion equipment | High See 16.1.2 and 16.3.8 
ventilation and cooling 
medium temperature 
Electric propulsion transformer | High See 10.1.11 
winding temperature 

Electric propulsion generator | Overload | See 16.5.6 
excitation 
Electric propulsion generators | High See 16.1.3 
and motors winding 
temperature 


Electric propulsion generator | High 
and motor bearing 
temperature 


Electric propulsion generator 
and motor lubricating oil 
supply pressure 


Electric propulsion generator 
and motor lubricating oil 
temperature 


16.6 Instruments 


16.6.1 |The main control station is to be provided with the 
following instruments: 
(a) a.c. systems: 

(i) an ammeter for each generator, propulsion motor 
and propulsion transformer primary; voltmeter, 
wattmeter and frequency meter for each genera- 
tor and ammeter for each excitation circuit; and 
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(ii) a temperature indicator for each generator, 
propulsion transformer and propulsion motor 
windings and bearings, the indicator is to read 
stator winding temperature of the rotating 
machines and cooling system temperature. 

(b) d.c. systems: 

(i) a voltmeter and ammeter for each generator and 
propulsion motor; and 

(ii) an ammeter for each excitation circuit. 


16.6.2 Each control station is to be provided with instru- 

ments to indicate: 

(a) propeller speed; 

(b) direction of rotation for a fixed pitch propeller or pitch 
position for a controllable pitch propeller; 

(c) visual indication of power limitation; and 

(d) indication of station in control. 


a Section 17 
Fire safety systems 


17.1 Fire detection and alarm systems 


VLA Fire detection and alarm systems are to comply 
with Chapter 9 of the Fire Safety Systems Code (FSS Code) 
and 17.1.2 to 17.1.10. 


17.1.2 Fire detection and alarm systems are to be 
provided with at least two power supplies. One supply is to 
be connected to the main source of electrical power and 
another supply is to be connected to the emergency source 
of electrical power required by 3.2 or 3.3, or an accumulator 
battery capable of supplying power for the same period of 
time as the emergency source of electrical power. All power 
supply feeders for fire detection and alarm systems are to be 
in accordance with 11.6.4. 


17.1.3. Automatic changeover facilities in accordance with 
5.3.5 are to be located in, or adjacent to, the main fire-control 
panel. Power supply changeover is to be achieved without 
adverse effect. Failure of any power supply is to operate an 
audible and visual alarm. See also 1.14 and 1.16. 


17.1.4 Where an accumulator battery provides a power 
supply, on restoration of the main source of electrical power, 
the rating of the charge unit is to be sufficient to recharge the 
battery while maintaining the output supply to the fire 
detection and alarm system. 


17.1.5 Power supplies from the main and emergency 
switchboards are to be supplied by separate feeders that are 
reserved solely for this purpose. Where the emergency feeder 
for the electrical equipment used in the operation of the fixed 
fire detection and alarm system is supplied from the 
emergency switchboard, it is to be run from this switchboard 
to the automatic changeover switch without passing through 
any other switchboard. 


17.1.6 A loop circuit of an addressable fire detection 
system, capable of remotely identifying from either end of the 
loop each detector and manually operated call point served 
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by the circuit, may serve spaces on both sides of the ship 
and on several decks, but is not to be situated in more than 
one main vertical or horizontal fire zone, nor is a loop circuit 
which covers an accommodation space, service space 
and/or control station to include a machinery space of 
Category A. 


17.1.7 A loop circuit of an addressable fire detection 
system may comprise one or more sections. Where the loop 
comprises more than one section, the sections are to be 
separated by devices which will ensure that, if a short-circuit 
occurs anywhere in the loop, only the affected section will be 
isolated from the control panel. No section of detectors and 
manually operated call points is in general to include more 
than 50 detectors. 


17.1.8 Where the fire detection system does not include 
means of remotely identifying each detector and manually 
operated call point individually, no section covering more than 
one deck within accommodation, service spaces and control 
stations is normally to be permitted except a section which 
covers an enclosed stairway. The number of enclosed spaces 
in each section is to be limited to the minimum considered 
necessary in order to avoid delay in identifying the source of 
fire. In no case are more than fifty soaces permitted in any 
section. 


17.1.9 A section of fire detectors and manually operated 
call points is not to be situated in more than one main vertical 
zone. 


17.1.10 The wiring for each section of detectors and 
manually operated call points in an addressable fire detector 
system is to be separated as widely as practicable from that 
of all other sections on the same loop. Where practicable no 
loop is to pass through a space twice. When this is not 
practicable, such as in large public spaces, the part of the 
loop which by necessity passes through the space for a 
second time is to be installed at the maximum possible 
distance from other parts of the loop. 


17.2 Automatic sprinkler system 


17.2.1 Any electrically driven power pump, provided solely 
for the purpose of continuing automatically the discharge of 
water from the sprinklers, is to be brought into action 
automatically by the pressure drop in the system before the 
standing fresh water charge in the pressure tank is completely 
exhausted. 


17.2.2 For passenger ships, electrically driven sea-water 
pumps for automatic sprinkler systems are to be served by 
not less than two circuits reserved solely for this purpose, one 
fed from the main source of electrical power and one from the 
emergency source of electrical power. Such feeders are to be 
connected to an automatic changeover switch situated near 
the sprinkler pump and the switch is to be normally closed to 
the feeder from the main source of electrical power. No other 
switches are permitted in the feeders. The switches on the 
main and emergency switchboards are to be clearly labelled 
and normally kept closed. 
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17.2.3 The automatic alarm and detection system is to be 
fed by exclusive feeders from two sources of electrical power, 
one of which is to be an emergency source, with automatic 
changeover facilities located in, or adjacent to, the main alarm 
and detection panel. 


17.2.4 Feeders for the sea-water pump and the automatic 
alarm and detection system are to be arranged so as to avoid 
galleys, machinery spaces and other enclosed spaces of high 
fire risk, except in so far as it is necessary to reach the 
appropriate switch boards. The cables are to be of a fire 
resistant type where they pass through such high risk areas. 


17.3 Fixed water-based local application fire- 
fighting systems 


17.3.1 Where fixed water-based local application fire- 
fighting system pressure sources are reliant on external 
power they need only be supplied by the main source of 
electrical power. 


17.3.2 The fire detection, control and alarm systems are 
to be provided with an emergency source of electrical power 
required by 3.2 or 3.3 and are also to be connected to the 
main source of electrical power. Separate feeders, reserved 
solely for this purpose, with automatic changeover facilities 
located in, or adjacent to, the main control panel are to be 
provided. 


17.3.3 Failure of any power supply is to operate an audible 
and visual alarm. See a/so 1.14 and 1.15. 


17.3.4 Means to activate a system are to be located at 
easily accessible positions inside and outside the protected 
space. Arrangements inside the space are to be situated 
such that they will not be cut off by a fire in the protected 
areas and are suitable for activation in the event of escape. 
Where it is proposed to install local activation means outside 
of the protected space, details are to be submitted for 
consideration. 


17.3.5 For the electrical safety of electrical and electronic 
equipment in areas protected by fixed water-based local 
application fire-fighting systems and adjacent areas where 
water may extend, the requirements of 17.3.6 to 17.3.10 
apply. 


17.3.6 As far as is practicable, electrical and electronic 
equipment is not to be located within protected areas or 
adjacent areas. The system pump, its electrical motor and 
the sea valve if any, may be in a protected space provided 
that they are outside areas where water or spray may extend. 


17.3.7 High voltage equipment and their enclosures are 
not to be installed in protected areas or adjacent areas. For 
high voltage generators enclosures which cannot be fully 
located outside of adjacent areas due to close proximity, a 
technical justification, including proposed degree of protection 
ratings that are normally not to be lower that IP54, may be 
submitted for consideration that demonstrates the overall 
safety of the installation in the event of system operation. 
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17.3.8 In addition to the degree of protection requirements 
of 1.11.1, electrical and electronic equipment enclosures 
located within protected areas and within adjacent areas are 
to provide adequate protection in the event of system 
operation. 


17.3.9 To demonstrate compliance with 17.3.8, evidence 

of the suitability of electrical and electronic equipment for use 

in protected areas and adjacent areas is to be submitted in 

accordance with 1.2.13. The evidence is to demonstrate that 

additional precautions have been taken, where necessary, in 

respect of: 

(a) satisfying 17.3.6 and 17.3.7; 

(b) personnel protection against electric shock; 

(c) cooling airflow, where necessary, for equipment required 
to operate during system operation; and 

(d) maintenance requirements for equipment before return 
to operation following system activation. 

Any test evidence submitted is to consider the overall 

installation, including equipment types, system configuration 

and nozzles and the potential effects of airflows in the 

protected space. 


17.3.10 The evidence required by 17.3.9 is to demonstrate 
the safe and effective operation of the overall arrangements in 
the event of system operation. This evidence is to demonstrate 
that exposure to system spray and/or water: 
e cannot result in loss of essential services (e.g., un- 
intended activation of automatic machinery shut-down); 
e — cannot result in loss of availability of emergency services; 
e — will not affect the continued safe and effective operation 
of electrical and electronic equipment required to 
operate during the required period of system operation; 
e does not present additional electrical or fire hazards; and 
e — would require only identified readily replaceable compo- 
nents to be repaired or replaced. 
The installation of electrical and electronic equipment required 
to provide essential or emergency services in enclosures with 
a degree of protection less than IP44 within areas exposed to 
direct spray is to be acceptable to LR, and evidence of 
suitability is to be submitted accordingly. 


17.3.11 Fixed water-based local application fire-fighting 

system electrically driven pumps may be shared with: 

e equivalent automatic sprinkler systems; 

e equivalent main machinery space fire-fighting systems; 
or 

e local fire-fighting systems for deep-fat cooking equip- 
ment; 

provided that the shared use is accepted by the National 

Administration as complying with applicable statutory regulations 

and the arrangements comply with the requirements of 

17.3.12 to 17.3.14. 


17.3.12 Shared electrically driven sea-water pumps are to 
be served by not less than two circuits reserved solely for this 
purpose, one fed from the main source of electrical power 
and one from the emergency source of electrical power. Such 
feeders are to be connected to an automatic changeover 
switch situated near the pumps and the switch is to be 
normally closed to the feeder from the main source of 
electrical power. No other switches are permitted in the 
feeders. The switches on the main and emergency switch- 
boards are to be clearly labelled and normally kept closed. 
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17.3.13 Failure of a component in the power and control 
system is not to result in a reduction of the total available 
pump capacity below that required by any of the areas which 
the system is required to protect. For equivalent automatic 
sprinkler systems, a failure is not to prevent automatic release 
or reduce sprinkler pump capacity by more than 50 per cent. 


17.3.14 Where fire-fighting systems share fire-fighting 
pumps, failure of one system is not to prevent activation of 
the pumps by any other system. 


17.4 Fire pumps 


17.4.1. When the emergency fire pump is electrically 
driven, the power is to be supplied by a source other than that 
supplying the main fire pumps. This source is to be located 
outside the machinery spaces containing the main fire pumps 
and their source of power and drive units. 


17.4.2 The cables to the emergency fire pump are not to 
pass through the machinery spaces containing the main fire 
pumps and their source of power and drive units. The cables 
are to be of a fire-resistant type where they pass through 
other high fire risk areas. 


17.5 Refrigerated liquid carbon dioxide systems 


17.5.1 Where there are electrically driven refrigeration units 
for carbon dioxide fire-extinguishing systems, one unit is to 
be supplied by the main source of electrical power and the 
other unit from the emergency source of electrical power. 


17.5.2 Each electrically driven carbon dioxide refrigerating 
unit is to be arranged for automatic operation in the event of 
loss of the alternative unit. 


17.6 Fire safety stops 


17.6.1 In order to limit the fire growth potential in every 
space of the ship, means for controlling the air supply to the 
spaces and flammable liquids within the spaces are to be 
provided. 


17.6.2 To control air supply, a means of stopping all forced 
and induced draught fans, and all ventilation fans serving 
accommodation spaces, service spaces, control stations and 
machinery spaces from an easily accessible position outside 
of the space being served is to be provided. The position is 
not to be readily cut off in the event of a fire in the spaces 
served by the fans. 


17.6.3 In passenger ships carrying more than 36 passen- 
gers, a second means of stopping ventilation fans serving 
accommodation spaces, service spaces and control stations 
is to be provided at a position as far apart from the position 
required by 17.6.2 as is practicable. At both positions, the 
controls are to be grouped so that all fans can be stopped 
from either of the two positions. 
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17.6.4 A second means of stopping ventilation fans serving 
machinery spaces is to be provided at a position as far apart 
from the position required by 17.6.2 as is practicable. At both 
positions the controls are to be grouped so that all fans are 
operable from either of the two positions. The means for 
stopping machinery space ventilation fans are to be entirely 
separate from the means for stopping fans serving all other 
spaces. 


17.6.5 In passenger ships, the means of stopping machinery 
ventilation fans required by 17.6.2 is to be located at the 
central control station which is to have safe access from the 
open deck. The central control station is to be provided with 
ventilation fan OFF status indications together with a means 
for restarting the ventilation fans. 


17.6.6 — In passenger ships carrying 36 passengers or more, 
exhaust ducts from main laundries are to be fitted with 
additional remote-control arrangements for shutting off the 
exhaust fans and supply fans from within the space and for 
operating electrically operated fire dampers fitted at the lower 
end of the duct. 


17.6.7 To control flammable liquids, a means of stopping 
all fuel oil, lubricating oil, hydraulic oil, cargo oil and thermal 
oil pumps, oil purifiers from outside the spaces being served 
is to be provided. The position is not to be cut off in the event 
of a fire. 


17.6.8 Means of cutting off all electrical power to the galley 
except lighting circuits, in the event of a fire, is to be provided 
outside the galley exits, at positions which will not readily be 
rendered inaccessible by such a fire. Consideration may be 
given to relaxing this requirement for supplies to equipment 
not used for heating or cooking (e.g., alarm and clock 
systems) that do not present an electrical shock risk to fire- 
fighting personnel. 


17.6.9 Following activation of any fire safety stops, a 
manual reset is to be provided in order to restart the 
associated equipment. 


17.6.10 Fire safety stop systems are to be designed on the 
fail safe principle or alternatively the power supplies to, and 
the circuits of, the fire safety stop systems are to be 
continuously monitored and an alarm initiated in the event of 
a fault. Cables are to be of a fire-resistant type, see 11.5.3. 
See also 5.2.1. 


17.7 Fire doors 


17.7.1 The electrical power required for the control, indica- 
tion and alarm circuits of fire doors is to be provided by an 
emergency source of electrical power as required by 3.2. In 
passenger ships carrying more than 36 passengers an 
alternative supply fed from the main source of electrical 
power, with automatic changeover facilities, is to be provided 
at the central control station. Failure of any power supply is 
to operate an audible and visual alarm, see also 1.14 and 
1.16. 


17.7.2 The control and indication systems for the fire 
doors are to be designed on the fail-safe principle with the 
release system having a manual reset. 
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17.8 Fire dampers 


17.8.1 The electrical power required for the control and 
indication circuits of fire dampers is to be supplied from the 
emergency source of electrical power. 


17.8.2 The control and indication systems for the fire 
dampers are to be designed on the fail-safe principle with the 
release system having a manual reset. 


17.8.3. In passenger ships carrying 36 passengers or more, 
where electrically operated fire dampers are fitted at the lower 
end of exhaust ducts from main laundries, they are to be 
capable of automatic and remote operation. 


17.9 Fire-extinguishing media release 


17.9.1 Where it is required that alarms be provided to warn 
of the release of a fire-extinguishing medium, and these are 
electrically operated, they are to be provided with an 
emergency source of electrical power, as required by 3.2 or 
3.3, and also connected to the main source of electrica 
power, with automatic changeover facilities located in, or 
adjacent to, the fire-extinguishing media release panel, see 
also 1.14. Failure of any power supply is to operate an 
audible and visual alarm, see also 1.14 and 1.16. 


17.9.2 The opening of the fire-extinguishing media contro 
cabinet door, or panel, for any purpose, other than for the 
release of the fire-extinguishing media, is not to cause the loss 
of any essential services, see 1.6.1. 


17.10 Safety centre on passenger ships 


17.10.17 Passenger ship safety centres required by SOLAS 
Ch II/2, Reg. 23 to provide a control station dedicated to 
assist with the management of emergency situations are to 
satisfy the requirements of this sub-Section. 


17.10.2 The safety centre is to be either a part of the 
navigation bridge or to be located in a separate adjacent 
space having direct access to the navigation bridge. 


17.10.3 Except where located in the same space, means 
of communication between the safety centre, the central 
control station, the navigation bridge, the engine control 
room, the storage room(s) for fire extinguishing system(s) and 
fire equipment lockers are to be provided. 


17.10.4 The operation, control and monitoring of the 
following arrangements, where they are required to be 
installed by the National Administration, is to be additionally 
available from the safety centre: 

e all powered ventilation systems; 

fire doors; 

general emergency alarm system; 

public address system; 

electrically powered escape route lighting or low loca- 
tion lighting for evacuation guidance; 

watertight and semi-watertight doors; 

indicators for bow and inner doors and stern and side 
shell doors and their closing appliances; 
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e water ingress detection for bow and inner doors and 
stern and side shell doors; 

° remote surveillance systems for bow and inner doors 

and stern and side shell doors; 

fire detection and alarm systems; 

fixed water-based local application fire-fighting systems; 

automatic sprinkler systems, or equivalents; 

water-based fixed fire-extinguishing systems for machinery 

spaces; 

alarm to summon the crew; 

atrium smoke extraction system; 

flooding detection systems; and 

fire pumps and emergency fire pumps. 

Operation, control and/or monitoring facilities provided at the 

safety centre are additional to any dedicated facilities required 

at other locations by the Rules or the National Administration. 


17.10.5 Where arrangements are operated, controlled 
and/or monitored from the safety centre in accordance with 
17.10.4, they are to comply with the relevant requirements of 
Ch 1,2 in respect of control, alarm and programmable 
electronic systems. 


17.11 Electrically powered air compressors for 
breathing air cylinders 


17.11.1 In passenger ships carrying more than 36 passen- 
gers where electrically powered air compressors are installed 
as part of the means required by SOLAS 1974 as amended, 
Chapter Il-2/C, for recharging breathing apparatus air 
cylinders for fire-fighters’ outfits, the compressors are to be 
supplied by the main and emergency sources of electrical 
power. Details of the emergency supply electrical load, supply 
changeover arrangements and operation under fire conditions 
are to be submitted for consideration. The arrangements are 
to be to the satisfaction of the National Administration with 
which the ship is registered. 


a Section 18 
Crew and passenger emergency 
safety systems 


18.1 Emergency lighting 


18.1.7 For the purpose of this Section emergency lighting, 
transitional emergency lighting and supplementary emergency 
lighting are hereafter referred to under the generic name 
‘emergency lighting’. 


18.1.2 Emergency lighting provided in compliance with 
Section 3 is to be arranged so that a fire or other casualty in 
the spaces containing the emergency source of electrical 
power, associated transforming equipment and the emergency 
lighting switchboard does not render the main lighting system 
inoperative. 


18.1.3 The level of illumination provided by the emergency 
lighting is to be adequate to permit safe evacuation in an 
emergency, having regard to the possible presence of smoke, 
see 18.4. 
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18.1.4 The exit(s) from every main compartment occupied 
by passengers or crew is to be continuously illuminated by an 
emergency lighting fitting. 


18.1.5 Switches are not to be installed in the final sub- 
circuits to emergency light fittings unless the light fittings are 
serving normally unmanned spaces (e.g., storage rooms, cold 
rooms, etc.), or they are normally required to be extinguished 
for operational reasons (e.g., for night visibility from the 
navigating bridge). Where switches are fitted they are to be 
accessible only to ship’s crew with provision made to ensure 
that the emergency lighting is energised when such spaces 
are manned and/or during emergency conditions. 


18.1.6 Where emergency lighting fittings are connected to 
dimmers, provision is to be made, upon the loss of the main 
lighting, to automatically restore them to their normal level of 
illumination. 


18.1.7 Fittings are to be specially marked to indicate that 
they form part of the emergency lighting system. 


18.2 General emergency alarm system 


18.2.1 Anelectrically operated bell or klaxon or air-operated 
whistle with independent air supply or other equivalent 
warning system installed in addition to the ship’s whistle or 
siren, for sounding the general emergency alarm signal is to 
comply with the International Life-Saving Appliances (LSA) 
Code and with the requirements of this Section, see also 1.14 
and 1.16. 


18.2.2 The general emergency alarm system is to be 
provided with an emergency source of electrical power as 
required by 3.2 or 3.3 and also connected to the main source 
of electrical power with automatic changeover facilities 
located in, or adjacent to, the main alarm signal distribution 
panel. Failure of any power supply is to operate an audible 
and visual alarm, see also 1.14. 


18.2.3 The general emergency alarm distribution system 
is to be so arranged that a fire or casualty in any one main 
vertical zone, as defined by SOLAS 1974 as amended 
Reg II-2/A, 3.32, other than the zone in which the public 
address control station is located, will not interfere with the 
distribution in any other such zone. 


18.2.4 There are to be segregated cable routes to public 
rooms, alleyways, stairways, control stations and on passenger 
ships on open decks, so arranged that any single electrical 
fault, localised fire or casualty will not cause the loss of the 
facility to sound the general emergency alarm in any public 
rooms, alleyways, stairways, control stations and on passenger 
ships on open decks, albeit at a reduced capacity. 


18.2.5 Where the special alarm fitted to summon the crew, 
operated from the navigation bridge, or fire-control station, 
forms part of the ship’s general alarm system, it is to be 
capable of being sounded independently of the alarm to the 
passenger spaces. 


18.2.6 The sound pressure levels are to be measured 
during a practical test and documented, see 21.2. 
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18.3 Public address system 

18.3.1 Public address systems on passenger ships and 
public address systems used on cargo ships to sound the 
general emergency alarm or the fire-alarm, are to comply with 
the International Life-Saving Appliances (LSA) Code and the 
requirements of this Section. 


18.3.2 The public address system is to be provided with 
an emergency source of electrical power as required by 3.2 or 
3.3 and also connected to the main source of electrical power 
with automatic changeover facilities located adjacent to the 
public address system. Failure of any power supply is to 
operate an audible and visual alarm, see also 1.14 and 1.16. 


18.3.3 The public address system is to have multiple 
amplifiers having their power supplies so arranged that a 
single fault will not cause the loss of the facility to broadcast 
emergency announcements in public rooms, alleyways, 
stairways and control stations, albeit at a reduced capacity. 


18.3.4 The public address distribution system is to be so 
arranged that a fire or casualty in any one main vertical zone, 
as defined by SOLAS 1974 as amended Reg II-2/A, 3.32, 
other than the zone in which the public address control 
station is located, will not interfere with the distribution in any 
other such zone. 


18.3.5 There are to be at least two cable routes, sufficiently 
separated throughout their length, to public rooms, alleyways, 
stairways and control stations so arranged that any single 
electrical fault, fire or casualty will not cause the loss of the 
facility to broadcast emergency announcements in any public 
rooms, alleyways, stairways and control stations, albeit at a 
reduced capacity. 


18.3.6 Amplifiers are to be continuously rated for the 
maximum power that they are required to deliver into the 
system for audio and, where alarms are to be sounded 
through the public address system, for tone signals. 


18.3.7 Loudspeakers are to be continuously rated for their 
proportionate share of amplifier output and protected against 
short-circuits. 


18.3.8 Amplifiers and loudspeakers are to be selected and 
arranged to prevent feedback and other interference. There 
are also to be means to automatically override any volume 
controls, so as to ensure the specified sound pressure levels 
are met. 


18.3.9 Where the public address system is used for 

sounding the general emergency alarm and the fire-alarm, the 

following requirements are to be met in addition to those of 

18.2: 

(a) The emergency system is given automatic priority over 
any other system input. 

(o) More than one device is provided for generating the 
sound signals for the emergency alarms. 
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18.3.10 Where more than one alarm is to be sounded 
through the public address system, they are to have 
recognisably different characteristics and additionally be 
arranged, so that any single electrical failure which prevents 
the sounding of any one alarm will not affect the sounding of 
the remaining alarms. 


18.3.11 The sound pressure levels are to be measured 
during a practical test using speech and, where applicable, 
tone signals, and documented, see 21.2. 


18.4 Escape route or low location lighting (LLL) 
18.4.1 The escape route or low location lighting (LLL) 
required by SOLAS 1974 as amended Pt D, Ch II-2, Reg. 13, 
3.2.5.1, where satisfied by electric illumination, is to comply 
with the requirements of this sub-Section. 


18.4.2 The LLL system is to be provided with an 
emergency source of electrical power as required by 3.2 and 
also be connected to the main source of electrical power, 
with automatic changeover facilities located adjacent to the 
control panel, see also 1.16. 


18.4.3. The power supply arrangements to the LLL are to 
be arranged so that a single fault or a fire in any one fire zone 
or deck does not result in loss of the lighting in any other 
zone or deck. This requirement may be satisfied by the 
power supply circuit configuration, use of fire-resistant cables 
complying with 11.5.3, and/or the provision of suitably 
located power supply units having integral batteries 
adequately rated to supply the connected LLL for a minimum 
period of 60 minutes, see 12.3.8. 


18.4.4 The performance and installation of lights and 
lighting assemblies are to comply with ISO 15370: Ships and 
marine technology — Low location lighting on passenger ships 
— Arrangement. 


| Section 19 
Ship safety systems 


19.1 Watertight doors 

19.1.1. The electrical power required for power-operated 
sliding watertight doors is to be separate from any other 
power circuit and supplied from the emergency switchboard 
either directly or by a dedicated distribution board situated 
above the bulkhead deck. The associated control, indication 
and alarm circuits are to be supplied from the emergency 
switchboard either directly or by a dedicated distribution 
board situated above the bulkhead deck and for passenger 
ships be capable of being automatically supplied by the 
transitional source of emergency electrical power required by 
3.2.8 in the event of failure of either the main or emergency 
source of electrical power. 
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19.1.2 A single failure in the power operating or control 
system of power-operated sliding watertight doors is not to 
result in a closed door opening or prevent the hand operation 
of any door. 


19.1.3 Availability of the power supply is to be continuously 
monitored at a point in the electrical circuit adjacent to the 
door operating equipment. Loss of any such power supply is 
to activate an audible and visual alarm at the central operating 
console at the navigating bridge. 


19.1.4 Electrical power, control, indication and alarm 
circuits are to be protected against fault in such a way that a 
failure in one door circuit will not cause a failure in any other 
door circuit. Short-circuits or other faults in the alarm or 
indicator circuits of a door are not to result in a loss of power 
operation of the door. Arrangements are to be such that 
leakage of water into the electrical equipment located below 
the bulkhead deck will not cause the door to open. 


19.1.5 The enclosures of electrical components necessarily 
situated below the bulkhead deck are to provide suitable 
protection against the ingress of water with ratings as defined 
in IEC 60529: Degrees of protection provided by enclosures 
(IP Code) or an acceptable and relevant National Standard, 
as follows: 

(a) Electrical motors, associated circuits and control 
components, protected to IPX7 Standard. 

(bo) Door position indicators and associated circuit 
components protected to IPX8 Standard, where the 
water pressure testing of the enclosures is to be based 
on the pressure that may occur at the location of the 
component during flooding for a period of 36 hours. 

(c) Door movement warning signals, protected to IPX6 
Standard. 


19.1.6 Watertight door electrical controls including their 
electric cables are to be kept as close as is practicable to the 
bulkhead in which the doors are fitted and so arranged that 
the likelihood of them being involved in any damage which the 
ship may sustain is minimised. 


19.1.7 An audible alarm, distinct from any other alarm in 
the area, is to sound whenever the door is closed remotely by 
power and sound for at least five seconds but no more than 
ten seconds before the door begins to move and is to 
continue sounding until the door is completely closed. The 
audible alarm is to be supplemented by an intermittent visual 
signal at the door in passenger areas and areas where the 
noise level exceeds 85 dB(A). 


19.1.8 Sliding watertight doors on cargo ships are to be 
capable of being remotely closed from the bridge and are also 
to be operable locally from each side of the bulkhead. 
Indicators are to be provided at the control position showing 
whether the doors are open or closed, and an audible alarm 
is to be provided at the door closure. 
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19.1.9 | On passenger ships, a central operating console is 
to be fitted on the navigating bridge and is to be provided with 
a ‘master-mode’ switch having: 

(a) a ‘local control’ mode for normal use which is to allow 
any door to be locally opened and locally closed after 
use without automatic closure, and; 

(b) a ‘doors closed’ mode for emergency use which is to 
allow any door that is opened to be automatically closed 
whilst still permitting any doors to be locally opened but 
with automatic reclosure upon release of the local 
control mechanism. 


19.1.10 On passenger ships, the ‘master mode’ switch is 
to be arranged to be normally in the ‘local control’ mode 
position; be clearly marked as to its emergency function and 
be Type Approved in accordance with LR’s Procedure for 
Type Approved Products. 


19.1.11 On passenger ships, the central operating console 
at the navigating bridge is to be provided with a diagram 
showing the location of each door, with visual indicators to 
show whether each door is open or closed. A red light is to 
indicate a door is fully open and a green light, a door fully 
closed. When the door is closed remotely a red light is to 
indicate the intermediate position by flashing. The indicating 
circuit is to be independent of the control circuit for each door. 


19.1.12 The arrangements are to be such that it is not 
possible to open any door remotely from the central operating 
console. 


19.2 Stern and side shell doors and bow and inner 
doors 


19.2.1. The requirements of 19.2.2 to 19.2.14 apply to all 
stern and side shell doors, bow doors and inner doors, giving 
access to vehicle decks, and subdivision doors, in accor- 
dance with Pt 4, Ch 2,9, on all ships except where otherwise 
stated in 19.2.11 and 19.2.12. 


19.2.2 A notice is to be displayed at the operating panel 
stating that the door is to be fully closed, secured and locked 
preferably before, or immediately the ship leaves the berth 
and that this operation is to be entered in the ship’s log. 


19.2.3. Control positions are to be provided with a system 
of warning indicator lights. The system is to provide positive 
indication that the door is fully closed, secured and locked. 
The indication arrangements are to be ‘fail-safe’ such that in 
the event of a fault the system cannot incorrectly indicate that 
the doors are fully closed, secured or locked. 


19.2.4 The indication system is to be arranged such that it 
functions independently of any system for door operation, 
securing and locking. 


19.2.5 The electrical power supply for the indication 
system is to be independent of any electrical power supply 
for operating, securing and locking the doors. 
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19.2.6 The indication system is to be fed from two 
exclusive circuits, one from the main source of electrical 
power and one from the emergency source of electrical 
power with automatic changeover facilities located adjacent 
to the panel. Loss of either active or standby power supply is 
to initiate an audible and visual alarm on the navigation bridge. 


19.2.7 The indicator panel is to be provided with a lamp 
test function. It is not to be possible to turn off the indication 
lights at the panel. Dimming facilities may be provided, but 
the indications are to remain clearly readable under all 
operating lighting conditions. 


19.2.8 Means are to be provided to prevent unauthorised 
operation of the doors and associated securing and locking 
devices. 


19.2.9 Detection of door position and securing and locking 
device status is to be by direct sensing of proximity, contact 
or equivalent, not inferred from actuator positions. Sensors 
are to be protected against ice formation, mechanical 
damage and water ingress to be not less than IPX6 Standard 
as defined in IEC 60529: Degrees of protection provided by 
enclosures (IP Code), or an acceptable and relevant National 
Standard. 


19.2.10 Where a strongback or equivalent independent 
secondary means of securing an inwardly opening door is 
required, these need not be monitored by the indication 
system providing their correct positioning can be easily 
observed from the control position. 


19.2.11 Doors with a clear opening area of 12 m? or greater 
are to be provided with closing devices operable from a 
remote control position. Doors which are located partly or 
totally below the freeboard deck with a clear opening area 
greater than 6 m2 are to be provided with an arrangement for 
remote control from a position above the freeboard deck. This 
remote control is to provide centralised control for: 

(a) The closing and opening of the doors. 

(b) Associated securing and locking devices. 


19.2.12 Bow doors and inner doors, giving access to 
vehicle decks, and subdivision doors are to be provided with 
an arrangement for remote control from a position above the 
freeboard deck, providing centralised control for: 

(a) the closing and opening of the doors; and 

(o) associated securing and locking devices. 


19.2.13 The location of the remote control panel is to be 
such that door operation can be easily observed by the 
operator or by other suitable means such as closed circuit 
television. Where remote control is required, television 
surveillance or other such means may satisfy this requirement. 


19.2.14 A drainage system is to be arranged in the area 
between bow door and ramp or, where no ramp is fitted, 
between the bow door and inner door. The system is to be 
equipped with an audible alarm function on the navigation 
bridge being set off when the water levels in these areas 
exceed 0,5 m. 
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19.2.15 The additional requirements of 19.2.16 to 19.2.22 
apply to stern and side shell doors in the boundaries of 
special category spaces or ro-ro cargo spaces through which 
such spaces may be flooded, and to bow doors and inner 
doors. For cargo ships, where no part of the door is below 
the uppermost waterline and the area of the door opening is 
not greater than 6 m2, the requirements of 19.2.16 to 19.2.22 
need not be applied. 


19.2.16 An indicator panel is to be located on the 
navigating bridge, providing separate visual indications of the 
position of each door and the status of their associated 
securing/locking devices. 


19.2.17 The indication system is to be provided with a 
‘harbour/sea voyage’ mode selection function, with means of 
operation located on or adjacent to the navigating bridge 
indication panel. The selected mode is to be displayed on all 
indicator panels. An audible alarm is to be initiated on the 
navigating bridge if the ship leaves the harbour with any door 
not fully closed or not fully secured. Where practical, the alarm 
should be initiated immediately the ship leaves the berth. 
Audible alarms are to be silenced in the ‘harbour’ mode. 
Visual indications are to remain operational in either mode. 


19.2.18 An audible and visual alarm is to be given on the 
navigation bridge in the event of any fault within the indication 
system. 


19.2.19 An audible and visual alarm is to be initiated on the 
navigation bridge and the engine control room, or an 
equivalent attended position, in the event of leakage through 
the doors. 


19.2.20 Television surveillance arrangements are to be 
provided to enable the positions of bow doors and inner 
doors, and a sufficient number of their closing devices, to be 
monitored from the navigation bridge and the engine control 
room, or an equivalent attended position. The television 
surveillance arrangements are also to allow leakage through 
the bow doors and inner doors to be assessed from the same 
positions in the event of leakage through the doors. Special 
consideration is to be given to the lighting and contrasting 
colour of objects under surveillance. 


19.2.21 For passenger ships, television surveillance 
arrangements are to be provided to allow leakage through 
stern and side shell doors below the freeboard deck to be 
assessed from the navigation bridge and the engine control 
room, or equivalent attended position. 


19.2.22 The electrical power supply for surveillance lighting 
is to be independent of any electrical power supply for 
operating, securing and locking the doors. 


19.3 Subdivision doors on vehicle decks 


19.3.1 Where subdivision doors are provided on 
passenger ship vehicle decks in accordance with Pt 4, 
Ch 2,9, the control and monitoring arrangements for these 
doors are to generally comply with 19.2. 
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19.4 Bilge pumps 


19.4.1 | Where the bilge pumps for the holds of open-top 
container ships are electrically driven one pump is to be 
supplied from the emergency switchboard, the remaining 
pumps are to be supplied from the main source of electrical 
power, independent of the emergency switchboard. 


a Section 20 
Lightning conductors 


20.1 General 


20.1.1 In order to minimise the risks of damage to the 
ship and its electrical installation due to lightning, ships 
having non-metallic masts or topmasts are to be fitted with 
lightning conductors in accordance with the applicable 
requirements of IEC 60092-401: Electrical installations in 
ships — Part 401: Installation and test of completed 
installation or an alternative and relevant National Standard. 


a Section 21 
Testing and trials 


21.1 Testing 


21.1.1 Tests in accordance with 21.1.2 to 21.1.4 are to be 
satisfactorily carried out on all electrical equipment, complete 
or in sections, at the manufacturer’s premises and a test 
report issued by the manufacturer. 


21.1.2 A high voltage at any frequency between 25 and 
100 Hz is to be applied between: 

(a) all current carrying parts connected together and earth; 
(b) all current carrying parts of opposite polarity or phase. 
For rotating machines the value of test voltage is to be 
1000 V plus 2 x rated voltage with a minimum of 2000 V, and 
for other electrical equipment, it is to be in accordance with 
Table 2.21.1. Items of equipment included in the assembly for 
which a test voltage lower than the above is specified may be 
disconnected during the test and tested separately at the 
appropriate lower test voltage. The test is to be commenced 
at a voltage of about one-third the test voltage and is to be 
increased to full value as rapidly as is consistent with its value 
being indicated by the measuring instrument. The full test 
voltage is then to be maintained for 1 minute, and then 
reduced to one-third full value before switching off. The 
assembly is considered to have passed the test if no 
disruptive discharge occurs. 


21.1.3 When it is desired to make additional high voltage 
tests on equipment which has already passed its tests, the 
voltage of such additional tests is to be 80 per cent of the test 
voltage the equipment has already passed. 
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Table 2.21.1 


Rated iki Un Test voltage a.c. (r.m.s.), V 
n 


Un < 60 500 


Test voltage 


60 < Up < 1000 2 x Un + 1000 


1000 < U, < 2500 6500 


2500 < Un < 3500 10000 
3500 < Up < 7200 20000 
7200 < Up < 12000 28000 
12000 < Up < 15000 38000 


21.1.4 Immediately after the high voltage test, the 
insulation resistance is to be measured using a direct current 
insulation tester, between: 

(a) all current-carrying parts connected together and earth; 
(b) all current-carrying parts of different polarity or phase. 
The minimum values of test voltage and insulation resistance 
are given in Table 2.21.2. 


Table 2.21.2 Test voltage and minimum insulation 


Minimum insulation 
resistance, MQ 


Rated voltage Minimum voltage 
U,V of the tests, V 


Un < 250 2x Up 


250 < Up < 1000 500 


1000 < Un < 7200 1000 


7200 < Up < 15000 5000 


21.1.5 Tests in accordance with the Standard with which 
the equipment complies may be accepted as an alternative 
to the above. 


21.2 Trials 


21.2.1 Before a new installation, or any alteration or 
addition to an existing installation, is put into service the 
applicable trials in 21.2.2 to 21.2.7 are to be carried out. 
These trials are in addition to any acceptance tests which may 
have been carried out at the manufacturer’s works and are to 
be to the Surveyor’s satisfaction. 
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21.2.2 The insulation resistance is to be measured of all 

circuits and electrical equipment, using a direct current 

insulation tester, between: 

(a) all current-carrying parts connected together and earth 
and, so far as is reasonably practicable; 

(o) all current-carrying parts of different polarity or phase; 

The minimum values of test voltage and insulation resistance 

are given in Table 2.21.2. The installation may be subdivided 

and appliances may be disconnected if initial tests produce 

results less than these figures. 


21.2.3 Tests are to be made to verify the effectiveness of: 

(a) earth continuity conductor; 

(o) the earthing of non-current-carrying exposed metal parts 
of electrical equipment and cables not exempted by 
1.12.2; 

(c) bonding for the control of static electricity. 


21.2.4 Itis to be demonstrated that the Rules have been 

complied with in respect of: 

a) satisfactory performance of each generator throughout a 
run at full rated load; 

b) temperature of joint, connections, circuit-breakers and 
fuses; 

c) the operation of engine governors, synchronising 
devices, overspeed trips, reverse-current, reverse-power 
and over-current trips and other safety devices; 

d) voltage regulation of every generator when full rated load 
is suddenly thrown off and when starting the largest 
motor connected to the system; 

e) voltage drop at worst case condition; 

f) harmonic distortion of the voltage waveform, where 
declared; 

g) satisfactory parallel operation, and kW and KVA load 
sharing of all generators capable of being operated in 
parallel at all loads up to normal working load; 

h) all essential and other important equipment are to be 
operated under service conditions, though not necessarily 
at full load or simultaneously, for a sufficient length of 
time to demonstrate that they are satisfactory; 

(i) | propulsion equipment is to be tested under working 
conditions and operated in the presence of the 
Surveyors and to their satisfaction. The equipment is to 
have sufficient power for going astern to secure proper 
control of the ship in all normal circumstances. In 
passenger ships the ability of the machinery to reverse 
the direction of thrust of the propeller in sufficient time, 
under normal manoeuvring conditions, and so bring the 
ship to rest from maximum ahead service speed, is to 
be demonstrated at the sea trial; and 

(k) operation of power management for electric propulsion. 


21.2.5 | Measurements are to be taken as part of the trials 
specified in 21.2.4(c), (d), (e) and (f) to verify that the installa- 
tion will provide a quality of power supply in accordance with 
the values listed in 1.8. 


21.2.6 Satisfactory load management in accordance with 
6.9 is to be demonstrated. The demonstration is to include 
verification that the requirements of 1.8 will be met following 
disconnection of a generator under all defined operating 
profiles as agreed with the operators. 
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21.2.7 Itis to be demonstrated by practical tests that the 
Rules have been complied with in respect of fire, crew and 
passenger emergency and ship safety systems. 


21.2.8 Oncompletion of the general emergency alarm 
system and the public address system tests, the Surveyor is 
to be provided with two copies of the test schedule, detailing 
the measured sound pressure levels. Such schedules are to 
be signed by the Surveyor and the Builder. 


21.3 High voltage cables 


21.3.1 Before a new high voltage cable installation, or an 
addition to an existing installation, is put into service a 
voltage withstand test is to be satisfactorily carried out on 
each completed cable and its accessories. The test is to be 
carried out after the insulation resistance test required by 
21.2.2 and may use either an a.c. voltage at power frequency 
or a d.c. voltage. 


21.3.2 When an a.c. voltage withstand test is carried out, 
the voltage is to be not less than the normal operating 
voltage of the cable and it is to be maintained for a minimum 
of 24 hours. 


21.3.3. When a d.c. voltage withstand test is carried out, 

the voltage is to be not less than: 

(a) 1,6 (2,5U, + 2 kV) for cables of rated voltages (U,) up to 
and including 3,6 kV, or 

(b) 4,2U, for higher rated voltages 

where U, is the rated power frequency voltage between 

conductor and earth or metallic screen, for which the cable is 

designed. 

The test voltage is to be maintained for a minimum 
of 15 minutes. After completion of the test the conductors are 
to be connected to earth for a sufficient period in order to 
remove any trapped electric charge. An insulation resistance 
test in accordance with 21.2.2 is then to be repeated. 


21.4 Hazardous areas 


21.4.1 All electric equipment located in hazardous areas 
is to be examined to ensure that it is of a type permitted by 
the Rules, has been installed in compliance with its certifica- 
tion, and that the integrity of the protection concept has not 
been impaired. 


21.4.2 Alarms and interlocks associated with pressurised 
equipment and the ventilation of spaces located in hazardous 
areas are to be tested for correct operation. 
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wi Section 22 
Spare gear 


22.1 General 


22.1.1 It is recommended that adequate spares, together 
with the tools necessary for maintenance, or repair, be carried. 
The spares are to be determined by the Owner according to 
the design and intended service. The maintenance of the 
spares is the responsibility of the Owner. 


Part 6, Chapter 2 


Section 22 
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Sections 

1 General requirements 

2 Design criteria 

3 Refrigerating machinery and refrigerant storage 
compartments 

4 Refrigeration plant, pipes, valves and fittings 

5 Refrigerant detection systems 

6 Electrical installation 

7 Instrumentation, control, alarm, safety and 


monitoring systems 

8 Personnel safety equipment and systems 

9 Refrigerated cargo spaces 

10 Container ships fitted with refrigerating plant to 
supply cooled air to insulated containers in 


holds 


11 Acceptance trials 


E Section 1 
General requirements 


1.1 Application 


1.1.1 The requirements of this Chapter apply to the 
refrigerated cargo installations of refrigerated cargo ships, 
refrigerated container ships, fish factory ships, fishing vessels, 
fruit juice carriers, and the reliquefaction/refrigerating plant of 
liquefied gas carriers and chemical carriers or tankers, where 
an RMC notation is requested. 


1.1.2 Ships with refrigerated cargo installations which are 
approved, installed and tested in accordance with these 
requirements will be eligible for the applicable class notation 
specified in Pt 1, Ch 2. 


1.1.3 The requirements for the classification of ships for 
the carriage of liquefied gas are given in Lloyd’s Register’s 
(hereinafter referred to as ‘LR’) Rules and Regulations for the 
Construction and Classification of Ships for the Carriage 
Liquefied Gases in Bulk (hereinafter referred to as the Rules 
for Ships for Liquefied Gases). Where reliquefaction or 
refrigeration equipment is fitted for cargo temperature and 
pressure control, the equipment is to comply with the 
requirements of Sections 2 to 11, as applicable. 


1.1.4 The requirements for the refrigeration equipment 
and systems necessary for provision stores and air 
conditioning are specified in Pt 7, Ch 15. 
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1.2 Plans and particulars 


1.2.1 The following plans and particulars, as applicable, 
and any others which may be specially requested for the 
refrigerating plant and systems, are to be submitted in 
triplicate for approval, before construction is commenced: 
(a) Schematic plans, including full particulars of piping and 
instrumentations, for: 
° primary and secondary refrigeration systems; 


e air cooler defrosting arrangements; 
° gas reliquefaction systems; and 
e condenser cooling water systems. 
(o) Detailed dimensioned plans and material specifications 
for: 


° reciprocating compressor crankshaft and crankcase, 

where exposed to refrigerant pressure; 

rotary-type compressor rotors and casing; 

condensers shell and tube and plate type; 

evaporators shell and tube and plate type; 

air coolers; 

arrangement of air cooling pipe grids and 

construction method; 

° liquid receivers; 
° oil separators; and 
° any other pressure vessels, see Pt 5, Ch 11,6.1. 

(c) General arrangement of refrigerating machinery compart- 
ment in elevation and plan, showing location and 
arrangement of the plant, ventilation details and location 
of temperature sensors and vapour detectors. 

(d) Details of automatic controls, alarms and safety 
systems, see Ch 1,1. 

(e) Details of level indicators. 

(f) Where provision is made for the manufacture and/or 
storage of inert gas in liquid form, details of the storage 
vessel insulation arrangements and the reliquefaction 
equipment and piping system are to be submitted. 

(g) Capacity calculations for pressure relief valves and/or 
bursting discs, and discharge pipe pressure drop 
calculations, see 4.15.5 to 4.15.21. 

(h) Programme of tests to be conducted on completion of 
the installation, see Section 11. 


1.2.2 The following plans and particulars, as applicable, 

and any others which may be specially requested for 

refrigerated cargo spaces, are to be submitted in triplicate 

for approval, before work is commenced: 

(a) Specification of proposed insulation envelope system, 
including physical, thermal and fire properties. 

(0) General arrangement of insulated refrigerated spaces in 
elevation and plan. 

° The plans are to be to a scale adequate for the 
measurement of the external surfaces and the 
deck and bulkhead edges. 

e Dimensions and spacing of frames, beams and 
stiffeners, and details of other steel work intruding 
into the insulation and within the spaces, are to 
be shown. 

° Oil fuel and liquid cargo tanks adjacent to or 
below the refrigerated spaces are to be shown, 
and whether heating arrangements are provided 
for such tanks are to be indicated. 

. Ventilating and air-conditioning trunks, and ducts 
passing through refrigerated spaces are to be 
shown. 
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° The plans are to include a diagram showing the 
position of the spaces in relation to other parts of 
the ship if this is not otherwise apparent. 

(c) Plans showing: 

° the thicknesses and methods of attachment of 
the insulation and linings on all surfaces including 
girders, hatch coamings and pillars; and 

° details of prefabricated panels and their fixings, 
vapour barriers, insulated doors and hatch 
access, bilge and manhole plugs and their 
frames. 

(d) Methods of attachment of air cooling grids (if fitted) are 
to be indicated. 

(e) Size and position of refrigerated space pressure 
equalising devices, where fitted, see 9.2.12 and 9.2.13. 

(f) Arrangements of the drainage system, and sounding 
and air pipes that pass through the refrigerated spaces. 

(g) Arrangements of air ducts and distribution systems 
within the refrigerated spaces (including method of 
cooling spaces within hatch coamings), and air cooler 
spaces showing location of the coolers and their fans 
and drive motors. 

(h) Details of temperature indicating, and recording and 
sensing equipment, and arrangement of sensors within 
the refrigerated spaces. 


1.2.3 Single copies of the following plans and particulars 

are to be submitted: 

° LR Data Sheet for refrigerated cargo installations (LR 
Form 3905). 

e — Specification of proposed refrigerating system and 
auxiliary equipment, including the refrigerating capacities 
of the compressors, condensers, evaporators and air 
coolers. 

e Heat load calculations at all design operating conditions 
justifying the refrigerating capacity which is to be 


installed. 
1.3 Materials 
1.3.1 Steel plating used in ship construction is to be of 


an appropriate grade corresponding to the proposed 
temperature notation, see Pt 3, Ch 2,2.2. 


1.3.2 Materials used in the construction of the refrigerating 
equipment and associated systems are to be generally 
manufactured and tested in accordance with the require- 
ments of the Rules for the Manufacture, Testing and 
Certification of Materials (hereinafter referred to as the Rules 
for Materials). 


1.3.3 Where it is proposed to use materials other than 
those specified in Rules for Materials, details of the chemical 
compositions, heat treatment and mechanical properties are 
to be submitted for approval. In such cases the values of the 
mechanical properties used for deriving the allowable stress 
are to be subject to agreement with LR. 
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1.3.4 All materials used in refrigerating equipment and 
systems are to be suitable for use with the selected 
refrigerants. This includes joints, sealing materials and lubricants. 
For example, the following materials and refrigerants are not 
to be combined: 

e — Copper with ammonia. 

e — Magnesium with fluorinated hydrocarbons. 

e — Zinc with ammonia or fluorinated hydrocarbons. 


1.3.5 For ammonia systems, the condensers/evaporators 
are to be manufactured in titanium or a suitable grade of 
stainless steel. 


1.4 Equipment to be constructed under survey 


1.4.1 All major items of equipment are to be surveyed at 
the manufacturer’s works. The workmanship is to be to the 
Surveyor’s satisfaction and the Surveyor is to be satisfied that 
the components are suitable for the intended purpose and 
duty. Examples of such units are: 

e — Crankshafts, crankcases, rotor shafts and casings for all 


compressors. 

e Condensers. 

° Evaporators (secondary refrigerant coolers). 

° Air coolers. 

° Pressure vessels (e.g., liquid receivers, surge drums, 
suction separators, intercoolers, oil separators). 

e — Cooling water pumps for condensers. 

e 


Valves and other components intended for installation in 
pressure piping systems having a maximum working 
pressure greater than 7 bar. 

e — Thermal insulating panels (factory made). 


1.5 Type approved equipment 


1.5.1 Where it is proposed to use components (e.g., 
compressors, condensers, oil separators) which have valid 
LR Type Approval or General Approval Certificates, the types 
and model numbers of the components are to be stated. 
Plans of components that have been so approved need not 
be re-submitted. 


1.6 Notation and temperature conditions 


1.6.1 The class notation assigned will state the minimum 
temperature or a temperature range approved by the 
Committee for the installation with the maximum sea 
temperature stated, e.g., “# Lloyd's RMC to maintain temperature(s) 
of minus 29°C to plus 14°C with sea temperature plus 32°C 
maximum’. 


1.6.2 For refrigerated installations aboard container ships 
with approved refrigerating plant and arrangements to supply 
refrigerated air through ducting to insulated containers, the 
class notation assigned will additionally specify the maximum 
number and characteristics of the containers for which the 
plant is approved, e.g., ‘to supply refrigerated air at 
temperatures of minus 25°C to plus 14°C to 800 certified 
insulated containers with an average thermal transmittance 
per container of 27 W/K with sea temperature plus 32°C 
maximum’. 
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7.6.3 For reliquefaction or refrigerating plants aboard 
liquefied gas carriers, the notation assigned will state the 
minimum cargo temperature for which the installation is 
approved, unless otherwise qualified, see LR Ill.3 of the Rules 
for Ships for Liquefied Gases. 


1.6.4 On application from an Owner, consideration will be 
given by the Committee to an alternative temperature notation 
being assigned to that appearing in the Register Book. 


1.7 Novel arrangements and design 


1.7.1 Where the proposed construction of the refrigerating 
plant or refrigerated spaces or chambers is novel in design or 
involves the use of unusual material, special tests may be 
required, and a suitable class notation may be assigned 
when the Committee considers this necessary. 


1.8 Heat balance tests 


1.8.1 A heat balance test will be required as prescribed 
in Section 11 on a classed installation, or one being considered 
for reclassification, when extensive repairs or alterations have 
been carried out, or when the Surveyors consider that an 
amended temperature condition should be assigned. 


1.9 Controlled atmosphere (CA) systems 


1.9.1 Where it is intended to install a CA system on a 
vessel intended for classification, the requirements of Pt 7, 
Ch 1 are to be complied with. 


1.9.2 Where a CA notation is requested by an Owner, it 
is a prerequisite that the refrigeration installation be assigned 
an RMC notation. 


1.10 Spare gear and refrigerant charge 


1.10.1 It is recommended that adequate spares, together 
with the tools necessary for maintenance, or repair, be carried. 
The spares are to be determined by the Owner according to 
the design and intended service. The maintenance of the 
spares is the responsibility of the Owner. 


1.10.2 For systems complying with 2.5.6 sufficient carbon 
dioxide is to be carried on board to allow the refrigeration 
system to be fully recharged. In addition, adequate reserve 
supplies of refrigerant are to be carried for maintenance 
purposes. The replacement refrigerant is to be stored in 
containers complying with 3.3.5. 
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a Section 2 
Design criteria 


2.1 General 


2.1.1 The proposed refrigerating plant, insulation and 
refrigerants are to be suitable for achieving the designed 
notation temperature. The refrigerating machinery and all 
components are to operate satisfactorily under the conditions 
listed in Table 1.3.1 in Pt 5, Ch 1. 


2.1.2 The properties of steel materials used in refrig- 
erated holds are to be suitable for the proposed notation 
temperature. 


2.2 Refrigerants and classes of pipes 


2.2.1 These Rules are applicable to the primary refrigerants 
in Table 3.2.1. 


2.2.2 Attention is to be given to any statutory requirements, 
regarding the use of refrigerants, of the National Authority of 
the country in which the ship is to be registered. 


2.2.3 Within the parameters of pressures, temperatures, 
toxic nature and flammability, the class of pipe to be used 
with various refrigerants is shown in Table 3.2.1. 


2.2.4 Design conditions as applicable to the classes of 
pipes are defined in Pt 5, Ch 12,1.5. 


2.2.5 The materials of Class | and Class II piping systems 
are to be manufactured at a works approved by LR and 
tested in accordance with the appropriate requirements of 
Rules for Materials. Particular attention is drawn to Ch 6,4 of 
the Rules for Materials, where testing requirements for pipes 
used for low temperature service are given. 


2.2.6 The materials of Class Ill piping system are to be 
manufactured and tested in accordance with the requirements 
of acceptable National Specifications. The manufacturer’s test 
certificate will be acceptable and is to be provided for each 
consignment of materials. 


2.2.7 Particulars of refrigerating systems using refrigerants 
other than those listed will be given special consideration. 


2.3 Refrigeration units 


2.3.1 A refrigerating unit is considered to comprise a 
compressor, its driving motor and one condenser. Where a 
secondary refrigerant, such as brine, is employed, the unit is 
also to include an evaporator (secondary refrigerant cooler) 
and a brine pump. 


2.3.2 Two or more compressors driven by a single motor, 
or having only one condenser or evaporator (Secondary 
refrigerant cooler) are to be regarded as one unit. 
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Table 3.2.1 


Refrigerant 


Primary refrigerants and their class of pipe 


Composition 


Part 6, Chapter 3 
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Class of Pipe 


Class II Class III 


Class | 


R-717 (Ammonia) 


R-22 


R-290 (Propane) 


R-600a (Isobutane) 


R-134a 


R-407C 


R-32, R-125, R-134a 


R-410A 


R-32, R-125 


R-507A 


R-125, R-143a 


R-404A 


R-134a, R-125, R-143a 


R-744 (Carbon Dioxide) 


CO2 


See 2.5.6 


NOTES 

1... HCFC - Hydrochlorofluorocarbon. 
2. HFC - Hydrofluorocarbons. 

8. | HC - Hydrocarbon. 
4 


In view of increasing world-wide restrictive legislation and phasing out of the refrigerant R-22, it is recommended that this refrigerant 


should not be used in any new installation. 


5. Although ozone depleting and global warming potentials are not included in these Rules for Classification, these effects are important 
and need to be considered when selecting the refrigerant for a particular application. 


2.3.3 The refrigerating units of a classed cargo installation 
are to be completely independent of any refrigerating 
machinery associated with air-conditioning plant, or any 
domestic refrigerated installation, or any process plant, 
unless full details of any proposal have been submitted and 
approved. 


2.4 Refrigeration capacity 

2.4.1 The refrigeration capacity provided is to be sufficient 
to maintain the temperatures specified in the class notation 
when operating 24 hours per day with one unit on standby. 
The plant is to be able to cool down a complete cargo to its 
carrying temperature within the time specified by the 
manufacturer. The standby unit may be considered as an 
operating unit during the cooling down period of a non- 
precooled cargo. In order to compensate for deterioration of 
machinery and insulation over the life of the installation, the 
equipment is to be designed to have at least five per cent 
excess capacity over that required for maximum design output. 


2.4.2 The proposals of both machinery and insulating 
contractors will be evaluated by LR in determining the 
theoretical capabilities of the equipment to maintain the duty 
temperatures. LR will advise the contractors after appraisal of 
the specification and plans if it is considered that additional 
refrigeration or insulating effect is required, but the 
temperature assigned on completion of the capacity heat 
balance test will be determined from the actual results of the 
test. 


2.4.3 Where the units are not connected in common to 
all refrigerated chambers, the equipment serving each group 
of chambers is to comply with 2.4.1. 


2.4.4 In the case of installations having a large number of 
small units arranged to serve individual chambers or groups 
of chambers, the question of standby capacity will be 
specially considered. 


2.4.5 Where only two refrigerating units are fitted, the 
working parts are to be interchangeable. 


2.4.6 Where a refrigerating plant is provided for sub- 
cooling the liquid refrigerant of other units, but is not arranged 
for cooling the cargo chambers independently, it will not be 
regarded as a unit. 


2.5 Design pressures 
2.5.1 The design pressure of the system is to be 
regarded as equal to its maximum working pressure. 


2.5.2 The maximum working pressure is the maximum 
permissible pressure within the system (or part system) in 
operation or at rest. No relief valve is to be set to a pressure 
higher than the maximum working pressure. 


2.5.3 The design pressure of the low pressure side of the 
system is to be the saturated vapour pressure of the 
refrigerant at plus 46°C. Due regard is to be taken of 
defrosting arrangements which may cause a higher pressure 
to be imposed on the low pressure system. 
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2.5.4 The minimum design pressure of the high pressure 
side of the system (Py,), is to be 1,11 x Pp, where P, is an 
allowance for the compressor high pressure cut-out. Pù is to 
be at least equal to 1,11 x P,, where P, is the condenser 
working pressure, when operating in tropical zones and 
equates to the saturation pressure at 46°C. 


2.5.5 Design pressures (bar g) applicable to refrigerants 
are to be not less than the values given in Table 3.2.2 when 
condensers are sea-water cooled. The design pressure for 
other refrigerants and condensing arrangements is to be 
agreed with LR. 


Table 3.2.2 Pressure limits 


Pressure (bar g 


Refrigerant 


High Low 


R-717 21,2 17,2 
R-22 20,6 16,7 
R-290 18,1 14,7 
R-600a 6,4 5,2 
R-134a 13,4 10,9 
R-407C 23,5 19,0 
R-410A 33,14 

R-507A 25,3 

R-404A 24,8 

R-744 See 2.5.6 


2.5.6 Due to the low critical temperature of carbon 
dioxide it is inappropriate to determine the design pressure in 
accordance with 2.5.3. The proposed design pressure for a 
carbon dioxide system is to be stated, taking account of the 
maximum working pressure and the maximum pressure at 
rest conditions. Where the maximum pressure at rest 
condition is maintained by the fitting of a supplementary 
refrigeration unit, condensing the vapour in a holding vessel, 
supporting calculation is to be provided to show that this can 
be undertaken with a local ambient temperature of 45°C. The 
holding vessel is to be thermally insulated to prevent the 
operation of the relief devices within a 24 hour period after 
stopping the supplementary refrigeration unit at an ambient 
temperature of 45°C and an initial pressure equal to the 
starting pressure of the refrigeration unit. 


2.0.6 Where a carbon dioxide system is designed for hot 
gas defrosting, due regard is to be given to the possibility of a 
higher pressure being imposed on the low pressure system. 
The design pressure for this section of the system shall be 
10 per cent above the maximum pressure experienced 
during defrosting. 
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2.6 Insulation 


2.6.1 Properties of materials used for thermal insulation 
are to be verified against known standards for the following 
parameters, as applicable, to ensure that they are adequate 
for the intended service. The following test results are to be 
made available to LR for approval: 

Closed cell content. 

Density. 

Mechanical properties. 

Thermal expansion. 

Abrasion. 

Cohesion. 

Thermal conductivity. 

Resistance to fire and flame spread. 

Ageing. 

Bonding (adhesive and cohesive strength). 


2.6.2 Where the in situ foam type of insulation is 
proposed, full details of the process are to be submitted for 
approval. 


2.6.3 Where applicable, having regard to their location 

and environmental conditions, insulation materials are to be: 

° suitably resistant to fire; 

° suitably resistant to the spreading of flame; 

e adequately protected against penetration of water 
vapour; and 

e adequately protected against mechanical damage. 


a Section 3 
Refrigerating machinery and 
refrigerant storage compartments 


3.1 General 


3.1.1 Refrigerating machinery is to be located in a well 
ventilated compartment. In general, the arrangements are to 
be such that all components of the refrigerating machinery 
can be readily opened up for inspection or replacement. 
Space is to be provided for the withdrawal and renewal of the 
tubes in ‘shell-and-tube’ type evaporators (brine coolers) and 
condensers. Proposals for alternative arrangements are to be 
submitted for consideration. See 3.2 for refrigerating machinery 
using ammonia. 


3.1.2 Refrigerating machinery using toxic and/or flammable 
refrigerants is to be located outside the main machinery space 
in a separate gastight compartment. 


3.1.3 Where the refrigerating machinery is located in a 
separate gastight compartment, outside the main machinery 
space, this compartment is to be equipped with effective 
mechanical ventilation to provide 30 air changes per hour 
based upon the total volume of the space. The mechanical 
ventilation is to have two main controls, one of which is to be 
operable from a place outside the compartment. 


LLOYD’S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Refrigerated Cargo Installations 


3.1.4 Refrigerating machinery using non-toxic and non- 
flammable refrigerants will not, in general, be required to be 
located in a separate compartment outside the main 
machinery space. 


3.1.5 Openings for pipes, electrical cables and other 
fittings in the bulkheads and deck are to be fitted with 
gastight seals. 


3.1.6 Ammonia piping is not to pass through accom- 
modation spaces. 


3.2 Arrangements for compartments housing 
machinery using ammonia 


3.2.1 Where ammonia refrigerant is used, the refrigerating 
machinery shall be installed in a dedicated gastight 
compartment. See also 3.2.9. 


3.2.2 The compartment containing ammonia refrigerating 
machinery and any access ways are to be provided with 
independent mechanical ventilation capable of: 

e removing the heat generated by the equipment installed 
in the compartment; 

e — maintaining the atmosphere in the compartment at 
acceptable vapour threshold levels under normal 
operating conditions; and 

e disposing of ammonia vapour safely and quickly in the 
event of a major leakage. 


3.2.3 The ventilation system is to be of the negative 
pressure type where abnormal stoppages of the extraction 
fans activate an audible and visual alarm. 


3.2.4 Compartments containing ammonia refrigerating 
machinery, including process vessels, are to be provided 
with: 

e a negative ventilation system, independent of ventilation 
systems serving other spaces, having a capacity of not 
less than 30 air changes per hour based upon the total 
volume of the space. Other suitable arrangements which 
ensure an equivalent effectiveness may be considered; 

e fresh air inlets, located at a low level in the machinery 
compartment and arranged so as to provide a supply of 
fresh air and to minimise the possibility of re-cycling the 
exhaust air from the outlet; 

e exhaust outlets, located at a high level and arranged so 
as to promote good air distribution throughout the 
compartment; 

e a fixed ammonia detector system with alarms inside and 
outside the compartment; 

e water screens above all access doors, operable 
manually from outside the compartment in all ambient 
conditions; 

e an independent bilge system; 

e where the charge is greater than 50 kg, emergency 
body shower and eye wash facilities shall be installed 
locally outside the compartment. The water for the 
shower is to be thermostatically controlled so as to 
avoid low temperature shock. 
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3.2.5 Compartments are to have at least two access 
doors, opening outwards, one of which is to be an 
emergency exit giving direct access to the open deck. The 
doors are to be fitted with an easily operated opening 
mechanism to facilitate rapid escape in an emergency. In the 
case of small compartments where more than one door 
would be impractical, the emergency exit only is to be 
provided. 


3.2.6 At least two sets of self-contained breathing 
apparatus and protective clothing are to be provided, readily 
available in the vicinity of the compartment but external to the 
area of risk. See 8.1.4. 


3.2.7 The location of the exhaust duct, from the 
compartment or area, is to be free from obstruction and be 
such as not to cause danger. Where practicable, they are to 
be 10 m, in the horizontal direction from other ventilation 
intakes and openings to accommodation and other enclosed 
areas, and at least 2 m above the surrounding deck. 


3.2.8 Ventilation fans are not to produce a source of 
vapour ignition in either the ventilated compartment/area or 
ventilation system. Ventilation fans and fan ducts, in way of 
fans only, are to be of non-sparking construction. 


3.2.9 In the case of ammonia plants on fishing ships 
under 55 m overall length, or ammonia plants with a charge 
of ammonia not greater than 25 kg, the refrigerating 
machinery may be located in the main machinery space 
provided it complies with the following requirements: 

e The entrance to the machinery space is properly 
illuminated and marked and has warning signs 
permanently posted. 

° The area where the ammonia machinery is installed is 
served by a hood with a negative ventilation system, so 
as not to permit any leakage of ammonia dissipating 
into other areas. 

e A water spray system is provided for the area. 

° Coamings, of not less than 150 mm in height, are 
installed around the ammonia machinery area. 

° A fixed ammonia detector system with alarms inside 
and outside the main machinery space is provided. 

e Means are provided for stopping the ammonia 
compressor prime movers from a position outside the 
machinery space. 

e At least two sets of self-contained breathing apparatus 
and protective clothing are to be provided readily 
available in the vicinity of the compartment but external 
to the area of risk. See 8.1.4. 

e Air intakes of other machinery are located away from the 
ammonia machinery area as far as is practicable. 


3.3 Gas storage compartments 


3.3.1 Portable steel cylinders containing reserve supplies 
of refrigerant are to be stored in a well ventilated compartment 
reserved solely for this purpose. 


3.3.2 The compartment is to be provided with a mechanical 
ventilation system providing 10 air changes per hour and is to 
have at least one door opening outwards giving direct access 
to open deck. 
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3.3.3 Bulk storage tanks holding more than 150 kg of 
replacement carbon dioxide are to be located in a separate 
compartment. The compartment is to be provided with a 
mechanical ventilation system having a minimum capacity of 
6 air changes per hour. The ventilation system exhaust 
ducting is to remove air from the base of the compartment. 
The compartment is to be fitted with a gas tight access door 
opening outward. 


3.3.4 The compartment is to be provided with a refrigerant 
vapour detection system. 


3.3.5 The compartment is to be provided with suitable 
water drainage arrangements not connected with the main 
machinery spaces. 


3.3.6 Steel storage cylinders are to be of an approved 
type, supplied by the refrigerant manufacturer and are to be 
filed to a level suitable for an ambient temperature of 
plus 46°C. 


3.3.7 The compartment is to be provided with racks to 
facilitate secure stowage of the cylinders. 


3.4 Compartments housing carbon dioxide 
containing equipment 


3.4.1 Self closing gas tight access doors are to be 
provided between each compartment and the dedicated 
escape routes. See 5.1.5. 


3.4.2 In compartments which are normally occupied and 
where the volume of ventilation required by 3.1.3 is not 
desirable, such as production areas on fishing vessels, a 
negative pressure ventilation system, capable of 10 air 
changes per hour, is required to be fitted. This ventilation 
system is to be automatically activated when, in the event of 
a leak the concentration of carbon dioxide reaches a 
predetermined level but in no case higher than the threshold 
limit value of 5,000 ppm. 


E Section 4 
Refrigeration plant, pipes, valves 
and fittings 


4.1 General requirements for refrigerating 
compressors 
4.1.1 New compressor types or developments of 


existing types are to be subjected to an agreed programme 
of type testing to complement the design appraisal and 
review of documentation. 


4.1.2 Where it is proposed to treat the bearing surfaces 
either by local hardening or by chromium plating, then these 
processes are to be confined to the bearing area and not 
extended to the fillets. Particulars of the process are to be 
submitted. 
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4.1.3 Where ball or roller bearings are incorporated, they 
are to have a minimum life expectancy of 25000 running 
hours, for the application in question. 


4.1.4 A check valve is to be fitted to each compressor 
discharge. 


4.1.5 Where off-loading devices are incorporated, 
arrangements are to be provided which indicate the extent of 
the off-loading being effected. 


4.1.6 A pressure relief valve and/or safety disc is to be 
fitted between each compressor and its gas delivery stop 
valve in accordance with 4.15.5 and 4.15.6. 


4.1.7 Stop valves are to be provided on compressor 
suctions and discharges. 


4.1.8 Suction strainers and lubricating oil filters are to be 
provided and so arranged that they are easily accessible for 
cleaning or renewal of the filter elements, without substantial 
loss of refrigerant or lubricating oil. 


4.1.9 The correct direction of rotation is to be permanently 
indicated. 


4.1.10 | Where any hermetic or semi-hermetic compressor 
has the electric motor cooled by the circulating refrigerant, 
the following arrangements are to be provided: 

(a) Refrigeration circuits are to contain no more than one 
hermetic or semi-hermetic compressor. 

(b) Every compressor motor is to be fitted with a thermal 
cut-out device to protect the motor against overheating. 

(c) In each refrigeration circuit containing a hermetic or 
semi-hermetic compressor, suitable arrangements shall 
be provided to remove debris and contaminants 
resulting from a motor failure. See 4.16.1. 

(d) The pressure envelope of any hermetic or semi-hermetic 
compressor exposed to the refrigerant pressure is to be 
designed and constructed in accordance with the 
requirements of Pt 5, Ch 11 and Ch 17 as applicable. 
Plans are to be submitted for consideration as required 
by Pt 5, Ch 11,1.6. 


4.2 Reciprocating compressors 


4.2.1 The specified minimum tensile strength of castings 
and forgings for crankshafts is to be selected within the 
following general limits: 
a) Carbon and carbon-manganese steel castings — 
400 to 550 N/mm2. 
b) Carbon and carbon-manganese steel forgings (normalised 
and tempered) — 
400 to 600 N/mm. 
c) Carbon and carbon-manganese steel forgings (quenched 
and tempered) — 
not exceeding 700 N/mm2. 
d) Alloy steel castings — 
not exceeding 700 N/mm?. 
e) Alloy steel forgings — 
not exceeding 1000 N/mm. 
f) | Spheroidal or nodular graphite iron castings — 
370 to 800 N/mm2. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Refrigerated Cargo Installations 


(g) Grey iron castings — 
not less than 300 N/mm<2. 


4.2.2 Where it is proposed to use materials outside the 
ranges specified in 4.2.1, details of the chemical composition, 
heat treatment and mechanical properties are to be 
submitted for approval. 


4.2.3 Materials for components of reciprocating compressors 
such as crankshafts, pistons, piston rods, crank cases, etc., 
are to be produced at a works approved by LR and in 
general to be tested in accordance with the Rules for 
Materials. 


4.2.4 A fully documented fatigue strength analysis is to 
be submitted indicating a factor of safety of 1,5 at the design 
loads based on a suitable fatigue strength criteria. 
Alternatively, the requirements of 4.2.5 to 4.2.9 may be used. 


4.2.5 The diameter, d, of a compressor crankshaft using 
one of the refrigerants detailed in 2.5, is to be not less than 
that determined by the following formula, when all cranks are 
located between two main bearings: 


2 1/3 
a= ve (MP2 (S + -20-))"° oe 


78,5 16 a+b 
where 
a = distance between inner edge of one main bearing 
and the centreline of the crankpin nearest the 
centre of the span, in mm 
b = distance from the centreline of the same crankpin 
to the inner edge of the adjacent main bearing, in 
mm 
a+b = span between inner edges of main bearings, in mm 


Ap = proposed minimum diameter of crankshaft, in mm 
p = design pressure, in bar g, as defined in 2.5 
D = diameter of cylinder, in mm 
S = length of stroke, in mm 
V, = 1,0 for shafts having one cylinder per crank, or 
= 1,05 for 90° between adjacent 


= 1,18 for 60° cylinders on the 


= 1,25 for 45° same crankpin 
for the shaft and cylinder arrangements as detailed 
in Table 3.4.1 
Z = = S00, for steel 
oyt1 
Z -= TOQ for spheroidal or nodular 


Gy + 260 - 0,059d, 
graphite cast iron 


ZS 109 for grey cast iron 


oy + 260 — 0,069d,, 


oy = specified minimum tensile strength of crankshaft 
material, in N/mm2. 


4.2.6 Where the shaft is supported additionally by a 
centre bearing, the diameter is to be evaluated from the half 
shaft between the inner edges of the centre and outer main 
bearings. The diameter so found for the half shaft is to be 
increased by six per cent for the full length shaft diameter. 
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Table 3.4.1 Angle between cylinders 
Number of 
cylinders 
per crank 


Number of 
crankpins 


Angle between cylinders, in degrees 


tor2 45 
45 
45 


45 
45 
45 


45 
45 


4.2.7 The dimensions of crankwebs are to be such that 
Bt? is to be not less than given by the following formulae: 


0,40, for the web adjacent to the bearing 


0,758, for intermediate webs where a single intermediate 
web is common to two adjacent crankthrows 


where 
B = breadth of web, in mm 
d = minimum diameter of crankshaft as required by 
4.2.5, in mm 
t = axial thickness of web which is to be not less than 
0,45d for the web adjacent to the bearing, or 
0,60d for intermediate webs, in mm. 


4.2.8 Fillets at the junction of crankwebs with crankpins 
or journals are to be machined to a radius not less than 
0,05d. Smaller fillets, but of a radius not less than 0,025d, 
may be used provided the diameter of the crankpin or journal 
is not less than cd, 


where 
cma “25 but to be taken as not less than 1,0 
d = minimum diameter of crankshaft as required by 
4.2.5, in mm 


r= fillet radius, in mm. 


4.2.9 Fillets and oil holes are to be rounded to an even 
contour and smooth finish. 


4.2.10 An oil level sight glass is to be fitted to the 
crankcase. 


4.2.11 Compressors with cylinder bores in excess of 
50 mm diameter are to be provided with arrangements to 
relieve high cylinder pressures such as would result from 
‘hydraulic lock’ (i.e., liquid refrigerant in the cylinders). 
Alternatively the provision of positive means to prevent liquid 
refrigerant reaching the compressor may be accepted. 


4.2.12 The crankcases of trunk piston compressors are to 
be designed to withstand a pressure equal to the maximum 
working pressure of the system. The crankcases of compressors 
of the crosshead type which are substantially isolated from 
the refrigerant circuit may be designed for lower pressures 
but are to be provided with relief valves adjusted to lift at a 
pressure not exceeding the design pressure, and discharging 
to a safe place. 
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4.2.13 A crankcase heater, arranged to be energised 
when the compressor is stopped, is to be provided. 


4.3 Screw compressors 


4.3.1 For screw-type compressors, the materials of the 
rotors and casings are to be produced, and the manufacture 
is to be carried out, at a works approved by LR, and in 
general, they are to be tested in accordance with the Rules 
for general machinery forgings. 


4.3.2 The rotor casing is to be designed for the maximum 
pressure to which it may be subjected, see 2.5. 


4.3.3 Where gearing is fitted to increase the rotor speed 
and also to locate the rotors, the gearing is to comply with 
Pt 5, Ch 5. The manufacturer’s maximum allowable tolerances 
for clearances and backlash between mating rotors are to be 
stated. 


4.4 Pressure vessels and heat exchangers 


4.4.1 The term ‘pressure vessel’ will normally apply to 
receivers and heat exchangers, and does not include any of 
the following: 

° Compressors. 

° Liquid refrigerant pumps. 

e Pipes and their fittings. 

The use of plate heat exchangers will be specially considered 
on submission of plans, and special tests may be required. 


4.4.2 Fusion welded steel pressure vessels exposed to 
the pressure of the refrigerants are to be constructed in 
accordance with the requirements of Pt 5, Ch 11 and Ch 17. 
Plans are to be submitted for consideration if required by 
Pt 5, Ch 11,1.6. 


4.4.3 Where ammonia is the refrigerant, the pressure 
vessels are to be constructed to at least Class 2/1 
requirements. 


4.4.4 Pressure vessels for the containment of primary 
refrigerants for use in conventional refrigeration circuits where 
the pressure/saturation temperature relationship applies are 
not required to be low temperature impact tested unless the 
design temperature is lower than minus 40°C. 


4.4.5 Pressure vessels are to be thermally insulated to an 
extent which will minimise condensation of moisture from the 
surrounding atmosphere. The insulation is to be provided 
with an efficient vapour barrier and adequately protected from 
mechanical damage. Prior to applying the insulation, the steel 
surfaces are to be suitably protected against corrosion. 


4.4.6 Each pressure vessel which may contain liquid 
refrigerant and which is capable of being isolated is to be 
protected with overpressure relief devices, see 4.15. 
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4.5 Condensers, oil coolers and evaporators 
4.5.1 In order to minimise the risk of corrosion, where 


the refrigerant is ammonia, the material interface between the 
primary refrigerant and cooling water or secondary refrigerant 
is to be of a suitable grade of stainless steel. Carbon- 
manganese steel with a suitable inhibitor would also be 
acceptable. 


4.5.2 Space is to be provided for the withdrawal and 
replacement of condenser and evaporator tubes, see 3.1.1. 


4.5.3 Where ammonia is used as the refrigerant, the 
refrigerating plant is to comply with the following additional 
requirements: 

(a) Automatic air purgers are to be provided, with their 
discharges being led through water before venting to 
atmosphere. 

(o) The cooling water returns from sea-water cooled 
condensers are not to be led into the main machinery 
spaces. 

(c) Fresh water condenser cooling systems are to be 
provided with pH meters to activate audible and visual 
alarms in the event of an ammonia leak. 


4.6 Liquid receivers 


4.6.1 Primary refrigerating systems are to be provided 
with liquid receivers with sufficient capacity to hold the 
complete refrigerant charge to prevent emission of the 
refrigerant to the atmosphere during servicing or repairs. 


4.6.2 Alternatively, in systems using a secondary 
refrigerant, with a number of units, smaller receivers may be 
used provided the system includes a common storage 
receiver with sufficient capacity to hold at least the primary 
refrigerant charge from two units. The common receiver is to 
be provided with the necessary crossover connections to 
facilitate transfer of refrigerant to and from each unit in the 
system. 


4.7 Oil separators 


4.7.1 Oil separators are to be provided at compressor 
discharges and are to be fitted with a control arrangement to 
enable the separated oil to be returned to the compressor 
crankcase. Wire gauze used in separators is to be sufficiently 
robust and well supported. 


4.8 Air coolers and cooling grids 


4.8.1 Refrigerated spaces may be cooled by air coolers 
or cooling grids on the ceiling, bulkheads and sides. In order 
to minimise the dehydration of the cargo and the frosting of 
the air coolers or cooling grids, the installation is to be 
designed to maintain the required notation temperatures with 
a minimum of difference between the refrigerant and space 
temperatures. 
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4.8.2 Individual spaces are to have a minimum of two 
independent air coolers, each comprising one or more fans 
and one or more refrigerant circuits in a single casing and 
with isolating valves. Alternatively, multiple circuits each with 
their own fan(s), in a single cooler casing may each be 
regarded as a separate cooler, provided stop valves are fitted 
so that each circuit may be isolated. 


4.8.3 For refrigerated spaces having a net volume of 
300 m3 or less, a single cooler with one circuit will be 
accepted. 


4.8.4 The refrigeration capacity of the air cooler 
arrangement is to be such that the notation temperature 
conditions can be maintained with any one independent 
cooler or circuit out of action. The capacities of the fans are 
also to be such that they can maintain the required air flow 
rates (see also 9.4) and uniform air temperature throughout 
the refrigerated spaces, when part or fully loaded with cargo, 
with any one cooler or fan out of action. 


4.8.5 Air cooler fan motors are to be suitably enclosed to 
withstand the effects of moisture. 


4.8.6 Means are to be provided for effectively defrosting 
air coolers. Air coolers are to be provided with trays of 
suitable depth arranged to collect all condensate. The trays 
are to be provided with drains at their lowest points to enable 
the condensate to be drained away when the refrigerated 
spaces are in service. Provision is to be made for the 
prevention of freezing of the condensate. 


4.8.7 Air coolers are to be located such that when the 
refrigerated spaces are loaded with cargo, adequate space is 
provided for the inspection, servicing and renewal of controls, 
valves, fans and fan motors. 


4.8.8 The cooling grids in each refrigerated space are to 
be arranged in not less than two sections, and each section 
is to be fitted with valves so that it can be shut off. The 
notation temperature conditions are to be capable of being 
maintained with any one section isolated. For spaces having 
a net volume of 300 m3 or less, a single section will be 
acceptable. 


4.8.9 Steel air cooler circuits and cooling grids are to be 
suitably protected against external corrosion. 


4.9 Refrigerant pumps 


4.9.1 Pumped primary and/or secondary refrigerant 
systems are to have a minimum of two pumps. Each pump is 
to be capable of operating on all cargo chambers and 
maintaining full duty with any one pump out of operation. 


4.9.2 Primary and, where appropriate, secondary refrigerant 
pumps are to be provided with pressure relief valves, see 
4.15.13. 
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4.10 Condenser cooling water pumps 


4.10.1 At least two separate condenser cooling water 
pumps are to be installed. One of the pumps may be 
considered as a standby pump and may be used for other 
purposes, provided that it is of adequate capacity and its use 
on other services does not interfere with the supply of cooling 
water to the condensers. 


4.10.2 Not less than two sea inlets are to be provided 
supplying sea-water to the pumps for condenser cooling. It is 
recommended that one of the sea inlets be provided on the 
port side and the other on the starboard side. The sea inlets 
are to be fitted in accordance with Pt 5, Ch 13,2.6. 


4.10.3 The cooling water pumps and sea inlets are to be 
suitably valved and cross-connected with each condenser. 


4.10.4 Suitable spring-loaded safety valves are to be 
provided in each cooling water circuit, see 4.15.13. 


4.11 Piping systems 


4.11.1 All piping, valves and fittings are to be suitable for 
the maximum pressure to which the system can be subjected 
and are to comply with the requirements of Pt 5, Ch 12. 


4.11.2 Pipework for ammonia (R-717) is to comply with 
Class | requirements. 


4.11.3 In addition to visual examination of pipe welds, 
non-destructive examination of pipe welds is to be carried 
out in accordance with the requirements of Chapter 13 of the 
Rules for Materials to the satisfaction of the Surveyors. 


4.11.4 All steel pipework on the low temperature part of 
the system is to be protected against external corrosion. 
Protective coatings are to be removed from pipe surfaces to 
a distance of not less than 50 mm either side of the joint weld 
preparations prior to welding. On completion of welding and 
testing a protective coating is to be applied. 


4.11.5 Where brine is the secondary refrigerant, piping 
and tanks should not be galvanised on the brine side. If any 
parts of the brine system have been galvanised, the brine 
cooling and return tanks are to be provided with a ventilating 
pipe or pipes led to the atmosphere in a location where no 
damage will arise from the gas discharged. The ventilation 
pipes are to be fitted with wire gauze diaphragms which can 
be readily renewed. 


4.11.6 Copper piping is to be manufactured in accordance 
with Pt 5, Ch 12,3 except in the case of small air coolers 
having finned pipes of sizes not greater than 19 mm outside 
diameter, and which have been fabricated under workshop 
conditions. The finned pipes may have a minimum wall 
thickness of 0,5 mm when used with R-22 and R-134a 
refrigerants. 


4.11.7 Where the use of plastics pipe is proposed in a 
secondary refrigerant system (e.g., brine), it is to be in 
accordance with Pt 5, Ch 12,5. 
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4.11.8 Pipelines are to have ample provision for expansion 
and contraction in service conditions. In general, expansion 
bends are to be used for this purpose. However, the use of 
metallic expansion bellows will be accepted provided test 
data is produced showing satisfactory strength and fatigue 
properties under the appropriate conditions. 


4.11.9 All pipelines are to be fully supported and secured 
so as to prevent vibration. Flexible hoses may be used, where 
necessary, to prevent transmission of vibration provided the 
documentation in 4.11.8 is provided. Flexible hoses are to be 
of a type which has been approved by LR, see Pt 5, Ch 12,6. 


4.11.10 Pipework, which may contain low temperature 
refrigerant, except within secondary refrigerant cooler rooms, 
is to be thermally insulated to an extent which will minimise 
condensation of moisture. Insulation in pre-formed sections is 
recommended. If in situ foamed insulation is employed, pre- 
production testing on site is to be carried out to the 
satisfaction of the Surveyor, using a ‘mock-up’ representative 
of the system to be employed. 


4.11.11 All pipe insulation is to be provided with an efficient 
vapour barrier, care being taken to ensure that it is not 
interrupted in way of supports, valves, etc. Also adequate 
protection of insulation surfaces from mechanical damage is 
to be provided. 


4.11.12 Where refrigerating piping is embedded in the 
cargo chamber insulation, the locations of the pipe joints are 
to be marked on the outside of the insulation lining. 


4.12 Joints 


4.12.1 Butt welded pipe joints are to be employed as far 
as practicable. Socket welded pipe joints are acceptable up 
to 25 mm diameter. Flanged or other joints are to be kept to 
a minimum and, in general, are to be restricted to connections 
with items of machinery or components which may have to 
be removed for maintenance purposes. Connections to 
valves are normally to be welded unless they are of a type, or 
in a position, which precludes in situ maintenance. 


4.12.2 Pipe connections to fittings (e.g., gauge lines, level 
controls) which are likely to be subjected to heavy corrosion, 
are to be of heavy gauge construction, or be made from 
suitable corrosion resistant materials. 


4.13 Liquid level indicators 


4.13.1 Where liquid level indicators of the ‘see-through’ 
variety are used they are to be of the flat plate type 
incorporating glass (or equivalent material) of heat resistant 
grade. 


4.13.2 All level indicators are to be provided with automatic 
shut-off devices and isolating valves. Plate-type sight glasses 
which form an integral part of the component in which they 
are mounted (e.g., compressor crankcases, pressure vessels) 
are exempt from this requirement. 
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4.13.3 All level indicators are to be suitable for the system 
maximum working pressure and tested accordingly. 


4.14 Automatic expansion valves 


4.14.1 Refrigerating systems with automatic expansion 
valves are also to be provided with efficient hand expansion 
valves and the arrangement is to be such that the automatic 
expansion valves can be by-passed and isolated. 


4.14.2 As an alternative, duplicate automatic expansion 
valves may be fitted, each valve to be capable of the required 
duty and operable with the other out of action. 


4.15 Overpressure protection devices 


4.15.1 Refrigeration systems are to be provided with relief 
devices, but it is important to avoid circumstances which 
would bring about an inadvertent discharge of refrigerant to 
the atmosphere. The system is to be so designed that 
pressure due to fire conditions will be safely relieved. 


4.15.2 Pressure relief devices are to be mounted in such a 
way that it is not possible to isolate them from the part of the 
system which they are protecting except that, where 
duplicated, a changeover valve may be fitted which will allow 
either device to be isolated for maintenance purposes 
without it being possible to shut off the other device at the 
same time. 


4.15.3. Relief discharge is to be led to a safe place above 
deck away from personnel accesses and air intakes. 
Discharge piping should be designed to preclude ingress of 
water, dirt or debris which may cause the equipment to 
malfunction. 


4.15.4 | For ammonia systems, discharge from relief valves 
is to be led through water before venting to the atmosphere. 
Vapour detectors are to be provided in the discharge pipes to 
activate audible and visual alarms in the event of a leakage of 
ammonia. 


4.15.5 A pressure relief valve and/or bursting disc is to be 
fitted between each positive displacement compressor and 
its gas delivery stop valve, the discharge being led to the 
suction side of the compressor. The flow capacity of the valve 
or disc is to exceed the full load compressor capacity on the 
particular refrigerant at the maximum potential suction 
pressure. For these internal relief valves, servo-operated 
valves will be accepted. Where the motive power for the 
compressor does not exceed 10 kW, the pressure relief valve 
and/or bursting disc may be omitted. 


4.15.6 | Compressors protected by bursting discs are to be 
provided with automatic shut-down in the event of high 
discharge temperatures. 
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4.15.7 | Each compressor is to be provided with automatic 
shut-down in the event of high discharge pressure. For 
refrigeration systems where the maximum working pressure 
is less than or equal to 40 bar g the automatic shut-down is 
to operate at a pressure in excess of normal operating 
pressure but no greater than 0,9 of the maximum working 
pressure. For refrigeration systems where the maximum 
working pressure is greater than 40 bar g the automatic shut- 
down is to operate at a pressure in excess of normal 
operating pressure but no greater than 0,95 of the maximum 
working pressure. 


4.15.8 Each pressure vessel which may contain liquid 
refrigerant and which is capable of being isolated by means 
of stop or automatic control or check valves is to be 
protected by two pressure relief valves or two bursting discs, 
or one of each, controlled by a changeover device. 


4.15.9 Pressure vessels which are interconnected by 
pipework without valves, so that they cannot be isolated from 
each other, may be regarded as a single pressure vessel for 
this purpose, provided that the interconnecting pipework 
does not prevent effective venting of any vessel. 


4.15.10 Omission of one of the specified relief devices and 

the changeover device, as required by 4.15.8, will be allowed 

where: 

e — vessels are of less than 300 litres internal gross volume; 
or 

e — vessels discharge into the low pressure side by means 
of a relief valve; or 

e — vessels operating using only cargo gas and, which can 
be independently isolated and gas freed during normal 
cargo operations provided that a shelf spare is carried. 


4.15.11 Sections of systems and components which could 
become full of liquid between closed valves are to be 
provided with pressure relief devices relieving to a suitable 
point in the refrigerant circuit. 


4.15.12 Refrigerant pumps are to be provided with pressure 
relief valves on the discharge side, which may relieve to the 
suction side, or to another suitable location. 


4.15.13 Suitable spring-loaded safety valves are to be 
provided on the cooling liquid side of condensers and the 
brine side of evaporators where the pressure from any pump 
or expansion of the liquid in the circuit could exceed the 
design pressure of the system or any component forming 
part of the cooling system. 


4.15.14 Relief valves are to be adjusted and bursting discs 
so selected that they relieve at a pressure not greater than 
the design pressure of the system, as defined in 2.5. 


4.15.15 When satisfactorily adjusted, relief valves are to be 
protected against tampering or interference by a wire with a 
lead seal or similar arrangement. 


4.15.16 Valves which are arranged to discharge to the low 
pressure side of the system are to be substantially 
independent of back pressure and are to be of a type which 
has been approved by LR. 
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4.15.17 The minimum required discharge capacity related 
to air of the pressure relief device for each pressure vessel is 
to be determined as follows: 


C =DLf 
where 


C = minimum required discharge capacity related to air 
of each relief device, in kg/s 


D = outside diameter of the vessel, in metres 
L = length of the vessel, in metres 
f = factor which is dependent on the refrigerant: 
R-717 (Ammonia) 0,041 
R-22, R-134a, R-407C 0,131 
R290 (Propane), R-600a (Isobutane) 0,082 
R-410A, R-404A, R-507A 0,203 


R-744 (Carbon dioxide) 
(when used on the low side of a 
cascade system) 0,082. 


4.15.18 The rated discharge capacity of the pressure relief 
valves expressed in kg/s of air may also be determined in 
accordance with an appropriate recognised National or 
International Standard such as /SO 5149 Mechanical 
Refrigeration Systems used for Cooling and Heating — Safety 
Requirements. 


4.15.19 The rated discharge capacity of a bursting disc 
discharging to atmosphere under critical flow conditions is to 
be determined by the following formula: 


d = 85,75 £ mm 


where 


Q 
Il 


minimum diameter of free aperture of bursting disc, 
inmm 

C = minimum required air equivalent discharge capacity, 
in kg/s, see 4.15.17 


P 1,1 x maximum working pressure, see 2.5. 


4.15.20 The bore of the discharge pipe shall be at least the 
same bore as the relieving device outlet. The size of a 
common discharge line serving two or more pressure 
relieving devices which may discharge simultaneously shall 
be based on the sum of their outlet areas. Where discharge 
lines are long or where the outlets of two or more pressure 
relieving devices are connected into a common line, the 
discharge piping shall be sized such that the back pressure 
at full relief rate does not exceed 10 per cent of the relief 
valve set pressure. 


4.15.21 Due account is to be taken of the reaction force on 
a relief valve or on discharge piping during discharge and 
adequate support provided. 


4.15.22 As carbon dioxide can form a solid powder at 
atmospheric pressure, there is a possibility that relief devices 
will choke if vented directly to atmosphere. The method used 
to guard against the formation of powder is to be submitted 
for consideration. 


4.15.23 In carbon dioxide systems, overpressure protection 
is to be fitted to pipelines or components which can be 
isolated in a liquid full condition. Pressure relief devices are to 
be arranged such as to vent vapour at all times. 
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4.15.24 In cascade systems where carbon dioxide is used 
in combination with ammonia, the effects of carbon dioxide 
leaking into the ammonia side are to be considered. It may 
be desirable to design the ammonia system to either 
withstand the design pressure on the carbon dioxide side or 
have relief arrangements to safely deal with the additional 
vapour produced if a leak occurs. 


4.16 Filters, driers and moisture indicators 


4.16.1 Suitable filters are to be provided in the refrigerant 
gas lines to compressors and in the liquid lines to refrigerant 
flow controls. Wire gauze used in filters is to be sufficiently 
robust and well-supported. A filter may be combined with the 
oil separator required by 4.7.1. Stop valves are to be provided 
to allow for servicing of filters. After first commissioning of the 
system, the filters should be examined to confirm that 
elements remain intact and not collapsed. 


4.16.2 Refrigerant filters, driers and moisture indicators 
are to be fitted in halocarbon refrigerant systems, and the 
arrangement is to be such that filters and driers can be by- 
passed, isolated and opened up without interrupting plant 
operations. 


4.17 Purging devices 


4.17.1 | Where the operating pressure of the low pressure 
system may be below atmospheric, a purging device is to be 
provided, the discharge from which is to be led to a safe 
place above deck. 


4.18 Piping in way of refrigerated spaces 


4.18.1 All sounding pipes, whether for compartments or 
tanks, which pass through refrigerated spaces or the 
insulation thereof, in which the temperatures contemplated 
are 0°C or below, are to be not less than 65 mm bore. The 
pipework is to be in accordance with the requirements of 
Pt 5, Ch 12 and Pt 5, Ch 13,2.9. 


4.18.2 | Sounding pipes to oil compartments are not to 
terminate within refrigerated spaces or in their air cooler 
spaces, nor are these pipes to terminate in enclosed spaces 
from which access is provided to refrigerated spaces or their 
air cooler spaces. 


4.18.3. All pipes, including scupper pipes, air pipes and 
sounding pipes that pass through refrigerated spaces are to 
be insulated. 


4.18.4 Where the pipes referred to in 4.18.3 pass through 
chambers intended for temperatures of 0°C or below, they 
are also to be insulated from the steel structure, except in 
positions where the temperature of the structure is mainly 
controlled by the external temperature and will normally be 
above freezing point. Pipes passing through a deck plate 
within the ship side insulation, where the deck is fully 
insulated below and has an insulation ribband on top, are to 
be attached to the deck plating. In the case of pipes adjacent 
to the shell plating, metallic contact between the pipes and 
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the shell plating or frames is to be avoided so far as 
practicable. 


4.18.5 The air refreshing pipes to and from refrigerated 
spaces need not, however, be insulated from the steelwork. 


4.19 Drainage from refrigerated spaces 


4.19.1 Provision is to be made for the continuous 
drainage of the inside of all refrigerated spaces and cooler 
trays. The pipework is to be in accordance with the 
requirements of Pt 5, Ch 12 and Pt 5, Ch 13,3.2. 


4.19.2 All drain pipes from the refrigerated spaces and 
cooler trays are to be fitted with liquid sealed traps, which are 
to be of adequate depth and readily accessible for cleaning 
and refilling with brine. The pipes from lower spaces situated 
on the tank tops are also to be fitted with bilge non-return 
valves. 


4.19.3. Where drains from separate refrigerated spaces 
join a common main, the branch pipes are each to be 
provided with a liquid sealed trap. 


4.19.4 Sluices, scuppers or drain pipes which would 
permit drainage from compartments outside the refrigerated 
spaces into the bilges of the latter are not to be fitted. 


4.19.5 | Screwed plugs or other means for blanking off 
scuppers, draining chambers and cooler trays are not to be 
fitted. If, however, it is specially desired to provide means for 
temporarily closing these scuppers, they may be fitted with 
shut-off valves. 


4.20 Corrosion protection of metal fixtures 


4.20.1 All steel bolts, nuts, hangers, brackets and fixtures 
which support or secure cooling appliances, piping insulation, 
meat rails, linings and prefabricated insulated panels, etc., 
are to be suitably protected against corrosion. 


4.21 Pressure testing at manufacturers’ works 
4.21.1 Components intended for use with a primary 


refrigerant are to be subject to strength and leak pressure 
tests as detailed in Table 3.4.2. 


Table 3.4.2 Test pressure 


Test pressure, bar g 
Component 


Strength test Leakage test 


1. Pressure vessels 
2. Compressor cylinders/ 
crankcase/casing 1,590 1,00 


See Pt 5, Ch 11 1,00 


3. Valves and fittings 2,00 1,00 
4. Pressure piping, fabricated 
headers, air coolers, etc. 1,50 1,00 


NOTE 
p is the design pressure as defined in 2.5. 
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4.21.2 Component strength pressure tests are to be 
hydraulic or where suitable safety measures are taken, may 
be pneumatic. The latter is to be carried out with a suitable 
dry inert gas. 


4.21.3. Component leakage pressure tests are to be 
carried out only after completion of satisfactory strength 
pressure tests. Pneumatic pressure is to be applied using a 
suitable dry inert gas. 


4.21.4 | Components for use with a secondary refrigerant 
or cooling water are to be hydraulically tested to 1,5 times 
the design pressure, but in no case less than 3,5 bar g. 


4.22 Pressure test after installation on board ship 


4.22.1 For primary refrigerant piping welded in place, 
strength pressure tests of the welds are to be carried out at a 
test pressure of 1,50. This will normally take the form of a 
pneumatic test since hydraulic testing media such as water 
are not acceptable due to their incompatibility with the 
primary refrigerants and the difficulty of removing all traces 
from a completed system. 


4.22.2 Pneumatic pressure tests are to be carried out 
using a suitable inert gas. All pneumatic tests are potentially 
dangerous and due precautions are to be observed. 


4.22.3 Where pneumatic tests are prohibited by relevant 
authorities, the tests required by 4.22.2 may be omitted 
provided non-destructive tests by ultrasonic or radiographic 
methods are carried out with satisfactory results on the entire 
circumference of all butt welds not tested in accordance with 
4.11.3. Where ultrasonic tests have been carried out, the 
manufacturer is to provide the Surveyor with a signed 
statement confirming that ultrasonic examination has been 
carried out by an approved operator and that there were no 
indications of defects which could be expected to have a 
prejudicial effect on the service performance of the piping. 


4.22.4 After completion of the test required by 4.22.1, 
4.22.2 or 4.22.3, a leak pressure test is to be carried out 
using a suitable inert gas at a pressure equal to the design 
pressure, in the presence of the Surveyor. 


4.22.5 Secondary refrigerant piping welded in place is to 
be hydraulically tested to 1,5 times the design pressure, but 
in no case less than 3,5 bar g. 


E Section 5 
Refrigerant detection systems 


5.1 General 


SA1 A fixed refrigerant detection system is to be 
provided in the refrigerating machinery compartment or 
space, the discharge pipes from pressure relief valves, 
ventilation outlet ducts, and the cargo chambers, where 
appropriate. 
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5.1.2 The alarm system is to comply with the requirements 
of Chapter 1 and, as a minimum requirement, the system is 
to activate at a low-level concentration to give warning of 
refrigerant leaks, and a high-level concentration corresponding 
to the refrigerant’s safe occupational level. 


5.1.3 Detection equipment is to be so designed that it 
may be readily tested and calibrated, and failure of the 
equipment is to initiate an alarm. 


5.1.4 The location of the detectors is to be determined 
relative to the layouts of the individual compartments and 
machinery spaces and are to be indicated on the plan 
submission. 


5.1.5 For carbon dioxide systems, spaces such as 
machinery rooms, storage compartments, production areas 
on fishing vessels and valve stations, where leakage may 
occur, are to be fitted with detectors. Welded pipelines 
passing through passageways or access ducts are not 
considered possible leakage areas. 


5.1.6 Audible and visual alarms are to be activated, 
located both inside and outside the affected space. The 
alarms are to be readily identifiable and be visible and audible 
in all locations within the space housing the refrigeration 
equipment. 


5.2 Ammonia vapour detection and alarm 
equipment 


5.24 A fixed detector system for ammonia is to comply 
with the requirements contained in 5.1.2. 


5.2.2 The location of the detectors is to be determined 
relative to the layouts of the individual spaces and are to be 
indicated on the plan submission required by 1.2. 


5.2.3 Ammonia vapour detectors are to be provided in 
the refrigeration machinery compartment, associated access 
ways, the exhaust ducts, the ammonia store room and the 
discharge pipes from pressure relief valves. 


5.2.4 Sufficient detectors are to be provided to monitor 
the total areas of the above spaces. 


5.2.5 For vapour detection in relief valve discharge pipes, 
see 4.15.4. 


5.2.6 Details of the refrigerant detector set points and 
operational philosophy are to be submitted for consideration. 


E Section 6 
Electrical installation 


6.1 General 
6.1.1 Where the refrigerating machinery is to be electrically 


driven, the requirements of Ch 2,2 are to be complied with, 
as applicable. 
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6.1.2 The generating capacity available for the refrig- 
erated installation is to be sufficient to supply power to the 
installation during cooling down of a complete cargo to, and 
maintenance of, the notation temperature conditions in all 
refrigerated spaces at the Rule maximum ambient and sea- 
water temperatures. 


6.1.3 Electrical equipment is not to be installed in spaces 
in which ammonia refrigerant is used or stored unless it is 
essential for operational purposes. Where electrical equipment 
is installed in such spaces the requirements of 6.2 are to be 
complied with. 


6.2 Electrical equipment for use in explosive gas 
atmospheres 


6.2.1 Lighting fittings are to be of a certified safe-type 
and be arranged on at least two independent final branch 
circuits. Switches and protective devices are to interrupt all 
lines or phases and are to be located outside the space. 


6.2.2 Where electric motors driving ventilation fans are 
located within the spaces, within ventilation ducts, or within 
three metres of ventilation openings, they are to be of a 
certified safe-type. 


6.2.3 Monitoring control and alarm systems which are 
required to operate under conditions of ammonia leakage are 
to be of a certified safe-type. 


6.2.4 Electrical equipment which is not of a certified 
safe-type is to de-energise automatically if the ammonia 
concentration within the space exceeds 1,0 per cent by 
volume. 


a Section 7 
Instrumentation, control, alarm, 
safety and monitoring systems 


7.1 Instrumentation 


7.1.1 All compressors are to be provided with the 

following instrumentation and automatic shut-downs: 

° Indication of suction pressure (Saturated temperature), 
including intermediate stage, when applicable. 

° Indication of discharge pressure (saturated temperature), 
including intermediate stage, when applicable. 

e Indication of lubricating oil pressure. 

° Indication of cumulative running hours (screw 
compressors). 

e — Automatic shut-down in the event of low lubricating oil 
pressure. 

e — Automatic shut-down in the event of high discharge 
pressure, see also 4.15.7. 

e — Automatic shut-down in the event of low suction 
pressure. 
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7.1.2 The automatic safety equipment is to be designed 
to fail safe and the arrangements are to be such that the 
compressors can be operated manually with the equipment 
out of action, in accordance with the relevant requirements of 
Chapter 1. 


7.1.3 For installations greater than 25 kW the following 

instrumentation, additional to that required by 7.1.1, is to be 

provided: 

° Indication of lubricating oil temperature. 

e Indication of cooling water outlet temperature. 

° Indication of cumulative running hours (reciprocating 
compressors). 

e Indication of suction and discharge temperatures. 


7.2 Control, alarm and safety systems 


7.2.1 Where the refrigerating system is fitted with 
automatic or remote controls, so that under normal operating 
conditions no manual intervention by the operators is 
required, it is to be provided with the alarms required by 7.2.2 
and 7.2.3 in accordance with the relevant requirements of 
Chapter 1. 


7.2.2 Alarms are to be initiated in the event of the 
following compressor fault conditions: 

High discharge pressure. 

Low suction pressure. 

Low oil pressure. 

High discharge temperature. 

High oil temperature. 

Motor shut-down. 


7.2.3 Alarms are also to be initiated in the event of the 
following fault conditions: 

Failure of condenser cooling water pumps. 

High condenser cooling water outlet temperature. 
Failure of air cooler fans. 

High and low refrigerated air delivery temperatures. 

High secondary refrigerant temperatures. 

Failure of secondary refrigerant pump. 

Failure of air refreshing fans. 

Low level in secondary refrigerant header tank. 


7.3 Temperature monitoring and recording 


7.3.1 Temperature sensors are to be of a type which has 
been approved by LR. The number of sensors and their 
locations are to be such as to give a true measurement of the 
temperatures within the refrigerated spaces and of the cooler 
delivery and return air temperatures. 


7.3.2 At least one automatic recorder is to be provided 
for the remote monitoring and continuous recording of air 
temperatures within the refrigerated spaces, and delivery and 
return air temperatures of individual air coolers. Where only 
one recorder is installed, at least one sensor in each 
refrigerated space or in its air distribution system is to be 
connected to a separate remote temperature indicating 
instrument. 
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7.3.3 Where the equipment controlling the temperature 
of the air delivered from the air coolers is equipped with a 
temperature indicator, this indicator will be given consideration 
as a standby instrument. 


7.3.4 In the case of freezer fishing vessels, where the 
catch is frozen on board and stored in a refrigerated space, 
thermometer(s) hung within each space(s) will be accepted 
as the standby temperature indicator, provided the space is 
accessible at all times. 


7.3.5 Automatic temperature recorders and temperature 
indicators are to be of a type which has been approved by 
LR and, where appropriate, are to be in accordance with the 
requirements of Chapter 1. Approval will be granted on the 
basis of compliance with 7.3.6 and 7.3.7, together with 
satisfactory environmental testing in accordance with the 
requirements of LR’s Type Approval System. This is to include 
low temperature testing at the class notation minimum 
temperatures for any components which may be installed in 
environments subject to temperatures below ambient. 


7.3.6 All temperature instrumentation is to be accurate to 
within +0,15°C of the true temperature in the range 
minus 3°C to plus 15°C , and to +0,3°C in other parts of the 
range and is to register to 0,1 of a degree Celsius. 


7.3.7 Where the installation is intended for the carriage of 
frozen cargo only, the readings need only be accurate to 
within +0,5°C of the true temperature, throughout the range. 


7.3.8 A spirit-in-glass thermometer is to be carried on 
board for checking purposes, which is to be calibrated to a 
recognised National Standard. 


7.3.9 Thermometer tubes with their flanges and covers 
are to be insulated from the deck plating, and on weather 
decks they are to be so arranged that water will not run down 
the tubes when temperatures are being taken. 


7.3.10 The inside diameter of thermometer tubes is to be 
not less than 50 mm, and the tubes are not to be in contact 
with cold decks. 


7.3.11 Where thermometer tubes pass through compartments 
other than those which they serve, they are to be efficiently 
insulated. 
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8.1.2 Access ways to the refrigerated space are to be 
designed to facilitate escape in emergencies, and the removal 
of stretcher-borne personnel. 


8.1.3 Access ways and air cooler spaces are to be 
provided with an independent lighting system in accordance 
with the requirements of Ch 2,5.7.2 and Ch 2,5.7.4, with the 
means of locking the switches in the ‘on’ position. 


8.1.4 Where ammonia is used in refrigerating systems, 

the following items of safety equipment are to be provided as 

a minimum, and positioned in accessible protected storage 

(e.g., locked glass fronted cabinets) located outside the 

machinery compartment: 

e Two sets of ammonia protective clothing (including 
helmet, boots and gloves). 

e Two portable battery powered hand lamps (to be of 
certified safe-type). 

e Two sets of self-contained breathing apparatus 

(compressed air). 

Two full face mask respirators. 

Two fire-resistant life-lines. 

Two firemen’s axes. 

Two heavy duty adjustable spanners. 

Two wheel wrenches. 

Irrigation facilities or eye wash bottles containing an eye 

wash solution, distilled water or non-carbonated mineral 

water. 

° Hand or foot-operated douches providing a copious 
supply of clean water, located outside the compartment’s 
doors. See 3.2.4. 


8.2 Personnel warning systems 


8.2.1 A system to monitor the well-being of crew 
members entering refrigerated spaces is to be provided. 


8.2.2 The system is to be such that at a predetermined 
time, after initiation, the crew member(s) receives warning 
that the Surveyors must indicate their well-being by 
accepting the warning. 


8.2.3 The system is to be designed and arranged such 
that only an authorised person has access for enabling and 
disabling it and setting the appropriate intervals, and such 
that it cannot be operated in an unauthorised manner. 


8.2.4 It is to be possible to acknowledge the warning by 


| Section 8 
Personnel safety equipment and 
systems 


8.1 Personnel safety equipment 
8.1.1 Access doors and hatches to the refrigerated 


spaces and air cooler spaces are to be provided with an 
external locking arrangement. 


means of illuminated switches situated near the access doors 
or hatches of each refrigerated space or chambers within the 
space. 


8.2.5 In the event that the crew member(s) fail(s) to 
respond and accept the warning within an agreed specified 
time, the system is to immediately initiate an alarm on the 
bridge and in the engineers’ accommodation. Manual 
initiation of the alarm system from the refrigerated spaces is 
to be possible at any time. 


8.2.6 The system is to comply with the relevant 
requirements of Chapter 1. 
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m Section 9 
Refrigerated cargo spaces 


9.1 Airtightness of refrigerated spaces 


9.1.1 The envelopes of individual refrigerated spaces, 
enclosing each temperature zone, are to be sufficiently 
airtight to prevent infiltration of water vapour and cross- 
contaminating odours. Each envelope is to be hose-tested 
for tightness before the insulation is installed. Alternative 
proposals to test with gas or air under pressure will be 
considered. 


9.1.2 Hatch closing appliances, access doors, side 
loading doors, bilge and manhole plugs forming part of an 
insulated envelope are to be made airtight and, where 
exposed to ambient conditions, are to be provided with a 
double seal. 


9.1.3 Ventilators, ducts or pipes passing through 
refrigerated spaces to other compartments are to be made 
airtight and efficiently insulated. Particular attention is to be 
given to insulation linings forming surfaces of air ducts. 
Ventilators to refrigerated spaces, if fitted, are to be provided 
with airtight closing appliances. 


9.1.4 Refrigeration pipes passing through bulkheads or 
decks of refrigerated chambers or spaces are not to be in 
direct contact with the steelwork. The temperature of the 
ship’s steelwork close to low temperature refrigeration piping 
must not be lower than that acceptable for the steel grade, 
see also Pt 3, Ch 2,2.2. The airtightness of the bulkheads 
and decks is to be maintained and, where the pipes pass 
through watertight decks and bulkheads, the fittings and 
packing of the glands are to be both fire resisting and 
watertight. 


9.2 Insulation systems 


9.2.1 Steelwork and fittings are to be clean and dry, and 
suitably coated to prevent corrosion, before insulation is 
applied. 


9.2.2 In situ insulation and insulating panels are to be of 
a type that has been approved by LR and accordingly, 
whenever practicable, be selected from the List of Type 
Approved Products published by LR. A copy of the 
Procedure for LR Type Approval System will be supplied on 
application. Prefabricated panels, with an organic foam core 
and metal or similar cladding both sides, are also to be 
manufactured under survey at a works approved by LR. 
Organic foam materials are to be certified as self- 
extinguishing. All materials are to be free from odour likely to 
cause taint. 


9.2.3 The thickness of insulation over all surfaces and 
the manner in which it is supported are to be in accordance 
with the approved specification and plan. 
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9.2.4 The insulation is to be efficiently packed and, 
where it is of slab form, the joints are to be butted closely 
together and staggered. Where it is intended to use a foamed 
in situ type of insulation, full details of the process are to be 
submitted for approval before the work commences and pre- 
production testing on site is to be carried out to the 
satisfaction of the Surveyor, using a ‘mock-up’ representative 
of the system to be employed. Prefabricated panels are to be 
of a design such that, when erected, continuity of the 
insulation envelope is maintained without any gaps. Gaps 
between panels or insulation slabs are to be filled with 
insulating material to the satisfaction of the Surveyor. 


9.2.5 The inner surfaces of insulation envelopes are to 
be clad with a suitable lining, such as marine grade 
aluminium or plywood, or equivalent material which is: 

° impermeable; 

e able to withstand wear and tear and the flexing of the 
ship’s structure without fracture at the notation 
temperatures; 

e non-corrosive, non-rotting; and 

° free from odour likely to cause taint. 

Where prefabricated panels are employed the outer surfaces 

are also to be clad with a suitable lining. 


9.2.6 Insulation linings are to be constructed and fitted 
so that they are airtight and provide an effective vapour 
barrier. The means of joining prefabricated panels are to have 
sufficient mechanical strength to maintain a vapour barrier on 
the inner and outer faces. All joints, including corner, deck, 
deckhead and tank top intersections are to be sealed with a 
suitable flexible, water vapour resistant sealant or gasket. 
Special care is necessary where air ducts are embedded in 
the insulation, and where refrigeration pipes, air refreshing 
ducts, fan supports, fixtures, etc., protrude through the 
linings. 


9.2.7 Hatch covers and plugs, access doors, manhole 
plugs, bilge limbers and plugs forming part of the insulated 
envelope are to be constructed of, or covered with, a suitable 
lining material. 


9.2.8 Insulation linings and air screens, together with 
supports, are to be strong enough to withstand the loads 
imposed by either refrigerated or general cargo. 


9.2.9 Successive coatings impervious to oil are to be 
applied before insulating the exposed plating of tank tops 
and bulkheads protecting tanks containing oil. The total 
thickness of the required coating will depend on the 
construction of the tank, the composition of the coating used 
and the method of application. 


9.2.10 _ If the cargo to be loaded on the tank top insulation 
could cause damage to the lining, then additional protection 
is to be provided in way of the hatch and 0,6 m beyond. The 
protection may be of either a permanent or temporary nature. 
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9.2.11 Where the insulation is to support fork lift trucks, 
the strength of the lining and its supports is to be 
demonstrated. A sample of the insulation, approximately 
4mx 4m, is to be prepared and tested by a fully loaded fork 
lift truck with a gross weight of 6,5 tons on one axle with a 
wheel pitch of 1450 mm, having single wheeled pneumatic 
tyres. The truck is to be driven and manoeuvred over the 
sample to the satisfaction of the Surveyors. 


9.2.12 Prefabricated panel systems are to be fitted with 
suitable pressure equalising devices to prevent damage 
which may be caused by under or over pressure resulting 
from the defrosting of coolers, rapid changes in pressure on 
the inner and outer faces of the panels or rapid cooling of the 
chamber. 


9.2.13 The pressure equalising devices are to be so 
designed as to allow the passage of air in either direction, but 
remain effectively closed until the pressure differential reaches 
a value of 10 mm water column. Heating is to be provided to 
protect the mechanism from freezing. 


9.3 Access plugs and panels 


9.3.1 Insulated plugs are to be provided in the insulation 
where required for easy access to the bilges, bilge suction 
strum boxes, cooler and chamber drains and tank manhole 
lids. Removable panels are to be provided for access to tank 
air and sounding pipes and drains. 


9.3.2 Tank top insulation in way of manholes and bilge 
hats is to be provided with a liquid-tight steel coaming to 
prevent seepage into the insulation. 


9.3.3 Manholes are not permitted in the bulkheads of 
fuel oil tanks which form part of the cargo space envelope. 


9.4 Air circulation and distribution 


9.4.1 When frozen cargo is carried, provision is to be 
made for the adequate circulation of air between the frozen 
cargo and all the insulation lining surfaces. 


9.4.2 When cooled cargo is carried, of a type which may 
generate heat or emit gas, provision is to be made for the 
adequate circulation of air through all the stow. 


9.4.3 There is to be adequate air flow between cargo 
and cooling grids, where fitted. 


9.4.4 The air distribution arrangements are to be such 
that the required circulation rate and uniform distribution can 
be achieved when the space is part or fully loaded with 
cargo. The arrangement is also to be capable of maintaining 
uniform air temperature throughout the space with any one 
fan, or air cooler, or cooling grid circuit out of action, see 4.8. 
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9.5 Air refreshing arrangements 


9.5.1 Where spaces are intended for the carriage of 
refrigerated cargoes requiring controlled ventilation, means 
are to be provided for air refreshening. The positions of the air 
inlets are to be carefully selected to minimise the possibility of 
contaminated air entering the spaces. Chambers or spaces 
are to be provided with separate inlet and discharge vents. 
Each vent is to have a positive airtight valve capable of 
closing onto a seat. It is recommended that a distance of at 
least 3 m is maintained between inlet and exhaust vents. 


9.6 Heating arrangements for fruit cargoes 


9.6.1 Where the class notation includes the symbol for 
the carriage of fruit cargoes, facilities for heating the 
refrigerated spaces are to be provided to maintain the 
carrying temperatures when the temperatures outside the 
spaces are lower. 


a Section 10 
Container ships fitted with 
refrigerating plant to supply 
cooled air to insulated containers 
in holds 


10.1 General 


10.1.1 Classed installations designed to supply refrigerated 
air to insulated ‘porthole’ containers in holds aboard 
container ships are to comply with the requirements of 
Sections 1 to 9 and 11, so far as they are applicable, and the 
special requirements of this Section. 


10.7.2 The classed refrigerating installation is to include 
the refrigerating machinery, air coolers, supply and return air 
ducting, and the flexible couplings between containers and 
the duct system. Where the arrangements are such that cell 
air conditioning is essential to the carriage of the containers, 
the air conditioning equipment and (if fitted) the insulation of 
the hold, deckheads, sides and tank tops are to be included 
in the classification. 


10.2 Additional information and plans 


10.2.1 In addition to those requirements detailed in 

Section 1 which are also applicable to refrigerated container 

ships, the following information is to be submitted before the 

work commences: 

e Details of air coolers. 

e Details of the design of ducting proposed, including 
joints, connections, insulation, vapour sealing and linings. 

° Details of cell air conditioning arrangements and 
components. 

e Details of couplings between ducting and containers, 
including operating arrangements. 
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10.3 Air coolers 


10.3.1 Air ducts supplying more than ten standard 20 ft 
containers or five standard 40 ft containers are to have a 
single air cooler with multiple circuits or two independent 
coolers. The individual circuits or coolers are to be provided 
with stop valves so that each circuit or cooler may be readily 
isolated. 


10.3.2 The refrigeration capacity of the air cooler 
arrangement is to be such that the temperature conditions 
can be maintained with any one circuit or independent cooler 
out of action. 


10.3.3 For air ducts supplying ten standard 20 ft 
containers or five standard 40 ft containers or less, a single 
cooler with one circuit will be acceptable. 


10.4 Air duct systems 


10.4.1 The air ducts, together with all branches and 
couplings, supplying refrigerated air to insulated containers in 
holds, are to be made airtight. For design purposes, however, 
an air leakage rate of 0,5 per cent of total volume flow at the 
design pressure for each duct is to be taken. 


10.4.2 Where air ducting is insulated on the internal 
surfaces, provision is to be made to prevent retention of 
odour which may taint subsequent cargo. 


10.4.3 Couplings are to be of a type that has been 
approved by LR. Prototypes are to be tested under all operating 
conditions, witnessed by the Surveyors, to demonstrate that 
they extend, retract and separate satisfactorily from a 
‘container end wall’ at the minimum temperature condition. 
When operated by means of air pressure they are to be 
supplied with air sufficiently dry to avoid ice formation. The air 
supply lines are to be strength pressure tested to 1,5 x 
design pressure. 


10.5 Duct air leakage and distribution tests 


10.5.1 Air leakage tests on at least 10 per cent of ducting, 
selected at random, are to be carried out to the satisfaction 
of the Surveyors before the insulation is applied. The 
Surveyors may require further testing to demonstrate 
airtightness of ducting. The air leakage from each duct will 
depend on several factors and, while complete airtightness 
should be the objective, the air leakage rate for design 
purposes is not to exceed 0,5 per cent of total volume flow at 
the design pressure of 250 Pa. 


10.5.2 In the case of prefabricated ducts, the prototype is 
to be subjected to air distribution, heat leakage and air 
leakage tests. Each production duct is to be tested for air 
leakage and is not to exceed the prototype test results by 
more than five per cent. Additionally, one duct in 50 or part 
thereof is to be tested for heat leakage and the results are not 
to exceed the prototype test results by more than 10 per 
cent. 
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10.5.3 In all cases when prefabricated sections are 
assembled on board, the tests as detailed in 10.5.2, are to 
be carried out aboard the ship. 


10.5.4 On application from the Owner, the air leakage 

tests on air ducts installed aboard the ship, as detailed in 

10.5.1 to 10.5.3, may be omitted provided that: 

e the installation is designed with at least 20 per cent 
surplus refrigerating capacity, or 

e assignment of a temperature notation for the installation 
be deferred until verified by a thermal balance test to the 
Surveyor’s satisfaction. 


10.5.5 All ducts are to be tested for air distribution to the 
containers, at the manufacturer's works, by measuring the 
flow of air from the supply couplings while the fan is operated 
at full speed against the designed pressure. The air flow at 
each coupling is to meet the specified figure within +5 per 
cent. 


10.5.6 Systems comprising rigid prefabricated ducts 
complete with coolers and fans are to be tested for air 
distribution at the place of manufacture. The remaining tests 
are to be carried out aboard the ship. 


10.6 Cell air-conditioning arrangements 


10.6.1 The cell air-conditioning equipment and ducting, 
and/or insulation of the holds, deckheads, sides and tank 
tops, is to be such as to maintain a uniform temperature 
throughout the cell and to ensure the ship’s steelwork is 
maintained above the minimum temperature acceptable for 
the steel grade, see also Pt 3, Ch 2,2.2. 


E Section 11 
Acceptance trials 


11.1 Tests after completion 


11.1.1. On completion of construction, the acceptance 
tests prescribed in 11.3.1 are to be carried out to verify the 
correct functioning of the installation and its ability to maintain 
the lowest notation temperature conditions required for the 
assignment of the intended class notation. The proposed test 
schedules, which should include methods of testing and test 
facilities provided, are to be submitted for approval before 
these acceptance tests are started. 


11.2 Thermographic survey 


11.2.1. The insulated envelope of refrigerated cargo ships 
and, where applicable, fish factory ships, fishing vessels, fruit 
juice carriers and container ships is to be scanned using a 
thermal imaging camera. The main purpose of carrying out 
the infra-red scan is to verify the efficiency of the insulation 
system. 
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11.2.2 During the course of, or prior to, the acceptance 
trials all inner insulated surfaces, including tank tops, 
bulkheads, ‘tween decks, insulated hatches, coamings and 
weather decks are to be subject to an infra-red scan. 


11.2.3 Where internal obstructions preclude an internal 
scan, it is to be carried out externally. 


11.2.4 The scan is to be conducted with the ‘tween deck 
and main holds in total darkness and with air coolers/cooling 
grids isolated and all heat sources disconnected. The 
temperature difference, cargo hold to ambient air or sea- 
water temperature, is to be 15 K or more. 


11.2.5 Any deficiencies or abnormalities revealed are to 
be investigated and repaired to the extent considered 
necessary by the Surveyor. 


11.3 Acceptance tests 


11.3.1 The acceptance tests (see also 11.3.2 and 11.3.3) 

are to comprise the following: 

(a) Verification of control, alarm, safety and refrigerant 
detection systems. 

(b) Test simulating failure of selected components such as 
compressors, fans and pumps, to verify correct 
functioning of alarm and systems in service. 

(c) Verification of accuracy, calibration and functioning of 
temperature control, monitoring and recording 
instrumentation. 

(d) Verification of air cooler fan outputs running at 
maximum speed, and air circulation rates and distribution 
arrangements in individual refrigerated spaces or 
chambers. The latter is to be undertaken firstly with all 
coolers in operation and secondly with any one cooler 
or fan out of action. 

(e) Verification of air refreshing and heating arrangements. 

(f) Verification of personnel safety devices and warning 
systems in refrigerated spaces. 

(g) Refrigeration and thermal balance tests to demonstrate 
the capability of the combined refrigerating plant and 
insulation envelope to maintain the lowest notation 
temperature to be assigned. 

(h) Refrigeration tests for refrigerated container ships 
carrying ‘porthole’ type insulated containers. If the 
prescribed thermal balance tests cannot be carried out 
due to the number of insulated containers available in 
the shipyard being inadequate, then, alternatively, the 
following separate tests will be accepted: 

(i) Compressor capacity test. 

(ii) Duct heat leakage test on at least 20 per cent of 
the insulated ducting selected at random. 

(iii) | Cell heat leakage test. 

i) | Thermographic scan to be carried out as required by 
11.2. 


11.3.2 Where a number of identical installations are 
constructed for the same Owner and by the same shipyard, the 
refrigeration and thermal balance tests required in 11.3.1(g), 
need only be carried out on two of the series, provided the 
results are satisfactory. 
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11.3.3 Where the cells of ‘porthole’ type insulated 
containers are not insulated, a heat leakage test will be 
required on the first ship of the series only. 


11.4 Sea trials 


11.4.1 Where the class notation includes the symbol for 
the carriage of fruit, or the symbol is to be assigned to a 
fishing vessel the following records are to be kept during the 
first loaded voyage: 
(a) Refrigerated cargo or container ships: 
Refrigerating machinery logs and temperature records 
for the refrigerated cargo spaces or containers, 
demonstrating the installation’s capability to cool down 
the full cargo of fruit and maintain the notation 
temperature conditions. 
(b) Fishing vessels: 
Refrigerating machinery and freezing equipment logs 
and temperature records for the refrigerated cargo 
spaces, demonstrating the installation’s capability to 
freeze the catch and maintain the notation temperature 
conditions. 


11.5 Reporting of tests 


17.5.1 On completion of the tests prescribed in 11.1, two 
copies of the test schedule for the refrigerated cargo 
installation, giving details of all recorded data and thermal 
heat balance results, signed by the Surveyor and Builder are 
to be provided. One copy is to be placed on board the ship 
and the other submitted to LR. 


11.5.2 At the end of the first loaded voyage a copy of the 
logs and temperature records requested in 11.4.1(a) and (b), 
as applicable, signed by the ship’s Chief Engineer, are to be 
submitted to LR. 
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Section 
1 General 
2 Fire detection, protection and extinction 


CJ Section 1 


General 
1.1 Application 
Tata Cargo ships of 500 gross tons or more, all 


passenger ships and gas and chemical tankers on interna- 
tional voyages, where provision is made within International 
Conventions are to be provided with the fire safety measures 
required by the /nternational Convention for the Safety of Life 
at Sea, 1974, as amended (SOLAS 74). Fishing vessels of 
45 m freeboard length and over are to be provided with the 
fire safety measures required by the Torremolinos Protocol of 
1998 relating to the Torremolinos International Convention for 
the Safety of Fishing Vessels, 1977 (Torremolinos Protocol). 


l:t:2 Cargo ships of 500 gross tons or more, all 
passenger ships, and gas and chemical tankers, employed 
on national voyages are to comply with the fire safety 
measures prescribed and approved by the Government of the 
Flag State. 


1.7.3 It is the responsibility of the Government of the Flag 
State to give effect to the fire protection, detection and 
extinction requirements of 1.1.1 and 1.1.2. However, Lloyd’s 
Register (hereinafter referred to as ‘LR’) will undertake to do 
this in cases where: 

(a) contracting Governments have authorised LR to apply 
the requirements of SOLAS 74 or the Torremolinos 
Protocol and issue the appropriate certification on their 
behalf; or 

(o) the Government of the Flag State is not a signatory to 
SOLAS 74 or the Torremolinos Protocol; or 

(c) the ship or fishing vessel is to be classed for restricted or 

special service in national waters for which the 

Government of the Flag State has no national require- 

ments. In such cases, LR will apply the fire safety 

measures required by SOLAS 74 or the Torremolinos 

Protocol, as appropriate. 

However, due consideration will be given to arrange- 

ments deemed to provide an equivalent level of fire 

safety, taking due cognisance of the circumstances of 
the restricted or special service. 


1.1.4 Section 2 of this Chapter, which is within the spirit 
of the International Convention and Protocol requirements for 
ships of Convention size, is applicable to cargo ships of less 
than 500 gross tons (where not covered by International 
Conventions), fishing vessels of 12 m registered length and 
over but less than 45 m freeboard length, and ships not fitted 
with propelling machinery. 


1:1:5 Consideration will be given to the acceptance of fire 
safety measures prescribed and approved by the Government 
of the Flag State in lieu of 1.1.4. 
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1.1.6 Special consideration, consistent with the fire 
hazard involved, will be given to construction or arrangement 
features not covered by this Chapter. 


NETA Cargo ships of less than 500 gross tons intended 
for the carriage of dangerous goods are to comply with 
SOLAS 1974 as amended ll-2/G.19. 


E Section 2 
Fire detection, protection and 
extinction 


2.1 General provisions 


2414 The provisions of these requirements, are intended 
to apply to new and, as far as reasonable and practicable, or 
as found necessary by the relevant Administration, to existing 
cargo ships of less than 500 gt. 


2.1.2 It should be remembered that the /nternational 
Codes for the Construction and Equipment of Ships carrying 
Dangerous Chemicals in Bulk and Liquefied Gases in Bulk are 
applicable to such ships regardless of size including those of 
less than 500 gt. 


2.2 Definitions 


2.2.1 The terms, used in these requirements are as 
defined in SOLAS 1974 (as amended). 


2.2.2 The term Gross Tonnage (gt) is as defined in IMO 
Resolutions A.493 (XII), calculated in accordance with the 
1969 Tonnage Convention and the interim scheme applicable 
to ships with keels laid up to 18 July 1994 in accordance with 
IMO Resolution A.494 (XII). 


2.2.3 Service area definitions 

(a) ‘Unrestricted service’ means a ship engaged on 
international voyages. 

(b) ‘Restricted service’ is broken down into two broad 
categories: (a) ships operating coastal or specified 
operating areas (b) ships operating within protected or 
extended protected waters. 

(i) Specified coastal service. Service along a 

coast, the geographical limits of which are to be 
defined and for a distance out to sea generally 
not exceeding 20 nautical miles, unless some 
other distance is specified for ‘coastal service’ by 
the Administration with which the ship is 
registered, or by the Administration of the coast 
off which it is operating. A typical example might 
be ‘Indonesian coastal service’. 
Specified operating or service areas may be 
service between two or more ports or other 
geographical features, or service within a defined 
geographical area such as ‘Red Sea Service’, 
‘Piraeus to Thessaloniki and Islands within the 
Aegean Sea’. 
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(ii) Protected water service. Service in sheltered 

water adjacent to sand banks, reefs, breakwaters 
to other coastal features, and in sheltered water 
between islands. 
Extended protected water service. Service in 
protected waters and also short distances 
(generally less than 15 nautical miles) beyond 
protected waters in ‘reasonable weather’. 


2.3 Surveys and maintenance 


2.3.1 The hull, machinery and all equipment required for 
safety aspects of every ship should be constructed and 
installed so as to be capable of being regularly maintained to 
ensure that they are at all times, in all respects, satisfactory 
for the ship’s intended service. 


2.3.2 A competent authority should arrange for appropriate 
surveys of the required equipment relating to fire safety 
aspects during construction and, at regular intervals after 
completion, generally as prescribed within Chapter | of 
SOLAS 1974 (as amended). Such surveys should be carried 
out by the Society classing the ship or the Flag State. 


2.3.3 The condition of the structural fire protection and fire 
safety related equipment shall be maintained to conform with 
the provisions of the requirements to ensure that the ship, in 
these respects, will remain fit to proceed to sea without danger 
to the ship or persons on board. The hull structure and 
machinery do not form part of these requirements but should 
be similarly surveyed and maintained. 


2.4 Requirements 
2.4.1 Table 4.2.1 details the various minimum fire protec- 


tion, detection and extinction arrangements that are required 
depending on the vessel’s intended service area. 
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Table 4.2.1 General fire detection, protection and extinction requirements 


Fire-fighting Unrestricted Restricted Protected 


FIRE PUMPS 

Ships greater than 150 gt 
Independently driven power pumps 
Power pumps 
Hand pumps 

Ships less than 150 gt 
Independently driven power pumps 
Power pumps 
Hand pumps 


. FIRE HYDRANTS 
Sufficient number and so located that at least 
one powerful water jet can reach any normally 
accessible part of ship 


. FIRE HOSES (Length >15 m) 
With couplings and nozzles 


. FIRE NOZZLES 
Dual purpose (spray/jet) with 12 mm jet and 
integral shut-off 
Jet may be reduced to 10 mm and shut-off 
omitted for hand pump hoses 


PORTABLE FIRE-EXTINGUISHERS 
Accommodation and service spaces 
Boiler rooms, etc. 
Machinery spaces (one extinguisher per 

375 kW of internal combustion engine power) 
Cargo pump-rooms 

(capacity 9 |. fluid or equivalent) 


NON-PORTABLE FIRE-EXTINGUISHERS IN 
MACHINERY SPACES 
Ships greater than 150 gt 
Ships greater than 350 gt 
(capacity 45 |. fluid or equivalent) 


FIXED FIRE-EXTINGUISHING SYSTEMS 
SHIPS GREATER THAN 350 gt 
Category A machinery spaces 

Cargo pump-rooms 


CARGO TANK PROTECTION 
Mobile foam appliances 


FIREMAN’S OUTFIT 

Ships greater than 150 gt 
complete outfit 

Ships less than 150 gt 
complete outfi 

Fireman’s axe 


. MEANS OF ESCAPE 
Accommodation and service spaces 
Machinery spaces 
Cargo pump-rooms 


. STRUCTURAL FIRE PROTECTION WHEEL 
HOUSE AND MACHINERY SPACES 
Separation from adjacent spaces of negligible 

fire risk 
Separation from other adjacent spaces 
Escape routes 
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o Section 1 
General requirements 


1.1 General 


beled The requirements of this Chapter apply to refriger- 
ated cargo ships where a Controlled Atmosphere (CA) 
notation is requested. 


7.7.2 The requirements are additional to the classification 
requirements for refrigerated cargo installations contained in 
Pt 6, Ch 3. 


13 Ships provided with CA systems which are 
approved, installed and tested in accordance with the 
following requirements will be eligible for the applicable class 
notation specified in Pt 1, Ch 2,2.6.2. 


1.1.4 An example of a typical class notation on a 
refrigeration installation classed with Lloyd’s Register 
(hereinafter referred to as ‘LR’), fitted with a CA system built 
under Special Survey, would be: 


% Lloyd’s RMC to maintain a temperature -29°C to +14°C 
with sea temperature 35°C maximum. 


% CA (1-12% Oo, 0-25% COs) RH 


1.2 Novel arrangements and design 


1.2.1 Where the proposed construction of the CA 
system, or CA zones, is novel in design, or involves the use of 
unusual materials or equivalent arrangements to those 
specified in the following sections, special tests may be 
required, and a suitable descriptive note may be assigned. 


Part 7, Chapter 1 


Sections 1 & 2 


1.3 Definitions 


7.3.7 CA zone means one or more cargo chambers 
enclosed in an air-tight envelope. 


1.3.2 Gas means a suitable gaseous mixture to retard 
the metabolic process of fresh products. 


1:3:3 Gas system means a system which controls the 
levels of oxygen and/or carbon dioxide. 


1.3.4 Adjacent space means an enclosed space 
adjoining a CA zone separated by watertight bulkheads or 
decks penetrated by pipes, cables, ducts, doors, ‘tween 
deck, etc. 


E Section 2 
Plans and documentation 


2.1 Plans of CA zones and adjacent spaces 


21:1 The following plans and particulars of the CA zones 
and adjacent spaces are to be submitted in triplicate for 
approval before construction is commenced: 

a) Capacity plan. 


b) Location and installation of CA equipment. 

c) Arrangement of CA zones in elevation and plan view. 

d) Access arrangement. 

e) Arrangement and use of spaces adjacent to CA zones. 
f) Details of securing weather deck and ‘tween deck hatch 


lids. 

g) Details of securing gratings in way of hatch lids. 

h) Details of weather deck and access hatch seals. 

() | Door seals, scuppers, pipes, cables and ducts penetrat- 
ing the decks, bulkheads, etc., together with proposed 
design conditions in the CA zones. 

k) Specified leakage rate and proposals for its 
measurement. 

!) | Location of sampling points for CA gas and/or sensors in 
the CA zones and adjacent spaces. 

m) Details of the gas supply piping system. 

n) Details of gas freeing arrangements, including fans, 
valves, ducts and any interlocks. 

o) Details of pressure/vacuum valves for protecting devices 
in CA zones, location of outlets from P/V valves and 
capacity calculations. 

p) Details of security locks provided on entry to the hatch 
and manhole covers, and doors leading to CA zones 
and adjacent spaces. 

q) Arrangements of ventilation systems for the gas 
generator compartment and other adjacent spaces 
adjoining CA zones. 
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2.2 Gas supply system 


Zed The following plans and particulars of the gas 
supply system, etc., are to be submitted in triplicate for 
approval, before construction is commenced: 

(a) Schematic arrangements of the proposed gas supply 
systems and, where applicable, details of compressors, 
pressure vessels, membranes, storage tanks, gas 
cylinders, control and relief valves and safety arrange- 
ments, including pressure set points of alarm and safety 
devices. 

(b) Capacities of gas supply systems at different oxygen and 
carbon dioxide levels, if applicable. 


2.3 Humidifiers 


2.3.1 Where applicable, the following plans and particulars 
of the humidification system, etc., are to be submitted in 
triplicate for approval, before construction is commenced: 
(a) Specification and capacity of the system. 

(b) Principles of operation and control of relative 
humidities under different operating conditions. 

(c) Details of proposed equipment, nozzles, pads, heaters, 
pumps, steam generator, compressors, water tanks, 
etc. 

(d) Layouts of the equipment and the positioning of sensors 
and controls. 


2.4 Control equipment 


2.4.1 The following plans and details of the control, alarm 
and safety systems for CA zones, gas supply compartment 
and other adjacent spaces, are to be submitted in triplicate 
before construction is commenced: 

(a) Line diagrams of all control circuits. 

b) List of monitored, control and alarm points. 

) Details of computer systems, if fitted. 

) Location of control panels and consoles. 

) Controls of all valves and dampers fitted to CA zones. 
Details of oxygen and carbon dioxide analysers and 
arrangements for calibration. 

(g) Relative humidity (RH) sensors and details of calibration. 

(h) Details of alarm system, including location of central 

control panel and audible and visual warning devices. 


2.5 Electrical 


2.5.1 In addition to the applicable requirements of 
Pt 6, Ch 2,1.2, the following information and plans specific to 
the installed CA system are to be submitted in triplicate for 
approval, before construction is commenced: 

(a) Main power supply arrangement to the CA system. 

(b) Single-line diagram of the CA system which is to include 
rating of electrical machines, insulation type, size and 
current loading of cables and make, type and rating of 
protective devices. 

(c) A schedule of normal operating loads of CA system, 
estimated for the different operating conditions 
expected. 
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Sections 2 & 3 


2.6 Testing 


2.6.1 Details of the testing programme are to be submit- 
ted, including instrumentation to be used with range and 
calibration. 


m Section 3 
CA zones and adjacent spaces 


3.1 Air-tightness of CA zones 


SA The CA zones are to be made air-tight in accor- 
dance with the requirements in 9.3. Particular attention is to 
be paid to sealing of hatches, plugs and access doors in each 
CA zone. Double seals are to be fitted to each opening. 


3.1.2 Openings for pipes, ducts, cables, sensors, 
sampling lines and other fittings passing through the decks 
and bulkheads are to be suitably sealed and made air-tight. 


3.1.3 The liquid sealed traps from bilges and drains from 
the cooler trays are to be deep enough to withstand, when 
filled with liquid which will not evaporate or freeze, the design 
pressure in each CA zone when taking account of the ship’s 
motion. 


3.1.4 Air refreshing inlets and outlets are to be provided 
with isolating arrangements. 


3.2 CA zone protection 


3.21 Means are to be provided to protect CA zones 
against the effect of overpressure or vacuum. 


3.2.2 At least two P/V valves are to be fitted in each 
CA zone. They are to be set for the design conditions of the 
CA zone. 


3.2.3 Consideration will be given to the use of a single 
valve in combination with other suitable means of overpres- 
sure or vacuum protection. 


3.2.4 The proposed P/V valves for each zone are to be 
of adequate size to release any excess pressure and to relieve 
the vacuum at maximum cooling rate. 


3.2.5 P/V valve discharges are to be located at least 
2 m above deck and 10 m away from any ventilation inlets. 
Discharge piping is to be arranged to preclude ingress of 
water, dirt or debris which may cause the equipment to 
malfunction. 


3.2.6 Pressure sensors are to be installed in locations 
necessary to monitor pressure of all CA zones. Pressure 
sensors are to be installed away from fans, air inlets and 
outlets. 
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3.3 Gas freeing of CA zones 


3.3.1 The arrangements for gas freeing of CA zones are 
to be capable of purging all parts of the zone to ensure a safe 
atmosphere. 


3.3.2 Cargo air cooling fans and the air refreshing 
arrangements may be used for gas freeing operations. 


3.3.3 Gas freeing outlets are to be led to a safe place in 
the atmosphere 2 m above the deck, away from accommo- 
dation spaces and intakes of the fans for accommodation. 


3.4 Ventilation of adjacent spaces 


3.4.1 Deckhouses and other adjacent spaces which 
require to be entered regularly are to be fitted with a 
positive pressure type mechanical ventilation system with a 
capacity of at least 10 air changes per hour capable of being 
controlled from outside these spaces. 


3.4.2 Adjacent spaces not normally entered are to be 
provided with a mechanical ventilation system which can be 
permanent or portable to gas free the space prior to entry. 


3.4.3 Ventilation inlets are to be arranged so as to 
minimise recycling any gas and are to be at least 10 m in the 
horizontal direction away from the ventilation outlets. 


a Section 4 
Gas systems 


4.1 General 


41:1 Means are to be provided to achieve and 
maintain the required oxygen and/or carbon dioxide levels in 
the CA zones. This may be accomplished by the use of 
stored gas, portable or fixed gas generating equipment or 
other equivalent arrangements. The arrangements are to be 
such that a single failure will not cause a complete loss of gas 
supply to the CA zones. 


4.1.2 The gas system is to have sufficient capacity to 
make good any gas loss from the CA zones and to maintain 
a positive pressure in all CA zones. 


4.1.3 The gas system is also to be able to: 

(a) Deliver gas at 125 per cent of the specified flow rate with 
two compressors operating. 

(b) Maintain the specified gas levels in all CA zones when 
operating 24 hours per day with one unit on stand-by. 


4.1.4 Air intakes are to be located to ensure that 
contaminated air is not drawn into the compressors. 


4.1.5 Where it is intended to supply gas by means of 
stored gas bottles, the arrangements are to be such that 
depleted bottles may be readily and safely disconnected and 
charged bottles readily connected. 
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Sections 3 & 4 


4.2 Location 


4.2.1 Fixed gas generating equipment, gas bottles or 
portable gas generators are to be located in a compartment 
reserved solely for their use. Such compartments are to be 
separated by a gastight bulkhead and/or deck from 
accommodation, service and control station spaces. Access 
to such compartments is to be only from the open deck. 


4.2.2 Gas piping systems are not to be led through 
accommodation, service and machinery spaces or control 
stations. 


4.3 Gas supply 


4.3.1 The gas systems are to be designed so that the 
pressure which they can exert on any CA zone will not exceed 
the design pressure of the zone. 


4.3.2 During initial operation, arrangements are to be 
made to vent the gas outlets from each generator to the 
atmosphere. All vents from gas generators are to be led to a 
safe location on the open deck. 


4.3.3 Where gas generators use positive displacement 
compressors, a pressure relief device is to be provided to 
prevent excess pressure being developed on the discharge 
side of the compressor. 


4.3.4 Suitable arrangements are to be provided to enable 
the supply main to be connected to an external supply. 


4.3.5 Where it is intended that gas systems are to be 
operated unattended, the required CA zone environment is to 
be automatically controlled. 


4.3.6 Means of controlling inadvertent release of 
nitrogen into CA zones, such as locked valves, are to be 
provided. 


4.4 Gas supply compartment ventilation and 
alarm 


4.4.1 The gas supply compartment is to be fitted with a 
mechanical extraction ventilation system providing a rate of 
at least 20 air changes per hour based on the total empty 
volume of the compartment. 


4.4.2 Ventilation ducts from the gas generator/supply 
compartment are not to be led through accommodation, 
service and machinery spaces or control stations. 


4.4.3 The air outlet duct is to be led to a safe place on 
the open deck. 


4.4.4 The gas supply compartment is to be provided with 
a low oxygen alarm system. 
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E Section 5 
Relative humidity (RH) 


5.1 Humidification 


5.1.7 Where a humidification system is fitted, the 

following requirements are to be complied with: 

(a) The supply of fresh water for humidification is to be such 
as to minimise the risk of corrosion and contamination 
of the cargo. 

(b) To prevent damage or blockage in the humidification 
system caused by water freezing, the air, steam or water 
pipelines in the cargo chambers are to be installed to 
facilitate ease of drainage and are to be provided with 
suitable heating arrangements. 


E Section 6 
Electrical installation 


6.1 General 


6:1:1 In addition to the requirements of Pt 6, Ch 2, the 

following requirements are to be complied with: 

(a) The electrical power for the CA plant is to be provided 
from a separate feeder circuit from the main switch- 
board. 

(b) Under sea-going conditions, the number and rating of 
service generators are to be sufficient to supply the 
cargo refrigeration machinery and CA equipment in 
addition to the ship’s essential services, when any one 
generating set is out of action. 


E Section 7 
Control instrumentation and 
alarms 


7.1 General 


7.1.1 An alarm system for monitoring the atmosphere in 
CA zones is to be installed which may be integral with the 
machinery space alarm system as required by Pt 6, Ch 1,2.3. 


71:2 Where alarms are displayed as group alarms in the 
main machinery space alarm system, provision is to be made 
to identify individual alarms at the refrigerated cargo control 
station. 


7.1.3 The pressure in each CA zone is to be monitored 
and an alarm initiated when the pressure is too high or too 
low. 


7.1.4 Where the RH notation is to be assigned, humidity 
sensors are to be installed in each of the CA zones and are to 
initiate an alarm when the relative humidity (RH) falls below or 
exceeds the predetermined set values. 
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Fed Gas sensors or analysers are to be provided to 
monitor gas content in CA zones, see 7.3 and 7.4. 


7.1.6 Gas analysers and sensors are to be calibrated 
automatically once in every 24 hours. An alarm is to be 
initiated if accuracy is outside tolerance limits. 


ERZ Direct readout of the gas quality within any CA zone 
is to be available to the operating staff on demand. 


7.1.8 At least one automatic recorder is to be provided 
for the remote monitoring and recording of O) and CO, levels 
in each CA zone. 


7-1:9 Alarms are to be initiated in the event of O or CO, 
levels in each CA zone falling below or exceeding the 
predetermined set values. 


7.2 Gas systems 


7.2.1 Where air compressors are to be used for gas 
production, alarms are to be initiated for the following 
conditions: 

e High lubricating oil temperature. 

e High differential pressure across the filters. 

° Electric supply failure. 

The compressors are to shutdown automatically in the event 
of: 


° High discharge air temperature. 

e High discharge air pressure. 

° Low lubricating oil pressure. 

° High pressure in CA zone. 

12e Instrumentation is to be fitted for indicating 


continuously: 
(a) Gas pressure. 


(b) Gas temperature. 

(c) Gas content. 

(d) Gas flow. 

7.3 Gas analysers and sampling 


7.3.1 Where analysers are fitted, at least two analysers 
for oxygen and carbon dioxide having a tolerance of 
+0,1 per cent by volume are to be provided to determine the 
content of the circulated gas within the CA zones. 


7.3.2 Two separate sampling points are to be located in 
each CA zone and one sampling point in each of the adjacent 
spaces. The arrangements are to be such as to prevent 
water condensing and freezing in the sampling lines under 
normal operating conditions. Filters are to be provided at the 
inlet to sampling point lines. 


7.3.3 Arrangements of the gas sampling points are to be 
such as to facilitate representative sampling of the gas in the 
space. 


7.3.4 Where gas is extracted from the CA zones via a 
sampling tube to analysers outside the space, the sample gas 
is to be discharged safely to the open deck. 
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Los Provision is to be made for gas sampling by means 
of portable equipment as required by 9.6.3. 


7.3.6 The sampling frequency is to be at least once per 
hour. 

7.4 Gas sensors 

7.4.1 Where sensors are fitted, at least two sensors for 
each of O and COs, having a tolerance of +0,1 per cent are 


to be installed in each CA zone to monitor gas levels. 


7.4.2 Gas sensors may be used for indication and alarm. 


a Section 8 
Safety requirements 


8.1 Personnel safety 


8.1.1 CA zones are to be clearly labelled with ‘Caution’ 
and ‘Danger’ signs to alert personnel. 


8.1.2 Entry hatch and manhole covers, doors leading to 
the CA zones and adjacent spaces are to be fitted with 
acceptable security-type locks and alarms activated when 
covers and doors are opened. The alarms are to be placed in 
a manned location. 


8.1.3 All doors and access hatches to CA zones which 
may be under pressure are to open outwards and are to be 
fitted with secondary catches to prevent injury or damage 
during opening. 


8.1.4 At least two portable oxygen sensors are to be 
provided to sample the oxygen level in all CA zones and 
adjacent spaces. 


8.1.5 A means of communication is to be provided 
between CA zones and an attended location on deck. 


8.1.6 Medical first aid equipment, including at least one 
set of oxygen resuscitation equipment, is to be provided on 
board. 


o Section 9 
Inspection and testing on 


completion 
9.1 General 
9.1.1 CA system trials are to be witnessed on board by 


the LR Surveyor, before the system is put into service and 
before a certificate is issued. These trials are in addition to 
any tests which may have been carried out at the manufac- 
turer’s works. 
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9.1.2 An Operating and Safety Manual for the guidance 

of the ship’s staff is to be provided, covering the following 

topics: 

a) Principal information on the use of CA. 

b) Complete description of the CA installation on board. 

c) Hazards of low oxygen atmospheres and consequential 
effects on human life. 

d) Countermeasures when exposed to low oxygen 
atmospheres. 

e) Instructions for operation, maintenance and calibration 
of all gas detectors. 

f) Instructions for use of portable oxygen analysers with 
alarm for personal protection. 

9) Prohibition of entry to spaces under CA. 

h) Loading instructions prior to injection of gas. 

(i) | Procedure for checking security of CA zones, doors and 
access hatches prior to injection of gas. 

k) Gas freeing procedure for all CA zones. 

I) | Procedure for checking atmosphere of CA zones before 
entry. 


9.2 Gas supply and sampling systems 


9.2.1 The gas supply main and branches are to be 
pressure and leak tested. The test pressures are to be 
1,5 and 1,0 times the design pressure respectively. 


9.2.2 All gas sampling lines are to be leak tested using a 
vacuum or overpressure method. 


9.3 Air-tightness of CA zones 


9:31 Air-tightness of each CA zone is to be tested and 
the results entered on the certificate. The measured leakage 
rate of each zone is to be compared with the specified value. 


9.3.2 Either a constant pressure method or a pressure 
decay method is to be used to determine the degree of 
air-tightness. 


9.3.3 If the constant pressure method is used, the test is 
to be carried out at the design pressure of the CA zones. 


9.3.4 If the pressure decay method is used, the time for 
the pressure to drop from 350 Pa to 150 Pa is to be 
measured and the leakage is to be calculated using the 
following formula: 


AlL = 1035 xV 
where 
A.L. = air leakage, in m3/h 


V = volume of zone, in m3 

t = time, in seconds 
7,095 = constant for 200 Pa pressure decay. 
During this test, adjacent zones are to be kept at atmospheric 
pressure. 
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9.4 Gas system performance 


9.4.1 Capability of the gas system to supply the gas at 
the specified flow rate and condition is to be verified by tests. 


9.4.2 If the notation conditions cannot be verified during 
testing, assignment of the notation is to be deferred until log 
book entries confirm the achievement of the specified 
conditions in every CA zone during a loaded passage. 


9.5 Gas freeing 


9.5.1 The gas freeing arrangements are to be tested to 
demonstrate that they are effective. 


9.6 Safety, alarms and instrumentation 


9.6.1 The control, alarm and safety systems are to be 
tested to demonstrate overall satisfactory performance of the 
control engineering installation. Testing is also to take account 
of the electrical power supply arrangements, see also Pt 6, 
Ch 1,2.3. 


9.6.2 Locking arrangements of all CA zones and adjacent 
spaces where gas may accumulate, provision of warning 
notices at all entrances to such spaces, communication 
arrangements and operation of alarms, controls, etc., are to 
be examined. 


9.6.3 The provision of portable gas detectors and 
personnel oxygen monitors are to be verified by the LR 
Surveyor. Suitable calibrated instruments for measuring the 
levels of O2, CO» and humidity, gas pressure and gas flow to 
the CA zones, are to be provided for testing. Their accuracy 
is to be verified. 
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Section 

1 Introduction 

2 Class notations 

3 Plans and particulars 

4 Materials 

5 Process plant characteristics 

6 Hull construction 

7 Mechanical equipment for the process plant 
8 Boilers and other pressure vessels for the 


process plant 


9 Pumping and piping systems for the process 
plant 


10 Firing arrangements of steam boilers, fired 
pressure vessels, heaters, reformers, etc. 


11 Electrical equipment for the process plant 
12 Control engineering for the process plant 
13 Plant blowdown systems 

14 Plant flare gas systems 


15 Supply and discharge arrangements for 
feedstock and product 


16 Ventilation of the process plant and other 
spaces associated with the process plant 
operation 


17 Gas detection 


18 Fire protection, detection and extinction 


E Section 1 
Introduction 


1.1 Scope 


1.1.1 This Chapter is intended for the classification of 
self-propelled or non-self-propelled ships with specialised 
structures which have plant installed on board for the 
processing of chemicals, liquefied gases and related 
products, where permitted by the Flag Administration, and 
which fall into one of the following environmental categories: 
1A Ships which have plants operable while navigating at 
sea. 
1B Ships which have plants operable at sea, but only while 
the ship is attached to an offshore mooring facility. 
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2 Ships which can navigate at sea, but whose plants are 
intended to be operated only while the ships are in 
harbour or similarly protected waters. 

3 Specialised ships, including pontoons, barges and 
similar structures which are designed as sea transporta- 
tion vehicles to carry non-operative process plants, but 
which are specially constructed to be fully supported by 
the sea bed when the plants are operative. 


1.1.2 Each category in 1.1.1 may include provision for 
the storage of the products used in the process or processes 
concerned. 


1.2 General 


1.2.1 The Rules are framed on the understanding that 
ships will not be operated in environmental conditions more 
severe than those agreed for the design basis and approval, 
without the prior agreement of Lloyd’s Register (hereinafter 
referred to as ‘LR’). 


1.2.2 Except as indicated in this Chapter, the hull, 
propulsion machinery, auxiliary machinery, equipment for 
essential services of the ship, electrical installations and 
control engineering systems are to comply with the relevant 
Sections of Parts 3, 4, 5 and 6, the Rules and Regulations for 
the Construction and Classification of Ships for the Carriage 
of Liquid Chemicals in Bulk (hereinafter referred to as the 
Rules for Ships for Liquid Chemicals) and the Rules and 
Regulations for the Construction and Classification of Ships 
for the Carriage of Liquefied Gases in Bulk (hereinafter referred 
to as the Rules for Ships for Liquefied Gases), where applica- 
ble. Hulls made of reinforced or prestressed concrete will be 
specially considered. 


1.2.3 The additional hull structural requirements for 
Category 3 ships to enable them to be satisfactorily grounded 
on prepared foundations will be specially considered. Ful 
details of the intended foundations and the local conditions 
at the site are to be submitted for use in assessing the hul 
structural capability, etc. 


1.2.4 Where the process plant is intended to operate in 
close proximity to bulk storage of feedstocks and/or 
products, further consideration may be necessary in addition 
to that contained in this Chapter, particularly with regard to 
the provision of effective separation, methods of storage, 
loading and discharging arrangements. 


1.2.5 For ships of all categories in 1.1.1 except Category 
1A, provision is to be made for purging, gas freeing, inerting 
or otherwise rendering safe the plant and process storage 
facilities before the ship proceeds to sea or changes location. 
The provisions to be adopted, if any, when a ship of Category 
1A enters harbour will be specially considered. 


1.2.6 In addition to the requirements for periodical 
surveys, a general examination of the ship, machinery and 
process plant is to be carried out by LR’s Surveyors before 
and after a ship, of any category other than 1A, changes 
location. Every precaution is to be taken to ensure safety 
during such examination. 
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K2 Requirements additional to those of this Chapter 
may be imposed by the National Authority with whom the ship 
is registered and/or by the Administration within whose 
territorial jurisdiction the process plant is intended to operate. 


1.3 Classification of ship 


1.3.1 A ship built in accordance with the requirements of 
this Chapter, or in accordance with requirements equivalent 
thereto, will be assigned an appropriate class in the 
Register Book, as indicated in Section 2, and will continue to 
be classed so long as it is found, upon examination at the 
prescribed surveys, to be maintained in a safe and efficient 
condition, see also 1.4.6. 


1.3.2 For each category described in 1.1.1, classification 
covers the hull, containment systems for stored products, 
propulsion machinery, auxiliary machinery used for essential 
services, and equipment necessary to maintain a suitable 
environment within which the plant may safely operate. 


1.3.3 In general, classification will not be extended to the 
process plant itself, and the classification requirements do not 
relate to the specialised machinery, equipment and 
associated piping, etc., which is solely concerned with the 
production operations, except where the design and/or 
arrangements of such equipment and piping may affect the 
safety of the vessel. 


1.3.4 When the reliquefaction plant is installed, and the 
plant and equipment are in accordance with the requirements 
of the Rules for Ships for Liquefied Gases, consideration will 
be given to classing the plant in accordance with Pt 1, 
Ch 2,2.6. 


1.4 Certification of process plant 


1.4.1 Process plant will be required to be certified by LR, 
and a note to the effect that this has been carried out will be 
appended to the class notation in the Register Book. 


1.4.2 The certificate will include a brief description of the 
process plant, indicating the chemical(s) processed and the 
end products. 


1.4.3 The certificate of the plant will cease to be valid if a 
significant alteration is made to the plant or the arrangements 
on board without the written approval of LR. This provision 
does not exclude the direct replacement of any item by a 
substitute part which has been approved and tested by LR. 


1.4.4 The process plant will be required to be surveyed 
by LR’s Surveyors at intervals to be prescribed by the 
Committee, dependent on the process involved. 


1.4.5 The class notation for the ship will, in general, state 
that the process plant is not classed but certificated by LR 
and periodically surveyed by LR’s Surveyors. 
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1.4.6 The maintenance of the class of the ship while the 
plant is in operation will be dependent upon a valid certificate 
and the plant being found, upon examination at the 
prescribed surveys, to be maintained in a safe and efficient 
condition. 


1.4.7 The plant certificate is not to be taken as a recom- 
mendation for, or an approval of, the process or processes. 


| Section 2 
Class notations 


2.1 Ship notations 


2.1.1 Ships of Category 1A, which have chemical 
process plants designed to operate while the ship is 
navigating at sea, will be eligible to be classed ‘100A1 
Chemical Process Factory’, see also 1.4.5. 


2.1.2 Ships of Category 1B, which have chemical plants 
designed for operation at sea while the ship is specially 
moored, anchored or otherwise linked to the shore, sea bed 
or other stationary vessel or structure, will be eligible to be 
classed ‘100A1(T) moored (oil, ammonia, etc.) processing 
(tanker, barge, etc.) for service at . . .’, see also 1.4.5. 


2.1.3 Ships of Category 2, which have chemical plants 
installed and designed for operation while the ship is in 
harbour, will be eligible to be classed ‘100A(T) chemical 
process plant installed — for operation only when moored in 
harbour’, see also 1.4.5. 


2.1.4 Specialised ships of Category 3 which have 
chemical plants designed to operate only while the ship is fully 
supported on the sea bed, will be eligible to be classed ‘A 
chemical process plant pontoon/platform — to be operated 
only when grounded on prepared foundations at...’, 
see also 1.4.5. 


2.2 Additional notations 


2AT A special chemical cargoes notation may be 
assigned to ships where raw materials or products are stored 
or retained on board in bulk. 


2.2.2 The Committee may append details of process, 
product storage, safety or other particulars to the notation as 
it considers necessary. 


2.2.3 Ships of Category 1B or 2 which have process 
plants installed solely for the purposes of the physical 
liquefaction of impure feedstock gases at low temperatures 
and the storage of the purified liquefied gases (where the 
chemical treatment of the impurities is an incidental process) 
will be assigned additional notations to those stated in 2.1.2 
or 2.1.3, such as ‘for liquefaction and storage of methane, 
etc., in independent tanks Type B, etc. - maximum pressure 
— minimum temperature’. 
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2.3 Special mooring and linking arrangements 


2.3.1 Where the process plant is operable only when the 
ship is specially moored, anchored or otherwise linked to the 
shore, sea bed or other stationary vessel, and the equipment 
and/or other linking arrangements and components have 
been approved by the Committee as suitable and sufficient 
for the intended service, an equipment character, T, will be 
assigned in addition, or as an alternative, to the equipment 
character, 1, as appropriate. 


2.3.2 For the purpose of the Rules, the word ‘linked’ is 
to be taken to include spuds, retractable legs, floating or 
submerged pipelines connecting directly to the ship, ship to 
shore electrical connections, etc., which restrain the ship in 
its operating position, or which require such restraint to be 
applied and the failure of which could hazard the ship. 


a Section 3 
Plans and particulars 


3.1 General 


3.1.1 Before the work is commenced, plans in triplicate, 
together with the relevant information as detailed in this 
Section, are to be submitted for consideration. Any subsequent 
modifications are subject to approval before being put into 
operation. 


3.1.2 Any alterations to basic design, construction, materials, 
manufacturing procedure, equipment, fittings or arrange- 
ments of the process are to be re-submitted for approval. 


SAS For Category 1 ships, the plant is to be capable of 
sustaining an emergency condition at full operating tempera- 
tures and pressures with the hull statically listed to an angle of 
221/2° and statically trimmed to an angle of 10° beyond the 
maximum normal operating trim. These angles may be 
modified by the Committee in particular cases as it considers 
necessary. The stress calculations for the plant and the 
supporting structure are to take account of this condition. 
Wind loads need not be considered to be acting during this 
emergency condition. 


3.1.4 For Category 2 ships, the plant is to be capable of 
sustaining an emergency condition at full operating 
temperatures and pressures with the hull statically listed to an 
angle of 15° and statically trimmed to an angle of 5° beyond 
the maximum normal operating trim. These angles may be 
modified by the Committee in particular cases as it considers 
necessary. The stress calculations for the plant and the 
supporting structure are to take account of this condition. 
Wind loads need not be considered to be acting during this 
emergency condition. 
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3.2 Hull construction 


3.2.1 For all categories of ship, the plans and information 
detailed in 3.2.2 to 3.2.6 are to be submitted, in addition to 
those required by Pt 3, Ch 1,5, Chapter IV of the Rules for 
Ships for Liquid Chemicals or Chapter IV of the Rules for 
Ships for Liquefied Gases, as applicable. 


3.2.2 Plans showing the general arrangement of the ship 

are to be submitted, giving the location of the following: 

e — Hatches and other openings to enclosed plant spaces 
and adjacent cofferdams. 

e Doors, hatches, ventilation and other openings to crew 
accommodation, stations essential for operation at sea, 
control stations, store rooms and workshops. 

Coated tanks or tanks constructed of special material. 

e — Additional structure associated with the plant above the 
deck. 

e Proposed grouping of areas within the plant for 
segregation purposes. 


3.2.3 Plans for mooring, anchoring and linking, as 
applicable, together with relevant wind and sea data are to be 
submitted for information. 


3.2.4 Plans outlining the containment arrangements in 
the event of an accident, together with all relevant informa- 
tion, are to be submitted. 


3.2.5 Particulars of the marine environment and safety 
arrangements associated with the process plant are to be 
submitted, including: 

e — Arrangements for preventing the ingress of water into the 
ship or structure where the process plant and equipment 
protrude through the weather deck. 

° Proposed emergency flooding procedures and their 
control. 


3.2.6 Particulars of the proposed storage arrangements 
of hazardous and/or toxic substances, feedstocks and 
products in bulk, on the ship or structure, are to be submitted. 


3.3 Process plant 


3.3.1 A description of the expected method of operation 
of the process plant and a diagram showing the process flow 
are to be submitted. 


3.3.2 General arrangement plans of the process plant 

showing the hazardous and safe zones and spaces are to be 

submitted, indicating the following: 

° Spaces where toxic gases or vapours may accumulate. 

e Spaces where flammable gases or vapours may 
accumulate. 

e Areas maintained at an over-pressure to prevent the 
ingress of such gases or vapours. 


3.3.3 Details of the flammability, toxicity, corrosivity and 
reactivity of the substances entering, being processed and 
leaving, or stored in, each compartment, together with details 
of any exothermic and hazardous reactions particularly with 
regard to sea-water and other materials normally found in the 
marine environment, are to be submitted. 
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3.3.4 Plans of the layout of the process plant indicating 
the hatches and other openings to enclosed plant spaces and 
cofferdams are to be submitted. 


3.3.5 Details and arrangements of the blow-down 
systems, including quantities of materials and the capacity 
and working pressure of the containers installed for the 
reception of the materials to be blown down, are to be 
submitted. 


3.3.6 Proposals for de-watering blow-down tanks in 
which hot oils and/or chemicals are discharged are to be 
submitted. 


3.3.7 Proposals for the purging, gas freeing, inerting or 
otherwise rendering safe of the process plant and storage 
facilities are to be submitted. 


3.3.8 Particulars of the arrangements for protecting the 
process plant systems and vessels against temperature, over- 
pressure and vacuum are to be submitted. 


3.3.9 Proposals for the disposal of hazardous or toxic 
gases and liquid effluents during normal plant operation, 
including any proposed flare systems, are to be submitted. 


3.3.10 Particulars of the proposals for isolating the ship or 

structure from the shore installation and/or lightering ships or 

vessels, where applicable, and from the supply of fuel to 
boilers, etc., in the process plant and the return flow of 
chemicals or process effluent, are to be submitted, including: 

° Feedstock supply and product discharge, with details of 
the arrangements showing the location of shut-off valves 
and of the control and indicating stations. 

e The process plant parameters and analysis of transient 
conditions under which emergency shutdown will be 
initiated and the time estimated to obtain a safe 
environment. 

e The proposed emergency procedures for controlled 
shutdown of the process plant, i.e. depressurising, 
inerting, etc., and the arrangements for the continued 
operation of the essential services necessary to allow for 
such controlled shutdown under the emergency condi- 
tions of 3.1.3 or 3.1.4, as applicable. 


3.3.11 Plans for the ventilation of process plant compart- 

ments are to be submitted, together with the following 

information: 

° Location of hazardous and safe zones and spaces. 

Location of all possible sources of ignition. 

Location of air inlets and outlets. 

Number of complete air changes per hour. 

Estimated maximum and minimum ambient tempera- 

tures for the regions in which the plant is to operate. 

° Expected heat loss of the process plant to the 
compartment environment. 


3.3.12 Particulars of any dust or gas explosion hazard in 
the enclosed compartments of the process plant are to be 
submitted. 


3.3.13 Proposals for the decontamination of the process 
plant compartments are to be submitted. 


Part 7, Chapter 2 


Section 3 


3.3.14 Proposals for the detection of vapour or gas and of 
oxygen deficiency in the process plant compartments are to 
be submitted. 


3.4 Mechanical equipment associated with the 
process plant 


3.4.1 A list of mechanical equipment associated with the 
process plant, with the exception of any boilers and other 
pressure vessels, to be installed in the ship or structure is to 
be submitted. 


3.4.2 Details of safety and relief devices and their 
discharge arrangements are to be submitted. 


3.4.3 When required, in order to facilitate inspection, plans 
showing the materials of construction, working pressures and 
temperatures, maximum power and revolutions per minute, as 
applicable, are to be submitted before the work is commenced. 


3.4.4 Calculations of the torsional vibration characteristics 
of the shafting systems, where applicable, are to be submit- 
ted in accordance with the requirements of Pt 5, Ch 8. 


3.5 Boilers and other pressure vessels associated 
with the process plant 


3.5.1 Plans of the boilers and other pressure vessels, 
including the proposals for the support of the vessels, are to 
be submitted. 


3.5.2 Details of the safety and relief devices and their 
discharge arrangements are to be submitted. 


3.5.3 Stress calculations are to be submitted, taking into 
account the ship linear and angular accelerations, roll and 
pitch amplitudes, ship flexure and wind loads appropriate to 
any condition which may normally arise at sea. Where 
applicable, calculations for the emergency condition in 3.1.3 
or 3.1.4 are to be submitted. Due consideration is to be given 
to the effects of thermal expansion and contraction on the 
support points of the vessels. 


3.5.4 Outline plans of all types of fired equipment, 
ventilation arrangements with projected casing temperatures, 
uptake arrangements, gas and/or oil fuel burning arrange- 
ments and controls are to be submitted. 


3.6 Pumping and piping systems associated with 
the process plant 


3.6.1 Plans of the process plant piping systems, 
showing the materials of construction, scantlings, support 
and expansion arrangements, together with the calculations, 
are to be submitted for consideration. 


3.6.2 The following diagrammatic plans for systems 
associated with the process plant are to be submitted, in 
addition to those required by Pt 5, Ch 13 and Ch 15 or 
Chapter V of the Rules for Ships for Liquefied Gases, as 
applicable: 
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e — The Shipbuilder’s plan of the general pumping arrange- 
ments, including air and sounding pipes and any cross 
flooding pipes and fittings. 

e Pumping arrangements at the fore and aft ends, 
drainage of cofferdams and process spaces. 

° Bilge, ballast and oil fuel pumping arrangements in the 
process plant machinery space, including the capacities 
of the pumps on bilge service. 

e — Arrangement of oil fuel pipes and fittings at settling and 
service tanks. 

e = Arrangement of gas and/or oil fuel piping in connection 
with gas and/or oil burning arrangements. 

e Oil fuel overflow systems, where fitted. 

e = Arrangement of boiler feed system. 

e — Arrangement of compressed air systems for the process 
plant. 

e Arrangements of lubricating oil and cooling water 
systems, oil fuel settling, service and other oil tanks not 
forming part of the ship’s structure. 


3.6.3 Plans showing the arrangement and dimensions of 
main steam pipes, with details of flanges, bolts and weld 
attachments and particulars of the materials of the pipes, 
flanges, bolts and welding consumables, are to be submitted 
for consideration. 


3.6.4 Details of the safety and relief devices and their 
discharge arrangements are to be submitted. 


3.7 Electrical equipment for the process plant 


3.7.1 Details of the electrical system(s) are to be 

submitted, including the following: 

e A statement quoting the standard or Code of Practice in 
accordance with which the installation has been 
designed. 

e A statement quoting the standard of design and/or 
manufacture of electrical equipment, e.g., BS, NEMA, 
VDE, etc., 

e A schedule of the normal operational loads on the 
system, estimated for the different operating conditions 
expected. 

e — Expected range of ambient temperature. 


EL The following line diagram plans and particulars are 

to be submitted: 

e — General arrangement plan of the process plant showing 
the location of the major items of electrical equipment. 

° Line diagram of the installation(s) indicating the rating of 
the various items of rotating machinery, converters, 
transformers and protective devices, together with the 
types and sizes of cables and the makes and types of 
protective devices. 

e — Arrangement plans and circuit diagrams of the switch- 
boards. 

e Calculations of short-circuit currents at the main switch- 
boards, sub-switchboards and the secondary side of 
transformers. 

e — General arrangement plan of the process plant showing 
the location of electrical equipment in hazardous zones, 
together with the Code of Practice on which they are 
based. 


Part 7, Chapter 2 


Sections 3 & 4 


e A schedule of safe-type electrical equipment located in 
hazardous zones, giving details of the type of equipment 
employed, the certifying authority and the certificate 
number. 


3.7.3 Written confirmation and Works’ Test Certificates 
that all items of electrical equipment comply with the relevant 
standard or Code of Practice are to be supplied. 


3.8 Control equipment for the process plant 


3.8.1 Details of the control system(s) are to be submit- 
ted, together with the following line diagrams and particulars: 
° Line diagrams of any control system(s) fitted. 

e — General arrangement plan of the process plant showing 
the locations of items of control equipment and the 
locations of hazardous zones. 

° Schedule of the parameters which are monitored and 
controlled, including alarms and shutdown devices. 


3.9 Fire protection, detection and extinction 
3.9.1 Plans of fire protection, detection and extinction 


arrangements, together with details of the fire and explosion 
hazards involved, are to be submitted. 


si Section 4 
Materials 


4.1 General 


4.1.1 The materials used in the construction are to be 
manufactured and tested in accordance with the require- 
ments of the Rules for the Manufacture, Testing and 
Certification of Materials (hereinafter referred to as the Rules 
for Materials) and of Chapter 6 of the Rules for Ships for 
Liquefied Gases, as applicable. Materials for which provision 
is not made in those requirements may be accepted, provided 
that they comply with an approved specification and such 
tests as may be considered necessary. 


4.1.2 Materials of construction are to be suitable for the 
intended service, having regard to the substances, process 
and temperatures involved. For materials unsuitable for use 
with certain chemicals, and for the protection of materials, see 
Chapter 6 of the Rules for Ships for Liquid Chemicals. 


4.1.3 Details of the materials proposed for all types of 
construction are to be submitted for approval. 
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m Section 5 
Process plant characteristics 


5.1 Design 


5.1.1 The design and arrangements are to comply with 
the requirements of this Chapter and with relevant statutory 
regulations of the National Authority of the country in which 
the ship or structure is registered and/or in which it is to 
operate. 


5.1.2 The process plant is to be designed for normal 

operation in accordance with recognised and agreed codes 

suitably modified to take into account the ship-borne 

environment in all its aspects. Except for emergency condi- 

tions, as detailed in 3.1.3 or 3.1.4, the total stress in any 

component of the plant is not to exceed the code value at the 

temperature concerned, unless expressly agreed otherwise 

by LR, whether the plant is operative or non-operative, when 

subjected to any possible combination of the following loads: 

(a) Static and dynamic loads due to wave-induced ship 
motions. 

(b) Loads resulting from hull flexural effects at the plant 
support points. 

(c) Direct wind loads. 

(d) Normal process weights and pressures. 

(e) Thermal loads. 


5.1.3 For the emergency conditions in 3.1.3 or 3.1.4, the 
stress levels are to be agreed with LR. 


5.2 Separation from ship machinery 


5.2.1 Where, during operation, process plant spaces 
contain or are likely to contain hazardous and/or toxic 
substances, they are to be kept separate and distinct from 
the main propulsion and auxiliary machinery and essential 
ship services, and also the power generating machinery for 
the process plant. 


5.2.2 Notwithstanding the requirements of 5.2.1, this 
does not exclude the use of the ship’s main, auxiliary and/or 
essential services, for process plant operation in suitable 
cases. Where, for reason of hazard, essential ship services 
have to be duplicated within the process plant space, they 
are to comply with the requirements of Section 9 and Parts 5 
and 6, as applicable. 


E Section 6 
Hull construction 


6.1 General 


6.1.1 The hull structure is to comply with the relevant 
requirements of Parts 3 and 4, except as stated otherwise in 
this Section. The containment of liquefied gas products is to 
comply with Chapter 4 of the Rules for Ships for Liquefied 
Gases. 
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6.1.2 All chemical product and effluent tank structures and 
their location relative to the ship’s hull are to comply with the 
Rules for Ships for Liquefied Gases, or with the Rules for Ships 
for Liquid Chemicals, as applicable. Where necessary, the 
probable temperature variations during operations and the 
thermal stress considerations are to be stated. 


6.1.3 Materials for the hull structures subjected to low 
temperature are to comply with Pt 3, Ch 2,2.2 relating to 
refrigerated spaces and adjacent structures, or with Chapter 
6 of the Rules for Ships for Liquefied Gases, as applicable. 


6.1.4 Subdivision and damage stability are not covered 
by these Rules. However, attention must be given to any 
relevant statutory regulations of the National Authority of the 
country in which the ship is to be registered or in which the 
plant is to be operated. 


6.2 Location of accommodation, service and 
control spaces 


6.2.1 All accommodation and other compartments not 
directly essential to the operation of the plant are to be 
arranged well clear of plant spaces, and feedstock and 
product tanks. 


6.2.2 Service and control stations essential to the 
operation of the plant must be made ‘gas-safe’ in accordance 
with internationally accepted codes and standards, and 
should, wherever possible, be so located that access thereto 
is from a defined safe space. If such location is not possible, 
the station is to be specially ventilated. 


6.3 Integrity of gastightness between 
compartments 


6.3.1 Where integrity of gastightness is required between 
compartments containing the plant, this is to be maintained in 
way of pipe tunnels or duct keels where these traverse such 
compartments. 


6.4 Cofferdams 


6.4.1 Cofferdams are to be sited as required by the Rules 
for Ships for Liquefied Gases, or by the Rules for Ships for 
Liquid Chemicals, as applicable, segregating any spaces in 
which raw materials or products are stored or retained in bulk. 


6.4.2 Cofferdams are to be arranged around indepen- 
dent tanks containing chemical products or effluents where 
these are separate from the ship structure, but permanently 
connected thereto. Such cofferdams are to be mechanically 
ventilated using portable or permanent systems as required 
by Chapter 12 of the Rules for Ships for Liquid Chemicals, 
and are to be of sufficient size to allow effective inspection of 
all the tank and ship structure in way. 
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6.5 Access and openings to spaces 


6.5.1 Access openings, windows, side scuttles and 
ventilation openings to accommodation, service and control 
stations essential for the operation of the ship, and similar safe 
spaces are to be located and arranged, as required by the 
Rules for Ships for Liquefied Gases, or by the Rules for Ships 
for Liquid Chemicals, as applicable. 


6.5.2 Arrangements are to be made to provide easy 
access to, or escape from, plant working spaces. In general, 
ladders are not to be arranged vertically, and intermediate 
platforms are to be fitted at vertical intervals of about 6 m. 
Ladders and platforms are to have guard rails and permanent 
provision made for attaching hoists for use in emergencies. 
The arrangements for the emergency hoists are to allow a 
clear, unobstructed lift to the outside deck. 


6.5.3 Two separate means of access from the open deck 
are generally to be provided to the cofferdams required by 
6.4.1. 


6.6 Longitudinal strength 


6.6.1 Longitudinal strength calculations are to be made 

in accordance with Pt 3, Ch 4 for the following conditions, 

and the Loading Manual required by Pt 3, Ch 4,8 is to include 

this information: 

(a) Sea-going conditions: 
These conditions are to take account of the weights and 
disposition of all ballast, plant items including any 
working fluids, other substances, spare gear, etc., and 
any special support bracing where thermal effects are 
considered, which will be on board during any sea-going 
condition of the plant appropriate to the category of ship. 

(o) Harbour condition: 
This condition is to take account of the weights and 
disposition of all ballast and plant items, including all 
working and other substances (in all intended stowage 
dispositions) and spare gear which will be on board 
during operation of the plant in harbour. 


6.7 Plant support structure 


6.7.1 Decks and other structure supporting the plant are, 
in general, to comply with the requirements of Part 3. Such 
structure can, however, be considered on the basis of an 
agreed uniformly distributed loading in association with local 
loads at plant support points, provided that adequate 
transverse strength of the ship is maintained. 


6.7.2 Where the nature and dispositions of heavy plant 
items are such that forces on the ship and support structure 
due to ship motions are significant (whether underway with or 
without working fluids, or moored with working fluids), 
calculations of the loading and the structural response are to 
be submitted. In this respect, the guidance formulae for 
accelerations as given in the Rules for Ships for Liquefied 
Gases can be used where appropriate. Details of the mass 
distribution and support points of the plant items are to be 
submitted in all cases. 
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6.7.3 Where model tests or reliable direct calculation 
procedures are used to estimate wave-induced responses 
and which may indicate accelerations and motion amplitudes 
differing from those arising from the application of the Rules, 
such values will be taken into account in the approval of 
support structure. 


6.7.4 If the vessel is intended for limited service at sea (e.g. 
a ‘once only’ voyage from port of build to service location), a 
reduction in the Rule accelerations and motion amplitudes may 
be permitted. In order to apply such a reduction, details of the 
intended service limitation should be submitted. 


6.8 Loading due to wave-induced motions 


6.8.1 In cases where the mass distribution of large 
columnar plant items is such that the centre of action of the 
dynamic force differs significantly from the centre of gravity of 
the item, due account of this is to be taken in the calculation 
of the forces and moments at the support positions. 


6.9 Additional loads 


6.9.1 The structure supporting the plant is also to be 

capable of withstanding forces arising from the following: 

(a) Wind loads (in all conditions of service and all categories 
of ships). 

(b) The angle of static heel arising from the emergency 
condition referred to in 3.1.3 or 3.1.4, as applicable. 

(c) For a Category 1A ship, a collision force acting on the 
tank corresponding to one-half of the weight of the item 
with or without working fluids, as appropriate, to the 
approved sea-going conditions from forward and 
one-quarter of the weight of the item from aft. 

(d) For all other categories of ship, a collision force from any 
horizontal direction of one-fifth of the weight of the item. 


6.9.2 Wind loading, which is to be applied to the plant 
items and supporting structure protruding above the weather 
deck, should be considered to act simultaneously with wave- 
induced loading. Loadings 6.9.1(b), (c) and (d) need not be 
combined with wind loads or wave-induced loads. 


6.10 Allowable stresses in support structure 


6.10.1 The following stress levels are applicable in 
conjunction with the loading on the support structure: 
(a) Support members above or below the weather deck 

which are not subject to main hull girder loading: 

direct stress: 

Gat Op = 0,60, 

shear stress: 

t = 0,6t, or 0,356, whichever is the smaller combined 
stress: 


Og = 0,750% = \ (6a + 0p)? + 31? 


Og + Op= the algebraic sum of the axial and bending stresses 
at the point under consideration 
oy = specified minimum tensile yield stress or 0,2 per cent 
proof stress at room temperature 
ty = shear yield stress. 
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(b) Support members directly connected to hull structure 
and subject to transference of loading therefrom: 

° the maximum allowable direct, shear and 
combined stresses as defined in (a), but with 
member local loading increased by a factor of 
1,30, or 

° when the stresses in such structure are deter- 
mined using methods which satisfactorily take 
into account any ship deflection and load 
transference in way of supports, no load factor 
need be applied. 

(c) Primary members forming an integral ship structural and 
plant support system: 

° in general, the allowable stresses in such a system 
will be especially considered on the basis of the 
degree of refinement employed in the load 
prediction, structural response and stress analysis 
methods. Structural response calculations should 
include the interaction effects of the hull and plant 
item. 


6.10.2 In general, all seatings, platform decks, girders and 
pillars supporting plant items are to be arranged to align with 
the main hull structure, which is to be suitably reinforced, 
where necessary, to carry the appropriate loads. Attention 
should be paid to the capability of the support structure to 
withstand buckling. 


6.11 Integrity of weather deck 


6.17.7 The integrity of the weather deck is to be main- 
tained. Where items of plant equipment penetrate the 
weather deck and are intended to constitute the structural 
barrier to prevent the ingress of water to spaces below the 
freeboard deck, their structural strength is to be equivalent to 
the Rule requirements for this purpose. Otherwise, such 
items are to be enclosed in superstructures or deckhouses 
fully complying with the Rules. Full details are to be submit- 
ted for approval. 


6.12 Equipment 


6.12.1 Anchors and chain cables for ships navigating at 
sea are to comply with the requirements of Pt 3, Ch 13,7. 
Special consideration will be given to the equipment required 
for ships of Categories 1B and 2. 


6.13 Gangways and freeing arrangements 


6.13.1 Gangways are to be sufficient to provide proper 
access to all areas necessary for ship safety while the ship is 
operational and while it is at sea, and are to be to the 
Surveyor’s satisfaction. 


6.13.2 Freeing ports are to be fitted in accordance with the 
requirements of Pt 3, Ch 8,5.3. 
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E Section 7 
Mechanical equipment for the 
process plant 


7.1 General 


7.1.1 The requirements of this Section are applicable to 
all types of mechanical equipment associated with the 
process plant, with the exception of boilers and other 
pressure vessels. 


liz The mechanical plant and equipment are to be 
designed and constructed in accordance with the relevant 
Sections of Part 5 and Pt 6, Ch 3, as applicable, and/or with 
agreed codes and specifications, suitably modified where 
necessary to suit shipboard conditions. The design is to be 
capable of accommodating the forces and moments stated 
in 6.7, 6.8 and 6.9, as applicable, generated at the support 
points. 


7.2 Safety precautions 


7.2.1 Oil engines, air compressors and associated air 
starting piping, concerned with supplying services not 
essential to the safety of the vessel or structure, are to comply 
with the requirements of Pt 5, Ch 2, where applicable. 


7.2.2 Air intakes for internal combustion engines are to 
be led from a safe space. Where internal combustion engines, 
other than gas turbines, are used in association with plant 
processing flammable substances, the air intakes are to be 
fitted with an automatic device to prevent overspeeding in the 
event of accidental ingestion of flammable gases and/or 
vapours. 


7.2.3 Exhaust pipes from internal combustion engines 
are to be led well clear of hazardous areas and, where such 
engines are used in association with plant processing 
flammable substances, are to be fitted with efficient spark 
arresters. 


7.2.4 In general, air compressors are not to be installed in 
hazardous areas. Where this is not practicable, alternative 
arrangements may be accepted, provided that the air inlets 
are trunked or ducted from a safe space and that such trunking/ 
ducting is fitted with gas detectors arranged to give audible 
and visible alarms and to shutdown the compressor in the 
event of flammable and/or toxic gas or vapour entering the 
air inlets. 


7.2.5 The gas detectors are to be capable of continu- 
ously sampling the air supply and are to be so arranged as to 
prevent cross-communication between hazardous and safe 
spaces, such as control rooms, etc. 


7.3 Inspection and installation 
7.3.1 The scope of the inspection to be carried out at the 


manufacturers’ works by the Surveyors is to be agreed before 
the work is commenced. 
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7.3.2 The mechanical plant and equipment are to be 
installed to the Surveyor’s satisfaction. Proposals to site 
internal combustion engines in hazardous areas will be the 
subject of special consideration. 


a Section 8 
Boilers and other pressure vessels 
for the process plant 


8.1 General 


8.1.1 The requirements of this Section are applicable to 
fired and unfired pressure vessels associated with the process 
plant. 


8.1.2 The pressure vessels are to be made in accordance 
with the requirements of the relevant Sections of Pt 5, Ch 10 
or Ch 11, as applicable, or with agreed codes and specifica- 
tions normally used for similar plant in land installations 
suitably modified and/or adapted for the marine environment. 
The design is to be capable of accommodating the forces and 
moments stated in 6.7, 6.8 and 6.9, as applicable, generated 
at the support points. 


8.1.3 Stress calculations are to take account of the 
emergency conditions in 3.1.3 or 3.1.4, as applicable, in 
addition to the normal operational loadings. Due considera- 
tion is to be given to the effects of thermal expansion and 
contraction on the support points of the vessels. 


8.2 Construction and installation 


8.2.1 The pressure vessels are to be constructed, 
installed and tested to the Surveyor’s satisfaction. 


8.2.2 Suitable access is to be provided to the vessels for 
inspection, including checks on the operation of mountings, 
fittings, controls and pressure relief devices. 


8.3 Safety devices 


8.3.1 Where necessary, a test rig is to be supplied to 
enable the pressure setting of the safety and relief devices to 
be checked. 


8.3.2 Where required, an additional pressure relieving 
device, with sufficient capacity (a) to prevent pressure vessels 
becoming liquid-full during fire engulfment and/or (b) to 
discharge vapours generated under fire exposure, is to be 
fitted in accordance with the relevant Rules for Ships for 
Liquefied Gases. 


8.3.3 The arrangement of safety and relief discharges is 
to be such that there is no possibility of hazardous reaction 
between the substances involved. 
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8.3.4 Where provision is made for the isolation of safety 
relief devices from vessels and/or systems for maintenance 
purposes, not less than two such safety devices are to be 
fitted. 


8.3.5 The isolating or blocking valves are to be so 
arranged that at least one safety relief device will remain in 
communication with the vessel or system under all conditions. 


a Section 9 
Pumping and piping systems for 
the process plant 


9.1 General 


9.1.1 Arrangements are to be made in the process plant 
spaces, in order that substances which are flammable, toxic 
or are likely to present a hazard due to reaction when mixed 
are kept separate. 


9.2 Process plant piping systems 


9.2.1 Process plant piping systems are to be designed 
and constructed in accordance with agreed codes and 
specifications normally used for similar plants in land 
installations, suitably modified and/or adapted where 
necessary to suit the marine environment. 


9.2.2 Sections of piping which may contain hazardous 
liquids or gases and which can be isolated are to be suitably 
protected, see 8.3.2. 


9.3 Lubricating oil and oil fuel piping 


9.3.1 Lubricating oil and oil fuel pipes, fittings, associated 
equipment, oil fuel burning arrangements and their materials 
of construction are to comply with the requirements of 
Pt 5, Ch 14, where applicable. 


9.4 Gas fuel supply systems 


9.4.1 The gas fuel supply systems are to comply with the 
requirements of the relevant Sections of the Rules for Ships 
for Liquefied Gases, where applicable. 


9.4.2 Provision to shut off the gas is to be made in the 
gas firing supply lines immediately before the lines enter the 
compartment in which the equipment is installed. The 
shut-off arrangements are to be of the double block and vent 
type, and are to be operable at the equipment or the 
equipment control position and at a position in a safe area 
remote from the equipment. 
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9.5 Air and sounding pipes 


9.5.1 Details of air and sounding pipes to tanks 
containing chemical products are to be submitted for 
approval. 


9.6 Bilge and effluent arrangements 


9.6.1 The arrangements for the storage on board ship, 
and the disposal of bilge and effluent from the process plant 
spaces, are to be submitted for consideration, and due 
recognition is to be given to the requirements of the 
appropriate National Authority. 


9.6.2 Bilge and effluent pumping and piping systems in 
the process plant spaces are to be constructed of material 
suitable for the substances processed or produced or any 
combination of the substances which might result from 
accidental admixture. 


9.6.3 Arrangements are to be provided for the control of 
the bilge and effluent pumping and piping system installed in 
the process plant spaces from within these spaces and also 
from a position outside the spaces. 


9.6.4 The bilge and effluent pumping and piping systems 
handling hazardous materials should, wherever possible, be 
installed in the space associated with the particular hazard. 
Spaces containing pumps and piping systems that take their 
suction from a hazardous space may also be considered as 
hazardous spaces where a pipeline is not of an all-welded 
construction without flanges, valve glands and bolted 
connections, etc., and the pumps are not totally enclosed. 


9.6.5 Where, during operation, process plant spaces 
contain or are likely to contain hazardous and/or toxic 
substances, they are to be kept separate and distinct from 
the ship’s main bilge pumping and piping system. This does 
not, however, preclude the use of the ship’s main bilge system 
when the process plant is shutdown, gas freed or otherwise 
made safe. 


9.6.6 Pumping and piping systems for the ship services 
and process plant are to be constructed and installed to the 
Surveyor’s satisfaction. 


a Section 10 
Firing arrangements of steam 
boilers, fired pressure vessels, 
heaters, reformers, etc. 


10.1 General 


10.1.1. The requirements of this Section are applicable to 
all types of fired equipment associated with the process plant. 
The equipment is to be constructed, installed and tested to 
the Surveyor’s satisfaction. 
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10.2 Design and construction 


10.2.1 Details of the design and construction of the fuel 
gas burning equipment for steam boilers, oil and gas heater 
furnaces, reformers, etc., are to be in accordance with the 
Rules for Ships for Liquefied Gases, or with agreed codes and 
specifications normally used for similar plants in land installa- 
tions, suitably modified and/or adapted for the marine 
environment. Ignition of the burners is to be by means of 
permanently installed igniters, or properly located and 
interlocked pilot burners and main burners arranged for 
sequential ignition. 


10.2.2 Gas or gas/air mixtures having relative densities 
compared with that of air at the same temperature greater 
than one are not to be used as fuels for fired pressure vessels 
situated below deck. Proposals to burn such mixtures above 
deck will be specially considered in each case. 


10.2.3 Proposals for the furnace purging arrangements 
prior to ignition of the burners are to be submitted. Such 
arrangements are to ensure that any accidental leakage of 
product liquid or gas into the furnace, from a liquid or gas 
heating element, or from the accidental ingestion of flammable 
gases and/or vapours, does not result in hazardous conditions. 


10.2.4 Compartments containing fired pressure vessels, 
heaters, reformers, etc., for heating or processing hazardous 
substances are to be so arranged that the compartment in 
which the fired equipment is installed is maintained at a higher 
pressure than the combustion chamber of the equipment. 
For this purpose, induced draught fans or a closed stokehold 
system of forced draught may be employed. Alternatively, the 
fired equipment may be enclosed in a pressurised air casing. 


10.2.5 The fired equipment is to be suitably lagged. The 
clearance spaces between the fired equipment and any tanks 
containing oil are to be not less than 760 mm. The compart- 
ments in which the fired equipment is installed are to be 
provided with an efficient ventilating system. 


10.2.6 Smoke box and header box doors of fired 
equipment are to be well-fitting and shielded, and the uptake 
joints made gastight. Where it is proposed to install dampers 
in the uptake gas passages of fired equipment, the details are 
to be submitted. Dampers are to be provided with a suitable 
device whereby they may be securely locked in the fully open 
position. 


10.2.7 Each item of fired equipment is to have a separate 
uptake to the top of the stack casing. Where it is proposed to 
install process fired equipment with separately fixed furnaces 
converging into a convection section common to two or more 
furnaces and/or a secondary radiant section at the confluence 
of the fired furnace uptake to the convection section, the 
proposed arrangements, together with the details of the 
furnace purging and combustion controls, are to be submitted. 


10 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Ships with Installed Process Plant for Chemicals, 
Liquefied Gases and Related Products 


a Section 11 
Electrical equipment for the 
process plant 


11.1 Design of installation 


11.1.1 Installations are to be designed in accordance with 
Pt 6, Ch 2, or with a recognised National or International 
Standard or Code of Practice. 


11.1.2 Attention must be given to any relevant statutory 
regulations of the National Authority of the country in which 
the ship is to be registered or in which the process plant is to 
be operated. 


11.2 Equipment suitability for environment 


11.2.1 Electrical equipment is to be constructed so that it 
is suitable for use in the environmental conditions envisaged, 
e.g. in areas of high ambient temperature, derating may be 
necessary. 


11.3 Hazardous zones 


11.3.1 Where flammable gases and vapours are involved, 
the defining of hazardous zones is to be in accordance with a 
National or International Standard or Code of Practice. 


11.4 Certified safe-type equipment 


11.4.1 Where safe-type equipment is permitted in hazardous 
zones, @.g.: 

e _Intrinsically-safe (symbol i), 

e — Flameproof (symbol d), 

e Increased safety (symbol e), 

e Pressurised enclosure (symbol p), 

such equipment is to be certified for the gases and vapours 
involved. The construction and type testing are to be in accor- 
dance with IEC 60079: Electrical Apparatus for Explosive Gas 
Atmospheres, or an equivalent National Standard. 


11.5 Survey and testing 


11.5.1 All electrical equipment is to be installed and tested 
to the Surveyor’s satisfaction. 


a Section 12 
Control engineering for the 
process plant 


12.1 Design of installation 


12.1.1. Normal good engineering practice and standards 
are to be employed in any control system(s) fitted. 
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12.1.2 Due to the wide variety of types of process plant, it 
is not possible to lay down precise details of control 
scheme(s), since any control scheme is affected by the nature 
of, and the operating procedures of, the process plant. A 
description of the expected method of operation of the 
process plant is to be submitted. 


12.2 Equipment 


12.2.1. Control equipment is to be compatible with the 
materials involved in the plant process. 


12.2.2 Where flammable gases or vapours are involved, 
control equipment located in hazardous zones is to be of 
certified safe-type. 


12.3 Survey and testing 


12.3.1 Control system(s) are to be installed and tested to 
the Surveyor’s satisfaction. 


| Section 13 
Plant blowdown systems 


13.1 General 


13.1.1. Where aliquid blowdown system is provided in the 
process plant, the design and installation are to make 
adequate provision for the effects of back pressure in the 
system and vapour flash off when the pressures of liquids in 
the blowdown system are reduced. 


13.1.2 Substances which will react with each other are to 
be provided with separate systems. 


E Section 14 
Plant flare gas systems 


14.1 General 


14.1.1 Details of any flare gas stack system and proposals 
for installation on board the ships, including safety arrange- 
ments, are to be submitted for consideration. 


14.1.2 The protection zone around the nozzle of the flare 
gas stack is dependent upon the limiting radiation intensity 
under all conditions and, also, whether suitable radiation 
screens are provided. The flare gas stack is to be located so 
that the nozzle is situated not less than the radius of the 
protection zone or 50 m, whichever is the greater, from 
equipment and manned stations, etc. 


14.1.3 The arrangements are to ensure that combustion 
of the flare gas is complete and safe at all times. 
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m Section 15 
Supply and discharge 
arrangements for feedstock and 
product 


15.1 General 


15.1.1 Arrangements are to be made to isolate the ship 
from the supply of feedstock for processing, the supply of oil 
fuel or gas to boilers, heaters, etc., and the return flow of 
product, chemicals or process effluent, blow-down or flare 
gas, etc. 


15.1.2 The arrangements are to provide for valves installed 
at the shore connection, where applicable, and on board ship 
which are to be operable from shut-off control and indicating 
stations on the ship, on the shore, and at the valves. 


15.2 Emergency procedures 


15.2.1 Detailed instructions of the emergency shutdown 
and evacuation procedure are to be posted in a prominent 
position at the ship and shore control stations, where 
applicable. 


a Section 16 
Ventilation of the process plant 
and other spaces associated with 
the process plant operation 


16.1 General 


16.1.1 An efficient means of ventilation is to be provided 
for all enclosed compartments associated with the operation 
of the process plant. 


16.1.2 The capacity of the ventilation systems is to comply 
with the requirements of Pt 5, Ch 15,1.7 or the Rules for 
Ships for Liquefied Gases, or Chapter 12 of the Rules for 
Ships for Liquid Chemicals, where applicable, or to an 
acceptable Code of Practice suitably modified and/or 
adapted where necessary to suit the marine environment. It 
is to be related to the hazard and/or environmental consider- 
ation of manned spaces during normal operation, and take 
into account additional requirements which may be necessary 
during start-up procedures. 


16.2 Design and construction 


16.2.1 Hazardous compartments where flammable and/or 
toxic substances are being processed or produced are to be 
arranged for underpressure ventilation, except as stated in 
10.2.4. 


16.2.2 Safe compartments, including control rooms, are 
to be arranged for overpressure ventilation. 
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16.2.3 The number and capacity of fans are to be such 
that the minimum ventilation capacity required in each 
compartment is maintained at all times, with one unit out of 
service. If internal combustion engines are proposed, their 
fuel supply is to be kept separate from any other system. 
Electric motors are to be supplied by two alternative circuits, 
each of which is capable of supplying all the motors which are 
normally connected to that circuit and which are operated 
simultaneously. 


16.2.4 |The mechanical ventilation system is to be capable 
of being controlled from a position outside the compartment 
being ventilated. 


16.2.5 Reduction of ventilation capacity below the 
required level should be indicated in the compartment and 
also in the control room by an audible and visible alarm. 


16.2.6 The parts of the rotating body and of the casing of 
each fan situated in a hazardous space are to be made of 
recognised spark-proof materials. If non-metallic materials are 
used, they are to have anti-static properties. 


16.2.7 Ventilation trunking or ducting is to be suitably 
coated or painted, or made from material suitable for the 
substances processed or produced, or any combination of 
the substances which might result from accidental admixture. 


16.3 Air inlets and discharges 


16.3.1 The air inlets for the ventilation systems are to be 
located in a designated safe area. 


16.3.2 The air inlets and discharges of the ventilation 
system are to be so situated that recirculation of the vented 
vapours does not occur. 


16.3.3 The discharges from ventilation systems which may 
contain vapours that present a hazard due to reaction with 
each other are to be effectively segregated. 


16.3.4 The discharges from ventilation systems which may 
contain hazardous vapours are to be located not less than 
10 m from the nearest air intake or opening to accommoda- 
tion, service and control station spaces or other safe spaces, 
and from all possible sources of ignition. 


16.3.5 Air intakes and openings into the accommodation 
spaces and all service and control station spaces are to be 
fitted with closing devices. For toxic gases, these devices are 
to be operable from inside the space. 


16.3.6 Where it is impracticable to locate a plant service 
or control station so that any access thereto is from a safe 
space, the service or control station is to be maintained at an 
overpressure of not less than 5 mm water gauge above the 
surrounding spaces. Details of the arrangements to ensure 
that this pressure differential is maintained are to be 
submitted. 
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16.3.7 Airlocks for intercompartmental access doors and 
emergency escape trunks are to have separate ventilation 
systems so arranged that an overpressure of 5 mm water 
gauge is maintained above the adjacent compartments. 
Details of the arrangements to ensure that this pressure 
differential is maintained are to be submitted. 


16.4 Installation and inspection 


16.4.1 The ventilation systems are to be installed to the 
Surveyor’s satisfaction. 


16.4.2 The Surveyors are to be satisfied that the ventila- 
tion system is capable of maintaining a safe environment 
during process plant operation. This may require monitoring 
over an extended period to prove its effectiveness. 


m Section 17 
Gas detection 


17.1 General 


17.1.1 An efficient gas detection system, suitable for the 
gases and/or vapours being processed or produced, and for 
the measurement of oxygen levels in the process plant 
compartments, is to be provided. Gas detector systems are 
also to comply with the requirements of Section 17 or of 
Chapter 13 of the Rules for Ships for Liquefied Gases, where 
applicable. 


17.2 Design and construction 


17.2.1. The equipment is to consist of a permanently fixed 
installation and at least two sets of portable equipment 
suitable for the process or products involved. 


17.2.2 The position and number of fixed sampling points 
should be determined with due regard to the density of the 
gases and/or vapours of the substances processed or 
produced, and the dilution resulting from compartment 
ventilation. In each case, a sufficient number of sampling 
points are to be provided to give efficient selective sequential 
sampling to maintain a safe environment. 


17.2.3. Unmanned or closed compartments, such as 
cofferdams, etc., associated with plant processing or produc- 
ing flammable or toxic substances, are to have permanently 
installed sampling points suitable for use with portable 
detection equipment to be used before entry of the spaces 
by personnel and thereafter continuously while occupied by 
them. 


17.2.4 Arrangements of the sampling point pipe runs are 
to be such that there is no possibility of hazardous gases 
and/or vapours entering a safe space. Common sampling 
lines to the detection equipment are not to be fitted. 
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17.2.5 The permanently installed gas detection system is 
to give audible and visible alarm, both in the control station 
and within the compartment, during hazardous conditions. 


17.2.6 Except where continuous sampling is required 
(i.e. as in 7.2.5), the gas detection equipment should be 
capable of sampling and analysing from each sampling point 
at agreed intervals, which are in no case to exceed 
30 minutes. 


17.2.7 The gas detection equipment is to be designed so 
that it may be readily and regularly tested and calibrated. 
Suitable equipment and span gas is to be provided for this 
purpose. In addition, regular checking procedures with 
portable equipment are to be provided, particularly for closed 
or unmanned spaces during process plant operation. 


17.2.8 Where equipment for detecting the specific 
flammable, toxic or asphyxiate substances which may be 
present in process plant spaces cannot be provided, full 
details are to be submitted, including personnel protection 
requirements and arrangements for decontaminating such 
spaces if necessary. 


17.3 Installation 


17.3.1 The gas detection system is to be installed to the 
Surveyor’s satisfaction. 


| Section 18 
Fire protection, detection and 
extinction 


18.1 General 


18.1.1 The requirements of SOLAS Chapter Il-2 and the 
Rules for Ships for Liquefied Gases are to be complied with, 
so far as they are applicable. Additional protection, consis- 
tent with the fire hazard involved, may be required for process 
plant control stations, and accommodation spaces. For the 
position of accommodation spaces relative to the process 
plant, see 6.2. 


18.1.2 Where the design of the process plant is such that 
it may be operated only while the vessel or floating structure 
is specially moored, anchored or otherwise linked close to the 
shore, consideration will be given to a shore-based fire-fighting 
facility, taking account of the particular hazards involved. 


18.2 Design arrangements 


18.2.1. Arrangements are to be made in enclosed process 
plant spaces to prevent contact of dangerously interreactive 
substances and of flammable materials with sources of 
ignition. In general, compartments containing process plant 
are not to exceed 40 m in length, and the boundary 
bulkheads are to be ‘A’ Class divisions. 
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18.2.2 Where, during operation, process plant spaces or 
adjacent hazardous zones contain or are likely to contain 
flammable and/or explosive mixtures, special consideration is 
to be given to the exclusion of all possible sources of ignition. 


18.2.3 All heated surfaces, e.g. exhaust pipes, boiler 
uptakes and steam pipes, are to be effectively lagged or 
cooled, so that the maximum temperature, °C, of the surfaces 
is, in general, not to exceed 70 per cent of the auto-ignition 
temperature, °C, of any substances which may be present in 
the compartment. In no case is the difference in these 
temperatures to be less than 50°C. 


18.2.4 Compartments where a fire hazard exists and 
which are not continuously manned are to be provided with 
an approved fire detection system which shall give visible and 
audible warning of the location of the fire in the control station 
and, for plant operating at sea (Category 1A), at the navigating 
bridge control position. 


18.2.5 The fire main is to be so arranged, and hoses and 
nozzles provided, that any part of the compartments or 
structure associated with the process plant can be reached 
with two powerful jets of water, one of which shall be 
produced by a single length of hose. The hoses are to be 
provided with dual-purpose nozzles capable of producing a 
jet or a spray. Special consideration will be given to an exemp- 
tion from this requirement in respect of compartments where 
the use of water would in itself constitute a hazard. 


18.2.6 Each compartment where the fire hazard so 
demands is to be provided with an approved fixed fire- 
extinguishing system capable of extinguishing fires involving 
the materials present. Operation of such a system at its 
required output is not to prevent the simultaneous use of the 
required jets of water from the fire main. Where carbon 
dioxide systems and Halon systems are fitted, due 
consideration should be given to the danger of static 
electricity. 


18.2.7 An adequate number of portable fire extinguishers 
are to be provided in each compartment where a fire hazard 
exists. The number of such extinguishers will be decided in 
relation to the nature of the hazard and the layout of the 
compartment, but shall not be less than two, one of which is 
to be positioned near the entrance. The extinguishing medium 
is to be considered in relation to the nature of the hazard 
involved. 


18.2.8 Means are to be provided for stopping all fans and, 
where practicable, closing all openings which might admit air 
to the compartment. Such means should be capable of being 
operated from a position outside the compartment and not 
likely to be rendered inaccessible by a fire in the compartment. 


18.2.9 | Means are to be provided for stopping the supply 
of combustible materials to the compartment in the event of 
fire. 
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18.2.10 The provision of additional fireman’s outfits, each 
complying with the requirements of SOLAS Reg. II-2/A, 17, 
and the necessity for protective clothing, will be specially 
considered in relation to the layout of the process plant and 
the hazards involved. 
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Section 

1 General 

2 Construction 

3 Fire-extinguishing 
4 Fire protection 

5 Lighting 


E Section 1 
General 


1.1 Application 


1.1.1 The requirements of this Chapter apply to ships 
intended for fire-fighting operations and are additional to 
those applicable in other Parts. 


1.1.2 A ship provided with fire protection and fire- 
fighting equipment in accordance with these Rules will be 
eligible for an appropriate class notation which will be 
recorded in the Register Book. 


7.1.3 Requirements additional to these Rules may be 
imposed by the National Authority with whom the ship is 
registered and/or by the Administration within whose territorial 
jurisdiction the fire-fighting ship is intended to operate. 


1.2 Classification and class notations 


1.2.1 The class notations which may be assigned are: 

° ‘Fire-fighting ship 1 (total monitor discharge capacity 
in brackets)’, 
° ‘Fire-fighting ship 2 (total monitor discharge capacity 
in brackets)’, 
° ‘Fire-fighting ship 3 (total monitor discharge capacity 
in brackets)’, 
° ‘Fire-fighting ship 1 (total monitor discharge capacity 
in brackets) with water spray’, 
° ‘Fire-fighting ship 2 (total monitor discharge capacity 
in brackets) with water spray’, 
° ‘Fire-fighting ship 3 (total monitor discharge capacity 
in brackets) with water spray’. 


1.2.2 The notation Fire-fighting ship 1, Fire-fighting 
ship 2 or Fire-fighting ship 3 signifies that a ship complies 
with these Rules and is provided with the appropriate 
fire-fighting equipment described in Table 3.1.1, with the total 
discharge capacity of monitors in m3/h shown in brackets. 


1.2.3 The addition of the words ‘with water spray’ to the 
notations referred to in 1.2.1 signifies that a ship is provided 
with a water spray system, which will provide an effective 
cooling spray of water over the vertical surfaces of the ship 
to enable it to approach a burning installation for fire-fighting 
purposes. The requirements for such a system are set out 
in 4.2. 


Part 7, Chapter 3 
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Table 3.1.1 Fire-fighting equipment 


Equipment 


Fire-fighting ship 
2 3 


1 


inimum total pump capacity, 2400 7200 10000 
m3/h 

inimum number of water 
monitors 

inimum discharge rate per 
monitor, m3/h 

inimum height of trajectory of 
jets of monitors above 

sea level, metres 

inimum range of monitor jets, m 
inimum fuel capacity for 
monitors, hours 

umber of hose connections 
each side of ship 

umber of fireman’s outfits 


1.3 Surveys 


1.3.1 The arrangements and equipment referred to in this 
Chapter are to be examined and tested under working 
conditions on completion of the installation and, subsequently, 
annually. 


1.4 Submission of plans 


1.4.1 The following plans and information are to be 

submitted: 

e A general arrangement showing the disposition of all 
fire-fighting equipment required by this Chapter. 

° Details of major items of fire-fighting equipment, such as 
pumps and monitors, including their capacity, range and 
trajectory of delivery. 

e A general arrangement plan showing the disposition of 
fire divisions and their class. 

° Detailed plans of the fire divisions and, where applica- 
ble, copies of the certificates of approval for the 
insulating materials proposed. 

A plan of the construction of the fire doors. 

° Plans showing the layout and capacity of the water 
spray system. Where alternative arrangements to those 
specified in 4.2 are proposed, evidence is to be submit- 
ted to satisfactorily demonstrate that an equivalent level 
of protection from radiated heat is provided, including 
details of the environmental conditions in which the ship 
is intended to operate, see 4.2.1. 

e A plan of the seating arrangements for the water 
monitors. 

° Particulars of the means of keeping the ship in position 
during fire-fighting operations. 

e A plan showing the fire pumps, the fire water main, the 
hydrants, hoses and hose nozzles and the monitors, 
together with particulars of their delivery capability. 
Details of the fireman’s outfits provided. 

e Plans of any other fire-fighting systems provided. 
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1.5 Definitions 


1.5.1 ‘A-60 standard’ means a fire-resisting construction 
of steel or other equivalent material, which is suitably stiffened 
and so constructed as to be capable of preventing the 
passage of smoke and flame for the complete period of the 
one-hour standard fire test. It is to be insulated with approved 
non-combustible materials, so that the average temperature 
on the unexposed side will not rise by more than 139°C 
above the original temperature, nor will the temperature at any 
one point, including any joint, rise more than 180°C above the 
original temperature within 60 minutes. 


7.5.2 ‘Steel or other equivalent material’. In this context, 
‘equivalent material’ means any material which, by itself or 
due to insulation provided, has structural and integrity 
properties equivalent to steel at the end of the applicable 
standard fire test exposure period (e.g. aluminium with 
appropriate insulation). 


7.5.3 ‘The standard fire test’ is one in which specimens 
of the relevant bulkheads or decks, having a surface area of 
approximately 4,65 m2 and a height of 2,44 m, resembling as 
closely as possible the intended construction and including, 
where appropriate, at least one joint, are exposed in a test 
furnace to heat on a time-temperature relationship, 
approximately as follows: 

e At the end of the first 5 minutes, 538°C. 

e At the end of the first 10 minutes, 704°C. 

e At the end of the first 30 minutes, 843°C. 

e At the end of the first 60 minutes, 927°C. 


1.5.4 A ‘non-combustible material’ means a material 
which neither burns nor gives off flammable vapours in 
sufficient quantity for self-ignition when heated to 
approximately 750°C. Any other material is a ‘combustible 
material’. 


H Section 2 
Construction 


2.1 Hull 


eae as The structure of the ship is to be strengthened as 
necessary to withstand the forces imposed by the fire- 
extinguishing systems when operating at their maximum 
capacity. 


2.2 Sea suctions 


2.2.1 The sea suctions of the fire pumps are to be 
arranged as low as practicable in the ship’s structure to avoid 
icing or the ingress of oil from the surface of the sea. 


2.2.2 All sea inlet valves are to be provided with a low 
pressure steam or compressed air connection for clearing 
purposes. 
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2.3 Stability 


2.3.1 Each ship is to comply with the draught and stability 
requirements of the National Authority and is to have on board 
sufficient stability data to enable the ship to be properly 
loaded and handled. This data is to take full account of the 
effect of the monitors when they are operating at their 
maximum output in all possible directions of use. 


2.4 Manoeuvrability 

2.4.1 Arrangements are to be provided to enable the ship 
to maintain position, so that the monitors may be effectively 
deployed. 

2.5 Bunkering 

2.5.1 The Owner should ensure that any fuel which may 


be required while the ship is operating on station can be safely 
received on board. 


a Section 3 
Fire-extinguishing 


3.1 Water monitors 


3.1.1 The minimum number of monitors, their discharge 
rate, their range and their height of trajectory above sea level 
are to comply with the requirements of Table 3.1.1. 


3.1.2 The monitors are to be so arranged that the 
required direction, range and height of trajectory can be 
achieved separately, with the required number of monitors 
operating simultaneously. 


3:1:3 The monitors are to be capable of adequate 
adjustment in the vertical and horizontal direction and are to 
be so positioned that the jets will be unimpeded within the 
required range of operation. 


3.1.4 Means are to be provided for preventing the monitor 
jets from impinging on the ship’s structure and equipment 
when in external fire-fighting mode. Combined systems for 
high pressure external fire-fighting and deck foam fire-fighting 
may be permitted provided consideration is given to monitor 
position and to the safety of operating pressures when used 
in deck foam mode and during changeover between modes. 
Changeover between modes is to be by a simple operator 
action. The combined system is to be capable of simple and 
rapid operation in either mode. 


3.1.5 The monitors are to be capable of being activated 
and manoeuvred by remote control from a protected position 
providing a good view of the monitors and the operating area 
of the water jets. 
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3.1.6 The monitors are to be of robust construction and 
their seating arrangements are to be of adequate strength for 
all modes of operation, particular attention being paid to shock 
loading when all the monitors are activated simultaneously. 


3.1.7 For the class notations Fire-fighting ship 2 and 
Fire-fighting ship 3, an arrangement with one less monitor 
than required in Table 3.1.1 may be considered as an 
equivalent solution. In such cases the total pump capacity is 
to be as required in Table 3.1.1. The minimum range of 
monitor jets and minimum height of trajectory of jets of 
monitors above sea level are to be 180 m and 110 m, 
respectively. 


3.2 Pumps 


3.2.1 The pumps and their piping system which are 
intended for serving the monitors are not to be available for 
services other than fire-extinguishing and water spraying. 
They are to be provided with independent sea inlets. 


3.2.2 Where the pumps are used for fixed water spray 
systems, the piping is to be independent of that supplying the 
monitors. The water spray systems are to be adequately 
protected against overpressure. 


3.2.3 The minimum total pump capacities required are 
shown in Table 3.1.1. 


3.2.4 For assignment of the notations Fire-fighting 
ship 2 or Fire-fighting ship 3, there are to be at least two 
pumps serving the monitors and they should be of 
approximately equal capacity. For assignment of the notation 
Fire-fighting ship 1, one pump only need be provided. 


3.3 Hose stations 


3.3.1 Hose stations are to be provided on each side of 
the ship in accordance with Table 3.1.1. 


3.3.2 Each hose station is to be provided with a hydrant, 
a hose and a nozzle capable of producing a jet or a spray and 
simultaneously a jet and a spray. The hoses are to be 15 m in 
length and not less than 38 mm nor more than 65 mm in 
diameter. Where hose stations are connected to the monitor 
supply lines, provision is to be made to reduce the water 
pressure at the hydrants to an amount at which each fire hose 
nozzle can be safely handled by one man. The water 
pressure shall be sufficient to produce a water jet throw of at 
least 12 m. 


3.4 Fireman’s outfits 


3.4.1 The number of fireman’s outfits provided, in 
addition to those provided in accordance with Pt 6, Ch 4,12 
or SOLAS Reg. Il-2/A, 17 as applicable, is to be in accor- 
dance with Table 3.1.1. They are to be stored in a safe 
position which is readily accessible from the open deck. 
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3.4.2 The composition of a fireman’s outfit is to be as 

follows: 

° Protective clothing of material to protect the skin from 
heat radiating from the fire and from burns and scalding 
by steam. The outer surface is to be water-resistant. 

e Boots and gloves of rubber or other electrically 
non-conducting material. 

e A rigid helmet providing effective protection against 
impact. 

e An electric safety lamp (hand lantern) of an approved 
type with a minimum operating period of three hours. 

e — An axe having an insulated handle. 

A self-contained breathing apparatus, which is to be 
capable of functioning for a period of at least 30 minutes 
and having a capacity of at least 1200 litres of free air. 
Spare, fully charged air bottles are to be provided at the 
rate of at least one set per required apparatus. 

e For each breathing apparatus, a fireproof lifeline of 
sufficient length and strength is to be provided capable 
of being attached by means of a snaphook to the 
harness of the apparatus or to a separate belt, in order 
to prevent the breathing apparatus becoming detached 
when the life-line is operated. 


3.5 Recharging of equipment 


3.5.1 A suitable air compressor for recharging the bottles 
used in the breathing apparatus of the fireman’s outfits is to 
be provided. It is to be capable of recharging the bottles of 
the breathing apparatus required to be carried, in accordance 
with Table 3.1.1, in a time not exceeding 30 minutes. 


a Section 4 
Fire protection 


4.1 General 


4.1.1 In ships which are not provided with a water spray 
system as described in 4.2 all windows and port lights are to 
be provided with efficient deadlights or external steel shutters, 
except in the wheelhouse. 


4.2 Water spray systems 


4.2.1 Ships which are intended to operate in close 
proximity to a large fire will require protection from the heat 
radiated from the fire. Such protection may be afforded by a 
system which provides a water spray over the surface of the 
ship, or by a combination of insulation and a water spray 
system. Alternative arrangements providing an equivalent 
level of protection may be accepted where it can be demon- 
strated that such arrangements are effective for the 
environmental conditions in which the ship is intended to 
operate. 
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4.2.2 The water spray system is to be a fixed system 
which is capable of delivering a spray of water over all the 
exposed external vertical surfaces of the hull in the lightest 
sea-going condition, including the superstructures and deck- 
houses and over the monitor position. The water spray 
system will also be required to cover the areas of deck which 
form the crowns of machinery spaces and other spaces 
containing combustible materials. 


4.2.3 The system is to have a capacity of 10 litres/min 
per m2 of the protected area of uninsulated steel and 
5 litres/min per m2 of the protected area which is insulated 
internally to A-60 standard. 


4.2.4 The system may be divided into sections, so that it 
will be possible to enable the closing down of those sections 
covering surfaces which are not exposed to radiant heat. 


4.2.5 The nozzles are to be arranged to give an even 
distribution of water spray over the protected area. 


4.2.6 The pumping capacity is to be sufficient to supply 
simultaneously at the required pressure the sections which 
serve the maximum area which may be exposed to radiant 
heat from a fire. If the main fire pumps are used for this 
purpose, they are to be capable of operating this system and 
the monitors and hose stations simultaneously at the required 
pressures, see also 3.2.2. 


4.2.7 Deck scuppers and freeing ports are to be of 
sufficient area to ensure efficient drainage of water from decks 
and horizontal surfaces in all conditions when the water spray 
system is in operation. 


|_| Section 5 
Lighting 


5.1 General 


roy aw | Two searchlights should be provided for illuminating 
the burning structure and facilitate the effective deployment 
of the water monitors at night. 


5.1.2 The searchlights are to be capable of providing at a 
range of 250 m in clear atmospheric conditions a level of 
illumination of 50 lux within an area of not less than 11 m 
diameter. They are to be capable of being adjusted in the 
horizontal and vertical directions. 
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Section 

1 General 

2 Class notation DP(CM) 

3 Class notation DP(AM) 

4 Class notation DP(AA) 

5 Class notation DP(AAA) 

6 Performance Capability Rating (PCR) 


7 Testing 


| Section 1 
General 


1.1 Application 


Telet The requirements of this Chapter apply to ships 
with installed dynamic positioning systems and are additional 
to those applicable in other Parts of these Rules. 


4:2 A ship provided with a dynamic positioning system 
in accordance with these Rules will be eligible for an 
appropriate class notation which will be recorded in the 
Register Book. 


1.1.3 Requirements, additional to these Rules, may be 
imposed by the National Administration with whom the ship is 
registered and/or by the administration within whose territorial 
jurisdiction it is intended to operate. Where national legislative 
requirements exist, compliance with such regulations shall 
also be necessary. 


1.1.4 For the purpose of these Rules, dynamic positioning 
means the provision of a hydrodynamic system with 
automatic and/or manual control capable of maintaining the 
heading and position of the ship during operation within 
specified limits and environmental conditions. 


1:1:5 For the purpose of these Rules, the area of 
operation is the specified allowable position deviation from a 
set point, see 1.3.2. 


1.1:6 Special consideration will be given where the 
dynamic positioning system is used primarily for purposes 
other than position keeping, e.g. track following. A descriptive 
note may be entered in column 6 of the Register Book to this 
effect. 
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Section 1 


1.2 Classification notations 


T2: Ships complying with the requirements of this 
Chapter will be eligible for one of the following class notations, 
as defined in Pt 1, Ch 2: 


DP(CM) See Section 2. 
DP(AM) See Section 3. 
DP(AA) See Section 4. 
DP(AAA) See Section 5. 


1.2.2 The notations given in 1.2.1 may be supplemented 
with a Performance Capability Rating (PCR). This rating 
indicates the calculated percentage of time that a ship is 
capable of maintaining heading and position under a standard 
set of environmental conditions (North Sea), see Section 6. 


7.2.3 Additional descriptive notes may be entered in 
column 6 of the Register Book indicating the type of position 
reference system, control system, etc. 


1.2.4 Where a DP notation is not requested, dynamic 
positioning systems are to be installed in accordance with the 
requirements of Section 2 as far as is practicable. 


1.3 Information and plans required to be submitted 


7.3.17 The information and plans specified in 1.3.2 to 
1.3.7 are to be submitted in triplicate. The Operation Manuals 
specified in 1.3.9 are to be submitted in a single set. 


1.3.2 Details of the limits of the area of operation and 
heading deviations, together with proposals for redundancy 
and segregation provided in the machinery, electrical 
installations and control systems, are to be submitted. These 
proposals are to take account of the possible loss of 
performance capability should a component fail or in the 
event of fire or flooding, see also 1.3.6 and Sections 4 and 5. 


1.3.3 Where a common power source is utilised for 
thrusters, details of the total maximum load required for 
dynamic positioning are to be submitted. 


1.3.4 Plans of the following, together with particulars of 
ratings in accordance with the relevant Parts of the Rules, are 
to be submitted for: 

a) Prime movers, gearing, shafting, propellers and thrusters. 
b) Machinery piping systems. 

c) Electrical installations. 

d) Pressure vessels for use with dynamic positioning system. 


1:3:5 Plans of control, alarm and safety systems, 

including the following, are to be submitted: 

a) Functional block diagrams of the control system(s). 

b) Functional block diagrams of the position reference 
systems and the environmental sensors. 

c) Details of the electrical supply to the control system(s), 
the position reference system(s) and the environmental 
sensors. 

d) Details of the monitoring functions of the controllers, 
sensors and reference systems, together with a descrip- 
tion of the monitoring functions. 

e) List of equipment with identification of the manufacturer, 
type and model. 
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(f Details of the control stations, e.g. control panels and 
consoles, including the location of the control stations. 

(g) Test schedules (for both works testing and sea trials) that 
are to include the methods of testing and the test 
facilities provided. 


1.3.6 For assignment of a DP(AA) or DP(AAA) notation, a 
Failure Mode and Effects Analysis (FMEA) is to be submitted, 
demonstrating that adequate segregation and redundancy of 
the machinery, the electrical installation and the control 
systems have been achieved in order to maintain position in 
the event of equipment failure (see Section 4); or fire or 
flooding, see Section 5. The FMEA is to take a formal and 
structured approach and is to be performed in accordance 
with an acceptable and relevant national or international 
standard, e.g. IEC 60812. 


1.3.7 Where the DP notation is to be supplemented with a 
Performance Capability Rating (PCR) (see 1.2.2), the following 
information is to be submitted for assignment of a PCR: 

(a) Lines plan. 

(b) General arrangement. 

(c) Details of thruster arrangement. 

(d) Thruster powers and thrusts. 


1.3.8 Details of the intended modes of operation are to 

be submitted. As a minimum, these are to include: 

(a) a description of all the intended operating modes; 

(b) details of the system configuration required for each 
mode of operation. When applicable, this is to include 
the configuration needed to meet the FMEA require- 
ments of 1.3.6; and 

(c) the procedures which are to be followed in each 
operating mode during normal and abnormal conditions. 


1.3.9 A set of the operation and maintenance manuals is 
to be placed and retained on board the ship. 


o Section 2 
Class notation DP(CM) 


2.1 General 


21:1 For assignment of DP(CM) notation, the require- 
ments of 2.1.2 and 2.2 to 2.5 are to be complied with. 


2.1.2 Control engineering systems, electrical and piping 
installations and machinery items are to be designed, 
constructed, installed and tested in accordance with the 
relevant requirements of Parts 5 and 6. 


2.2 Thrusters 


2.2.1 Thruster installations are to be designed, constructed, 
installed and tested in accordance with the requirements of 
Pt 5, Ch 20, as applicable. 


2.2.2 Thruster installations are to be designed to 
minimise potential interference with other thrusters, sensors, 
hull or other surfaces, which could be encountered in the 
service for which the ship is intended. 
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2.2.3 Thruster intakes are to be located at sufficient 
depth to reduce the possibility of ingesting floating debris and 
vortex formation. 


2.2.4 The response and repeatability of thrusters to 
changes in propeller pitch or propeller speed/direction of 
rotation are to be suitable for maintaining the area of operation 
and heading within specified limits. 


2.3 Electrical systems 


2.3.1 This Section applies to the electrical generation and 
distribution system associated with the Dynamic Positioning 
System, whether this generating system is dedicated to the 
DP system or forms a central generating arrangement for all 
loads on the ship. 


2.3.2 The electrical installation is to be designed, 
constructed and installed, in accordance with the requirements 
of Pt 6, Ch 2, together with the requirements of 2.3.3 to 2.3.12. 


2.3.3 Where thrusters are electrically driven, the relevant 
requirements, including surveys, of Pt 6, Ch 2,16 are to be 
complied with. 


2.3.4 Essential services are those defined in Pt 6, Ch 2,1.6, 
as applicable, together with thruster auxiliaries, computers, 
generator and thruster control equipment, reference systems, 
environmental sensors and electrically driven thrusters. 


2.3.5 The number and rating of generator sets, 
transformers and converter equipment are to be sufficient to 
ensure the operation of essential services, even when one 
generating set, transformer or converter equipment is out of 
action. 


2.3.6 For electrically driven thruster systems, the generator 
rating is to be determined by the maximum dynamic positioning 
load, together with the maximum ancillary load. 


2.3.7 There are to be arrangements to prevent overloading 
of the running generator(s). The tripping of non-essential 
loads and the temporary reduction in the load demands of 
electrically driven thrusters may form part of these arrange- 
ments. 


2.3.8 An alarm is to be initiated when the total electrical 
load exceeds a preset percentage of the running generator(s) 
capacity. This alarm is to be adjustable between 50 and 
100 per cent of the running capacity and is to be set with 
regard to the number of generators in service and the effect of 
the loss of any one generator. 


2.3.9 On loss of power due to the failure of the operating 
generator(s), there is to be provision for the automatic starting 
and connection to the switchboard of a standby set and the 
automatic sequential restarting of essential services. 
Consideration may be given to cases where arrangements for 
automatic re-starting of thrusters would not be practicable. 
Details are to be submitted in such cases to show that 
manual means for the immediate re-starting of thrusters 
would be available at the control station from where the 
dynamic positioning system would be operated. 


2 
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2.3.10 Any loads that require an uninterrupted electrical 
power supply are to be provided with uninterruptible power 
systems (UPS) having a capacity for a minimum of 30 minutes’ 
operation following loss of the main supply. A UPS is to be 
provided for each control computer system. 


2.8.11 An indication of the absorbed power and the 
available on-line generating capacity is to be provided at the 
main dynamic positioning control station. 


2.3.12 Essential services are to be served by individual 

circuits. Essential services that are duplicated are: 

(a) to be supplied from independent sections of their 
switchboard or section board; 

(o) to have their circuits separated throughout their length 
as widely as is practicable; and 

(c) not to depend upon common feeders, transformers, 
converters, protective devices, control circuits or control 
gear assemblies to operate. 


2.4 Control stations 


2.4.1 Control stations from which the dynamic positioning 
system may be operated are to be designed in accordance 
with sound ergonomic principles, and are to be provided with 
sufficient instrumentation to provide effective control and 
indicate that the systems are functioning correctly. Colour 
schemes and screen layouts are to be selected such that 
necessary information is readily available and clearly 
displayed. See also Pt 6, Ch 1,2.10 for general ergonomic 
requirements. 


2.4.2 Control station(s) are to be located such that the 
operator has a good view of the ship’s exterior limits and 
surrounding area. 


2.4.3 Indication of the following is to be provided at each 
station from which it is possible to control the dynamic 
positioning system: 

(a) The heading and location of the ship relative to the 
desired reference point or course. 

(o) Vectorial thrust output, individual and total. 

(c) Operational status of position reference systems and 
environmental sensors. 

(d) Environmental conditions, e.g. wind speed and direction. 
(e) Availability status of standby thrusters. 


2.4.4 At least one position reference system, heading 
reference sensor and wind sensor are to be provided to 
ensure that the specified area of operation and heading can 
be effectively maintained. 


2.4.5 Position reference systems are to incorporate 
measurement techniques suitable for the service conditions 
for which the ship is intended. 


2.4.6 Where necessary for the correct functioning of a 
position reference system, a vertical reference sensor is to be 
provided to correct for the pitch and roll of the ship. There are 
to be at least as many vertical reference units as there are 
associated position reference systems. 
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2.4.7 Alarms, in accordance with the requirements of 

Pt 6, Ch 1,2.3, are to be provided for the following fault 

conditions as applicable: 

a) When the ship deviates from the area of operation. 

b) When the heading exceeds the allowable deviation. 

c) Position reference system fault (for each reference 
system). 

d) Heading reference sensor fault. 

e) Vertical reference sensor fault. 

f) Wind sensor fault. 

9) Taut wire excursion limit. 

h) Automatic changeover to a standby position reference 
system or environmental sensor. 

A permanent record of the occurrences of alarms and 

warnings, and of status changes is to be provided. 


2.5 Control system 


2.5.1 A centralised remote manual control system is to 
be provided such that changes in the vectorial thrust output 
may be readily effected by a single operator action. 


2.5.2 Suitable processing and comparative techniques 
are to be provided to validate the control system inputs from 
position and other sensors. Abnormal signal errors revealed 
by the validity checks are to operate alarms. 


2.5.3 The control system for dynamic positioning 
operation is to be stable throughout its operational range and 
is to meet the specified performance and accuracy criteria. 


2.5.4 Automatic controls are to be provided to maintain 
the heading of the ship within specified limits. 


2.5.5 The allowable deviation from the desired heading is 
to be adjustable, but should not exceed the specified limits, 
see 1.1.4. Arrangements are to be provided to fix and identify 
the set point for the desired heading. 


2.5.6 Alarms, in accordance with the requirements of 

Pt 6, Ch 1,2.3, are to be provided for the following fault 

conditions: 

(a) Control computer system fault. 

(b) Automatic changeover to a standby control computer 
system, as applicable, see 4.1.8. 


o Section 3 
Class notation DP(AM) 


3.1 Requirements 
3.1.1 For assignment of DP(AM) notation, the applicable 


requirements of Section 2, together with 3.1.2 to 3.1.6, are 
to be complied with. 
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3.1.2 An automatic and a manual control system are to 
be provided and arranged to operate independently, so that 
failure in one system will not render the other system 
inoperative. Arrangements for manual control are to satisfy 
the requirements of Section 2 when the automatic system is 
inoperative. 


3.1.3 At least two position reference systems suitable for 
the intended service conditions and incorporating different 
measurement techniques, are to be provided and arranged, 
so that a failure in one system will not render the other system 
inoperative. Special consideration will be given where the use 
of different techniques would not be practicable during DP 
operations. 


3.1.4 At least two heading reference sensors and two 
wind sensors are to be provided and arranged, so that a 
failure of one sensor will not render the other sensor(s) 
inoperative. 


3.1.5 In the event of a single failure of a position 
reference, heading reference, or wind sensor, the control 
systems are to continue operating on signals from the 
remaining sensors without manual intervention. 


3.1.6 The area of operation is to be adjustable, but is not 
to exceed the specified limits based on a percentage of water 
depth, or as applicable, a defined absolute or relative surface 
movement. Arrangements are to be provided to fix and 
identify the set point for the area of operation. 


o Section 4 
Class notation DP(AA) 


4.1 Requirements 


4.1.1 For assignment of DP(AA) notation, the applicable 
requirements of Sections 2 and 3, together with 4.1.2 to 
4.1.10 are to be complied with. 


4.1.2 Power, control and thruster systems and other 
systems necessary for, or which could affect, the correct 
functioning of the DP system are to be provided and config- 
ured such that a fault in any active component or system will 
not result in a loss of position. This is to be verified by means 
of a FMEA, see 1.3.6. Such components may include, but are 
not restricted to, the following: 

Prime movers (e.g. auxiliary engines). 

Generators and their excitation equipment. 

Gearing. 

Pumps. 

Fans. 

Switchgear and control gear, including their assemblies. 
Thrusters. 

e Valves (where power actuated). 

Systems which are not part of the DP system but which, in 
the event of a fault, could affect the correct functioning of the 
DP system (for example, fire suppression systems, engine 
ventilation systems, shutdown systems, etc.) are to be 
included in the FMEA. 


Part 7, Chapter 4 


Sections 3 & 4 


4.1.3 Cables, pipes and other components essential for 
correct functioning of the DP system are to be located and 
protected, where necessary, such that the risk of fire or 
mechanical damage is minimised. 


4.1.4 The electrical generation and distribution arrange- 
ments are to be isolatable such that at least the minimum 
number of any duplicated, or otherwise replicated, items 
required to provide essential services would remain 
operational in the event of a single fault. Evidence to verify 
compliance with this requirement is to be submitted for 
consideration when required; for example, where it is intended 
to operate with the independent sections required by 2.3.12 
connected together. 


4.1.5 Where the independent switchboards or section 
boards required by 2.3.12 are to be connected together, this 
is to be via two multipole circuit-breakers connected in series. 
Where alternative arrangements are proposed, these may be 
accompanied by a technical justification showing compliance 
with 4.1.4. 


4.1.6 For electrically driven thruster systems: 

(a) a reduction in position keeping capability may be 
accepted, but this is not to result in a loss of position in 
the environmental conditions in which the DP system is 
intended to operate; and 

(b) provision is to be made for the automatic starting, 
synchronising and load sharing of a non-running gener- 
ator before the load reaches the alarm level required by 
2.3.8. 


4.1.7 Two automatic control systems are to be provided 
and arranged to operate independently, so that failure in one 
system will not render the other system inoperative. 


4.1.8 Control systems are to be arranged such that, in 
the event of failure of the working control system, the standby 
system takes control automatically without manual 
intervention and without any adverse effect of the ship’s 
station keeping performance. 


4.1.9 At least three position reference systems incorpo- 
rating at least two different measurement techniques are to 
be provided and arranged so that a failure in one system will 
not render the other systems inoperative. 


4.1.10 At least three heading reference sensors are to be 
provided and arranged so that a failure of one sensor will not 
render the other sensors inoperative. 


4.1.11 The DP system is to incorporate a computer based 
consequence analysis to determine whether the position of 
the vessel would remain within the limits set by the operator in 
the event of a worst case fault. An audible and visual alarm is 
to be initiated where the consequence analysis determines 
that the limits would be exceeded. Where applicable to the 
timescale for safely terminating operations, the consequence 
analysis is to allow for manual input of predicted environmental 
conditions. 
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a Section 5 
Class notation DP(AAA) 


5.1 Requirements 


5.1.1 For assignment of DP(AAA) notation, the applica- 
ble requirements of Sections 2, 3 and 4, together with 5.1.2 
to 5.1.12 are to be complied with. 


5:1:2 The DP system is to be arranged such that failure of 
any component or system necessary for the continuing 
correct functioning of the DP system, or the loss of any one 
compartment as a result of fire or flooding, will not result in a 
loss of position. This is to be verified by means of a FMEA. 
See 1.3.6. 


5.1.3 Thruster units are to be installed in separate 
machinery compartments, separated by a watertight 
A-60 class division. 


5.1.4 Generating sets, switchboards and associated 
equipment are to be located in at least two compartments 
separated by an A-60 class division, so that at least half of 
the equipment will be available following a fire or similar fault 
in one of the compartments. If the equipment is located 
below the operational waterline, the division is also to be 
watertight. There is to be provision to connect the switch- 
board sections together by means of circuit-breakers. 


5.1.5 Duplicated cables and pipes for services essential 
for the correct functioning of the DP system are not to be 
routed through the same compartments. If this is not 
practicable, then they are to be carried in A-60 protected 
ducts. The termination arrangements are also to take due 
account of the degree of protection. Alternative arrange- 
ments will be considered. 


5.1.6 Where duplicated cables and pipes for services 
essential for the correct functioning of the DP system are 
installed in adjacent compartments, A-60 rated fire protection 
is to be provided between the spaces. Details of alternative 
arrangements which demonstrate essential equipment 
located in an adjacent space will continue to operate 
satisfactorily and essential services will continue to be 
available in the event of a fire in the adjacent space may be 
submitted for consideration. 


5.1.7 An additional/emergency automatic control unit is 
to be provided at an emergency control station, in a compart- 
ment separate from that for the main control station, and is 
to be arranged to operate independently from the working 
and standby control units required by 4.1.8. 


5:1:8 Arrangements are to be provided such that, in the 
event of a failure of the working and standby control units, a 
smooth transfer of control to the emergency control unit may be 
effected from the emergency control station by manual means. 


5.1.9 Arrangements are to be provided at the emergency 
control station so that changes in the resultant vectorial thrust 
output may be readily effected by a single operator action. 
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5.1.10 The control/indication unit of one of the position 
reference systems required by 4.1.9 is to be located at the 
emergency control station. A repeater control/indication unit 
from this system is to be located at the main control station. 


5.1.11. One of the heading reference sensors required by 
4.1.10 is to be located at the emergency control station. 


5.1.12 One wind sensor is to directly supply the 
additional/emergency control unit. 


5.1.13 The additional/emergency control unit is to be 
supplied from its own independent UPS, see 2.3.10. 


@ Section 6 
Performance Capability Rating 
(PCR) 


6.1 Requirements 


Otel Where the DP notation is to be supplemented with 
a Performance Capability Rating (PCR) (see 1.2.2), the 
calculation will be carried out using the information 
specified in 1.3.7. 


6.1.2 Two rating numerals are calculated: 

(a) The first numeral represents the percentage of time that 
the ship can remain on station when subjected to a set 
of standard environmental conditions (North Sea fully 
developed) with all thrusters operating. 

(b) The second numeral represents the percentage of time 
that the ship can remain on station when subjected to a 
set of standard environmental conditions (North Sea fully 
developed) with the most effective thruster being 
inoperative. 

A typical rating might be (95), (70). 


6.1.3 In calculating the PCR, the following parameters 

are considered: 

(a) Thruster force vectors. 

(o) Thruster/thruster, thruster/hull and thruster/current 
interactions. 

c) Sea current loads on the ship. 

(d) Wind force on the ship. 

(e) Wave drift force on the ship. 


6.1.4 Where the ship has been subject to alteration or 
addition, which may affect the performance characteristics of 
the DP system, the PCR is to be recalculated. 
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Ei Section 7 


Testing 
7.1 General 
TAN Control units are to be surveyed at the manufacturer’s 


works and are to be tested in accordance with the approved 
test schedule to the Surveyor’s satisfaction, see 1.3.5(9). 


Tiled Before a new installation (or any existing installa- 
tion, which has been subject to alteration or addition which 
may affect the performance characteristics of the system) is 
put into service, sea trials are to be carried out to the 
approved schedule and to the Surveyor’s satisfaction, see 
1.3.5(g). 


7.1.3 The suitability of the dynamic positioning system is 
to be demonstrated during sea trials, observing the following: 
(a) Response of the system to simulated failures of major 
items of control and mechanical equipment, including 
loss of electrical power, verifying the findings of the 
FMEA where required. 
(b) Response of the system under a set of predetermined 
manoeuvres for changing: 
(i) Location of area of operation. 
(ii) Heading of the ship. 
(c) Continuous operation of the system over a period of four 
to six hours. 


7.1.4 Two copies of the dynamic positioning system sea 
trial test schedules, as required by 1.8.5(g), each signed by 
the Surveyor and Builder, are to be provided on completion 
of the survey. One copy is to be placed and retained on 
board the ship and the other submitted to LR. 


71,5: Records and data regarding the performance 
capability of the dynamic positioning system are to be 
maintained on board the ship and are to be made available at 
the time of the Annual Survey, see Pt 1, Ch 3,2.2.23. 


Part 7, Chapter 4 


Section 7 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Ships Equipped for Oil Recovery Operations 


Section 

1 General 

2 Oil recovery 

3 Ship structure 

4 Machinery arrangements 

5 Electrical equipment 

6 Fire protection and extinction 
7 Operating Manual 


i Section 7 
General 


1.1 Application 


1.1.1 The requirements of this Chapter apply to ships 
equipped to handle, store and transport oil recovered from a 
spill in emergency situations. 


1.1.2 For ships of less than 500 gross tons, also fishing 
vessels of 12 m length and over, but less than 45 m length, 
and ships not fitted with propelling machinery, the arrange- 
ments for fire protection and extinction are to comply with 
Section 6. Consideration will be given to the acceptance of 
the fire safety measures for oil recovery ships prescribed and 
approved by the Government of the Flag State. 


1.1.3 For ships of 500 gross tons and over, also fishing 
vessels of 45 m length and over, it is the responsibility of the 
Government of the Flag State to give effect to the fire safety 
measures, see Pt 6, Ch 4,1.1. Where the Government of the 
Flag State has no National Requirements for oil recovery 
ships, Lloyd’s Register (hereinafter referred to as ‘LR’) will 
apply the fire safety measures required by Section 6 for 
classification purposes. 


1.1.4 Requirements additional to these Rules may be 
imposed by the National Authority with whom the ship is 
registered and/or by the Administration within whose 
territorial jurisdiction the ship is intended to operate. 


1.2 Classification and class notations 


1.2.1 A ship complying with the requirements of this 
Chapter will be eligible for the notation Oil Recovery. 


1.2.2 A ship dedicated solely to oil recovery duties will be 
given the class notation Oil Recovery Ship. The scantlings 
will be specially considered on the basis of the requirements 
of Pt 4, Ch 9. 
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1.3 Surveys 


1.3.1 The arrangements and equipment referred to in this 
Chapter are to be examined and tested on completion of the 
installation and, subsequently, annually. 


1.4 Plans and supporting documentation 


1.4.1 In addition to the supporting documentation 
required for classification as specified in other Parts of the 
Rules, details relevant to oil recovery operations are to be 
submitted. 


1.4.2 Plans covering the following items are to be submit- 

ted for approval: 

e — Structural support in way of equipment. 

e Structural arrangement of recovered oil tanks including 
access. 

e Piping system arrangements for recovered oil including 
venting. 

° Power supply, electrical protection and cabling for oil 
recovery equipment. 
Hazardous areas and spaces. 

e Electrical equipment located in hazardous areas and 
spaces. 

e — Structural fire protection and extinguishing equipment. 


1.4.3 The following supporting documents are to be 

submitted: 

e General arrangement of recovery equipment, including 
portable items, handling facilities, access, ventilation 
details, arrangement of other openings to hazardous 
spaces and adjacent compartments, machinery exhaust 
outlet positions. 

° Gas detection equipment specification. 

e ~~ Operating Manual. 


1.4.4 The following supporting calculations are to be 

submitted: 

° Deck equipment support structure loadings. 

e — Schedule of loads on the electrical system for oil recovery 
operations. 


a Section 2 
Oil recovery 


2.1 General 


2.1.1 The ship is to be capable of performing the follow- 

ing functions at a safe distance from the source of oil spill: 

(a) Removal of the oil from the surface of the sea. 

(o) Handling, storage and transportation of the recovered 
oil. 
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2.2 Equipment and deck arrangement 

2.2.1 The arrangements for collection, handling and 
transfer of recovered oil are to be such that the probability of 
oil spill on deck and overflow is minimised and the operation 
is to be performed as far away from the accommodation 
spaces as practicable. 


2.2.2 In way of working areas, hand rails and gratings or 
other non-slip surfaces are to be provided. 


2.2.3 Means are to be provided to keep deck spills away 
from the accommodation and service areas. This may be 
accomplished by provision of a permanent continuous coaming 
not less than 150 mm high. 


2.2.4 At least two portable instruments are to be available 
on board for gas detection. 


2.2.5 For engines used in oil recovery operations, see 
4.4. 
2.2.6 Masts and derricks, etc., are to comply with the 


appropriate Sections of Chapters 2 and 3 of LR’s Code for 
Lifting Appliances in a Marine Environment. 


E Section 3 
Ship structure 


3.1 Structural arrangement 


3.1.1 The position of bulkheads is to comply with the 
requirements of Pt 3, Ch 3,4. 


3.1.2 Any tanks not utilised during oil recovery operations 
are to be arranged so that recovered oil cannot be transferred 
to them inadvertently. 


3.1.3 In tanks intended for recovered oil, internal 
obstructions are to be avoided as far as practicable to prevent 
the entrapment of foreign objects usually present in recovered 
oil. Adequate drainage openings are to be provided to ensure 
free flow of residues to assist in cleaning and gas freeing on 
completion of recovery operations. 


3.1.4 Tanks used for the storage of recovered oil are to 
be located outside the accommodation and machinery 
spaces. 


3.1.5 Except where permitted by 3.1.6 and 3.1.7, tanks 
intended for the storage of recovered oil are to be separated 
from accommodation and machinery spaces by cofferdams. 
Cofferdams are to be at least one frame spacing in length 
(600 mm minimum) and are to cover the whole area of the 
boundary under consideration. 


3.1.6 A pump room, oil fuel bunker, water ballast tank or 
other closed space where oil recovery handling equipment is 
stored will be accepted in lieu of a cofferdam. 
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3.1.7 In the case of a ship not primarily intended for oil 
recovery operations, where cofferdams are impractical to 
arrange, tanks arranged adjacent to machinery spaces may 
be accepted for storage of recovered oil. Acceptance will be 
conditional upon the tank boundary bulkheads being readily 
accessible for inspection. The bulkheads are to be carried 
continuously through joining structure to the top of the tank, 
where full penetration welding is to be carried out. Such tanks 
will require to be pressure tested at every Periodical Survey, 


1 see Table 1.9.1, Ch 1, as applicable to oil tankers. Special 


consideration will be given to arrangements incorporating 
double bottom tanks in these locations. 


3.1.8 All openings to tanks for recovered oil are to be 
located on the open deck. This includes sounding pipes, vent 
pipes, and hatches for the deployment of portable pumps and 
hoses. Suitable access hatches, not less than 600 mm x 
600 mm, are to be arranged to facilitate tank cleaning and gas 
freeing. Dual access hatches, as widely separated as 
practicable, are to be provided for tanks of a cellular internal 
structure. 


3.1.9 Where there is a risk of significant sloshing induced 
loads, additional strength calculations may be required, see 
Pt 3, Ch 3,5.4. 


3.1.10 Where recovered oil temperatures are to be 
increased significantly above 65°C during transit voyages, 
attention is drawn to Pt 4, Ch 9,12 regarding thermal stress 
considerations. 


3.2 Scantlings 

3.2.1 The scantlings and arrangements are, in general, 
to be as required by Pt 4, Ch 1. If the ship is to perform the 
duties of a supply ship the requirements of Pt 4, Ch 4 are also 
to be complied with, as applicable. 


E Section 4 
Machinery arrangements 


4.1 Piping arrangements 


4.1.1 Piping arrangements for the recovered oil system 
are to be located outside machinery spaces and are to have 
no connections to such spaces. 


4.1.2 When the ship is in oil recovery mode, means are 
to be provided to isolate the oil recovery system from any 
other system to which it may be connected. 


4.1.3 Ventilation outlets from the recovered oil tanks are 
to have a minimum height of 2,4 m above deck and be fitted 
with flame screens. Temporary pipe sections may be used for 
this purpose. Outlets are to be located not less than 5 m 
measured horizontally from the nearest air intakes and 
openings to accommodation and enclosed spaces containing 
a source of ignition and from deck machinery and equipment 
which may constitute an ignition hazard. 
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4.1.4 Each recovered oil tank is to be fitted with suitable 
means of ascertaining the liquid level in the tank. Sounding 
pipes or other approved devices are acceptable for this 
purpose. 


4.2 Pump room for recovered oil 


4.2.1 Pump rooms are to be fitted with a permanent 
ventilation system of the mechanical extraction type. 


4.2.2 The ventilation system is to be capable of being 
operated from outside the compartment being ventilated and 
a notice is to be fixed near the entrance stating that no person 
is to enter the space until the ventilation system has been in 
operation for a specified period, sufficient to achieve at least 
five air changes based on the gross volume of the space. 


4.2.3 The ventilation system is to be capable of at least 
six air changes per hour, based on the gross volume of the 
space. 


4.2.4 Protection screens of not more than 13 mm square 
mesh are to be fitted outside openings of ventilation ducts, 
and ventilation intakes are to be so arranged as to minimise 
the possibility of recycling hazardous vapours from any 
ventilation discharge opening. Vent exhausts are to be 
arranged to discharge to a safe place on the open deck and 
comply with the requirements of 4.2.5. 

NOTE 

If the pump room is designed to recover chemicals listed in 
Chapter 17 of the International Code for the Construction and 
Equipment of Ships Carrying Dangerous Chemicals in Bulk, 
(IBC Code) the vent exhausts are to be arranged to discharge 
upwards. 


4.2.5 The vent exhausts from pump rooms are to 
discharge at least 3 m above deck, and from the nearest air 
intakes or openings to accommodation and enclosed working 
spaces, and from possible sources of ignition. 


4.2.6 Ventilation fans to be constructed in accordance 
with Pt 5, Ch 15,1.8. 


4.2.7 Pump rooms are to have no direct communication 
with machinery spaces. 


4.2.8 Bilge drainage of the pump room is to be effected 
by pumps or bilge ejector suctions. For ships of less than 
500 gross tons, the pump room bilge may be drained by a 
hand pump having a 50 mm bore suction. 


4.3 Ventilation of machinery spaces 
4.3.1 Where machinery spaces adjacent to recovered oil 


tanks are permitted by 3.1.7, the ventilation arrangements are 
to comply with 5.4.1(a) and (b). 
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4.4 Exhaust systems 


4.4.1 The exhaust lines of diesel engines, boilers and 
equipment containing sources of ignition and the vents of 
diesel engine crank cases are to be led to a position outside 
any hazardous area as defined in 5.3. In addition, suitable 
spark arrestors are to be fitted. 


4.5 Miscellaneous 


4.5.1 Low sea suctions are to be provided to supply 
water for the machinery and all fire pumps. 


4.5.2 Means are to be provided to enable heating coils in 
recovered oil tanks and adjacent tanks to be blanked off 
during recovery operations. 


4.5.3 The heating medium supply and return lines are not 
to penetrate the recovered oil tank plating, other than at the 
top of the tank to reduce the possibility of the recovered oil 
entering the heating system in the event of a failure of the 
heating pipework within the tank. 


4.5.4 If required to facilitate discharge operations, steam 
returns are to be led to an observation tank which is to be in 
a well-ventilated and well-lighted part of the machinery space 
remote from the boilers. 


E Section 5 
Electrical equipment 


5.1 General 


5.1.1 The electrical installation is to comply with the 
relevant requirements of Pt 6, Ch 2, with the specific excep- 
tions of 14.1, 14.2, 14.5, 14.7, 14.8 and 14.10, which are 
replaced by 5.3 to 5.6 of this Chapter. 


5.2 Systems of supply and distribution 


5.2.1 Only the systems of generation and distribution, 
listed under Pt 6, Ch 2,5.1.2, are acceptable. 


5.3 Hazardous zones and spaces 


5.3.1 The following zones or spaces are regarded as 

hazardous during and on completion of oil recovery 

operations, until proven gas-safe: 

(a) The interiors of tanks intended for the storage of 
recovered oil. 

(o) The interiors of piping systems intended for the handling 
of recovered oil. 


LLOYD’S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Ships Equipped for Oil Recovery Operations 


(c) Spaces separated by a single bulkhead, deck or other 
tank boundary, from the interior of a tank intended for 
recovered oil, or having a bulkhead immediately above 
or below and in line with a bulkhead of a tank intended 
for recovered oil, unless protected by a diagonal plate in 
accordance with Pt 4, Ch 9,1.2.7 or the arrangements 
comply with the requirements of 3.1.7. 

(d) Spaces housing piping systems or other equipment 
containing or contaminated with recovered oil and 
having flanged joints or glands or other openings from 
which leakage of fluid may occur under normal operating 
conditions. 

(e) Zones on open deck within a 3 m radius of the 
ventilation outlets, or inspection hatches permitted to be 
opened under normal operating conditions, of tanks 
intended for recovered oil. 

(f) Zones on open deck within a 1,5 m radius of any 
sampling or sounding point of a tank intended for 
recovered oil. 

(g) Zones on open deck within a 1,5 m radius of any flanged 
joints, glands or other parts of any equipment containing 
or contaminated with recovered oil from which leakage 
may occur under normal operating conditions. 

(h) Zones on open deck within the confines of, and 
extending 1,5 m beyond, any bund or barrier intended 
to contain a spillage of recovered oil, up to a height of 
1,5 m. 

(j) Zones on open deck within a 1,5 m radius of any opening 
into a space described by (c) or (d). 

(k) Zones on open deck over all tanks intended for 
recovered oil, where the tops of the tanks are exposed 
to the weather, to the full width of the ship plus 3 m fore 
and aft of the forwardmost and aftmost tank bulkhead, 
up to a height of 0,45 m above the deck or to the height 
of any bulwarks. 

() Zones on open deck extending 1,5 m beyond those 
defined by 5.3.1(€) to (j). 

(m) Any enclosed or semi-enclosed space having a direct 
opening into a hazardous zone or space identified 
above, unless the space is protected by pressurisation in 
accordance with 5.5.1 or 5.5.2, or the opening is a 
ventilation outlet arranged in compliance with 5.4.2. 


4 


5.4 Ventilation 


5.4.1 The extent of any hazardous zone within an 
enclosed or semi-enclosed space may be limited to that 
defined for an equivalent situation on open deck, provided 
that the ventilation arrangements fulfil all the following 
conditions: 

(a) Mechanical ventilation is provided, with the air intake and 
outlet located outside any hazardous area defined by 
5.3.1, ensuring at least 12 air changes per hour, and 
leaving no region of stagnant air. 

(b) Ventilation air flow is continuously monitored and so 
arranged that, in the event of failure of ventilation, an 
alarm is given at an attended station. 
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5.4.2 An enclosed or semi-enclosed space having a 

ventilation outlet situated in a hazardous zone, as defined 

under 5.3.1(k) or (I), may be regarded as non-hazardous if 
fulfilling all the following conditions: 

(a) The space has mechanical ventilation with the air intake 
located outside any hazardous area defined by 5.3.1. 

(b) The ventilation outlet is equipped with a self-closing flap 
or other suitable means of closure operating auto- 
matically on loss of ventilation airflow. 

(c) The space contains no equipment of a type described 
in 5.3.1(d), or vent from or opening into any hazardous 
space or zone defined by 5.3.1, other than the 
ventilation outlet under consideration. 

(d) The space is separated by at least two gastight 
bulkheads from the interior of any tank intended for 
recovered oil. 


5.5 Pressurisation 


5.5.1 A space having access to a hazardous space or 
zone, as defined under 5.3.1(c) to (j), may be regarded as 
non-hazardous if it fulfils all of the following conditions: 

(a) Access is by means of an air-lock, having gastight doors, 
the inner of which, as a minimum, is self-closing without 
any hold-back arrangement. 

(b) It is maintained at an overpressure of at least 50 Pa 
relative to the external hazardous area by ventilation from 
a non-hazardous area. 

(c) The relative air pressure within the space is continuously 
monitored and so arranged that, in the event of loss of 
overpressure, an alarm is given at an attended station. 

(d) It contains no piping system or equipment of a type 
described in 5.3.1(d), and no vent from or opening into 
any hazardous space or zone defined by 5.3.1, other 
than the access under consideration. 

(e) It is separated by at least two gastight bulkheads from 
the interior of any tank intended for recovered oil. 


5.5.2 A space having access to a hazardous zone, as 
defined under 5.3.1(k) or (I), may be regarded as non- 
hazardous if it fulfils all of the following conditions: 

(a) Access is by means of a gastight self-closing door 
without any hold back arrangement. 

(b) It is maintained at an overpressure in accordance with 
5.5.1(b). 

(c) The air pressure within the space is monitored in 
accordance with 5.5.1(c). 

(d) It contains no piping system or equipment of a type 
described in 5.3.1(d), and no vent from or opening into 
any hazardous space or zone defined by 5.3.1, other 
than the access under consideration. 

(e) Itis separated from the interior of any tank intended for 
recovered oil in accordance with 5.5.1(e). 


5.5.3 A space having access to a hazardous space or 
zone, as defined under 5.3.1(c) to (j), and fulfilling the 
conditions given under 5.5.2(a) to (e) may be regarded, for the 
purposes of selection of electrical equipment, as equivalent 
to an open-deck hazardous area, such as defined under 
5.3.1(k). 
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5.6 Selection of electrical equipment for 
installation in hazardous areas 


5.6.1 The installation of electrical equipment in hazardous 
areas is to be minimised as far as is consistent with 
operational necessity and the provision of lighting, monitoring, 
alarm or control facilities enhancing the overall safety of the 
ship. 


5.6.2 When electrical equipment is to be installed in 
hazardous areas, unless permitted otherwise by 5.6.3 or 
5.6.4, it is to be of a ‘safe type’, as listed below, certified or 
approved by a competent authority for Group IIA, tempera- 
ture class T3. The construction and type testing is to be in 
accordance with IEC 60079: Electrical Equipment for 
Explosive Gas Atmospheres, or an acceptable and relevant 
National Standard. 


° Intrinsically safe Ex ‘i’ 

° Increased safety Ex ʻe’ 
° Flameproof Ex ‘d’ 
e Pressurised enclosure Ex ‘p’ 
° Powder filled Ex ‘q’ 
e — Encapsulated Ex ‘m’ 


5.6.3 Consideration may additionally be given to the use 

of equipment of the following types: 

(a) Equipment such as control panels, protected by 
purging and pressurisation and capable of being 
verified by inspection as meeting the requirements of 
IEC 60079-2. 

(0) Simple non-energy-storing apparatus having negligible 
surface temperature rise in normal operation, such as 
limit switches, strain gauges, etc., incorporated in 
intrinsically-safe circuits. 

(c) Submersible pumps, having at least two independent 
methods of shutting down automatically in the event of 
low liquid level. 

(d) Radio aerials having robust construction, meeting the 
relevant requirements of IEC 60079-15. Additionally, in 
the case of transmitter aerials, it is to be shown, by 
detailed study or measurement, or by limiting the peak 
radiated power and field strength to 1 W and 30 V/m, 
respectively, that they present negligible risk of inducing 
incendive sparking in adjacent structures or equipment. 

(e) Electrical apparatus having a special type of protection 
(Ex’s’), certified or approved by a competent authority. 

(f) Electrical apparatus having the type of protection Ex’n’ 
(or Ex’N’), that, in normal operation, is not capable of 
igniting a surrounding explosive gas atmosphere, and in 
which a fault capable of causing ignition is not likely to 
occur. 


5.6.4 Equipment not meeting the requirements of 5.6.5 
to 5.6.14 may be installed in hazardous zones or spaces, or 
locations rendered non-hazardous by ventilation or pressuri- 
sation, if not required to be energised during oil recovery 
operations, and not essential for the safety of the ship or crew. 
Such equipment is to be controlled by multi-pole switches or 
circuit breakers situated outside any hazardous area. 
Provision is to be made for the complete isolation of these 
circuits and locking the means of control in the off position. 


Part 7, Chapter 5 


Section 5 


5.6.5 In tanks and piping systems defined by 5.3.1(a) and 

b), only the following electrical equipment will be permitted: 

a) _Intrinsically-safe apparatus of category ‘ia’. 

b) Simple apparatus, as defined under 5.6.3(b), incorpo- 

rated in an intrinsically-safe circuit of category ‘ia’. 

c) Submersible pumps, as defined under 5.6.3(c). 

d) &x’s’ apparatus, certified for use in Zone O, as defined 

by IEC 60079-10. 

e) Cable required for the operation of the equipment 
installed. 


5.6.6 In spaces adjacent to tanks, as defined by 5.3.1(c), 
with no mechanical ventilation, only the following electrical 
equipment will be permitted: 

(a) That described in 5.6.5(a), (b), (d) and (e). 

(b) Ex’d’ lighting fittings. 

(c) Ex’p’ lighting fittings of either the air-driven type, or 
pressurised from an external source of protective gas 
and arranged to be de-energised automatically on loss 
of pressurisation. 

(d) Gas detector heads having sinter-type flametrap 
protection, included within an intrinsically-safe circuit, al 
of which is to be certified as a system. 

(e) Ex’d’ alarm sounders, without internal sparking contacts. 

(f| Cables for impressed current cathodic protection 
systems (for external hull protection only) installed in 
heavy gauge steel pipes with gastight joints up to the 
upper deck; the arrangements are to comply with 
Pt 3, Ch 2,3.5.3. 

(g) Through runs of cables, installed in heavy gauge stee 
pipes with gastight joints. 

The electrical equipment described in (b), (c) and (e) will be 

permitted only where personnel are required to have access 

to the space during oil recovery operations. 


5.6.7 In spaces adjacent to tanks, as defined by 5.3.1(c) 
having mechanical ventilation, and in spaces and zones 
containing piping systems, equipment, etc., or close to vents, 
flanges, etc., and other zones as defined by 5.3.1(d) to (j), only 
the following electrical equipment will be permitted: 

a) That described in 5.6.6. 

b)  Intrinsically-safe apparatus of category ‘ib’. 

c) Simple apparatus, as defined under 5.6.3(b), incorpo- 
rated in an intrinsically-safe circuit of category ‘ib’. 

d) Other apparatus certified as Ex’e’, Ex’d’, Ex’q’, Ex’m’ or 
Ex’s’. 

e) Pressurised equipment, certified Ex’p’, or as described 
in 5.6.3(a), arranged to be de-energised automatically 
on loss of pressurisation. 

f) Through runs of cable in spaces and zones described in 
5.3.1(d) to (j) only. 


5.6.8 In zones defined by 5.3.1(k) and (|), only the following 

electrical equipment will be permitted: 

(a) That described in 5.6.7. 

(b) Pressurised equipment, certified Ex’p’, or as described 
in 5.6.3(6), arranged to give an audible and visual alarm 
at a manned station in the event of loss of pressurisa- 
tion. 

(c) Equipment as described in 5.6.3(d) and (f). 
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5.6.9 Electrical installations in enclosed or semi-enclosed 
spaces, as described in 5.3.1(m), are to comply with the 
requirements for the space or zone into which the opening 
leads, unless ventilated in accordance with 5.4.1 or 5.4.2. 


5.6.70 Electrical installations in enclosed or semi-enclosed 
spaces, ventilated as described in 5.4.1, are to comply with 
the requirements for hazardous zones, as described in5.3.1(e) 
to (I), within the radii or distances from adjacent sources of 
hazard or sources within the space specified by these para- 
graphs. Equipment within a radius of 3 m from any 
ventilation outlet of such a space is to be of a type described 
in 5.6.8. Equipment not of a type described in 5.6.7 is to be 
provided with a means of disconnection capable of being 
controlled from an attended station in the event of ventilation 
failure. Where the means of disconnection is located within 
the space, then it is to be of a ‘safe type’. 


5.6.11 Electrical installations in machinery spaces adjacent 
to recovered oil tanks, where permitted by 3.1.7, are to 
comply with the requirements of 5.6.10, and the additional 
requirement that equipment within 0,45 m of the tank bulk- 
head or the bottom of the space is to be of a type described 
in 5.6.8. 


5.6.12 In pressurised spaces defined by 5.5.1, electrical 
equipment not of a type described in 5.6.8 is to be 
automatically disconnected in the event of loss of over- 
pressure. Other equipment is to be provided with a means of 
disconnection capable of being controlled from an attended 
station in the event of loss of overpressure. Where the means 
of disconnection is located within the space, it is to be of a 
‘safe type’. Emergency lighting, pressure monitoring equip- 
ment and any alarm sounders or lights are to be of types 
described in 5.6.6. 


5.6.13 In pressurised spaces defined by 5.5.2, any 
equipment not of a type described in 5.6.8 is to be provided 
with a means of disconnection capable of being controlled 
from an attended station in the event of loss of overpressure. 


5.6.14 In pressurised spaces defined by 5.5.3, only 
electrical equipment as described in 5.6.8 may be permitted. 
Any equipment that is not of a type described in 5.6.7 is to 
be provided with a means of disconnection capable of being 
controlled from an attended station in the event of loss of 
overpressure. Emergency lighting, pressure monitoring equip- 
ment and any alarm sounders or lights are to be of types 
described in 5.6.6. 
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E Section 6 
Fire protection and extinction 


6.1 Structural fire protection 


6.1.1 Exterior boundaries of superstructures and deck- 
houses enclosing accommodation and service spaces, 
including any overhanging decks which support such accom- 
modation and service spaces, are to be insulated to ‘A-60’ 
standard for all parts which face deck areas where there are 
arrangements for collection, handling and transfer of 
recovered oil and for a distance 3 m aft or forward thereof. 


6.1.2 Windows and side scuttles in the exterior 
boundaries, referred to in 6.1.1, are to be provided with 
permanently installed inside covers of steel. Aluminium alloy 
components are not to be used in the construction of the 
windows and side scuttles. 


6.1.3 As an alternative to compliance with 6.1.1 and 
6.1.2, a fixed water spraying system may be accepted. The 
system is to be capable of delivering water at a rate of 
10 litres/m2/min. on all boundaries, windows and side 
scuttles, that would otherwise be required to comply with 
6.1.1 and 6.1.2. 


6.2 Fire-extinguishing arrangements 


6.2.1 Deck areas, where there are arrangements for the 

collection, handling and transfer of recovered oil, are to be 

provided with the following fire-extinguishing equipment: 

(a) Two dry powder fire-extinguishers, each at least 50 kg 
capacity. 

(b) Atleast one portable low expansion foam applicator. 


6.2.2 The fire-extinguishers are to be located near the 
working deck identified in 6.2.1 and are to be fitted with 
discharge hoses. 


6.2.3 The foam installation is to be capable of applying 
foam to any part of the working deck. The capacity of any 
applicator is to be not less than 400 litres/min. of foam 
solution and the applicator throw in still air conditions is to be 
not less than 15 m. Sufficient foam concentrate is to be 
provided for at least 0,4 litres/m2 of the working deck area 
with a minimum quantity of 200 litres. 


6.3 Fireman’s outfits 
6.3.1 At least two fireman’s outfits, additional to those 


required by Pt 6, Ch 4,12 or SOLAS Reg II-2/A, 17.3 as 
applicable, are to be provided. 
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Section 7 


m Section 7 
Operating Manual 


7.1 General 


TEA Information regarding the safe use of the ship with 
respect to the oil recovery and subsequent operations is to 
be prepared. 


7.1.2 The Operating Manual is, in general, to contain 

information regarding procedures for: 

(a) establishing and maintaining a safe atmosphere in any 
space(s) liable to become hazardous during oil recovery 
and subsequent operations; 

(b) isolation, where necessary, of electrical equipment in zones 
or spaces considered hazardous during oil recovery and 
subsequent operations, and in spaces described in 
7.1.2(a) prior to carrying out, or on failure of, the measures 
required to establish and maintain a safe atmosphere; 

c) fire-fighting; 

d) gas measurements; 

e) recovery and storage of oil; 

f) ballasting; 

g) transfer of recovered oil; 

h) tank cleaning; 

() gas freeing; and 

k) contacts in the event of an emergency. 
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Section 

1 General 

2 Arrangements 

3 Positioning, monitoring and control 
arrangements 

4 Fire protection, detection and extinction 

5: Piping systems 

6 Trials and testing 


5 Section 1 
General 


1.1 Application 


Tatt The requirements of this Chapter apply to tankers 
equipped with bow/stern loading arrangements to facilitate 
the transfer of cargo oil from offshore loading terminals, such 
as loading platforms, loading buoys, FPSOs and FSUs, and 
are additional to those applicable in other Parts of the Rules. 
These requirements also apply to submerged turret loading 
systems where applicable. 


1:1:2 Requirements additional to these Rules may be 
imposed by the National Authority with whom the ship is 
registered and/or by the Administration within whose territo- 
rial jurisdiction the ship is intended to operate. 


7.1.3 The materials used are to be suitable for the 
intended service conditions. 


1.2 Class notations 


1.2.1 Ships complying with the requirements of this 

Chapter will be eligible to have one of the following special 

features notations included in the class notation: 

(a) Ships fitted with a bow loading system, BLS. 

(b) Ships fitted with a stern loading system, SLS. 

(c) Ships fitted with submerged turret loading systems, 
TLS. 


1.3 Surveys 

7.3.1 The survey of these items is to be arranged to 
coincide with hull and machinery surveys, see Pt 1, Ch 3. 
1.4 Submission of plans and documentation 

1.4.1 In addition to the plans and information required by 


other relevant Sections of the Rules, the plans and information 
detailed below are to be submitted: 


(a) 
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Bow/stern loading: 
Detail drawing(s) showing: 

e Cargo loading equipment. 

° Manifold position and pipeline connections. 

e Mooring equipment layout, including design 
loads and supporting structure. 

° Fire safety arrangements. 

e Control station(s). 

Systems and arrangements: 

General arrangement. Plans showing the general 
arrangement of all areas where the piping systems are 
located, together with ventilation arrangements and 
details of openings for any enclosed spaces at the fore 
and/or aft part of the ship. 

Diagrammatic arrangement. Plans indicating all piping 
systems arrangements associated with loading systems 
between cargo tank area and manifold. The plans are to 
include details of means of isolation, manifold arrange- 
ment, means of draining, inerting, cleaning and gas 
freeing of the cargo piping. Also details of manifold drip 
tray arrangements with means of drainage, together with 
any stripping line arrangements, are to be submitted. If 
the ship is to be installed with a vapour emission control 
system, plans showing details of piping arrangements 
are also to be submitted. 

Piping system specification. Piping design information 
which includes the materials specifications, design 
pressure, maximum allowable transfer rate, corrosion 
allowance, and design ambient weather conditions. 
Also the design forces and moments for which the 
presentation manifold, together with the terminal flange 
and associated supporting arrangements, have been 
designed are to be submitted. 

Operating Manuals. Operating Manuals are to be 
submitted for approval and provided on board. The 
Manuals are to include the following information: 

° Particulars of piping arrangements and control 
systems. 

e Operating criteria. 

e Procedures for connecting/disconnecting the 
cargo hose, isolation arrangements, inerting, 
cleaning, gas freeing of the pipe line and drainage 
of the drip tray. 

° Procedures to be followed during cargo handling 
operations. These are to include guidance on 
procedures to be followed in the event of sudden 
closure of the terminal valve. 

e Detailed communication sequence concerning 
pre-mooring, mooring, pre-loading, loading and 
tanker departure phases. 

Where the ship is fitted with dynamic positioning and/or 
a positional mooring system(s), the information required 
by Ch 4,1.3.7 and Ch 8,1.5.6 is also to be submitted as 
applicable. 

Submerged turret loading: 

Detail drawing(s) showing: 

° Arrangement of turret room, including receiving 
structure, locking mechanism and traction winch 
equipment with associated supporting structure 
and design loadings. 

e Turret hatch and operating equipment, including 
hydraulic power pack and control systems, and 
cargo loading equipment. 

e Turret room fire safety arrangements. 
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° Turret room electrical installations. 
e Piping arrangements for all systems associated 
with the turret loading. 


a Section 2 
Arrangements 


2.1 Mooring arrangements 


2.1.1 The ship is to be provided with sufficient mooring 
arrangements, which may be combined with the ship’s 
manoeuvring system, to ensure adequate alignment and 
security during bow, stern or submerged turret loading 
operations. 


2.1.2 The mooring/positioning system is to be arranged 
to prevent mooring forces being transmitted to the loading 
line connector. 


2.1.3 Suitable single point mooring arrangements are 
indicated in Pt 3, Ch 13,9. 


2.1.4 Particular attention is to be given to operational 
requirements and conditions in the design and mounting of 
securing devices and fittings. Seatings for equipment are to 
be designed to avoid the formation of pockets or recesses 
which may lead to excessive corrosion in service. 


2.2 Materials for mooring fittings 

2.2.1 Where mooring fittings are used as part of a 
positional mooring system, they are to comply with the 
requirements of Chapter 8. 

2.3 Strength of mooring fittings 

2.3.1 The strength of the mooring arrangements associ- 


ated with the bow/stern loading system is to be considered 
on the basis of Pt 3, Ch 13,9, and Chapter 8 as applicable. 


2.4 Enclosed spaces adjacent to manifold 
connection 
2.4.1 In addition to the arrangements required by Section 


4, the following are to be complied with: 

(a) Spaces where an explosive gas atmosphere may be 
present are to be suitably ventilated prior to entry. 

(b) Spaces required to be entered during normal operations 
are to be provided with permanent ventilation arrange- 
ments capable of being operated from outside the 
compartment. 


2.4.2 The ventilation arrangements are to provide a 
minimum of eight air changes per hour, see Pt 6, Ch 2,14. 


Part 7, Chapter 6 


Sections 1, 2 & 3 


a Section 3 
Positioning, monitoring and 
control arrangements 


3.1 General 


3.1.1 The requirements of this Section are additional to 
those given in Pt 6, Ch 1, and Chapter 4 and Chapter 8. 


3.1.2 If the ship is fitted with a dynamic positioning 
system, it is at least to comply with the DP(AM) requirements, 
see Chapter 4. 


3.2 Control station 


3.2.1 A control station for offshore loading may be 
arranged within the bow area or on the navigation bridge. All 
operations concerning positioning of the ship and monitoring 
of mooring and loading parameters are to be capable of being 
performed from this station. 


3.3 Instrumentation 


3.3.1 Bow/stern mooring instrumentation is to monitor: 

(a) Mooring line traction. 

(b) Chain stopper. 

(c) Data logger system for recording of mooring and load 
parameters. 


3.3.2 The mooring system is to be provided with a 
tension meter capable of continuously indicating the tension 
during the bow loading operation. Consideration may be 
given to waiving this requirement for ships fitted with a 
dynamic positioning system. 


3.3.3 Bow/stern/submerged turret loading instrumen- 

tation is to be provided as follows: 

(a) Indicator for loading connector coupling position. 

b) Cargo valve position indicators. 

c) Cargo tank level indicators and high level alarm. 

d) A system for automatic transfer of signals from the 
control and safety system, to enable personnel on the 
offshore terminal to effect control of cargo transfer 
pump(s) and closing of valve(s) on the terminal. 


3.4 Emergency disconnect arrangements for 
pipeline and mooring 


3.4.1 In addition to any automatic disconnection 
systems, a manually operated backup emergency discon- 
nection system is to be provided. This system is to make 
possible individual operation of the chain stopper and 
coupling by-pass locks located in the bow control station. 


3.4.2 Where an emergency quick-release system is fitted 
for the mooring system, an equivalent arrangement is to be 
provided to release the cargo loading hose outboard of the 
ship. 
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3.5 Communication 


3.5.1 Main and emergency means of communication are 
to be provided between the bow control station and the 
offshore loading terminal. The communication equipment is 
to be intrinsically-safe. 


3.5.2 Continuous communication is to be maintained 
between the control station and the offshore terminal at all 
times. 


a Section 4 
Fire protection, detection and 
extinction 


4.1 General 


4.1.1 The fire protection and extinction arrangements are 
to comply with the requirements of the /nternational 
Convention for the Safety of Life at Sea, 1974, as amended, 
or as required by the National Authority. 


4.1.2 When Lloyd’s Register (hereinafter referred to as 
‘LR’) is authorised to act on behalf of the National Authority 
in giving effect to the fire safety measures on non-convention 
tankers or the application of SOLAS for convention ships, LR 
will also apply the Guidelines for bow and stern loading and 
unloading arrangements on oil tankers as given in IMO 
MSC/Circ.474, dated 19 June 1987. 


4.1.3 Tankers of less than 500 gross tons will be specially 
considered. 


m Section 5 
Piping systems 


5.1 Materials 


5.1.1 All materials used in the piping systems are to be 
suitable for use with the intended cargoes and ambient 
weather conditions, and are to comply with the relevant 
requirements of Pt 5, Ch 12 and the applicable requirements 
of the Rules for the Manufacture, Testing and Certification of 
Materials. 


5.2 Piping system design 


5.2.1 All piping, valves and fittings are to be suitable for 
the design operating and environmental conditions. 


5.2.2 The piping is to comply with the requirements for 
manufacture, testing and certification of Class Il piping 
systems. 
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5.2.3 The pipelines and associated piping systems and 
equipment forward and/or aft of the cargo area are to have 
only full penetration butt welded joints, except at the loading 
station where valve connections may be flanged. The pipes 
are not to pass through enclosed spaces and are to be, as 
far as possible, self-draining. 


5.2.4 Means of mechanical isolation are to be provided 
in the cargo area, where any pipes used for cargo handling 
are branched off from the cargo system. Such isolation is to 
be as near as possible to the boundary of the aftmost, in the 
case of stern loading, or forwardmost, in the case of bow 
loading, cargo tank bulkhead and within the cargo area. 


5.2.5 A manually operated shut-off terminal valve is to be 
provided at the manifold. In addition, a blank flange, or 
equivalent arrangement, is to be provided at the bow and/or 
stern pipe line end connection. 


5.2.6 The terminal pipe, valves and other fittings to which 
the cargo hose is directly connected are to be of steel or other 
approved ductile material. They are to be of robust construc- 
tion, adequately supported and suitable for the stated design 
conditions. Attention is drawn to the Recommendations for 
Oil Tanker Manifolds and Associated Equipment, published 
by OCIMF. 


527 Means of emptying, cleaning, inerting and gas- 
freeing the pipe lines used for cargo handling are to be 
provided. The venting arrangements are to be located in the 
cargo deck area. Isolation similar to that described in 5.2.4 is 
also to be provided. 


5.2.8 A drip tray of adequate size, together with means of 
drainage, are to be provided at the manifold. Suitable spray 
shields are to be fitted in way of the terminal manifolds where 
leakage may occur at valves and pipe joints. 


5.2.9 Zones on open deck within 3 m of loading 
manifolds or pipe joints, and within 3 m of the spillage drip 
tray, are to be regarded as hazardous with regard to machinery 
or other equipment which could constitute a possible source 
of ignition, see also Pt 6, Ch 2,14.5 and 14.10. 


5.2.10 Air vent pipes to the tanks and enclosed spaces, 
and mechanical ventilation outlets are to be located as far as 
possible, but in no case less than 3 m, from the terminal 
manifold or the nearest barrier of the spillage drip tray, 
whichever is closer. 


5.3 Piping system testing and non-destructive 
examination 


5.3.1 Testing and non-destructive examination of the 
piping system is to comply with the relevant requirements for 
Class II piping. 
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a Section 6 
Trials and testing 


6.1 General 


6:1:1 The arrangements and equipment referred to in this 
Chapter are to be examined and tested on completion of the 
installation, including calibration of coupling equipment. 


6.1.2 Examination and testing is to include witnessing of 
the initial hook-up trials and the implementation of operational 
procedures for the range of actions covered by the Operating 
Manual. 


Part 7, Chapter 6 


Section 6 
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Section 
1 General 
2 Coal storage, handling, ash collection and 


disposal arrangements 


3 Coal burning equipment 

4 Ship structure 

5 Electrical equipment 

6 Control engineering systems 
7 Fire protection and extinction 


m Section 1 
General 


1.1 Application 


1.1.1 The requirements of this Chapter apply to ships 
using coal as a primary source of heat for the generation of 
steam for main and essential auxiliary services. 


1:1:2 The relevant requirements of the Rules and those 
of the National Authority with whom the ship is registered, 
together with any special requirements of the Administration 
within whose territorial jurisdiction the ship is intended to 
operate, are to be complied with. Attention is drawn to the 
statutory requirements concerning intact and damaged 
stability of the ship. 


113) For the purpose of these requirements, it is 
assumed that no manual handling of coal for the transporta- 
tion from bunkers to boiler, or for actual firing of the boiler, will 
be employed. The emphasis has been placed on the 
presumption that the boiler firing will be by some form of 
moving grate. Special consideration will be given to other 
forms of firing, such as pulverised fuel, slurries of coal-oil- 
water mixtures or fluidised bed firing, if submitted. 


1.1.4 For single main boiler installation, see Pt 5, Ch 3,5.3. 


1.2 Submission of plans 


2st The plans and information required by 1.2.2 to 
1.2.4 are to be submitted in triplicate for consideration. 


1.2.2 General arrangement plans and specification of the 
storing, handling and burning equipment and ash handling 
plant. 


7.2.3 Structural plans showing details and arrangements 
in way of coal bunkers, and support arrangements for coal 
handling and ash disposal plants. 
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1.2.4 A general arrangement plan showing details of 
construction, fire protection and extinction for coal bunkers 
and coal handling systems, supplemented as necessary, by 
detailed plans and calculations for fire-extinguishing, 
explosion suppression, temperature monitoring and carbon 
monoxide detection systems. 


1.3 Surveys 


7.3.1 Coal bunkering, coal handling, burning and ash 
disposal plants are to be built, installed, and tested under 
operating conditions to the Surveyors’ satisfaction and 
subsequently at each Boiler Survey. Fire-extinguishing, 
explosion suppression, temperature monitoring and carbon 
monoxide detection systems are to be installed and tested to 
the Surveyors’ satisfaction and subsequently examined 
annually as required by Pt 1, Ch 3,2.2. 


1.4 Additional bilge drainage 


1.4.1 It should be noted that, under the provision of 
SOLAS 1974, additional bilge drainage is required for 
passenger ships burning coal, as detailed in 1.4.2 and 1.4.3. 


1.4.2 In passenger ships there shall be provided in the 
boiler room, in addition to the other suctions required by the 
Rules, a flexible suction hose of suitable diameter and 
sufficient length capable of being connected to the suction 
side of an independent power pump. 


1.4.3 In passenger ships where there is no watertight 
bulkhead between the engine and the boiler spaces, a direct 
discharge overboard or, alternatively, a by-pass shall be fitted 
from any circulating pump discharge used for emergency 
bilge pumping duties. 


O Section 2 
Coal storage, handling, ash 
collection and disposal 
arrangements 


2.1 Coal storage 


2.1.1 The arrangements for coal bunkers, including 
hatchways, ventilation, monitoring and their design charac- 
teristics regarding intact and damaged stability are to comply 
with the requirements detailed in Sections 4 and 7, as 
applicable. 


2.1.2 Coal is to be stored in not less than two bunkers. 
Vessels on restricted routes having a voyage time less than 
the capacity of the daily service hoppers, or where the boiler 
has the alternative means of firing, or where alternative means 
of propulsion are fitted, may be provided with only one 
bunker. 
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2.1.3 The clearance spaces between the boilers, other 
heated surfaces and the coal bunkers are to be adequate for 
the free circulation of air necessary to avoid transmission of 
heat to the coal. 


2.1.4 A daily service storage hopper is to be provided for 
each coal-fired boiler. 


21:9 Coal bunkers and daily service storage hoppers are 
to be designed to avoid dead spots and areas where coal can 
accumulate and impede the normal flow or can provide the 
conditions to promote spontaneous combustion. 


2.1.6 Bunker and daily service storage hopper outlet 
gravity-fed discharges are to be provided with shut-off 
devices. Stopping the transfer device will be acceptable in lieu 
where a bunker delivers to transfer arrangements and 
stopping the transfer device effectively prevents flow from the 
bunker, see 2.2.4. 


21l Shut-off devices on the coal bunker and daily 
service storage hopper outlets are to be capable of being 
operated locally and also from an accessible position outside 
the compartment in which they are situated. 


2.1.8 The arrangements for loading coal into bunkers or 
during transfer into daily service storage hoppers should, in 
general, avoid the tendency of the coal to segregate. For this 
purpose, multiple loading points should be used if necessary. 


2.2 Coal handling 


2.2.1 Each daily service storage hopper is to be provided 
with a separate system for transferring coal from the 
bunker(s). In the case of a single boiler installation, more than 
one transfer system from the bunker(s) to the daily service 
storage hopper are to be provided, unless alternative means 
of firing the boiler is available. 


2.2.2 Adequate access facilities are to be provided in the 
coal feeder systems to permit maintenance and removal of 
blockages. 


2.2.3 Where coal screens or crushers are necessary for 
the efficient operation of the coal burning equipment, they are 
to be provided in each boiler coal feed arrangement. 


2.2.4 The coal handling plant is to be capable of being 
stopped locally and from an accessible position outside the 
compartment in which it is situated, see 2.1.6. 


2.2.5 The use of milling systems for the production of 
pulverised fuel will be specially considered. 
2.3 Ash collection and disposal arrangements 


2.3.1 Each coal fired boiler is to be provided with a 
bottom ash and fly ash collecting and disposal arrangement. 


2.3.2 Where both bottom ash and fly ash collecting and 
disposal arrangements are operated by either pneumatic or 
water systems, then these may be made common. 
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2.3.3 Two independent means of supplying the operat- 
ing medium for ash collection and disposal systems are to be 
provided. 


2.3.4 Heated ash storage and transfer systems are to be 
efficiently lagged to minimise risk of fire and to prevent 
damage by heat. 


29:9 Where wet ash water transfer systems are used, 
consideration is to be given to the effects of corrosion and 
erosion on the collection, transfer and storage equipment. 


2.3.6 Ash transfer systems employing water separation 
arrangements are to be such that water will drain naturally 
back to the de-watering bins or into a collection tank. Such 
drainage facilities should not, in general, be led directly to 
bilge wells. 


2.3.7 Where a dry ash collection system is proposed, the 
arrangement of conveyors, pipes and chutes should avoid 
condensation due to excessive cooling to prevent solidifica- 
tion of the ash. 


2.3.8 Adequate ash storage capacity, with access 
facilities to permit maintenance and removal of blockages, is 
to be provided for systems using boilers which have no 
alternative means of firing. Certain National Authorities or local 
Administrations prohibit the direct discharge of ash over- 
board. 


m Section 3 
Coal burning equipment 


3.1 Operating conditions 


3.1.1 The design and arrangements for coal burning 
equipment are to be such that it can be manually controlled 
from a suitable position local to the boiler fronts. 


8:1.2 Burning arrangements for solid fuel firing: 

(a) The arrangements should permit a sufficient level of 
control of coal feed to the grates or bed to avoid uneven 
firing conditions likely to cause damage to the grate or 
bed, due to excessive heat or coal build-up, under all 
operating conditions. 

(b) In addition to the adequate supplies of air for efficient 
combustion, sufficient capacity and means of control of 
the combustion air supply below the grates or beds are 
to be provided to ensure cooling of the grate or bed 
under all conditions of coal or alternative means of firing. 

(c) When the coal bed is not fully incandescent, i.e. during 
low steaming conditions when coal-fired beds are 
banked or reduced in output, sufficient purging 
sequences to sweep the furnace volumes are to be 
provided before any alternative means of firing is 
attempted. 


3.1.3 Where it is proposed to provide means of firing the 
boiler simultaneously on coal and oil, details of the arrange- 
ments for furnace purging and ignition of oil burners are to be 
submitted and will be the subject of special consideration. 
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3.2 Forced and induced draught air fans 


3.2.1 In boilers fitted with forced and induced draught 
fans, suitable bias is to be maintained to avoid gas leakage 
into the boiler room. 


3.2.2 In the event of induced draught fan failure, the 
forced draught fan should be arranged to stop automatically. 
Alternative arrangements which will permit the forced draught 
fan to be controlled to reduce the supply of air may be 
considered. 


3.3 Fuel characteristics and specification 


3.3.1 In general, the coal burning equipment is to be 
designed to utilise the various grades of coal likely to be 
encountered. 


3.4 Alternative means of firing 


3.4.1 Where it is proposed to use an alternative means 
of firing, such as oil or coal/oil slurry mixtures, the arrange- 
ments are to be in accordance with the requirements for oil 
burning, see Pt 5, Ch 14. 


3.4.2 Particular attention is drawn to the requirements 
concerning arrangements for securely locking up-take 
dampers in the fully open position when burning oil fuel. 


3.4.3 Where it is proposed to use oil fuel burners for light- 
ing up coal fires, details are to be submitted of the pre-purging 
sequences of the boiler before lighting-up burners are 
introduced into the furnace. 


3.4.4 Where it is proposed to employ lighting-up 
burners using diesel oil or similar marine distillate fuels, they 
are to be provided with their own combustion air supply. 


3.4.5 Where it is proposed to use steam purging or 
steam atomising oil burners with coal-fired boilers, particular 
attention is to be given to furnace purging arrangements. 
Details of the purging sequences are to be submitted. 


3.4.6 The arrangements for purging the oil burners are to 
be such that the minimum practicable volume of oil will be 
introduced into the boiler furnace. 


o Section 4 
Ship structure 


4.1 General 
4.1.1 The requirements of this Section are additional to 


those given in other parts of these Rules and in separate 
Rules for specific ship types. 
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4.1.2 Other than as permitted in 4.3.2, separation 
between coal bunkers and adjacent spaces is to be gastight. 
In oil or chemical tankers, coal bunkers are to be separated 
from cargo tanks by means of cofferdams. 


4.1.3 Boiler room access doors are to comply with Pt 3, 
Ch 11,6.4, as applicable. 


4.1.4 Coaling ports on the side shell are to comply with 
parts of Pt 3, Ch 11,8 as applicable. 


4.1.5 No side scuttles are to be fitted in spaces 
appropriated exclusively for the carriage of coal. 


4.1.6 All openings from coal bunkers are to be located 
clear of the defined hazardous area for the particular ship 
type. 


4.2 Coal bunker hatchways 


4.2.1 Coal bunker hatchways are to be provided with 
gasketed steel covers and coamings, complying with Pt 3, 
Ch 11, as applicable. 


4.2.2 Coal bunker hatchways are to be located clear of 
the defined hazardous area for the particular ship type. 


4.3 Coal bunker bulkheads 


4.3.1 The scantlings of main coal bunker boundary bulk- 
heads which are counted towards the number of bulkheads 
required by Pt 3, Ch 3,4, or which form the boundary of deep 
tanks, are to satisfy the requirements of Pt 4, Ch 1,9. Other 
boundaries are to satisfy the requirements of Pt 4, Ch 1,9, but 
the load head may be taken to the top of the bunker. The 
scantlings of cofferdam bulkheads not forming the boundaries 
of a cargo tank in oil or chemical tankers are to satisfy the 
requirements of Pt 4, Ch 9,7. In all cases when flooding is 
envisaged as a means of fire-extinction, the moduli of 
stiffening members on bunker bulkhead boundaries are to be 
increased by 25 per cent. 


4.3.2 Where the coal bunker is situated immediately 
forward of the engine room, the aft coal bunker bulkhead may 
be non-watertight. The scantlings for this bulkhead are to be 
as required for watertight bulkheads (Pt 4, Ch 1,9) but the 
load head may be taken to the top of the tank. With this 
arrangement, the forward end of the coal bunker may, if 
appropriate, be regarded as the engine room forward 
bulkhead. 


4.3.3 The thickness of the plating in way of the bulkhead 
knuckles in the region of the hoppers and the plating of the 
hopper apexes is to be increased by 1,5 mm over that derived 
from 4.3.1 and 4.3.2. However, the minimum thickness of the 
lowest strake in the coal hopper is to be not less than 9 mm. 
Where solid stainless steel is employed, the plate thickness 
may be reduced by 10 per cent or 1 mm, whichever is the 
lesser. 
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4.3.4 Non-watertight coal bunker bulkhead scantlings 
are to be as required by Table 1.4.8 in Pt 4, Ch 1, but the 
thickness of the lowest strake is to be not less than 9 mm. 


4.3.5 The scantlings of the boundaries of compartments 
intended for the storage of ash in liquid or slurry form will be 
specially considered. 


4.3.6 Watertight doors may be fitted in watertight bulk- 
heads between permanent and reserve bunkers, and may be 
of the sliding, hinged or equivalent type. They are to be 
accessible at all times, see also Pt 3, Ch 11,9. 


4.3.7 Arrangements are to be made by means of screens 
or otherwise to prevent the coal from interfering with the 
closing of watertight doors. 


4.4 Longitudinal strength 


4.4.1 For the purpose of longitudinal strength, the 
requirements for the relevant ship types are to be applied. 


4.4.2 The calculation of still-water shear forces and 
bending moments are to cover both departure and arrival 
conditions, and any special mid-voyage conditions caused by 
variation in coal bunkering and ballast distribution. Details of 
typical coal stowage rates are to be submitted, as well as trim 
and stability data for these conditions. 


4.4.3 Where local reduction of double bottom depth is 
proposed to accommodate coal handling equipment, the 
strength of the double bottom and scarfing arrangements will 
require special consideration. Adequate scarfing of 
longitudinal material in way of double bottom and hopper 
tanks should be arranged. 


4.5 Ventilation 


4.5.1 Ventilators serving coal bunkers or boiler rooms are 

to comply with Pt 3, Ch 12,2 as applicable. In addition, the 

atmosphere in the bunkers is to be sampled by means of 

fixed or portable monitors as follows: 

(a) prior to entering the space — for oxygen deficiency, 

(b) prior to opening the hatchways — for accumulation of 
flammable gases. 


4.5.2 Ventilator exits from main coal bunkers and coal 
processing spaces are to discharge clear of the defined 
hazardous area for the particular ship type and not less than 
3 m from the nearest intake or opening to accommodation 
and enclosed working spaces, and from possible source of 
ignition. 
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m Section 5 
Electrical equipment 


5.1 General 


Oded All electrical equipment should be situated in 
positions where it is not exposed to concentration of coal 
dust. Where this is not practicable, the enclosure of the 
equipment should be designed and installed such that: 

(a) Dust cannot enter the interior of the enclosure. An 
ingress protection rating of at least I.P. 55 in accordance 
with IEC 60529, if not of a safe-type, is considered to be 
acceptable. 

(b) Dust will not collect on the surface of the enclosure to 
such an extent that proper cooling is prevented, thus 
causing a dangerous rise in temperature. 

(c) The maximum surface temperature of the enclosure is 
not capable of igniting the dust, and should be limited to 
165°C for equipment not subjected to overloading and 
120°C for equipment such as motors, that may be 


overloaded. 
5.2 Arrangements in coal bunkers 
5.2.1 Electrical equipment located within the coal 


bunkers is to be of a safe-type certified for Group II A 
atmospheres and temperatures Class T1 in accordance with 
IEC 60079, Electrical Apparatus for Explosive Atmospheres, 
or an equivalent National Standard. 


5.2.2 The switches and protective devices for such 
equipment are to interrupt all lines or phases and are to be 
located outside the coal bunker spaces. Provision is to be 
made for the complete isolation of these circuits and locking 
the means of control in the off position. 


o Section 6 
Control engineering systems 


6.1 General 


6.1.1 The requirements of Pt 6, Ch 1 are applicable. The 
additional requirements for boilers which are coal grate-fired 
and under normal operation are remotely controlled or are 
automatic in operation, are given in Table 7.6.1. 


6.1.2 In general, ships complying with the relevant 
requirements of Pt 6, Ch 1,4 or Ch 1,5 will be eligible for the 
notations UMS (unattended machinery space) or CCS 
(centralised control station) respectively. 
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Table 7.6.1 Coal burning: Alarms and safeguards 


Item Note 


Combustion air; coal 
spreaders and/or any 
alternative fuel supply 
to be shut-off 
automatically 


Drum water level 


Daily service 
hopper level 


High/Low = 


Coal feed plant i — 


Primary i Coal spreaders to be 
combustion air stopped automatically 
system 


Secondary 
combustion air 
system 


Coal supply Per controller 
controller (if 
separate from 


spreader) 


Per drive. See also 
primary combustion air 
system failure 


Spreader drive Failure/ 
Overload 


Grate drive Failure/ Per drive 


Overload 
Localised Excessive 
overheating of 
the grate 


Induced draught Coal spreaders to be 
fan stopped automatically, 
see also 3.2.2 


Ash disposal 
system 


NOTE 
Interlocks are to be provided to prevent the burning of oil fuel, 
unless dampers in the gas passages of uptakes have been 
securely locked in the fully-open position, see also 3.4.2. 


E Section 7 
Fire protection and extinction 


7.1 Fire protection 


7.1.1 In general, the coal bunkers are to be separated 
from adjacent spaces by ‘AO’ divisions, but where such 
spaces are intended to contain highly flammable substances, 
such as the cargo tanks of an oil tanker, they are to be 
separated from the coal bunkers by a cofferdam or equiva- 
lent space. 
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7.1.2 The spaces above the coal in the coal bunkers and 
coal processing spaces are to be adequately ventilated to 
prevent the accumulation of flammable gases. The ventilators 
are to be provided with means of closure which are readily 
accessible at all times. Where mechanical ventilation is 
provided, means are to be provided for stopping the fans from 
a position which will be readily accessible at all times. 


7.2 Fire-extinction 


7.2.1 A fixed fire-extinguishing system should be 
provided in the coal bunkers. This system should discharge 
CO,, but alternative arrangements such as water flooding will 
be considered, see also 4.3. 


7.2.2 Where, due to operating conditions, it is considered 
likely that coal dust in significant quantities will be present in 
the coal crushing and conveying system, an explosion 
suppression system is to be provided in the coal crushing and 
conveying system. Activation of the explosion suppression 
system is to operate an audible and visual alarm. 


7.2.3 A fixed fire-extinguishing system should be 
provided in the ready-use coal hopper and this should be 
extended to the boiler room, if there is any danger of the 
spread of fire to that space. The system should depend on 
CO», but alternative extinguishing media will be considered. 
Where it can be shown that the residence time, of the coal in 
the hopper, is of sufficiently short duration that a fire in the 
hopper is unlikely to be sustained, consideration will be given 
to dispensing with this requirement. 
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Section 

1 General 

2 Environmental criteria - Forces and motions 
3 Mooring system - Design and analysis 

4 Mooring equipment 

5 Anchor winches and windlasses 

6 Electrical and control equipment 

7 Thruster-assisted positional mooring 

8 Thruster-assisted mooring - Classification 


notation requirements 


9 Trials 


| Section 1 
General 


1.1 Application 


1:1:1 The requirements of this Chapter apply to Lloyd’s 
Register (hereinafter referred to as ‘LR’) classed ships with 
positional mooring systems or thruster-assisted positional 
mooring systems and are additional to those applicable in 
other Parts of the Rules. The Rules are not intended to apply 
to vessels which have station-keeping capabilities, but which 
are not required to remain on station in adverse weather 
conditions. This normally precludes the Rules being applica- 
ble to small ships. 


1.1.2 Compliance with this Chapter is not mandatory, but 
ships provided with a positional mooring system or thruster- 
assisted positional mooring system which do comply will be 
eligible for an appropriate class notation which will be 
recorded in the Register Book at the specific request of an 
Owner. 


7.1.3 The mooring system will be considered for 
classification with LR on the basis of operating constraints 
and procedures specified by the Owner and recorded in the 
Operations Manual. 


1.1.4 Requirements additional to these Rules may be 
imposed by the National Authority with whom the ship is 
registered and/or by the administration within whose territorial 
jurisdiction it is intended to operate. 


1.2 Classification notations 


1:2:1 Ships provided with a positional mooring system 
which complies with the requirements of this Chapter will be 
eligible to have included in the class notation one of the 
following special features notations: 
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(a) For ships fitted with a positional mooring system: 
PM (Positional mooring system), or 
PMC (Positional mooring system for mooring in close 
proximity to other ships or installations. This notation will 
apply in particular to any ship operating in conjunction 
with a fixed installation, e.g. crane barge, accommoda- 
tion unit, maintenance vessel, etc.) 

(o) For ships fitted with a thruster-assisted positional 
mooring system: 


PM D [orad orf] 
or 
PMC (tt) [or (2) orf) 


The numeral in the circled supplementary notation, 
E, etc., defines the thruster allowance which may be 
permitted in the design of the positional mooring system, 
and is determined by the capacity/redundancy of the 
thrust/machinery installation, see Table 8.3.2. 


1.2.2 Additional descriptive notes may be given and 
entered in column 6 of the Register Book indicating the type 
of positional mooring system, reference system, control 
system, limiting environmental criteria, etc. 


1.3 Surveys 


7.3.7 The positional mooring and thruster-assisted 
positional mooring systems and their associated equipment 
are to be examined and tested during construction and under 
working conditions on completion of the installation. The 
Periodical Survey of these items is to be arranged to coincide 
with Hull and Machinery Surveys as required by other Parts 
of these Rules. 


1.4 Definitions 


1.4.1 Positional mooring is a method of station keeping 

by means of multiple anchor lines laid out in catenary array. 

Each positional mooring system is to consist of the following: 

(a) Anchors or anchor piles. 

(b) Anchor lines. 

(c) Anchor line fittings (shackles, connecting links, wire rope 
terminations, quick release devices, etc.). 

(d) Fairleads. 

(e) Winches or windlasses. 

(f) Chain or wire rope stoppers. 

Where applicable, the structural or mechanical connection of 

these items to the ship is also considered to be part of the 

positional mooring system. 


1.4.2 ‘Thruster-assisted Mooring’ is the use of thrusters 
and main propulsion, if so designed, to supplement the ship’s 
anchoring system. 


1.5 Plans and data submission 


bel The information and plans specified in 1.5.2 to 
1.5.5 are to be submitted in triplicate. One copy of the 
Operations Manual referred to in 1.5.6 is to be forwarded for 
information. 
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1.5.2 Plans and data dealing with positional mooring 

arrangements and the associated equipment are to be 

submitted, including the following: 

(a) Mooring arrangements with details of mooring patterns, 
anchor lines and fittings, etc. 

(b) Mooring equipment with details of anchors, fairleads and 
cable stoppers. 

(c) Winches or windlasses with details of gearing shafting, 
brake systems, ratchet and pawl, drum/cable lifter and 
frame. 


1,5.3 For thruster-assisted positional mooring systems, 

plans of the following, together with particulars of ratings, in 

accordance with the relevant Parts of these Rules are to be 

submitted for the following: 

(a) Prime movers, gearing, shafting, propellers and thrust 
units, see also Pt 5, Ch 8. 

(o) Machinery piping systems. 

(c) Electrical installations. 

In addition, details of proposals for the redundancy provided 

in machinery, electrical installations and control systems are to 

be submitted. These proposals are to take account of the 

possible loss of performance capability should a component 

fail. Where a common power source is utilised for thrusters, 

details of the total maximum load required for thruster-assist 

are to be submitted. 


1.5.4 Plans of control, alarm and safety systems, includ- 

ing the following, are to be submitted: 

(a) Functional block diagrams of the control system(s). 

(b) Functional block diagrams of the position reference 
systems and the environmental sensors. 

(c) Details of the electrical supply to the control system(s), 
the position reference system(s) and the environmental 
sensors. 

(d) Details of the monitoring functions of the controllers, 
sensors and reference system, together with a descrip- 
tion of the monitoring functions. 

(e) List of equipment with identification of the manufacturer, 
type and model. 

(f Details of the overall alarm system linking the centralised 
control station, subsidiary control stations, relevant 
machinery spaces and operating areas. 

(g) Details of the control stations, e.g. control panels and 
consoles, including the location of the control stations. 

(h) Test schedules which are to include the methods of 
testing and the test facilities provided. 


7.5.5 The following supporting plans, data, calculations 

or documents are to be submitted: 

(a) General arrangement showing plan views, side 
elevations and sections of the ship. 

(b) Design criteria showing operating and survival environ- 
ment, water depth range and required station keeping 
limits. 

(c) Environmental forces on ship showing wind, current and 
wave drift. These forces are to be verified by direct 
calculation, model test reports, or full-scale data, etc. 

(d) Ship motions showing first order wave motions, surge, 
sway and yaw. Tank test data or equivalent to be 
provided. 

(e) Mooring analysis, including computer printout where 
relevant. 
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(f) Strength calculations for anchors, fairleads, winches/ 
windlasses, cable stoppers and special fittings. 

(g) Thruster arrangements for thruster-assist systems, 
including powers, thrusts and interactions between 
thrusters, thruster and hull, thruster and current. 


7.5.6 An Operations Manual for the system is to be 
placed on board the ship. This Manual is to contain all 
necessary information and instructions regarding positional 
mooring and, where relevant, thruster-assisted positional 
mooring. It would normally also contain descriptions of the 
following: 

Mooring systems. 

Laying the mooring system. 

Anchor pre-loading. 

Pre-tensioning anchor lines. 

Tension adjustment. 

Winch performance. 

Winch operation. 

Procedure in event of failure or emergency. 

Procedure for operating thrusters. 

Fault-finding procedures for thruster-assist system. 


E Section 2 
Environmental criteria - Forces 
and motions 


2.1 Limiting environmental criteria 


2lad Limiting criteria in the form of maximum operating 
and survival environmental conditions are to be specified by 
the Owner or Designer. 


2.1.2 The limiting criteria are to be defined in terms of 
wind and current speeds, wave heights and periods, and 
water depth range. 


2.1.3 As water depth will have a large influence on a 
ship’s mooring capability, the limiting environmental criteria 
may be varied according to water depth. 


2.1.4 Maximum operating conditions will be those in 
which the ship is able to carry out its primary operational 
activities, while anchor line tensions remain within designated 
operating limits. See 3.2 for required factors of safety in 
operating conditions. 


2.1.5 Survival conditions are to be based on an aver- 
age recurrence period of not less than 50 years. The mooring 
system is to be such that maximum line tensions will be 
limited in these conditions to designated survival levels. See 
3.2 for required factors of safety. 
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2.2 Design environmental criteria 


2.2.1 Wind. The design wind speed for wind force deter- 
mination can normally be taken as the one-hour mean value 
referenced to 10 m above sea level. Account is to be taken of 
the variation of wind speed with height above sea level. The 
wind velocity gradient can be calculated from the following: 


H 0,125 
VH =vo( 5) 


D 
Il 


wind velocity at H height above sea level 
Vio = 1 hour mean wind speed referenced to 10 m above 
sea level. 


2.2.2 Current. The design current speed is to be taken 
as the sum of wind-induced and tidal current velocities. For 
calculation purposes, tidal current velocity can be assumed 
constant over water depth, and wind-induced current 
velocity can be taken to reduce linearly from its maximum 
value at the surface to zero at 50 m below sea level. 


2.2.3 Wave. The significant wave height and period 
range is to be defined for each relevant design case. 


2.3 Environmental forces 


2.3.1 In determining environmental forces, it is to be 
assumed that the defined limiting environment of wind, waves 
and current will act concurrently. For fixed azimuth mooring 
systems, these forces are considered to act in the same 
direction. 


2.3.2 Environmental loading on the ship (and the 
corresponding catenary system motions analysis to determine 
anchor loads and line tensions, etc.) will require to be investi- 
gated for a sufficient number of directions to establish the 
critical cases. 


2.3.3 It is generally to be assumed that the maximum 
specified environmental conditions can come from any 
direction relative to the ship’s heading. However, in cases 
where a ship is to be restricted to specific defined locations, 
consideration will be given to the acceptance of an environ- 
mental rosette (allowing the ship to be headed in the most 
favourable direction with respect to mooring loads). 


2.3.4 Where quasi-static methods of analysis are 
adopted (see 3.1.2), at least the wind, current, and mean 
wave drift forces acting on the ship in the various relevant 
design conditions are to be calculated or determined. In 
addition, any significant yawing moments induced by these 
effects are to be taken into account when carrying out the 
mooring system motions analysis. 


2.3.5 Environmental forces and moments can be 
determined by suitable methods of direct calculation or by 
model testing. In either case, account must be taken of all 
significant load generating structural elements or equipment. 
In the case of wind force and moment determination, all deck 
structures, fittings, cranes, towers, superstructures, etc., are 
to be considered, and for current force, account is to be taken 
of thrusters, nozzles, propellers, etc. 
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2.3.6 First order wave motions — the oscillatory motions 
of the ship — are to be determined. Surge and sway are the 
most relevant motions in terms of quasi-static mooring 
analysis, see 3.1.2 and Fig. 8.3.1. 


2.3.7 The first order wave motions of the ship are to be 
determined from appropriate wave spectra, either by use of 
tank testing or by suitable direct calculation methods. 


2.3.8 Account is to be taken of the effects of shallow 
water on the ship’s first order wave motions. 


o Section 3 
Mooring system - Design and 
analysis 


3.1 General 


3.1.1 The positional mooring system is to be designed to 
meet the specified limiting environmental criteria (see 2.1), and 
any associated operational constraints (restricted offset of 
ship, etc.) as contained in the Operations Manual. 


3.1.2 This Section in general, and the anchor line factors 
of safety in particular, relate principally to the quasi-static 
approach to mooring analysis. This method of analysis takes 
wind, current and wave drift forces to be steady effects which 
will displace the moored ship from its original equilibrium 
position to a new mean position where the mooring system 
will have developed sufficient restoring force to ‘balance’ the 
steady applied force. Wave-induced oscillatory vessel motions 
take place about this new mean position. In quasi-static 
analysis, maximum anchor line tensions are taken to occur at 
the extremity of vessel offset, see also Fig. 8.3.1. 


3.7.3 Consideration will be given to the adoption of 
alternative methods of design for the mooring system, including 
the use of part-dynamic or full-dynamic analysis techniques. 
In such cases, factors of safety, etc., will be specially consid- 
ered. 


3.1.4 For ships which intend to utilise thruster assistance, 
as an aid to position-keeping or as a means of reducing 
anchor line tensions, the extent of thruster allowance which 
is permitted in calculations is given in Table 8.3.2. 


3.1.5 Anchor line length is to be sufficient to avoid uplift 
forces occurring at the anchors in the worst damaged survival 
condition. 


3.7.6 Account is to be taken in the mooring analysis of 
the elastic stretch of anchor lines. 

3.2 Design cases and factors of safety 

3.2.1 The design cases which require to be considered, 


and the associated minimum anchor line factors of safety are 
given in Table 8.3.1. 
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Steady force displacement 


Surge/sway 


Position 1: Zero environmental force on ship. Anchor lines under pre-tension 
only. 
Position 2: New mean position taken up by ship under the action of steady 
forces — wind, current and wave drift. 
Positions 3&4: The inner and outer limits of vessel motion at wave frequency. 
Maximum quasi-static anchor line tension occurs at position 4. 
NOTE 
Mooring lines and anchor lines omitted in position 3 and position 4 for clarity. 


Fig. 8.3.1 Quasi-static analysis 
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Table 8.3.1 Minimum anchor line factors of safety 


Factor of safety 


Class notation 
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Table 8.3.2 Thruster allowance 


Thruster allowance 


Case 


Design 
case 


Description 


PM, 
PM @7 etc. 


PMC, 


PMC 0) etc. 


Operating — Intact 

The ship in an operating 
mode with its mooring 
system intact, subject to 
specified operating 
constraints (limiting 
environment and permissible 
offset of the ship). 


Survival — Intact 
The ship in survival mode 


2,7 


3,0 


@ 


®© 


Operating 
ntact) 


Survival 
ntact) 


Operating 
Damaged) 


Survival 
Damaged) 


70% of all 
thrusters 


None 


70% of all 
thrusters 


70% of all 
thrusters, 
less one 


All thrusters 
70% of all 
thrusters, 


less one 


All thrusters 


thrusters, 
ss one 


thrusters 


thrusters, 
ss one 


thrusters 


with mooring system intact, 
subject to maximum (survival) 
environmental conditions. 


Operating - Damaged 

As Case 1, but with loss of 
restraint of any one anchor 
line, see also 

Note 3. 


Survival - Damaged 

As Case 2, but with loss of 
restraint of any one anchor 
line. 


2,0/1,4 
(See Note 5) 


NOTES 

1. Inthe context of this Chapter, Cases 1 and 2 (‘Intact’ Cases) 
refer to the mooring system with all anchor lines intact. Cases 
3 and 4 (‘Damaged’ Cases) refer to the mooring system with 
the loss of any one anchor line. 


Minimum rated break strength 
Maximum line tension 


3. The factors of safety given in Table 8.3.1 are to be based on 
maximum line tensions resulting from steady force offset of 
the ship, plus maximum first order wave motion. In Design 
Cases 3 and 4, the factors relate to the ship in its post- 
damage settled position, following the loss of restraint from 
an anchor line, (i.e. neglecting transient effects, but see 
Note 4). 

In addition to the ‘static’ considerations in Design Cases 3 

and 4 (see Note 3), account is also to be taken of transient 

vessel motions following anchor or line failure. The motion 
path taken by the vessel in moving to a new static 
equilibrium position is to be determined for each line 
breakage case to ensure that: 

(a) The ship maintains adequate clearance from any 
adjacent installation (applicable where PMC or PMC 41) 
etc. notation is to be assigned). A minimum dimensional 
clearance of 10 m will normally be required. 

(b) The ship remains within its required operational 
excursion limits. 

(c) Successive line failures will not occur. In calculating 
factors of safety, the maximum anchor line tensions in 
this case are to be those resulting from the extreme point 
of transient motion, with the ship subject to steady force 
and significant wave motion. 

5. The factor of safety of 2,0 applies to critical lines maintaining 
separation between the moored ship and an adjacent 
installation. 


2. Anchor line factor of safety 


NOTES 
1. The conditions for assignment of supplementary notations 


€), C) and (73) are defined in Section 8. 


Where all thrusters are permitted, the net effect of all thrusters 
can be included in calculations. 

Where all thrusters except one are permitted, the net effect of 
all thrusters, less the single most effective one, can be 
included in calculations. 


O Section 4 
Mooring equipment 


4.1 Anchors 


4.1.1 Anchors for positional mooring are to be sufficient 
in number and holding power, and are to have adequate 
structural strength, for the intended service. It is the Owners’/ 
Operators’ responsibility to ensure adequate anchor holding 
power for each location or holding ground. 


4.1.2 The anchors are to be of an approved type. 
Supporting calculations to verify the structural strength of the 
anchor under proof test loading are to be submitted. 


4.1.3 The anchors are to be manufactured in accordance 
with the requirements of Chapter 10 of the Rules for the 
Manufacture, Testing and Certification of Materials (hereinafter 
referred to as the Rules for Materials). 


4.1.4 The anchors are to be proof tested in the manner 

laid down in Chapter 10 of the Rules for Materials. The level of 

proof test loading for positional mooring anchors is to be the 

greater of the following: 

(a) 50 per cent of the minimum rated break strength of the 
intended anchor line; or 

(o) the value given in Table 10.1.1 in Chapter 10 of the Rules 
for Materials. 
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4.2 Fairleads 


4.2.1 Fairleads are to be designed to permit free move- 
ment of the anchor line in all mooring configurations. 
Fig. 8.4.1 shows the minimum operating range of the fairlead 
to be considered in conjunction with the design load. 


B.S. 
(Breaking Strength) 


Elevation 


>— . 


N 
| 1 
| 
| 
| 
| 
| 
| 
| 
Y 


b a am a 


Plan View 
Fairlead — Minimum Design Range 


Fig. 8.4.1 
Minimum operating range and design loading 
of fairlead 


4.2.2 Fairleads and their supporting structures are to be 
designed for a load equivalent to the rated minimum break 
strength of the anchor line. 
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4.2.3 Maximum allowable stresses for the design criteria 
given in 4.2.1 and 4.2.2 are to be based on the following 
factors of safety: 


Factors 
Shear 1,89 relate to 
Tension, compression or 1,25 tensile 
bending yield 
Combined 1,14 stress 


(combined stress = Voy? + oy? — oyoy + 312 ) 


Where oy and oy are the combined axial and bending 
stresses in the X and Y directions respectively and t is the 
combined shear stress due to torsion and/or bending in the 
X-Y plane. 


4.2.4 Materials and steel grades are generally to comply 
with the requirements given in 5.2 for Type P components. 


4.2.5 Chain cable fairleads are to have a minimum of five 
pockets. 


4.2.6 Wire rope fairleads are generally to have a minimum 
diameter of 20 times the wire rope diameter. 


4.3 Stoppers 


4.3.1 Stoppers may require to be provided depending on 
the winch arrangements, see Section 5. 


4.3.2 Where stoppers are fitted, they are to comply with 
Section 5 in respect to mechanical and strength aspects, and 
Section 6 for release arrangements. 


4.4 Anchor lines 


4.4.1 Anchor lines are generally to be of stud link chain 
cable, steel wire rope or a combination of both. Special 
consideration will be given to proposals for the use of 
alternative materials. 


4.4.2 Stud link chain cable is to be either of unified grade 
(U2 or U3) meeting the requirements of Chapter 10 of the 
Rules for Materials, or an approved special grade. 


4.4.3 Wire rope for anchor lines is to have a suitable 
construction for its purpose (6 x 37 construction with 
independent wire rope core is generally acceptable). 


4.4.4 Steel wire ropes are generally to comply with 
Ch 10,5 of the Rules for Materials, or with an equivalent 
recognised National or International Standard. 


4.4.5 Wire rope terminal fittings are to comply with an 
acceptable code or standard. The strength of terminations, 
connecting fittings, shackles or links is not to be less than that 
of the anchor line. 
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o Section 5 NOTE 


. . Consideration will be given to designating any of the above 
Anchor winches and windlasses components as Type S (see below), provided adequate 


51 G I redundancy of operation exists. 
" enera (o) Type S: Secondary, stressed items, not categorised as 
Type P, and where failure would not result in the loss of 


5.1.1 Machinery items are to be constructed, installed a primary winch function. 


and tested in accordance with the relevant requirements of 


Part 5. For electrical and control equipment, see Section 6. 5.2.3 Steel materials for Type P or Type S components 


are generally to comply with the following Chapters and 
Sections of the Rules for Materials: 


5.2 Materials (a) Plates and bars: Chapter 3, Sections 1 and 2, 3 or 6, 
; as appropriate. 
5:2:1 Materials are generally to comply with the require- (b) a Chapter 4, Sections 1 and 7 


ments:of Pt S, Ch 1,2.2. (c) Forgings: Chapter 5, Sections 1 and 8. 


5.2.2 Components have been categorised in this Section 

as Type P (Primary) and Type S (Secondary) for material 

selection purposes: 

(a) Type P: Components where failure would result in the 
loss of a primary function of the winch or windlass, e.g.: 


Consideration will be given to the acceptance of suitable 
equivalent National Standards. 


5.2.4 Material grades are to be selected to provide the 
necessary notch toughness. See Table 8.5.1 for suitable 


Winch drum. Grados, 


Windlass cable lifter. 


2: Th i ts of 5.2. 2.4 ly wh 
Reduction gears. 5.2.5 e requirements of 5.2.3 and 5 apply where 


the minimum design air temperature is within the range 0°C 


Sai to minus 15°C. Requirements for design temperatures 
rasos: outside this range will be subject to special consideration. 
Pawl stoppers. 
Bedplates. 
Table 8.5.1 Material grades 


Component Thickness Plate 


Castings 
type (mm) 


Forgings 


AW (see Note 1) PWHT (see Note 2) AW PWHT PWHT 


D, DH32, DH36 AH, B C-Mn C-Mn 
E, EH32, EH36 DH32, DH36 C-Mn C-Mn 


E, EH32, EH36 E, EH32, EH36* C-Mn C-Mn 
*(See Note 5) 


E, EH32, EH36 21/4 Ni C-Mn 
(See Note 3) 


LT60 LT60 (See Note 3) 21/4 Ni 21/4 Ni LT60 
(See Note 3) (See Note 3) 


(See Note 4) LT60 31/2 Ni 21/4 Ni | (See Note 4) LT60 
11/2 Ni (See Note 4) (See Note 7) | (See Note 7)| 11/2 Ni (See Note 4) 
DH32, EH36 


E, EH382, EH36* 
*(See Note 5) 


E, EH32, EH36 
LT60 (See Note 3) 
LT60 


LT60 (See Note 3) 


Not normally applied 
(See Note 6) 


NOTES 
. AW. Without post-weld heat treatment. 

PWHT. With post-weld heat treatment or not welded. 
Impact test temperature may be raised to -50°C. 
Use either 1/2 Ni or 11/2 Ni with impact test at -70°C. 
Impact test temperature may be raised to -30°C. 
If PWHT is used, grades will be specially considered. 
To be specially considered. 
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5.2.6 For components such as gears, shafts and 
boltings made from rolled or forged bar materials not subject 
to welding, the material composition and heat treatment, etc. 
may be submitted for approval as an alternative to the require- 
ments of Table 8.5.1. 


5.2.7 Non-ductile materials are not to be used for torque 
transmitting items or for those elements subject to tensile/ 
bending stresses. 


5.2.8 Spheroid graphite iron castings are to comply with 
Ch 7,3 of the Rules for Materials, Grades 370/17 or 400/12, 
or to an equivalent National Standard. 


5.2.9 The use of grey iron castings will be subject to 
special consideration. Where approved, they are to comply 
with the requirements of Ch 7,2 of the Rules for Materials. 
This material is not to be used for gear components. 


5.2.10 Brake lining materials are to be compatible with 
operating environmental conditions. 


5.3 Brakes 


5.3.1 Each anchor winch or windlass is required to have 
one primary braking system and one secondary braking 
system. The two systems are to operate independently. 


5.3.2 The braking action of the motor unit may be used 
for secondary braking purposes where the design is suitable. 


5.3.3 A residual braking force of at least 50 per cent of 
the maximum braking force required by 5.5.1 is to be imme- 
diately available and automatically applied in the event of a 
power failure. 


5.4 Stoppers 


5.4.1 If the winch motor is to be used as a secondary 
brake, then a stopper is to be provided to take the anchor line 
load during maintenance of the primary brake. 


5.4.2 The stopper may be one of two different types - a 
pawl stopper fitted at the cable lifter/drum shaft, or a stopper 
acting directly on the anchor line. 


5.4.3 Where the stopper acts directly on the cable, its 
design is to be such that the cable will not be damaged by 
the stopper at a load equivalent to the rated breaking strength 
of the cable. 


5.4.4 See also 6.2.1 and 6.2.2 for stopper control station 
requirements, and 6.4.5 for emergency release of stoppers. 
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5.5 Winch/Windlass performance 


5.5.1 The primary brake is required to hold a static load 
equal to the minimum break strength of the anchor line (at the 
intended outer working layer of wire rope on storage drum 
winches). The static load capacity of the primary brake can 
be reduced to 80 per cent of that value when a stopper 
capable of holding 100 per cent of the breaking strength of 
the line is fitted. 


5:0:2 The secondary brake is required to hold a static 
load equal to 50 per cent of the minimum breaking strength of 
the anchor line. 


5.5.3 The anchor winch or windlass is to have adequate 
dynamic braking capability. The two brake systems in joint 
operation are to be capable of fully controlling, without 
overheating, the anchor lines during: 

(a) all anchor handling operations; 

(b) adjustment of anchor line tensions. (This is particularly 
relevant where the mooring system has been designed 
and sized, on the basis of active adjustment of anchor 
lines in extreme conditions, to minimise line tensions). 


5.5.4 See also 6.2 for control of winches, windlasses, 
stoppers and pawls, and 6.4 for brake fail safe requirements 
and standby power for operation of brakes and release of 
stoppers in the event of a failure of normal power supply. 


5.5.5 The pulling force of the winches or windlasses is to 
be sufficient to carry out anchor pre-loading on location, to the 
necessary level. A minimum low-speed pull equal to 40 per 
cent of the anchor line breaking strength is recommended. 


5.6 Strength 


5.6.1 Design load cases for the winch or windlass 
assembly and the stopper when fitted are given in Table 8.5.2. 
The associated maximum allowable stresses are to be based 
on the factors of safety given in Table 8.5.3. 


Table 8.5.2 Design load cases 
Anchor line load 


Condition percentage of break strength 


Winch braked 100% (See Note) 


Stopper engaged | 100% 
Winch pulling 


40% or specified duty pull if greater 


NOTE 

Where stopper is fitted, anchor line load in Case 1 can be taken 
as brake slipping load, but is not to be less than 80 per cent 
break strength. 
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Table 8.5.3 Safety factors for design load cases 


Load case 


1&2 3 


Factor of safety 


Shear 1,89 2,5 


Tension, compression, bending 1,25 1,67 


Combined 1,11 1,43 


NOTES 
1. Factors of safety relate to tensile yield stress. 


2. Combined stress = alex? + 0y —oxoy + 31? 


Where oy and oy are the combined axial and bending 
stresses in the X and Y directions respectively and qt is 
the combined shear stress due to torsion and/or bending 
in the X-Y plane. 


5.7 Testing 


Sd Works tests are to be carried out in the presence 
of the Surveyor, on at least one of the winch or windlass units 
out of the total outfit for the vessel. The tests to be carried out 
are given in Table 8.5.4. Alternatively, where a prototype winch 
has been suitably tested, consideration will be given to the 
acceptance of these results. 


Table 8.5.4 Works test 


Test Test load 


Static brake — Primary 100% Anchor line break strength 
(or 80% where stopper fitted. 


See 5.5.1 ) 


Static brake - Secondary 


50% Anchor line break strength 


Stopper (where fitted) 100% Anchor line break strength 


Motor stall test Specified stall load 


5.7.2 The residual braking capability (see 5.5.4) is to be 
verified. 


5.7.3 Each winch or windlass is to be tested on board 
the vessel, in the presence of the Surveyor, to demonstrate 
that all main aspects, including dynamic brakes, function 
satisfactorily. The proposed test programme is to be 
submitted. 


5.8 Type approval 


5.8.1 Winches or windlasses may be type approved in 
accordance with LR’s Type Approval Scheme. Where this 
type approval is obtained, the requirements of 5.7.1 may not 
be applicable. 
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a Section 6 
Electrical and control equipment 


6.1 General 


6.7.1 The electrical installation is to be designed, 
constructed and installed in accordance with the relevant 
requirements of Pt 6, Ch 2. 


6.1.2 Control, alarm and safety systems are to be 
designed, constructed and installed, in accordance with the 
relevant requirements of Pt 6, Ch 1, together with the require- 
ments of 6.2 to 6.4. 


6.2 Control stations 


6.2.1 The operation of winches, windlasses and associ- 
ated brakes, chainstoppers and pawls is to be controlled 
locally from weather-protected control stations which provide 
good visibility of the equipment and associated anchor 
handling operations. 


6.2.2 A central control station, which may be located on 
the bridge or a separate manned control room, is to be 
provided from which brakes, chainstoppers and pawls can be 
remotely released. 


6.2.3 For each anchor winch, the respective local control 
station is to be provided with a means of indicating the 
following: 

(a) Line tension. 

(o) Length of line paid out. 

(c) Line speed. 


6.2.4 The indication required by 6.2.3(a) and (b) is to be 
repeated to the central control station and, in addition, a 
means of indicating the following is to be provided at this 
position: 

(a) Mooring patterns and anchor line catenaries. 


(b) Status of winch operation. 

(c) Position and heading, see also 6.4.6. 

(d) Gangway angle and extension, when applicable. 
(e) Riser angle, when applicable. 

(f, Wind speed and direction, see also 6.4.9. 


6.2.5 Means of voice communication are to be provided 
between the central control station, each local control station 
and anchor handling vessels, when applicable. 


6.3 Alarms 


6.3.1 Alarms are to be provided at the local and central 

control stations for the following fault conditions: 

(a) Excessive line tension. 

(b) Loss of line tension. 

(c) Excessive gangway angle and extension, when 
applicable. 

(d) Excessive riser angle, when applicable. 


6.3.2 Alarms are to be provided adjacent to the winches 
and windlasses to warn personnel prior to and during any 
remote operation. 
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6.3.3 Alarms are to be provided at the central control 

station for the following fault conditions: 

(a) When the ship deviates from its predetermined area of 
operation. 

(b) When the ship deviates from its predetermined heading 
limits. 

These alarms are to be adjustable, but should not exceed 

specified limits. Arrangements are to be provided to fix and 

identify their set points. 


6.4 Controls 


6.4.1 Adequate controls are to be provided at the local 
control station for satisfactory operation of the winch(es). 


6.4.2 The braking system is to be arranged so that the 
brakes, when applied, are not released in the event of a failure 
of the normal power supply. 


6.4.3 Standby power is to be provided to enable winch 
brakes to be released within 15 seconds in an emergency. 
The release arrangements are to be operable locally at each 
winch and from the central control position, and are to be 
such that the entire anchor line can be lowered in a controlled 
manner. 


6.4.4 The standby power is to be such that, during 
lowering of the anchor line, it is possible to apply the brakes 
once and then release them again in a controlled manner. 


6.4.5 Standby power is to be provided, so that any 
anchor line stoppers or pawl mechanisms may be released 
from either the local or central control stations up to a line 
tension equal to the minimum rated break strength of the 
anchor line. These mechanisms are to be capable of release 
at the maximum angles of heel and trim under the damage 
stability and flooding conditions for which the ship is designed. 


6.4.6 At least one position reference system and one 
gyrocompass or equivalent is to be provided, when applica- 
ble, to ensure the specified area of operation and heading 
deviation can be effectively monitored. 


6.4.7 Position reference systems are to incorporate 
suitable position measurement techniques which may be by 
means of acoustic devices, radio, radar, taut wire, riser angle, 
gangway extension and angle or other acceptable means 
depending on the service conditions for which the ship is 
intended. 


6.4.8 A vertical reference sensor is to be provided, if 
applicable, to measure the pitch and roll of the ship. 


6.4.9 Means are to be provided to ascertain the wind 
speed and direction acting on the ship. 
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E Section 7 
Thruster-assisted positional 
mooring 


7.1 General 


7.1.1 When the positional mooring system is supple- 
mented by thrusters, the requirements of Pt 7, Ch 4, are to 
be generally complied with in respect of the machinery, 
electrical and control engineering arrangements. In applying 
these requirements, the arrangements for the notations 
DP(CM), DP(AM) and DP(AA) may be regarded as equiva- 
lent to those for supplementary notations (1), G) and (3) 
respectively, unless otherwise stated in this Chapter. 


7.2 Control systems 


7.2.1 Suitable processing and comparative techniques 
are to be provided at the central control station to validate the 
control system inputs, thereby ensuring optimum perfor- 
mance of the thruster-assisted mooring system. 


7.2.2 Abnormal signal errors revealed by the validity 
checks required by 7.2.1 are to initiate alarms. 


7.2.3 The control system is to be stable throughout its 
operational range and is to meet the specified performance 
and accuracy criteria. 


7.2.4 An alarm is to be provided for a control computer 
system fault. 


E20 Sufficient instrumentation is to be fitted at the 
central control station to ensure effective control and indicate 
that the system is functioning correctly, see also 6.2. 


7.2.6 The deviation from the desired heading and/or 
position is to be adjustable, but should not exceed the 
specified limits. Arrangements are to be provided to fix and 
identify the set points for the desired heading and/or position. 


m Section 8 
Thruster-assisted mooring - 
Classification notation 


requirements 
8.1 Notation f1) 
8.1.1 For assignment of notation 1), the applicable 


requirements of Sections 6 and 7, together with 8.1.2, are to 
be complied with. 
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8.1.2 Centralised automated manual control of the 
thrusters is to be provided to supplement the position 
mooring system. The manual control system is to provide 
output signals to the thrusters, via the manual controller, to 
change the speed, pitch and azimuth angle, as applicable, 
thereby optimising line tension, as indicated at the central 
control station, see 6.2.4. 


8.2 Notation (72) 


8.2.1 For assignment of notation (2), the applicable 
requirements of Sections 6 and 7, together with 8.2.2 to 
8.2.5, are to be complied with. 


8.2.2 Automatic and manual control systems are to be 
provided to supplement the positional mooring systems and 
arranged to operate independently, so that failure in one 
system will not render the other system inoperative. See also 
8.1.2 for manual control. 


8.2.3 The automatic control system is to utilise automatic 
input(s) from the position reference system, the environmen- 
tal sensors and line tensions, and automatically provide 
output signals to the thrusters to change the speed, pitch and 
azimuth angle, as applicable, thereby optimising line tension. 


8.2.4 In the event of line failure or failure of the most 
effective thruster, the ship is to be capable of maintaining its 
predetermined area of operation and desired heading in the 
environmental conditions for which the ship is designed 
and/or classed. 


8.2.5 Control, alarm and safety systems are to incorpo- 
rate a computer-based consequence analysis, which may be 
continuous or at predetermined intervals, and is to analyse 
the consequence of predetermined failures to verify that the 
anchor line tensions and position/heading deviations remain 
within acceptable limits. In the event of a possible hazardous 
condition, arising as a result of the consequence analysis, an 
alarm is to be initiated at the central control station. 


8.3 Notation (73) 


8.3.1 For assignment of notation (3), the applicable 
requirements of Sections 6 and 7, together with 8.2.3 to 8.2.5 
and 8.3.2 to 8.3.5, are to be complied with. 


8.3.2 Two automatic control systems are to be provided 
and arranged to operate independently, so that failure in one 
system will not render the other system inoperative. 


8.3.3 In the event of failure of the working system, the 
standby automatic control system is to be arranged to 
changeover automatically without manual intervention and 
without any adverse effect on the ship’s station keeping 
capability. The automatic changeover is to initiate an alarm. 


8.3.4 At least two position reference systems, as defined 
by 6.4.7, are to be provided. 


8.3.5 At least two of each of the environmental sensors, 
as required by 6.4.8 and 6.4.9, are to be provided. 


Part 7, Chapter 8 


Sections 8 & 9 
m Section 9 
Trials 
9.1 General 
9.1.1 Before a new installation (or any alteration or 


addition to an existing installation) is put into service, trials are 
to be carried out. These trials are in addition to any accep- 
tance tests which may have been carried out at the 
manufacturers’ works and are to be based on the approved 
test schedules list as required by 1.5.4(h). 


9.1.2 The suitability of the positional mooring and/or 
thruster-assisted positional mooring system is to be demon- 
strated during sea trials, observing the following: 

(a) Response of the system to simulated failures of major 
items of control and mechanical equipment, including 
loss of electrical power. 

(b) Response of the system under a set of predetermined 
manoeuvres for changing: 

(i) Location of area of operation. 
(ii) Heading of the ship. 

c) Automatic thruster control and line tension optimisation. 

d) Monitoring and consequence analyses. 

e) Simulation of line breakage and damping. 

f) Continuous operation of the thruster-assisted positional 

mooring system over a period of four to six hours. 


9.1.3 Two copies of the test schedules, as required by 
1.5.4(h), signed by the Surveyor and Builder, are to be 
provided on completion of the survey. One copy is to be 
placed on board the ship and the other submitted to LR. 
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Section 

1 General requirements 

2 Physical conditions 

3 Workstations 

4 Systems 

5 Integrated Bridge Navigation System - 
IBS notation 

6 Trials 


a Section 1 
General requirements 


1.1 General 


1.1.1 The requirements of this Chapter apply to ships 
where an optional class notation for optimising environment 
on the bridge for navigational tasks, including periodic 
operation of the ship under the supervision of a single watch- 
keeper on the bridge and/or integrated bridge systems, is 
requested, and are additional to those applicable in other Parts 
of the Rules. 


1.1.2 The requirements of this Chapter are based on the 
understanding that the International Regulations for 
Preventing Collisions at Sea and all other relevant Regulations 
relating to Radio Communications and Safety of Navigation 
required by Chapters IV and V respectively of SOLAS are 
complied with. 


1.1.3 Requirements additional to those in this Chapter 
may be imposed by the National Authority with whom the ship 
is registered and/or by the Administration within whose 
territorial jurisdiction it is intended to operate. 


1.1.4 The requirements of this Chapter are framed on the 
understanding that contingency plans for emergencies are 
specified and the conditions under which one man watch is 
permitted are clearly defined in an operations manual which is 
acceptable to the Administration with which the ship is 
registered. 


1.1.5 In general, ships complying with the requirements 
of Sections 1 to 4 of this Chapter will be eligible for the 
notation NAV1. 


1.1.6 Section 5 of this Chapter states additional require- 
ments which apply where the navigational functions are 
integrated. In general, ships complying with the requirements 
of Section 5 will be eligible for the notation IBS, see Pt 1, 
Ch 2,2.4. In addition to the assessment of the navigational 
function integration, the assignment of the notation IBS 
requires that the layout of the bridge and the equipment 
located on the bridge is to the satisfaction of Lloyd’s Register 
(hereinafter referred to as LR), see 5.2.1. 
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1.2 Information and plans required to be 
submitted 


1.2.1 The following information and plans are to be 

submitted in triplicate: 

° For programmable electronic systems, the plans 
required by Pt 6, Ch 1,1.2.6. 

Details of the intended area of operation of the ship. 

° List of navigational equipment detailing manufacturer, 
and model and National Authority approval (where 
applicable). 

e — Functional block diagrams and descriptions of the 
navigational equipment, internal communications systems 
and watch safety system indicating their relationship to 
each other. 

° Details of the electrical power supplies to the 
navigational equipment, internal communications systems, 
watch safety system, and clear view arrangements. 

e A general arrangement of the ship showing the fields of 
vision from the bridge. 

e A general arrangement of the bridge and wheelhouse 
showing the positions of consoles, panels, handrails, 
seating, windows and clear view arrangements. 

e A profile view of the wheelhouse detailing the inclination 
of windows, heights of upper and lower edges of 
windows, and dimensions of consoles. 

e Detailed arrangements of consoles and panels showing 
the layout of equipment. 

e — Test schedules which should include methods of testing 
and test facilities provided. 

e A schedule of the electrical and electronic equipment 
referred to in 2.2.10 giving details of: 

° equipment description; 

° manufacturer; 

° type and/or model; and 

° evidence of electromagnetic compatibility. 


1.3 Definitions 


1.3.1 The following definitions are applicable to these 

Rules: 

(a) Workstation: 
A position at which one or several tasks, constituting a 
particular activity, is carried out. 

(o) Navigation workstation: 
A workstation at which the navigator may carry out all 
tasks relevant for deciding, executing and maintaining 
course and speed in relation to waters and traffic. The 
instrumentation and controls at the navigation worksta- 
tion should allow the navigator to: 

° analyse the traffic situation; 

° monitor position, course, track, speed, time, 
propeller revolutions and pitch, rudder angle, 
depth of water, rate of turn, and wind speed and 
direction; 
alter course and speed; 
effect internal and external communications; 
give and receive sound signals; 
control navigational lights; 
monitor and acknowledge navigational alarms 
and warnings; 

° confirm his well-being and watch-keeping aware- 
ness; and 
° record navigational data. 


LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Navigational Arrangements and Integrated Bridge 


Systems 


(c) Main steering position: 
That part of the navigation workstation where those 
controls and instrumentation relevant to controlling the 
ship’s course are located. 

(d) Conning position: 
A place on the bridge which is used by navigators when 
commanding, manoeuvring and controlling a ship. 

(e) Voyage planning workstation: 
A workstation at which the navigator may carry out the 
following tasks without affecting the actual navigation of 


the vessel: 
° examine and update charts and other relevant 
documentation; 


° plan a voyage as a series of waypoints, courses, 
speeds and turns; 

° calculate an estimated time of arrival at various 
points on the voyage; and 

° determine and plot the ship’s position. 


H Section 2 
Physical conditions 


2.1 Bridge and wheelhouse arrangement 


2.1.1 The bridge configuration, arrangement of consoles 
and equipment location are to be such as to enable the 
officer of the watch to perform navigational tasks and other 
functions allocated to the bridge, as well as maintain an 
effective lookout. The following tasks are to be supported: 
navigation and manoeuvring; 

monitoring; 

manual steering; 

docking; 

planning; 

safety; 

communications; and 

conning. 


A12 Equipment and associated displays and indicators 
are to be sited at clearly defined workstations. 


2.1.3 Consoles, including the chart table, are to be 
positioned, so that the instrumentation they contain is 
mounted in such a manner as to face a person looking 
forward. As far as practicable, operating surfaces are to be 
normal to the operator’s line of sight. 


2.1.4 From other workstations within the wheelhouse it 
is to be possible to monitor the navigation workstation and to 
maintain an effective lookout. 


AIO The main access to the bridge is to be by means 
of an internal stairway. Secondary external access is also to 
be provided. 
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2.1.6 Clear passage of at least 700 mm width is to be 

available to allow movement around the bridge with a 

minimum of inconvenience. Particular attention is to be paid 

to the following routes which are to be as direct as possible: 

(a) From bridge wing to bridge wing, a clear passage of at 

east 1200 mm in width. 

(b) Between the internal entrance to the bridge and the 

route in (a) a clear passage of at least 700 mm in width 

is to be provided. 

(c) Between adjacent workstations, a clear passage of at 

east 700 mm is to be provided. 

(d) Between the bridge front bulkhead or any consoles and 

installations placed against the front bulkhead, to any 
consoles or installations placed away from the bridge 
front, a clear passage of at least 800 mm is to be 
provided. 

Space necessary for operating at a workstation is to be 

considered as part of the workstation and is not to be part of 

the passageway. 


2.1.7 The clear height between the wheelhouse deck 
surface covering and the underside of the deckhead is to be 
at least 2250 mm. The lower edge of deckhead mounted 
equipment is to be at least 2100 mm in open areas, passage- 
ways and at standing workstations. 


2.1.8 Toilet facilities are to be provided on the bridge or 
adjacent to the bridge on the bridge deck. 


2.2 Environment 


2.2.1 The bridge is to be free of physical hazards to 
personnel. There are to be no sharp edges or protuberances 
and wheelhouse, bridge wing and upper bridge decks are to 
be free of trip hazards and have non-slip surfaces whether 
wet or dry. 


2.2.2 Sufficient hand-rails or equivalent are to be fitted 
inside the wheelhouse and around workstations to enable 
personnel to move or stand safely in bad weather. Protection 
of stairway openings is to be given special consideration. 


2.2.3 Provision for seating is to be made in the wheel- 
house. Means for securing the seating are to be provided 
having regard to storm conditions. 


2.2.4 Glare and reflections from surfaces are to be 
minimised. In this respect, walls, ceilings, consoles, chart 
tables and other major fittings are to be provided with a 
suitable low reflective finish. Arrangements are to be provided 
to prevent the obscuration of information presented on visual 
display units and instruments which are fitted with transparent 
covers. 


2.2.5 Entrance doors to the wheelhouse are to be 
securable from the inside, and operable with one hand. 
Bridge wing doors are not to be self-closing, and are to be 
provided with means to hold them open. For ships required 
to comply with the Rules and Regulations for the Construction 
and Classification of Ships for the Carriage of Liquefied Gases 
in Bulk, the sealing mechanism of each door is to be such that 
a rapid and efficient gas and vapour tightening can be 
ensured. 
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2.2.6 An adequate air conditioning or mechanical 
ventilation system, together with sufficient heating according 
to climatic conditions, is to be provided in order to maintain 
the temperature of the wheelhouse within the range of 14°C 
to 30°C and the humidity within the range 20 per cent to 
60 per cent. The discharge of hot or cold air is not to be 
directed towards bridge personnel. Control of this system is 
to be provided in the wheelhouse. 


2.2.7 The noise level on the bridge is not to interfere 
with verbal communication, mask audible alarm signals, or be 
uncomfortable to bridge personnel. In this respect, the 
ambient noise level in the wheelhouse in good weather is not 
to exceed 65 dB(A). 


2.2.8 A sound reception system or alternative means is 
to allow external sound signals to be heard and their direc- 
tion determined within the wheelhouse. 


2.2.9 Permanently installed electrical and electronic 
equipment is to be installed so that electromagnetic interference 
does not affect the proper function of the navigational systems 
and equipment. Installation of the equipment in accordance 
with the guidelines and recommendations included in IEC 
60538: Electrical and electronic installations in ships — Electro- 
magnetic compatibility, or an acceptable equivalent Standard, 
would generally be considered to meet the requirement. 


2.2.10 Permanently installed electrical and electronic 

equipment, on the bridge and in the vicinity of the bridge, that 

is not subject to the approval required by 3.1.13, is to have 

undergone electromagnetic compatibility testing that demonstrates 

the equipment satisfies the conducted and radiated emission 

requirements of: 

° IEC 60533: Electrical and electronic installations in ships 
— Electromagnetic compatibility; or 

° IEC 60945: Maritime navigation and radio 
communication equioment and systems - General 
requirements — Methods of testing and required test 
results. 

Testing in accordance with other appropriate standards is 

subject to consideration and details are to be submitted. 


2.2.11 To demonstrate compliance with 2.2.10, a 
schedule of applicable equipment is to be compiled, see 
1.2.1. Where it is proposed to add to or modify the 
equipment referred to in 2.2.10 the schedule is to be 
maintained accordingly, see also 6.1.1. A copy of the 
schedule documentation is to be placed on board the vessel 
and a copy is to be made available to the LR Surveyor on 
request. 


2.2.12 Passive electromagnetic equipment, considered not 
liable to cause or be susceptible to electromagnetic 
disturbances, may be provided with an exemption statement in 
place of evidence of electromagnetic compatibility for the 
purposes of 2.2.11. Examples of passive electromagnetic 
equipment include cables, purely resistive loads and batteries. 
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2.3 Lighting 


2.3.1 The level of lighting is to enable bridge personnel 
to perform all bridge tasks, including maintenance and chart 
and office work, by day and night. Controls, indicators, instru- 
ments, keyboards, etc., on the bridge are to be capable of 
being seen in the dark, either by means of internal lighting 
within the equipment or the wheelhouse lighting system. A 
satisfactory level of flexibility within the lighting system is to 
be available to enable the bridge personnel to adjust the 
lighting in brightness and direction as required in different 
areas of the bridge and by the needs of individual instruments 
and controls. 


2.3.2 All illumination and lighting of instruments, 
keyboards and controls are to be adjustable down to zero, 
except the lighting of alarm and warning indicators and the 
controls of dimmers which are to remain readable. 


2.3.3 Two separate circuits are to be provided for wheel- 
house lighting, such that failure of any one of the circuits does 
not leave the space in darkness, see Pt 6, Ch 2,5.7. 


2.3.4 Emergency lighting is to be provided for the wheel- 
house, stairways and exits, see Pt 6, Ch 2,3. 


2.3.5 Lighting used in areas and at items of equipment 
requiring illumination, whilst the ship is navigating, is to be 
such that night vision is not impaired, e.g. red lighting. Such 
lighting is to be arranged, so that it cannot be mistaken for a 
navigation light by another ship, and to prevent glare and stray 
image reflections. 


2.3.6 In order to avoid possible confusion in colour 
discrimination, red lighting is not to be fitted over chart tables. 


2.3.7 To avoid unnecessary light sources in the front area 
of the bridge, only instruments necessary for the safe navigation 
and manoeuvring of the ship are to be located in this area. 


2.3.8 Means are to be provided to prevent the sudden 
flooding of light onto the bridge from alleyways, accommo- 
dation areas and the chart table area. 


2.3.9 Deck and superstructure lights which may impair 
safe navigation are to be controlled from the bridge. 


2.3.10 Each navigation light is to be provided with an 
audible and visual alarm to indicate failure of the light, see 
Pt 6, Ch 2,15.6. 


2.3.11. Means are to be provided to test alarm and 
other indicator lamps. 


2.4 Windows 


2.4.1 All wheelhouse windows are to be constructed of 
shatterproof toughened glass having a strength commensurate 
with the degree of exposure of the bridge to storm conditions 
and complying with a recognised National or International 
Standard, e.g. ISO 21005, Ships and marine technology - 
Thermally toughened safety-glass panes for windows and side 
scuttles. 
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2.4.2 Windows are to be as wide as possible and 
divisions between them are to be kept to a minimum. No 
division is to be positioned immediately forward of any work- 
station or on the ship’s centreline. 


2.4.3 To reduce reflections from internal lighting, etc., the 
bridge windows are to be inclined from the vertical plane top 
out, at an angle of not less than 10° and not more than 25°. 
Alternative arrangements will be specially considered. 


2.4.4 The height of the lower edge of the front windows is 
to allow a forward view over the bow for a person at the 
navigation workstation and is not to obstruct any of the 
required fields of vision, see 2.5. In this respect, the height of 
the lower edge of the front windows above the deck is to be 
kept as low as possible and, as far as practicable, is not to 
be more than 1000 mm above the deck surface. 


2.4.5 The upper edge of the front windows is to allow a 
forward view of the horizon for a person with an eyeheight of 
1800 mm at the conning position when the ship is pitching in 
heavy seas and, as far as practicable, is not to be less than 
2000 mm above the deck surface. 


2.4.6 Clear views through the windows in front of the 
conning position, navigation workstation, and, where applica- 
ble, bridge wings are to be provided at all times regardless of 
weather conditions. At least two windows are to provide such 
a view. 


2.4.7 To ensure a clear view in bright sunshine, sun- 
screens with minimum colour distortion are to be provided. 
Such screens are to be readily removable and not permanently 
installed. Polarised and tinted windows are not to be fitted. 


2.4.8 Heavy duty wipers, preferably provided with an 
interval function and a fresh water wash, are to be fitted. 


2.4.9 Efficient cleaning, de-icing and de-misting systems 
are to be fitted. 


2.4.10 Suitable safe external access arrangements fitted 


under the bridge windows are to be provided to enable 
cleaning in the event of failure of the above systems. 


Sea surface 
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2.5 Fields of vision 


2.5.1 It is to be possible to observe all objects necessary 
for navigation, including other traffic and navigation marks, in 
any direction from inside the wheelhouse. In this respect, 
there is to be a field of view around the ship of 360° obtained 
by an observer moving within the confines of the wheelhouse. 


2.5.2 The view of the sea surface from the conning 
position and the navigation workstation is not to be obscured 
by more than two ship lengths, or 500 m, whichever is less, 
forward of the bow to 10° on either side, irrespective of the 
ship’s draught, trim and deck cargo, see Fig. 9.2.1. 


29:3 Blind sectors caused by cargo, cargo gear and 
other obstructions outside of the wheelhouse forward of the 
beam obstructing the view of the sea surface as seen from 
the conning position and the navigation workstation are not 
to exceed 10° each. The total arc of blind sectors is not to 
exceed 20° and the clear sector between blind sectors shall 
be at least 5°. However, in the view described in the 
preceding paragraph, each individual blind sector is not to 
exceed 5°. 


2.5.4 The horizontal field of vision from the conning 
position and the navigation workstation is to extend over an 
arc from more than 22,5° abaft the beam on one side, 
through forward, to more than 22,5° abaft the beam on the 
other side, see Fig. 9.2.2. 


2.5.5 From the main steering position, the field of vision is 
to extend over an arc from dead ahead to at least 60° on each 
side, see Fig. 9.2.3. 


2.5.6 From each bridge wing, the field of vision is to 
extend over an arc from at least 45° on the opposite bow 
through dead ahead and then aft to 180° from dead ahead, 
see Fig. 9.2.4. 


2.5.7 There is to be a line of sight from the port wing to 
the starboard wing through the wheelhouse. 


2.5.8 The ship’s side is to be visible from the bridge wing. 


2.5.9 From workstations for functions other than 
navigation, the field of vision is to enable an effective lookout 
to be maintained and, in this respect, is to extend at least over 
an arc from 90° on the port bow, through forward, to 22,5° 
abaft the beam on the starboard side, see Fig. 9.2.5. 


2 ship lengths or 500 m (whichever is less) 


4155/01 


Fig. 9.2.1 View of sea surface from conning position and navigation workstation 
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conning position 


Fig. 9.2.2 
Horizontal field of view from conning position and 
navigation workstation 
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Fig. 9.2.3 Field of view from main steering position 


4155/03 


4155/04 


Fig. 9.2.4 Field of view from starboard bridge wing 
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Fig. 9.2.5 
Field of view from workstation other than for 
navigation 


2.5.10 The height of consoles is not to interfere with the 
fields of vision defined above and is not to exceed 1350 mm. 


red] Section 3 
Workstations 


3.1 Navigation workstation 


3.1.1 A workstation for navigation is to be arranged to 
enable efficient operation by one person under normal 
operating conditions. The workstation area is to be sufficient 
to allow at least two operators to use the equipment simulta- 
neously. The arrangement of instruments and controls is to 
allow the use of all instruments and controls necessary for 
navigating and manoeuvring in any normal working position. 


3.1.2 An adequate conning position is to be provided 
close to the forward centre window. If the view in the centre- 
line is obstructed by large masts, cranes, etc., two additional 
conning positions giving a clear view ahead are to be 
provided, one on the port side and one on the starboard side 
of the centreline, no more than 5 m apart. In addition to the 
conning position, a second position with a view of the area 
immediately in front of the bridge superstructure is to be 
provided close to a forward window or, alternatively, the 
conning position is to be wide enough to accommodate two 
persons. 


3.7.3 The main steering position is to be located on the 
ship’s centreline, unless the view ahead is obstructed by large 
masts, cranes, etc. In this case, the steering position is to be 
located a distance to starboard of the centreline sufficient to 
obtain a clear view ahead and special steering references for 
use by day and night are to be provided, e.g. sighting marks 
forward. 
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3.1.4 The following facilities are to be provided at the 
navigation workstation: 

Radar and radar plotting facilities, see 3.1.5. 
Position-fixing system displays, see 3.1.6. 

Echo sounder display. 

Speed and distance indications, see 3.1.11 and 3.1.12. 
Gyrocompass displays, see 3.1.7. 

Magnetic compass display. 

Wind speed and direction indication. 

Steering controls and indication, see Pt 5, Ch 19,5. 
Rate of turn indication. 

Course/track controls and indications, see 3.1.8 to 
3.1.10. 

Main propulsion and thruster controls and indication, see 
Pt 6, Ch 1,2.6 and Pt 5, Ch 7,5.3. 

Watch safety system acknowledge. 

Watch safety system manual initiation. 

Internal communications system. 

VHF radiotelephone. 

Time indication. 

Window clear view controls. 

Navigation lights controls. 

Whistle control. 

Morse light keys. 

Wheelhouse/equipment lighting controls. 

Automatic ship identification system (AIS) information. 
Sound reception system where fitted, see 2.2.8. 
Means to cease the distribution of long-range identifica- 
tion and tracking information, where required by SOLAS 
Ch V, Reg.19-1,7. 


3.1.5 Two functionally independent radars or alternative 
means are to be provided to determine and display the range 
and bearing of radar transponders and other surface craft, 
obstructions, buoys, shorelines and navigational marks. One 
of the radars is to operate in the X-band (9 GHz) and the other 
is to operate in the S-band (8 GHz). 


3.1.6 At least two different automatic position-fixing 
systems giving a continuous display of latitude and longitude 
are to be provided in the interests of redundancy and diversity. 
One of these is to be GPS or equivalent. The other is to be a 
system providing similar global coverage such as GLONASS, 
where available. When a second GPS receiver is installed to 
satisfy this requirement, at least one of the receivers is to be 
provided with differential correction functionality (DGPS) and 
the receivers are to be arranged to operate independently as 
far as is practicable. 


3.1.7 A gyrocompass or alternative means for determining, 
displaying and transmitting the ship’s heading by shipborne, 
non-magnetic means, is to be provided and is to be clearly 
readable by the helmsman at the main steering position. The 
heading information is to be used directly by the radars, radar 
plotting aids and automatic identification system, see 3.1.5 
and 3.1.13. The gyrocompass is to be provided with a gyro- 
compass heading repeater located at the emergency steering 
position in the steering gear compartment and a gyrocom- 
pass bearing repeater allowing bearings to be taken over 
360°. 
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3.1.8 An autopilot, track control system or alternative 
means of automatically maintaining the ship’s heading or a 
straight track is to be provided. At any time, it is to be possible 
to immediately restore manual control. 


3.1.9 Heading monitoring is to be provided to monitor 
the actual heading information by independent heading 
sources. An off-course warning is to be given if the actual 
heading of the ship deviates from the set track course 
beyond a pre-set value. The pre-set off-course warning limit 
is to be large enough to prevent unnecessary alarms. 


3.1.10 Where automatic track following is provided, 
sufficient warning is to be given of the approach of a 
waypoint, so that, in the event of no acknowledgement from 
the officer of the watch, there is adequate time for the backup 
navigator to reach the bridge and accept the change of 
course. 


3.1.11 A speed log or alternative means of indicating the 
ship’s speed and distance through water is to be provided. 
The speed through water measurement is to be used directly 
by the ARPA as an aid to collision avoidance. 


3.1.12 A speed log or alternative means of indicating the 
ship’s speed and distance over ground is to be provided, 
which is to be separate from the device required by 3.1.11. 
Speed over ground is to be indicated in both the fore-aft and 
athwartships directions. 


3.1.13 Navigational systems and equipment are to be of a 
type approved by the national administration and in confor- 
mity with appropriate performance standards not inferior to 
those adopted by IMO from time to time. Documentary 
evidence to this effect is to be submitted. See SOLAS 1974 
as amended, Ch V, Reg. 18. 


3.1.14 Where alternative means of fulfilling the navigational 
requirements are permitted, the means are to be approved by 
the national administration and in conformity with appropriate 
performance standards. 


3.2 Voyage planning workstation 


3.2.1 A voyage planning workstation is to be provided at 
which the following facilities are available: 

e — Chart display and information facilities. 

e —_Position-fixing systems. 

e — Time indication. 


3.2.2 Time indication at the voyage planning workstation 
is to be derived from the same system as used at the naviga- 
tion workstation. 


3.2.3 An Electronic Chart Display and Information System 
(ECDIS) is to be provided. Chart tables for paper charts, 
where provided, are to be large enough to accommodate all 
chart sizes normally used internationally for maritime traffic 
and are to have facilities for illuminating the chart, see also 
2.3.8. 
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4.1 Alarm and warning systems 


4.1.1 Alarms associated with navigation equipment are 
to be both audible and visual and are to be centralized for 
efficient identification. Repeater displays may be fitted on the 
bridge wings and at other appropriate positions on the bridge 
where necessary. 


4.1.2 The following alarms are to be provided: 

e Closest point of approach. 

e — Shallow depth. 

e Waypoint approaching (where automatic track following 
iS provided). 

e — Off-course. 

° Off-track (where automatic track following is provided). 

e Steering alarms, see Table 19.5.1 in Pt 5, Ch 19 or 
Table 20.4.1 in Pt 5, Ch 20, as applicable. 

e Navigation light failure alarms, see Pt 6, Ch 2, 15.6, 
including 15.6.8 for grouping. 

° Gyrocompass failure. 

e Watch safety system failure. 

° Failure of any power supply to the distribution panels 
referred to in 4.4.1. 


4.1.3 Audible signals are to be designed not to startle 


operators. Suitable types are shown in Table 9.4.1. 


Table 9.4.1 Suitable audible signals 


Type Typical characteristics Considerations 


Buzzer Low intensity and 
frequencies 


Good alerting in quiet 
environment without 
startling 


Penetrates low 
frequency noise well, 
abrupt onset has a 
high alert value 


Moderate intensity and 
frequencies 


Moderate intensity and 
frequencies 


Good in quiet 
environment, non- 
startling 


Convenient for intercom 
transmission, high alert 
value if intermittent 


Moderate intensity and 
limited frequency range 


4.1.4 In the event that any alarm initiated by navigation 
equipment on the navigating bridge has not been acknowl- 
edged on the bridge within a period of 30 seconds, a visual 
and audible alarm is to be initiated immediately to warn the 
appointed back-up navigator and/or the Master. 
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4.1.5 In the event that the alarm required by 4.1.4 is not 
acknowledged, the system is to initiate an alarm at the 
locations of further crew members capable of taking correc- 
tive actions following a time delay sufficient to allow the 
Master or back-up navigator to reach the bridge. The time 
interval is to be adjustable between 90 seconds up to a maxi- 
mum of 3 minutes. In ships, other than passenger ships, the 
alarm to warn the further crew members may be initiated at 
the same time as the alarm to warn the Master and back-up 
navigator. 


4.1.6 The functionality specified in 4.1.4 and 4.1.5 may 
be incorporated in the watch safety system required by 4.2, or 
in another fixed system. 


4.2 Watch safety system 


4.2.1 A watch safety system satisfying the requirements 
of the IMO Resolution MSC.128(75), Performance standards 
for a bridge navigational watch alarm system (BNWAS), and 
approved by the national administration is to be provided to 
monitor the well-being and awareness of the watchkeeper. 


4.2.2 If, depending upon the shipboard work organisation, 
the backup navigator may attend locations not connected to 
the alarm transfer system, a wireless portable device is to be 
provided enabling both the transfer of alarms and two-way 
speech communication with the bridge. An audible warning 
from the portable device is to be provided in the event of loss of 
the wireless link with the bridge. Alternative arrangements will 
be considered. 


4.2.3 Acknowledgement of any alarm is to automatically 
reset the time interval between warnings. Manual adjustment 
of controls may also be used for this purpose. Manual adjust- 
ment of controls and navigation equipment (see also 5.3.14) is 
to automatically reset the watch safety interval timer. Reset 
arrangements based on the detection of movement in the 
bridge are not considered to satisfy this requirement or to 
confirm well-being and watch-keeping awareness. 


4.3 Communications 


4.3.1 A telephone system is to be provided to enable 

two-way speech communication between the wheelhouse 

and at least the following locations: 

° machinery control station space, see Pt 6, Ch 1,2.6.7; 

° emergency steering position in the steering gear 
compartment; 

e — Master’s and Navigating Officers’ cabins, offices, mess 
and public rooms. 


4.3.2 The bridge is to have priority over the system. 


4.3.3 A list of extension numbers is to be clearly 
displayed adjacent to each telephone. 
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4.4.1 Local distribution panels are to be provided for all 


items of electrically operated navigational equipment, the 
telephone system, the watch safety system and the clear view 
systems. These panels are to be supplied by two exclusive 
Circuits, one fed from the main source of electrical power and 
one fed from an emergency source of electrical power. Each 
item of equipment is to be individually connected to its 
distribution panel. The power supplies to the distribution 
panels are to be arranged with automatic changeover facilities 
between the two sources, see a/so Pt 6, Ch 2,15.7. Failure of 
any power supply to the distribution panels is to initiate an 
audible and visual alarm. This alarm should be included in the 
ship’s alarm system, as required by Pt 6, Ch 1,4.2, where 
applicable. 


4.4.2 The watch safety system and the telephone system 
are to remain operational during blackout conditions. 


4.4.3 Following a loss of power which has lasted for 
45 seconds or less, all navigation functions are to be readily 
re-instated. In this respect, all navigational equipment is to 
recover within five minutes, with minimum operator interven- 
tion, by virtue of the emergency source and, where necessary, 
an uninterruptible power source. 


E Section 5 
Integrated Bridge Navigation 
System - IBS notation 


5.1 General 


5.1.1 Where it is proposed that the bridge navigation 
functions are so arranged as to form an integrated bridge 
system, the requirements of 5.2 to 5.6 are to be complied with. 


5.2 General requirements 


5.2.1 For assignment of the notation IBS, in addition to 

satisfying the other requirements of this Section: 

(a) the layout of the bridge and the equipment located on 
the bridge is to satisfy the requirements of a relevant 
international or national ergonomic or human-centred 
design Standard or an acceptable equivalent; or 

(b) the notation NAV1 is also to be assigned and the layout 
of the bridge and the equipment on the bridge are to 
satisfy the requirements Sections 1 to 4; or 

(c) where the bridge is not intended to operate a periodic 
one man watch, the layout of the bridge and the equip- 
ment on the bridge are to satisfy the requirements of 
Sections 1 to 4, with the exception that the requirements 
of 4.3 may be relaxed. 


5.2.2 Where 5.2.1(a) is applicable, the submissions 
required by 1.2.1 are to include evidence demonstrating satis- 
faction of the requirements of an identified relevant Standard. 


Part 7, Chapter 9 


Sections 4 & 5 


5.2.3 To satisfy 5.2.2, the evidence submitted is to: 

(a) be submitted to LR for assessment, including identifica- 
tion of testing necessary to verify compliance in the 
submitted test schedules; or 

(b) include relevant statutory documentation demonstrating 
compliance with the relevant identified standard to the 
satisfaction of the National Administration. Such docu- 
mentation is to be submitted prior to the assignment of 
the IBS notation. This may necessitate co-ordination of 
classification and statutory Surveys, particularly for new 
construction, before the IBS notation may be assigned. 


5.2.4 Where 5.2.1(c) is applicable, the submissions 
required by 1.2.1 are to include plans and information for the 
consideration of LR which demonstrate that the applicable 
requirements of Sections 1 to 4 have been satisfied. 


5.2.5 The design features for computer hardware, local 
area networks and software required by Pt 6, Ch 1,2.10, 2.11, 
2.13 and 2.14 respectively are to be complied with. Alarms 
and warnings associated with hardware and data communi- 
cation are to be incorporated in the centralised alarm system 
required by 4.1. 


5.2.6 Failure of a part of the integrated bridge navigation 
system is not to affect other parts except for those that 
directly depend upon the information from the defective part. 
Following such a failure, it is to be possible to operate each 
other part of the system separately. 


5.3 Equipment 


5.3.1 Two independent gyrocompasses are to be 
available to provide heading information to the system. The 
heading signal from each gyrocompass is to be continuously 
available for display and for providing input to all relevant 
items of navigational equipment. 


5.3.2 Only one gyrocompass is to be used by the 
integrated bridge system at any time for main display and 
control purposes. The navigating officer is to be able to switch 
between compasses at any time. The non-selected compass 
is to be used automatically as the independent heading 
source for the off-course warning required by 3.1.9. 


5.3.3 It is to be possible to compare readings from each 
gyrocompass via the navigation workstation displays. 


5.3.4 Automatic comparison between the gyro- 
compasses is to be provided and an alarm given if the 
difference between heading signals exceeds a pre-set value. 


5.3.5 The capability to receive and utilise differential GPS 
corrections (or an equivalent) is to be included in the 
integrated bridge system. 
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5.3.6 As a minimum, the following information is to be 
displayed at the navigation workstation via visual display units: 
e — Steering mode. 

Gyro heading. 

Course to steer. 

Rate of turn. 

Rate of turn order. 

Speed and distance (from log and from GPS). 

Speed order. 

Waypoint bearing, distance and ETA. 

Water depth and alarm setpoint. 

Position fix from each available system. 

Main propulsion and thruster indication, see Pt 6, 
Ch 1,2.6 and Pt 5, Ch 7,5.3. 

e — Steering indication, see Pt 5, Ch 19,5. 

e Wind speed and direction. 

e Time, see 3.2.2. 


5.3.7 Additional information such as machinery monitoring, 
fire detection, cargo control, etc., may also be provided via 
additional pages on the visual display units. 


5.3.8 The centralised alarm system and the watch safety 
system required by 4.1 and 4.2 respectively are to be 
incorporated as functions of the integrated bridge system and 
are to be presented to the navigating officer via the conning 
display. The presentation and display of alarms and warnings 
is not to mask, obscure or degrade essential information 
displayed to aid navigational functions and maintain aware- 
ness of the navigational information, see also 5.5. 


5.3.9 A route planning capability is to be provided by the 
integrated bridge system. This is to allow a voyage to be pre- 
planned as a series of waypoints and turn radii. It is to be 
possible to edit a voyage plan at any time without affecting 
route control and monitoring. 


5.3.10 An automatic track following capability is to be 
provided in conjunction with the pre-planned route. The 
position fix used by the system is to be based at least upon 
GPS or equivalent, and is to be cross-checked by dead- 
reckoning, based upon speed over ground provided by the 
ship’s log. In areas where differential corrections are available, 
it is to be possible to utilise these in the track following 
system. 


5.3.17. Inthe event of failure of the track following capability, 
the current heading or rate of turn is to be maintained until 
manually altered by the navigating officer. The quality of 
position fix input to the system is to be monitored, see also 
3.1.10 and 4.1.2. 


5.3.12 The integrated bridge system is to incorporate a 
display, which combines simultaneously the ECDIS high reso- 
lution colour representation of a nautical chart with a 
continuously updated record of own ship’s position, 
pre-planned track, and radar targets in the vicinity. The entire 
tactical situation is to be displayed for the navigating officer 
in such a way that any risk from approaching, overtaking or 
crossing vessels may be assessed. Factors affecting the 
vessel’s freedom to manoeuvre, such as water depths, 
channel boundaries, separation zones and other traffic are to 
be shown on the display. 
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5.3.13 The following alarms are to be provided and 
included in the centralised alarm system specified by 4.1.1: 
e ~~ Off-track. 

Waypoint approaching, see 3.1.10. 

Position fix inaccurate/lost. 

Loss of heading input. 

Loss of log input. 

Equipment or sub-system failure. 

Gyro mis-match. 


5.3.14 |Manual adjustment of any of the facilities of the 
integrated bridge system is to reset automatically the watch 
safety interval timer. 


5.4 Operator interface 


5.4.1 Integrated display and control functions are to 
adopt a consistent man-machine interface philosophy and 
strategy. Particular consideration is to be paid to symbols, 
colours, controls, and information priorities. 


5.4.2 The size, colour and density of text and graphic 
information displayed on a visual display unit is to be such 
that it may be read easily from the normal operator position 
under all operational lighting conditions. 


5.4.3 Means are to be provided for the manual adjust- 
ment of the brightness of each visual display unit. 


5.4.4 All information is to be presented on a background 
of high contrast, emitting as little light as possible by night. 


5.4.5 Paged displays are to be presented in a way which 
allows the operator to find quickly the information needed. An 
overview page is to be easily available to remind the operator 
of the paging system. 


5.4.6 Pages are to have a standardised format. Particular 
types of information and functional areas should be presented 
in a consistent manner, e.g. in the same position on different 
pages. 


5.4.7 Each page is to have a unique identifying label on 
the screen. 


5.4.8 Keyboards are to be divided logically into areas 
enabling rapid access to a desired function. Alphanumeric, 
paging and specific system keys are to be grouped separately 
and grouping is to be identical at all operator interfaces. 


5.4.9 Soft keys may be used for display control and 
operation of systems non-critical to the safe operation of the 
vessel, otherwise dedicated controls are to be used. 


5.4.10 Functions requested by the operator are to be 
acknowledged and confirmed by the system on completion. 


5.4.11 Interfaces are to incorporate the capability for 
operators readily to decline or override automatic ship control 
functions critical to safe operation. See Pt 6, Ch 1,1.2.2 
regarding submission of information on safety functions and 
overrides. 
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5.4.12 Default values, where applicable, are to be 
indicated by the system when requesting operator input. 


5.4.13 lf an input error is detected by the system, it is to 
allow the operator to correct the error immediately. 


5.4.14 The system is to require confirmation from the 
operator for critical actions, e.g. they should not rely on single 
keystrokes. 


5.4.15 — Input error messages are to guide the correct 
responses, e.g.: 


use Invalid entry: re-enter set point between 
O and 10 
not Invalid entry. 


5.4.16 All functions of the integrated bridge system are to 
remain available in the event of a single failure of an operator 
interface. This is to be achieved through redundancy in the 
integrated bridge system interfaces. 


5.5 Alarm management 


Oost All alarms provided on the bridge are to be included 
in the centralised alarm system required by 4.1.1. 


5.5.2 In general, the alarm system is to be in accordance 
with Pt 6, Ch 1,2.8, A.1021(26) Code on Alerts and 
Indicators, 2009 and MSC.802(87) Performance Standards 
for Bridge Alert Management. 


5:9:3 Alarm management on priority and functional levels 

is to be provided within the integrated bridge system. Alarms 

and other alerts are to be prioritised according to the urgency 

and type of response required by the bridge team, as follows: 

(a) Emergency alarms - alarms which indicate that immediate 
danger to human life, or to the ship and its machinery 
exists and that immediate action must be taken. 

(b) Alarms - conditions requiring immediate attention and 
action by the bridge team: 

e to avoid any kind of hazardous situation and to 
maintain the safe operation of the ship, including 
escalation of unacknowledged warnings; or 

e alerts which indicate that a caller is in distress or has 
an urgent message to transmit. 

(c) Warnings - conditions or situations which require 
immediate attention for precautionary reasons, to make 
the bridge team aware of conditions which are not 
immediately hazardous, but may become so. 

(d) Cautions — awareness of a condition which still requires 
attention out of the ordinary consideration of the 
situation or of given information. 


5.5.4 Appropriate alarm management is to be provided. 
This includes prioritisation, distribution and recording of 
alarms and other alerts as required. 


5.5.5 Within each priority, alerts are to be arranged in 
groups, in order to reduce the quantity of information 
presented to the operator. More detailed information on the 
group alarm is to be readily available from the integrated 
bridge system on request. 
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5.5.6 Group alarms may be arranged on the bridge to 
indicate machinery faults, but alarms associated with faults 
requiring speed or power reduction or the automatic shut- 
down of propulsion machinery are to be identified by separate 
group alarms or by individual alarm parameters. 


5.5.7 The following alarms are not to be grouped: 

e Emergency alarms. 

e Separate group alarms associated with faults requiring 
speed or power reduction or the automatic shutdown of 
propulsion machinery. 

e — Steering gear alarms. 

Navigation light power supply failure alarms, see Pt 6, 
Ch 2,15.6.8. 


5.5.8 Alerts are to be displayed in order of priority. Within 
the priorities, alerts are to be displayed in the order in which 
they occur. The visual display units are to provide immediate 
display of new information, regardless of the information 
display page currently selected. This may be achieved by 
provision of a dedicated alert monitor, a dedicated area of 
screen for alerts or other suitable means. 


5.5.9 Unacknowledged alarms are to be distinguished by 
either flashing text or a flashing marker adjacent to the text, 
and not merely by a change of colour. Acknowledged alarms 
are to be distinguished by either steady illuminated text or a 
steady illuminated marker adjacent to the text. 


5.5.10 The centralised alarm system is to be capable of 
displaying at least 20 items simultaneously. There is to be a 
clear and unambiguous indication that there are additional 
items requiring attention when the display does not show all 
active alerts simultaneously, and it is to be possible to display 
the additional messages and to return to the display contain- 
ing the highest priority items by single operator actions. 


5.5.11 Alerts are to be acknowledged individually. It is to 
be possible temporarily to silence all audible signals with a 
single operator action. 


5.5.12 The characteristics of audible warning and, where 
provided, caution signals are to be such that it is possible to 
differentiate these from audible alarm signals. 


5.6 Power supplies 


5.6.1 All equipment forming part of the integrated bridge 
navigation system is to be regarded as navigational 
equipment and, as such, is to have power supplies in 
accordance with 4.4. 


10 
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E Section 6 


Trials 
6.1 General 
6.1.1 Before a new installation (or any alteration or 


addition to an existing installation) is put into service, tests are 
to be carried out to ensure satisfactory operation of the 
navigational equipment. These tests are in addition to any 
acceptance tests which may have been carried out at the 
manufacturers’ works and are based on the approved test 
schedule as required by 1.2.1. 


6.1.2 For IBS Notation, testing at the manufacturer’s 
works and trials on board are to be carried out that cover the 
individual components and their interaction; and the bridge 
functions and their integration to form the Integrated Bridge 
System. 


6.1.3 Two copies of the test schedule, signed by the 
Surveyor and Builder, are to be provided on completion of the 
survey. One copy is to be placed on board the ship and the 
other submitted to LR. 


6.1.4 Acceptance tests and trials for Programmable 
Electronic Systems are to include verification of software 
lifecycle activities appropriate to the stage in the system’s 
lifecycle at the time of system examination. 
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Section 

1 General requirements 

2 Plans and documentation 

3 Ventilation and hold temperature 

4 Electrical, including container plug-in sockets 

5 Instrumentation, control and alarm systems 

6 Hold access and maintenance access 
arrangements 

7 Water cooler refrigeration units 

8 Deck-stowed refrigerated containers 

9 Inspection and testing on completion 


10 Spare gear 


a Section 7 
General requirements 


1.1 General 


7.7.1 The requirements of this Chapter apply to ships 
where the class notation CRC ‘carriage of refrigerated 
containers’ is requested. 


1.17.2 This notation may be applied to any ship which has 
the ability to carry refrigerated containers. The requirements of 
this Chapter cover refrigerated containers stowed on deck as 
well as in a hold space. A descriptive notation may be 
assigned in addition to the CRC notation giving details of 
electrical power and type of cargo. 


1.7.3 The requirements are additional to the classification 
requirements for ships contained in other applicable parts of 
the Rules. 


1.1.4 Ships which comply with the requirements of this 
Chapter will be eligible for the applicable class notation 
specified in Pt 1, Ch 2,2.6. 


1.1.5 An example of a typical class notation for a 

container ship classed with LR, fitted with a ventilation system 

built under Special Survey and fitted with electrical plug-in 

points for deck stowed refrigerated containers, would be: 

"A CRC 230/140 to maintain 230 hold-stowed and 140 
deck-stowed_ refrigerated containers 
operating at their design condition with a 
24 hour average external ambient air 
temperature of 35°C. 
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1.7.6 An example of a typical class notation for a reefer 
ship classed with LR, fitted with electrical plug-in points for 
deck stowed refrigerated containers, would be: 


"1 CRC -/110 to maintain 110 deck-stowed refrigerated 
containers operating at their design 
condition with a 24 hour average external 
ambient air temperature of 35°C. 

1.1.7 In addition to any class notation, an appropriate 


descriptive notation may be assigned to provide additional 
information about the ship’s ability to carry refrigerated 
containers. 


1.1.8 An example of a typical descriptive notation, which 
may be assigned in addition to the class notation, would be: 


crc 2,800 kW provided with a power generating capacity 
of 2,800 kW dedicated to supplying the 
container plug-in points. 

crc 60%/40% stowage ratio of 60% deep frozen and 


40% chilled cargoes 


1.1.9 These Rules do not cover any requirements for 
alarm and monitoring systems that may be fitted to container 
refrigeration units. 


1.2 Novel arrangement and designs 


1.2.1 Where the proposed ventilation arrangement is 
novel in design, or the ventilation system involves the use of 
an arrangement different from that specified in the following 
sections, special tests may be required and a suitable 
descriptive note may be assigned. 


1.2.2 The carriage of refrigerated containers in the hold 
spaces of ships other than dedicated container ships will be 
given special consideration. The CRC and descriptive notations 
will be assigned provided that the ventilation system is 
approved, installed and tested in accordance with the require- 
ments of this Chapter. 


1.2.3 Where a dedicated fresh water circulation system 
is installed to supply cooling water to containers fitted with an 
optional water cooled condenser, the fresh water system will 
also need to comply with the relevant Sections of Pt 5, Ch 12 
of the Rules. 


1.3 Definitions 


1.3.1 Balanced ventilation system means a ventilation 
system consisting of a combination of forced draught and 
induced or natural draught, to produce a pressure condition in 
the hold space approximately equal to atmospheric pressure. 


1.3.2 Blackout means that the main and auxiliary 
machinery installations, including the main power supply, are 
out of operation but the services for bringing them into 
operation (e.g. compressed air, starting current from batteries, 
etc.) are available. 
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1.3.3 Container cell means the position of an individual 
container. This is usually within a set of vertical cell guides and 
is normally enclosed by transverse stringers located above 
and below the container. 


1.3.4 Container electrical power supply means the 
generated power supply which is dedicated to supplying the 
total number of refrigerated containers and the hold 
ventilation system fan motors. 


1.3.5 Container plug-in point means an electrical 
socket located at each applicable container location on deck 
and each cell location below deck being in accordance with 
Annex L of ISO 1496-2: 1996. 


1.3.6 Design conditions means the lowest design 
internal container temperature and the design maximum hold 
space temperature. 


1.3.7 Hold space means an enclosed space containing 
refrigerated containers. The containers are usually restrained 
within cell guides. For hatch coverless ships, hold space 
means the space below the hatch coamings. 


1.3.8 Independent ventilation system means a 
ventilation system that is in no way connected to another 
ventilation system and there is no provision available to allow 
connection to another ventilation system. 


1.3.9 Refrigerated container means a standard 
container with a self-contained refrigeration system, located 
within the outer dimensions of the container, which can be 
driven by electrical power fed from an external power supply. 
The refrigeration system may be either a ‘clip-on’ or an 
integral type of cooling unit. 


1.3.10 Stack factor means the ratio of the actual heat 
flowing into the containers forming the stack, to the heat 
which would flow into the same containers if all their surfaces 
were completely exposed to the hold temperature. 


7.3.11 Standard container means a forty-foot equivalent 
unit (FEU) standard production container constructed in 
compliance with LR’s Container Certification Scheme, or 
another recognised Container Certification Scheme in 
accordance with ISO 1492/2 requirements. The container 
may be of the normal or ‘high-cube’ type. 


1.3.12 Stowage ratio means the proportion of deep- 
frozen cargo in relation to banana or chilled cargoes. Unless 
specifically stated, the stowage ratio will be deemed to be 
50 per cent deep-frozen and 50 per cent chilled cargo. 


1.3.13 Ventilation system means a forced ventilation 
arrangement using mechanical fans to supply and/or extract 
air from the hold space. 


Part 7, Chapter 10 


Sections 1 & 2 


i Section 2 
Plans and documentation 


2.1 General 


2.1.1 The following plans and information regarding the 
hold ventilation systems and the electrical supplies to 
container plug-in points are to be submitted in triplicate for 
appraisal before construction is commenced: 

(a) Plans of ventilation arrangements: 

° Location and installation details of each hold 
space ventilation system showing duct 
arrangement and sizes. 

° Details of all mechanical ventilation fans including 
locations, number, duty at design conditions and 
power consumption. 

° Details of air inlets including number, type, size 
and locations. 

° Details of air outlets including number, type, size 
and locations. 

° Details and locations of dampers and flaps, if 
applicable. 

(b) Plans of hold spaces: 

° Refrigerated container stowage plans, including 

sectional elevation and plan views. 

Design pressure or vacuum in each hold space. 

Details of hatch cover sealing arrangements. 

Personnel access arrangements. 

Details and locations of hold temperature 

measurement sensors. 

° Details of any pressure/vacuum safety valves if 
applicable. 

(c) Ventilation throughput: 

° Specified air throughput rate and proposed 
method of measurement. 

. Design temperature rise in the hold space and 
corresponding diurnal external ambient air 
temperature and relative humidity. 

° Schematic arrangement of the ventilation system 
showing proposed air volume and velocity at 
junctions. 

(d) Plans of deck-stowed containers: 

° Refrigerated container stowage plans, including 
sectional elevation and plan views. 

° Details of access arrangements for maintenance 
and monitoring of refrigeration units fitted to 
deck-stowed containers. 

(e) Hull structure: 

. Details of associated openings through the hull 
structure are to be submitted. 

(f) Electrical. In addition to the applicable requirements of 
Pt 6, Ch 2,1.2, the following information and plans 
specific to the container plug-in points and ventilation 
system are to be submitted: 

° Power supply arrangements to the deck stowed 
refrigerated containers. 

° Power supply arrangements to the hold space 
stowed refrigerated containers. 

° Power supply arrangements to the ventilation 
system. 

° Single-line diagram of the ventilation system. This 
is to include rating of motors, insulation type, size 
and current loading of cables and make, type 
and rating of protective devices. 
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° A schedule of normal operating loads of the 
ventilation system estimated for the design 
conditions expected. 

(9) Control equipment. In addition to the applicable 
requirements of Pt 6, Ch 1,1.2, the following information 
and plans specific to the ventilation system are to be 


submitted: 
° Line diagram of control circuits. 
° List of monitored, control and alarm points. 
° Locations of control panels and consoles. 
e 


Details of alarm system, including location of 
control panel and audible and visual warning 
devices. 
(h) Testing: 
° Details of the testing and commissioning 
programme, including instrumentation to be 
used, are to be submitted. 


m Section 3 
Ventilation and hold temperature 


3.1 Ventilation system 


3.1.1 Means are to be provided to maintain the hold 
space at an acceptable temperature. This can be achieved 
by either; the direct removal of the waste heat from the 
refrigerant equipment of each container, or by the dissipation 
of the waste heat using large quantities of external ambient 
air. In each case the system is to be arranged in such a way 
as to minimise its effect on the hold space temperature. This 
may be accomplished by the use of a ventilation system of a 
mechanical supply and/or extract type. 


3.1.2 The selection of a maximum allowable hold 
temperature is to be agreed between the designer and 
Operator/Owner. Whilst the recommendations given in these 
Rules do not stipulate a maximum allowable hold tempera- 
ture, generally it should not exceed 45°C dry bulb. Guidance 
should be sought from container manufacturers on the 
maximum allowable ambient air temperature. When deter- 
mining the maximum allowable hold temperature, the 
maximum number of refrigerated containers within the hold 
space, operating at their design condition, is to be taken into 
consideration. 


3.1.3 The ventilation system is to have sufficient capacity 
to remove or dissipate the heat from each designated 
refrigerated container cell and maintain the hold temperature 
at or below the maximum allowable hold temperature. 


3.1.4 The volume of air to be supplied or exhausted from 
a hold space per refrigerated container is at the discretion of 
the ventilation system designer. For guidance purposes, an 
indication of the amount of air required for a standard FEU 
having an air cooled condenser operating at the example 
notation as stated in 1.1.5 is as follows: 


Simple supply only system 90 m3/min 
Supply and exhaust duct system 75 m3/min 
Sealed exhaust system 37 m3/min 
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3.1.5 The design of the hold space is to be compatible 
with the type of ventilation system proposed. For example, for 
supply and ducted exhaust systems, the semi enclosure of 
each stringer level may be beneficial. For a simple supply only 
system the provision of multiple gratings in each stringer level 
would benefit the free circulation and removal of warm air. 


3.1.6 Only container cells served by the ventilation 
system are to be used for the transportation of refrigerated 
containers. 


3.1.7 The design heat rejection for each container cell 
and the total hold space heat rejection, including any heat 
imparted from the ventilation system fans, if applicable, are to 
be stated. Guidance on heat rejection values which may be 
used is given below. 


3.1.8 The minimum quantity of air supplied or extracted 
for each container cell and for each hold space is dependent 
on the type of system proposed and to be stated. 


3.1.9 The ventilation system designer is to stipulate the 
maximum allowable back pressure occurring within the hold 
space. Due regard needs to be given to this value when 
selecting the ventilation fans and their ability to operate 
efficiently again the proposed maximum back pressure. The 
lower the back pressure, the more efficient the system and, 
hence, the lower the electrical power requirement to drive the 
fan motors for a given air throughput. 


3.1.10 For supply air systems, the air outlet at each 
container location is to be such as to provide a flow of air 
towards the container’s integral refrigeration system. 
Consideration should be given to the use of movable spigot 
outlets or ducting to allow both standard and high-cube 
containers to be stowed in any location. 


3.1.11. The positions of supply air inlets and exhaust air 
outlets are to be such as to reduce the possibility of short- 
cycling. An adequate distance is to be maintained between 
inlet and outlet vents on the open deck. 


3.1.12 The effect of warm exhaust air on deck-stowed 
refrigerated containers is to be taken into consideration. 
Similarly, the effect of warm exhaust air from deck-stowed 
refrigerated containers on the inlet air to the hold is to be 
considered. 


3.1.13 Arrangements are to be provided to permit a rapid 
shutdown and effective closure of the ventilation system in 
each hold space in case of fire. 


3.1.14 — Ventilation ducts which penetrate the deck and/or 
hatch coaming, including dampers and/or closures, are to be 
made of steel and their arrangement is to be to the 
satisfaction of the relevant Administration. The use of non- 
metallic flexible ducts, local to each container location, will be 
acceptable provided the material demonstrates suitable low 
flame spread characteristics. 
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3.2 Heat balance 


3.2.1 The amount of heat absorbed from the hold space 
by each container, which is used to determine the design air 
change rate, is to be stated. 


3.2.2 The heat gain or loss from all adjacent spaces, 
such as fuel oil tanks, ballast tanks, engine room, etc., is to be 
stated. 


3.2.3 The heat rejection from the refrigeration unit of a 
standard TEU or FEU container when working at low 
temperature (minus 18°C), chill temperature (2°C) and banana 
carriage temperature (13°C), used to determine the design air 
change rate, is to be stated. The following FEU values may 
be used for guidance purposes: 


Frozen cargo (minus 18°C/38°C) 7,0 kW 
Chill cargo (2°C/38°C) 10,0 kW 
Banana cargo (13°C/38°C) 13,0 kW. 


3.2.4 The above heat rejection values are for the 
container during normal operation after the cooling down 
period of a non-precooled cargo. 


3.2.5 The stowage ratio, for the carriage of containers at 
different internal temperatures, which is used to determine the 
design air change rate, is to be stated. 


3.2.6 When an extraction ventilation system is proposed, 
a stack factor of 0,9 may be used in the heat balance 
calculations. If a ventilation system using supply air only is 
proposed, then no stack factor can be allowed. 


3.3 Fan redundancy 


3.3.1 A single supply or exhaust fan is not to be used for 
multiple container stack locations. 


3.3.2 Individual container cells may be fed by a system 
having a single mechanical fan or fans to supply and/or 
extract air. 


3.3.3 Installed standby fans are not required. However, a 
minimum of one replacement fan, or fan blade assembly and 
motor, of each size is to be carried onboard. Fans are to be 
arranged to enable each to be replaced whilst the remaining 
systems remain in operation. 


3.4 Hull structures 


3.4.1 Special consideration will be given to installations 
using hull spaces for air distribution, rather than dedicated 
ductwork. 


3.4.2 Consideration is to be given to measures to prevent 
ingress of water into air inlets and exhaust outlets, where 
applicable. 
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E Section 4 
Electrical, including container 
plug-in sockets 


4.1 General 


4.1.1 In addition to the requirements of Pt 6, Ch 2, the 

following are to be complied with: 

(a) Electrical power for the ventilation system is to be 
provided by one or more separate feeder circuit(s) from 
the main switchboard. 

(b) Under sea-going conditions, the number and rating of 
service generators are to be sufficient to supply all 
container plug-in socket outlets and the hold space 
ventilation system in addition to the ship’s essential 
services, when any one generating set is out of action. 


4.1.2 The choice between a low (440 V) or high (6,600 V) 
distribution system serving the container plug-in point is 
considered a purely commercial decision. Consideration 
needs to be given to the fault level of the generating equip- 
ment selected and the total generating capacity of the ship. 
Independent of the system voltage, only the dedicated 
plug-in socket outlet kW value will be stated in the notation. 


4.1.3 Where a distribution system exceeding 1000 V a.c. 

is employed, the plug-in socket outlets for each hold space 

may be fed from a local transformer and the following are to 

be complied with: 

(a) Transformers are to be fed from individual circuits divided 
between different sections of the main switchboard. 

(b) The electrical power for the ventilation system may be 
fed locally from each transformer. 


4.1.4 Container plug-in socket outlets are to comply with 
the requirements of Pt 6, Ch 2,13.6. 


4.2 Plug-in socket outlet supply transformers 


4.2.1 A standby transformer serving the container plug-in 
socket outlets is to be provided. However, if the CRC 
notation is not assigned, then there is no specific requirement 
covering the installation of a standby power supply. 


4.2.2 If a standby transformer is to be provided, then the 
exact requirements are open to interpretation and considera- 
tion should be given to the contents of IACS Unified 
Interpretation SC 83 with regard to the equipment provided. 


4.3 Container plug-in socket outlets 
4.3.1 The distribution and sub-circuit cabling for the 
container plug-in socket outlets is to be rated at the full load 


capacity (maximum rated capacity). 


4.3.2 Groups of container plug-in socket outlets may be 
fed from a number of independent sub circuits. 
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4.3.3 Sub circuits are to be able to be individually 
switched, thus allowing a sequential start up after a prolonged 
(12 hours) blackout. A suitable procedure is to be proposed 
and approved that takes into consideration the requirements 
of 4.4 in addition to the requirements of Pt 6, Ch 2. 


4.4 Generated power for plug-in socket outlets 


4.4.1 When determining the dedicated generating power 
for the plug-in socket outlets, the electrical power drawn by 
the refrigeration unit of a standard TEU and FEU refrigerated 
container when working at both low temperature (minus 
18°C) and chill temperature (2°C), is to be stated. 


4.4.2 The following values for various cargoes operating 
at normal design conditions may be used for guidance 
purposes: 


4.4.3 Twenty foot equivalent unit (TEU): 


Frozen cargo (minus 18°C/38°C) 5,5 kW 
Chill cargo (2°C/38°C) 7,5 kW 
Banana cargo (13°C/38°C) see 4.4.5 


4.4.4 Forty foot equivalent unit (FEU) including high-cube 
containers: 


Frozen cargo (minus 18°C/38°C) 8,5 kW 
Chill cargo (2°C/38°C) 11,0 kw 
Banana cargo (13°C/38°C) see 4.4.5 
4.4.5 If the Owner, charterer or operator has operational 


data indicating that, for the ship’s specific trade (for example 
banana only cargoes), the power provision for the refrigerated 
containers requirements exceeds those stated above, then 
these higher values should be substituted and submitted for 
consideration. 


4.4.6 The above values are for the container during 
normal operation after the cooling-down period of a non-pre- 
cooled cargo. 


4.4.7 An overall diversity factor may be applied to the 
container’s total power requirement. Consideration is to be 
given to Pt 6, Ch 2,5.6. This diversity factor is to be applied to 
all refrigerated container cell locations. For guidance purposes, 
the diversity factor is not generally to be less than 0,75. 


a Section 5 
Instrumentation, control and 
alarm systems 


5.1 General 


5.1.1 The alarm system is to indicate failure of each 
independent ventilation system in each hold space. If a 
balanced ventilation system is proposed, indication of failure 
for each individual part is to be given. The alarm system may 
be integral with the machinery space alarm system or, if fitted, 
the refrigerated container monitoring system. 
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5.1.2 Alarms are to be initiated in a manned location. 
Where alarms are displayed as group alarms in the main 
machinery space alarm system, provision is to be made to 
identify individual alarms at a separate control panel. 


5.7.3 Alarms are to give both an audible and visual 
warning. 


5.2 Hold space temperature monitoring 


5.2.1 A minimum of two temperature sensors are to be 
provided in each hold space carrying refrigerated containers. 
The sensors are to be positioned to give an indication of the 
mean air temperature occurring in the hold space used for the 
carriage of refrigerated containers. Sensors are to be 
positioned so as not to be directly affected by warm air from 
the condensers. 


5.2.2 The hold temperature is to be continually 
monitored. Temperatures are to be recorded, either automat- 
ically or manually as a hold temperature log. If temperatures 
are to be logged manually, then the mean temperature in each 
hold space is to be recorded. 


5.2.3 If the mean hold space temperature rises above the 
design maximum, then an alarm is to be initiated. 


5.3 Container refrigeration system alarms 


5.3.1 These Rules do not cover any requirements for 
alarm and monitoring systems fitted to containers. It is 
acceptable to utilise the container power supply cables to 
transmit signals to a suitable receiver or data logger. 


|_| Section 6 
Hold access and maintenance 
access arrangements 


6.1 Hold pressure/vacuum 


6.1.1 The maximum permitted pressure or vacuum that 
may occur in the hold space is to be stated. It is proposed 
that a value, in accordance with the contents of Pt 3, 
Ch 1,9.6.4, may be considered as a maximum value. An over- 
pressure of 0,15 bar may be used for guidance purposes. If 
the ventilation system is capable of producing a positive 
pressure or vacuum in excess of the design allowable figure, 
then means are to be provided to protect the hold space 
against the effect of over pressure or vacuum. If axial supply 
fans are proposed, even if aerofoil fan blades are fitted, it is 
unlikely that the fans will be able to produce a pressure above 
0,025 bar (250 mm water gauge). 


6.1.2 If required, consideration is to be given to the use of 
a pressure or vacuum relief device or other arrangement set 
to operate below the maximum allowable hold pressure or 
vacuum. 
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6.1.3 The proposed pressure or vacuum relief device for 
each hold space is to be of adequate size. 


6.2 Hold access arrangements 


6.2.1 Suitable means are to be provided to allow 
personnel safe access to each hold space when the 
ventilation system is in operation. Consideration is to be given 
to the possible over pressure or partial vacuum that may 
occur in the hold space. The use of an airlock arrangement 
may need to be considered. 


6.3 Maintenance access arrangements 


6.3.1 Free access to each applicable container cell and 
hold space is to be provided to allow replacement of refriger- 
ation equipment in the event of failure or malfunction. 


6.3.2 Adequate access is to be provided to allow 
plugging in, data recording or retrieval and general mainte- 
nance of all deck- and hold-stowed refrigerated containers. 
Suitable means are to be provided to allow the removal of the 
compressor and electric motor from each refrigerated 
container. 


6.3.3 Suitable safe access is to be provided to each tier 
of deck-stowed refrigerated containers to allow electrical 
connection, monitoring and maintenance. The use of fixed 
platforms, such as lashing bridges, should be proposed 
where possible. 


a Section 7 
Water cooler refrigeration units 


7.1 Cooling water system 


7.1.1 A minimum of two independently operated 
circulation pumps are to be installed. One of the pumps may 
be used for other services, such as a general service pump. 


7.1.2 The capacity of each pump should be sufficient to 
supply each container at the required flow rate with an excess 
capacity of at least 10 per cent. This required flow rate should 
be obtained from the container manufacturer. 


7.1.3 The fresh water system is to provide sufficient flow 
and even distribution to each container location. This is to be 
achieved using all possible combinations of fresh water 
pumps and dedicated refrigerated container cells. 


7.1.4 The temperature of the cooling water is to be 
maintained in accordance with the container manufacturer’s 
recommendations. 
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7.1.5 Flexible hoses are to be utilised for connecting the 
water supply and return pipes. The connectors on the ends of 
the flexible hoses are to be of a type that self-closes on 
disconnection. Adequate valves are to be provided to allow 
isolation of each cargo hold sub-circuit in the event of a leak 
or pipe fracture. 


7.1.6 A minimum of two fresh-water to sea-water heat 
exchangers are to be provided. Each is to be rated at 
100 per cent of the required cooling duty at the notation 
conditions. The second heat exchanger may be a standby or 
part of a common central system such as that used for main 
engine cooling duties. The heat exchangers are to be supplied 
by a minimum of two separate sea-water pumps. 


7.1.7 If metal pipes are used, the contents of Pt 5, 
Ch 12,10.8 are to be given due consideration. 


| Section 8 
Deck-stowed refrigerated 


containers 
8.1 General 
8.1.1 Consideration is to be given to the effect of the 


warm air discharged from the condenser of each deck- 
stowed refrigerated container. When refrigerated containers 
are stowed on only two tiers high, it is considered that the 
warm air from each condenser is dissipated without any 
undue effect on adjacent containers. 


8.1.2 If containers are to be carried three or more tiers 
high, then consideration is to be given to limiting the effect of 
short-cycling warm discharge air within the central section of 
the stack. The proposed method or methods for dealing with 
this effect are to be stated. Possible options would include 
reserving the central cells of each stack for non-refrigerated 
containers, to reduce the block effect or providing fans and 
ductwork to supply ambient temperature air to the bottom of 
each vertical stack. Trials of any proposed system are to be 
undertaken. 


8.1.3 Any adverse effect that the warm air discharged 
from the hold space ventilation system has on the deck 
stowed refrigerated containers is to be minimised. Similarly, 
the warm air discharged from the deck stowed refrigerated 
containers is to be shielded from entering the hold space 
ventilating system. 
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a Section 9 
Inspection and testing on 
completion 


9.1 General 


9.1.1 On completion of construction and all appropriate 
safety checks, the acceptance tests prescribed in 9.2 are to 
be carried out. Their purpose is to verify the correct functioning 
of the installation and its ability to maintain the air throughput 
required for the assignment of the intended class notation. 


9.1.2 The proposed test schedules, including methods 

of testing and details of the test equipment to be provided are 

to be submitted to LR before the tests commence. The 

proposed test methods are to be appropriate for the design of 

the system installed and are to include such acceptance 

criteria as: 

(a) Volume of air to be supplied and/or exhausted at each 
container cell location. 

(b) Maximum allowable deviation from this air volume. 

(c) Maximum allowable pressure within the hold space 
when the system is under normal operating conditions. 


9.1.3 Trials of the air distribution system within the hold 
spaces are to be witnessed by LR surveyors before the ship 
is put into service and prior to the CRC notation certificate 
being issued. These trials are to be in addition to any tests 
which may have been carried out whilst commissioning the 
system. 


9.2 Acceptance tests 


9.2.1 The acceptance tests (see also 9.2.2 and 9.2.3) are 

to comprise the following: 

(a) Control and alarm systems are to be tested to demon- 
strate that they operate correctly, see also Pt 6, 
Ch 1,2.3. 

(o) The accuracy, calibration and functioning of all instru- 
mentation is to be verified. 

(c) For supply air systems: Verification of each supply fan’s 
output when running at maximum speed. Verification of 
the air discharge rate and operation of any distribution 
arrangements at each individual container cell location. 
During the test, all supply fans serving the hold space 
are to be operated simultaneously, thus replicating 
normal operating conditions. If a common or multiple 
supply fan distribution system is fitted, then the arrange- 
ments are to be verified; firstly, with all supply fans in 
operation and, secondly, with any one fan out of action. 

(d) For exhaust air systems: Verification of each exhaust 
fan’s output when running at maximum speed. The 
volume of air being extracted from each individual 
container cell location is to be verified with each exhaust 
fan running at maximum speed. All exhaust fans 
serving the same hold space are to be operated 
simultaneously thus replicating normal operating 
conditions. 
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(e) For combined supply and exhaust air systems: 
Verification of each supply and exhaust fan’s output 
when both are running at maximum speed. The volume 
of air being supplied and extracted from each individual 
container cell location is to be verified. All fans serving 
the same hold space are to be operated simultaneously 
thus replicating normal operating conditions. 

(f) If the supply and/or exhaust ductwork is prefabricated 
and installed in one piece testing at the manufacturer’s 
works may be accepted provided the following are 
considered: 

° Any change in the supply and/or exhaust fan(s) 
output due to differences in electricity supply. 

° Any de-rating of the fan throughput due to a back 
pressure or partial vacuum occurring within the 
hold space during normal operating conditions. 

° Verification of the test results is to be undertaken 
in a single hold space. 

(9) Where the air volume required to meet the class 
notation cannot be verified during testing for practical 
reasons, assignment of the notation is to be deferred 
until it is demonstrated that the system is able to achieve 
the specified air throughput within each hold space 
during a loaded passage. 


9.2.2 Where a number of identical fan and ductwork 
installations are constructed and fitted within each hold 
space, the acceptance trials required in 9.2.1 need only be 
carried out in two separate hold spaces, provided that the 
results are satisfactory. 


9.2.3 Where the same system is installed on a number of 
identical sister ships for the same Owner and by the same 
shipyard, the testing in accordance with 9.2.1 will only be 
required on the first ship of the series, provided that the 
results are satisfactory. 


9.2.4 The effect of exhausting warm hold space 
ventilation air on the operation of the integral air-cooled 
condensers of deck stowed containers is to be established 
under normal operational conditions. The discharge from hold 
space discharges is to be suitably modified if necessary. 


9.3 Testing of cooling water system 


9.3.1 Cooling water piping that is welded in situ is to be 
hydraulically strength tested at 1,5 times the design pressure, 
but in no case less than 3,5 bar g. 


9.3.2 A distribution test is to be carried out to ensure that 
even fresh water distribution to each container as well as 
sufficient flow is achieved. As the fresh water system may be 
somewhat complicated, this test should be carried out with 
care, using all possible combinations of fresh water pumps 
installed. 


9.3.3 If required, the distribution test can be carried out 
without containers, utilising flexible hoses for connecting the 
water supply and return pipes together. The return valves 
should be partly closed or flexible pipe may be crimped to 
represent the condenser pressure drop. Water flow meters 
are to be installed at the highest and the lowest container 
levels to verify equal water flow. 
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9.3.4 The capacity of each pump should be measured by 
a flow meter with an accuracy of +3 per cent. Alternatively, 
this capacity could be obtained from the manufacturer’s 
curves if the static pressure difference across a pump under 
test conditions is measured. 


9.3.5 Sea-water pumps and heat exchangers are 
normally subjected to a functional test only. 


a Section 10 
Spare gear 


10.1 General 


10.1.1 | Adequate spares, together with the tools necessary 
for maintenance or repair of the ventilation systems are to be 
carried. The spares are to be determined by the Owner 
according to the design and intended service. 


10.1.2 Aminimum of one replacement fan, or complete 
fan impeller and motor assembly for each size fitted is to be 
carried onboard. 


10.1.3. The maintenance of the spares is the responsibility 
of the Owner. 
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1 General requirements 

2 Minimum requirements 

3 Supplementary characters 
4 Survey requirements 


j Section 1 
General requirements 


1.1 Application 


1.1.1 This Chapter contains requirements for the control 
of operational pollution. 


1.1.2 Compliance with this Chapter is optional. An LR 
classed ship meeting the requirements of this Chapter will be 
eligible for ECO class notation, which will be recorded in the 
Register Book. 


1.1.3 Additional requirements may be imposed by the 
National Administration with which the ship is registered 
and/or by the Authority within whose territorial jurisdiction it 
is intended to operate. Where such additional requirements 
are relevant to the ship, compliance with those Regulations is 
the responsibility of the Owner. If specifically requested, 
Lloyd’s Register (hereinafter referred to as ‘LR’) may provide 
suitable certification or statement of compliance. 


1.1.4 LR is to be advised of any matter that relates to the 
environmental performance of the ship that would affect the 
assignment of the ECO class notation. 


1.2 ECO class notation: minimum requirements 
and additional characters 


7.2.1 Section 2 states the minimum requirements to be 
met for assignment of the ECO notation. 


1.2.2 Section 3 contains additional requirements. Ships 
complying with these requirements will be eligible for one or 
more of the following associated supplementary characters, 
as applicable: 


A Anti-fouling coatings. 

BIO Bio-fouling. 

BWT Ballast water treatment. 

CRM Cargo residue minimisation. 

EEDI-1, Energy efficiency design index. 

EEDI-2, EEDI-3 

SEEMP, EnMS Ship energy efficiency management 

GW Grey water. 

IBTS Integrated Bilge Water Treatment System 
IHM Inventory of hazardous materials. 
NOx-1, Nitrogen Oxides (NO,) exhaust emissions. 
NOx-2, 

NOx-3 

OW Oily bilge water. 
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P Protected oil tanks. 
R Refrigeration systems. 
SOx, DIST Sulphur Oxides (SO,) exhaust emissions. 
TC Enhanced tank cleaning. 
VECS-L, Vapour emission control systems (tankers 
VOC-R only). 
1.3 Transfer of class ships 


1.3.1 A ship classed with another IACS class society that 
transfers to LR class will be eligible for the class notation 
ECO(TOC) if it holds the previous society’s environmental 
class notation at the time of the transfer of class. However, 
ships with ECO(TOC) notation are not eligible for any of the 
supplementary characters listed in 1.2.2. 


1.3.2 To maintain the ECO(TOC) notation a ship must 
implement and maintain the operational procedures listed in 
1.5.4, as applicable. 


1.4 Definitions 


1.4.1 The following definitions are applicable: 

e Animal carcasses means the bodies of any animals that 
are carried on board as cargo and that die or are 
euthanised during the voyage. 

e Antifouling Convention means the International 
Convention on Control of Harmful Antifouling Systems 
on Ships. This Convention prohibits the use of organotin 
anti-fouling systems on ships and was adopted by the 
International Maritime Organization (IMO) in October 
2001. 

° Ballast Water Convention means the International 
Convention for the Control and Management of Ships’ 
Ballast Water and Sediments. This international legisla- 
tion was developed by the IMO to regulate discharges 
of ballast water and reduce the risk of introducing non- 
native species from ships’ ballast water. 

e Cargo Residues means the remnants of any cargo 
which is not covered by other Annexes to MARPOL and 
which remains on the deck or in holds following loading 
or unloading, including loading and unloading excess or 
spillage, whether in wet or dry conditions or entrained in 
wash water. This does not include cargo dust remaining 
on the deck after sweeping or dust on the external 
surfaces of the ship. 

e — Cooking oil means any type of edible oil or animal fat 
used or intended to be used for the preparation or cooking of 
food. This does not include the food that is prepared 
using these oils. 

° Domestic wastes mean all types of wastes not covered 
by other Annexes that are generated in the accommo- 
dation spaces on board the ship. Domestic waste does 
not include grey water. 

e Garbage means all kinds of food wastes, domestic 
wastes and operational wastes, all plastics, cargo 
residues, cooking oil, fishing gear, and animal carcasses 
generated during the normal operation of the ship and 
is liable to be disposed of continuously or periodically, 
except where those substances are defined or listed in 
other Annexes to MARPOL. Garbage does not include 
fresh fish and parts thereof which are generated as a 
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result of fishing activities undertaken during the voyage, 
or as a result of aquaculture activities which involve the 
transport of fish, including shellfish for placement in the 
aquaculture facility and the transport of harvested fish, 
including shellfish from such facilities to shore for 
processing. 

e Geometric mean means the nth root of the product of 
n numbers. 

e Grey water is drainage from dishwater, galley sink, 
shower, laundry, bath and washbasin drains and does 
not include drainage from toilets, urinals, hospitals, and 
animal spaces, as defined in Regulation 1.3 of MARPOL 
Annex IV and does not include drainage from cargo 
spaces. 

e Incinerator ashes means ash and clinkers resulting 
from shipboard incinerators used for the incineration of 
garbage. 

e Leakage detection system means a calibrated 
mechanical, electrical or electronic device for detecting 
leakage of refrigerant gases which, on detection, alerts 
the operator. 

° MARPOL or MARPOL 73/78 is the International 
Convention for the Prevention of Pollution from Ships, 
1973 as modified by the Protocol of 1978. 

e Operational wastes means all solid wastes (including 
slurries) not covered by other Annexes that are collected 
on board during normal maintenance or operations of a 
ship, or used for cargo stowage and handling. 
Operational wastes also include cleaning agents and 
additives contained in the cargo hold and external wash 
water. Operational wastes do not include grey water, 
bilge water, or other similar discharges essential to the 
operation of a ship, taking into account the guidelines 
developed by the Organisation. 

e Operator means the natural or legal person exercising 
actual power over the technical functioning of the equip- 
ment and systems. 

e Refrigerant system log book means a method of main- 
taining a record of maintenance, calibration, refrigerant 
charging, leak detection, recovery, etc. The log book 
may take the form of a stand-alone book, a series of log 
sheets or form part of the engine room log. 

e — SEEMP means a Ship Energy Efficiency Management 
Plan, and is a ship-specific manual which aims to 
improve the energy efficiency of ship operations. 

e Thermotolerant coliforms is the group of coliform 
bacteria which produce gas from lactose in 48 hours at 
44,5°C. They are also referred to as ‘faecal coliforms’; 
however, the term ‘thermotolerant coliforms’ is now 
accepted as more appropriate, since not all of these 
organisms are of faecal origin. 

e VECS means vapour emission control system. 

e VOC means volatile organic compound. 


1.5 Information to be submitted 

TOA The following are to be submitted: 

(a) One copy of every Certificate listed in 1.5.3. 

(b) Two copies of the Operational Procedures listed in 1.5.4. 
(c) One copy of all plans and information listed in 1.5.5. 
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1.5.2 For existing ships the certificates, information and 
plans listed in 1.5.3 to 1.5.5 are to be submitted for approval 
prior to the ECO Initial Survey for assignment of the ECO 
notation, see 4.1.1. For new ships, information and plans 
listed in 1.5.3 and 1.5.5 are to be submitted for approval prior 
to the ECO Initial Survey. However, the operational 
procedures listed in 1.5.4 may be submitted up to six months 
after the ship enters into service. 


1.5.3 Certificates: 

(a) MARPOL certificates or statements on behalf of the 
ship’s Flag State, including: 

° Engine International Air Pollution Prevention (EIAPP) 
Certificate or Statement of Compliance with the 
NO, emission requirements of MARPOL Annex VI 
for each engine to which Regulation 13 applies; 

° International Energy Efficiency Certificate. 

(b) Safety Management Certificate (SMC) and Document of 
Compliance (DOC) in accordance with the International 
Safety Management Code (ISM Code). 

(c) Incinerator Type Approval Certificate or equivalent, as 
required by 2.9.2. 

(d) TBT-free anti-fouling system certificate. 

(e) Sewage system and, where fitted, sewage treatment 
system statement of compliance with the requirements 
of USCG 33 CFR 159 and/or MARPOL 73/78 Annex IV. 

(f) | Vapour emission control system certificate or statement 
of compliance with the requirements of USCG 46 
CFR 39 or the IMO Standards for Vapour Emission 
Control Systems (MSC Circular 585) (oil tankers carrying crude 
oil only). 

(g) VOC reducing device Type Approval Certificate or equivalent as 
required by (Supplementary character VOC-R). 

(h) ISO 50001 (Energy Management) Certificate, issued by 
an accredited organisation (supplementary character 
EnMS only). 


1.5.4 Operational procedures: 

(a) Procedures to be adopted to ensure that the ship’s NO, 
certification is maintained. 

(b) Oil fuel management for the control of SO, emissions. 

(c) Refrigerant management including adding and recovering 
refrigerant charge, leak detection and sample log book. 

(d) Retention and disposal of spilled or spent foam, 
chemical or liquid based fire-fighting media, as applicable. 

e) Oil pollution prevention measures. 

f) Garbage management. 

g) Sewage treatment and discharge control. 

h) Precautionary measures to minimise the transfer of 
non-native organisms in ballast water. 

) Ballast Water Management Plan (all ships). 

(k) Ship Energy Efficiency Management Plan. 

() Vapour management plan (tankers carrying crude oil 

only). 

Grey water treatment or holding and discharge (supple- 

mentary character GW only). 

(n) Procedures for maintaining the inventory of hazardous 
materials (supplementary character IHM only). 
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1.5.5 Information and plans: | 1.6 Alterations and additions 
(a) SERS registration number or statement of membership 
of alternative scheme from IACS Member service | 7.6.1 When an alteration, amendment, deletion or 


provider. 


addition to the approved arrangements and procedures is 


(o) Details of engine make and model, rated power, rated proposed, appropriate details are to be submitted for 
speed and duty cycle for all installed engines falling approval. 
within the scope of MARPOL Annex VI, Regulation 13. 
(c) Description of the method(s) by which the NO, certified 
value has been achieved. The supplementary characters 
(NOx-1 and NOx-2) and NO, Technical File for the 
engine plus NO, reducing device (NOx-3 supplementary | Section 2 
delice aaa Minimum requirements 
(d) Details and location of each permanently installed refrig- 
eration system (including those used for cargo 21 General 
temperature control, air conditioning, provision rooms 
and chiller units). 2.1.1 It is a prerequisite for assignment of the ECO nota- 
e) Mass of refrigerant charge in each system and the refrig- tion that the ship: 
erant designation (e.g., R-134a) in accordance with (a) complies with the Anti-fouling Convention, the Ballast 
ISO 81 f. ; , Water Convention, except as modified by 2.12.4, and all 
f) Refrigerant plant general arrangement drawing showing Annexes to MARPOL 73/78, as amended, applicable to 
number and locations of the refrigerant leak detectors. the ship; 
g) Details of fire-extinguishing media to be used in fixed (o) has a valid Safety Management Certificate (SMC), in 
fire-fighting systems and portable extinguishers. accordance with the ISM Code issued by the Flag State 
h) Bilge holding, waste oil and sludge tank capacities and Administration with which the ship is registered or a duly 
~ Piping arrangements. l l i authorised organisation complying with Resolution 
E aue a el loading ala aleehalge A.789(18) and authorised by the National Authority with 
connections together with associated drip trays and which the ship is registered; and 
drainage systems. (c) is enrolled in LR’s Ship Emergency Response Service 
k) Oil fuel storage, settling and service tank high level (SERS) or the equivalent scheme of another IACS 
alarms/overflow systems. Member. 
) | Cargo and ballast tank arrangements (tankers only). 
m) Cargo and ballast piping system plans, including cargo 2.1.2 Where a ship, by virtue of its gross tonnage, is not 
tank overfill prevention arrangements (tankers only). required by the MARPOL Convention to have MARPOL 
n) Arrangements of tanker cargo manifolds together with Certification, the following are to be maintained: 
associated drip trays and drainage systems. (a) An Oil Record Book in accordance with MARPOL 
o) Details of sewage treatment and handling systems. Annex l. 
p) Capacity of sewage holding and/or treatment system. (b) A garbage management plan and record book in 
o> ALM DUNO S EW clic passengers: accordance with MARPOL Revised Annex V. 
r) Details of incinerator arrangements, as applicable, 
associated piping systems, control and monitoring 2.1.3. Where a ship, by virtue of its gross tonnage, is not 
equipment. required by the Antifouling Convention to have certification, 
s) Hull coating system. an antifouling system (AFS) declaration in the format shown in 
t) Ballast water treatment arrangements, as applicable (for Appendix 2 of Annex 4 to the Convention is to be maintained 
supplementary BWT character only). onboard, 
u) Energy Efficiency Design Index Statement of Compliance 
or certificate (supplementary characters EEDI-1, 2.1.4 Where a ship, by virtue of its gross tonnage is not 
EEDI-2 and EEDI-3 only). required to have a SMG, it is exempt from 2.1.1(b). 
v) Details of grey water treatment plant and effluent quality 
(for supplementary GW character only). 2.1.5 High speed craft, as defined in LR’s Rules and 
w) Inventory of Hazardous Materials Statement of Regulations for the Classification of Special Service Craft, will 
Compliance. i be the subject of special consideration. 
x) Arrangements for protected oil tanks (for supplementary 
P character only). 2.1.6- Offshore supply vessels that are less than 100 m in 
y) Shadow area diagrams (supplementary character TC length, as per MSC 235(82), are exempt from the requirement 
only). i to be enrolled in LR’s Ship Emergency Response Service 
z) Details of self-contained vapour recovery systems, (SERS) or the equivalent scheme of another IACS member. 
where fitted, required for VOC-R character; for tankers 
carrying crude oil as applicable (see 2.13.2); and for 
VECS-L character as applicable (see 3.16.3). 
(aa) LR Statement of SEEMP conformance and associated 
documentation (supplementary character SEEMP only). 
(ab) Any information relating to the environmental perfor- 


mance of the ship, which may influence the assignment 
of the ECO notation. 
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2.2 Nitrogen oxides (NO,) 


2.2.1 These requirements apply to all installed diesel 
engines with an individual output power greater than 130 kW, 
other than those used solely for emergency purposes on the 
ship on which the engine is installed. There are no specific 
requirements relating to NO, emissions from boilers, inciner- 
ators or gas turbine installations. 


2.2.2 All engines falling within the scope of MARPOL 
Annex VI, Regulation 13 are to comply with its provisions and 
meet the NO, emission limits applicable to the date of constr 
uction of the ship or, where relevant, the engine installation 
date. 


2.2.3 EIAPP certification or Statement of Compliance is 
to be issued by, or on behalf of, the Flag State. 


2.2.4 Alternative arrangements providing an equivalent 
level of environmental protection will be considered. 


2.3 Sulphur oxides (SO,) 


2.3.1 Emissions of SO, are to be controlled by limiting the 
sulphur content of oil fuels used on board. 


2.3.2 The maximum sulphur content of oil fuel to be used 
on board is not to exceed 3,00 per cent m/m. 


2.3.3 Where the grade of fuel normally used cannot be 
obtained with the appropriate fuel sulphur level, then a better 
grade of fuel meeting this requirement will need to be 
purchased. 


2.3.4 An oil fuel management system is to detail the 
maximum sulphur content to be specified when ordering oil 
fuels and the means adopted to verify that the sulphur content 
of oil fuels supplied meets that requirement. This manage- 
ment system is to include the practices to be adopted to 
ensure that appropriate low sulphur oil fuels are used when 
the ship is within IMO designated ‘Emission Control Areas 
established for SO, and particulate matter control’ and/or the 
jurisdiction of other local, national or regional ‘SO, Emission 
Control regimes’ as applicable. 


2.3.5 Where testing to determine the sulphur content of 
fuel received on board is to be carried out, a representative 
sample is to be drawn at the time of delivery from the ship’s 
bunker manifold using the manual or automatic sampling 
methods defined in ISO 3170 or 3171, or their national 
respective equivalents. Fuel sulphur content is to be subse- 
quently determined using the laboratory test method 
ISO 8754-2008: Determination of sulphur content — Energy- 
dispersive X-ray fluorescence spectrometry. 


2.3.6 Alternative arrangements providing an equivalent 
level of environmental protection will be considered. If an 
exhaust gas cleaning system is fitted, it is to be certified to 
MPEC.184(59). 
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2.4 Energy management 


2.4.1 A Ship Energy Efficiency Management Plan 
(SEEMP) is to be retained on board according to the provi- 
sions of Regulation 22 of MARPOL Annex VI and 
subsequently be reviewed by LR. 


2.4.2 The SEEMP is to be developed in accordance with 
MEPC.213(63) Guidelines for the Development of a Ship 
Energy Efficiency Management Plan (SEEMP). 


2.5 Refrigeration systems 


2.5.1 These requirements apply to all permanently 
installed refrigeration and air conditioning installations on 
board. These requirements do not apply to stand-alone refrig- 
erators, freezers and ice makers used in galleys, pantries, bars 
and crew accommodation. 


2.5.2 The use of chlorofluorocarbons (CFCs) in existing, 
and hydrochlorofluorocarbons (HCFCs) in new, refrigeration or 
air conditioning installations is prohibited. 


2.5.3 If halocarbon refrigerants are used, they are to have 
an Ozone Depleting Potential (ODP) rating of zero and a Global 
Warming Potential (GWP) of less than 1950, based on a 
100-year time horizon. 


2.5.4 Systems are to be arranged with suitable means of 
isolation so that maintenance, servicing or repair work may 
be undertaken without releasing the refrigerant charge into 
the atmosphere. Unavoidable minimal releases are accept- 
able when using recovery units. 


2.5.5 For the purposes of refrigerant recovery, the 
compressors are to be capable of evacuating a system 
charge into a liquid receiver. Additionally, recovery units are to 
be provided to evacuate a system either into the existing liquid 
receiver or into cylinders dedicated for this purpose. The 
number of cylinders is to be sufficient to contain the complete 
charge between points of isolation in the system. 


2.5.6 Where different refrigerants are in use they are not 
to be mixed during evacuation of systems. 


2.5.7 Refrigerant leakage is to be minimised by leak 
prevention and periodic leak detection procedures. The 
frequency of leak detection and the maximum allowable 
annual leakage rate is dependent on the charge of each 
system and is specified in Table 11.2.1. 


Table 11.2.1 Refrigerant leak testing - maximum 


periodicity 
Periodicity 


Charge size Leakage 


6 months 10% 
3 months 10% 
Monthly 5% 
Monthly <3% 


under 3 kg 


3-30 kg 
30-300 kg 
Over 300 kg 
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2.5.8 Records are to be maintained demonstrating that 
leak testing is carried out in accordance with the periodicity 
specified in Table 11.2.1 by qualified personnel holding 
relevant certification, using either direct or indirect measuring 
methods and calibrated instruments where applicable. 


2.5.9 A leak detection system appropriate to the 
refrigerant is to be provided to monitor continuously the 
spaces into which the refrigerant could leak. An alarm is to be 
activated to give warning in a permanently manned location 
when the concentration of refrigerant in the space exceeds a 
predetermined limit, (25 ppm for ammonia; 300 ppm for halo- 
genated fluorocarbons). Remedial measures to repair the 
leakage are to be implemented as soon as practicable after 
an alarm is activated. Each leak detection system is to be 
checked at least once every 12 months to ensure proper 
functionality. The system is to be maintained and calibrated 
in accordance with the manufacturer’s recommendations and 
recorded in the log book. 


2.5.10 Procedures for refrigerant management including 
adding and recovering refrigerant charge, leak detection and 
the means adopted to control the loss and leakage of refrig- 
erants are to be established and implemented. 


2.5.11 Refrigerant inventory and log book records are to 
be maintained covering: 

(a) Refrigerant added to each system. 

(o) Refrigerant leaks, including remedial actions. 

(c) Refrigerant recovered and storage location. 

(d) Refrigerant disposal including quantity and location. 

(e) Details of personnel suitably experienced or with an 
applicable qualification for maintenance of the onboard 
refrigerant system(s), including relevant certification. 


2.5.12 After a leak has been identified, repaired and 
recorded it is to be rechecked prior to the system entering 
normal service. All applications, independent of charge size, 
are to be checked for leakage within one month after a leak 
has been repaired to ensure that the repair remains effective. 


2.5.13 Records demonstrating the implementation of the 
operational procedures specified in 2.5.10, as applicable, are 
to be maintained. These records are to be kept on board for 
a minimum period of three years, in a readily accessible form, 
and are to be available for inspection by LR Surveyors, as 
required. 


2.5.14 A refrigerant log book is to be maintained for the 
lifetime of the system. It must record the quantity and type of 
refrigerant installed and the quantities added and recovered 
during servicing, maintenance and final disposal. 


2.5.15 All personnel involved in the following activities 

must be suitably experienced or possess an applicable 

qualification: 

(a) installation, servicing or maintenance of the refrigeration 
equipment covered by the ECO Notation; 

(b) checking such equipment for any leakages of refrigerant 
gases; or 

(c) repairing, or carrying out work to prevent, such leak- 
ages. 
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2.6 Fire-fighting systems 


2.6.1 The use of halon or halo-carbons as the fire- 
extinguishing medium in fixed fire-fighting systems or 
portable extinguishers is not permitted. 


2.6.2 Where foam concentrates or other chemical or 
liquid based fire-fighting media with the potential to cause 
environmental pollution are used, instructions and procedures 
are to be provided for the safe containment and disposal of 
spilled media and other contaminated products during routine 
maintenance and, where practicable, following emergency 
use. 


2.7 Oil pollution prevention 


2.7.1 All ships are to comply with the requirements of 
2.7.2 to 2.7.12. In addition, tankers are to comply with the 
requirements of 2.8. 


2.7.2 Drainage from machinery space bilges is to be 
discharged to sea in accordance with the requirements of 
MARPOL 73/78, Annex | or retained onboard for discharge 
ashore. 


2.7.3 The oil-in-water content of the water discharged is 
to be less than 15 ppm. Oily bilge water is to be discharged 
through approved oil filtering equipment and a 15 ppm alarm 
combined with a device for automatically stopping any 
discharge to sea when the oil content in the discharge 
exceeds 15 ppm. Full records of all discharges are to be kept. 


2.7.4 The loading or discharge connections and vent 
pipes/overflows associated with oil fuels, lubricating oils, 
hydraulic oils and other oils are to be fitted with drip trays. Drip 
trays fitted to loading or discharge connections are to be fitted 
with closed drainage systems except on tankers where alter- 
native arrangements will be considered. 


2.7.5 Oil fuel storage, settling and service tanks are to be 
fitted with high level alarms and/or acceptable overflow 
systems. 


2.7.6 The tank arrangement and engine room manage- 
ment procedures are to ensure that any leakages and waste 
oil from machinery and equipment are collected prior to 
disposal ashore or incineration. At all times, there is to be 
sufficient capacity to store a complete lubricating oil charge 
from the largest engine used for propulsion or electrical gener- 
ating purposes. The tank arrangement is to allow the 
lubricating oil charge subsequently to be renovated or to be 
discharged ashore. 


2.7.7 For those ships which only operate on distillate fuel, 
the tank arrangements in 2.7.6 and sludge tanks may be 
combined to form a single tank. Where such a combined tank 
is fitted, the total capacity is to be equal to or greater than the 
aggregated total of the required individual tank capacities. 


2.7.8 The bilge holding tank, the tank arrangements in 
2.7.6 and the sludge tank are to be arranged to facilitate the 
periodic removal of accumulated sediments and other mate- 
rial. 
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2.7.9 Discharge piping systems to deck from the bilge 
holding tank, and the tank arrangements in 2.7.6, are to be 
separate from the oil fuel loading and transfer systems. Their 
piping systems are to be terminated with the standard 
discharge connections specified in MARPOL Annex |, 
Regulation 13. 


2.7.10 Means are to be provided for the collection and 
recovery of any oil spilled on decks. 


2.7.11 For ships delivered after 1 August 2010, fuel oil 
tanks with a capacity of greater than 60 m3, except overflow 
tanks, are to be located in a protected location away from the 
ship’s side or bottom shell plating. Tanks are to be located in 
accordance with the requirements relating to fuel oil tank 
protection given in MARPOL Annex |, Regulation 12A. 


2.7.12 Procedures covering the handling of all oils and oily 
wastes are to be established and implemented. As a mini- 
mum, these are to cover: 

(a) loading, storage and transfer of oil fuels, lubricants, 
hydraulic oil, thermal heating oil and drummed oil 
products; 

(b) storage, transfer, discharge and disposal of oily mixtures 
contained in the ship’s sludge, bilge holding and waste 
oil tanks and machinery space bilges; 

(c) recovery of any oil spilled on decks. 


2.8 Arrangements on ships carrying oil cargoes in 
bulk 


2.8.1 The constructional requirements of MARPOL 
Annex l, Regulations 19 and 20 as applicable, are to apply to 
all oil tankers greater than 600 tonnes deadweight. 


2.8.2 Cargo tanks are to be fitted with high level alarms 
and/or acceptable overflow systems. 


2.8.3 The cargo area is to have arrangements to collect 
accidental outflow of oil under overfilling conditions. 
Accidental oil spills are to be discharged to a slop tank or 
collecting tank. These tanks are not be located in the double 
hull space. 


2.8.4 Cargo tank ballasting arrangements and segregated 
ballast systems are to be connected to separate and distinct 
sea chests. 


2.8.5 A non-return valve is to be provided to isolate the 
cargo piping system from the sea connections. 


2.8.6 Cargo manifold connections are to be fitted with 
drip trays with closed drainage systems. 


2.8.7 Cargo manifold terminal pieces are to be designed, 
where practicable, in accordance with the relevant Oil 
Companies International Marine Forum (OCIMF) Recommen- 
dations for tanker manifolds and associated equipment. 
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2.8.8 Procedures covering ship to ship transfer of bulk 
liquid cargoes are to be established for ships engaged in the 
transfer of oil cargo at sea (STS Operations as defined in 
MARPOL Annex 1 Ch 8 Regulations 40, 41 and 42). These 
are to be agreed with LR, and implemented. 


2.9 Garbage handling and disposal 


2.9.1 A garbage management plan, developed in accor- 
dance with IMO Resolution MEPC 201(62), is to be available 
and implemented. This plan, inter alia, shall include: 

(a) identification of the sources of garbage; 

(b) means of minimising garbage production; 

(c) procedures for the safe and hygienic collection, 
segregation, storing, processing and disposal of garbage, 
including the use of the equipment (compactors, 
comminuters, incinerators or other devices) on board. 
These procedures are to cover all garbage generated 
during the normal operation of the ship. The disposal of 
the following materials is to be specifically covered: 

Cargo residues. 

Cargo associated wastes. 

Waste oil. 

Paint and painting materials. 

Medical wastes. 

Large metal objects such as oil drums and 

machinery components. 

Ropes: metal, synthetic or natural fibre. 

Rust/scale debris. 

Ballast tank sediments. 

Equipment containing refrigerants. 

Plastic. 

Food waste. 

Cooking oil. 

Domestic waste. 

Fishing gear. 

Operational waste. 

Incinerator ashes. 

Animal carcasses. 


2.9.2 Where fitted, incinerators are to be designed and 
constructed in accordance with the requirements of IMO 
Resolution MEPC 76(40). A type approval certificate issued 
by LR, another [ACS Member or the relevant Flag State 
Administration is to be provided. As an alternative, a 
Declaration of Conformity issued under the EU Marine 
Equipment Directive is acceptable. 


2.9.3 Where incineration is to be carried out, procedures 

are to be developed and implemented, covering: 

(a) operation, documentation and training in accordance 
with the requirements of MARPOL Annex VI, Regul- 
ation 16, irrespective of ship construction or incinerator 
installation date; and 

(b) prevention of incineration within areas where incineration 
is prohibited by the Coastal State Administration. 
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2.9.4 Cargo residues are included in the definition of 
garbage within the meaning of revised Annex V, 
Regulation 1.9 and may be discharged in accordance with 
Regulations 4.1.38 and 6.1.2. However, cargo material 
contained in the cargo hold bilge water should not be treated 
as cargo residues if the cargo material is not harmful to the 
marine environment and the bilge water is discharged from a 
loaded hold through the ship's fixed piping bilge drainage 
system. 


2.9.5 The discharge of cargo residues is to be based on 
the physical, chemical and biological properties of the 
substances and may require special handling not normally 
provided by reception facilities, although ports receiving such 
cargoes should have adequate reception facilities for all 
relevant residues, including when entrained in wash water. 


2.10 Sewage treatment 


2.10.1 Where fitted, the sewage treatment system is to be 
approved in accordance with MEPC Resolution 159(55). As 
an alternative, a Declaration of Conformity issued under the 
EU Marine Equipment Directive is acceptable. 


2.10.2 The capacity of the sewage treatment system, is to 
be sufficient for the maximum number of persons on board. 
Where ‘black water’ only is treated, the minimum capacity is 
to be 115 litres/person/day for a conventional flushing system 
or 15 litres/person/day for a vacuum system. Where both 
‘black water’ and ‘grey water’ are treated, an additional 
allowance of 300 litres per person, per day (made up from 85 
litres of galley grey water, 40 litres of laundry grey water and 
175 litres of cabin and domestic grey water) is to be made. 


2.10.3 Procedures for the operation of a sewage treatment 
system, including the certification of performance, are to be 
established and implemented. Records are to be maintained 
of maintenance, repair, remedial work and disinfectant dosing 
rates. 


2.10.4 |The manufacturer’s restriction on materials, which 
may be disposed of through the sewage treatment system, 
are to be clearly displayed at each input point. 


2.10.5 The disinfectant dosing points of the sewage 
treatment system are to be readily accessible. Ready access 
is also to be provided for the taking of samples. 


2.10.6 As an alternative to treatment, sewage and/or grey 
water may be retained on board. The sewage holding tank(s) 
and grey water holding tank(s) are to be of adequate capacity, taking 
into account the operation of the ship, the number of persons 
on board and other relevant factors (see guidance figures in 
2.10.2). The tank is to be fitted with a visual contents gauge 
and a high level alarm. 


2.10.7 Means are to be provided to aerate holding tanks 
to prevent the development of anaerobic conditions, taking 
into account MSC Circular 648. 
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2.10.8 Records are to be maintained detailing discharges 

from the holding tank. These are to include: 

(a) the date, location and quantity of sewage discharged 
from the holding tank either ashore or at sea in accor- 
dance with MEPC Resolution. 157(55); 


(o) rate of discharge of raw sewage; 

(c) distance from land and ship’s speed, when sewage is 
discharged to sea. 

2.10.9 Ventilation pipes from the sewage system are to be 


independent of other vent systems. 


2.10.10 A suitable piping system from the sewage 
treatment system or holding tank is to be provided to allow 
discharge from the system/tank to shore reception facilities. 
The systems discharge pipe is to terminate with a standard 
discharge connection complying with the requirements of 
MARPOL Annex IV, Regulation 10. 


2.10.11 Procedures for the cleaning and safe entry of 
sewage treatment systems and holding tanks, including the 
use of suitable personal protective equipment, are to be 
provided and implemented. 


2.11 Hull anti-fouling systems 


2.11.1 | The application of anti-fouling systems containing 
TBT above the level specified in the Antifouling Convention is 
prohibited. 


2.12 Ballast water 


2.12.1 All ships carrying ballast water, to which the Ballast 
Water Convention applies, are to have on board, and to 
implement, a ballast water management plan approved by LR 
or by another IACS member. 


2.12.2 The ballast water management plan is to meet the 
requirements of Regulation B-1 of the International 
Convention for the Control and Management of Ships’ Ballast 
Water and Sediments, 2004 and encompass the recommen- 
dations in IMO Resolution MEPC 127(53). 


2.12.3 For new ships intending to undertake ballast water 
exchange, the guidance on ballast water exchange design 
and construction standards within IMO Resolution MEPC 
149(55) is to be taken account of, as far as practicable. 


2.12.4 A ship should carry out ballast water exchange in 
accordance with the convention; however, a ballast water 
treatment system is not required to be installed and used until 
such time as required by Regulation B-3 of the Convention 
and the Convention has entered into force. 


2.12.5 A ballast water record book is to be kept on board 
and is to be used to record all ballast water operations. 
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2.13 VOC management 


2.13.1 Tankers carrying crude oil are required to develop 
and implement a VOC Management Plan in accordance with 
IMO Guidelines for the Development of a Volatile Organic 
Compound (VOC) Management Plan for tankers carrying 
crude oil (Resolution MEPC.185(59)) that has been approved 
by LR or by, or on behalf of, the ship’s Flag State. 


2.13.2 For all tankers carrying crude oil, a Vapour 
Emission Control System is to be fitted which has been 
designed and constructed in accordance with the 
requirements of USCG 46, CFR 39 or the IMO Standards for 
Vapour Emission Control Systems (MSC Circular 585). A 
Certificate or Statement of Compliance issued by LR or a 
competent Authority recognised by LR is to be provided. As 
an alternative, a self-contained Vapour Recovery System, 
which is of a type approved by LR and which achieves 
equivalent performance to the systems above, may be fitted. 


ia Section 3 
Supplementary characters 


3.1 Hull anti-fouling systems - A character 


3.1.1 For assignment of the A character, the anti-fouling 
system applied to the ship’s hull is to be listed as biocide-free 
in the Lloyd’s Register List of Approved Products. 


3.2 Bio-fouling - BIO character 


3.2.1 For the assignment of the BIO character, the ship 
is to have in place bio-fouling management plans, developed 
in accordance with IMO Resolution MEPC.207(62): 2011 
Guidelines for the Control and Management of Ship’s 
Biofouling to Minimise the Transfer of Invasive Aquatic 
Species. In addition, the Bio-fouling Management Plan is to 
be reviewed by LR for conformance with MEPC.207 (62). 


3.2.2 The ship is also to have on board a Bio-fouling 
Record Book in the format shown in Appendix 32 of 
MEPC.207(62) that contains at least the following: 

° Details of the anti-fouling systems and operational practices 
used (where appropriate, as recorded in the Anti-fouling 
System Certificate), where and when it was installed, 
areas of the ship that are coated, its maintenance and, 
where applicable, its operation; dates and location of 
dry-dockings/slippings, including the date the ship was 
refloated, and any measures taken to remove bio-fouling or to 
renew or repair the anti-fouling system; 

e The date and location of in-water inspections, the results 
of those inspections and any corrective action taken to 
deal with observed bio-fouling; 

e The dates and details of inspection and maintenance of 
internal sea-water cooling systems, the results of those 
inspections, and any corrective action taken to deal with 
observed bio-fouling and any reported blockages; and 

e Details of when the ship has been operating outside its 
normal operating profile, including any details of when the 
ship was laid-up or inactive for extended periods of time. 
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3.3 Ballast water treatment - BWT characters 


3.3.1 Where a ballast water treatment system is installed, 
the character BWT will be assigned, provided that the treat- 
ment system is installed, utilised and approved in accordance 
with MEPC 174(58) or MEPC.125(53). 


3.3.2 As an alternative to a system approved in accor- 
dance with MEPC.174(58) or MEPC.125(53), a system 
meeting the requirements of Regulation D-4 Prototype Ballast 
Water Treatment Technologies of the BWM Convention will be 
accepted. 


3.3.3 A ballast water record book for the purpose of 
recording all ballast water operations and use of the treatment 
system is to be available on board and maintained. 


3.3.4 New ships are to take account of the guidance on 
design and construction to facilitate sediment control within 
IMO Resolutions MEPC 150(55) and MEPC 206(62), as far as 
is practicable. 


3.4 Cargo residue minimisation - CRM character 


3.4.1 For assignment of the CRM character, cargo 
residue is to be minimised. 


3.4.2 In accordance with MARPOL Annex II, Resolution 
12.3, individual cargo tanks are not to retain more than 60 
litres of residue in the tank and associated piping. 


3.4.3 A performance test is to be conducted in accor- 
dance with appendix 5 of MARPOL Annex II and a record of 
the test results retained on board. 


3.5 Energy Efficiency Design Index - EEDI-1, 
EEDI-2, EEDI-3 characters 


3.5.1 For assignment of the EEDI-1, EEDI-2 and EEDI-3 
characters, the ‘attained’ EEDI must be equal to or less than 
the applicable reference line. 


3.5.2 The ‘attained’ Energy Efficiency Design Index is to 
be established in accordance with the 2012 Guidelines on the 
method of calculation of attained EEDI for new ships 
(MEPC.203(62)) and verified in accordance with LR’s proce- 
dure for verifying EEDI values. 


3.5.3 For ships constructed before 1 January 2015, the 
EEDI-1 character will be assigned when the ‘attained’ EEDI is 
less than or equal to the EEDI Phase 1 requirement (i.e., 
10 per cent less than the applicable reference line). 


3.5.4 For ships constructed before 1 January 2020, the 
EEDI-2 character will be assigned when the ‘attained’ EEDI is 
less than or equal to the EEDI Phase 2 requirement (i.e., 
15 per cent less than the applicable reference line for general 
cargo ships and refrigerated cargo ships or 20 per cent less 
than the applicable reference line for other ship types). 
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3.5.5 For ships constructed before 1 January 2025, the 
EEDI-3 character will be assigned when the ‘attained’ EEDI is 
less than or equal to the EEDI Phase 3 requirement (i.e., 
30 per cent less than the applicable reference line). 


3.6 Energy management - SEEMP and EnMS 
characters 


3.6.1 For assignment of the SEEMP character, and in 
addition to the requirements specified in 2.4, a SEEMP is to 
be reviewed by LR to check that it is in alignment with the IMO 
Guidelines for the Development of a Ship Energy Efficiency 
Management Plan (SEEMP) (MEPC.213(63) and reflects 
industry guidelines as applicable. This is to be demonstrated 
by the LR SEEMP Statement of Conformance and associated 
documentation. 


3.6.2 For the assignment of the EnMS character, certifi- 
cation under ISO 50001 (Energy Management) is to be issued 
by an accredited organisation and is to be applicable to the 
management and operation of the ship. 


3.7 Integrated bilge water treatment system - 
IBTS character 


3.7.1 These requirements apply to ships with an inte- 
grated bilge water system. 


3.7.2 For assignment of the IBTS character, the ship is 
to have an integrated bilge water system designed and 
installed to meet the requirements of the Revised Guidelines 
for Systems for Handling Oily Wastes in Machinery Spaces of 
Ships and incorporating Guidance Notes for an Integrated 
Bilge Water Treatment System (IBTS) — (12 November 2008) 
contained in MEPC.1/Circ.642 & 643 as amended by 
MEPC.1/Circ. 676 & 760. 


3.7.3 Ships are to have on board a Statement of Fact on 
Installation of an Integrated Bilge Water Treatment System 
(IBTS), issued by LR. 


3.8 Grey water - GW character 


3.8.1 For assignment of the GW character where a plant 
for the treatment of grey water is installed, the plant discharge 
effluent is to meet the standards specified in 3.8.2 or 3.8.3, 
as applicable. The GW character will also be assigned where 
grey water is retained onboard in dedicated holding tank(s) 
for discharge ashore, subject to the requirements specified in 
3.8.4 to 3.8.9 being met. 


3.8.2 Where it is not intended that the effluent is recycled 
or re-used for any purpose, the effluent of the grey water 
treatment plant is to meet the following standards: 
(a) Thermotolerant coliforms: 
The geometric mean of the thermotolerant coliform 
count of samples of effluent taken during a test period 
is not to exceed 100 thermotolerant coliforms/100 ml as 
determined by membrane filter, multiple tube fermentation or 
an equivalent analytical procedure. 
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(b) Total suspended solids: 

e Where the equipment is tested onshore, the 
geometric mean of the total suspended solids 
content of the samples of effluent taken during the 
test period is not to exceed 35 mg/l. 

e Where the equipment is tested onboard the ship, 
the geometric mean of the total suspended solids 
content of the samples of effluent taken during the 
test period is not to exceed the suspended solids 
content of the ambient (flushing) water used 
onboard plus 35 mg/l. 

e The method of testing is to be as given in Resolution 
MEPC.159(55). 

(c) Biochemical Oxygen Demand (BODs) and chemical 
oxygen demand (COD): 

e The geometric mean of a 5-day Biochemical 
Oxygen Demand (BODs) is not to exceed 25 mg/l. 
The chemical oxygen demand (COD) is not to 
exceed 125 mg/l. Test methods are to be ISO 
15705:2002 for COD and ISO 5815-1:2003 for 
carbonaceous BOD, or other internationally 
accepted equivalent test standards. 

(d) pH: The pH of the samples of effluent taken during the 

test period is to be between 6 and 8,5. 

(e) Zero or non-detected values: For thermotolerant 
coliforms, zero values are to be replaced with a value of 

1 thermotolerant coliform/100 ml to allow the calculation 

of the geometric mean. For total suspended solids, 

BOD; and COD values below the limit of detection are 

to be replaced with one half the limit of detection to allow 

the calculation of the geometric mean. 


3.8.3 Where it is intended that the effluent of the grey 
water treatment plant is to be re-used or recycled for any 
purpose, the effluent is to meet the potable water quality 
standards of the Flag or Port State Administration, as 
appropriate. 


3.8.4 As an alternative to treatment, where grey water is 
retained onboard in dedicated holding tank(s) for discharge 
ashore the holding tank(s) is to be of adequate capacity taking 
into account the operation of the ship, the number of persons 
on board and other relevant factors. Each tank is to be fitted 
with a means to open the tank, means to verify visually the 
contents of the tank and a high level alarm. See 2.11.2. 


3.8.5 Means are to be provided to aerate the tanks to 
prevent the development of anaerobic conditions, taking into 
account IMO MSC/Circ.648 Guidelines for the Operation, 
Inspection and Maintenance of Ship Sewage Systems. 


3.8.6 Ventilation pipes from the grey water treatment 
system and, where provided, from holding tank(s) are to be 
independent of other ventilation systems. 


3.8.7 A suitable piping system from the grey water treat- 
ment system or holding tank(s) is to be provided to allow 
discharge to shore reception facilities. The discharge pipe is 
to terminate with a standard discharge connection complying 
with the requirements of MARPOL Annex IV, Regulation 10. 
Any connection from the grey water system to the sewage 
discharge is to be via a screw down non-return valve. 
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3.8.8 Records of grey water treatment and/or discharge 

are to be maintained. A single record book may be utilised for 

both grey water and sewage records. Records detailing 

discharges from the holding tank(s) are to include: 

(a) the date, location and quantity of grey water discharged 
from the holding tank(s) either ashore or at sea; 

(b) rate of discharge of untreated grey water; 

(c) distance from land and ship’s speed, when untreated 
grey water is discharged to sea. 


3.8.9 Procedures for the cleaning and safe entry of grey 
water treatment systems and holding tanks, including the use 
of suitable personal protective equipment, are to be provided 
and implemented. 


3.9 Inventory of hazardous materials - IHM 
character 
3.9.1 For assignment of the IHM character, the ship is to 


possess an inventory of hazardous materials in compliance 
with Regulation 5 of the Hong Kong International Convention 
for the Safe and Environmentally Sound Recycling of Ships. 


3.9.2 The inventory is to be independently verified by LR. 


3.9.3 Procedures covering maintenance of the inventory 
of hazardous materials throughout the ship’s life are to be 
established and implemented. The procedures are to 
address, inter alia, new installations containing hazardous 
materials specified in appendices 1 and 2 of the Hong Kong 
International Convention for the Safe and Environmentally 
Sound Recycling of Ships and relevant changes in the ship’s 
structure and equipment. 


3.10 Nitrogen oxides - NOx-1, NOx-2, NOx-3 
characters 


3.10.1. For assignment of the NOx-1 or NOx-2 character, 
the total weighted value of NO, emissions from all installed 
diesel engines defined within 2.2.1 is not to exceed 80 per 
cent of the total weighted NO, emission limits specified in 
MARPOL Annex VI, Regulation 13. 


3.10.2 The total weighted emission value for the ship (WV) 
is to be calculated as follows: 


ae WAEV cert] 
[ship] WAEViimo 
where 
n 
n=1 (NOx cert]: P 
WAEV cer) = s 
nat P) 
n 
n=1 (NOyimoy-P 
n=1 P) 
n = the number of individual engines on board the 


ship 
P = the rated power, in kW, of each individual 
installed engine 
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NOycert} = the certified NO, emission value, in g/kWh, for 
each individual engine 

NOxımo = the NO, emission limit value of each individual 
engine, in g/kWh, applicable at the date of 
construction of the ship, or installation date of 
the engine, as applicable, as specified in 
Regulation 13 of Annex VI to MARPOL. 


3.10.3 For ships constructed before 1 January 2011, the 
NOx-1 character will be assigned when: 


WAEV, 
WEE < 0,80 
[IMO] 


For ships constructed on or after 1 January 2011, the 
NOx-2 character will be assigned when: 


WAEV 
“ee "tert < 0,80 
WAEV imo 


3.10.4 For assignment of the NOx-3 character, engines, as 
defined in 2.2.1, and any associated NO, emission abatement 
systems are to be certified as meeting the Tier 3 NO, emission 
limits specified in MARPOL Annex VI, Regulation 13.5.1.1. 


3.10.5 | Equipment and systems used to control NO, emis- 

sion levels are to: 

(a) be arranged so that failure will not prevent continued safe 

operation of the engine; 

(b) be operated in accordance with manufacturer’s instruc- 

tions; 

(c) be designed, constructed and installed to ensure structure 

integrity and freedom from significant vibration; 

(d) be designed to include adequate hatches for inspection 

and maintenance purposes; and 

(e) be instrumented to record operation. Records of operation 
and the degree of control are to be maintained. 

Alternative control arrangements will be given special consideration. 


3.10.6 Procedures covering the use and maintenance of the 
equipment and systems used to control NO, are to be estab- 
lished and implemented. Records are to be maintained which 
demonstrate the operation of the equipment and systems and 
the resultant level of NO, emissions to the atmosphere. 


3.10.7 Where engines constructed before 1 January 2000 
are not certified in accordance with MARPOL Annex VI, the 
test procedure and measurement method are to be in 
accordance with either the Simplified Measurement Method 
or Direct Measurement and Monitoring Method given in 
Chapter 6 of the IMO NO, Technical Code 2008. 


3.10.8 Where engines are constructed on or after 
1 January 2000, the NO, emission value is to be established 
in accordance with the NO, Technical Code 2000. 


3.10.9 In the case where the individual engines are ‘family’ 
or ‘group’ engines, as defined in the NO, Technical Code, the 
respective certified emission value is to be taken as that of 
the relevant Parent Engine. 
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3.11 Oily bilge water - OW character 


3.11.1 For assignment of the OW character, all drainage 
from machinery space bilges is to be discharged ashore, 
except under exceptional circumstances. 


3.11.2 Adequate capacity for storage of oily bilge water 
between discharges ashore is to be provided. 


3.11.3 Alternatively, discharge to sea is permitted where it 
can be demonstrated that the oil-in-water content of the 
water discharged is less than 5 ppm. 


3.11.4 The bilge alarm, set at 5 ppm, is to be recalibrated 
or retested every five years by the manufacturer or other 
acceptable alternative and full records of the recalibration or 
retesting are to be kept on board. 


3.11.5 Full records of all discharges are to be kept. 


3.12 Protected oil tanks - P character 


3.12.1 For assignment of the P character, in addition to 
compliance with the requirements of 2.8.11, all oil fuel, 
lubricating oil and hydraulic oil tanks are to be located in a 
protected location away from the ship’s side or bottom shell 
plating. 


3.12.2 Oil fuel, lubricating oil and hydraulic oil tanks are to 
be located in accordance with the requirements relating to 
fuel oil tank protection given in MARPOL Annex I, Regulation 
12A, paragraphs 6, 7 and 8. The performance standard specified 
in paragraph 11 of Regulation 12A will not be accepted. 


3.12.3 Main engine lubricating oil drain tanks and fuel 
overflow tanks are excluded. 


3.12.4 Arrangements providing equivalent protection will 
be given special consideration. 


3.12.5 Suction wells may protrude below oil fuel tanks 
provided they are as small as possible and the distance 
between the tank bottom and the ship’s bottom shell plating 
is not reduced by more than 50 per cent. 


3.13 Refrigeration systems - R character 


3.13.1 For assignment of the R character, natural 
substances are to be used as the refrigerants in all main refrig- 
eration systems such as cargo systems, provision rooms and 
air conditioning. 


3.13.2 Small factory-built refrigeration system(s) that use 
fluorinated refrigerants, having a Global Warming Potential 
(GWP) of less than 1950 are allowable. 


3.13.3 The GWP value is based on the 100-year time horizon. 
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3.14 Sulphur oxides - DIST and SOx character 


3.14.1 For assignment of the DIST character, ships must 
meet the requirements of LR’s Descriptive Note DIST(M, AB, 
1, IG), as applicable. 


3.14.2 For assignment of the SOx character, all fuel used 

on board is to be: 

(a) distillate with a sulphur content not exceeding 0,10 per 
cent m/m; or 

(o) an alternative fuel or a hybrid fuel management solution 
which has a resulting sulphur content which is not to 
exceed 0,10 per cent m/m. 


3.14.3 The sampling, fuel sulphur analysis methods and 
verification requirements stipulated in 2.3.4 and 2.3.5 are to 
be complied with. 


3.14.4 Alternative arrangements providing an equivalent 
level of environmental protection will be considered for the 
assignment of the SOx character. If an Exhaust Gas Cleaning 
System is fitted, it is to be certified to MEPC.184(59). 


3.15 Enhanced tank cleaning - TC character 


3.15.1 For the assignment of the TC character, oil and 
chemical tankers are to be provided with tank washing equip- 
ment meeting the standards specified in 3.15.2 to 3.15.8. 
3.15.2 Cargo tanks are to be served by individual pumps. 
3.15.3 Permanent tank washing machines shall be type 
approved in accordance with the revised IMO Resolution 
A.446(XI) - Revised Specifications for the Design, Operation 
and Control of Crude Oil Washing Systems, and their method 
of support is to be acceptable to LR. 


3.15.4 At the design stage the following minimum proce- 
dures are to be used to determine the area of the tank surface 
covered by direct impingement (longitudinals, brackets, 
stiffeners, ladders, pipework, corrugations on corrugated 
bulkheads and face plates can be ignored): 

(a) using suitable structural plans, lines are set out from the 
tips of each machine to those parts of the tank within the 
range of the jets; or 

(o) a pinpoint of light simulating the tip of the tank washing 
machine in a scale model of the tank are to be used. 

Alternative methods of measurement will be considered. 


3.15.5 Additional tank washing equipment, which may be 
portable, is also to be provided to enable washing of the 
shadow areas without the necessity to enter the tanks. The 
use of portable machines to wash the shadow areas is not to 
be undertaken where the last cargo in the tank has toxic or 
low ignition properties, reacts with water or has other proper- 
ties specified in chapter 15 of the /nternational Bulk Chemical 
Code which would prevent water washing or opening of the 
tank to allow the use of portable washing machines. 


3.15.6 A back-up system to provide cleaning capability in 
the event of failure of one tank washing machine is to be 
provided. 
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3.15.7 Heating equipment is to be provided for a tank washing 
medium which achieves a minimum temperature of 85°C at 
the connection to the tank washing machine. 


3.15.8 — The effectiveness of the tank washing system is to 
be confirmed by tank inspections or other means as required 
by LR. The confirmation is to be carried out when the ship is 
in service. For ships fitted with crude oil washing system(s) 
the confirmation will be carried out as part of the MARPOL 
Annex I survey and need not be carried out separately. 


3.16 Vapour emission control systems - 
VECS-L and VOC-R characters 


3.16.1 Tankers carrying crude oil, petroleum products or 
chemicals having a flash point not exceeding 60°C (closed- 
cup test) will be assigned the VECS-L, VOC-R character(s), 
provided the requirements of 3.16.2 and/or 3.16.3 respec- 
tively are complied with, as applicable. 


3.16.2 For assignment of the VECS-L character, a vapour 
emission control system is to be fitted, which, in addition to 
3.15.2, has been designed and constructed to meet the 
requirements for vapour balancing in accordance with 
USCG 46, CFR 39.40 for service vessels. 


3.16.3 For assignment of the VOC-R character, a self- 
contained system capable of preventing vapour emission 
formation during loading is to be fitted. This vapour emission 
prevention system is to be of a type approved by LR and is to 
reduce vapour emission formation by at least 75 per cent (v/v) 
as compared to an equivalent ship to which no vapour 
emissions prevention system has been fitted. 


a Section 4 
Survey requirements 


4.1 Initial Survey and Audit 


4.1.1 Following satisfactory review of the plans and other 
information submitted, (see 1.5), an ECO Initial Survey is to 
be undertaken for ships under construction or in service. 


4.1.2 At the ECO Initial Survey, the Surveyor is to be 
satisfied that the requirements of these Rules, including those 
relating to any requested supplementary characters, are 
complied with. The Surveyor is to verify that the hull and 
machinery arrangements are in accordance with the approved 
documentation. The installed equipment, together with 
associated control and alarm systems, is to be demonstrated 
under working conditions. 


4.1.3 Following the successful completion of the Initial 
Survey, the ECO notation may be assigned to a ship. The 
ECO notation will be valid, in the first instance, until the first 
ECO Annual Survey. At the first Annual Survey, an audit of the 
operational procedures as required by these Rules is to be 
undertaken. Prior to the LR audit, the operational procedures 
must have been fully implemented and audited by the 
Operator and the applicable record books must contain 
in-service records for a period of at least 3 months. 
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4.1.4 Audits are to confirm by direct observation, 
examination of internal audit reports and scrutiny of records 
that each of the procedures has been implemented over the 
preceding period. It is also to be verified that: 


(a) the required resources and equipment have been 
provided; and 

(bo) the ship’s staff are aware of their duties and 
responsibilities, and can perform the assigned tasks. 


4.2 Periodical Surveys and Audits 


4.2.1 ECO Annual Surveys and Audits are to be held on 
all ships to which the ECO notation applies within three 
months of each anniversary of assignment of the full ECO 
notation. 


4.2.2 At the ECO Annual Survey and Audit, the Surveyor 
is to be satisfied that the arrangements and equipment 
comply with these Rules and operating procedures have been 
implemented. As far as possible, the installed equipment, 
together with associated control and alarm systems, are to 
be demonstrated under working conditions. Additionally: 

(a) where changes to arrangements or equipment fitted to 
meet the requirements of these Rules have been made, 
it is to be verified that these changes are in accordance 
with approved documentation; and 

(b) records for the preceding 12 months are to be reviewed. 


4.2.3 ECO Audits are to be undertaken in accordance 
with the requirements given in 4.1.4. 


4.2.4 Where the periodical surveys and audits are not 
completed in accordance with 4.2.1, the ECO Notation will 
be suspended. Re-instatement will be subject to surveys 
being held appropriate to the age of the ship and the 
circumstances of the case. 


4.2.5 Where the periodical surveys and audits identify 
non-conformances, the ECO notation will be suspended. 
Re-instatement will be as directed by the Classification 
Committee, appropriate to the circumstances of the case. 


4.3 Change of company 


4.3.1 Where the company (as defined in the ISM Code) 
changes, the ECO notation will be suspended. 


4.3.2 The new company may adopt the previously 
approved procedures as required by these Rules or may 
compile new procedures. 


4.3.3 Following implementation of the approved 
procedures, an audit, in accordance with the requirements in 
4.1.3 and 4.1.4, is to be undertaken. 


4.3.4 The ECO notation will be re-assigned following 
successful completion of the audit provided that the ship has 
a valid Safety Management Certificate (SMC) and the general 
requirements given in 2.1.1 are complied with. 
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Section 

1 General requirements 

2 Noise 

3 Vibration 

4 Testing 

5 Noise and vibration survey reporting 
6 Non-periodical survey requirements 
7 Referenced standards 


a Section 7 
General requirements 


1.1 Scope 


halal These Rules set down the criteria for the assessment 
of the noise and vibration on ships and are applied in addition to 
the other relevant requirements of the Rules and Regulations for 
the Classification of Ships (hereinafter referred to as the Rules 
for Ships). 


1.1.2 The requirements of this Chapter may be applied 
where no other statutory requirements exist. 


1.1.3 These Rules provide for two alternatives: 

(a) Class Notations which indicate that the ship has been 
assessed and complies with noise and vibration criteria 
in these Rules and that a periodic survey regime has 
been established for the lifetime of the ship. 

(b) Certificate of Compliance which provides evidence 
that the ship has been assessed and found to comply 
with the noise and vibration criteria in these Rules. 


1.1.4 Spaces that comply with the noise level limits 
specified in Table 12.2.4 and under Acceptance Numeral 3 in 
Tables 12.2.1 and 12.2.3, will meet the requirements of 
section 4 of IMO Resolution MSC.337(91), when measured in 
accordance with the requirements of Chapters 2 and 3 of 
that Resolution. 


7.7.5 Spaces that comply with the noise level limits 
specified under Acceptance Numerals 1 and 2 in Tables 
12.2.1 and 12.2.3, will achieve enhanced levels of passenger 
and crew comfort as applicable, when measured in 
accordance with the requirements of Chapters 2 and 3 of 
IMO Resolution MSC.337(91). All vessels can apply for 
Acceptance Numerals 1 and 2. 


| 1.1.6 
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These Rules recognise existing National and 
International Standards and specify levels of noise and 
vibration currently achievable using good engineering 
practice. Compliance with these requirements will be 
assessed by review of procedures, inspection and measure- 
ment of the relevant parameters and pre-survey reviews. 
Inspections and measurements are to be conducted, 
witnessed or assessed by LR’s Surveyors unless otherwise 
agreed by Lloyd’s Register (hereinafter referred to as LR). 


TA Accommodation comfort is a function of ship type 
and layout. These Rules address two types of ship: 

(a) Passenger (e.g., cruise ships, ro-ro ferries). 

(o) Cargo (e.g., container ships, tankers). 


1.1.8 These Rules include levels of noise and vibration 
which should be verified by measurements following completion 
of the ship. It is recommended that the Builders undertake 
calculations of noise and vibration characteristics so that any 
potential problem areas can be identified and control measures 
implemented. 


1.1.9 The sound pressure levels for audible alarms and 
public address systems fitted in accordance with other 
sections of the Rules are to satisfy IMO Resolution A.1021(26) 
Code on Alerts and Indicators, 2009. 


1.2 Definitions 


1.2.1 Passenger spaces are defined as all areas 

intended for passenger use, and include the following: 

(a) Passenger cabins. 

(b) Public spaces (e.g., restaurants, hospital, lounges, 
reading and games rooms, gymnasiums, corridors, 
shops). 

(c) Open deck recreation areas. 


1.2.2 Crew spaces are defined as all areas intended for 

crew use only, and include the following: 

(a) Accommodation spaces (e.g., cabins, offices, mess 
rooms, recreation rooms). 

(b) Work spaces. 

(c) Navigation spaces. 


1.2.3 Noise level is defined as the A-weighted sound 
pressure level measured in accordance with ISO 2923. 


1.2.4 Vibration level is defined by the application of ISO 
6954:2000: 

The vibration level is defined as the overall frequency weighted 
r.m.s. value of vibration during a period of steady-state operation 
over the frequency range 1 to 80 Hz. 


1.3 Class notations 


7.3.1 The class notations described in 1.3.2 to 1.3.6 
provide standards for noise and vibration levels in different 
spaces at the time of delivery and during the ships life if 
substantial changes to the machinery installation or interior 
arrangements are made. 
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1.3.2 The PAC (Passenger Accommodation Comfort), 
CAC (Crew Accommodation Comfort) and PCAC (Passenger 
and Crew Accommodation Comfort) notations are optional 
and are primarily intended to apply to passenger ships. If 
requested, however, any ship can be assessed for compliance, 
using these requirements as the basis for the assessment 
and a LR Certificate of Compliance issued (see 1.1.3(b) and 
1.4). 


1.3.3 The PAC notation indicates that the passenger 
accommodation meets the acceptance criteria whilst the 
CAC notation indicates that the crew accommodation and 
work areas meet the acceptance criteria. The PCAC notation 
indicates that the passenger and crew spaces both meet the 
acceptance criteria. 


1.3.4 For ships which achieve the noise and vibration 
comfort standards specified in these Rules, the notation 
PAC, CAC or PCAC will be assigned. 


1.3.5 Following the PAC or CAC notation, numerals 1, 2 
or 3 will indicate the acceptance criteria to which the noise 
and vibration levels have been assessed. In the case of the 
PCAC notation, two numerals will be assigned. The first 
will indicate the acceptance criteria for passenger 
accommodation, whilst the second will indicate the crew 
comfort criteria. 


1.3.6 For particular vessels, impact insulation and 
transient noise in accordance with 2.5 and 2.6 together with 
any additional or more stringent noise and vibration criteria 
may be assessed within the scope of the notations where 
agreed between the Owner, Builder and LR. 


1.4 Certificate of Compliance 

1.4.1 A Certificate of Compliance records that a ship has 
been designed and constructed to satisfy the noise and 
vibration criteria contained in these Rules. This is to be 
confirmed by measurements and reporting in accordance 
with Sections 4 and 5. 


1.4.2 A Certificate of Compliance is optional and if 
requested, any ship can be assessed for compliance using 
the Rule requirements as basis for assessment. 


1.4.3 Where noise and vibration levels are at variance 
with those prescribed by these Rules, these will be added to 
the certificate for information purposes. 


1.4.4 A Certificate of Compliance will be issued after the 
initial survey required by Section 6. 


| Table 12.2.1 
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| Section 2 


Noise 
2.1 Assessment criteria 
2.1.1 Where a space is occupied by both passengers 


and crew, the more stringent of the relevant requirements 
apply unless agreed between the Builder and Owner and 
advised to LR. 


2.2 Passenger accommodation and public spaces 


2.2.1 Under test conditions specified in 4.2, the 
applicable noise levels specified in Table 12.2.1 should not 
generally be exceeded. See 2.2.3. 


Passenger ships - Maximum noise 
levels in dB(A) 


Acceptance Numeral 


Location 
2 


Standard | 52 
Superior | 47 


Passenger cabins: 


Public spaces: Excluding 
shops 


Shops 


Medical centre: 


Theatre/auditorium 


Open deck recreation areas 
(excluding swimming pools 
and similar) 


Swimming pools and similar 


NOTES 

1. The levels may be exceeded by 5dB(A) within 3 m of a 
ventilation inlet/outlet or machinery intake/uptake on open 
decks. 
The levels may be exceeded by 3dB(A) in accommodation 
above the propellers for three decks above the mooring 
deck. 
The levels for open deck recreation areas refer to ship 
generated noise only. On open deck spaces the noise 
generated from the effects of wind and waves can be 
considered separately to limits agreed between the Builder 
and Owner and advised to LR for the trial conditions. 


2.2.2 For cabins bordering discotheques and similar 
entertainment areas, the deck and bulkhead sound insulation 
is to be sufficient to ensure that the maximum cabin noise 
levels are not exceeded even when high external noise levels 
prevail. 
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2.2.3 Acceptance of noise levels greater than those 
specified in Table 12.2.1 may be considered where agreed 
between the Owner and Builder. Not more than 20 per cent 
of the passenger cabins, 30 per cent of the public spaces and 
20 per cent of the crew cabins should exceed the relevant 
noise criteria by more than 3 dB(A). 


2.2.4 Acoustic insulation of bulkheads and decks 
between passenger spaces is to be generally in accordance 
with the values of the weighted apparent sound reduction 
index Ry as given in Table 12.2.2, calculated using ISO 717/1. 
See also 2.2.6. 


2.2.5 For the purpose of selecting acoustic sound 
insulation, the following sound noise levels may be used with 
the agreement of the Owner and Builder: 


(a) Cabins - 80 dB(A). 

(o) Dining Rooms - 85 dB(A). 

(c) Corridors - 90 dB(A). 

(d) Discotheques, Theatres, Entertainment Areas - 
105 dB(A). 

2.2.6 Acceptance of bulkhead and deck acoustic 


insulation values less than those specified in Table 12.2.2 
may be considered where agreed between the Owner and 
Builder. Not more than 20 per cent of the interfaces tested 
should have airborne sound insulation indices, Ry, more than 
3 dB(A) lower than the minimum specified values. 


Table 12.2.2 Minimum air-borne sound insulation 


indices, Ry 


Acceptance Numeral 
Location 


Standard 
Superior 


Passenger cabins: 


Standard 
Superior 


Cabin to corridor: 
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Crew accommodation - Maximum 
noise levels in dB(A) 


Acceptance Numeral 


Location 


Sleeping cabins, hospitals 


Offices, conference rooms and 
day cabins 


Mess rooms, lounges, 
reception areas and 
recreation rooms within 
accommodation 


Recreation areas on open 
deck 


Alleyways, changing rooms, 
bathrooms, lockers 


NOTE 


The levels may be exceeded by 5dBiA) within 3 m of a ventilation 
inlet/outlet or machinery intake/uptake on open decks. 


Table 12.2.4 
levels in dB(A) 


Location 


Crew work areas - maximum noise 


dB(A) level 


Machinery space(continuously manned) 
e.g. stores 


90 


Machinery space(not continuously manned) 
e.g. pump, refrigeration, thrusters or fan rooms 


110 


Workshops and non-specified work spaces 


85 


Machinery control rooms 


75 


Standard 
Superior 


Cabin to stairway: 


Standard 
Superior 


Cabin to public 
space (excluding 
corridors/stairwells 
and discotheques): 


Discotheques to cabins 


Discotheques to stairwells and 
public spaces 


Cabin to machinery rooms and 
engine casing 


2.3 Crew accommodation and work areas 


2.3.1 Under the applicable test conditions specified in 
4.2, the noise levels specified in Tables 12.2.3 and 12.2.4 are 
not to be exceeded. 


Wheelhouse 


65 


Look-out posts e.g., at bridge wing or 
window 


Additional limits: 

e 250 Hz band 

e = 500 Hz band 

(measured according to IMO A.343(IX)) 


Radio room 


Galleys and pantries: 
e Equipment not working 
e Individual items at 1 metre 


Normally unoccupied spaces (e.g. holds, decks) 


Ship's whistle, on bridge or forecastle 
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2.3.2 Crew space insulation is to comply with the 
requirements of IMO Resolution MSC.337(91). 


2.4 Maximum noise levels 

2.4.1 Where the measured noise level exceeds the 
specified criterion by 3 dB(A), or contains subjectively 
annoying low frequency or tonal components, the noise 
rating (NR) number is to be established in accordance with 
the graph shown in Fig. 12.2.1. This is achieved by plotting 
the linear octave band levels on the graph; the NR number is 
that NR curve to which the highest plotted octave band level 
is anywhere tangent. The specified criterion may be 
considered satisfied if the NR number does not exceed the 
specified A-weighted value minus 5 dB(A). 


2.4.2 Guidance on maximum acceptable sound pressure 
levels and noise exposure limits for crew spaces is given in 
IMO Resolution MSC.337(91). 


2.5 Impact insulation 

2.5.1 Where agreed between the Owner, Builder and LR, 
enhanced criteria for noise levels recognising the effects of 
impact sound pressures may be applied in accordance with 
2.5.2 to 2.5.5. 


2.5.2 For passenger and crew cabins located below or 
adjacent to dance floors, stages, aerobics and gymnasium 
areas, jogging tracks or other areas where impact noise is 
generated, the normalised impact sound pressure level 
measured within the cabins is not to exceed 45 dB. 


2.5.3 For public rooms under dance floors, stages, 
aerobics and gymnasium areas, jogging tracks or other areas 
where impact noise is generated, the normalised impact 
sound pressure level within the space is not to exceed 55 dB. 


2.5.4 For passenger cabins, the normalised impact 
sound pressure level, La w, calculated using ISO 717/2, is to 
be generally in accordance with the values stated in 
Table 12.2.5. See also 2.5.5. 


Table 12.2.5 Passenger cabins normalised impact 


maximum sound pressure level L,, y, 


Location 


Below decks covered with carpet and soft 
materials 


Below decks covered in hard materials (Such 
as wood, marble or similar) 


Below dance floors, theatre or sports rooms 
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2.5.5 Acceptance of normalised impact sound pressure 
levels greater than those specified in Table 12.2.5 may be 
considered for assignment of the applicable class notation 
where agreed between the Owner, Builder and LR. No more 
than 20 per cent of the passenger cabins tested should 
exceed the levels specified by more than 3 dB. 


2.6 Transient noise 

2.6.1 Where agreed between the Owner, Builder and LR, 
enhanced criteria for transient noise levels may be applied in 
accordance with 2.6.2. 


2.6.2 The maximum sound pressure level (Lmax) 
emanating from any machinery or system caused by a single 
event that produces a noise ‘spike’ compared to the 
reference condition sound level (such as vacuum systems or 
valve operations) is not to cause an increase in noise in 
comparison with the reference condition as below: 


(a) Passenger cabins and public areas: +2 dB(A) 
(b) Officer cabins: +2 dB(A) 
(c) Crew cabins and public areas: +3 dB(A) 


A tolerance of +1 dB(A) may be applied to 5 per cent of 
cabins and public areas in each fire zone on each deck. This 
criterion is generally applicable to the specified maximum 
noise levels for the space concerned. 
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Fig. 12.2.1 Noise rating curves 
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i) Section 3 


Vibration 
3.1 Assessment criteria 
Oa Where a space is occupied by both passengers 


and crew, the more stringent of the relevant requirements 
apply unless agreed between the Builder and Owner and this 
agreement advised to LR. 


3.1.2 The limits apply to vertical, fore and aft and 
athwartship vibrations which are to be assessed separately. 


3.1.3 Under test conditions specified in 4.2, the 
applicable vibration levels specified in Tables 12.3.1 and 
12.3.2 should not be exceeded. 


Table 12.3.1 Passenger ship - Maximum vibration 


levels 


Standard ISO 6954:2000 


Peak velocity (1-80 Hz) velocity mm/s rms 


Units: 
Acceptance Numeral 


Location 2 


1,8 


Passenger cabin 
Luxury 


Passenger cabin 2,1 
Standard 


Public spaces 


Open recreation 
decks 


NOTE 
The vibration level may be exceeded by 0,3 mm/s in the ship’s aft 
body directly above the propellers. 


Table 12.3.2 Crew spaces - Maximum vibration 


levels 


Standard: ISO 6954:2000 


Units: Frequency weighted 
(1-80 Hz) velocity 


mm/s rms 


Location 


Accommodation 
and navigation spaces 


Work spaces 


, 3.1.4 


, 3.2.1 


, 3.3.1 
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Acceptance of vibration levels greater than those 


' specified in Tables 12.3.1 and 12.3.2 may be considered for 


assignment of the applicable class notation where agreed 
between the Owner, Builder and LR. 


3.2 Passenger accommodation and public 
spaces 
Passenger spaces are to comply with the overall 


vibration levels specified in Tables 12.3.1 and 12.3.2. 


3.2.2 No more than 20 per cent of all passenger 
spaces/areas and public spaces should exceed the relevant 
vibration criteria specified in Tables 12.3.1 and 12.3.2 by 
more than 0,3 mm/s. 


3.3 Crew accommodation and work spaces 


Crew spaces are to comply with the overall 


1 vibration levels specified in Table 12.3.2. 


E Section 4 


Testing 
4.1 Measurement procedures 
4.1.1 These requirements take precedence where 


quoted standards may differ. 


4.1.2 The trial measurements may be undertaken by an 
approved technical organisation as defined in 4.7 or by LR. 
In the former case, the measurements are to be witnessed by 
a LR Surveyor. 


4.1.3 Subject to agreement by LR and the Owner/ 
Operator, the measurements may be undertaken by the 
Builder. In this case, the measurements are to be witnessed 
by a LR Surveyor. 


4.2 Test conditions 

4.2.1 Test conditions for the surveys are to be in 
accordance with those detailed in ISO 2923 and ISO 6954:2000 
as applicable. 


4.2.2 The intended operating and loading conditions of 
the ship during assessment surveys are to be submitted to 
LR for agreement, prior to commencement of surveys. 


4.2.3 Surveys are to be conducted when the ship is fully 
outfitted and all systems contributing to noise and vibration 
levels are operational. 

NOTE 

All systems operational are to include those systems that may 
operate simultaneously with others during normal ship operation. 
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4.2.4 The test conditions required for the vibration and 
noise measurements are to be in accordance with the 
following conditions: 

(a) For passenger ships, prior to measurement surveys 
being carried out, the ship operating condition where the 
worst conditions are experienced between 0 and 85 per 
cent maximum continuous rating of the propulsion 
machinery is to be determined. To establish this 
condition, four measurement positions are to be defined 
with the agreement of LR and measurements taken of 
the parameters of interest at ship speeds corresponding 
to percentages of the maximum continuous rating of the 
propulsion machinery increasing up to 40 per cent MCR 
in 10 per cent intervals and from 40 per cent in 5 per 
cent intervals up to the 85 per cent maximum 
continuous rating of the propulsion machinery. If the 
85 per cent maximum continuous rating condition is 
found to be the worst condition, then this will form the 
trial operating conditions. However, if a lower speed 
condition is found to be worse than the 85 per cent 
maximum continuous rating condition then both that 
condition and the 85 per cent maximum continuous 
rating condition will form the trial operating conditions. 
Where unavoidable any barred range within the values 
required for the trial operating condition may be 
excluded on agreement between Owner and Builder 
subject to approval by LR. 

(b) The power absorbed by the propeller(s) is to be that 
defined in 4.2.4(a). Alternatively, by special agreement, 
some lesser power could be accepted if it can be 
demonstrated by the Owner that this would correspond 
to a more representative normal service condition. 

(c) Auxiliary machinery essential for the ship’s operating 
conditions together with HVAC systems are to be 
running at their normal rated capacity during the noise 
and vibration trials. Combinations of auxiliary machinery 
operation may be necessary. In addition, the following 
equipment is to be running if appropriate: stabilisers, 
waste treatment equipment, swimming pool and jacuzzi 
equipment. 

(d) For sea-going ships, measurements are to be taken with 
the ship proceeding ahead, at a constant speed and 
course, in a depth of water not less than five times the 
draught of the ship. For other ships, an appropriate 
water depth is to be agreed with LR prior to the trials. 

(e) Trials are to be conducted in sea conditions not greater 
than sea state 3 on the WMO sea state code. In 
addition, noise measurements should not be taken when 
the wind force exceeds 4 on the Beaufort scale. 

(f} The ship is to be at a displacement and trim representa- 
tive of an operating condition. 

(g) Rudder angle variations are to be limited to +2° of the 
midship position and rudder movements are to be kept 
to a minimum throughout the measurement periods. 

(h) In addition, for ships which are designed to spend a 
considerable period of time in harbour, the noise and 
vibration, are to be measured for this condition, with the 
auxiliary machinery and HVAC systems running at their 
normal rated capacity. 

(i) | For passenger ships, intermittently run equipment such 
as transverse propulsion units are to be operated at 
60 per cent of their rated power for additional measure- 
ments in surrounding ship areas. 
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4.2.5 Prior to survey, a test programme is to be submitted 

for approval by LR. This programme is to contain details of 

the following: 

(a) Measurement locations indicated on a general arrange- 
ment of the ship. 

(o) The ship’s loading condition during survey. 

(c) The machinery operating condition, including HVAC 
system, during survey. 

(d) Noise and vibration measuring equipment. 


4.3 Noise measurements 


4.3.1 Noise measurements are to be conducted in 
accordance with ISO 2923 and IMO _ Resolution 
MSC.337(91). Measurements of noise levels are to be carried 
out using precision grade sound level meters conforming to 
IEC 60651, Type 1 or 2. Subject to demonstration, equivalent 
standards are acceptable. 


4.3.2 Where the measured noise level exceeds the relevant 
criterion by 3 dB(A), or contains subjectively annoying low 
frequency noise or obvious tonal components, octave band 
readings are to be taken, with centre frequencies from 31,5 Hz 
to 8 kHz. 


4.3.3 When outfitting is complete, and all soft furnishings 
are in place, sound insulation indices for passenger spaces 
are to be determined in accordance with ISO 140. Cabin to 
cabin indices are to be determined from a minimum of three 
locations within the passenger accommodation, the number 
of test locations being agreed with LR. 


4.3.4 If required, impact sound measurements are to be 
carried out in accordance with ISO 140/7 and presented in 
accordance with ISO 717/2. See 4.4.4. 


4.4 Noise measurement locations 


4.4.1 Measurement locations are to be chosen so that 
the assessment represents the overall noise environment on 
board the ship. In addition to the requirements of IMO 
Resolution MSC.337(91) for crew spaces, all public spaces 
and at least 50 per cent of passenger cabins in the after third 
of the ship, and 25 per cent elsewhere, are to be surveyed. 
Distribution of the measurement locations is to be agreed by 
LR. 


4.4.2 During measurement trials, recognised noise 
sources are to be operated at their normal level of noise 
output (e.g. machinery at design rating). 


4.4.3 In larger sized spaces, where noise levels may vary 
considerably, such as restaurants, lounges, atria and open 
deck recreation areas, measurements are to be taken at 
locations not greater than 7 m apart. 
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4.4.4 The number of and locations for impact noise 
measurements are to be agreed between the Builder, Owner 
and LR. The measurements are to be carried out when the 
ship is in harbour. The number and location of measurements 
are to take account of all different combinations of 
construction, areas of application, tyoes of cabin and spaces 
below. 


4.5 Vibration measurements 


4.5.1 Vibration measurements are to be conducted in 
accordance with ISO 6954:2000. 


4.5.2 Measurements are to be made with instrumentation 
meeting the requirements of ISO 8041. 


4.5.3 Vibration levels are to be given in terms of the 
velocity measurement appropriate to the version of the 
standard being used and should be measured over a period 
of not less than one minute. 


4.6 Vibration measurement locations 


4.6.1 Measurement locations are to be chosen so that 
the assessment represents the overall vibration environment 
onboard the ship. To minimise survey times, readings may be 
taken at the locations previously defined for the noise 
assessment part of the survey. 


4.6.2 In cabins, vibration readings are to be taken in the 
centre of the floor area. The measurements are to indicate 
the vibration of the deck structure. In large spaces, such as 
restaurants, sufficient measurements are required to define 
the vibration profile. 


4.6.3 Where deck coverings make transducer 
attachment impracticable, use of a small steel plate having a 
mass of at least 1 kg, with spikes as appropriate, is 
permissible. 


4.6.4 At all locations, vibrations in the vertical direction 
are to be assessed. Sufficient measurements in the 
athwartships and fore and aft directions are to be taken to 
define global deck vibrations. 


4.7 Approved technical organisation 


4.7.1 An approved technical organisation for the 
purposes of these Rules is one that is acceptable to the 
Owner and LR with proven capability in noise and vibration 
measurement and satisfies all the criteria set out below: 

(a) Have instrumentation whose calibration, both before and 
after the measurements, can be traced back to National 
Standards and, hence, back to International Standards. 

(b) Have analysis procedures capable of data reduction to 
the requirements and standards set out in these Rules. 

(c) Be able to provide a written report in English with 
contents as defined by Section 5. 
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a Section 5 
Noise and vibration survey 
reporting 


5.1 General 


5.1.7 Prior to survey, a noise and vibration measurement 
plan is to be agreed by the Owner, Builder and LR. 


5.1.2 The survey report is to comprise the data and 
analysis for both noise and vibration and is to be submitted to 
LR for consideration. 


5.1.3 The survey report is to be prepared by the 
organisation undertaking the trial measurements, which may 
be an approved technical organisation or LR. 


5.1.4 The survey report is to be submitted to LR’s 
London Office (MCS/TID) for evaluation and confirmation that 
the results are in accordance with the noise and vibration 
levels specified in these Rules and/or agreed between the 
Owner and Builder. The assignment of a Class Notation or 
the issue of a Statement of Compliance will be subject to 
confirmation by LR MCS/TID. 


5.2 Noise 


5.2.1 The reporting of results is to comply with ISO 2923 

and IMO Resolution MSC.337(91), and is to include: 

(a) Measurement locations indicated on a general arrange- 
ment plan including, where possible, the measured 
dB(A) level. 

(b) Tabulated dB(A) noise levels, together with octave band 
analysis for positions where the level exceeds the 
specified criterion by 3 dB(A), or where subjectively 
annoying low frequency or tonal components were 
present. The Noise Rating number is also to be given 
where octave band analyses have been conducted. 

(c) Ship and machinery details. 

(d) Trial details: 

° Loading condition. 

Machinery operating condition. 

Speed. 

Average water depth under keel. 

Weather conditions. 

Sea state. 

(e) Details of measuring and analysis equipment (e.g. manu- 
facturer, type and serial numbers), including frequency 
analysis parameters (e.g., resolution, averaging time, 
window function). 

(f Copies of the relevant instrument calibration certificates, 
together with the results of field calibration checks 
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5.3 Vibration 

5.3.1 The report is to contain the following information: 

(a) Measurement positions indicated on a general arrange- 
ment plan. 

(o) Where ISO 6964:2000 is used, the frequency-weighted 
overall r.m.s. vibration levels tabulated for all measure- 
ment locations calculated using the weighting functions 
and methodology stated in the standard. 

(c) Ship and machinery details. 

(d) Trial details: 

° Loading condition. 

Machinery operating condition. 

Speed. 

Average water depth under keel. 

Weather conditions. 

° Sea state. 

(e) Frequency analysis parameters (e.g. resolution, averaging 
time and window function), if the analysis is done in the 
frequency domain. 

(f) Copies of the relevant instrument calibration certificates, 
together with the results of field calibration. 


Bi Section 6 
Non-periodical survey 


requirements 
6.1 Class notation assignment 
6.1.7 Where the assignment of a Class Notation or a 


Statement of Compliance is requested, an Initial Survey is to 
comprise sea trial or initial in-service testing, reporting and 
assessment against the criteria set out in these Rules. 


6.1.2 The sea trial or initial in-service testing require- 
ments are set out in Section 4, and are to be reported in 
accordance with Section 5 and evaluated against the 
requirements of Sections 2 and 3. 


6.2 Maintenance of class notation through-life 
and following modifications 
6.2.1 Where an Owner has requested assignment of a 


Class Notation, arrangements are to be agreed between LR 
and the Owner to record observations/complaints of 
excessive noise and vibration that have been such as to 
disturb the comfort of passengers and crew. The records of 
the observations are to be made available to the attending LR 
Surveyor at each Annual Survey. 


6.2.2 Where the observations indicate that the noise 
and/or vibration levels may exceed the criteria relating to the 
Class Notation requirements and those measured at the Initial 
Survey, a measurement programme is to be agreed between 
the Owner and LR and measurements taken in accordance 
with these Rules. 
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6.2.3 A Renewal Survey may be required following 
modifications, alterations or repairs including replacement of 
major machinery items. It is the responsibility of the Owner to 
advise LR of such modifications. 


E Section 7 
Referenced standards 


7.1 Noise 

7.1.1 The following National and International Standards 

for noise are referred to in these Rules: 

° ISO 2923, Acoustics - Measurement of noise on board 
vessels. 

e ISO 717/1, Acoustics — Rating of sound insulation in 
buildings and of building elements; Part 1: Airborne 
sound insulation. 

e ISO 717/2, Acoustics — Rating of sound insulation in 
buildings and of building elements; Part 2: Impact sound 
insulation. 

° IMO Resolution MSC.337(91), Adoption of the code of 

noise levels on board ships. 

° IEC Publication 651, Sound level meters. 

° ISO140/4, Acoustics - Measurement of sound insulation 
in buildings and of building elements; Part 4: Field 
measurements of airborne sound insulation between 
rooms. 

° ISO 140/7, Acoustics - Measurement of sound 
insulation in buildings and of building elements; Part 7: 
Field measurements of impact sound insulation of floors. 


7.2 Vibration 

7.2.1 The following National and International Standards 

for vibration are referred to in these Rules: 

e ISO 6954:2000, Mechanical vibration and shock - 
Guidelines for the measurement, reporting and evalua- 
tion of vibration with regard to habitability on passenger 
and merchant ships. 

e ISO 8041, Human response to vibration. Measuring 
instrumentation. 


LLOYD’S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


On-shore Power Supplies 


Section 

1 General 

2 Essential features 

3 Electrical connection 

4 Electrical system 

5 Control and monitoring 

6 Testing, trials and surveys 


E Section 1 
General 


1.1 General 


Tidar: These optional requirements apply to the safety, 
reliability and availability of shipboard machinery, electrical and 
control engineering arrangements installed to permit 
continued operation of services by connection to an external 
electrical power supply in port. These requirements are 
additional to those applicable in other Parts of the Rules. 
Regular operation of ship’s services from an external 
electrical power supply is often referred to as On-shore Power 
Supply, Cold Ironing, High Voltage Shore Connection or 
Alternative Marine Power. 


1.1.2 These requirements are intended for application to 
the shipboard elements of designs where the connection(s) 
with external power supply arrangements are achieved by 
either extending ship cables from the ship to the external 
power supply connection points or by bringing external cables 
on board to connect to shipboard connection points. 
However, external equipment and machinery (including shore 
based transformers, circuit breakers, gantries, cables, 
connectors and control engineering arrangements) are not 
covered by classification or these requirements. 


7.7.3 Compliance with these requirements is intended to 
assess the suitability of shipboard arrangements for the 
documented intended application and only addresses 
compatibility with external power supply arrangements that 
are suitable for connection to the installed ship arrangements. 


1.1.4 Assessment of the overall compatibility and 
suitability of an external electrical power supply (including 
combined electrical and control engineering assessments, 
compliance with applicable regulations, operating practices 
and risk assessment, etc., as applicable) is necessary before 
connection and is the responsibility of the Owner. Elements 
of the overall assessment of compatibility will be required to 
be completed in advance to prepare for a ship visit to a port 
where it is intended to connect to an external power supply 
due to the need to involve competent and responsible parties. 
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1.2 Authorities and administrations 


1.2.1 Additional requirements and/or restrictions may be 
imposed by the National Authority with which the ship is 
registered and/or by the appropriate Administration or 
Authorities within whose jurisdiction the ship is intended to 
operate and/or by the Owners or Authorities responsible for 
an external electrical power supply. Where such additional 
requirements are relevant, compliance is the responsibility of 
the Owner. If specifically requested, Lloyd’s Register (here- 
inafter referred to as ‘LR’) may be able to provide a 
suitable statement of compliance. 


1.2.2 Where additional requirements imposed by an 
Authority or Administration would result in a departure from 
the requirements of this Chapter, details demonstrating that 
safety, availability and reliability will not be adversely affected 
are to be submitted to LR for consideration. 


1.3 Class notations 


7.3.1 OPS machinery class notation may be assigned 
where machinery, electrical and control engineering arrange- 
ments installed onboard to permit continued operation of 
services by connection to an external electrical power supply 
are assessed and found to comply with the requirements of 
this Chapter. 


1.4 Plans and information 


1.4.1 Three copies of the plans and particulars in 1.4.2 
to 1.4.9 are to be submitted for consideration. 


1.4.2 Operating Manuals that describe the intended 
methods of connection together with operating and 
monitoring instructions. Assessments of the external supplies 
that are to be connected to the ship together with the 
mooring and environmental conditions are to be included. 
Details of equipment and arrangements necessary to ensure 
safety when connecting, disconnecting, transferring electrical 
load, testing and operating are to be incorporated. 


1.4.3 A Design Statement which details the Defined 
Operations. This statement is to include a description of the 
operating capability, functionality, limits and restrictions; in 
terms of: 

° Connection Equipment, see 1.6.2; 

° Connection Equipment routes; 

e — mooring arrangements; 

° environmental conditions including tidal and weather 
and, where applicable, electromagnetic conditions 
required to ensure compatibility or prevent damage 
caused by heating or sparking; 

° Connection Equipment suitability for hazardous areas, 
see 2.1.4 and Pt 6, Ch 2,1.2.6 

e arrangements for an external connection cable to be 
brought on board, where provided; 

Separation details, see 3.2.7; 
the rating of the arrangements; 

° ratings and requirements for external power supplies, 
see 3.1.10; and 

e the services to be supplied. 
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1.4.4 Arrangement plans of equipment, control stations, 
locations, routes to and from connections, openings and 
accesses and flexible or movable arrangements. 


1.4.5 Operational and construction details of Connection 
Equipment, including any flexible or adjusting arrangements, 
including plugs and socket-outlets, see 3.3.8. 


1.4.6 Plans for control and electrical engineering arrange- 
ments required by Pt 6, Ch 1 and 2, as applicable. 


1.4.7 Details of type tests for Connection cables, plugs 
and socket-outlets required by 3.3.6. 


1.4.8 Details of supplementary arrangements required to 
protect equipment from exposure to moisture, condensation 
or temperatures outside their rating. 


1.4.9 Schedule of testing at manufacturers’ works, initial 
surveys and trials. The test schedules are to address the 
defined operations and are to include normal operations and 
failure conditions. 


1.5 Additions and alterations 


1.5.1 When an alteration or addition to the approved 
arrangements is proposed, including changes to the defined 
service profile, details are to be submitted for consideration. 


1.6 Definitions 


1.6.1 ‘Defined Operations’ include the application, 
connection, electrical load transfer, in-service operation, 
failure response, disconnection and stowage of the connec- 
tion to an external power supply. 


1.6.2 ‘Connection Equipment’ is the ship equipment 
used to connect permanently installed ship equipment with 
external electrical power supply connection points in 
accordance with the Design Statement. This includes, as 
applicable, flexible cables, plugs and socket-outlets, slip rings 
or other power conductors or control connections, and 
support and management measures for these connections. 
For the purposes of this Chapter, ‘Connection Equipment’ 
does not include external equipment, see 1.1. 


E Section 2 
Essential features 


2.1 General requirements 


2.1.1 Connection equipment is to be designed to be 
compatible with ship mooring arrangements and the limits of 
acceptable forces, moments and deflections on correctly 
applied Connection Equipment resulting from the movement 
of the moored ship under normal operational circumstances is 
to be defined in the Design Statement. 
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2.1.2 Electrical and control engineering arrangements for 
operation with external electrical power supplies are to be in 
accordance with the requirements of Pt 6, Ch 1 and 2, as 
applicable. 


2.1.3 Connection to an external electrical power supply 
is not to adversely affect the availability of main, auxiliary or 
emergency machinery, including ship sources of electrical 
power to allow ship power to be restored. Details of arrange- 
ments provided to maintain availability (for example, 
pre-heating and lubrication and availability of starting, fuel, 
lubrication, air and auxiliary systems) are to be included in the 
Design Statement, see also 4.5 and 5.1.9. 


2.1.4 The permanent or temporary installation of electrical 
equipment in areas containing flammable gas or vapour 
and/or combustible dust, is to be minimised as far as is 
consistent with operational necessity and the provision of 
facilities enhancing the overall safety of the ship and connec- 
tion to an external power supply. Where it is necessary to 
install electrical equipment in these areas, the arrangements 
are to be in accordance with the requirements of Pt 6, 
Ch 2,14. The suitability of electrical Connection Equipment 
for operation in areas containing flammable gas and/or vapour 
and/or combustible dust while in port is to be defined in the 
Design Statement and should, additionally, address the 
implications for Connection Equipment extended ashore, 
where applicable, and the suitability for operation in berths 
requiring extended, hazardous areas. 


2.1.5 As far as practicable, Connection Equipment is to 
be located outside of areas where it could be damaged by 
in-port activities under normal operational circumstances. 


2.1.6 Consideration may be given to arrangements that 
are considered by LR to provide an equivalent level of safety. 
Evidence demonstrating compliance with IEC/ISO/IEEE 
80005-1: Electrical installations in ships — Special features: 
High-voltage shore connection systems, or a relevant National 
Standard, may be submitted for consideration of acceptability 


by LR. 


i Section 3 
Electrical connection 


3.1 General 


3.1.1 A connection cubicle is to be provided at a 
convenient location for the reception or extension of connection 
cable(s) for connection to the external electrical power supply 
connection points. The connection cubicle is to contain 
terminals for the connection cable(s) that can be isolated. 


3.1.2 Power connections with external electrical power 
supply arrangements may be made with either suitable 
connections or by using socket-outlets and plugs in 
accordance with 3.3. 
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3.1.3 Suitable cables, permanently fixed, are to be 
provided from the connection cubicle to the Connection 
Circuit-Breaker switchboard, with on-board overcurrent 
protection situated at or as close as is practicable to the 
connection cubicle. Connection Equipment to this overcur- 
rent protection is to be installed in a manner such as to 
minimise the risk of short-circuit. 


3.1.4 Where shipboard connection cables are extended 
to the external electrical power supply connection points, the 
connection cubicle is to be situated as close as practicable 
on board to the point where they are extended from the ship. 


3.1.5 Means are to be provided to permit the quality of 
insulation between Connection Equipment conductors, and 
between the conductors and earth to be measured to verify 
suitability prior to the connection of an external power supply. 
The means of verifying satisfactory insulation quality of 
Connection Equipment in hazardous areas is to be addressed 
in the Operating Manuals, see 1.4.2. 


3.1.6 An earth connection is to be provided for connecting 
the hull to an earth appropriate for the external electrical 
power supply which is being connected. 


3.1.7 For high voltage connections, means are to be 

provided, as applicable to the design, to either: 

(a) permit termination of circuits used by external power 
supply equipment to monitor the continuity of the earth 
connection referred to in 3.1.6; or 

(o) monitor the continuity of the earth connection referred 
to in 3.1.6, see 5.3.8. 


3.1.8 Means are to be provided for checking the phase 
sequence of the incoming supply. 


3.1.9 An indicator is to be provided at the Connection 
Circuit-Breaker switchboard, and at the connection cubicle if 
in a different location, in order to show when connections are 
energised. 


3.1.10 Requirements for an external electrical power 

supply to be connected are to be defined in the Design 

Statement and this is to detail the following: 

e — connections, including control, alarm and safety systems 

and data communication links; 

emergency Shut-Down requirements, see 5.3; 

nominal voltage(s) or voltage range; 

nominal frequency or frequency range; 

number of phases and system of supply; 

rated current or apparent power; 

quality of power supply; 

reference to protection system design, including protec- 

tion characteristics for the Connection Circuit-Breaker; 

° maximum permitted prospective fault level; 

° minimum supply apparent power or current capacity; 

e earth fault limiting requirements for earthed high voltage 
connections; 

° isolation and earthing; and 

° supply requirements for lightning and surge protection, 
galvanic isolation of supply circuit from other ships, etc. 

Required electrical characteristics are to address steady 

state, transient and fault conditions, as necessary. 
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3.1.11 A notice is to be provided at the connection cubicle 
referencing the Operating Manuals and Design Statement and 
advising of the requirement to ensure that external electrical 
power supplies satisfy the requirements of 3.1.10 prior to 
connection. See 1.1.4 for the conducting of the assessment 
of overall compatibility. 


3.2 Connection Equipment 


3.2.1 Connection Equipment support and management 
arrangements, including those for control engineering 
arrangements, are to be arranged not to apply damaging 
forces or tension to correctly applied equipment. Support 
arrangements are to ensure that the weight of connected 
cable is not borne by cable end terminations or connections, 
including those in plugs or socket-outlets. 


3.2.2 Connection Equipment arrangements are to be 
such as not to coil or twist correctly applied equipment in a 
manner that would result in heating or physical tension 
beyond its rating during Defined Operations. 


3.2.3 Where Connection Equipment passes through 
support or management arrangements or structural openings 
or is placed against structures, it is to be suitably protected 
against damage having regard to the Defined Operations. 


3.2.4 Connection Equipment routes are not to reduce the 
effectiveness of openings required for the safety of the ship, for 
instance bulkhead or deck penetrations, watertight or fire doors. 


3.2.5 Connection Equipment support and management 
arrangements are to be able to operate satisfactorily without 
damage during the Defined Operations. 


3.2.6 Means are to be provided for Connection Equipment 
to be readily and safely adjusted in response to tidal changes, 
and other movements that could lead to damage or failure of 
connections, during the Defined Operations. 


3.2.7 Connections with external electrical power supply 
arrangements are to be designed to prevent damage to the 
ship structure or Connection Equipment cable reels, cranes 
and/or gantries as a result of the connections separating in 
the event of the ship leaving a berth inadvertently or as a 
result of high cable tension for other reasons. Evidence of 
compliance with this requirement is to be included in the 
submission required by 1.4.3 and is to identify Connection 
Equipment (weak points) that will be damaged, if any, in the 
event of separation. Damage to connection cables, plugs and 
socket-outlets or other identified equipment may be 
considered. 


3.2.8 Connection Equipment cable reels, cranes and/or 
gantries used to manage, handle or adjust connection cables, 
plugs and/or socket-outlets, are to be designed and manu- 
factured in accordance with applicable LR Rules or a marine 
standard acceptable to LR. A manufacturer’s certificate 
verifying suitability for safe and effective operation for the 
Defined Operations and service profile is to be submitted. 


LLOYD’S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


On-shore Power Supplies 


3.2.9 The manufacturer's certificate referred to in 3.2.8 is 

to be in the English language and include the following 

information: 

(a) Design and manufacturing standard(s) used. 

(b) Materials used for construction of key components and 
their sources. 

(c) Details of the quality control system applied during 
design, manufacture and testing. 

(d) Details of any existing type approval or type testing. 

(e) Details of installation and testing recommendations. 

The manufacturer is to have a recognised quality 

management system certified by an IACS member or a 

Notified Body. 


3.2.10 Connection cubicle and connection equipment 
locations are to have warning notices placed in prominent 
positions to indicate the presence of moving equipment, 
electricity and high voltage as applicable. 


3.2.11 Effective means are to be provided to prevent the 
accumulation of moisture and condensation within equipment 
enclosures. Failure of heaters and/or ventilation fans provided 
to satisfy this requirement is to activate an alarm at a machin- 
ery control station that is attended while connected to an 
external power supply. The installation of open deck enclo- 
sures for high voltage connections is to be minimised to that 
required for the Defined Operations; a technical justification, 
including proposed degree of protection ratings, is to be 
included in the submission required by 1.4.8. 


3.2.12 Connection Equipment support and management 
arrangements are to ensure that the correctly applied equip- 
ment is kept clear of areas where they may be exposed to 
moisture or temperatures outside their rating. 


3.2.13 Arrangements are to be provided for stowage of 

on-board equipment when not in use such that equipment: 

e — will not be exposed to environmental conditions outside 
its rating; 

e can be stowed, stored and removed without damage; 
and 

e does not present a hazard during normal ship operation. 

Adapters, extensions and parts dismantled after use are also 

to be provided with stowage arrangements. 


3.3 Connection cables, plugs and socket-outlets 


3.3.1 Plugs and socket-outlets for external electrical 
power supply connection points, including those for external 
control engineering arrangements, are to be designed, 
constructed and tested in accordance with IEC 62613-1: 
Plugs, socket-outlets and ship couplers for high-voltage shore 
connection systems (HVSC Systems) -— Part 1: General 
requirements or a relevant National Standard. 


3.3.2 Plugs are to conform to applicable requirements 
that ensure compatibility with the intended socket-outlet type. 
Compatible plugs and socket-outlets are to be in accordance 
with IEC 62613-2: Plugs, socket-outlets and ship couplers for 
high-voltage shore connection systems (HVSC-Systems) - 
Part 2: Dimensional compatibility and interchangeability 
requirements for accessories to be used by various types of 
ships or a relevant National Standard. 


| 3.3.3 
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Type tests are to be carried out on power 
connection plug and socket-outlets and cables, in accor- 
dance with IEC 62613-1: Plugs, socket-outlets and ship 
couplers for high-voltage shore connection systems (HVSC 
Systems) — Part 1: General requirements and Annex A.3 of 
the IEC/ISO/IEEE 80005-1:2012: Electrical installations in 
ships -— Special features: High-voltage shore connection 
systems respectively or a relevant National Standard, to verify 
design suitability for the intended application described in the 
Design Statement. Type test reports are to be submitted that 
include details of the standards, the tests conducted and 
their order and the acceptance criteria. Alternative proposals 
may be submitted for consideration. 


3.3.4 Power connection plugs and socket-outlets are to 
be assigned with ratings based on testing in accordance with 
IEC 62613-1: Plugs, socket-outlets and ship couplers for 
high-voltage shore connection systems (HVSC Systems) —- 
Part 1: General requirements or a relevant National Standard. 
Details are to be provided in the submission required by 
1.4.5. 


3.3.5 Power connection plugs and socket-outlets are to 
be located to minimise the potential of arc flash hazards and 
suitable warning notices are to be provided at locations along 
Connection Equipment routes, including power connection 
plugs and socket-outlets operational locations. 


3.3.6 Connection Equipment power cables are to be 
Type Approved in accordance with LR’s Type Approval 
System Test Specification Number 3 or, alternatively, 
surveyed by the Surveyors during manufacture and testing to 
assess compliance with 3.3.3 and application of an 
acceptable quality management system. Connection 
equipment cables are to be installed so as to minimise the 
risk of short-circuit when correctly applied. 


3.4 Containers 


3.4.1 Connection Equipment installed in removable 
containers is to satisfy the additional requirements of this sub- 
Section. 


3.4.2 Containers are to be for the ship’s exclusive use 
and are to be provided with a permanent notice indicating the 
ship name and IMO Ship Number. 


3.4.3 Container locations are to be designated and 
identified in the plans required by 1.4.4 and provided with 
fixings that are suitable for the Defined Operations. 
Procedures for container fixing, use and movement are to be 
included in the Operating Manuals. 


3.4.4 The container type is to be a steel, closed type, 
weatherproof construction sufficient to prevent damage 
during expected use, for example during loading and unload- 
ing. 


3.4.5 Measures necessary to prevent movement of the 
container when the container has electrical cables connected 
are to be provided. 
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3.4.6 Suitable protection is to be provided to prevent 
damage to Connection Equipment at the container entry 
points. 


3.4.7 Suitable safe access is to be provided to the 
container for the Defined Operations, inspection and mainte- 
nance. 


3.4.8 Container entry points are to be provided with suit- 
able sealing arrangements to prevent the ingress of water into 
the container. 


3.4.9 Containers are to be provided with effective means 
of ventilation. Where a container ventilation fan is provided, 
alarms are to be provided in accordance with 3.2.11. 


3.5 High voltage in the presence of personnel 


3.5.1 The Defined Operations are, as far as is practical, 
not to require personnel to be in the vicinity of high voltage 
equipment when it is energised. 


3.5.2 For high voltage: 

(a) switchgear and control gear assemblies; 

(o) cable reels, cranes and gantries; and 

(c) mounting enclosures for socket-outlets used to connect 
flexible cables to fixed connections; 

arrangements are to be made to protect personnel in the 

event of gases, arc flash or vapours escaping under pressure 

as the result of arcing due to an internal fault. Where the 

Defined Operations require personnel to be in the vicinity of 

such equipment when it is energised, this may be achieved 

by an assembly that has been tested in accordance with 

Annex A of IEC 62271-200 and qualified for classification IAC 

(internal arc classification), or equivalent. 


E Section 4 
Electrical system 


4.1 Electrical load transfer 


4.1.1 ‘Dead transfer’ arrangements are to be provided 
that permit transfer between operation using ship sources of 
electrical power and an external electrical power supply by 
disconnecting one from the ship distribution system and then 
connecting the other to the dead system. 


4.1.2 Additional arrangements for connecting ship 
sources of electrical power and an external electrical power 
supply in parallel temporarily to transfer load from one to the 
other only are permitted, provided these are in accordance 
with 4.1.3 to 4.1.9. 


4.1.3 Means to automatically synchronise a ship source 
of electrical power with an external electrical power supply 
and connect them in parallel for load transfer when requested 
by operating staff are to be provided. 
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4.1.4 Means to automatically transfer load between a 
ship source of electrical power and an external electrical 
power supply following their connection in parallel, are to be 
provided. The load transfer is to be completed in as short a 
time as practicable without causing machinery or equipment 
failure or operation of protective devices and this time is to be 
used as the basis for defining the Transfer Time Limit required 
by 4.1.5. 


4.1.5 When transferring of load between ship sources of 
electrical power and an external electrical power supply 
exceeds a defined Transfer Time Limit then, arrangements are 
to be such that: 

e the transfer is aborted; 

° load is removed from the ship sources of electrical 
power or external electrical power supply that was 
intended to take the load; and then 

e — the Connection Circuit-Breaker is opened. 

An alarm is to be provided at a machinery control station that 

is attended when connected to an external electrical power 

supply when the Transfer Time Limit is exceeded and is to 
indicate the return to previous operating conditions. 


4.1.6 The Transfer Time Limit referred to in 4.1.5 may be 
adjustable to match the ability of an external electrical power 
supply to accept and shed load. Setting of the Transfer Time 
Limit is to be demonstrated to the attending Surveyor at 
Surveys and Trials, see 6.1. 


4.1.7 An external power supply may only be connected 
in parallel with a single ship source of electrical power. 
Arrangements are to be provided to ensure that this require- 
ment is satisfied before and during parallel connection. Details 
of alternative proposals may be submitted for consideration. 


4.1.8 Arrangements provided to adjust ship sources of 
electrical power to allow connection in parallel and transfer of 
load are not to cause machinery or equipment failure, 
operation of protective devices or damage under normal 
conditions or in the event of a failure. 


4.1.9 Where load reductions are required to transfer load 
they are not to result in loss of essential services or the loss of 
availability of emergency services. Means are to be provided 
to readily make necessary load reductions and re-instate 
supplies following transfer. 


4.2 Capacity 


4.2.1 Arrangements for operating from external supplies 

are to be sufficiently rated to supply the following: 

e — essential services normally required in port; 

e emergency services; 

° services required to ensure ready availability of non- 
operating main and auxiliary machinery; 

e services required to prevent damage to cargo or stores; 
and 

e the services required for the Defined Operations. 

The schedule of loads required by Pt 6, Ch 2,1.3.3 is to incor- 

porate operation when connected to an external 

electrical power supply. 
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4.2.2 The maximum electrical step load switched on or 
off is not to cause the power supply quality to exceed the 
parameters given in Pt 6, Ch 2,1.8 or failure when connected 
to an external electrical power supply in accordance with the 
defined requirements, see 3.1.10. 


4.2.3 Consideration is to be given to providing means to 
inhibit automatically the connection of large motors, or the 
connection of other large loads, that the arrangements are 
not rated to supply when connected to an external electrical 
power supply having the defined minimum apparent power or 
current capacity, see 3.1.10 and Pt 6, Ch 2,6.9.4. 


4.3 Protection 


4.3.1 Where an external electrical power supply is not 
arranged to operate in parallel with ship sources of electrical 
power, the connection to the external electrical power supply 
is to be provided with a Connection Circuit-Breaker arranged 
to open simultaneously, in the event of short-circuit, overload 
or undervoltage, all insulated poles. 


4.3.2 Where an external electrical power supply is 
arranged to operate in parallel with ship sources of electrical 
power during load transfer, the connection to the external 
electrical power supply is to be provided with a Connection 
Circuit-Breaker arranged to open simultaneously, in the event 
of a short-circuit, an overload or an undervoltage, all insulated 
poles. This circuit-breaker is to be provided with reverse 
power protection with time delay, selected or set within the 
limits of 2 per cent to 15 per cent of full load to a value fixed 
in accordance with the rating defined in the Design 
Statement; a fall of 50 per cent in the applied voltage is not to 
render the reverse power mechanism inoperative, although it 
may alter the amount of reverse power required to open the 
circuit breaker. 


4.3.3 The electrical system, including short-circuit 
protective device rating, is to be suitable for the highest 
prospective fault level at the point of installation. The short- 
circuit current calculations required by Pt 6, Ch 2,1.2.6 are to 
identify the system state that would result in the highest 
prospective fault level. The highest prospective fault level may 
occur during parallel connection with an external power 
supply and the resulting combination of: 
(a) ship sources of electrical power, taking into account 
4.1.7; and 
(b) an external electrical power supply having the defined 
maximum permitted prospective fault level, see 3.1.10. 
Details of alternative proposals may be submitted for 
consideration. 


4.3.4 The connection circuit is to be arranged such that 
contamination due to the products of arcing as a result of a 
fault in the Connection Circuit-Breaker enclosure on the 
external power supply side will not result in essential or 
emergency services not being available when supplied by 
ship sources of electrical power. 


4.3.5 Initial connection of an external electrical power 
supply to the ship switchboards or converter equipment to 
connect to ship loads is to be arranged to be made by 
closing of the Connection Circuit-Breaker only. 
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4.3.6 Converter equipment used to connect an external 
electrical power supply to the ship electrical system is to 
ensure that a supply that would result in damage is not 
applied to the connected ship electrical systems in the event 
of a failure. 


4.3.7 The voltage and time delay settings of the 
Connection Circuit-Breaker undervoltage release mecha- 
nism(s) are to be selected to ensure that the discriminative 
action required by Pt 6, Ch 2,6.1.1(a) is maintained. 


4.3.8 Means are to be provided to prevent closure of the 
Connection Circuit-Breaker when a connected external 
electrical power supply has a different phase rotation or has a 
voltage or frequency that does not match the ship electrical 
system rating within the tolerances defined by Pt 6, 
Ch 2,1.8.2 or 1.8.4. Signals are to be provided, where 
necessary, to allow comparison with ship electrical system 
characteristics. 


4.3.9 Connection power circuits are to be provided with 
protection against earth faults in accordance with Pt 6, 
Ch 2,6.4. 


4.4 Interlocking and synchronising arrangements 


4.4.1 External electrical power supply connections are to 
be provided with instruments and devices on board equivalent 
to those required for alternating current generators by 
Pt 6, Ch 2,7.11.1 where synchronising is not provided, or by 
Pt 6, Ch 2,7.11.2 to 7.11.3 where synchronising for load 
transfer is provided. See also Pt 6, Ch 2,7.11 and 7.12. 


4.4.2 Means are to be provided to ensure that a source 
of electrical power or electrical power supply can only be 
connected to other live parts when synchronised. See also 
4.1.2 for temporary parallel connection for load transfer. 


4.4.3 The arrangements are to prevent Connection 
Equipment power conductors being made live by connecting 
to the ship electrical system. 


4.4.4 The simultaneous connection of a ship source of 
electrical power and external electrical power supply to the 
same dead part of the electrical system is to be prevented. 


4.4.5 For high-voltage connections, suitable means are 
to be provided to earth the connection power circuit so that it 
is discharged and so maintained that it is safe to touch. 


4.4.6 Means provided to connect a connection power 
circuit to earth are to be arranged such that the circuit may 
only be earthed when it is isolated. 


4.4.7 Interlocking arrangements are to be provided to 
prevent the connection of a high-voltage external power 
supply to a switchboard connected to earth using the means 
required by Pt 6, Ch 2,7.8. 
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4.5 Ship power restoration 


4.5.1 When the ship main source of electrical power is 

shut-down and failure of the connected external electrical 

power supply occurs, the Connection Circuit-Breaker is to be 

arranged to automatically open followed by: 

(a) connection of the emergency source of electrical power 
to emergency services in accordance with Pt 6, 
Ch 2,3.2.8(a)(ii), 3.2.8(b)(ii) to (iii), 3.3.8(a)(ii) or 3.3.8(b)(ii) 
to (iii) as applicable; and 

(b) automatic connection of the transitional source of 
electrical power to emergency services in accordance 
with Pt 6, Ch 2,3.2.7 or 3.3.7 as applicable; and 

(c) automatic starting and connecting to the main switch- 
board of the main source of electrical power and 
automatic sequential restarting of essential services, in 
as short a time as is practicable. See also 2.1.3 and 
Pt 6, Ch 2,2.2.3. 

Failures include loss of power, disconnection, phase failure 

and quality of supply outside the tolerances given in Pt 6, 

Ch 2,1.8.2 or 1.8.4. 


4.5.2 An alarm is to be provided at a machinery control 
station that is attended when connected to an external 
electrical power supply to indicate activation of the automatic 
power supply failure response required by 4.5.1. The alarm is 
to indicate the failure that caused the activation. 


4.5.3 The automatic power supply failure response 
required by 4.5.1 is to be inhibited during the ‘dead transfer’ 
required by 4.1.1 but arrangements are to permit personnel to 
readily revert to operation from ship sources of electrical 
power if the ‘dead transfer’ to the external electrical power 
supply is not completed. 


a Section 5 
Control and monitoring 


5.1 General 


5.1.1 Control engineering arrangements are to be in 
accordance with Pt 6, Ch 1, as applicable. The connection 
of, and the electrical load transfer to and from, an external 
electrical power supply are only to be controlled on board 
using shipboard arrangements. 


5.1.2 External control of ship equipment may only be 
provided when in accordance with 5.1.5. Otherwise, external 
arrangements may be used to send requests for action to 
ship personnel for consideration. 


5.1.3 Integration or connection with external, control, 
alarm and safety systems is to be ‘fail-safe’. 


5.1.4 The effects of failure of control, alarm and safety 
system and data communication link connections are to be 
documented along with resulting failure responses in the 
submission required by 1.4.6. 
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5.1.5 Details of proposals that would involve external 

control of ship equipment to respond to potentially hazardous 

situations detected externally are to be submitted for 

consideration. Provided that the arrangements are considered 

to be in accordance with the provisions of an acceptable and 

relevant standard, the following external control functions may 

be permitted: 

e initiation of load reductions; 

° initiation of electrical load transfer to ship sources of 
electrical power; and 

e initiation of Emergency Shut-Down. 


5.1.6 The connection power circuit is to be isolated, and 
for high-voltage connections connected to earth so that it is 
discharged and so maintained that it is safe to touch, until the 
connections necessary for safe and effective operation are 
correctly established, including control, alarm and safety 
system and data communication link connections. 


5.1.7 Following the correct establishment of the neces- 

sary connections in accordance with 5.1.6: 

e — where applicable, the connection power circuit may be 
disconnected from earth; and arranged such that only 
then 

° may the request to make the external power supply 
connection points live described in 5.1.8 be sent. 


5.1.8 Ship control system arrangements are to be 
provided to request the external electrical power supply 
conductors to be: 

e — where applicable, disconnected from earth; and then 

e — made live up to the connection points. 


5.1.9 An alarm is to be provided at a machinery control 
station that is attended when connected to an external 
electrical power supply upon failure of arrangements required 
to maintain ready availability in accordance with 2.1.3 (for 
example pre-heating). 


5.1.10 Additional alarms with their associated safeguards 
are indicated in Table 13.5.1. These are in addition to those 
required by other Parts of the Rules. 


5.1.11 Means are to be provided to allow testing of 
control, alarm and safety system connections with external 
arrangements, including operation of Emergency Shut-Down 
facilities, before electrical connection to an external power 
supply. 


5.1.12 If, depending upon the in-port shipboard work 
organisation, no machinery control stations are continuously 
attended while connected to an external power supply, then 
alarm transfer arrangements that activate an audible 
indication to warn relevant duty personnel of alarm initiation 
may be accepted. An audible warning from any portable 
devices is to be provided in the event of loss of the wireless 
link. 
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Additional alarms and associated safeguards 


Table 13.5.1 


Item 


Note 


Presence of voltage on connections 


Indicators in accordance with 3.1.9. 


Transfer of load Time limit exceeded 


Return to previous operating state to be indicated, see 4.1.5. 


Ship power restoration Activation 


See 4.5.2. 


Arrangements to ensure main and auxiliary | Failure 
machinery availability 


When shut-down. See 5.1.9. 


Applied connection equipment status Changed 


Indication to be provided also. See 5.2.4 and 5.2.5. 


Connection equipment 


Close proximity to water level 


See 5.2.6. 


Heaters and/or ventilation fans Failure 


See 3.2.11 and 3.4.9 


Connection equipment tension High 


Plug connectors Withdrawal 


Earth connection, if required. See 5.3.9 Loss of continuity 


Manual disconnection Activation 


Emergency Shut-Down to be activated. See 5.3.11. 


Plug and socket-outlet, if required. 
See 5.3.6 


Not in locked position 


Arc fault detection 


Switchgear enclosure mounted 
socket-outlets 


5.2 Connection Equipment control and 
monitoring 
5.2.1 Connection Equipment is to be capable of un- 


attended operation under normal operating conditions after 
correct application of the connection. Remote indication of 
active ship equipment faults at a machinery control station 
that is attended when connected to an external electrical 
power supply is to be provided. Details of arrangements that 
involve periodic attendance to inspect and adjust Connection 
Equipment may be submitted for consideration. 


5.2.2 A control station is to be provided locally to 
Connection Equipment cable reel, cranes and gantries that 
permits identification of faults and permits safe and effective 
supervision and control of this equipment in the foreseeable 
environmental conditions. 


5.2.3 A fixed means of two-way voice communication 
with a machinery control station that is attended when 
connected to an external electrical power supply is to be 
provided at the control station required by 5.2.2. 


5.2.4 The control station required by 5.2.2 is to be 
provided with a means for operators to: 

e select manual control; or 

° lock equipment in position; or 

e — where provided, select automatic adjustment. 

This status is to be indicated remotely at a machinery control 
station that is attended when connected to an external 
electrical power supply. 


5.2.5 When the equipment status selection referred to in 
5.2.4 is changed whilst an external electrical power supply is 
connected, an alarm is to be activated at a machinery control 
station that is attended when connected to an external 
electrical power supply. 


5.2.6 Where correctly applied connection equipment is not 
protected from submersion in the water between the ship and 
shore (e.g. submersible equipment, equipment routing or slack 
cable prevention by torque control), an alarm is to be provided 
at a machinery control station that is attended when connected 
to an external electrical power supply when Connection 
Equipment approaches a situation where it may be submerged 
in the water between the ship and shore, for instance due to 
tidal changes. The time between alarm initiation and possible 
exposure to this water is to be sufficient to allow the equipment 
to be attended and adjusted prior to exposure to water. 


5.3 Emergency Shut-Down 


5.3.1 The requirements of this sub-Section apply to 
arrangements for the emergency disconnection of live 
electrical power from the connection to an external electrical 
power supply. 


5.3.2 Emergency Shut-Down facilities are to be provided 

that, when activated, will instantaneously: 

° isolate the connection from ship electrical power 
supplies; and 

e request isolation of the external electrical power supply 
connection points. 
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5.3.3 High-voltage Connection Equipment is to be either: 

(a) provided with permanent arrangements for manual 
discharging and routed to prevent personnel access to 
live connection cables and connection points by barri- 
ers and/or adequate distance(s) under expected 
operating conditions; or 

(b) automatically discharged so that it is safe to touch with 
immediate initiation of switching device closure follow- 
ing the isolation from ship and shore electrical power 
supplies required by 5.3.2. 


5.3.4 For ships that are intended to connect in ports 
where Connection Equipment may move into a hazardous 
area associated with the terminal or port area as a result of 
the ship inadvertently leaving the berthed position (slip- 
ping/breaking of moorings, etc.), this condition is to be 
included in the Design Statement. The arrangements are to 
comply with 5.3.3(b) and, additionally, other electrically 
powered connection equipment that is not intrinsically safe is 
to be arranged for automatic isolation. 


5.3.5 Means are to be provided to detect or predict 
tension in the external electrical power supply connection 
cable that activate the Emergency Shut-Down facilities 
described in 5.3.2 before damage occurs. Where alternative 
arrangements to tension detection are proposed (automatic 
break-away release, connectors with shear bolts and pilot 
lines, connection with ship/shore Emergency Shut-Down 
system, etc.), details are to be submitted for consideration. 


5.3.6 To detect and react to the withdrawal of plugs from 
socket-outlets while power supply connections are live, the 
Emergency Shut-Down facilities described in 5.3.2 are to be 
activated before the necessary degree of protection is no 
longer achieved or power connections are broken by the 
removal of a plug from a connected socket-outlet, including 
in-line connections. 


5.3.7 For high-voltage connection points on board where 
the means of locking together plugs and socket-outlets 
required by 3.3.4 are not interlocked to prevent removal from 
the locked position when the Connection Equipment power 
connections are not discharged so that they are safe to touch, 
the Emergency Shut-Down facilities described in 5.3.2 are to 
be activated when connected plugs are moved from the 
locked position. Consideration may be given to relaxing this 
requirement when evidence is submitted which demonstrates 
that appropriate controls and procedures acceptable to LR 
are in place to control personnel access plugs and socket- 
outlets. 


5.3.8 Where connection power plugs are connected to 
socket-outlets mounted on a switchgear enclosure, arrange- 
ments are to be provided to activate the Emergency 
Shut-Down facilities described in 5.3.2 in as short a time as 
practicable in the event of an arc occurring in the enclosure at 
the rear of the socket-outlets. 


5.3.9 Where 3.1.7(b) applies, the Emergency Shut-Down 
facilities described in 5.3.2 are to be activated in the event of 
loss of earth connection continuity being detected. 
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5.3.10 | Means to manually activate the Emergency Shut- 
Down facilities described in 5.3.2 are to be provided at: 
e a machinery control station that is attended when 
connected to an external electrical power supply; 
in close proximity to the connection cubicle; and 
at the switchboard where the fixed cable from the shore 
connection cubicle are received. 
Additional manual activation facilities may also be provided at 
other locations where it is considered necessary. The means 
of activation are to be visible and prominent, prevent inadver- 
tent operation and require a manual action to reset. 


5.3.11 An alarm to indicate activation of the Emergency 
Shut-Down is to be provided at a machinery control station 
that is attended when connected to an external electrical 
power supply. The alarm is to indicate the cause of the 
activation. For power supply restoration, see 4.5.1 to 4.5.3. 


| Section 6 
Testing, trials and surveys 


6.1 General 


6.1.1 The testing and trials required by 6.1.2 to 6.1.5 are 
to be successfully completed to the Surveyor’s satisfaction 
before OPS notation may be assigned. Where appropriate 
test facilities cannot be provided, trials are likely to require the 
additional co-operation of a port facility with a suitable 
external electrical power supply and the ability to operate the 
defined services to be supplied during these trials and allow 
the testing described to be conducted. 


6.1.2 Electrical and control engineering equipment is to 
be surveyed at manufacturer’s works and undergo survey and 
operational trials on board in accordance with the approved 
test schedules and applicable testing requirements in Pt 6, 
Ch 1 and Ch 2. 


6.1.3 In addition to 6.1.2, the following Connection 
Equipment, where applicable, is to be surveyed by the 
Surveyors during manufacture and testing: 

° filters; 

e converters; and 

e slip ring assemblies. 


6.1.4 Cable reels, cranes and/or gantry drives for 
Connection Equipment are to be surveyed and tested in 
accordance with applicable LR Rules and 3.2.9(e). 
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6.7.5 Trials are to be conducted when connected to a 
compatible external electrical power supply in accordance 
with 3.1.10 to demonstrate to the attending Surveyor that the 
Rules have been complied with in respect of: 


(a) 
(b) 


operation of connection management arrangements; 
trials on cable lifting appliances (for example cable reels 
or cranes) are to be conducted that demonstrate 
suitability for the maximum mechanical load and duty 
required by the Defined Operations within the service 
profile contained in the Design Statement, including 
connection of extensions or adapters; 

satisfactory performance of the connection and 
Connection Equipment throughout the Defined 
Operations, including a run with the defined services to 
be supplied operational; 

temperature of electrical joints, connections, circuit- 
breakers and fuses; 

the operation of electrical load transfer arrangements, 
(including Transfer Time Limit setting), electrical system 
protection and interlocking devices, Emergency Shut- 
Down arrangements and other safety devices and ship 
power restoration; 

where acceptable type-test evidence is not submitted, 
connection break-away, see 3.2.7; 

voltage regulation when the maximum load is suddenly 
thrown off and when starting the largest motor 
connected to the system; 

where more than one external power supply connection 
can be operated in parallel, satisfactory load sharing at 
loads up to normal working load; and 

voltage drop is to be measured, where necessary, to 
verify that this is not in excess of that specified in Pt 6, 
Ch 2,1.8. 


6.1.6 Arrangements are to be: 


examined at Annual Survey; and 

examined and functionally tested whilst connected to an 
external electrical power supply during the Complete 
Surveys of machinery or, where this is not practical, 
within 12 months of the due date of the Complete 
Surveys of machinery. 


This is to include examination of Connection Equipment. 
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Section 


1 Requirements for machinery and engineering 
systems of unconventional design 


a Section 1 
Requirements for machinery and 
engineering systems of 
unconventional design 


1.1 General - Scope and objectives 


7.7.1 Consistent with the aims of the IMO guidelines for 
Formal Safety Assessment (MSC-MEPC.2/Circ.12), the 
requirements of this Section aim to ensure that risks to 
maritime safety and the environment, stemming from the 
introduction of machinery or engineering systems of uncon- 
ventional design, are addressed insofar as they affect the 
objectives of classification. 


1.1.2 

where: 

(a) machinery is required to be constructed, installed and 
tested in accordance with Lloyds Register’s (hereinafter 
referred to as LR) Rules and Regulations and for which 
the corresponding machinery class notation is to be 
assigned (see Pt 1, Ch 2,2.4); and 

(b) the machinery and engineering systems are considered 
by LR to be of an unconventional design and which, as 
a result, are not directly addressed by LR’s extant Rules 
and Regulations. 


The requirements of this section are to be satisfied 


Ft It is to be noted that as well as the requirements of 
this section, the general requirements of LR’s Rules and 
Regulations are also to be satisfied as far as they are 
applicable. 


1.1.4 Compliance with IS015288 Systems Engineering — 
System Life Cycle Processes or an acceptable equivalent 
National Standard may be accepted as meeting the require- 
ments of 1.3 to 1.11. 


1.2 Information to be submitted 


1.2.1 Information is to be submitted for assessment of 

compliance with the general requirements of LR’s Rules and 

Regulations, including the general requirements for: 

a) Machinery, see Pt 5, Ch 1. 

b) Steam raising plant and pressure vessels, see Pt 5, 
Ch 10. 

c) Machinery and ship piping systems, see Pt 5, Ch 12 to 
Ch 14. 

d) Control engineering, see Pt 6, Ch 1. 

e) Electrical engineering, see Pt 6, Ch 2. 

f) Materials, see Rules for the Manufacture, Testing and 
Certification of Materials. 
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1.2.2 In addition to the information identified in 1.2.1, the 
information described in 1.2.3 and 1.2.4 is also to be 
submitted for consideration. 


1.2.3 General description detailing the extent of the 
machinery or engineering system, the shipboard services it is 
to provide, its operating principles, and its functionality and 
capability when operating in the environment to which it is 
ikely to be exposed under both normal and foreseeable 
abnormal conditions. The general description is to be 
supported by the following information as applicable: 
a) System block diagram. 
b) Piping and instrumentation diagrams. 
c) Description of operating modes, including: 
Start-up, shut-down, automatic, reversionary, manual 
and emergency. 
d) Description of safety related arrangements, including: 
Safeguards, automatic safety systems and interfaces 
with ships safety systems. 
e) Description of connections to other shipboard machinery, 
equipment and systems, including: 
Electrical, mechanical, fluids and automation. 
f) Plans of physical arrangements, including: 
Location, operational access and maintenance access. 
g) Operating manuals, including: 
Instructions for start-up, operation, shut-down, instruc- 
tions for maintenance, instructions for adjustments to 
the performance and functionality and details of risk 
mitigation arrangements. 
(h) Maintenance manuals, including: 
Instructions for routine maintenance, repair following 
failure, disposal of components and recommended 
spares inventory. 


~ 
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Project process documentation including: 
Project Management Plan, see 1.3. 
Requirements Definition Document, see 1.4. 
Quality Assurance Plan, see 1.5. 
Design Definition Document, see 1.6. 
Risk Management Plan, see 1.7. 
Configuration Management Plan, see 1.8. 
Verification Plan, see 1.9. 
Integration Plan, see 1.10. 
Validation Plan (certification and survey), see 1.11. 


STaroaoaoooel: 
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1.3 Project management 


1.3.1 A project management procedure is to be estab- 
lished in order to define and manage the key project 
processes. The project processes are to include the 
processes described in 1.4 to 1.11. 


1.3.2 For the entire project, and each of the processes 
within the project, the project management procedure is to 
define the following: 

(a) Activities to be carried out. 


(b) Required inputs and outputs. 

(c) Roles of key personnel. 

(d) Responsibilities of key personnel. 
(e) Competence of key personnel. 

(f| Schedules for the activities. 
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1.4 Requirements definition 


1.4.1 A requirements definition procedure is to be estab- 
lished in order to define the functional behaviour and 
performance of the machinery or engineering system required 
by individual stakeholders, in the environments to which the 
machinery or engineering system is likely to be exposed under 
both normal and foreseeable emergency conditions. 


1.4.2 The procedure is to take account of requirements 
resulting from key stakeholders, including: 
Ship’s owner. 

Ship’s operator. 

Ship’s crew. 

Shipyard. 

Systems integrator. 

Designers. 

Maintenance personnel. 

Surveyors. 

Manufacturers and suppliers. 
National Administration. 

LR. 


SESSESTHOTS 


1.4.3 The procedure is to take account of requirements 

resulting from the following influences: 

(a) Ship operations, including: 

Underway, manoeuvring, pilotage, docking, alongside 
and training exercises. 

(b) Ship conditions, including: 

Normal operation, abnormal operation, blackout, dead- 
ship, fire in a single compartment and flooding of a single 
compartment. 

(c) Environmental conditions, including: 

Temperature, humidity, water spray, salt mist, vibration, 
shock, inclination, electrical fields and magnetic fields. 

(d) Applicable provisions, including: 

Statutory legislation, classification requirements, inter- 
national standards, national standards and codes of 
practice. 

(e) Expected users, including: 

Multi-national users with a range of national languages 
and cultures, fatigued users, users without dedicated 
training, and maintenance and survey personnel. 

(f} | Design, construction and operational constraints, including: 
Effect of particular design decisions or component 
choices on other aspects of design, risk and production 
engineering compromises, verification, integration and 
validation considerations, maintenance and disposal, 
and changes in use. 


1.4.4 The procedure is to specify the functional behaviour 
and performance requirements and is to identify the source 
of the requirements. 


1.5 Quality assurance 


1.5.1 A quality assurance procedure is to be established 
in order to ensure that the quality of the machinery or 
engineering system is in accordance with a defined quality 
management system. 
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1.5.2 The procedure is to define the specific quality 
controls to be applied during the project in order to satisfy the 
requirements of the quality management system. 


7.5.3 The quality management system is to satisfy the 
requirements of ISO9001:2000 Quality management systems 
— Requirements, or an equivalent acceptable National 
Standard. 


1.6 Design definition 


1.6.1 A design definition procedure is to be established 
in order to define the requirements for the design of machin- 
ery or an engineering system which satisfies stakeholder 
requirements, quality assurance requirements and complies 
with basic internationally recognised design requirements for 
safety and functionality. 


1.6.2 The procedure is to ensure that the design of the 

machinery or engineering system satisfies: 

(a) Statutory legislation. 

(b) LR’s requirements. 

(c) International Standards and Codes of Practice where 
relevant. 


1.6.3 The procedure is to take account of stakeholder 
requirements, see 1.4. 


1.6.4 The procedure is to take account of quality assur- 
ance requirements, see 1.5. 


1.6.5 The procedure is to ensure that the requirements 
for the design of major components and subsystems of the 
machinery or engineering system can be verified before and 
after integration. 


1.6.6 The procedure is to specify the design require- 
ments and is to identify the source of the requirements. 


1.6.7 Any deviations from stakeholder requirements are 
to be identified, justified and accepted by the originating 
stakeholder. 


1.7 Risk management 


1.7.1 A risk management procedure is to be established 

in order to ensure that any risks stemming from the introduc- 

tion of the machinery or engineering system are addressed, 

in particular risks affecting: 

(a) The structural strength and integrity of the ship’s hull. 

(b) The safety of shipboard machinery and engineering 
systems. 

(c) The safety of shipboard personnel. 

(d) The reliability of essential and emergency machinery and 
engineering systems. 

(e) The environment. 


1.7.2 The procedure is to consider the hazards associ- 
ated with installation, operation, maintenance and disposal, 
both with the machinery or engineering system functioning 
correctly and following any reasonably foreseeable failure. 
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1.7.3 The procedure is to take account of stakeholder 
requirements, see 1.4. 


1.7.4 The procedure is to take account of design require- 
ments, see 1.6. 


1.7.5 The procedure is to ensure that hazards are 
identified using acceptable and recognised hazard identifica- 
tion techniques, and that the effects of the following 
influences are considered: 
a) Ship operations, including: 
Underway, manoeuvring, pilotage, docking, alongside 
and maintenance, commissioning and trials. 
b) Ship conditions, including: 
Normal operation, blackout, dead-ship, fire in a single 
compartment and flooding of a single compartment. 
c) Modes of operation, including: 
Start-up, running, shut-down, automatic, reversionary, 
manual and emergency. 
d) Environmental conditions, including: 
Temperature, humidity, water spray, salt mist, vibration, 
shock, inclination, electrical fields and magnetic fields. 
e) Dependencies, including: 
Power, fuel, air, cooling, heating, data and human input. 
f) Environmental impact, including: 
Emissions to air, discharges to water, noise and waste 
products. 
g) Failures, including: 
Human error, supply failure, system, machinery, equip- 
ment and component failure, random, systematic and 
common cause failures. 


1.7.6 The procedure is to ensure that risks are analysed 
using acceptable and recognised risk analysis techniques and 
that the following effects are considered: 
(a) Local effects: 
Loss of function, component damage, fire, explosion, 
electric shock, harmful releases and hazardous releases. 
(b) End effects on: 
Services essential to the safety of the ship, services 
essential to the safety of shipboard personnel and 
services essential to the protection of the environment. 


LLL The procedure is to ensure that risks are eliminated 
wherever possible. Risks which cannot be eliminated are to 
be mitigated as necessary. 


1.7.8 Details of risks, and the means by which they are 
mitigated, are to be included in the operating manual, see 
1.2.3. 


1.8 Configuration management 


1.8.1 A configuration management procedure is to be 
established in order to ensure traceability of the configuration 
of the machinery or engineering system, its subsystems and 
its components. 
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1.8.2 The procedure is to identify items essential for the 
safety or operation of the machinery or engineering system 
configuration control items) which could foreseeably be 
changed during the lifetime of the machinery or engineering 
system, including: 

a) Documentation. 


b) Software. 

c) Sensors. 

d) Actuators. 

e) Instrumentation. 

f) Valves. 

9) Pumps. 

1.8.3 The procedure is to take account of the design 


requirements, see 1.6. 


1.8.4 The procedure is to include items used to mitigate 
risks, see 1.7. 
1.8.5 The procedure is to ensure that any changes to 


configuration control items are: 
a) Identified. 

b) Recorded. 
c) Evaluated. 
d) Approved. 
e) 

f) 


Incorporated. 
Verified. 


1.9 Verification 


1.9.1 A verification procedure is to be established in 
order to ensure that subsystems and major components of 
the machinery or engineering system satisfy their design 
requirements. 


1.9.2 The procedure is to verify design requirements, see 
1.6. 


1.9.3 The procedure is to identify the requirements to be 
verified, the means by which they are to be verified, and the 
points in the project at which verification is to be carried out. 


1.9.4 The procedure is to be based on one or a combi- 
nation of the following activities as appropriate: 
(a) Design review. 


(b) Product inspection. 
(c) Process audit. 

(d) Product testing. 
1.10 Integration 


1.10.1 An integration procedure is to be established in 
order to ensure that the machinery or engineering system is 
assembled in a sequence which allows verification of 
individual subsystems and major components following 
integration in advance of validating the entire machinery or 
engineering system. 


1.10.2 The procedure is to take account of the verification 
requirements, see 1.9. 
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7.10.3 The procedure is to identify the subsystems and 
major components, the sequence in which they are to be 
integrated, the points in the project at which integration is to 
be carried out, and the points in the project at which 
verification is to be carried out. 


1.11 Validation (certification and survey) 


1.11.1 A validation procedure is to be established in order 
to ensure the functional behaviour and performance of the 
machinery or engineering system meets with its functional 
and performance requirements. 


1.11.2 The procedure is to validate stakeholder require- 
ments, see 1.4. 


1.11.3 The procedure is to validate arrangements required 
to mitigate risks, see 1.7. 


1.11.4 | The procedure is to validate the traceability of the 
configuration control items, see 1.8. 


7.11.5 The procedure is to identify the requirements to be 
validated, the means by which they are be validated and the 
points in the project at which validation is to be carried out, 
including: 

(a) Factory acceptance testing. 

(b) Integration testing. 
(c) Commissioning. 
(d) Sea trials. 

(e) Survey. 
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Section 

1 General requirements 

2 Construction and installation 

3 Refrigerating machinery and refrigerant storage 


compartment arrangements 


4 Refrigerant detection systems 

5 Control and monitoring and electrical power 
arrangements 

6 Personnel safety equipment and systems 

7 Testing and trials 


a Section 7 
General requirements 


1.1 General 


1.1.1 This Chapter states the requirements for ships 
having centralised refrigeration systems, designed to reject 
heat from refrigerated stores or from the air-conditioning and 
ventilation arrangements fitted to both passenger and crew 
accommodation spaces and are in addition to the relevant 
requirements of Parts 5 and 6. 


1.1.2 The requirements, which are optional, cover arrange- 
ments, equipment, and systems necessary for provision 
stores and air-conditioning arrangements as defined in 1.1.3 
and 1.1.4. 


1.1.3 The refrigeration system is to include the refrigeration 
compressor(s), condenser(s), evaporator(s), direct expansion 
air handling and fan coil units, interconnecting primary 
refrigerant piping system and fittings. 

NOTE 

For the purpose of these Rules, the term primary refrigerant 
system, unless otherwise stated, applies to primary refrigerant 
systems and secondary refrigerant systems containing 
volatile refrigerants. 


1.1.4 These requirements are intended to mitigate risks 
associated with the safety of refrigeration and air-conditioning 
machinery, and do not cover air distribution ductwork, chilled 
water systems or the calculation and verification of air flow 
rates and cooling loads within the air conditioned or 
refrigerated spaces. The method used to calculate the 
capacity of the air-conditioning refrigeration equipment is the 
responsibility of the Shipbuilder and Owner and should be in 
accordance with a recognised code or standard such as 
ISO 7547:2002 Ships and marine technology - Air- 
conditioning and ventilation of accommodation spaces — 
Design conditions and basis of calculations or, ASHRAE 26- 
1996(RA2006) Mechanical Refrigeration and Air-Conditioning 
Installations Aboard Ship. 
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7.7.5 Ships complying with the applicable requirements 
of this Chapter will be eligible for the optional machinery class 
notation RPA (Refrigeration Machinery for Provision Stores 
and Air-conditioning). 


1.2 Plans and information 


1.2.1 The following plans and particulars, as applicable, 
and any others which may be specially requested for the 
refrigerating plant and systems, are to be submitted in 
triplicate for approval, before construction is commenced: 

(a) Schematic plans, including full particulars of piping and 

nstrumentations, for: 

i) primary and secondary refrigerant systems 
containing a volatile fluid; 

ii) air cooler defrosting arrangements; and 

iil) | Condenser cooling water systems. 

(b) Detailed dimensioned plans and material specifications 

for: 

i) reciprocating compressor crankshaft and 
crankcase, where exposed to refrigerant pressure; 

ii) rotary-type compressor rotors and casing; 

iii) | Condensers, both shell and tube, and plate type; 

iv) evaporators, both shell and tube, and plate type; 

v) air coolers or arrangement of air cooling pipe 
grids and construction method; 

vi) liquid receivers; 

vii) oil separators; and 

viii) any other pressure vessels or heat exchangers 
containing primary refrigerants, see Pt 5, 
Ch 11,6.1. 

(c) General arrangement of refrigerating machinery 
compartments in elevation and plan, showing location 
and arrangement of the plant, ventilation details and 
location of temperature sensors and refrigerant vapour 
detectors. 

(d) Details of automatic controls, alarms and safety 
systems, see Pt 6, Ch 1,1. 

(e) Details of primary refrigerant level indicators. 

(f| Capacity calculations for pressure relief valves and/or 
bursting discs, and inlet and discharge pipework pressure 
drop calculations. 

(g) Programme of tests to be conducted on completion of 
the installation, see Section 7. 


1.2.2 In addition to the applicable requirements detailed 
in 1.2.1, the following information is also to be submitted for 
air-conditioning refrigeration equipment: 

a) Details of direct expansion fan coil units (FCUs). 

b) Details of cooling coils, fitted to air handling units (AHUs) 
that contain primary refrigerant. 

c) General arrangement drawing showing the location of 
the air-conditioning refrigeration equipment, direct 
expansion FCUs and AHUs throughout the ship. 

d) Details of pressure testing procedures for the refrigera- 
tion equipment. 
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1.2.3 Plans showing the general arrangement of 
refrigeration plant compartments, together with a description 
of the equipment and arrangements installed for isolation and 
distribution of ventilation air and the electrical power supply 
systems. The plans are to indicate segregation and access 
arrangements for compartments and associated control 
rooms and control stations. 


1.2.4 A statement of the intended design system capacity 
for the intended operating conditions for verification purposes 
at the trials required by 7.2.1 


1.2.5 A schedule of testing and trials to demonstrate that 
systems are capable of operating as designed and as 
required by Section 7. 


1.2.6 Operating manuals are to be submitted for 
information. The manuals are to include the following 
information: 

(a) Particulars and a description of the systems. 

(b) Operating instructions for the equipment and systems. 
(c) Maintenance instructions for the installed arrangements. 


1.2.7 Evidence that the required performance of 
refrigeration systems, pump and fan equipment is capable of 
being maintained under ambient and inclination operating 
conditions defined in Pt 5, Ch 1,3.5 and 3.6 is to be provided 
by the manufacturer. 


E Section 2 
Construction and installation 


2.1 Materials 


2.1.1 The selection of materials for piping systems in 
provision store refrigeration systems is to take account of the 
following: 

(a) The pressures and temperatures of the refrigerant fluids. 
b) Locations of systems and equipment. 


( 

(c) Compatibility of materials. 

(d) Fluid flow rates and static pressure conditions. 

(e) Minimising corrosion and erosion through life of system. 
(f) Refrigerant flammability and toxicity. 

2.1.2 Pipes, valves and fittings are in general to be made 


of steel, ductile cast iron, copper, copper alloy, or other 
approved ductile material suitable for the intended purpose. 
The use of plastics materials is also acceptable subject to the 
restrictions in Pt 5, Ch 12,5. 


2.1.3 Where applicable, the piping systems are to 
comply with the requirements of Pt 5, Ch 12. 

2.2 Equipment - Selection and installation 

2.2.1 Pressure vessels in provision store and air- 


conditioning refrigeration systems are to be in accordance with 
Pt 5, Ch 11. 
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2.2.2 Valves and flexible hose lengths are to comply with 
the relevant requirements of Pt 5, Ch 12. 


2.2.3 Pipes in piping systems are to be permanent pipes 
made with approved pipe connections to enable ready 
removal of valves, pumps, fittings and equipment. The pipes 
are to be efficiently secured in position to prevent chafing or 
lateral movement. 


2.2.4 Suitable means for expansion are to be made, 
where necessary, in each range of pipes. 


2.2.5 Suitable protection is to be provided for all pipes 
and equipment situated where they are liable to mechanical 
damage. 


2.2.6 All moving parts are to be provided with guards to 
minimise danger to personnel. 


2.2.7 Primary refrigerant pipework, serving AHUs and 
FCUs, which pass through bulkheads and deckheads is to 
comply with the requirements of SOLAS Chapter ll-2, 
Regulation 9.3. 


2.3 Valves and relief devices 


2.3.1 Valves are to be fitted in places where they are 
readily accessible at all times. 


2.3.2 Relief valves are to be adjusted and bursting discs 
so selected that they relieve at a pressure not greater than 
the design pressure of the system. When satisfactorily adjusted, 
relief valves are to be protected against tampering or 
interference by a locking wire with a lead seal or similar 
arrangement, see also 2.4.4. 


2.4 Refrigerant systems 


2.4.1 The primary refrigerants ammonia, hydrocarbons 
or carbon dioxide shall not be used in direct expansion FCUs 
located in accommodation spaces. The use of these 
refrigerants in machinery spaces, such as a separate AHU 
compartment, may be accepted subject to suitable safety 
arrangements being provided to the satisfaction of Lloyd’s 
Register (hereinafter referred to as LR). 


2.4.2 Compartments containing refrigeration plant are to 
be provided with refrigerant gas leak detectors with an alarm. 
See Section 4. 


2.4.3 The design of refrigeration systems is to permit 
maintenance and repair without unavoidable loss of 
refrigerant to atmosphere. To minimise refrigerant release to 
the atmosphere, refrigerant recovery units are to be provided 
to allow evacuation of a system prior to maintenance. 


2.4.4 Refrigeration systems are to be provided with relief 
devices which are arranged with sufficient margins to avoid 
circumstances that would allow an inadvertent discharge of 
refrigerant to the atmosphere. The system is to be so 
designed that overpressure due to fire conditions can be 
safely relieved. 
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2.4.5 A pressure relief valve and/or bursting disc is to be 
fitted between each positive displacement compressor and 
its gas delivery stop valve, the discharge being led to the 
suction side of the compressor. The refrigerant flow capacity 
of the valve or disc is to exceed the full load compressor 
capacity for the particular refrigerant at the maximum 
potential suction pressure. For these internal relief valves, 
servo-operated valves will be accepted. Where the motive 
power for the compressor does not exceed 10 kW, the 
pressure relief valve and/or bursting disc may be omitted. 


2.4.6 Each pressure vessel which may contain liquid 
refrigerant and which is capable of being isolated by means 
of a stop or automatic control or check valve is to be 
protected by two pressure relief valves or two bursting discs, 
or one of each, controlled by a changeover device. Pressure 
vessels that are connected by pipework without valves, so 
that they cannot be isolated from each other, may be 
regarded as a single pressure vessel for this purpose, 
provided that the interconnecting pipework does not prevent 
effective venting of any pressure vessel. 


2.4.7 Omission of one of the specified relief devices and 

changeover device, as required by 2.4.6, will be accepted 

where: 

(a) vessels are of less than 300 litres internal gross volume; 
or 

(o) vessels discharge into the low pressure side of the 
system by means of a relief valve. 


2.4.8 Sections of systems and components that could 
become full of liquid between closed valves are to be provided 
with pressure relief devices relieving to a suitable point in the 
refrigerant circuit. 


2.4.9 Where any hermetic or semi-hermetic compressor 
has the electric motor cooled by the circulating refrigerant, 
the following arrangements are to be provided: 

a) Refrigeration circuits are to contain no more than one 

hermetic or semi-hermetic compressors. 

b) Each compressor motor is to be fitted with a thermal 

cut-out device to protect the motor against overheating. 

c) Each refrigerant circuit is to contain a suitable arrange- 

ment to allow debris or contaminants from a motor 

failure to be removed. 

d) The pressure envelope of any hermetic or semi-hermetic 
compressor exposed to the refrigerant pressure is to be 
designed and constructed in accordance with the 
requirements of Pt 5, Ch 11 and Pt 5, Ch 17 as applica- 
ble. Plans are to be submitted for consideration as 
required by Pt 5, Ch 11,1.6. 


2.5 Air handling unit(s) (AHUs) for air-conditioning 
systems 
2.5.1 Evaporator coils as fitted to direct expansion AHUs 


are to be considered for approval and plans are to be 
submitted, see also 1.2.2. All other equipment fitted to an 
AHU, such as air filtration, dehumidification, heating and 
humidification systems are outside the scope of these Rules 
and are the responsibility of the Shipyard and Owner. 
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2.5.2 Each AHU is to be provided with suitable drip trays 
and drainage arrangements to remove any condensate which 
may form. 


2.5.3 The installation arrangements of AHUs are to be 
such as to allow sufficient space for the withdrawal and 
replacement of the refrigerant cooling coil. 


2.6 Air coolers and cooling grids for provision 
store refrigeration systems 


2.6.1 Air cooler fan motors are to be suitably enclosed to 
withstand the effects of moisture. 


2.6.2 Means are to be provided for effectively defrosting 
air coolers. Air coolers are to be provided with trays of 
suitable depth arranged to collect all condensate. The trays 
are to be provided with drains at their lowest points to enable 
the condensate to be drained away when the refrigerated 
spaces are in service. When a store operates at temperatures 
at, or lower than O°C, provision is to be made for the 
prevention of freezing of the condensate. 


2.6.3 The installation arrangements of air coolers are to 
be such that when the refrigerated spaces are loaded with 
provisions, adequate space is provided for the inspection, 
servicing and renewal of controls, valves, fans and fan 
motors. 


2.6.4 Steel air cooler circuits and cooling grids are to be 
suitably protected against external corrosion. 


2.7 Design pressures 


2.7.1 The design pressure of the system will be regarded 
as equal to its maximum working pressure, see 2.7.5. 


2.7.2 The maximum working pressure is the maximum 
permissible pressure within the system (or part system) in 
operation or at rest. No pressure relief valve or other 
protective device is to be set to a pressure higher than the 
maximum working pressure. 


2.7.3 The design pressure of the low pressure side of the 
system is to be the saturated vapour pressure of the 
refrigerant at plus 46°C. Due regard is to be taken of 
defrosting arrangements which may cause a higher pressure 
to be imposed on the low pressure side of the system. For 
carbon dioxide design pressures, see 2.7.6. 


2.7.4 The minimum design pressure of the high pressure 
side of the system (Pyn), is to be determined from 1,11 x Py, 
where P, is an allowance for the compressor high pressure 
cut-out. P, is to be not less than to 1,11 x Pa, where P, is 
the condenser working pressure, when operating in tropical 
zones and equates to the saturation pressure of the 
refrigerant at plus 46°C. 
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2:75. Design pressures applicable to refrigerants are to 
be not less than the values given in Table 15.2.1 when 
condensers are sea-water cooled. The design pressure for 
other refrigerants and condensing arrangements is to be 
agreed with LR. 


Table 15.2.1 Design pressure limits 


Pressure, (bar g) 


Refrigerant 


Low 


R-717 17,2 
R-22 16,7 
R-290 14,7 
R-600a 5,2 
R-134a 10,9 
R-407C 19,0 
R-410A 28,0 
R-507A 20,5 
R-404A 20,1 


R-744 See 2.7.6 


NOTE 

In view of increasing world-wide restrictive legislation and phasing 
out of the HCFC refrigerant R-22, it is recommended that this 
refrigerant should not be used in new installations. 


2.7.6 The proposed design pressure for a carbon dioxide 
system is to be stated, taking account of the maximum 
working pressure and the maximum pressure at rest 
conditions. Where the maximum pressure at rest condition is 
maintained by the fitting of a supplementary refrigeration unit, 
condensing the vapour in a holding vessel, supporting 
calculation is to be provided to show that this can be 
undertaken with a local ambient temperature of 45°C. The 
holding vessel is to be thermally insulated to prevent the 
operation of the relief devices within a 24 hour period after 
stopping the supplementary refrigeration unit at an ambient 
temperature of 45°C and an initial pressure equal to the 
starting pressure of the refrigeration unit. 


vee Where a carbon dioxide system is designed for hot 
gas defrosting, due regard is to be given to the possibility of a 
higher pressure being imposed on the low pressure system. 
The design pressure for the hot gas defrosting section of the 
system is to be 10 per cent greater than the maximum 
pressure experienced during defrosting. 


2.8 Insulation materials 


2.8.1 Where applicable, having regard to their location 

and environmental conditions, insulation arrangements are to 

have: 

(a) materials suitably resistant to fire; 

(b) insulation lining suitably resistant to flame spread; 

(c) effective protection against penetration of water vapour; 
and 

(d) adequate protection against mechanical damage. 


Part 7, Chapter 15 


Sections 2 & 3 


2.8.2 The potential for smoke generation and toxicity of 
insulation materials is to be in accordance with SOLAS 
Chapter Il-2, Part B, Regulation 6. 


2.8.3 Where the in situ foam type of insulation is 
proposed, full details of the process are to be submitted. 


2.8.4 Prefabricated panel systems are to be fitted with 
suitable pressure equalising devices. 


2.8.5 All low temperature pipework, valves and fittings 
are to be provided with suitable thermal insulation. See Pt 6, 
Ch 3,4.11.10. 


2.9 Manufacture and certification 


2.9.1 Pressure vessels satisfying the conditions listed in 
Pt 5, Ch 11,1.6.1 are to be constructed in accordance with 
the requirements of Pt 5, Ch 11 and 17. Plans are to be 
submitted for consideration as required by Pt 5, Ch 11,1.6. 


2.9.2 Other equipment, apart from applicable pressure 
vessels and heat exchangers, used for air-conditioning or 
provision stores refrigeration systems are not required to be 
constructed under survey. 


2.9.3 All major items of equipment, containing refrigerant, 
such as compressors, condensers, AHU cooling coils and 
FCUs shall be supplied with a manufacturer’s works certificate 
providing details of the design and test pressures. 


a Section 3 
Refrigerating machinery and 
refrigerant storage compartment 
arrangements 


3.1 General 


3.1.1 Refrigerating machinery is to be installed in a well 
ventilated compartment. In general, the arrangements are to 
be such that all components of the refrigerating machinery 
can be readily opened up for inspection or replacement. 
Space is to be provided for the withdrawal and renewal of the 
tubes in ‘shell-and-tube’ type evaporators (secondary 
refrigerant coolers) and condensers. Proposals for alternative 
arrangements are to be submitted to LR for consideration. 


3.1.2 Refrigerating machinery using toxic and/or 
flammable refrigerants is to be located outside the main 
machinery space in a separate gastight compartment. 


3.1.3 Where the refrigerating machinery is located in a 
separate gastight compartment, outside the main machinery 
space, this compartment is to be equipped with effective 
mechanical ventilation to provide 30 air changes per hour 
based upon the total volume of the space. The mechanical 
ventilation system is to have two methods of control, one of 
which is to be operable from outside the compartment. 
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3.1.4 Openings for pipes, electrical cables and other 
fittings in bulkheads and decks are to be fitted with gastight 
seals. 


3.2 Gas storage compartments 


3.2.1 Portable steel cylinders containing reserve supplies 
of refrigerant are to be stored in a well ventilated compartment 
reserved solely for this purpose. 

3.2.2 The storage compartment is to be provided with a 
mechanical ventilation system providing 10 air changes per 
hour. 


3.2.3 The storage compartment is to be provided with a 
suitable vapour detection system, see Section 4. 


3.2.4 The storage compartment is to be provided with 
suitable water drainage arrangements not connected with the 
main machinery spaces. 


3.2.5 Steel storage cylinders are to be of an approved 
type and are to be filled to a level suitable for an ambient 
temperature of plus 46°C. 

3.2.6 The storage compartment is to be provided with 
racks to facilitate secure stowage of the cylinders. 


3.3 Pressure testing at manufacturers’ works 


3.3.1 Components intended for use with a primary 
refrigerant are to be subject to pressure testing procedures 


i as detailed in Table 15.3.1. 


Table 15.3.1 Test pressure 


Test pressure, (bar 9) 
Component 


Pressure test ness test 


Pressure vessels See Pt 5, Ch 11 


Compressor cylinders/ 1,50 
crankcase/casing 


Valves and fittings 2,0p 


Pressure piping, fabricated. 1,50 
headers, air coolers, etc. 


OTE 
is the design pressure as defined in 2.7. 


3.3.2 Component pressure tests are to be hydraulic or 
where suitable safety measures are taken, may be pneumatic. 
The latter is to be carried out with a suitable dry inert gas. 


3.3.3 Component tightness tests are to be carried out 
only after completion of satisfactory pressure tests. 
Pneumatic pressure is to be applied using a suitable dry inert 
gas. 
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3.3.4 Components for use with a secondary refrigerant or 
cooling water are to be hydraulically tested to 1,5 times the 
design pressure which, in no case is to be less than 3,5 bar g. 


3.4 Pressure test after installation on board ship 


3.4.1 For primary refrigerant piping welded in place, 
pressure tests of the welds are to be carried out at a test 
pressure of 1,59. This will normally take the form of a 
pneumatic test (see 3.4.2) since hydraulic testing media such 
as water are not acceptable due to their incompatibility with 
the primary refrigerants and the difficulty of removing all 
traces from a completed system. 


3.4.2 Pneumatic pressure tests are to be carried out 
using a suitable inert gas. 

NOTE 

Where pneumatic testing is used, adequate safety precautions 
recognising the hazards involved should be observed to 
prevent danger to personnel and to minimise risk to property. 


3.4.3 Where pneumatic tests are prohibited by relevant 
authorities, the tests required by 3.4.1 and 3.4.2 may be 
omitted provided non-destructive examination has been 
carried out by an approved operator to the satisfaction of LR 
and in accordance with the requirements of Pt 5, Ch 17,6. 


3.4.4 After completion of the test required by 3.4.1, 
3.4.2 or 3.4.3, a tightness test is to be carried out using a 
suitable inert gas at a pressure equal to the design pressure, 
in the presence of the surveyor. 


3.4.5 Secondary refrigerant piping welded in place is to 
be hydraulically tested to 1,5 times the design pressure 
which, in no case is to be less than 3,5 bar g. 


E Section 4 
Refrigerant detection systems 


4.1 General 


4.1.1 A fixed refrigerant detection system is to be 
provided in the refrigerating machinery compartment or space 
and ventilation outlet ducts when the ventilation system is 
shared with other compartments. 


4.1.2 The alarm system is to comply with the 
requirements of Pt 6, Ch 1 and, as a minimum requirement, 
the system is to activate at a low-level concentration to give 
warning of refrigerant leaks, and at a high-level concentration 
corresponding to the refrigerant’s safe occupational level. 


4.1.3 Detection equipment is to be so designed that it 
may be readily tested and calibrated; any failure of the 
equipment is to initiate an alarm. 
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4.1.4 The location of the detectors is to be determined 
relative to the layouts of the individual compartments and 
machinery spaces and are to be indicated in the plan 
submission. 


4.1.5 Audible and visual alarms are to be activated, 
located both inside and outside the affected space. The 
alarms are to be readily identifiable and be visible and audible 
in all locations within the space housing the refrigeration 
equipment. 


a Section 5 
Control and monitoring and 
electrical power arrangements 


5.1 General 


5.1.1 Control engineering arrangements are to comply 
with Pt 6, Ch 1 as applicable. 


5.1.2 All cooling and secondary refrigerant pumps are to 
be provided with an indication of discharge pressure and a 
ow discharge pressure alarm at each control station. 


5.1.3 The power to all independently driven ventilation 
fans is to be capable of being stopped from position(s) 
outside the fire boundary which will remain readily accessible 
in the event of fire occurring in any space, as well as from the 
ocal control panel. 


5.1.4 Electrical engineering arrangements are to comply 
with Pt 6, Ch 2. 
5.1.5 Refrigeration compressors are to be provided with 


the following instrumentation and automatic shutdowns: 

(a) Indication of suction pressure (saturated temperature), 
including intermediate stage when applicable. 

(b) Indication of discharge pressure (saturated temperature), 
including intermediate stage when applicable. 

(c) Indication of lubricating oil pressure. 

(d) Indication of cumulative running hours (screw compres- 
sors). 

(e) Automatic shutdown in the event of low lubricating oil 
pressure. 

(f Automatic shutdown in the event of high discharge 
pressure, see also 5.1.13. 

(g) Automatic shutdown in the event of low suction 
pressure. 


5.1.6 For refrigeration compressors greater than 25 kW, 

the following instrumentation, additional to that required by 

5.1.5, is to be provided: 

(a) Indication of lubricating oil temperature. 

(b) Indication of condenser cooling water outlet tempera- 
ture. 

(c) Indication of cumulative running hours (reciprocating 
compressors). 

(d) Indication of suction and discharge temperatures. 
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5.1.7 Alarms are to be initiated in the event of the 
following fault conditions with refrigeration compressors: 


(a) High discharge pressure. 

(b) Low suction pressure. 

(c) Low oil pressure. 

(d) High discharge temperature. 
(e) High oil temperature. 

( 


f} | Motor shutdown. 


5.1.8 Refrigeration plants are to be provided with the 
following alarms as applicable: 

a) Failure of condenser cooling water pumps. 

High condenser cooling water outlet temperature. 
Failure of air cooler fans. 

High and low refrigerated air delivery temperatures. 
High secondary refrigerant temperatures. 

Failure of secondary refrigerant pump. 

g) Low level in secondary refrigerant header tank. 


2 


STEE 


( 
( 
( 
( 
( 
( 
( 


5.1:9 Where the air-conditioning/refrigerating system is 
fitted with automatic or remote controls, so that, under 
normal operating conditions, no manual intervention by the 
operators is required, it is to be provided with the alarms 
required by 5.1.6 to 5.1.8 in accordance with the relevant 
requirements of Pt 6, Ch 1. 


5.1.10 Where more than one compressor is fitted, the 
control sequence is to be such as to allow one machine to 
stop in the event of a reduction in cooling duty. Provision is to 
be made to allow selection of the lead machine to equalise 
running hours. 


5.1.11 To allow the equipment to be isolated from the 
power supply in the event of a failure or refrigerant leak, 
refrigeration compressors and AHUs are to be fitted with local 
emergency stop switches. 


5.1.12 AHUs are to be provided with the following 

instrumentation as a minimum: 

(a) Indication of primary refrigerant outlet pressure and 
temperature; and 

(b) Indication of outlet air temperature. 


5.1.13 Compressors are to be provided with automatic 
shutdown in the event of high discharge pressure. For 
refrigeration systems where the maximum working pressure 
is less than or equal to 40 bar g, the automatic shutdown is 
to operate at a pressure in excess of normal operating 
pressure but no greater than 0,9 of the maximum working 
pressure. For refrigeration systems where the maximum 
working pressure is greater than 40 bar g, the automatic 
shutdown is to operate at a pressure in excess of normal 
operating pressure but no greater than 0,95 of the maximum 
working pressure. 
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m Section 6 
Personnel safety equipment and 
systems 


6.1 Personnel safety equipment 


6.1.1 Access doors to the refrigerated spaces are to 
open outwards, alternatively sliding doors may be used 
where the door is external to the space. 


6.1.2 Access ways to the refrigerated spaces are to be 
designed to facilitate escape in emergencies, and the 
removal of stretcher-borne personnel. 


6.1.3 Access ways and refrigerated compartments are to 
be provided with an independent lighting system in 
accordance with the requirements of Pt 6, Ch 2,5.7.2 and 
5.7.4, with the means of locking the switches in the ‘on’ 
position. 


6.1.4 Arrangements are to be such that means are 
provided for both opening the room door(s) and sounding the 
alarm required by 6.2.2 from inside refrigerated spaces. 


6.1.5 Where ammonia is used in refrigerating systems, 
the following items of safety equipment are to be provided as 
a minimum, and positioned in accessible protected storage 
e.g. locked glass fronted cabinets) located outside the 
machinery compartment: 

a) Two sets of ammonia protective clothing (including 
helmet, boots and gloves). 

b) Two portable battery powered hand lamps (to be of 
certified safe-type). 

c) Two sets of self-contained breathing apparatus 
(compressed air). 
d) Two full face mask respirators. 

e) Two fire-resistant life-lines. 

f) Two firemen’s axes. 

g) Two heavy duty adjustable spanners. 
h 

(i) 


£ 


) Two wheel wrenches. 
j Irrigation facilities or eye wash bottles containing an eye 
wash solution, distilled water or non-carbonated mineral 
water. 
(k) Hand or foot-operated douches providing a copious 
supply of clean water, located outside the compart- 
ment’s doors. 


6.2 Personnel warning systems 


6.2.1 A system to monitor the well-being of crew 
members entering refrigerated spaces is to be provided. 


6.2.2 The system is to be such that at a predetermined 
time, after initiation, the crew member(s) receives warning 
that the system is to alarm and must indicate their well-being 
by accepting the warning. 


6.2.3 The system is to be designed and arranged such 
that only an authorised person has access for enabling and 
disabling it and setting the appropriate intervals, and such 
that it cannot be operated in an unauthorised manner. 
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6.2.4 It is to be possible to acknowledge the warning by 
means of illuminated switches situated near the access doors 
or hatches of each refrigerated space or chambers within the 
space. 


6.2.5 In the event that the crew member(s) fails to 
respond and accept the warning within an agreed specified 
time, the system is to immediately initiate an alarm on the 
bridge and at the main control station, or subsidiary control 
stations as appropriate. Manual initiation of the alarm system 
from the refrigerated spaces is to be possible at any time. 
6.2.6 The system is to comply with the relevant 
requirements of Pt 6, Ch 1. 


a Section 7 
Testing and trials 


7.1 Testing 


7.1.1 The requirements of the Rules relating to testing of 
pressure vessels, piping and related fittings including hydraulic 
testing are applicable. See Pt 5, Ch 11 and Ch 12,8. 


7.1.2 On completion, tanks and reservoirs for service 
and storage of system fluids are to be tested by a head of 
water equal to the maximum to which the tanks may be 
subjected, but not less than 2,5 m above the crown of the 
tank. 


7.1.3 After installation on board, piping systems together 
with associated fittings that are under internal pressure, are to 
be subjected to a running test at the intended maximum 
working pressure. 


7.1.4 Testing is to cover the following items: 

(a) Verification of control, alarm and safety systems. 

(o) Simulation tests for failure of refrigeration equipment, to 
verify correct functioning of alarms and systems in 
service. 

(c) Verification of accuracy, calibration and functioning of 
temperature control for refrigeration systems. 


7.2 Trials 


7.2.1 Acceptance trials, as stipulated in this Section, are 
to be conducted. It is to be demonstrated that the provision 
store or air-conditioning refrigerating system capacity meets 
the design duty. As far as is practicable, the trials are to 
represent the operating conditions that will be encountered in 
service. For example, the condenser cooling water flow 
should be restricted so that the compressor discharge 
pressure is at the design value. 
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Section 1 

Section 1.1.3 At the Owner’s request and in order to enhance 
safety and awareness on board during ship operation, the 

1 Scope ShipRight SEA(ICE) Ship Event Analysis Procedure may be 
applied. This procedure may be applied to all ships where it is 

2 Ice environment intended to provide a hull surveillance system for monitoring 
of the ship’s hull girder stresses and local ice loads when the 

3 Air environment ship is navigating in ice, and warning the ship’s personnel 
that the load levels or the frequency and magnitude of ice 

4 Icing environment impacts are approaching a level where corrective action is 


advisable. See Pt 1, Ch 2,2.8.3 and Pt 3, Ch 16,5. 


1.1.4 At the Owner’s request and in order to enhance 

safety, the ShipRight FDA ICE Fatigue Induced by Ice 

Hi Section 7 Loading Procedure may be applied. This procedure is 

Scope supplementary to the FDA procedures and is to assess 

fatigue damage induced by ice loads for ships navigating in 

ice-covered regions. The objective of the ShipRight FDA ICE 

procedure is to provide technical guidelines to assess fatigue 

at the end connections of stiffeners in the ice belt regions 
under ice loading. See Pt 1, Ch 2,2.3.17 and Pt 3, Ch 16,3. 


1.1 General 


1.1.1 The following requirements are for ships intended 
for operations in ice and cold conditions. 


1.1.2 Guidance on the appropriate requirements and 
notations is provided in Table 1.1.1. 
Table 1.1.1 Ice and cold operations 


Reference Conditions Description Notation 


Ice operations 


Secti Application 


Secti Hull ; , : 
Secti Machinery General requirements Applicable to all ice classes 


For ships with length less than 150 m| Ice Class 1E 


Secti Hull Light and very light ice 
Secti Machinery conditions Hull strengthening in forward 
region only Ice Class 1D 


Ice Class 1C FS 


Hull Finnish-Swedish Ice Class Rules | lce Class 1B FS 
Machinery Ice Class 1A FS 


Ice Class 1AS FS 


Chapter 2 First-year ice conditions 
— ; Ice Class 1C FS(+) 
Hull Finnish-Swedish Ice Class Rules | Ice Class 1B FS(+) 
Machinery with enhanced engine power for | Ice Class 1A FS(+) 
icebreaking capability Ice Class 1AS FS(+) 


Ice Class PC7 
Ice Class PC6 
Ice Class PC5 
Section 10 Hull — Multi-year ice conditions IACS Polar Ship Rules Ice Class PC4 
Section 11 Machinery Ice Class PC3 
Ice Class PC2 
Ice Class PC1 


Cold operations 


Section 1 Application 


Provisional | Section 2 Hull ; Low temperature operations Hull construction materials Winterisation H(7) 
Rules for materials 
the 
Winterisation Short duration Winterisation C(T) 
of Ships Equipment 
Section 3 and Low temperature Seasonal duration Winterisation B(T) 

systems operations 


Prolonged duration Winterisation A(T) 


LLOYp’s REGISTER 1 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Application Part 8, Chapter 1 


Section 2 


a Section 2 2.2.2 Table 1.2.2 defines the ice classes in relation to the 
Ice environment Rules and the equivalent Internationally Recognised Standards. 


2.1 General 


Table 1.2.2 Comparison of ice Standards 


2.1.1 . This Section is intended to give assistance on the Lloyd's Register Hrnish-Swedish les 
selection of a suitable ice class notation for the operation of class notation Class Canadian type 
ships in ice-covered regions. 


Ice Class 1AS FS(+) IA Super A 
2.1.2 The Owner is to confirm which notation is most Ice Class IAS FS 
suitable for their requirements. Ultimately, the responsibility Ice Class 1A FS(+) 
rests with the master of the ship and their assessment of the Ice Class 1A FS 


ice and temperature conditions at the time. 
Ice Class 1B FS(+) 


2.1.3 The documentation supplied to the ship is to Ice Class 1B FS 


contain the ice class notation adopted, any operation limits Ice Class 1C FS(+) 
for the ship and guidance on the type of ice that can be Ice Class 1C FS 
navigated for the nominated ice class. 


Ice Class 1D 


Ice Class 1E 


2.2 Definitions 


2.2.1 The World Meteorological Organisation’s, WMO, 


definitions for sea ice thickness are given in Table 1.2.1. 2.3 Application 


2.3.1 The variable nature of ice conditions is such that 


Table 1.2.1 WMO defintion of ice conditions the average limits of the conditions are not easily defined. 
However, it is possible to plot the probable limits of the ice 
Ice conditions Ice thickness flows and the ice edge for each season. See Figs. 1.2.1 to 
1.2.4, and Table 1.2.3. 
Medium first-year 1,2m 
Thin first-year, second stage 0.7m 2.3.2 Operation with Ice Class 1C FS may be possible 
up to 150 nm inside the 7/10 region shown depending on the 
Thin first-year, first stage 0,5 m severity of the winter. Operation with Ice Class 1A FS may 


be possible up to 150 nm inside the medium first-year ice 
shown depending on the severity of the winter. Operation up 
Grey 0,15m to the multi-year ice is possible most years with Ice Class 
1AS FS. 


Grey-white 0,3 m 


Table 1.2.3 Concentration of ice 


Free ice 


Open water 


Very open drift 


Open drift 


Close pack/drift 


Very close pack 


Compact/consolidated ice 
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Ice limits Winter 


Multi year ice 
- - — Average Medium first year ice ,8-1,2 m (1.) 
— — Average 7/10 close ice 
——-—-— Average 1/10 open ice 

Ice berg Limit 


80° 


Part 8, Chapter 1 


Section 2 


100° 120° 


Fig. 1.2.1 Ice Limits for the Arctic Winter 


2.3.3 Operation in the region between 7/10 and 1/10 in 
the ice-covered regions is possible with due care for ships 
with no ice class. For ships operating for extended periods in 
these areas, it will be necessary to specify and design for a 
minimum temperature for the hull materials. To cover all 
situations for a non-ice class ship, the material requirements 
of The Provisional Rules for the Winterisation of Ships are 
recommended. 


2.4 Ice Class notations 


2.4.1 Where the requirements of Chapter 2 are complied 
with, the ship will be eligible for a special features notation as 
defined in Pt 1, Ch 2,2.1.9, see also Table 1.1.1. 


2.4.2 In general, an Ice Class Notation contained in this 
Part of the Rules will only be assigned where the vessel has 
been assigned a #LMC notation. A [Æ]LMC notation may be 
accepted where ice class machinery items are not included 
within the scope of the propulsion arrangements for accep- 
tance of a manufacturer’s certificate, see Pt 1, Ch 1. 


2.5 National Authority requirements 


2.5.1 Certain areas of operation may require compliance 
or demonstration of equivalence with National Authority 
requirements. Table 1.2.2 gives the equivalence of National 
Authority requirements. 


2.5.2 The standards of ice strengthening required by the 
Rules have been accepted by the Finnish and Swedish 
Boards of Navigation as being such as to warrant assignment 
of the Ice Classes given in Table 1.2.2. 


2.5.3 Ships intending to navigate in the Canadian Arctic 
must comply with the Canadian Arctic Shipping Pollution 
Prevention Regulations established by the Consolidated 
Regulations of Canada, 1978, Chapter 353, in respect of 
which Lloyd’s Register is authorised to issue Arctic Pollution 
Prevention Certificates. 
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Ice limits Summer 


Multi year ice 
Average Medium first year ice ,8-1,2 m (1.) 
Average 7/10 close ice 
Average 1/10 open ice 
= Ice berg Limit 


80° 
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100° 120° 


Fig. 1.2.2 Ice Limits for the Arctic Summer 


2.5.4 The Canadian Arctic areas have been divided into 
zones relative to the severity of the ice conditions experienced 
and, in addition to geographic boundaries, each zone has 
seasonal limits affecting the necessary Ice Class notation 
required to permit operations at a particular time of year. It is 
the responsibility of the Owner to determine which notation is 
most suitable for their requirements. 


2.5.5 The Canadian Authorities recognise that in the 
period November 6 to July 31 and any extension to that 
period declared by the Canadian Coast Guard, oil and bulk 
chemical tankers which qualify for Canadian Type A, B, C and 
D as indicated in Table 1.2.2 are suitable for operating in 
designated ice control zones within Canadian waters, off the 
east coast of Canada south of 60° north latitude. For all 
Type E tankers operating in this zone during the specified 
period, the Canadian Authorities will require either additional 
hull strength in way of the forward wing cargo tanks port and 
starboard, or the level of oil or chemical in these tanks to be 
not higher than one metre below the waterline of the ship in 
her condition of transit. Where the latter arrangement is 
adopted, the effect on longitudinal strength is to be 
considered. 


2.5.6 For ships intending to navigate in Finnish-Swedish 
waters and having a Polar Ice Class notation, consideration 
may need to be given to the installed engine power such that 
it complies with the applicable Finnish-Swedish Ice Class 
Rules, see Ch 2,7. 


2.6 Ice conditions 


2.6.1 Charts and images for the current and recent ice 
conditions in all areas of the world plus information on 
icebergs can be found from the National Ice Centre on the 
world wide web at: 

www.natice.noaa.gov 


2.6.2 Daily ice information and consultation is available 
from the Canadian ice service which is part of the Canadian 
department of the environment. Their web site can be found 
at: 

www.ice-glaces.ec.gc.ca 
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Ice limits Winter (estimated) 


Multi year ice 
— = = Average Medium first year ice ,8-1,2 m (1.) 
== = Average 7/10 close ice 
— — Average 1/10 open ice 

Ice berg Limit 


120° 


Fig. 1.2.3 Ice Limits for the Antarctic Winter 
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Ice limits Summer 


Multi year ice 

— Average Medium first year ice ,8-1,2 m (1.) 
Average 7/10 close ice 

———— Maximum 1/10 open ice 


100° 


Fig. 1.2.4 Ice Limits for the Antarctic Summer 


E Section 3 
Air environment 


3.1 Air temperature 


3.1.1 For ships intended to operate in cold regions, the 
temperature on exposed surfaces is to be considered. See 
The Provisional Rules for the Winterisation of Ships. 


3.1.2 The average external design air temperature is to = 
be taken as the lowest mean daily average air temperature in Lowest mean daily average temperature 
the area of operation: Lowest mean daily lowest temperature 
where JA S ON D J 
Mean = statistical mean over a minimum of 20 years Month 
Average = average during one day and one night 
Lowest lowest during the year 
MDHT Mean Daily High Temperature 
MDAT = Mean Daily Average Temperature 
MDLT Mean Daily Low Temperature 
Fig. 1.3.1 shows the definition graphically. 


Fig. 1.3.1 Air temperature 


6 LLOYD'S REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Application Part 8, Chapter 1 


Section 3 


3.1.3 The lowest external design air temperature is to be 
taken as the lowest mean daily lowest air temperature in the 
area of operation. Where reliable environmental records for 
contemplated operational areas exist, the lowest external 
design air temperature may be obtained after the exclusions 
of all recorded values having a probability of occurrence of 
less than 3 per cent. 


3.1.4 Lowest mean daily average air temperatures for the 
Arctic and Antarctic are provided in Figs. 1.3.2 and 1.3.3. 


/ -10°C | 


Temperature limits for Winter 
Mean Daily lowest 

Based on environmental data from 1980 to 

1990 for guidance purpose only 


Fig. 1.3.2 Lowest mean daily air temperatures for the Arctic 
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Temperature limits for Winter 
Mean daily lowest. 

Based on environmental data from 1980 to 
1990 for guidance purposes only 


100° 120° 


Lowest mean daily air temperatures for the Antarctic 


e All sea areas north of the North American continent west 
of the areas defined in subparagraphs above. 
e The Bering and Okhotsk Seas and the Tartary Strait 


i: | Section 4 during the icing season. 
Icing environment e South of latitude 60°S. 

4.1 Ice accretion 

4.1.1 For ships intended to operate in cold regions, the 


build up of ice on exposed surfaces is to be considered. See 
The Provisional Rules for the Winterisation of Ships. 


4.1.2 Icing is to be considered for vessels operating in 

the following areas, see Figs. 1.4.1 and 1.4.2. 

e — The area north of latitude 65°30'N, between longitude 
28°W and the West coast of Iceland; north of the north 
coast of Iceland; north of the rhumb line running from 
latitude 66°N, longitude 15°W to latitude 73°30'N, 
longitude 15°E, north of latitude 73°30’N between 
longitude 15°E and 35°E, and east of longitude 35°E, as 
well as north of latitude 56°N in the Baltic Sea. 

e — The area north of latitude 43°N bounded in the west by 
the North American coast and the east by the rhumb line 
running from latitude 43°N, longitude 48°W to latitude 
63°N, longitude 28°W and thence along longitude 28°W. 
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Icing allowance Š ge 
required 


Icing allowance 
required 


Icing allowance 
required 


80° 100° 120° 


Ice accretion limits for the Arctic 


Section 4 
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Fig. 1.4.2 Ice accretion limits for the Antarctic 
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Section 


1 Strengthening requirements for navigation in ice - 
Application of requirements 


2 General hull requirements for navigation in ice - 
All Ice Classes 


3 General machinery requirements for navigation 
in ice - All Ice Classes 


4 Hull requirements for light ice conditions - 
Ice Classes 1D and 1E 


5 Machinery requirements for light ice conditions — 
Ice Classes 1D and 1E 


6 Hull requirements for first-year ice conditions - 
Ice Classes 1AS FS, 1A FS, 1B FS, 1C FS and 1D 


7 Machinery requirements for first-year ice 
conditions — Ice Classes 1AS FS, 1A FS, 1B FS 
and 1C FS 


8 Hull requirements for first-year ice conditions - 
Ice Classes 1AS FS(+), 1A FS(+), 1B FS(+) and 
1C FS(+) 


9 Machinery requirements for first-year ice 
conditions - Ice Classes 1AS FS(+), 1A FS(+), 
1B FS(+) and 1C FS(+) 


10 Hull strengthening requirements for navigation 
in multi-year ice conditions - Ice Classes PC1, 
PC2, PC3, PC4, PC5, PC6, PC7 and Icebreaker 


17 Machinery strengthening requirements for 
navigation in multi-year ice conditions - Ice 
Classes PC1, PC2, PC3, PC4, PC5, PC6 and 
PC7 


12 Requirements for Icebreaker(+) 


a Section 1 
Strengthening requirements for 
navigation in ice - Application of 
requirements 


1.1 Additional strengthening 


Teh Where additional strengthening is fitted in accor- 
dance with the requirements given in this Chapter, an 
appropriate special features notation will be assigned. It is the 
responsibility of the Owner to determine which notation is 
most suitable for his requirements. 


1.1.2 Where a special features notation is desired, the 
ship is to comply with the requirements of the applicable 
Sections, in addition to those for sea-going service, so far as 
they are applicable. 


Part 8, Chapter 2 


Section 1 


1.1.3 Where the hull and machinery are constructed so 
as to comply with the requirements of different ice classes, 
then the assigned Ice Class Notation will be indicated for the 
combination as the lower of these classes on the Certificate 
of Class. Any compliance of the hull or machinery with the 
requirements of a higher ice class will be indicated in square 
brackets after the main notation. Other supplementary information 
that would influence the ice performance will also be indicated. 
For example, a ship hull built in compliance with 1B FS and 
the machinery in compliance with 1AS FS would be assigned 
the Notation Ice Class 1B FS [1AS FS Machinery] or Ice 
Class 1B FS [1AS FS azimuth thrusters] where azimuth 
thrusters are included in the approval. 


1.1.4 The vertical extent of the ice strengthening is related 
to the ice light and ice load waterlines, which are defined in 
2.2. The maximum and minimum draughts at the fore, 
amidships and aft ends (for the lowest ice class) will be stated 
on the Certificate of Class. 


1.1.5 The installed and required minimum engine output 
(for the lowest ice class), see Section 7, will be stated on the 
Certificate of Class. 


1.2 Application for light ice conditions 


1.2.1 The requirements for Ice Class IE are for ships with 
length less than 150 m and are intended to navigate in very 
light first-year ice conditions, such as in brash ice and small 
ice pieces. The requirements of Sections 4 and 5 are to be 
complied with. 


1.2.2 The requirements for Ice Class 1D are for ships 
intended to navigate in light first-year ice conditions. The require- 
ments for strengthening the forward region, the rudder and 
steering arrangements for Ice Class 1C FS are applicable. 


1.3 Application for first-year ice conditions 


1.3.1 Ships that comply with the requirements of the 

Finnish Swedish Ice Class Rules and Sections 6 and 7, for 

Ice Class IA Super, IA, IB and IC may be assigned the 

corresponding notations Ice Class 1AS FS, Ice Class 1A FS, 

Ice Class 1B FS or Ice Class 1C FS. The Finnish-Swedish 

Ice Class Rules may be obtained from the following website: 
www.trafi.fi 


1.3.2 For ships where the ice class notation Ice Class 
1AS FS(+), Ice Class 1A FS(+), Ice Class 1B FS(+) or Ice 
Class 1C FS(+) is requested, the requirements of the Finnish- 
Swedish Ice Class Rules, and Sections 8 and 9 are to be 
complied with. 


1.4 Application for multi-year ice conditions 


1.4.1 The requirements for strengthening for navigation 
in ice, as given in Sections 10 and 11, are intended for ships 
operating in multi-year ice in Arctic or Antarctic ice conditions 
under their own power and constructed of steel, except 
icebreakers, see 1.5.1. 
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1.4.2 Ships that comply with Sections 10 and 11 can be 
considered for a Polar Class (PC) notation as listed in 
Table 2.1.1. 


Table 2.1.1 Polar class descriptions 


Ice description 


Polar Class (based on WMO Sea Ice Nomenclature) 


Ice Class PC 1 Year-round operation in all Polar waters 


Ice Class PC 2 Year-round operation in moderate multi-year 


ice conditions 


Ice Class PC 3 Year-round operation in second-year ice 


which may include multi-year ice inclusions 


Ice Class PC 4 Year-round operation in thick first-year ice 


which may include old ice inclusions 


Ice Class PC 5 Year-round operation in medium first-year ice 
which may include old ice inclusions 


Ice Class PC 6 Summer/autumn operation in medium first- 


year ice which may include old ice inclusions 


Ice Class PC 7 Summer/autumn operation in thin first-year 


ice which may include old ice inclusions 


1.4.3 The Polar Class (PC) notations and descriptions are 
given in Table 2.1.1. It is the responsibility of the Owner to 
select an appropriate Polar Class. The descriptions in 
Table 2.1.1 are intended to guide owners, designers and 
administrations in selecting an appropriate Polar Class to 
match the requirements for the ship with its intended voyage 
or service. 


1.4.4 The Polar Class notation is used throughout 
Sections 10 and 11 to convey the differences between 
classes with respect to operational capability and strength. 


1.5 Icebreakers 


1.5.1 Sea-going ships specially designed for ice- 
breaking duties will be assigned the ship type notation 
‘Icebreaker’ in addition to the special features notation appro- 
priate to the degree of ice strengthening provided. 
‘Icebreaker’ refers to any ship having an operational profile 
that includes escort or ice management functions, having 
powering and dimensions that allow it to undertake aggres- 
sive operations in ice-covered waters, and having a class 
certificate endorsed with this notation. The additional ship 
type notations may be assigned as follows: 

Icebreaker Refers to a ship having an operational 
profile that includes escort, research or 
support functions, having powering and 
dimensions that allow it to undertake 
aggressive operations in ice-covered 
waters, see 10.8.4. 

Refers to a ship for which the powering 
and dimensions of the hull structure and 
propulsion machinery necessary to under- 
take the operational profile as determined 
by selection of a primary function have 
been assessed, see Section 12. 


Icebreaker(+) 
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1.6 Loading manual 


1.6.1 Sufficient information is to be supplied to the 

Master of every ship to enable him to arrange loading and 

ballasting in such a way as to avoid the creation of 

unacceptable stresses in the ship’s structure. The following 

information is to be included in the vessel’s loading manual: 

(a) Upper and lower ice waterline. 

(b) Propeller immersion. 

(c) Indication of whether the vessel is strengthened for 
icebreaker towing. 


a Section 2 
General hull requirements for 
navigation in ice - All Ice Classes 


2.1 General 


2.1.1 The following Sections are to be complied with for 
all lce Classes, where applicable. Alternative arrangements to 
attain similar performance will be specially considered. 


2.1.2 The ballast capacity of the ship is to be sufficient to 
give adequate propeller immersion in all ice navigating 
conditions without trimming the ship in such a manner that the 
actual waterline at the bow is below the lower ice waterline. 


2.1.3 Fresh water and sea-water ballast tanks, the tops 
of which are situated above the design ballast waterline and 
adjacent to the shell, which are intended to be used in ice and 
cold navigating conditions, are to be provided with means to 
prevent freezing. Measures are to be provided to demonstrate 
that they protect against the following: 

(a) hull structural damage from pumping water creating a 
vacuum beneath a layer of ice across the top of the 
water in the tank, and 

(b) hull structural damage from ice expansion, and 

(c) engineering systems, such as piping systems and compo- 
nents, damage from ice expansion or ice blockage, and 

(d) engineering systems, such as piping systems and 
components, damage from ice pieces melting or 
dislodging from upper sections of the tank. 

Heating coils are considered an effective means for tanks 
entirely above the waterline. Heating coils or other effective 
means such as continuous circulation, air bubbling and/or 
tank pressure/engineering systems alarms are considered 
effective for tanks partially below the waterline. Alternatively, 
demonstration that the above hazards have been mitigated is 
to be submitted through theoretical calculations, service 
experience, experimental tests, or a combination thereof. 


2.1.4 These Rules are formulated for both transverse and 
longitudinal framing systems but it is recommended that, 
whenever practicable, transverse framing is selected. 


2.1.5 These Rules assume that when approaching ice 
infested waters, the ship’s speed will be reduced appropri- 
ately. The vertical extent of ice strengthening for ships 
intended to operate at speeds exceeding 15 knots in areas 
containing isolated ice floes will be specially considered. 
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2.1.6 An icebreaking ship is to have a hull form at the fore 
end adapted to break ice effectively. It is recommended that 
bulbous bows are not fitted to Ice Class 1AS ships. 


2.1.7 The stern of an icebreaking ship is to have a form 
such that broken ice is effectively displaced. 


2.1.8 Where it is desired to make provision for short tow 
operations, the bow area is to be suitably reinforced. Similarly, 
icebreakers may require local reinforcement in way of the 
stern fork. 


2.1.9 Shell strakes in way of ice strengthening area for 
plates are to be grade B/AH. 


2.1.10 To prevent unintended contact and permit close 
tow operations, provision of a bow ice knife (plate fitted 
between stem and bulbous bow) is not recommended for 
ships intended to navigate with icebreaker escort. 


2.2 Definitions 


2.2.1 The upper and lower ice waterlines upon which the 
design of the vessel has been based is to be indicated in the 
classification certificate. The upper ice waterline (UIWL) is to 
be defined by the maximum draughts fore, amidships and aft. 
The lower ice waterline (LIWL) is to be defined by the 
minimum draughts fore, amidships and aft. 


2.2.2 The lower ice waterline is to be determined with 
due regard to the vessel’s ice-going capability in the ballast 
loading conditions (e.g. propeller submergence). 


2.2.3 The upper ice waterline (UIWL) and lower ice water- 
line (LIWL) are to be indicated on the plans. For navigation in 
certain geographical areas, the relevant National Authority 
may require the maximum Ice Class draught to be marked on 
the ship in a specified manner. 


2.2.4 Displacement A is the displacement at the upper 
ice waterline (UIWL) when floating in water having a relative 
density of 1,0. For first-year ice class Rules, the displacement 
is in tonnes. For multi-year ice class Rules, the displacement 
is in kilo tonnes. 


2.2.5 Shaft power, Po, is the maximum propulsion shaft 
power, in kW, for which the machinery is to be classed. 
2.3 Rudder and steering arrangements 


2.3.1 Rudder stoppers working on the rudder blade or 
rudder head are to be fitted. 
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E Section 3 
General machinery requirements 
for navigation in ice - All Ice 
Classes 


3.1 Materials for shafting 


3.1.1 The following Sections are to be complied with for 
all Ice Classes, where applicable. Alternative arrangements to 
attain similar performance will be considered. 


3.1.2 All components of the main propulsion system are 
to be of steel or other approved ductile material. 


3.2 Materials for propellers 


3.2.1 Propellers and propeller blades are to be of cast 
steel or copper alloys and are to be manufactured, tested and 
certified in accordance with Ch 4,1, Ch 4,5 and Ch 9,1 of the 
Rules for Materials respectively. 


3.2.2 For steel propellers, the elongation of the material 
used is to be not less than 15 per cent for a test piece length 
of 5d. Charpy impact tests are to be carried out in accor- 
dance with the requirements of the Rules for Materials. 


3.2.3 Cast steel load transmitting components of control- 
lable pitch mechanisms are to be manufactured, tested and 
certified in accordance with the requirements of Ch 4,5 of the 
Rules for Materials. 


3.2.4 Forged steel load transmitting components of 
controllable pitch propellers are to be manufactured, tested, 
and certified in accordance with Ch 5,1 and Ch 5,2 of the 
Rules for Materials. Impact tests are to be carried out at minus 
10°C and the average energy value is to be not less than 
20J. 


3.2.5 Spheroidal cast iron load transmitting-components 
of controllable-pitch mechanisms are to be manufactured, 
tested and certified in accordance with the requirements of 
Table 7.3.2 in Ch 7,3 of the Rules for Materials. 


3.3 Ship-side valves 


3.3.1 The sea inlet and overboard discharge valves which 
are situated at or below the maximum Load Line, are to be 
provided with low pressure steam or compressed air connec- 
tion for clearing purposes, see Pt 5, Ch 13. Provisions need 
not be applied for the discharge from the main engine and 
central cooling water system for first-year and multi-year ice 
classes. 


3.3.2 When steam is not available for clearing, it is 
recommended that arrangements be made for supplying 
water for machinery cooling purposes by circulating from 
ballast tanks(s) of adequate capacity, preferably situated in 
the double bottom. Such tank(s) must be used only for 
storage of water ballast or fresh water. 
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3.4 Fire pumps in motor ships 


3.4.1 In motor ships where clearing steam is not 
available, fire pumps are to be provided with suctions from a 
suitable sea water inlet which is maintained ice-free at all 
times. 


3.4.2 At least one of the fire pumps is to be connected 
to a sea chest which is provided with de-icing arrangements. 


3.5 Main propulsion and essential auxiliary 
engines 
3.5.1 Sea inlets for the cooling water system are to be 


provided with arrangements to maintain ice free cooling water 
arrangements as given by IMO Guidance on Design and 
Construction of Sea Inlets under Slush Ice Conditions 
MSC/Circ.504 or by the Finnish Swedish Ice Class Rules. 
Alternative arrangements will be considered, such as by circu- 
lating engine cooling water via designated tanks where heat 
balance calculations have demonstrated that the engines are 
capable of operating at their maximum continuous rating. 


B92 For electric propulsion systems, the total engine 
output for propulsion provided by generator sets/central 
generation system is to be based on the calculation with one 
set out of action, see Pt 6, Ch 2,16. 


E Section 4 
Hull requirements for light ice 
conditions - Ice Classes 1D and 1E 


4.1 Ice Class 1D 


4.1.1 The requirements for strengthening the forward 
region for Ice Class 1C FS are applicable. See Section 6. 
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4.2 Ice Class 1E - General 


4.2.1 These requirements apply to ships with length less 
than 150 m and which are intended to operate in very light 
first-year ice conditions. Where additional strengthening is 
fitted in accordance with the requirements of this sub-Section, 
the notation Ice Class 1E will be assigned. 


4.2.2 The requirements for shell plating need only be 
applied in the shaded region shown in Fig. 2.4.1. The require- 
ments for framing need only be applied forward of the flat of 
side. 


4.2.3 For longitudinally framed ships, the scantlings of 
shell plating and framing are to comply with the requirements 
of Ice Class 1C FS using 0,9 times the ice pressure. 


4.2.4 For transversely framed ships, the requirements of 
4.3 to 4.7 are to be applied. 


4.2.5 Where the structural requirements of Ice Class 1C 
FS give lesser scantlings than the requirements of this sub- 
Section, the lesser scantlings may be applied. 


4.3 Shell plating 


4.3.1 The shell plating thickness within the region shown 
in Fig. 2.4.1 is not to be less than: 


BL2 42 
t = 21,758 \lk Wise. = —— 
ssa] Cron Nf ae + 


2mm 


where 

s = spacing of main frames, in metres 
LandB = are defined in Pt 3, Ch 1,6.1 

k = is defined in Pt 3, Ch 2,1.2. 


Ice Load Waterline 


Ice Light Waterline 


Flat of side 


Ice Load Waterline and Ice Light Waterline are defined in 7.2 


L, as defined in Ch 1,6.1 


Fig. 2.4.1 Extent of application of plating requirements 


LLoyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Ice Operations - Ice Class 


4.4 Transverse framing 


4.4.1 The section modulus of main frames forward of the 
flat of side is not to be less than: 


2 
z = 6,08sik ( BL +1,23)(7- 37) cm3 


140000 
but need not be taken as greater than: 
Z =sLT 
where 
S = spacing of main frames, in metres 
l = span, in metres 


LandB = are defined in Pt 3, Ch 1,6.1 
k = is defined in Pt 3, Ch 2,1.2. 


4.4.2 Intermediate ice frames are to be fitted in the region 
forward of the flat of side and are to extend from 0,62 m 
above the upper ice waterline to 1 m below the lower ice 
waterline. 


4.4.3 Intermediate ice frames aft of the collision bulkhead 
are to have a section modulus not less than 65 per cent of 
that given in 4.4.1. 


4.4.4 Intermediate ice frames forward of the collision 
bulkhead are to have a section modulus not less than 40 per 
cent of that given in 4.4.1. 


4.5 Primary longitudinal members supporting ice 
frames 
4.5.1 Forward of the collision bulkhead, in single deck 


ships, an ice stringer is to be fitted approximately 0,25 m 
below the upper ice waterline and is to have scantlings in 
accordance with Table 5.4.4 in Pt 3, Ch 5. 


4.5.2 Aft of the collision bulkhead a series of tripping 
brackets are to be fitted at each main and intermediate frame 
at the same level as the ice stringer to a distance 0,1L aft of 
the flat of side. 


4.6 Stern frame and rudder 

4.6.1 The rudder and stern frame scantlings are to be in 
accordance with 6.5. However, the ship’s speed need not be 
taken as greater than 14 knots. The hull form factor and the 
rudder profile coefficients are to be taken as 1,0. 


4.7 Weld connections 


4.7.1 Weld connections to the shell plating forward of the 
collision bulkhead are to be double continuous. 
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m Section 5 
Machinery requirements for light 
ice conditions - Ice Classes 1D 
and 1E 


5.1 General 

5.1.1 Where the notation Ice Class 1D or Ice Class 1E 
is desired, the requirements of this Section, in addition to 
those for open water service, are to be complied with. 

5:1:2 The requirements need not be taken as greater 
than those for Ice Class 1C FS. 


5.2 Engine power 


5.2.1 The total engine output is to be not less than deter- 
mined by the following formula: 
P =0,72LB kW 


where 
L = Rule length, in metres, see Pt 3, Ch 1,6.1.1 
B = moulded breadth of ship, in metres, see Pt 3, 
Ch 1,6.1.3. 
5.3 Main engine shafting and propellers 


5.3.1 The diameters of the shafting and propeller blade 
thickness as required by the Rules for open water service are 
to be increased by the percentages as given in Table 2.5.1. 
No increase in the diameter of crankshafts, thrustshafts or 
intermediate shafts is required. 


Table 2.5.1 Increase for main engine shafting and 


propellers 


Screwshaft, increase in diameter as required by 
Pt 5, Ch 6,3.5 


Propeller, increase in blade thickness at root and 
at 60 per cent radius as required by Pt 5, Ch 7,3.1 


Keyless propeller fitting, increase in mean torque 
as defined in Pt 5, Ch 7,3.2 


5.3.2 The screwshaft may be tapered at the forward end in 
accordance with Pt 5, Ch 6,3.5.3 and Pt 5, Ch 6,3.5.4 subject 
to the increase in diameter of 5 per cent as required by 5.3.1. 
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5.4 Minimum propeller blade tip thickness 


5.4.1 The tip thickness, t, of the blade at 95 per cent 
radius is to be not less than that obtained by the following 
formula: 


3 
t = 0,14(T+57)A {22 mm 
Ou 
where 
T = blade root thickness required by 5.3.1, in mm 
oy = specified minimum tensile strength of material, in 
N/mm2. 
5.5 Blade edge thickness 


5.5.1 The edges of the blades are to be suitably thickened 
for the operating conditions but are to be not less than 50 per 
cent of the required tip thickness, t, measured at 1,25 times 
tip thickness, t, from the edge. For controllable pitch 
propellers, this requirement need only be applied to the leading 
edges of the blades. 


5.6 Cooling water lines 


5.6.1 Connections are to be fitted between the cooling 
water overboard discharge lines and sea inlets for main 
and/or auxiliary engine cooling water systems so that warm 
water may be used to assist in maintaining the suction pipes 
free from ice. 


5.6.2 Where the cooling water inlet valves are fitted to a 
common water box, the connections from the cooling water 
discharge lines may be led to the water box in a position as 
near as possible to the inlet valves. 


i Section 6 
Hull requirements for first-year ice 
conditions — Ice Classes 1AS FS, 
1A FS, 1B FS, 1C FS and 1D 


6.1 General 


6.1.1 In addition to the requirements of the Finnish- 
Swedish Ice Class Rules, the following Sections are to be 
complied with for Ice Class 1AS FS, Ice Class 1A FS, Ice 
Class 1B FS, Ice Class 1C FS and Ice Class 1D, where 
applicable. Alternative arrangements to attain similar perfor- 
mance will be considered. 


6.2 Framing - General requirements 


6.2.1 Where a frame intersects a boundary between two 
of the hull regions the scantling requirements applicable will 
be those for the forward region if the forward midship 
boundary is intersected or for the midship region if the aft 
midship boundary is intersected. 
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6.2.2 The effective weld area attaching ice frames to 
primary members is not to be less than the shear area for the 
frames. 


6.2.3 Asymmertrical frames and frames which are not at 
right angles to the shell (web less than 90 degrees to the shell) 
shall be supported against tripping by brackets, intercostals, 
stringers or similar, at a distance not exceeding 1300 mm. For 
Ice Class 1D, the distance may be increased to 2000 mm. 
For frames with spans greater than 4 m the extent of anti- 
tripping supports is to be applied to all regions. For frames 
with spans less than or equal to 4 m the extent is to be as 
given in Table 2.6.1. FEA may be carried out to demonstrate 
equivalent support of alternative arrangements. 


Table 2.6.1 Extent of anti-tripping supports 


Ice Class 
1AS FS 


Extent of anti-tripping supports 


All regions 
1A FS Forward and midship regions 
1BFS Forward region 


1C FS Forward region 


1D Forward region 


6.3 Primary longitudinal members supporting 
transverse ice framing 


6.3.1 The webs of primary longitudinal members 
supporting transverse ice frames are to be stiffened and 
connected to the main or intermediate frames so that the 
distance, r, between such stiffening is not to be greater than 
given according to the following formula: 


5 29118 
ao? 
where 
t = thickness, in mm, of the primary longitudinal 
member adjacent to the shell plating 
ao = longitudinal distribution factor as given in 
Table 2.6.2 
y = (a) Forward region 
y = 0,653 + 3,217 \PoA x10 
y = 0,876 + 9,908 \ PoA x10® 
or 
y = 1,0, whichever is the least 
= (b) Midship and aft regions 
y = 0,653 + 9,908 VP 5A x10- 
or 
y = 1,0, whichever is the least 
Po and A = are as defined in 2.2. 


6.3.2 The minimum thickness of the web plating of 
longitudinal primary members is to comply with the require- 
ments of Pt 3, Ch 10,4. 
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6.4 Stem 


6.4.1 The stem is to be made of rolled, cast or forged 
steel or of shaped steel plates. A sharp edged stem, as 
shown in Fig. 2.6.1, improves the manoeuvrability of the ship 
in ice. Where a sharp angle stem is fitted, the section modulus 
as given in 6.4.2 and 6.4.3 is to apply to the stem section 
only, otherwise the section modulus may be applied including 
side plates. 


Fig. 2.6.1 A sharp edged stem 


6.4.2 The section modulus of the stem in the fore and aft 
direction is not to be less than determined in accordance with 
the following formula: 
Z = 1500 (Ag y?) 3/2 cms 
where 
Qo 


longitudinal distribution factor for the forward region 
as given in Table 2.6.2 
y = is defined in 6.3.1. 


Table 2.6.2 Longitudinal distribution factor a, 


Ao 


Ice Class 


Forward Midship 


1AS FS 1,00 0,98 


1A FS 0,87 0,75 


1B FS 0,78 


1C FS 0,68 


1D 0,68 


6.4.3 The dimensions of a welded stem constructed as 
shown in Fig. 2.6.1 are to be determined in accordance with 
the following formula: 


t 13 Vy ao y2 mm 


where 
t = thickness of the side plates, in mm. 


Part 8, Chapter 2 


Section 6 


6.4.4 In bulbous bow constructions, the extent of plating 
below the Ice Light Waterline should be such as to cover that 
part of the bulb forward of the vertical line originating at the 
intersection of the Ice Light Waterline and the stem contour 
at the centreline. A suitably tapered transition piece should be 
arranged between the reinforced stem plating and keel. 
However, in no case should the reinforced stem plating 
extend vertically below the Ice Light Waterline for less than 
750 mm. The adjacent strake to the reinforced shaped stem 
plating of the bulb should be in accordance with the require- 
ments for shell plating. 


6.4.5 Where in the ice belt region the radius of the stem or 
bulb front plating is large, one or more vertical stiffeners are to be 
fitted in order to meet the section modulus requirement of 6.4.2. 
In addition, vertical ring stiffening will be required for the bulb. 


6.4.6 The dimensions of the stem may be tapered to the 
requirements of Pt 3, Ch 5,3.3 at the upper deck. The 
connections of the shell plating to the stem are to be flush. 


6.5 Stern 


6.5.1 Where the screwshaft diameter exceeds the Rule 
diameter, the propeller post is to be correspondingly strength- 
ened, see Pt 3, Ch 6,7. 


6.6 Renewal criteria within ice strengthening area 
for CSR ships 


6.6.1 For double hull oil tankers and bulk carriers that are 
compliant with the [ACS Common Structural Rules for Double 
Hull Tankers and IACS Common Structural Rules for Bulk 
Carriers respectively, the renewal criteria of the local structure 
for general corrosion is to be calculated in accordance with 
the applicable Common Structural Rules renewal criteria. 


6.7 Rudder and steering arrangements 


6.7.1 Rudder scantlings, posts, rudder horns, sole- 
pieces, rudder stocks, steering engine and pintles are to be 
dimensioned in accordance with Pt 3, Ch 6 and 13 as 
appropriate. The speed used in the calculations is to be the 
maximum service speed or that given in Table 2.6.3, 
whichever is the greater. When used in association with the 
speed given in Table 2.6.3, the rudder profile coefficients are 
to be taken as 1,1. 


Table 2.6.3 Minimum speed 
Minimum speed, 


Ice Class , 
in knots 


1AS FS 20 


1A FS 18 


1B FS 
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6.7.2 For double plate rudders, the minimum thickness of 
plating and horizontal and vertical webs in the main ice belt zone 
is to be determined as for shell plating in the aft region. For the 
horizontal and vertical webs, the corrosion-abrasion increment, 
need not be added. For Ice Class 1D, the minimum 
thickness of plating and webs, of double plate rudders and the 
extent of application are to be determined as for those in 
Ice Class 1C FS. 


6.7.3 Where an ice class notation is included in the class 
of a ship, the nozzle construction requirements, as defined in 
Table 13.3.1 in Pt 3, Ch 18, are to be upgraded to include 
abrasion allowance as follows: 


Ice Class Thickness increment 
1AS FS 5mm 
1A FS 4mm 
1B FS 38mm 
1C FS 2mm 
1D 2mm 


However, the thickness of the shroud plating is not to be less 
than the shell plating for the aft region taking frame spacing s 
in the formula as 500 mm. 


6.7.4 The scantlings of the stock, pintles, gudgeon and 
solepiece associated with the nozzle are to be increased on 
the basis given in 6.7.1. However, the diameter of the nozzle 
stock is to be not less than that calculated in the astern condi- 
tion taking the astern speed as half the speed given in Table 
2.6.3 or the actual astern speed, whichever is the greater. 


6.7.5 Nozzles with articulated flaps will be subject to 
special consideration. 


6.7.6 For the Ice Classes 1AS FS and 1A FS, the rudder 
stock and the upper edge of the rudder shall be protected 
against ice pressure by an ice knife or equivalent means. The 
ice Knife is to extend down to the ice light waterline; this 
requirement may be waived where this would lead to 
impracticable ice knifes, e.g. for ships with large draught 
variations. 


OWENA For the Ice Classes 1AS FS and 1A FS, due regard 
is to be paid to the excessive load caused by the rudder being 
forced out of the midship position when backing into an ice 
ridge. When vessels are intended to operate with significant 
time in astern operation, then the hull strength is to be based 
on the method used in the forward region; however, due 
consideration may be given to the anticipated power in this 
mode of operation. 


6.7.8 Relief valves for hydraulic pressure are to be 
effective, see Pt 5, Ch 19,3.3. The components of the rudder 
steering gear are to be able to withstand the yield torque of 
the rudder stock, see Pt 5, Ch 19,3.2.2. 
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a Section 7 
Machinery requirements for first- 
year ice conditions - Ice Classes 
1AS FS, 1A FS, 1B FS and 1C FS 


7.1 General 


7.1.1 In addition to the requirements of the Finnish- 
Swedish Ice Class Rules, the following Sections are to be 
complied with for Ice Class 1AS FS, Ice Class 1A FS, Ice 
Class 1B FS and Ice Class 1C FS, where applicable. 
Alternative arrangements to attain similar performance will be 
specially considered. 


7.2 Determination of ice torque 


7.2.1 If the propeller is not fully submerged when the ship 
is in ballast condition, the requirements for Ice Class 1A FS 
is to be used for Ice Class 1B FS and Ice Class 1C FS. 


7.3 Propeller blade sections 


F31 Where the blade thickness derived from the 
Finnish-Swedish Ice Class Rules is less than the blade thick- 
ness derived by Pt 5, Ch 7,3.1, the latter is to apply. 


7.4 Intermediate blade sections 


7.4.1 The thickness of other sections is to conform to a 
smooth curve connecting the section thicknesses as deter- 
mined by the Finnish-Swedish Ice Class Rules. 


7.5 Blade edge thickness 


7.5.1 The thickness of blade edges is to be not less than 
50 per cent of the derived tip thickness, t, measured at 1,25t 
from edge. For controllable pitch propellers, this applies only 
to the leading edge. 


7.6 Mechanisms for controllable pitch propellers 


7.6.1 The strength of mechanisms in the boss of a 
controllable pitch propeller is to be 1,5 times that of the blade 
when a load is applied at the radius 0,9D/2 in the weakest 
direction of the blade. 


7.7 Keyless propellers 
7.7.1 When it is proposed to use keyless propellers, the 


fit of the propeller boss to the screwshaft will be specially 
considered. 
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7.8 Screwshafts 


7.8.1 Where the screwshaft diameter as derived by the 
Finnish-Swedish Ice Class Rules is less than the diameter 
derived by Pt 5, Ch 6,3.5.1, the latter is to apply. 


7.8.2 The diameter, dą, of the screwshaft determined in 
accordance with the Finnish-Swedish Ice Class Rules is to 
extend over a length not less than that to the forward edge of 
the bearing immediately forward of the propeller or 2,5d, 
whichever is the greater. 


7.8.3 The shaft may be tapered at the forward end in 
accordance with Pt 5, Ch 6,3.5.3 and Pt 5, Ch 6,3.5.4, 
except for Ice Class 1AS FS ice strengthening, where these 
diameters are to be increased by 10 per cent. 


7.8.4 For screwshafts in ships intended for the notation 
Ice Class 1AS FS or Ice Class 1A FS and where the 
connection between the propeller and the screwshaft is by 
means of a key, Charpy impact tests are to be made in accor- 
dance with the requirements of Ch 5,3.4.12 of the Rules for 
Materials. 


7.9 Intermediate and thrust shafts 


7.9.1 The diameters of intermediate shafts and thrust 
shafts in external bearings are to comply with Pt 5, Ch 6,3.1 
and Pt 5, Ch 6,3.4 respectively, except for Ice Class 1AS FS 
ice strengthening where these diameters are to be increased 
by 10 per cent. 


E Section 8 
Hull requirements for first-year ice 
conditions — Ice Classes 1AS FS(+), 
1A FS(+), 1B FS(+) and 1C FS(+) 


8.1 General 


8.1.1 The requirements for Ice Class 1AS FS, Ice Class 
1A FS, Ice Class 1B FS and Ice Class 1C FS, as applicable, 
are to be applied using the installed engine power as given 
by Section 9. 
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a Section 9 
Machinery requirements for first- 
year ice conditions - Ice Classes 
1AS FS(+), 1A FS(+), 1B FS(+) and 


1C FS(+) 
9.1 Powering of ice strengthened ships 
9.1.1 For ships that require additional strengthening in ice, 


the total shaft power installed is to be calculated using the 
following Sections, but is not to be less than required by the 
Finnish-Swedish Ice Class Rules in force at the time of contract. 


9.1.2 Ice strengthened ships which are to be considered 
to have an icebreaking capability are to be able to develop 
sufficient thrust to permit continuous mode icebreaking at a 
speed of at least five knots in ice having a thickness equal to 
the nominal value for the desired Ice Class and a snow cover 
of at least 0,3 m. 


9.1.3 The shaft power necessary to provide an ice- 
breaking capability can be determined by the equation: 


P4 = 0,736C4 C2 C3 C4 [2408h (1 +h + 0,035v2) + 
70S, fL | kW 
where 
B = moulded breath of ship, in metres, see Pt 3, 
Ch 1,6.1.3 

L = Rule length, in metres, see Pt 3, Ch 1,6.1.1 

A = displacement, in tonnes, see Pt 3, Ch 9,7.2.1 
Cy, = 128 but is not to be taken as less than 1,0 

A 


Cy = 0,9 if the ship is fitted with a controllable pitch 
propeller, otherwise 1,0 

Cz = 0,9 if the rake of the stem is 45° or less, otherwise 
1,0. The product C» C} is not to be taken as less 


than 0,85 
C, = 1,1 if the ship is fitted with a bulbous bow, other- 
wise 1,0 
h = ice thickness 


= 1,0 for Ice Class 1AS FS(+) 
= 0,8 for Ice Class 1A FS(+) 
= 0,6 for Ice Class 1B FS(+) 
= 0,4 for Ice Class 1C FS(+) 
So = depth of snow cover 
v = ship speed, in knots, when breaking ice of 


thickness h. 
9.2 Materials for shafting 
9.2.1 For screwshafts in ships intended for the notation 


Ice Class 1AS FS(+) or Ice Class 1A FS(+) and where the 
connection between the propeller and the screwshaft is by 
means of a key, Charpy impact tests are to be made in 
accordance with the requirements of Ch 5,3.4.12 of the 
Rules for Materials. 
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| Section 10 
Hull strengthening requirements 
for navigation in multi-year ice 
conditions - Ice Classes PC1, 
PC2, PC3, PC4, PC5, PC6, PC7 
and Icebreaker 


10.1 Hull areas 


10.1.1. The hull of all polar class ships is divided into areas 
reflecting the magnitude of the loads that are expected to act 
upon them, see Fig. 2.10.1. In the longitudinal direction, there 
are four regions: 

(a) bow, (B); 

(b) bow intermediate, (B)); 

(c) midbody, (M), and 

(d) stern (S). 

The bow intermediate, midbody and stern regions are further 
divided in the vertical direction into three regions: 

(i) bottom, (b) 

(ii) lower, (2) and 

(iii) icebelt (ñ. 


10.1.2 The upper ice waterline, UIWL, and lower ice 
waterline, LIWL, are as defined in 2.2. 


0,04L aft of WL angle = O degrees at UIWL 
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10.1.3 In addition to Fig. 2.10.1, at no time is the boundary 
between the bow and bow intermediate regions to be forward 
of the intersection point of the line of the stem and the ship 
baseline. 


10.1.4 In addition to Fig. 2.10.1, the aft boundary of the 
bow region need not be more than 0,45L aft of the forward 
perpendicular, FP. 


10.1.5 The boundary between the bottom and lower 
regions is to be taken at the point where the tangent to the 
shell is inclined 7° from horizontal. 


10.1.6 Ifa ship is intended to operate astern in ice regions, 
the aft section of the ship is to be designed based on the bow 
and bow intermediate hull area requirements. 

10.2 Design ice loads - General 

10.2.1 For ships of all Polar Classes, a glancing impact on 
the bow is the design scenario for determining the scantlings 
required to resist ice loads. 

10.2.2 The design ice load is characterised by an average 


pressure, P,, uniformly distributed over a rectangular load 
patch of height, b, and width, w. 


WL angle = 10 degrees at UIWL 


0,7620,15L 
| <> | 


AP 


Me 


WL angle = O degrees 


WL angle = 10 degrees 


iT 
i 


Midbody 


Fig. 2.10.1 


For PC1, 2,3&4 x=1,5m; 

For PC5,6&7 x=1,0m; 

with 'x' measured at aft of bow region 

b = distance from the AP to 
maximum half breadth at UIWL 


Extent of hull areas 


10 
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10.2.3 Within the bow area of all polar classes, and within 
the bow intermediate icebelt area of polar classes PC6 and 
PC7, the ice load parameters are functions of the actual bow 
shape. To determine the ice load parameters, P,, b and w, it 
is required to calculate the following ice load characteristics 
for sub-regions of the bow area; shape coefficient, f,;, total 
glancing impact force, F;, line load, Q;, and pressure, P}. 


10.2.4 In other ice-strengthened areas, the ice load param- 
eters, Pa byg and wyp. are determined independently of the 
hull shape and based on a fixed load patch aspect ratio, AR = 
3.6. 


10.2.5 Design ice forces calculated according to 10.3 are 
only valid for vessels with icebreaking forms. Design ice forces 
for any other bow forms are to be specially considered. 


10.2.6 Ship structures that are not directly subjected to ice 
loads may still experience inertial loads of stowed cargo and 
equipment resulting from ship/ice interaction. These inertial 
loads are to be considered in the design of these structures. 


10.3 Glancing impact load characteristics 


10.3.1 The parameters defining the glancing impact load 
characteristics are reflected in the class factors listed in 
Table 2.10.1. 


10.4 Bow area 


10.4.1 In the bow area, the force, F, line load, Q, 
pressure, P, and load patch aspect ratio, AR, associated with 
the glancing impact load scenario are functions of the hull 
angles measured at the upper ice waterline, UIWL. The 
influence of the hull angles is captured through calculation of 
a bow shape coefficient, fa. The hull angles are defined in 
Fig. 2.10.2. 


10.4.2 The waterline length of the bow region is generally 
to be divided into four sub-regions of equal length. The force, 
F, line load, Q, pressure, P, and load patch aspect ratio, AR, 
are to be calculated with respect to the mid-length position of 
each sub-region (each maximum of F, Q and P is to be used 
in the calculation of the ice load parameters Pa, b 
and w). 


Table 2.10.1 Class factors 


Flexural failure 
class factor 


Crushing failure 


Polar Class class factor 
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10.4.3 The bow area load characteristics are determined 
as follows: 
(a) The shape coefficient, faj, is to be taken as 


faj = faj 
faj 2 
fa; whichever is the lesser 
where 
x 2 Qj 
ae = (0.097 - 0.68 ka - 0,18) Pra 
L B’, 
; 1,2CF 
ai = InG) Co A064 
fai 3 = 0,60 
i = sub-region considered 
L = ship length as defined in Pt 3, 


Ch 1,6.1.1, but measured on the upper ice water- 
line (UIWL), in metres 
x = distance from the forward perpendicular (FP) to 
station under consideration, in metres 
a = waterline angle, in degrees, see Fig. 2.10.2 
B’ = normal frame angle, in degrees, see Fig. 2.10.2 
A = ship displacement, in kilo tonnes, not to be taken 
less than 5 
Co = crushing failure class factor from Table 2.10.1 
Ce = flexural failure class factor from Table 2.10.1 
(o) Force, Fi: 
Fi = faj Co A0,64 MN 
where 
i = sub-region considered 
faj shape coefficient of sub-region, / 
Co = crushing failure class factor from Table 2.10.1 
A = ship displacement, in kilo tonnes, not to be taken 
less than 5 
(c) Load patch aspect ratio, AR;: 
AR; = 7,46 sin @’) 


AR, = 1,3 

where 

i = sub-region considered 
B'i = normal frame angle of sub-region i, in degrees 

(d) Line load, Q;: 
F081 Cp 
Q = AROS MN/m 
where 


i = sub-region considered 
F; = force of sub-region /, in MN 
load patch dimensions class factor from Table 2.10.1 
i load patch aspect ratio of sub-region / 


S 
iS: 
ol 


Load patch Longitudinal 
dimensions class factor strength 
class factor class factor 


Displacement 
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Waterline plan 


Waterline angle a 


Transverse plan A-A 


B p 


Frame angle B 


upper ice waterline angle, in degrees 


_ tan(a) 
tan(y) 
= tan(B) cos(a) 


Section B-B 


Normal frame angle B’ 


Sheer plan C-C 


Buttock angle y 


normal frame angle at upper ice waterline, in degrees 


buttock angle at upper ice waterline (angle of buttock line measured from horizontal), in degrees 


Fig. 2.10.2 Definition of hull angles 


(e) Pressure, P;: 
P, = F022 Cp? AROS MPa 
where 
I = sub-region considered 
F; = force of sub-region /, in MN 


Cp = load patch dimensions class factor from Table 2.10.1 
AR, = load patch aspect ratio of sub-region /. 
10.5 Hull areas other than the bow 


10.5.1 Inthe hull areas other than the bow, the force, Frp, 
and line load, Qug, used in the determination of the load 
patch dimensions, byg, Wyg, and design pressure, P}, are 
determined as follows: 
(a) Force, Fyne: 
Fug = 0,386Co Ap MN 
where 
Co = crushing force class factor from Table 2.10.1 
Ap = ship displacement factor 
= A0,64 if A < Cp 
= Cp 064 + 0,1 O (A = Cpi) if A > Co 
A = ship displacement, in kilo tonnes, not to be taken 
less than 10 
Cp; = displacement class factor from Table 2.10.1 
(b) Line Load, Qnp: 
Que = 0,639Fyng?®! Cp MN/m 


where 
Fup = force from 10.5.1(a), in MN 
Cp = load patch dimensions class factor from Table 2.10.1. 


10.6 Design load patch 


10.6.1 In the bow area, and the bow Intermediate Icebelt 
area for ships with class notation PC6 and PC7, the design 
load patch has dimensions of width, Wp, and height, bp, 
defined as follows: 


Fg 
Wp == m 
B Qp 
QB 
bg = — 
B Po m 
where 


Fg = maximum F, in the bow area, in MN 
Qg = maximum Q; in the bow area, in MN/m 
Pg = maximum A; in the bow area, in MPa. 


10.6.2 In hull areas other than those covered by 10.6.1, 
the design load patch has dimensions of width, wyg, and 
height, byg, defined as follows: 


FB 
WNB = DB _ 
Qng 
WNB 
b er 
NB 36 
where 
Fup = force determined using 10.5.1(a), in MN 
Qng = line load determined using 10.5.1(b), in MN/m. 
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10.7 Pressure within the design load patch 
10.7.1 The average pressure, P,, within a design load 
patch is determined as follows: 
P, = = MPa 
bw 
where 
F = Fp or Fup as appropriate for the hull area under 
consideration, in MN 
b = bB or byg as appropriate for the hull area under 
consideration, in metres 
w = We OF Wp aS appropriate for the hull area under 
consideration, in metres. 
Table 2.10.2 Peak pressure factors 


Structural member 
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10.7.2 Areas of higher, concentrated pressure exist within 
the load patch. In general, smaller areas have higher local 
pressures. Accordingly, the peak pressure factors listed in 
Table 2.10.2 are used to account for the pressure concentra- 
tion on localised structural members. 


10.8 Hull area factors 

10.8.1 Associated with each hull area is an area factor that 
reflects the relative magnitude of the load expected in that area. 
The area factor, AF, for each hull area is listed in Table 2.10.3. 


10.8.2 In the event that a structural member spans across 


the boundary of a hull area, the largest hull area factor is to 
be used in the scantling determination of the member. 


Peak pressure factor, K; 


Transversely framed 
Longitudinally framed 


Plating 


=(1,8-s)>1,2 
s) > 


1,5 


Kp 
Kp =(2,2-1 


Frames in transverse framing systems With load distributing stringers 


With no load distributing stringers 


=(1,6-s 
=(1,8-s 


1, 
1, 


Load carrying stringers 
Side and bottom longitudinals 
Web frames 


if Sy > 0,5w 


if Sy < 0,5w 


Symbols 


= frame or longitudinal spacing, in metres 
web frame spacing, in metres 
= ice load patch width, in metres 


Table 2.10.3 Hull area factors (AF) 


Polar Class 


Hull area 


PC4 


PC6 


PC7 


All 


1,00 


1,00 


1,00 


Icebelt 


0,80 


1,00 
see Note 1 


1,00 
see Note 1 


Bow intermediate Lower 
(Bi) 


Bottom 


0,60 


0,40 


0,35 


0,55 


0,30 


0,50 


0,25 


Icebelt 


0,55 


0,50 


0,45 


0,45 


Lower 


0,35 


0,30 


0,25 


0,25 


Bottom 


see Note 2 


see Note 2 


see Note 2 


see Note 2 


Icebelt 


0,60 


0,50 


0,40 


0,35 


Lower 


0,30 


0,25 


0,25 


0,25 


Bottom 


0,25 


0,15 


see Note 2 


see Note 2 


NOTES 
Ti See 10.2.3. 
2. Indicates that strengthening for ice loads is not necessary. 
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10.8.3 Due to their increased manoeuvrability, ships 
having propulsion arrangements with azimuthing thruster(s) 
or podded propellers shall have specially considered stern 
icebelt, S;, and stern lower, Sj, hull area factors. 


10.8.4 Area factors to be applied to ships assigned the 
notation Icebreaker are given in Table 2.10.4. 


10.9 Shell plate requirements 


10.9.7 The required minimum shell plate thickness, t, is given 
t = tho +t, mm 


thet = Plate thickness required to resist ice loads according 
to 10.9.2, in mm 
ts = corrosion and abrasion allowance according to 
10.16, in mm. 


10.9.2 The thickness of shell plating required to resist the 
design ice load, the depends on the orientation of the 
framing. The plating, including all bottom plating, i.e., plating 
in hull areas Bip, Mp and Sp, the net thickness is given by 
Table 2.10.5. 


10.10 Framing - General 


10.10.17 Framing members of Polar class ships are to be 
designed to withstand the ice loads defined in 10.2. 


10.10.2 The term ‘framing member’ refers to transverse and 
longitudinal local frames, load-carrying stringers and web 
frames in the areas of the hull exposed to ice pressure, see 
Fig. 2.10.1. Where load-distributing stringers have been fitted, 
the arrangement and scantlings of these are to be suitably 
designed. 


Table 2.10.4 


Hull area factors (AF) for icebreaker 
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10.10.3 The strength of a framing member is dependent 
upon the fixity that is provided at its supports. Fixity can be 
assumed where framing members are either continuous 
through the support or attached to a supporting section with 
a connection bracket. In other cases, simple support is to be 
assumed unless the connection can be demonstrated to 
provide significant rotational restraint. Fixity is to be ensured at 
the support of any framing which terminates within an ice- 
strengthened area. 


10.10.4 The details of framing member intersection with 
other framing members, including plated structures, as well 
as the details for securing the ends of framing members at 
supporting sections, are to be in accordance with Pt 3, 
Ch 10. 


10.10.5 The design span of a framing member is to be 
determined on the basis of its moulded length. If brackets are 
fitted, the design span may be reduced in accordance with 
Pt 3, Ch 3. 


10.10.6 When calculating the section modulus and shear 
area of a framing member, the net thicknesses of the web, 
flange (if fitted) and attached shell plating are to be used. The 
shear area of a framing member may include that material 
contained over the full depth of the member, i.e. web area 
including portion of flange, if fitted, but excluding attached 
shell plating. 


10.10.7 The actual net effective shear area, Aw, of a framing 
member is given by: 


Aes ae h tyn SINPy ane 
100 
where 
h = height of stiffener, in mm, see Fig. 2.10.4 
twn = net web thickness, in mm 
= ty-te 
ty = as built web thickness, in mm, see Fig. 2.10.4 
tẹ = corrosion deduction, in mm, to be subtracted from 
the web and flange thickness (as specified by t, in 
10.16.3) 


®y = smallest angle between shell plate and stiffener 
web, measured at the midspan of the stiffener, see 
Fig. 2.10.4. The angle my may be taken as 90° 
provided the smallest angle is not less than 75°. 
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Table 2.10.5 Shell plate thickness 


Obliquely framed 


Transversely framed plating plating 


Longitudinally framed plating 


Q < 20° 
70° > Q > 20° 


linear interpolation 


Symbols 


smallest angle between the chord of the waterline and the line of the first level framing as illustrated in Fig. 2.10.3, in degrees 
= transverse frame spacing in transversely-framed ships or longitudinal frame spacing in longitudinally-framed ships, in metres 
= hull area factor from Table 2.10.3 

peak pressure factor from Table 2.10.2 

average patch pressure according to 10.7.1, in MPa 

minimum upper yield stress of the material, in N/mm2 


height of design load patch, in m, where b < J— T in the case of transversely framed plating 


distance between frame supports, i.e. equal to the frame span as given in 10.10.5, but not reduced for any fitted end 
brackets, in metres. When a load-distributing stringer is fitted, the length, Z, need not be taken larger than the distance 
from the stringer to the most distant frame support 


frames 
waterline 


view normal to shell view normal to shell 


Fig. 2.10.3 Shell framing angle Q 


Fig. 2.10.4 Stiffener geometry 
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10.10.8 When the cross-sectional area of the attached plate 
flange exceeds the cross-sectional area of the local frame, the 
actual net effective plastic section modulus, Z}, is given by: 


a Apnton Awe twn SiNỌw 


p = ~90 *~ 3000 
Ain (Mic SINPw — Dy COSPw) cm3 
10 
where 
Apn = net cross-sectional area of the local frame, in cm? 
ton = fitted net shell plate thickness, in mm, (shall comply 


with thet as required by 10.9.2) 
Ay = height of local frame web, in mm, see Fig. 2.10.4 
Ain = net cross-sectional area of local frame flange, in 
cm? 
hig = height of local frame measured to centre of the 
flange area, in mm, see Fig. 2.10.4 
by, = distance from mid thickness plane of local frame 
web to the centre of the flange area, in mm, see 
Fig. 2.10.4 
h, tw to and @y are as given in 10.10.7 
s as given in 10.9.2. 


10.10.9 When the cross-sectional area of the local frame 
exceeds the cross-sectional area of the attached plate flange, 
the plastic neutral axis is located a distance z,, above the 
attached shell plate, given by: 

100 Ain + Aw twn - 1000, S 


Z = mm 
na bea 


and the net effective plastic section modulus, Z}, is given by: 


t i 
Zp = tons (ža fen) sinQy + 


( (Aw = Zna)? E Zna?) twn SINP wy 4 
2000 


At (Mfc = Zna) ree Dy COSPw) ) cm3 


10.10.10 In the case of oblique framing arrangement 
(70° > Q > 20°, where Q is defined as given in 10.9.2), linear 
interpolation is to be used. 


10.11 Framing - Transversely-framed side 
structures and bottom structures 


10.11.1 The local frames in transversely-framed side 
structures and in bottom structures (i.e., hull areas Bip, Mp 
and Sp) are to be dimensioned such that the combined effects 
of shear and bending do not exceed the plastic strength of 
the member. The plastic strength is defined by the magnitude 
of midspan load that causes the development of a plastic 
collapse mechanism. 
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10.11.2 The actual net effective shear area of the frame, Aw» 
as defined in 10.10.7, is to comply with the following 
condition: 


Aw 2At 
where 
AF K, Pa 
At = 5000 /,s 08776, cm? 
1, = length of loaded portion of span, in metres 


= need not exceed the lesser of a and b 
a = frame span as defined in 10.10.5, in metres 
b = height of design ice load patch according to 10.6, 
in metres 
s = transverse frame spacing, in metres 
AF = hull area factor from Table 2.10.3 
K, = peak pressure factor from Table 2.10.2 
P, = average pressure within load patch according to 
2.10.7, in MPa 
Sy = minimum upper yield stress of the material, in 
N/mm? 


10.11.3 The actual net effective plastic section modulus of 
the plate/stiffener combination, Zp as defined in 10.10.8 or 
10.10.9, is to comply with the following conditions and is to 
be the greatest of the two load conditions: 

(a) ice load acting at the midspan of the transverse frame, 


and 
(b) the ice load acting near a support. 
Zp 2 Zot 
where 
1008 4 Ys AFK, Paa A4 3 
pir Sa 4o wl 
y 
lL 
Y = 1- = 
2a 
A, = reflects the two conditions and is to be taken as the 
greater of A44 or Aip 
1 
Aia = ; 
tik ( taa? 1) 
2 
1 
ue 2a, Y 
Aip = 


0,275 + 1,44k,0.7 


j = 1 for framing with one simple support outside the 
ice strengthened areas 
= 2 for framing without any simple supports 


At 
ay ee a 
Aw 
A, = rule minimum shear area of transverse frame as 


given in 10.11.2, in cm2 
Aw = effective net shear area of transverse frame 
(calculated according to 10.10.7), in cm? 


Ain = as given in 10.10.8 


16 


LLOyp’s REGISTER 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Ice Operations - Ice Class 


in general 


= 0 when the frame is arranged with end bracket 
Zp = sum of individual plastic section moduli of flange 
and shell plate as fitted, in cms 


by tin? + De foe 


_ 4 4 
1000 
b; = flange breadth, in mm, see Fig. 2.10.4 
ty, = net flange thickness, in mm 
=t-t 


ty = as given in 10.10.7 
t; = as-built flange thickness, in mm, see Fig. 2.10.4 
t = the fitted net shell plate thickness, in mm, but is not 
to be less than t, as given in 10.9 
be = effective width of shell plate flange, in mm 
= 500s 
Z, = net effective plastic section modulus of transverse 
frame (calculated according to 10.10.8 or 10.10.9), 
in cms 
AF, K, Pa, l, b, S, a and Gy are as given in 10.11.2. 


10.11.4 The scantlings of the frame are to meet the struc- 
tural stability requirements of 10.14. 


10.12 Framing - Side longitudinals (longitudinally 
framed ships) 


10.12.17 Side longitudinals are to be dimensioned such that 
the combined effects of shear and bending do not exceed the 
plastic strength of the member. The plastic strength is defined 
by the magnitude of midspan load that causes the develop- 
ment of a plastic collapse mechanism. 


10.12.2 The actual net effective shear area of the frame, Aw, 
as defined in 10.10.7, is to comply with the following 
condition: 

Ay 2 AL 
where 

5000 AF K, Pz b4 a 
aa 0,5770; 
AF = hull area factor from Table 2.10.3 


Ks = peak pressure factor from Table 2.10.2 
P, = average pressure within load patch according to 


10.7.1, in MPa 
b] = Ky bo m 
0,3 
ky =1-—> 
(0) b’ 
b = 2 
S 
b = height of design ice load patch from 10.6, in metres 
S = spacing of longitudinal frames, in metres 
bə = 0(1-0,25b’) m ifb’ <2 
=sm fb >22 
a = longitudinal design span as given in 10.10.5, in 
metres 
Sy = minimum upper yield stress of the material, in 
N/mm? 
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10.12.3 The actual net effective plastic section modulus of 
the plate/stiffener combination, Zp, as defined in 10.10.8 or 
10.10.9, is to comply with the following condition: 


Zp Z ZpL 
where 
1008 AF K, P, by a2 Ay 
Za. = cms 
P 8oy 
A4 = d 
Denk (Vda = 1) 
eae 
4 Ay 
AL = rule minimum shear area for longitudinal as given in 
10.12.2, in cm2 
Aw = net effective shear area of longitudinal (calculated 
according to 10.10.7), in cm2 
1 
kio = Sse 
wl dg 2Ain 
Ww 


Ain = as given in 10.10.8 
AF, Ks, Pa 04, 2 and oy are as given in 10.12.2. 


10.12.4 The scantlings of the longitudinals are to meet the 
structural stability requirements of 10.14. 


10.13 Framing - Web frame and load carrying 
stringers 


10.13.71 Web frames and load-carrying stringers are to be 
designed to withstand the ice load patch as defined in 10.7. 
The load patch is to be applied at locations where the 
capacity of these members under the combined effects of 
bending and shear is minimised. 


10.13.2 Web frames and load-carrying stringers are to be 
dimensioned to take into account the combined effects of 
shear and bending. Where these members form part of a 
structural grillage system, appropriate methods of analysis are 
to be used. Where the structural configuration is such that 
members do not form part of a grillage system, the appropri- 
ate peak pressure factor, Kj, from Table 2.10.2 is to be used. 
Special attention is to be paid to the shear capacity in way of 
lightening holes and cut-outs in way of intersecting members. 


10.13.3 The scantlings of web frames and load-carrying 
stringers are to meet the structural stability requirements of 
10.14. 
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10.14 Framing - Structural stability 


10.14.71. To prevent local buckling in the web, the ratio of 
web height, hy, to net web thickness, twn, of any framing 
member is not to exceed: 


Ay 
For flat bar sections: -= < == 
twn 


h 
For bulb, tee and angle sections: — < BOS. 
twn VOy 


where 
Nw = web height 
twn = net web thickness 
o, = minimum upper yield stress of the shell plate in way 
of the framing member, in N/mm? 


J 


Fig. 2.10.5 Parameter definition for web stiffening 


10.14.2 Framing members for which it is not practicable to 
meet the requirements of 10.14.1 (e.g., load carrying stringers 
or deep web frames) are required to have their webs 
effectively stiffened. The scantlings of the web stiffeners are to 
ensure the structural stability of the framing member. The mini- 
mum net web thickness for these framing members is given by: 


2,63 x 10-8 c4 


cy = hw-0,8h mm 

Ay = web height of stringer/web frame, in mm, see 
Fig. 2.10.5 

h = height of framing member penetrating the member 

under consideration (to be taken as zero if no such 
framing member is fitted), in mm, see Fig. 2.10.5 

Cp = spacing between supporting structure oriented 
perpendicular to the member under consideration, 
in mm, see Fig. 2.10.5 

o, = minimum upper yield stress of the material, in 
N/mm? 


10.14.3 In addition, the following is to be satisfied: 


O. 
tun 2 0,35t — 
wn pn 235 
where 
o, = minimum upper yield stress of the shell plate in way 


of the framing member, in N/mm2 

twn = net thickness of the web, in mm 

t = net thickness of the shell plate in way the framing 
member, in mm. 
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10.14.4 To prevent local flange buckling of welded profiles, 

the following are to be satisfied: 

(a) The flange width, 6;, in mm, is not to be less than five 
times the net thickness of the web, twn- 

(b) The flange outstand, bo, in mm, is to meet the following 
requirement: 


bo. 155 


tf, = net thickness of flange, in mm 
Oy = minimum upper yield stress of the material, in 
N/mm2. 


10.15 Plated structures 


10.15.1 Plated structures are those stiffened plate elements 

in contact with the hull and subject to ice loads. These 

requirements are applicable to an inboard extent which is the 

lesser of: 

(a) web height of adjacent parallel web frame or stringer; or 

(b) 2,5 times the depth of framing that intersects the plated 
structure. 


10.15.2 The thickness of the plating and the scantlings of 
attached stiffeners are to be such that the degree of end fixity 
necessary for the shell framing is ensured. 


10.15.3 The stability of the plated structure is to adequately 
withstand the ice loads defined in 10.7. 


10.16 Corrosion/abrasion additions and steel 
renewal 


10.16.1 Effective protection against corrosion and ice- 
induced abrasion is recommended for all external surfaces of 
the shell plating for all Polar ships. 


10.16.2 The values of corrosion/abrasion additions, t,, to 
be used in determining the shell plate thickness for each Polar 
Class are listed in Table 2.10.6. 


10.16.3 Polar ships are to have a minimum corrosion/ 
abrasion addition of tẹ = 1,0 mm applied to all internal 
structures within the ice strengthened hull areas, including 
plated members adjacent to the shell, as well as stiffener 
webs and flanges. 


10.16.4 Steel renewal for ice strengthened structures is 
required when the gauged thickness is less than t} + 0,5 mm. 


10.17 Materials 


10.17.71 Plating materials for hull structures are to be not 
less than those given in Tables 2.10.8 to 2.10.11 based on 
the as-built thickness of the material, the Polar ice class 
notation assigned to the ship and the material class of 
structural members given in 10.17.2. 
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Table 2.10.6 Corrosion/abrasion additions for shell plating 


Hull area 


With effective protection 


Without effective protection 


PC1 to PC3 


PC4 and PC5 


PC6 and PC7 


PC1 to PC3 


PC4 and PC5 


PC6 and PC7 


Bow; Bow Intermediate 


Icebelt 


3,5 


2,5 


2,0 


7,0 


5,0 


Bow Intermediate Lower; 
Midbody & Stern Icebelt 


4,0 


Midbody and Stern Lower; 
Bottom 


10.17.2 Material classes specified in Table 2.2.1 in Pt 3, 
Ch 2, are applicable to polar ships regardless of the ship’s 
length. In addition, material classes for weather and sea 
exposed structural members and for members attached to the 
weather and sea exposed plating are given in Table 2.10.7. 
Where the material classes in Table 2.10.7 and those in Table 
2.2.1 in Pt 3, Ch 2 differ, the higher material class is to be 
applied. 


10.17.3 Steel grades for all plating and attached framing of 
hull structures and appendages situated below the level of 
0,3 m below the lower waterline, as shown in Fig. 2.10.6, are 
to be obtained from Table 2.2.2 in Pt 3, Ch 2, based on the 
material class for Structural Members in Table 2.10.7 above, 
regardless of Polar Class. 


10.17.4 Steel grades for all weather exposed plating of hull 
structures and appendages situated above the level of 0,3 m 
below the lower ice waterline, as shown in Fig. 2.10.6, are to 
be not less than given in Table 2.10.8 to Table 2.10.10. 


10.17.5 Steel grades for all inboard framing members 
attached to weather exposed plating are to be not less than 
given in Table 2.10.11. This applies to all inboard framing 
members as well as to other contiguous inboard members 
(e.g. bulkheads, decks) within 600 mm of the exposed 
plating. 


Table 2.10.7 


members of polar ships 


Structural members 


Material classes for structural 


Material Class 


Shell plating within the bow and bow intermedi- 
ate icebelt hull areas (B, By) 


Plating materials for stem and stern frames, 
rudder horn, rudder, propeller nozzle, shaft 
brackets, ice skeg, ice knife and other 
appendages subject to ice impact loads 


All weather and sea exposed SPECIAL, as 
defined in Table 2.2.1 in Pt 3, Ch 2, structural 
members within 0,2L from FP 


All weather and sea exposed SECONDARY 
and PRIMARY, as defined in Table 2.2.1 in 

Pt 3, Ch 2, structural members outside 0,4L 
amidships 


All inboard framing members attached to the 
weather and sea-exposed plating including any 
contiguous inboard member within 600 mm of 
the plating 


Weather-exposed plating and attached framing 
in cargo holds of ships which by nature of their 
trade have their cargo hold hatches open 
during cold weather operations 


Lower ice WL 


Steel grades according to 10.17.3 


Fig. 2.10.6 Steel grade requirements for submerged and weather exposed shell plating 
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Table 2.10.8 Steel grades for weather exposed plating 


Material Class | 


Thickness, 
t mm 


PC1 to5 PC6 and 7 


<= 
n 


t<10 

10<t<15 
15<t<20 
20 <t< 25 
25 <t< 30 
30 <t< 35 
35 <t< 40 
40<t<45 
45 <t<50 
NOTE 


Includes weather exposed plating of hull structures and appendages, as well as their outboard framing members, situated above a level of 
0,3 m below the lowest ice waterline. 


g 
T 


DH 
DH 
DH 


m;)/O;JOJO/O}O};W] w 


mim 
e h o a 


CPEE SETE WO} Ww 


Table 2.10.9 Steel grades for weather exposed plating 


Material Class II 
PC1 to5 PC6 and 7 
HT 
AH 
DH 
DH 
DH 
EH, see Note 2 
EH 
EH 
EH 
EH 


Thickness, 
t mm 


<= 
n 
<= 
n 


HT 
AH 
AH 
AH 
AH 
DH 
DH 
DH 
DH 
DH 


t<10 

10<t<15 
15<t<20 
20<t<25 
25 <t< 30 
30 <t< 35 
35 <t< 40 
40 <t< 45 
45<t<50 


NOTES 
1. Includes weather exposed plating of hull structures and appendages, as well as their outboard framing members, situated above a level of 

0,3 m below the lowest ice waterline. 
2. Grades D, DH are allowed for a single strake of side shell plating not more than 1,8 m wide from 0,3 m below the lowest ice waterline. 


a D) O} O} W 
UO; 9| UO] J| OU] W] DW] DW] W 


10.17.6 Castings are to have specified properties consis- 
tent with the expected service temperature for the cast 
component. 


10.18 Longitudinal strength - Application 


10.18.1 Ice loads need only be combined with still water 
loads. The combined stresses are to be compared against 
permissible bending and shear stresses at different locations 
along the ship’s length. In addition, sufficient local buckling 
strength is also to be verified. 
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Table 2.10.10 Steel grades for weather exposed plating 


Material Class III 
PC1 to 3 PC4 and 5 PC6 and 7 
HT 
EH 


Thickness, 
t mm 


z 
n 
z 
n 
z 
(0p 


10<t< 15 
15<t<20 
20<t<25 
25<t<30 
30 <t<35 
35 <t< 40 
40<t<45 
45 <t<50 


NOTE 
Includes weather exposed plating of hull structures and appendages, as well as their outboard framing members, situated above a level of 
0,3 m below the lowest ice waterline. 


TY) 1) TY] MY] My] Mm) my) my m 
TY) My} Mm) my my my) my) my m 
m}mjm]mjm;)O| OO}; OO} W 


Table 2.10.11 Steel grades for inboard framing members attached to weather exposed plating 


Thickness, PC1 to PC5 PC6 and 7 
t mm 


t< 20 

20 <t< 35 
35 <t< 45 
45 <t<50 


10.19 Design vertical ice force at the bow = 1,0 for a simple wedge bow form 
= 0,4 to 0,6 for a spoon bow form 
10.19.1 The design vertical ice force at the bow, Fig, is to =0 for a landing craft bow form 
be taken as the lesser of Fig, or Fip 9: Ys = stem angle to be measured between the horizontal 
_ 0,15 ein 0,2 [DK axis and the stem tangent at the upper ice water- 
FiB cae Kr SiE Nya) i MN line, in degrees (buttock angle as per Fig. 2.10.2 
Figo = 1,2Cp MN measured on the centreline) 
where 1 
Ki = indentation parameter C= Lg \ e& 
2 (2) 
zafi B 
Kh B = ship moulded breadth, in metres 
K; = for blunt bow forms: 
1- 6p) \0,9 ; : 
K; = a) tan(y,) 290 + °v) Lg = bow length, in m, used in the equation: 
+ pb 
B . 
= for wedge bow forms (a, < 80 deg), €p = 1 and the Y= Ty æ (See Figs. 2.10.7 and 2.10.8) 
above simplifies to: 2 (i) 
0,9 
= (5) A = ship displacement, in kilo tonnes, not to be taken 
tan? (ya) less than 10 
as = waterline angle measured in way of the stem at the Awp = Ship waterplane area, in m? 
upper ice waterline (UIWL), in degrees, see Ce = flexural failure class factor from Table 2.10.1 
Fig. 2.10.7 Where applicable, draught dependent quantities are to be 
Ky = 0,01A Wp MN/m determined at the waterline corresponding to the loading 
C = longitudinal strength class factor from Table 2.10.1 condition under consideration. 


ep = bow shape exponent which best describes the 
waterplane (see Figs. 2.10.7 and 2.10.8). 
An approximate ep determined by a simple fit is 
acceptable 
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y = + B/2 (x/Lp)eo 


Ice waterline Ice waterline 


Spoon bow Wedge bow 


Fig. 2.10.7 Bow shape definition 


Exponential bow shapes 


y = B/2 (x/Lp)® 


Illustration of effect on the bow shape e,, for B = 20 and Lp = 16 
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10.20 Design vertical shear force 


10.20.1 The design vertical ice shear force, Fy, along the hull 
girder is to be taken as: 

FL = C; Fg MN 
where 

C. 


longitudinal distribution factor to be taken as 
follows: 

(a) Positive shear force 

= 0,0 between the aft end of L and 0,6L from aft 

= 1,0 between 0,9L from aft and the forward end of L 
(b) Negative shear force 

0,0 at the aft end of L 

—0,5 between 0,2L and 0,6L from aft 

= 0,0 between 0,8L from aft and the forward end of L 
Intermediate values are to be determined by linear interpola- 
tion. 


NOD OD 
Il 


10.20.2 The applied vertical shear stress, tą, is to be deter- 
mined along the hull girder in a similar manner as in Pt 3, 
Ch 4 by substituting the design vertical ice shear force for the 
design vertical wave shear force. 


10.21 Design vertical ice bending moment 


10.21.1 The design vertical ice bending moment, M;, along 
the hull girder is to be taken as: 
M, = 0,1Cm L sin-.2(y,) Fig MNm 
where 
L = ship length, as defined in Pt 3, Ch 1,6.1.1, but 
measured on the upper ice waterline (UIWL), in 
metres 
Ystem = as given in 10.19.14 
Fig = design vertical ice force at the bow, in MN 
Cm = longitudinal distribution factor for design vertical ice 
bending moment to be taken as follows: 
Cm = 0,0 at the aft end of L 
Cm = 1,0 between 0,5L and 0,7L from aft 
Cm = 0,3 at 0,95L from aft 
Cm = 0,0 at the forward end of L 
Intermediate values are to be determined by linear 
interpolation. 
Where applicable, draught dependent quantities are to be 
determined at the waterline corresponding to the loading 
condition under consideration. 


10.21.2 The applied vertical bending stress, o,, is to be 
determined along the hull girder in a similar manner as in Pt 3, 
Ch 4, by substituting the design vertical ice bending moment 
for the design vertical wave bending moment. The ship still 
water bending moment is to be taken as the maximum 
sagging moment. 


10.22 Longitudinal strength criteria 
10.22.17 The strength criteria provided in Table 2.10.12 are 


to be satisfied. The design stress is not to exceed the 
permissible stress. 
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Table 2.10.12 Longitudinal strength criteria 


Permissible Permissible 
stress stress 


Failure mode Applied 


stress 


Tension 


n 0,41 (oy E oy) 


Shear nO Neu + oy) 


V3 


for plating and for web 
plating of stiffeners 


Buckling oc r 
1,1 for stiffeners 


Te 


Symbols 


applied vertical bending stress, in N/mm? 

applied vertical shear stress, in N/mm2 

minimum upper yield stress of the material, in N/mm?2 
ultimate tensile strength of material, in N/mm2 

critical buckling stress in compression, according to 
Pt 3, Ch 4, in N/mm2 

= critical buckling stress in shear, according to Pt 3, 

Ch 4, in N/mm? 

0,8 


10.23 Stem and stern frames 


10.23.1 The stem and stern frame are to be suitably 
designed. The stem and stern requirements of the Finnish- 
Swedish Ice Class Rules are to be additionally considered, 
see Section 1. 


10.24 Appendages 


10.24.1 All appendages are to be designed to withstand 
forces appropriate for the location of their attachment to the 
hull structure or their position within a hull area. 


10.25 Local details 


10.25.17. Local design details are to be suitably designed to 
transfer ice-induced loads to supporting structure (bending 
moments and shear forces). 


10.25.2 The loads carried by a member in way of cut-outs 
are not to cause instability. Where necessary, the structure is 
to be stiffened. 


10.26 Direct calculations 


10.26.17 Direct calculations are not to be utilised as an alter- 
native to the analytical procedures prescribed in this Section. 


10.26.2 Where direct calculation is used to check the 
strength of structural systems, the load patch specified in 
10.2 is to be applied. 
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10.27 Welding 


10.27.1 All welding within ice-strengthened areas is to be 
of the double continuous type. 


10.27.2 Continuity of strength is to be ensured at all 
structural connections. 


a Section 11 
Machinery strengthening 
requirements for navigation in 
multi-year ice conditions - Ice 
Classes PC1, PC2, PC3, PC4, PC5, 
PC6 and PC7 


11.1 Application 


11.1.1 The contents of this Section apply to main 
propulsion, steering gear, emergency and essential auxiliary 
systems essential for the safety of the ship and the survivability 
of the crew and systems and equipment required by assigned 
optional classification notations, e.g. navigational equipment 
associated with the notations NAV1 or IBS. 


11.1.2 For PC6 and PC7, the requirements will be considered 
with respect to compliance with the Finnish-Swedish Ice 
Class Rules. 


11.2 Drawings and particulars to be submitted 


11.2.1 The following drawings and particulars to be 

submitted: 

(a) Details of the environmental conditions and the required 
ice class for the machinery, if different from ship’s ice 
class. 

(b) Detailed drawings of the main propulsion machinery. 
Description of the main propulsion, steering, emergency 
and essential auxiliaries are to include operational 
limitations. Information on essential main propulsion load 
control functions. 

(c) Description detailing how main, emergency and auxiliary 
systems are located and protected to prevent problems 
from freezing, ice and snow and evidence of their 
capability to operate in intended environmental conditions. 

(d) Calculations and documentation indicating compliance 
with the requirements of this Section. 


Part 8, Chapter 2 


Sections 10 & 11 


11.3 System design 


11.3.1 Systems, subject to damage by freezing, are to be 
drainable. 


11.3.2 Single screw vessels classed PC1 to PCS inclusive 
are to have means provided to ensure sufficient vessel 
operation in the case of propeller damage including CP 
mechanism. 


11.4 Materials exposed to sea-water 


11.4.1 Materials exposed to sea-water, such as propeller 
blades, propeller hub and blade bolts are to have an elonga- 
tion not less than 15 per cent on a test piece the length of 
which is five times the diameter. Charpy V impact test are to 
be carried out for other than bronze and austenitic steel 
materials. Test pieces taken from the propeller castings are to 
be representative of the thickest section of the blade. An 
average impact energy value of 20 J taken from three 
Charpy V tests is to be obtained at minus 10°C. 


11.5 Materials exposed to sea-water temperature 


11.5.1 | Materials exposed to sea-water temperature are to 
be of steel or other approved ductile material. An average 
impact energy value of 20 J taken from three tests is to be 
obtained at minus 10°C. 


11.6 Materials exposed to low air temperature 


11.6.1 Materials of essential components exposed to low 
air temperature shall be of steel or other approved ductile 
material. An average impact energy value of 20 J taken from 
three Charpy V tests is to be obtained at 10°C below the 
lowest design temperature. See also The Provisional Rules for 
the Winterisation of Ships. 


11.7 Propeller ice interaction 


11.7.1 These Rules cover open and ducted type 
propellers situated at the stern of a vessel having controllable 
pitch or fixed pitch blades. Ice loads on bow propellers and 
pulling type propellers are to receive special consideration. 
The given loads are expected, single occurrence, maximum 
values for the whole ship’s service life for normal operational 
conditions. These loads do not cover off-design operational 
conditions, for example when a stopped propeller is dragged 
through ice. These Rules apply also for azimuthing (geared 
and podded) thrusters considering loads due to propeller ice 
interaction. However, ice loads due to ice impacts on the 
body of azimuthing thrusters are not covered by this Section. 


11.7.2 The loads given in 11.7 are total loads (unless 
otherwise stated) during ice interaction and are to be applied 
separately (unless otherwise stated) and are intended for 
component strength calculations only. The different loads 
given here are to be applied separately. 
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11.7.3 Fp is a force bending a propeller blade backwards 
when the propeller mills an ice block while rotating ahead. F; 
is a force bending a propeller blade forwards when a propeller 
interacts with an ice block while rotating ahead. 


11.8 Ice class factors 


11.8.1 Table 2.11.1 lists the design ice thickness and ice 


strength index to be used for estimation of the propeller ice 
loads. 


Table 2.11.1 Propeller ice loads index 


Ice Class 


Hice: in metres 


ice thickness for machinery strength design 
ice strength index for blade ice force 


ice strength index for blade ice torque 

11.9 Design ice loads for open propeller 

11.9.1. The maximum backward blade force, Fp, is to be 

taken as: 

when 

D < Dimi 
0,3 
Fp = -27Sice inopo7( =) D2 kN 
when 
D > Dimit 
0,3 
Fo = -23S ino ( R ) (Hige)4D KN 
where 
Dimit = 0,85(Hice) "4 
n = the nominal rotational speed in rev/sec (at MCR 

free running condition) for CP-propeller and 85 per 
cent of the nominal rotational speed (at MCR free 
running condition) for a FP-propeller (regardless of 
driving engine type). 

11.9.2 Fẹ is to be applied as a uniform pressure distribu- 


tion to an area on the back (suction) side of the blade for the 
following load cases: 


(a) Load case 1: from 0,6R to the tip and from the blade 
leading edge to a value of 0,2 chord length 
(b) Load case 2: a load equal to 50 per cent of the Fẹ is to 


be applied on the propeller tip area outside of 0,9R 
Load case 5: for reversible propellers, a load equal to 
60 per cent of the Fẹ is to be applied from 0,6R to the tip 
and from the blade trailing edge to a value of 
0,2 chord length. 

See load cases 1, 2, and 5 in Table 2.11.4. 


(c) 
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11.9.3. The maximum forward blade force, F;, is to be 
taken as: 
when 
D < Dimit 
R \ p2 
F = 250 | —— } D? kN 
Z 
when 
D = Dimit 
1 EAR 
F; = 500 H; (=p kN 
f (a) ice Z 
D 
where 
2 
Diimit ( a m 
D 
d = propeller hub diameter, in metres 
D = propeller diameter, in metres 
EAR = expanded blade area ratio 
Z = number of propeller blades. 
11.9.4 F, is to be applied as a uniform pressure distribu- 


tion to an area on the face (pressure) side of the blade for the 
following loads cases: 


(a) Load case 3: from 0,6R to the tip and from the blade 
leading edge to a value of 0,2 chord length. 

(b) Load case 4: a load equal to 50 per cent of F; is to be 
applied on the propeller tip area outside of 0,9R. 

(c) Load case 5: for reversible propellers a load equal to 


60 per cent of F; is to be applied from 0,6R to the tip and 
from the blade trailing edge to a value of 0,2 chord 
length. 

See load cases 3, 4 and 5 in Table 2.11.4. 


11.9.5 The blade spindle torque, Qgmax, around the 
spindle axis of the blade fitting is to be calculated both for the 
load cases described in 11.9.1 and 11.9.3 for Fh and Fy. If 
these spindle torque values are less than the default value 
given below, the default minimum value is to be used: 


Qsmax = 0,25FCo7 kNm 
where 
Co,7 = length of the blade chord at O,7R radius, in m 
F = Fh or F; whichever has the greater absolute value. 


LLOYD'S REGISTER 


25 


RULES AND REGULATIONS FOR THE CLASSIFICATION OF SHIPS, July 2014 


Ice Operations - Ice Class 


11.9.6 The maximum propeller ice torque applied to the 
propeller is to be taken as: 
when D < Diimit 


when D = Diimit 


d P.~\0,16/ ta- \06 
Ana = 202(1- 5 ) Saco Mes" (BE) (2) 


(nb)? D19 kNm 


where 
Dimt = 1,81Hice 
Sgice = ice strength index for blade ice torque 


Poz = propeller pitch at 0,7A, in m 
= for CP propellers, Po 7 is to correspond to MCR in 
bollard condition. If not known, Po 7 is to be taken 
as 0,7P9 7 
Pon = propeller pitch at MCR free running condition 
toz = maximum thickness at 0,7R 
n = the rotational propeller speed in rev/sec , at bollard 
condition. If not known, n is to be taken as follows: 
for CP propellers and FP propellers driven by 
turbine or electric motor = Np 
for FP propellers driven by diesel engine = 0,85n, 
nN, = the nominal rotational speed at MCR, free running 
condition. 


11.9.7 The maximum propeller ice thrust applied to the 
shaft is to be taken as: 

Ty = 1,1F; 

Tp = As Fs: 


11.10 Design ice loads for ducted propellers 


11.10.71 The maximum backward blade force, Fy is to be 
taken as: 
when D < Diimit 


0,3 
F, = -9,5 Sie Ga, (nD)0.7 D2 


when D = Diimit 


R 0,3 
Fy = -86 Sco (SE) (PDOT DOS (Heg) 


where 
Dimit = 4 Hice 
n =asin11.9.1. 


17.10.2  Fyis to be applied as a uniform pressure distribution to an 

area on the back side for the following load cases: 

(a) Load case 1: on the back of the blade from 0,6R to the 
tip and from the blade leading edge to a value of 
0,2 chord length 

(b) Load case 5: for reversible rotation propellers a load 
equal to 60 per cent of Fp is applied on the blade face 
from 0,6R to the tip and from the blade trailing edge to a 
value of 0,2 chord length. 

See load cases 1 and 5 in Table 2.11.5. 
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71.10.38 The maximum forward blade force, F;, is to be 
taken as: 


when 
D < Dimi 
F, = 250 (Sp kN 
Z 
when 
D > Dimit 
F = s00 (=) p (; L k kN 
D 
where 


11.10.4 Fis to be applied as a uniform pressure distribu- 
tion to an area on the face (pressure) side for the following 
load cases: 

(a) Load case 3: on the blade face from 0,6R to the tip and 
from the blade leading edge to a value of 0,5 chord 
length. 

(b) Load case 5: a load equal to 60 per cent F; is to be 
applied from 0,6R to the tip and from the blade leading 
edge to a value of 0,2 chord length. 

See load cases 3 and 5 in Table 2.11.5. 


11.10.5 The maximum propeller ice torque, Qmax, applied 
to the propeller is to be taken as: 
when D < Diimit 


d Po7 I ( to.7 ye 
a ae D)0.17 
Qmax = 74 (1 D )( D D (D) 


Saico D3 kNm 


ae a pa 


Sgice D19 Hice” 1 kNm 


when D > Diimit 


Ora <= a(i 


Diimit = 1,8Hice in metres 
n = the rotational propeller speed, in rps, at bollard 
condition. If not known, n is to be taken as follows: 
for CP propellers and FP propellers driven by 
turbine or electric motor =n, 
for FP propellers driven by diesel engine = 0,85n,, 
Np = the nominal rotational speed at MCR at free running 
condition 
Po,7 = for CP propellers, propeller pitch, Po 7 is to corre- 
spond to MCR in bollard condition. If not known, 
Po,7 İs to be taken as 0,7Po 7, 
Pon = propeller pitch at MCR free running condition. 


11.10.6 The spindle torque for CP-mechanism design, 
Qsmax around the spindle axis of the blade fitting is to be 
calculated for the load case described in 11.7. If these 
spindle torque values are less than the default value given 
below, the default value is to be used: 


Qsmax = 0,25F Co7 kNm 
where 


Coz the length of the blade section at 0,7R 
F = Fy or Fs whichever has the greater absolute value. 
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11.10.7 The maximum propeller ice thrust (applied to the 
shaft at the location of the propeller) is to be taken as: 

Ti = 1,1F; 

Tp = 1,1F 5. 


11.11 Design loads on propulsion line - Torque 


17.11.71. The propeller ice torque excitation for shaft line 
dynamic analysis is to be described by a sequence of blade 
impacts which are of half sine shape and occur at the blade. 
The torque due to a single blade ice impact as a function of 
the propeller rotation angle is to be taken as: 


when 
ọ = 0...a,; 
; 180 
Ql) = Ca Qmax sn(o a 
I 
when 
© = G,...360 
Qe) =0 
where 
Cg = as given in Table 2.11.2 
a; = as given in Table 2.11.2. 


11.11.2 The total ice torque is obtained by summing the 
torque of single blades taking into account the phase shift 
360°/Z. The number of propeller revolutions during a milling 
sequence is to be obtained with the formula: 

No = 2Hce 
where 


90 180 270 360 450 540 630 720 
Angle of rotation (deg) 


O 90 180 270 360 450 540 630 720 
Angle of rotation (deg) 
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Table 2.11.2 Torque load factors 


Torque Propeller-ice 
excitation interaction 


Case 1 Single ice block 


Case 2 Single ice block 


Case 3 Single ice block 


Case 4 Two ice blocks 
with 45 degree 
phase in 
rotation angle 


11.11.3 The milling torque sequence duration is not valid for 
pulling bow propellers, which are subject to special consid- 
eration. The response torque at any shaft component is to be 
analysed considering excitation torque Q(p) at the propeller, 
actual engine torque, Q,, and mass elastic system. Where Qs 
is the actual maximum engine torque at considered speed. 


11.11.4 The design torque, Q,, of the shaft component is to 
be determined by means of torsional vibration analysis of the 
propulsion line. Calculations are to be carried out for all 
excitation cases given above and the response is to be 
applied on top of the mean hydrodynamic torque in bollard 
condition at considered propeller rotational speed. 


90 180 270 360 450 540 630 720 
Angle of rotation (deg) 


— Ice block 2 
— Ice block 1 


90 180 270 360 450 540 630 720 
Angle of rotation (deg) 


Fig. 2.11.1 
The shape of the propeller ice torque excitation for 45, 90, 135 degrees single blade impact sequences and 
45 degrees double blade impact sequence (two ice pieces) on a four bladed propeller 
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11.12 Design loads on propulsion line - Maximum Table 2.11.3 Propeller thrust factor 


response thrust 
Propeller type 


11.12.1_ The maximum thrust along the propeller shaft line is 
to be calculated with the formulae below. The factors 2,2 and 


CP propellers (open) 


1,5 take into account the dynamic magnification due to axial CP propellers (ducted) 
vibration. Alternatively, the propeller thrust magnification factor 
may be calculated by dynamic analysis FP propellers driven by turbine or electric 
Maximum shaft thrust forwards motor 
T, = T,+2,2T; kN FP propellers driven by diesel engine (open) 
Maximum shaft thrust backwards FP propellers driven by diesel engine (ducted) 
T, = 1,57) KN Symbols 
where 7 
T, = hydrodynamic propeller bollard thrust, in KN. If not nominalpropéller thrust-at MER at free raining: open 
known, T, is to be as given in Table 2.11.3 water conditions 
T; = maximum forward propeller ice thrust, in KN. 
Table 2.11.4 Load cases for open propeller 


Load case Loaded area Right handed propeller blade seen from back 


Load case 1 Uniform pressure applied on the back of the 
blade (suction side) to an area from 0,6R to 
the tip and from the leading edge to 

0,2 times the chord length. 


Load case 2 50% of Fp Uniform pressure applied on the back of the 
blade (suction side) on the propeller tip area 
outside of 0,9R radius. 


Load case 3 Uniform pressure applied on the blade face 
(pressure side) to an area from 0,6R to the 
tip and from the leading edge to 0,2 times 
the chord length. 


Load case 4 50% of F Uniform pressure applied on propeller face 
(pressure side) on the propeller tip area 
outside of 0,9R radius. 


Load case 5 60% of F; or Fp Uniform pressure applied on propeller face 
whichever is the (pressure side) to an area from 0,6R to the 
greater tip and from the trailing edge to 0,2 times 
the chord length. 
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Table 2.11.5 Load cases for ducted propeller 


Load case Loaded area 
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Right handed propeller blade seen from back 


Load case 1 


0,2 times the chord length 


Uniform pressure applied on the back of the 
blade (suction side) to an area from 0,6R to 
the tip and from the leading edge to 


Qa, 


Load case 3 


the chord length 


Load case 5 60% of F; or Fp Uniform pressure applied on 


the chord length 


11.13 Design loads on propulsion line - Blade failure 
load for both open and nozzle propellers 
11.13.17 The force is acting at 0,8R in the weakest direction 


of the blade and at a spindle arm of 2/3 of the distance of axis 
of blade rotation of leading and trailing edge whichever is the 
greatest. The blade failure load is to be taken as: 


2 
Fog = Ort x 103 kN 
0,8D - 2r 
where 
Orf = 0,659 9 + 0,40, 
Go. and oy = representative values for the blade material 
c,tandr = the actual chord length, thickness and radius 
of the cylindrical root section of the blade at 
the weakest section outside root fillet and 
typically will be at the termination of the fillet 
into the blade profile. 
11.14 Design - Design principle 
11.14.17 The strength of the propulsion line is to be 
designed: 
(a) for maximum loads in 11.7; 


(o) such that the plastic bending of a propeller blade will not 
cause damage in other propulsion line components; 
(c) with sufficient fatigue strength. 


Uniform pressure applied on the blade face 
(pressure side) to an area from 0,6R to the 
tip and from the leading edge to 0,5 times 


(pressure side) to an area from 0,6R to the 
tip and from the trailing edge to 0,2 times 


propeller face 


11.15 Design - Azimuthing main propulsors 

171.15.1 In addition to the above requirements, special 
consideration will be given to the loading cases which are 
extraordinary for propulsion units when compared with 
conventional propellers. Estimation of the loading cases must 
reflect the operational realities of the ship and the thrusters. In 
this respect, for example, the loads caused by impacts of ice 
blocks on the propeller hub of a pulling propeller are to be 
considered. Also, loads due to thrusters operating in an 
oblique angle to the flow are to be considered. The steering 
mechanism, the fitting of the unit and the body of the thruster 
is to be designed to withstand the loss of a blade without 
damage. The plastic bending of a blade is to be considered in 
the propeller blade position, which causes the maximum load 
on the studied component. 


11.15.2 Azimuth thrusters are also to be designed for 
estimated loads due to thruster body/ice interaction as in 
10.24. 
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11.16 Blade design - Maximum blade stresses 


11.16.1 Blade stresses are to be calculated using the back- 
ward and forward loads given in 11.9 and 11.10. The stresses 
are to be calculated with recognised and well documented 
FE-analysis or another acceptable alternative method. The 
stresses on the blade are not to exceed the allowable 
stresses, Gap for the blade material given below. The calcu- 
lated blade stress for the maximum ice load is to comply with 
the following: 


Oref 
O calc < Pall S 
where 
S =15 
Gef = reference stress, defined as: 
0,/oy 
0,6 69.9 + 0,404 whichever is less 
ou and og» = representative values for the blade material. 


11.17 Blade design - Blade edge thickness 


11.17.17 The blade edge thicknesses, tag, and tip thickness 
ttip are to be greater than tegge given by the following formula: 


3P ice 


t >xSs 
edge ice ref 
where 
x = distance from the blade edge measured along the 

cylindrical sections from the edge and is to be 
2,5 per cent of chord length, however not to be 
taken greater than 45 mm. 
In the tip area (above 0,975R radius) x is to be 
taken as 2,5 per cent of 0,975R section length and 
is to be measured perpendicularly to the edge, 
however not to be taken greater than 45 mm. 


S = safety factor 
= 2,5 for trailing edges 
= 3,5 for leading edges 
= 5,0 for tip 
Sice = as given in 11.8 
Pice = ice pressure 
= 16 MPa for leading edge and tip thickness 
Gref = as given in 11.16. 


11.17.2 The requirement for edge thickness is to be applied 
for leading edge and in case of reversible rotation open 
propellers also for the trailing edge. Tip thickness refers to the 
maximum measured thickness in the tip area above 0,975R 
radius. The edge thickness in the area between the position of 
maximum tip thickness and edge thickness at 0,975 radius 
has to be interpolated between edge and tip thickness value 
and smoothly distributed. 


11.18 Prime movers 


11.18.1 The main engine is to be capable of being started 
and running the propeller with the CP in full pitch. 


11.18.2 Provisions are to be made for heating arrange- 
ments to ensure ready starting of the cold emergency power 
units at an ambient temperature applicable to the Polar class 
of the ship. 
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11.18.3 Emergency power units are to be equipped with 
starting devices with a stored energy capability of at least 
three consecutive starts at the design temperature in 11.18.2. 
The source of stored energy is to be protected to preclude 
critical depletion by the automatic starting system, unless a 
second independent means of starting is provided. A second 
source of energy is to be provided for an additional three 
starts within 30 min., unless manual starting can be demon- 
strated to be effective. 


11.19 Machinery fastening loading accelerations 


11.19.1 Essential equipment and main propulsion 
machinery supports are to be suitable for the accelerations 
as indicated in the following. Accelerations are to be consid- 
ered acting independently. 


11.19.2 The maximum longitudinal impact acceleration, ay, 
at any point along the hull girder is to be taken as: 


a = (=) tan (y + 6)] + £ 


H 
TY aes 


Fig = vertical impact force, defined in 10.19 

H = distance from the waterline to the point being 
considered, in metres 

L = length between perpendiculars, in metres 

bọ = maximum friction angle between steel and ice, 
normally taken as 10, in degrees 

y bow stem angle at waterline, in degrees 

A = Displacement. 


11.19.38 The combined vertical impact acceleration, a,, at 
any point along the hull girder, is to be taken as: 


je) 
< 
| 


FiB 
= 2:5 Gale m/s2 


Fy = 1,3 at the FP 

0,2 at midships 

= 0,4 at the AP 

1,3 at the AP for vessels conducting icebreaking 
astern 

intermediate values are to be determined by linear 
interpolation. 


11.19.4 The combined transverse impact acceleration, a, 
at any point along hull girder, is to be taken as: 


Fx 
a = 3A ee, m/s2 


Fy = 1,5 atthe FP 
= 0,25 at midships 
= 0,5 at the AP 
= 1,5 at the AP for vessels conducting icebreaking 
astern 
= intermediate values are to be determined by linear 
interpolation 
F; = total force normal to shell plating in the bow area 
due to oblique ice impact, defined in 10.19. 
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11.20 Auxiliary systems 


11.20.1 Machinery is to be protected from the harmful 
effects of ingestion or accumulation of ice or snow. Where 
continuous operation is necessary, means are to be provided 
to purge the system of accumulated ice or snow. 


11.20.2 Means are to be provided to prevent damage due 
to freezing, to tanks containing liquids. 


11.20.3 Vent pipes, intake and discharge pipes and 
associated systems are to be designed to prevent blockage 
due to freezing or ice and snow accumulation. 


11.21 Sea inlets and cooling water systems 


11.21.17 Cooling water systems for machinery that are 
essential for the propulsion and safety of the vessel, including 
sea chest inlets, are to be designed for the environmental 
conditions applicable to the ice class. 


11.21.2 At least two sea chests are to be arranged as ice 
boxes for classes PC1 to PCS inclusive. The calculated 
volume for each of the ice boxes is to be at least 1 m3 for 
every 750 kW of the total installed power. For PC6 and PC7, 
there is to be at least one ice box located preferably near 
centreline. 


11.21.3  \|ce boxes are to be designed for an effective sepa- 
ration of ice and venting of air. 


11.21.4 Sea inlet valves are to be secured directly to the ice 
boxes. The valves are to be a full bore type. 


11.21.5 Ice boxes and sea bays are to have vent pipes and 
are to have shut off valves connected directly to the shell. 


11.21.6 Means are to be provided to prevent freezing of sea 
bays, ice boxes, ship side valves and fittings above the load 
waterline. 


11.21.7 Efficient means are to be provided to re-circulate 
cooling seawater to the ice box. The total sectional area of the 
circulating pipes is not to be less than the area of the 
cooling water discharge pipe. 


11.21.8 Detachable gratings or manholes are to be provided 
for ice boxes. Manholes are to be located above the deepest 
load line. Access is to be provided to the ice box from above. 


11.21.9 Openings in ship sides for ice boxes are to be fitted 
with gratings, or holes or slots in shell plates. The net area 
through these openings is to be not less than 5 times the area 
of the inlet pipe. The diameter of holes and width of slot in shell 
plating is to be not less than 20 mm. Gratings of the ice boxes 
are to be provided with a means of clearing. Clearing pipes 
are to be provided with screw-down type non-return valves. 
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11.22 Ballast tanks 


11.22.1 Efficient means are to be provided to prevent 
freezing in fore and after peak tanks and wing tanks located 
above the waterline and where otherwise found necessary. 
See 2.1.3 and The Provisional Rules for the Winterisation of 
Ships, 3.2.1. 


11.23 Ventilation system 


11.23.1 The air intakes for machinery and accommodation 
ventilation are to be located on both sides of the ship. 


11.23.2 Accommodation and ventilation air intakes are to be 
provided with means of heating. 


17.23.38 The temperature of the inlet air provided to 
machinery from the air intakes is to be suitable for the safe 
operation of the machinery. 


11.24 Alternative design 
11.24.1 As an alternative a comprehensive design study 


may be submitted and may be requested to be validated by 
an agreed test programme. 


m Section 12 
Requirements for Icebreaker(+) 


12.1 Scope 


12.1.1 Where the notation Icebreaker(+) is assigned, the 
arrangement, powering and dimensions of the hull structure 
and propulsion machinery are to be determined based on the 
operational profile that corresponds to that which the 
icebreaker is envisaged to undertake. 


12.1.2 The assignment of the notation Icebreaker(+) is in 
addition to the requirements of Section 10 and Section 11 and 
is assigned in addition to the ice class notations given in Table 
2.1.1. See 1.5. 


12.2 Operational profile 
12.2.1. The operational profile to be used for the basis of 
assignment of the notation Icebreaker(+) is to be derived 


from the icebreaker’s function, as selected from 12.4. 


12.2.2 The operational profile is only used to select a 
design basis. It is the responsibility of the Owner and/or 


| Builder to determine the appropriate operational profile of the 


icebreaker. 
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12.3 Information to be submitted 


12.3.1 For assignment of the notation Icebreaker(+), the 

operational envelope criteria are to be submitted, which may 

include the following information, where applicable: 

(a) the level icebreaking capability, in terms of speed and ice 
thickness; 

(b) the turning capability in level ice, in terms of diameter and 
ice thickness; and 

(c) the ramming capability, in terms of speed and ice 
condition. 


12.3.2 In addition to the information submitted in 12.3.1, a 
scenario document, which is design specific, is required to 
document the operational profile and is to include details of 
the scenarios selected for deriving and applying ice loads. 


12.3.3 The scenario document is to address the 
requirements in Sections 10 and 11 and provide justification 
for deviation from those requirements. 


12.3.4 The following is to be contained within the 
submitted scenario document: 

(a) icebreaker function; 

(b) details of ice conditions assumed; 

) operational scenarios for hull and propulsion machinery; 
(d) identification of critical hull and propulsion machinery 
scenarios; 

(e) description of propulsion machinery and/or hull loading 
areas with reasons for selection; 

(f) proposed strengthening standards for each load area; 

(g) arrangement of propulsion devices; 

(h) derived load data-based full scale measurement or other 
predictive means; and 

(j) details of, and justification for, deviation from the Rules. 


12.3.5 In addition to the information submitted in 12.3.4, 
an ice pressure plan that indicates the design ice pressures 
used for the determination of the hull structure is to be 
submitted. 


Table 2.12.1 Primary icebreaker functions 


Primary function General description 


Part 8, Chapter 2 


Section 12 


12.3.6 | The operational envelope criteria is to be placed on 
board the ship. 


12.4 Typical operational profiles 


12.4.1 Typical operational profiles may be derived from the 
icebreaker function. Primary icebreaker functions are 
described in Table 2.12.1. These functions are to form the 
basis of operational scenarios as required in 12.3.4. Where an 
alternative function is selected a description of the 
icebreaker’s operational functions is to be included in the 
scenario document. 


12.5 General arrangement 


12.5.1 Consideration is to be given to the protection of fuel 
tanks and other tanks with harmful substances, both in terms 
of thermal insulation and ice impact protection. A double 
bottom and double side tanks are to be fitted as specified in 
Pt 4, Ch 9,1.2.17. However, double side tanks may not be 
required for small icebreakers (typically less than 60 m), nor 
complete double bottom height in way of complex hullform 
arrangements in the fore and aft ends or heeling tanks. 


12.5.2 Consideration is to be given to minimise transom 
sterns, as these hinder the icebreaker’s ability to back in ice, 
and in particular the navigation of ice ridges. A transom stern 
should not normally extend below the Upper Ice Waterline. 
Where this cannot be avoided, the transom should be kept as 
narrow as possible and the scantlings of plating and stiffeners 
are to be as required for the stern section. 


12.5.3 The requirements are based on an effective 
icebreaker bow form. Icebreaking angles vary depending on 
the icebreaking form; however, in general, the bow stem angle 
is not to be greater than 45°, and the bow waterline angle not 
greater than 40°, see Fig. 2.12.1. Where flare of the side shell 
amidships is proposed, it is recommended that the slope of 
the side be at least 8°. 


Assumed criticality of operation 


Escort Engaged in icebreaker fleet operations in ice,patrol 


and search/rescue missions 


appropriate, towing vessels 


Breaking channel for supporting other ships, close 
manoeuvring, freeing of beset vessels and, where 


May attempt to follow easiest course when operating 
alone. Search and rescue operations are undertaken 
within the bounds of safe operation to the icebreaker 
and escorted ship 


Research 


Support 


Engaged in independent operations in ice, including 
deployment of scientists and research equipment 


Breaking of channels to reach scientific/research 
bases and escort of ships for re-supply purposes 


Engaged in independent or icebreaker fleet 
operations in ice, supply/transit runs to support 
offshore installations 


Ice management activities which may include 
breaking of ice floes and engagement in ice defence 
of offshore operations/installations 


May re-route or re-schedule to avoid perceived difficult 
ice conditions 


May actively break large/strong ice features to defend 
the installation 
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12.5.4 Ice arresters (ice skeg) are recommended for all 
icebreakers to prevent riding up of the bow and submergence 
of the aftermost deck edge. 


12.5.5 For icebreakers provided with a heel inducing 
system, it is recommended that the depth of the icebreaker 
be such that immersion of the deck edge does not occur 
when the ship, whilst floating at the Upper Ice Waterline, is 
heeled to an angle of 5° greater than the nominal capacity of 
the system or 15°, whichever is the greater. 


12.5.6 For icebreakers intended to navigate continuously 
in thick multi-year ice, i.e., PC1, PC2 and PCS, and in relation 
to the icebreaker function, consideration should be given to 
the mass of the icebreaker to enable effective ice breaking. 


12.5.7 For icebreakers installed with podded propulsion or 
azimuth thrusters, see the Provisional Rules for Stern First Ice 
Class Ships. 


| 12.6 Hull strength 

12.6.1 An ice pressure plan is to be submitted as required 
in 12.3.5. The ice pressure is to consider the adjustment of 
area factors for additional ice interaction scenarios as well as 
the crushing failure class factors due to the increased impact 
speed as well as application with due cognisance of low 
displacements. 


12.6.2 The area factors associated with the ice pressure 
plan in 12.6.1 are, as a minimum, to comply with the hull area 
factors given in Table 2.10.3 for the ice class assigned. 

12.7 Propulsion and machinery arrangements 
12.7.1 Icebreakers are to be equipped with means of 
propulsion that meet the operational envelope criteria. 
Demonstration of suitable propulsion power for the 
operational envelope criteria as specified in 12.3.1, as 
appropriate, may be from any of the following or other 
appropriate methods: 

(a) theoretical formulation, as given in 12.7.2 and 12.7.3; 
(o) technical investigations based on engineering principles; 
(c) service experience at the operating ice conditions; and 
(d) ice model tests. 

Consideration should be given to the applicable speed in 
relation to the ice thickness, as provided in 12.3.1, and the 
operational profile. 


12.7.2 The propulsion power, at 2 knots, for icebreakers 
may be expressed as follows, where the ice thickness and 
icebreaker breadth form the dominant role: 


P = 100087 h (14-2) kW 
where B 
B = breadth of icebreaker, as defined in Pt 3, Ch 1,6.1, 
in metres 
h = nominal level ice thickness, in metres. 
12.7.3. The propulsion power, at 2 knots, for icebreakers 


may be expressed as follows, where 12.7.2 is modified to 
account for the hullform: 


Part 8, Chapter 2 


Section 12 


Ostem Qwaterline 


P = 96 + 


arctan £ ) aa 2 ) 


BO.7 h (14-2) kw 


where 
L = length of icebreaker, as defined in Pt 3, 
Ch 1,6.1, in metres 
B = breadth of icebreaker, as defined in Pt 3, 
Ch 1,6.1, in metres 
h = nominal level ice thickness, in metres 
Ostem stem angle, see Fig. 2.12.1 
Owaterline = Waterline angle, see Fig. 2.12.1. 


Fig. 2.12.1 


Icebreaker stem angles 


12.7.4 The formulae given in 12.7.2 and 12.7.3 are based 
on the broad fleet of icebreaker designs (60<L<140m and 
15<B<28) and level ice thicknesses (0,5<h<2m). Adjustments 
may therefore be required to account for specific propulsion 
arrangements, alternative speed criteria, size-mass effects, 
other L/B ratios and ice conditions. 


12.7.5 The propulsion power condition is to be 
considered, whereby 100 per cent of the rated ahead speed 
is available for a minimum of 30 minutes. A minimum astern 
power condition is to be considered, whereby 70 per cent of 
the rated astern speed is available for a minimum of 30 
minutes. 


12.7.6 Consideration should be given to machinery 
protection against over-speeding, excess torque, overloading 
and overheating. 


12.7.7 Propulsion system redundancy is to be considered. 
Where a machinery redundancy (PMR, SMR or PSMR) 
notation is to be assigned in addition to an Ilcebreaker(+) 
notation, the requirements of Pt 5, Ch 22 are to be complied 
with. 


12.7.8  \cebreakers are prone to additional noise and 
vibration. Conditions when icebreaking are to be considered 
when applying the rules, see Pt 5, Ch 1,4.3 and Pt 7, Ch 13. 


12.8 Rudder and steering arrangements 

12.8.1 Rudder posts, rudder horns, solepieces, rudder 
stocks and pintles are to be dimensioned in accordance with 
Part 3, Chapters 6 and 13 as appropriate. The speed used in 
the calculations is to be the maximum service speed or that 
given in Table 2.12.2, whichever is the greater. 
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Section 12 


Table 2.12.2 Minimum speeds 


Ice thickness, m Ship speed, kn 


1 


12.8.2 In the case of twin rudders operated by a single 
steering gear, provision is to be made for each rudder to be 
readily disconnected and secured. 


12.8.3. Rudders should be located inboard, clear of the aft 
end, and as low as practicable to reduce the impact of ice. 


12.9 Towing 


12.9.1 For escort icebreakers, arrangements for towing 
are to be provided, including a notch shape in the stern and 
provision of two chock pipes and two bitts. Consideration 
should be given for stern plating and framing to be 
strengthened to withstand impact loads for escorted ship 
collisions, as well as the propulsion and steering gear layout 
and protection from contact with bulbous bows. See Pt 4, Ch 
3, Section 7. 


12.10 Winterisation 


12.10.1 Where a winterisation notation is assigned in 
compliance with the Provisional Rules for the Winterisation of 
Ships, the following features are to be additionally considered: 
(a) bridge wings are to be fully enclosed; 

(b) ice removal measures, through heating arrangements, 
are to be provided to access routes to towing equipment 
for escort icebreakers; 

(c) provisions for evacuation onto ice; 

(d) additional search lights for mooring, astern manoeuvring 
and towing operations; 

(e) consideration of a red (flashing) navigation light to be 
used to indicate when an escort icebreaker is stopped; 

(f) provisions to prevent water freezing in water and fluid 
systems, including research laboratories and services; 

(g) consideration of ice accretion in damage condition; and 

(h) protection from ice accretion by enclosed aft walkways 
for icebreakers with an exposed aft deck. 
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COMMON STRUCTURAL RULES FOR 


BULK CARRIERS 


Foreword 


1. This version of the Rules is effective as of 1st July 2012. 


2. This version incorporates rule changes made to the 1 July 2010 consolidated edition. 


3. The Rules contain structural requirements for the Classification of Bulk Carriers of 90 m 
in length or greater. 


4. The Rules contain thirteen chapters. 


5. The following table provides a revision history of the Rules. 


; » | Reference Rule 
Amendment Type / No. | Approval Date | Effective Date Edition 
1 Jan 2006 


Corrigenda 1 15 May 2006 1 Apr. 2006 adition 


1 Jan 2006 


Corrigenda 2 29 Jan 2007 1 Apr. 2006 edition 


1 Jan 2006 


Corrigenda 3 19 July 2007 1 Apr. 2006 edition 


: 1 Jan 2006 
Corrigenda 4 3 Sept 2007 1 Apr. 2006 edition 
1 Jan 2006 


Rule Change Notice 1 30 Nov 2007 1 Apr. 2008 ae 
edition 


1 Jan 2006 
edition 


Rule Change Notice 2 25 Feb 2008 1 July 2008 


1 Jan 2006 


Corrigenda 5 15 May 2008 1 April 2006 edition 
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: » | Reference Rule 
Amendment Type / No. | Approval Date | Effective Date Edition 
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(Urgent) 12 Sept 2008 12 Sept 2008 edition 


Rule Change Notice 1 1 July 2008 
(1 July 2008 consolidated 30 Jan 2009 1 July 2009 consolidated 
edition) edition 
Rule Change Notice 2 1 July 2008 
(1 July 2008 consolidated | 12 Apr 2010 1 July 2010 consolidated 
edition) edition 


Rule Change Notice 1 1 July 2010 
(1 July 2010 consolidated | 30 Dec 2011 1 July 2012 consolidated 
edition) edition 
Corrigenda 1 1 July 2012 
(1 July 2012 consolidated | 16 July 2012 1 July 2012 consolidated 
edition) edition 
Corrigenda 2 1 July 2012 
(1 July 2012 consolidated | 21 Nov 2012 1 July 2012 consolidated 
edition) edition 


* For effective date, refer to the implementation statements of relevant Corrigenda / 
Rule Changes. 


Note: When the word ‘(void)’ appears in the text, it means that the concerned part has been deleted. 
This is to keep the numbering of the remainder unchanged. 


Copyright in these Common Structural Rules is owned by each IACS Member as at 15 January 2006. 
Copyright © 2006. 


The IACS members, their affiliates and subsidiaries and their respective officers, employees or agents (on behalf of whom 
this disclaimer is given) are, individually and collectively, referred to in this disclaimer as the "[ACS Members". The IACS 
Members assume no responsibility and shall not be liable whether in contract or in tort (including negligence) or otherwise to 
any person for any liability, or any direct, indirect or consequential loss, damage or expense caused by or arising from the use 
and/or availability of the information expressly or impliedly given in this document, howsoever provided, including for any 
inaccuracy or omission in it. For the avoidance of any doubt, this document and the material contained in it are provided as 
information only and not as advice to be relied upon by any person. 


Any dispute concerning the provision of this document or the information contained in it is subject to the exclusive 
jurisdiction of the English courts and will be governed by English law. 
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Section 1 - APPLICATION 


1. General 


1.1 Structural requirements 


1.1.1 
These Rules apply to ships classed with the Society and contracted for construction on or after 1 April 2006. 
Note: The "contracted for construction" means the date on which the contract to build the ship is signed between the prospective owner and 


the shipbuilder. For further details regarding the date of "contracted for construction", refer to [ACS Procedural Requirement (PR) No.29. 


1.1.2 
These Rules apply to the hull structures of single side skin and double side skin bulk carriers with unrestricted 


worldwide navigation, having length L of 90 m or above. 

With bulk carrier is intended sea going self-propelled ships which are constructed generally with single deck, 
double bottom, hopper side tanks and topside tanks and with single or double side skin construction in cargo 
length area and intended primarily to carry dry cargoes in bulk, excluding ore and combination carriers. 

Hybrid bulk carriers, where at least one cargo hold is constructed with hopper tank and topside tank, are covered 
by the present Rules. The structural strength of members in holds constructed without hopper tank and/or topside 
tank is to comply with the strength criteria defined in the Rules. 


1.1.3 
The present Rules contain the [ACS requirements for hull scantlings, arrangements, welding, structural details, 


materials and equipment applicable to all types of bulk carriers having the following characteristics: 


e L<350m 


e L/IB>5 
e B/D<25 
e C,20.6 
1.1.4 


The Rule requirements apply to welded hull structures made of steel having characteristics complying with 
requirements in Ch 3, Sec 1. The requirements apply also to welded steel ships in which parts of the hull, such as 
superstructures or small hatch covers, are built in material other than steel, complying with requirements in Ch 3, 


Sec 1. 


1.1.5 
Ships whose hull materials are different than those given in [1.1.4] and ships with novel features or unusual hull 


design are to be individually considered by the Society, on the basis of the principles and criteria adopted in the 


present Rules. 


1.1.6 
The scantling draught considered when applying the present Rules is to be not less than that corresponding to the 


assigned freeboard. 
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1.1.7 
Where scantlings are obtained from direct calculation procedures which are different from those specified in 


Ch 7, adequate supporting documentation is to be submitted to the Society, as detailed in Sec 2. 


1.2 Limits of application to lifting appliances 


1.2.1 
The fixed parts of lifting appliances, considered as an integral part of the hull, are the structures permanently 


connected by welding to the ship’s hull (for instance crane pedestals, masts, king posts, derrick heel seatings, 
etc., excluding cranes, derrick booms, ropes, rigging accessories, and, generally, any dismountable parts), only 
for that part directly interacting with the hull structure. The shrouds of masts embedded in the ship’s structure 


are considered as fixed parts. 


1.2.2 
The fixed parts of lifting appliances and their connections to the ship’s structure may be covered by the Society’s 


Rules for lifting appliances, and / or by the certification (especially the issuance of the Cargo Gear Register) of 


lifting appliances when required. 


1.2.3 
The design of the structure supporting fixed lifting appliances and the structure that might be called to support a 


mobile appliance should be designed taking into account the additional loads that will be imposed on them by 


the operation of the appliance as declared by the shipbuilder or its sub-contractors. 


1.3 Limits of application to welding procedures 


1.3.1 
The requirements of the present Rules apply also for the preparation, execution and inspection of welded 


connections in hull structures. 
They are to be complemented by the general requirements relevant to fabrication by welding and qualification of 


welding procedures given by the Society when deemed appropriate by the Society. 


2. Rule application 


2.1 Ship parts 


2.1.1 General 
For the purpose of application of the present Rules, the ship is considered as divided into the following three 


parts: 
e fore part 
e central part 


e aftpart. 


2.1.2 Fore part 
The fore part includes the structures located forward of the collision bulkhead, i.e.: 
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e the fore peak structures 

e the stem. 

In addition, it includes: 

e the reinforcements of the flat bottom forward area 


e the reinforcements of the bow flare area. 


2.1.3 Central part 
The central part includes the structures located between the collision bulkhead and the after peak bulkhead. 


Where the flat bottom forward area or the bow flare area extend aft of the collision bulkhead, they are considered 


as belonging to the fore part. 


2.1.4 Aft part 
The aft part includes the structures located aft of the after peak bulkhead. 


2.2 Rules applicable to various ship parts 


2.2.1 
The various chapters and sections are to be applied for the scantling of ship parts according to Tab 1. 


Table 1: Chapters and sections applicable for the scantling of ship parts 


Part Applicable Chapters and Sections 
Fore part Ch 9, Sec 1 


Ch6 
Ch7 
Ch 8 


Central 
part 


Ch 9, excluding: 


Ch 9, Sec 1 
Aft part Ch 9, Sec 2 Ch 9, Sec 2 
Ch 11 


(1) See also [2.3]. 


2.3 Rules applicable to other ship items 


2.3.1 
The various Chapters and Sections are to be applied for the scantling of other ship items according to Tab 2. 


Table 2: Chapters and sections applicable for the scantling of other items 
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3. Class Notations 


3.1 Additional service features BC-A, BC-B and BC-C 


3.1.1 
The following requirements apply to ships, as defined in [1.1.2], having length Z of 150 m or above. 


3.1.2 
Bulk carriers are to be assigned one of the following additional service features: 


a) BC-A: for bulk carriers designed to carry dry bulk cargoes of cargo density 1.0 t/m’ and above with specified 
holds empty at maximum draught in addition to BC-B conditions. 

b) BC-B: for bulk carriers designed to carry dry bulk cargoes of cargo density of 1.0 t/m? and above with all 
cargo holds loaded in addition to BC-C conditions. 

c) BC-C: for bulk carriers designed to carry dry bulk cargoes of cargo density less than 1.0 t/m’. 


3.1.3 
The following additional service features are to be provided giving further detailed description of limitations to 


be observed during operation as a consequence of the design loading condition applied during the design in the 

following cases: 

e {maximum cargo density (in t/m’)} for additional service features BC-A and BC-B if the maximum cargo 
density is less than 3.0 t/m°(see also Ch 4, Sec 7, [2.1]). 

e {no MP} for all additional service features when the ship has not been designed for loading and unloading 
in multiple ports in accordance with the conditions specified in Ch 4, Sec 7, [3.3]. 

e {allowed combination of specified empty holds} for additional service feature BC-A (see also Ch 4, Sec 7, 


[2.1]). 


3.2 Additional class notation GRAB [X] 


3.2.1 Application 
The additional class notation GRAB [X] is mandatory for ships having one of the additional service features 


BC-A or BC-B, according to [3.1.2]. For these ships the requirements for the GRAB [X] notation given in 
Ch 12, Sec 1 are to be complied with for an unladen grab weight X equal to or greater than 20 tons. 
For all other ships the additional class notation GRAB [X] is voluntary. 


3.3 Class notation CSR 


3.3.1 Application 
In addition to the class notations granted by the assigning Society and to the service features and additional class 


notations defined hereabove, ships fully complying with the present Rules will be assigned the notation CSR. 


Page 6 July 2012 


Common Structural Rules for Bulk Carriers Chapter 1, Section 2 


Section 2 - VERIFICATION OF COMPLIANCE 


1. General 


1.1 New buildings 


1.1.1 
For new buildings, the plans and documents submitted for approval, as indicated in [2], are to comply with the 


applicable requirements in Ch 1 to Ch 12 of the present Rules, taking account of the relevant criteria, as the 


additional service features and classification notation assigned to the ship or the ship length. 


1.1.2 
When a ship is surveyed by the Society during construction, the Society: 


e approves the plans and documentation submitted as required by the Rules 

e proceeds with the appraisal of the design of materials and equipment used in the construction of the ship and 
their inspection at works 

e carries out surveys or obtains appropriate evidence to satisfy itself that the scantlings and construction meet 
the rule requirements in relation to the approved drawings 

e attends tests and trials provided for in the Rules 


e assigns the construction mark. 


1.1.3 
The Society defines in specific Rules which materials and equipment used for the construction of ships built under 


survey are, as a rule, subject to appraisal of their design and to inspection at works, and according to which 


particulars. 


1.1.4 
As part of his interventions during the ship's construction, the Surveyor will: 


e conduct an overall examination of the parts of the ship covered by the Rules 
e examine the construction methods and procedures when required by the Rules 
e check selected items covered by the rule requirements 


e attend tests and trials where applicable and deemed necessary. 


1.2 Ships in service 


1.2.1 
For ships in service, the requirements in Ch 13 of the present Rules are to be complied with. 
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2. Documentation to be submitted 


2.1 Ships surveyed by the Society during the construction 


2.1.1 Plans and documents to be submitted for approval 
The plans and documents to be submitted to the Society for approval are listed in Tab 1. In addition, the Society 


may request for approval or information, other plans and documents deemed necessary for the review of the 
design. 

Structural plans are to show details of connections of the various parts and are to specify the design materials, 
including, in general, their manufacturing processes, welding procedures and heat treatments. See also Ch 11, 


Sec 2, [1.4]. 


2.1.2 Plans and documents to be submitted for information 
In addition to those in [2.1.1], the following plans and documents are to be submitted to the Society for 


information: 

e general arrangement 

e capacity plan, indicating the volume and position of the centre of gravity of all compartments and tanks 

e lines plan 

e hydrostatic curves 

e lightweight distribution 

e docking plan. 

In addition, when direct calculation analyses are carried out by the Designer according to the rule requirements, 


they are to be submitted to the Society (see [3]). 


2.2 Ships for which the Society acts on behalf of the relevant Administration 


2.2.1 Plans and documents to be submitted for approval 
The plans required by the National Regulations concerned are to be submitted to the Society for approval, in 


addition to those in [2.1]. 
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Table 1: Plans and documents to be submitted for approval 


Plan or document Containing also information on 


Midship section lass characteristics 
Transverse sections ain dimensions 
Shell expansion inimum ballast draught 
Decks and profiles IFrame spacing 
ontractual service speed 
Density of cargoes 
Design loads on decks and double bottom 
Deep tank and ballast tank bulkheads, wash [Steel grades 
bulkheads orrosion protection 
Openings in decks and shell and relevant compensations 
oundaries of flat areas in bottom and sides 


Watertight subdivision bulkheads Openings and their closing appliances, if any 
Watertight tunnels 


Fore Fore part structure S Fore part structure S 


Machinery space structures ype, power and rpm of propulsion machinery 


Foundations of propulsion machinery and ass and centre of gravity of machinery and boilers 


Superstructures and deckhouses Extension and mechanical properties of the aluminium alloy used 
Machinery space casing (where applicable) 


Hatch covers and hatch coamings Design loads on hatch covers 
Sealing and securing arrangements, type and position of locking 


Distance ofhatch covers from the summer load waterline and fro 


Transverse thruster, if any, general 
arrangement, tunnel structure, connections of 
hruster with tunnel and hull structures 


Bulwarks and freeing ports Arrangement and dimensions of bulwarks and freeing ports on the 
freeboard deck and superstructure deck 

Windows and side scuttles, arrangements and 

details 


Scuppers and sanitary ee ee eee 


a and rudder horn ‘ Maximum = o L service speed 


Sternframe or sternpost, sterntube 
Propeller shaft boss and brackets ® 


manoeuvring devices 


Plan of outer doors and hatchways 


Derricks and cargo gear Design loads (forces and moments) 
Cargo lift structures 


onnections to the hull structures 
Bea chests stabilisers OOOO 
e 
Planofmanholes 
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Plan or document DO also information on 


Plan Plan of access to and escape from spaces | access to and escape from spaces 


ompartments 
Plan of tank testing esting procedures for the various compartments 
a a 
Sec 8) 


[Equipment number calculation (Geometrical elements for calculation 
[List of equipment 
onstruction and breaking load of steel wires 
Material, construction, breaking load and relevant elongation of 
synthetic ropes 


(1) Where other steering or propulsion systems are adopted (e.g. steering nozzles or azimuth propulsion systems), 
the plans showing the relevant arrangement and structural scantlings are to be submitted. For azimuth propulsion 
systems, see Ch 10, Sec 1, [11]. 


3. Computer programs 


3.1 General 


3.1.1 
In order to increase the flexibility in the structural design direct calculations with computer programs are 


acceptable (see Ch 7). The aim of such analyses is to assess the structure compliance with the rule requirements. 


3.2 General programs 


3.2.1 
The choice of computer programs according to currently available technology is free. The programs are to be able 


to manage the model and load cases as required in Ch 7 and/or Ch 8. The programs may be checked by the Society 
through comparative calculations with predefined test examples. A generally valid approval for a computer 


program is, however, not given by the Society. 


3.2.2 
Direct calculations may be used in the following fields: 


e global strength 
e longitudinal strength 
e beams and grillages 


e detailed strength. 


3.2.3 
For such calculation the computer model, the boundary condition and load cases are to be agreed upon with the 


Society. 
The calculation documents are to be submitted including input and output. During the examination it may prove 


necessary that the Society performs independent comparative calculations. 
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Section 3 — FUNCTIONAL REQUIREMENTS 


1. General 


1.1 Application 


1.1.1 
This section defines the set of requirements relevant to the functions of the ship structures to be complied with 


during design and construction, to meet the following objectives. 


1.2 Design life 


1.2.1 
The ship is to remain safe and environment-friendly, if properly operated and maintained, for her expected 


design life, which, unless otherwise specifically stated, is assumed to be equal to 25 years. The actual ship life 
may be longer or shorter than the design life, depending on the actual conditions and maintenance of the ship, 


taking into account aging effects, in particular fatigue, coating deterioration, corrosion, wear and tear. 


1.3 Environmental conditions 


1.3.1 
The ship’s structural design is to be based on the assumption of trading in the North Atlantic environment for the 


entire design life. Hence the respective wave conditions, i.e. the statistical wave scatter takes into account the 


basic principle for structural strength layout. 


1.4 Structural safety 


1.4.1 
The ship is to be designed and constructed, and subsequently operated and maintained by its builders and 


operators, to minimise the risk for the safety of life at sea and the pollution of the marine environment as the 
consequence of the total loss of the ship due to structural collapse and subsequent flooding, loss of watertight 


integrity. 


1.5 Structural accessibility 


1.5.1 
The ship is to be designed and constructed to provide adequate means of access to all spaces and internal 


structures to enable overall and close-up inspections and thickness measurements. 


1.6 Quality of construction 


1.6.1 
As an objective, ships are to be built in accordance with controlled quality production standards using approved 


materials as necessary. 
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2. Definition of functional requirements 


2.1 General 


2.1.1 


The functional requirements relevant to the ship structure are indicated in [2.2] to [2.6]. 
2.2 Structural strength 


2.2.1 
Ships are to be designed to withstand, in the intact condition, the environmental conditions during the design life, 


for the appropriate loading conditions. Structural strength is to be determined against buckling and yielding. 
Ultimate strength calculations have to include ultimate hull girder capacity and ultimate strength of plates and 


stiffeners. 


2.2.2 
Ships are to be designed to have sufficient reserve strength to withstand the wave and internal loads in damaged 


conditions that are reasonably foreseeable, e.g. collision, grounding or flooding scenarios. Residual strength 
calculations are to take into account the ultimate reserve capacity of the hull girder, considering permanent 


deformation and post-buckling behaviour. 


2.2.3 
Ships are to be assessed according to the expected design fatigue life for representative structural details. 


2.3 Coating 


2.3.1 
Coating, where required, is to be selected as a function of the declared use of the ship spaces, e.g. holds, tanks, 


cofferdams, etc., materials and application of other corrosion prevention systems, e.g. cathodic protection or 
other alternative means. The protective coating systems, applied and maintained in accordance with 
manufacturer’s specifications concerning steel preparation, coating selection, application and maintenance, are to 


comply with the SOLAS requirements, the flag administration requirements and the Owner specifications. 


2.4 Corrosion addition 


2.4.1 
The corrosion addition to be added to the net scantling required by structural strength calculations is to be 


adequate for the operating life. The corrosion addition is to be assigned in accordance with the use and exposure 
of internal and external structure to corrosive agents, such as water, cargo or corrosive atmosphere, in addition to 


the corrosion prevention systems, e.g. coating, cathodic protection or by alternative means. 
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2.5 Means of access 


2.5.1 
Ship structures subject to overall and close-up inspection and thickness measurements are to be provided with 


means capable of ensuring safe access to the structures. The means of access are to be described in a Ship 
Structure Access Manual for bulk carriers of 20,000 gross tonnage and over. Reference is made to SOLAS, 
Chapter II-1, Regulation 3-6. 

RCN 2 to July 2008 version (effective from I July 2010) 


2.6 Construction quality procedures 


2.6.1 


Specifications for material manufacturing, assembling, joining and welding procedures, steel surface preparation 


and coating are to be included in the ship construction quality procedures. 


3. Other regulations 


3.1 International regulations 


3.1.1 
Attention of designers, shipbuilders and shipowners of ships covered by these Rules is drawn on the following : 


Ships are designed, constructed and operated in a complex regulatory framework prescribed internationally by 
IMO and implemented by flag states or by classification societies on their behalf. Statutory requirements set the 
standard for statutory aspects of ships such as life saving, subdivisions, stability, fire protection, etc. 
These requirements influence the operational and cargo carrying arrangements of the ship and therefore may 
affect its structural design. 
The main international instruments normally to be applied with regard to the strength of bulk carriers are: 

e International Convention for Safety of Life at Sea (SOLAS) 


e «International Convention on Load Lines 


3.2 National regulations 


3.2.1 
Attention is drawn on the applicable national flag state regulations. 


Compliance with these regulations of national administrations is not conditional for class assignment. 


4. Workmanship 


4.1 Requirements to be complied with by the manufacturer 


4.1.1 
The manufacturing plant is to be provided with suitable equipment and facilities to enable proper handling of the 


materials, manufacturing processes, structural components, etc. 
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The manufacturing plant is to have at its disposal sufficiently qualified personnel. The Society is to be advised of 


the names and areas of responsibility of the supervisory and control personnel in charge of the project. 


4.2 Quality control 


4.2.1 
As far as required and expedient, the manufacturer's personnel has to examine all structural components both 


during manufacture and on completion, to ensure that they are complete, that the dimensions are correct and that 
workmanship is satisfactory and meets the standard of good shipbuilding practice. 

Upon inspection and corrections by the manufacturing plant, the structural components are to be shown to the 
surveyor of the Society for inspection, in suitable sections, normally in unpainted condition and enabling proper 
access for inspection. 

The Surveyor may reject components that have not been adequately checked by the plant and may demand their 


re-submission upon successful completion of such checks and corrections by the plant. 


5. Structural Details 


5.1 Details in manufacturing documents 


5.1.1 
Significant details concerning quality and functional ability of the component concerned are to be entered in the 


manufacturing documents (workshop drawings, etc.). This includes not only scantlings but - where relevant - 
such items as surface conditions (e.g. finishing of flame cut edges and weld seams), and special methods of 
manufacture involved as well as inspection and acceptance requirements and where relevant permissible 
tolerances. So far as for this aim a standard is used (works or national standard etc.) it is to be submitted to the 
Society. For weld joint details, see Ch 11, Sec 2. 

If, due to missing or insufficient details in the manufacturing documents, the quality or functional ability of the 
component is doubtful, the Society may require appropriate improvements to be submitted by the manufacturer. 
This includes the provision of supplementary or additional parts (for example reinforcements) even if these were 


not required at the time of plan approval. 
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Section 4-— SYMBOLS AND DEFINITIONS 


1. Primary symbols and units 


1.1 


1.1.1 
Unless otherwise specified, the general symbols and their units used in the present Rules are those defined in 


Tab 1. 


Table 1: Primary symbols 


Symbol 


A Area 
Sectional area of ordinary stiffeners and primary members 


hE B | Moulded breadth of ship (see [2]) 
Coefficient 

| D |Depthofship (see [2]) 

t= = E | Young’s modulus 

OOOO E O Force and concentrated loads 


Hull girder inertia 
Inertia of ordinary stiffeners and primary members 
OoOO O L O Length of ship (see [2]) 
| M | Bending moment 
| Q  [|Shearforce 
Spacing of primary supporting members 
| T  [|Draughtofship (see [2]) 
COO [iis speed 
Ea aa Hull girder section modulus 
| o a | Acceleration 


Width of attached plating 
Width of face plate of ordinary stiffeners and primary members 


a az | Gravity acceleration (see [2]) 


n Height 
Web height of ordinary stiffeners and primary members 


Material factor (see [2]) 


Length / Span of ordinary stiffeners and primary supporting members 
Mass 
Number of items 


Pressure 
Radius 
Radius of curvature of plating or bilge radius 


Bo o a Spacing of ordinary stiffeners 
OOO ies 


f lw Section meals of unay pete and primary supporting members 


ii zo Z coordinate along vertical axis (see [4]) 
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Symbol 


y Safety factor 


ô Deflection / Displacement 


O o fre 


é Weibull shape parameter 
pP Density 
Bending stress 


2. Symbols 


2.1 Ship’s main data 


2.1.1 

L : Rule length, in m, defined in [3.1] 

Lir : Freeboard length, in m, defined in [3.2] 

Lep : Length between perpendiculars, in m, is the length of the ship measured between perpendiculars taken 
at the extremities of the deepest subdivision load line, i.e. of the waterline which corresponds to the 
greatest draught permitted by the subdivision requirements which are applicable 

FP, : Forward freeboard perpendicular. The forward freeboard perpendicular is to be taken at the forward 


end of the length Z;; and is to coincide with the foreside of the stem on the waterline on which the 
length Lzz is measured 


AP; : After freeboard perpendicular. The after freeboard perpendicular is to be taken at the aft end of the 


length Lzz. 

B : Moulded breadth, in m, defined in [3.4] 
: Depth, in m, defined in [3.5] 

T : Moulded draught, in m, defined in [3.6] 
Ts : Scantling draught, in m, taken equal to the maximum draught (see also Ch 1, Sec 1, [1.1.6]) 
Tg : Minimum ballast draught at midship, in m, in normal ballast condition as defined in Ch 4, Sec 7, 

[2.2.1] 
Tic : Midship draught, in m, in the considered loading condition 
A : Moulded displacement, in tonnes, at draught T, in sea water (density p = 1.025 t/m’) 
Cz : Total block coefficient 

E A 
2 1.025LBT 

4 : Maximum ahead service speed, in knots, means the greatest speed which the ship is designed to 


maintain in service at her deepest seagoing draught at the maximum propeller RPM and 
corresponding engine MCR (Maximum Continuous Rating). 


x,y,z : X, Y and Z co-ordinates, in m, of the calculation point with respect to the reference co-ordinate system. 
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2.2 Materials 


2.2.1 
E : Young’s modulus, in N/mm’, to be taken equal to: 
E = 2.06.10% N/mm’, for steels in general 
E=1.95.10° N/mm’, for stainless steels 
E=7.0.10* N/mm’, for aluminium alloys 
Rex : Minimum yield stress, in N/mm”, of the material 
k : Material factor, defined in Ch 3, Sec 1, [2.2] 
v : Poisson’s ratio. Unless otherwise specified, a value of 0.3 is to be taken into account, 
Rn : Ultimate minimum tensile strength, in N/mm’, of the material 
Ry : Nominal yield stress, in N/mm’, of the material, to be taken equal to 235/k N/mm”, unless otherwise 
specified. 
2.3 Loads 
2.3.1 
g : Gravity acceleration, taken equal to 9.81 m/s? 
pP : Sea water density, taken equal to 1.025 t/m? 
PL : Density, in t/m’, of the liquid carried 
Pc : Density, in t/m’, of the dry bulk cargo carried 
C : Wave parameter, taken equal to: 
300-2)” 
C =10.75 | oe for 90 < L < 300m 
C= 10.75 for 300 < L < 350m 
h : Height, in m, of a tank, to be taken as the vertical distance from the bottom to the top of the tank, 
excluding any small hatchways 
ZTOP : Vertical distance, in m, of the highest point of the tank from the baseline. For ballast holds, Zrop is the 
vertical distance, in m, of the top of the hatch coaming from the baseline 
lH : Length, in m, of the compartment 
Msw  : Design still water bending moment, in kN.m, at the hull transverse section considered: 
Msw = Mswn in hogging conditions 
Msw = Msw.s in sagging conditions 
Mwy  : Vertical wave bending moment, in kN.m, at the hull transverse section considered: 
Mwy = Mwy in hogging conditions 
Myry = Mwry.s in sagging conditions 
Mwa  : Horizontal wave bending moment, in kN.m, at the hull transverse section considered, 
QOsw  : Design still water shear force, in kN, at the hull transverse section considered 
Owv : Vertical wave shear force, in kN, at the hull transverse section considered 
Ps : Still water pressure, in kN/m? 
Pw : Wave pressure or dynamic pressures, in kN/m? 
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Psr, Pwr : 
Ox 


ay, Ay, Az: 
Tr 


Still water and wave pressure, in kN/m”, in flooded conditions 


: Hull girder normal stress, in N/mm? 


Accelerations, in m/s’, along X, Y and Z directions, respectively 


: Roll period, in s 

: Roll single amplitude, in deg 

: Pitch period, in s 

: Single pitch amplitude, in deg 
: Roll radius of gyration, in m 

: Metacentric height, in m 


: Wave length, in m 


2.4 Scantlings 


2.4.1 Hull girder scantlings 


ly + 


Moment of inertia, in mí, of the hull transverse section about its horizontal neutral axis 


: Moment of inertia, in m4, of the hull transverse section about its vertical neutral axis 
: Section moduli, in m’, at bottom and deck, respectively 


: Vertical distance, in m, from the base line to the horizontal neutral axis of the hull transverse section 


2.4.2 Local scantlings 


S 


Asp 


: Spacing, in m, of ordinary stiffeners, measured at mid-span along the chord 
: Spacing, in m, of primary supporting members, measured at mid-span along the chord 


: Span, in m, of ordinary stiffener or primary supporting member, as the case may be, measured along 


the chord 


: Length, in m, of brackets 

: Corrosion addition, in mm 

: Web height, in mm, of ordinary stiffener or primary supporting member, as the case may be 

: Net web thickness, in mm, of ordinary stiffener or primary supporting member, as the case may be 
: Face plate width, in mm, of ordinary stiffener or primary supporting member, as the case may be 


: Net face plate thickness, in mm, of ordinary stiffener or primary supporting member, as the case may 


be 


: Net thickness, in mm, of the plating attached to an ordinary stiffener or a primary supporting member, 


as the case may be 


: Width, in m, of the plating attached to the stiffener or the primary supporting member, for the yielding 


check 


: Net sectional area, in cm”, of the stiffener or the primary supporting member, with attached plating of 


width s 


: Net shear sectional area, in cm”, of the stiffener or the primary supporting member 
p ry supp 8 


: Net moment of inertia, in cm’, of ordinary stiffener or primary supporting member, as the case ma 
Ty p y supp g y 


be, without attached plating, around its neutral axis parallel to the plating 
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L : Net polar moment of inertia, in cm’, of ordinary stiffener or primary supporting member, as the case 
may be, about its connection to plating 

Iw : Net sectional moment of inertia, in cm®, of ordinary stiffener or primary supporting member, as the 
case may be, about its connection to plating 

Ts : Net moment of inertia, in cm’, of the stiffener or the primary supporting member, with attached shell 
plating of width s, about its neutral axis parallel to the plating 

Z : Net section modulus, in cm’, of an ordinary stiffener or a primary supporting member, as the case may 


be, with attached plating of width b, 


3. Definitions 


3.1 Rule length 


3.1.1 
The rule length Z is the distance, in m, measured on the summer load waterline, from the forward side of the 


stem to the after side of the rudder post, or to the centre of the rudder stock where there is no rudder post. L is to 


be not less than 96% and need not exceed 97% of the extreme length on the summer load waterline. 


3.1.2 
In ships without rudder stock (e.g. ships fitted with azimuth thrusters), the rule length Z is to be taken equal to 


97% of the extreme length on the summer load waterline. 


3.1.3 
In ships with unusual stem or stern arrangements, the rule length Z is considered on a case by case basis. 


3.2 Freeboard length 


3.2.1 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 3(1,a)) 


The freeboard length Ly, is the distance, in m, on the waterline at 85% of the least moulded depth from the top of 
the keel, measured from the forward side of the stem to the centre of the rudder stock. Lr; is to be not less than 


96% of the extreme length on the same waterline. 


3.2.2 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 3(1,c)) 


Where the stem contour is concave above the water-line at 85% of the least moulded depth, both the forward end 
of the extreme length and the forward side of the stem are to be taken at the vertical projection to that waterline 


of the aftermost point of the stem contour (above that waterline) (see Fig 1). 
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—— 
Forward terminal of 
the total length 


Figure 1: Concave stem contour 


3.3 Ends of rule length L and midship 


3.3.1 Fore end 
The fore end (FE) of the rule length L, see Fig 2, is the perpendicular to the summer load waterline at the 


forward side of the stem. 


AE Midship FE 
- ry j 
p T 
L/2 L/2 
4 L >< > 
< —— 


Figure 2: Ends and midship 


The aft end (AE) of the rule length L, see Fig 2, is the perpendicular to the waterline at a distance L aft of the 


fore end. 


3.3.2 Midship 
The midship is the perpendicular to the waterline at a distance 0.5L aft of the fore end. 


3.3.3 Midship part 
The midship part of a ship is the part extending 0.4Z amidships, unless otherwise specified. 


3.4 Moulded breadth 


3.4.1 
The moulded breadth B is the greatest moulded breadth, in m, measured amidships below the weather deck. 
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3.5 Depth 


3.5.1 
The depth D is the distance, in m, measured vertically on the midship transverse section, from the moulded base 


line to the top of the deck beam at side on the upper-most continuous deck. 


3.6 Moulded draught 


3.6.1 
The moulded draught T is the distance, in m, measured vertically on the midship transverse section, from the 


moulded base line to the summer load line. 


3.7 Lightweight 


3.7.1 
The lightweight is the displacement, in t, without cargo, fuel, lubricating oil, ballast water, fresh water and feed 


water, consumable stores and passengers and crew and their effects. 


RCN 2 to July 2008 version (effective from 1July 2010) 


3.8 Deadweight 


3.8.1 
The deadweight is the difference, in t, between the displacement, at the summer draught in sea water of density 


p= 1.025 t/m’, and the lightweight. 


3.9 Freeboard deck 


3.9.1 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 3(9)) 


The freeboard deck is defined in Regulation 3 of the International Load Line Convention, as amended. 


3.10 Bulkhead deck 


3.10.1 
Ref. SOLAS Reg.II-1/2 .5 


The bulkhead deck is the uppermost deck to which the transverse watertight bulkheads, except both peak 


bulkheads, extend and are made effective. 


3.11 Strength deck 


3.11.1 
The strength deck at a part of ship’s length is the uppermost continuous deck at that part to which the shell plates 


extend. 
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3.12 Superstructure 


3.12.1 General 
Ref. ILLC. As amended (Resolution MSC.143(77) Reg. 3(10,a)) 


A superstructure is a decked structure on the free-board deck, extending from side to side of the ship or with the 


side plating not being inboard of the shell plating more than 0.04B. 


3.12.2 Enclosed and open superstructure 
A superstructure may be: 


e enclosed, where: 
1) it is enclosed by front, side and aft bulkheads complying with the requirements of Ch 9, Sec 4 
2) all front, side and aft openings are fitted with efficient weathertight means of closing 


e open, where it is not enclosed. 


3.13 Forecastle 


3.13.1 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 3(10,g)) 


A forecastle is a superstructure which extends from the forward perpendicular aft to a point which is forward of 


the after perpendicular. The forecastle may originate from a point forward of the forward perpendicular. 


3.14 Raised quarterdeck 


3.14.1 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 3(10,i)) 


A raised quarterdeck is a superstructure which extends forward from the after perpendicular, generally has a 
height less than a normal superstructure, and has an intact front bulkhead (sidescuttles of the non-opening type 
fitted with efficient deadlights and bolted man hole covers)(see Fig 3). Where the forward bulkhead is not intact 


due to doors and access openings, the superstructure is then to be considered as a poop. 


Figure 3: Raised quarter deck 
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3.15 Deckhouse 


3.15.1 
A deckhouse is a decked structure other than a superstructure, located on the freeboard deck or above. 


3.16 Trunk 


3.16.1 
A trunk is a decked structure similar to a deckhouse, but not provided with a lower deck. 


3.17 Wash bulkhead 


3.17.1 
A wash bulkhead is a perforated or partial bulkhead in a tank. 


3.18 Standard height of superstructure 


3.18.1 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 33) 


The standard height of superstructure is defined in Tab 2. 


Table 2: Standard height of superstructure 


Freeboard length L,7, Standard height As, in m 


inm 
Raised quarter deck Aller 
superstructures 


90 < Ly, < 125 0.3 + 0.012 Lir 1.05 + 0.01 Liz 


3.19 Type A and Type B ships 


3.19.1 Type A ship 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 27.1) 


A Type A ship is one which: 

e is designed to carry only liquid cargoes in bulk; 

e has a high integrity of the exposed deck with only small access openings to cargo compartments, closed by 
watertight gasketed covers of steel or equivalent material 

e has low permeability of loaded cargo compartments. 

A Type A ship is to be assigned a freeboard following the requirements reported in the International Load Line 


Convention 1966, as amended. 


3.19.2 Type B ship 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 27.5) 


All ships which do not come within the provisions regarding Type A ships stated in [3.19.1] are to be considered 


as Type B ships. 
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A Type B ship is to be assigned a freeboard following the requirements reported in the International Load Line 


Convention 1966, as amended. 


3.19.3 Type B-60 ship 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 27.9) 


A Type B-60 ship is any Type B ship of over 100 metres in length which, according to applicable requirements of 
in the International Load Line Convention 1966, as amended, is assigned with a value of tabular freeboard 
which can be reduced up to 60 per cent of the difference between the “B” and “A” tabular values for the 


appropriate ship lengths. 


3.19.4 Type B-100 ship 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 27.10) 


A Type B-100 ship is any Type B ship of over 100 metres in length which, according to applicable requirements 
of in the International Load Line Convention 1966, as amended, is assigned with a value of tabular freeboard 
which can be reduced up to 100 per cent of the difference between the “B” and “A” tabular values for the 


appropriate ship lengths. 


3.20 Positions 1 and 2 


3.20.1 Position 1 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 13) 


Position I includes: 
e exposed freeboard and raised quarter decks, 
e exposed superstructure decks situated forward of 0.25 Lz; from the perpendicular, at the forward side of the 


stem, to the waterline at 85% of the least moulded depth measured from the top of the keel. 


3.20.2 Position 2 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 13) 


Position 2 includes: 

e exposed superstructure decks situated aft of 0.25 L;, from the perpendicular, at the forward side of the stem, 
to the waterline at 85% of the least moulded depth measured from the top of the keel and located at least one 
standard height of superstructure above the freeboard deck, 

e exposed superstructure decks situated forward of 0.,25 Z;, from the perpendicular, at the forward side of the 
stem, to the waterline at 85% of the least moulded depth measured from the top of the keel and located at 


least two standard heights of superstructure above the freeboard deck. 


3.21 Single Side Skin and Double Side Skin construction 


3.21.1 Single side skin construction 
A hold of single side skin construction is bounded by the side shell between the inner bottom plating or the 
hopper tank plating when fitted, and the deck plating or the topside tank plating when fitted. 
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3.21.2 Double side skin construction 

A hold of double side skin construction is bounded by a double side skin, including hopper tank and topside tank 
when fitted. 

RCN 1 to July 2010 version (effective from 1July 2012) 


3.22 Bilge 


3.22.1 Bilge plating 
The bilge plating is the curved plating between the bottom shell and side shell. It is to be taken as follows: 
e within the cylindrical part of the ship (see Fig.4): 
from the start of the curvature at the lower turn of bilge on the bottom to the end of the curvature at the 
upper turn of the bilge, 
e outside the cylindrical part of the ship (see Fig.5): 
From the start of the curvature at the lower turn of the bilge on the bottom to the lesser of: 
e apoint on the side shell located 0.2D above the baseline/local centreline elevation. 


e the end of the curvature at the upper turn of the bilge. 


End of curvature 


Bilge Plating, End of curvature 


Figure 4: vertical extent of bilge plating within the cylindrical part of the hull 
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Bilge Plating i End of curvature 


Figure 5: vertical extent of bilge plating outside the cylindrical part of the hull 


RCN 1 to July 2010 version (effective from 1July 2012) 


4. Reference co-ordinate system 


4.1 


4.1.1 


The ship’s geometry, motions, accelerations and loads are defined with respect to the following right-hand co- 

ordinate system (see Fig 6): 

e Origin: at the intersection among the longitudinal plane of symmetry of ship, the aft end of L and the 
baseline 

e Xaxis: longitudinal axis, positive forwards 


e Y axis: transverse axis, positive towards portside 


e Zaxis: vertical axis, positive upwards. 
Z 


Figure 6: Reference co-ordinate system 


4.1.2 
Positive rotations are oriented in anti-clockwise direction about the X, Y and Z axes. 
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Section 1 - SUBDIVISION ARRANGEMENT 


1. Number and arrangement of transverse watertight bulkheads 


1.1 Number of watertight bulkheads 


1.1.1 General 
All ships, in addition to complying with the requirements of [1.1.2], are to have at least the following transverse 


watertight bulkheads: 

e one collision bulkhead 

e one after peak bulkhead 

e two bulkheads forming the boundaries of the machinery space in ships with machinery amidships, and a 
bulkhead forward of the machinery space in ships with machinery aft. In the case of ships with an electrical 


propulsion plant, both the generator room and the engine room are to be enclosed by watertight bulkheads. 


1.1.2 Additional bulkheads 
For ships not required to comply with subdivision regulations, transverse bulkheads adequately spaced, and not 


less in number than indicated in Tab 1, are to be fitted. 


Table 1: Number of bulkheads 


Length (m) Number of bulkheads Numbers of 
for ships with aft bulkheads for 
machinery ® other ships 


CE ft 
C [Ss 
moreas o 
C [7 
Se o 


(1) After peak bulkhead and aft machinery bulkhead are the 
same. 


4 
5 
7 


2. Collision bulkhead 


2.1 Arrangement of collision bulkhead 


2.1.1 


Ref. SOLAS Ch. II-1, Part B-2, Reg. 12 
A collision bulkhead is to be fitted which is to be watertight up to the bulkhead deck. This bulkhead is to be 


located at a distance from the forward perpendicular FP, of not less than 0.05L,, or 10 m, whichever is the 
less, and, except as may be permitted by the Society, not more than 0.08L,, or 0.05L,,+3 m, whichever is the 
greater. 


RCN 1 to July 2010 version (effective from IJuly 2012) 
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2.1.2 
Ref. SOLAS Ch. II-1, Part B, Reg. 11 


Where any part of the ship below the waterline extends forward of the forward perpendicular, e.g. a bulbous 
bow, the distances, in metres, stipulated in [2.1.1] are to be measured from a point either: 

e at the mid-length of such extension, or 

e at a distance 1.5 per cent of the length Lı; of the ship forward of the forward perpendicular, or 

e at a distance 3 metres forward of the forward perpendicular, 


whichever gives the smallest measurement. 


2.1.3 
Ref. SOLAS Ch. I-1, Part B, Reg. 11 


The bulkhead may have steps or recesses provided they are within the limits prescribed in [2.1.1] or [2.1.2]. 


No door, manhole, ventilation duct or any other opening is to be fitted in this bulkhead. 


3. After peak, machinery space bulkheads and stern tubes 


3.1 General 


3.1.1 
An aft peak bulkhead, enclosing the stern tube and rudder trunk in a watertight compartment, is to be provided. 


Where the shafting arrangements make enclosure of the stern tube in a watertight compartment impractical 


alternative arrangements will be specially considered. 


3.1.2 
The aft peak bulkhead may be stepped below the bulkhead deck, provided that the degree of safety of the ship as 


regards subdivision is not thereby diminished. 


3.1.3 
The aft peak bulkhead location on ships powered and/or controlled by equipment that does not require the fitting 


of a stern tube and/or rudder trunk will also be subject to special consideration. 


3.1.4 
The aft peak bulkhead may terminate at the first deck above the summer load waterline, provided that this deck 


is made watertight to the stern or to a watertight transom floor. 


RCN 1 to July 2010 version (effective from IJuly 2012) 


3.1.5 Sterntubes 
Ref. SOLAS Ch. II-1, Part B-2, Reg. 12 


Sterntubes are to be enclosed in a watertight space (or spaces) of moderate volume. Other measures to minimise 
the danger of water penetrating into the ship in case of damage to sterntube arrangements may be taken at the 
discretion of the Society. 

Corrigenda l to July 2012 version (effective from IJuly 2012) 
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4. Number and arrangement of tank bulkheads 


4.1 Bulkheads in compartments intended for the carriage of liquid cargoes 


4.1.1 
The number and location of transverse and longitudinal watertight bulkheads in compartments intended for the 


carriage of liquid cargoes are to comply with the subdivision requirements to which the ship is subject. 


5. Arrangement of transverse watertight bulkheads 


5.1 General 


5.1.1 
Where it is not practicable to arrange a watertight bulkhead in one plane, a stepped bulkhead may be fitted. In 


this case, the part of the deck which forms the step is to be watertight and equivalent in strength to the bulkhead. 


6. Openings in watertight bulkheads 


6.1 General 


6.1.1 
Ref. SOLAS Ch. I-1, Part B-1, Reg. 25-9 and IMO Res. A.684(17) - Part B 


The number of openings in watertight subdivisions is to be kept to a minimum compatible with the design and 
proper working of the ship. Where penetrations of watertight bulkheads and internal decks are necessary for 
access, piping, ventilation, electrical cables, etc., arrangements are to be made to maintain the watertight 
integrity. The Society may permit relaxation in the watertightness of openings above the freeboard deck, 
provided that it is demonstrated that any progressive flooding can be easily controlled and that the safety of the 


ship is not impaired. 


6.1.2 
No door, manhole ventilation duct or any other opening is permitted in the collision bulkhead below the 


subdivision deck. 


6.1.3 
Lead or other heat sensitive materials may not be used in systems which penetrate watertight subdivision 


bulkheads, where deterioration of such systems in the event of fire would impair the watertight integrity of the 


bulkheads. 


6.1.4 
Valves not forming part of a piping system are not permitted in watertight subdivision bulkheads. 


6.1.5 
The requirements relevant to the degree of tightness, as well as the operating systems, for doors or other closing 


appliances complying with the provisions in [6.2] and [6.3] are specified in Tab 2. 
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6.2 Openings in the watertight bulkheads below the freeboard deck 


6.2.1 Openings used while at sea 
Ref. SOLAS Ch. II-1, Part B-1, Reg. 25-9 


Doors provided to ensure the watertight integrity of internal openings which are used while at sea are to be 
sliding watertight doors capable of being remotely closed from the bridge and are also to be operable locally 
from each side of the bulkhead. Indicators are to be provided at the control position showing whether the doors 
are open or closed, and an audible alarm is to be provided at the door closure. The power, control and 
indicators are to be operable in the event of main power failure. Particular attention is to be paid to minimise 
the effect of control system failure. Each power-operated sliding watertight door is to be provided with an 
individual hand-operated mechanism. The possibility of opening and closing the door by hand at the door itself 


from both sides is to be assured. 


6.2.2 Openings normally closed at sea 
Ref. SOLAS Ch. II-1, Part B-1, Reg. 25-9 


Access doors and access hatch covers normally closed at sea, intended to ensure the watertight integrity of 
internal openings, are to be provided with means of indication locally and on the bridge showing whether these 
doors or hatch covers are open or closed. A notice is to be affixed to each such door or hatch cover to the effect 
that it is not to be left open. The use of such doors and hatch covers is to be authorised by the officer of the 


watch. 


6.2.3 Doors or ramps in large cargo spaces 
Ref. SOLAS Ch. II-1, Part B-1, Reg. 25-9 


Watertight doors or ramps of satisfactory construction may be fitted to internally subdivide large cargo spaces, 
provided that the Society is satisfied that such doors or ramps are essential. These doors or ramps may be 
hinged, rolling or sliding doors or ramps, but are not to be remotely con-trolled. 

Such doors are to be closed before the voyage commences and are to be kept closed during navigation. Should 
any of the doors or ramps be accessible during the voyage, they are to be fitted with a device which prevents 
unauthorised opening. 

The word “satisfactory” means that scantlings and sealing requirements for such doors or ramps are to be 


sufficient to withstand the maximum head of the water at the flooded waterline. 


6.2.4 Openings permanently kept closed at sea 
Ref. SOLAS Ch. II-1, Part B-1, Reg. 25-9 


Other closing appliances which are kept permanently closed at sea to ensure the watertight integrity of internal 
openings are to be provided with a notice which is to be affixed to each such closing appliance to the effect that 


it is to be kept closed. Manholes fitted with closely bolted covers need not be so marked. 
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6.3 Openings in the bulkheads above the freeboard deck 


6.3.1 General 
The openings in flooding boundaries located below the waterline at the equilibrium of the final stage of flooding 


are to be watertight. The openings immersed within the range of the positive righting lever curve are only to be 


weathertight. 


Table 2: Doors 


Rolling 
Remote type 
operation | Indicator operation | Indicator (cargo 
indication operation | indication operation between 

on the i i deck 
bridge ; spaces) 


freeboard |sea 
wwa o d O d 
losed (2) 
Remain 
ot See 


| EA 
losed (2) 
Remain 
losed (2) a (5) 


(1) Watertight doors are required when they are located below the waterline at the equilibrium of the final stage of 
flooding; otherwise a weathertight door is accepted. 

(2) Notice to be affixed on both sides of the door: “to be kept closed at sea”. 

(3) Type A ships of 150 m and upwards, and Type B ships with a reduced freeboard may have a hinged watertight 
door between the engine room and the steering gear space, provided that the sill of this door is above the summer 
load waterline. 

(4) The door is to be closed before the voyage commences. 

(5) If the door is accessible during the voyage, a device which prevents unauthorised opening is to be fitted. 


6.3.2 Doors used while at sea 
Ref. SOLAS Ch. II-1, Part B-1, Reg. 25-9 x 


The doors used while at sea are to be sliding doors capable of being remotely closed from the bridge and are 
also to be operable locally from each side of the bulkhead. Indicators are to be provided at the control position 
showing whether the doors are open or closed, and an audible alarm is to be provided at the door closure. The 
power, control and indicators are to be operable in the event of main power failure. Particular attention is to be 
paid to minimise the effect of control system failure. Each power-operated sliding watertight door is to be 
provided with an individual hand-operated mechanism. It should be possible to open and close the door by hand 


at the door itself from both sides. 


6.3.3 Doors normally closed at sea 
Ref. SOLAS Ch. II-1, Part B-1, Reg. 25-9 
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The doors normally closed at sea are to be provided with means of indication locally and on the bridge showing 
whether these doors are open or closed. A notice is to be affixed to each door to the effect that it is not to be left 


open. 


6.3.4 Openings kept permanently closed at sea 
Ref. SOLAS Ch. II-1, Part B-1, Reg. 25-9 


The doors kept closed at sea are to be hinged doors. Such doors and the other closing appliances which are kept 
closed at sea are to be provided with a notice affixed to each closing appliance to the effect that it is to be kept 


closed. Manholes fitted with closely bolted covers need not be so marked. 
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Section 2 - COMPARTMENT ARRANGEMENT 


1. Definitions 


1.1 Cofferdam 


1.1.1 


A cofferdam means an empty space arranged so that compartments on each side have no common boundary; a 
cofferdam may be located vertically or horizontally. As a rule, a cofferdam is to be properly ventilated and of 


sufficient size to allow proper inspection, maintenance and safe evacuation. 


1.2 Machinery spaces of category A 


1.2.1 
Ref. SOLAS Ch. II-2, Part A, Reg. 3.31 


Machinery spaces of category A are those spaces or trunks to such spaces which contain: 

e internal combustion machinery used for main propulsion; or 

e internal combustion machinery used for purposes other than propulsion where such machinery has in the 
aggregate a total power output of not less than 375 kW; or 


e any oil fired boiler or fuel oil unit. 


2. Cofferdams 


2.1 Cofferdam arrangement 


2.1.1 
Cofferdams are to be provided between compartments intended for liquid hydrocarbons (fuel oil, lubricating oil) 


and those intended for fresh water (drinking water, water for propelling machinery and boilers) as well as tanks 


intended for the carriage of liquid foam for fire extinguishing. 


2.1.2 
Cofferdams separating fuel oil tanks from lubricating oil tanks and the latter from those intended for the carriage 


of liquid foam for fire extinguishing or fresh water or boiler feed water may be waived when deemed 
impracticable or unreasonable by the Society in relation to the characteristics and dimensions of the spaces 
containing such tanks, provided that: 

e the thickness of common boundary plates of adjacent tanks is increased, with respect to the thickness 
obtained according to Ch 6, Sec 1, by 2 mm in the case of tanks carrying fresh water or boiler feed 
water, and by 1 mm in all other cases 

e the sum of the throats of the weld fillets at the edges of these plates is not less than the thickness of the 
plates themselves 


e the structural test is carried out with a head increased by 1 m with respect to Ch 11, Sec 3. 
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2.1.3 
(Void) 
RCN 1 to July 2010 version (effective from IJuly 2012) 


2.1.4 
Cofferdams are only required between fuel oil double bottoms and tanks immediately above where the inner 


bottom plating is subjected to the head of fuel oil contained therein, as in the case of a double bottom with its top 
raised at the sides. 
Where a corner to corner situation occurs, tanks are not be considered to be adjacent. 


Adjacent tanks not separated by cofferdams are to have adequate dimensions to ensure easy inspection. 


3. Double bottoms 


3.1 General 


3.1.1 
Ref. SOLAS Ch. I-1, Part B, Reg. 12-1 


A double bottom is to be fitted extending from the collision bulkhead to the after peak bulkhead, as far as this is 


practicable and compatible with the design and proper working of the ship. 


3.1.2 
Ref. SOLAS Ch. II-1, Part B, Reg. 12-1 


Where a double bottom is required to be fitted, its depth is to satisfy the provisions of Ch 3, Sec 6, [6] and the 
inner bottom is to be continued out to the ship side in such a manner as to protect the bottom to the turn of the 


bilge. 


3.1.3 
Ref. SOLAS Ch. II-1, Part B, Reg. 12-1 


Small wells constructed in the double bottom, in connection with the drainage arrangements of holds, are not to 
extend in depth more than necessary. A well extending to the outer bottom, may, however, be permitted at the 
after end of the shaft tunnel of the ship. Other wells may be permitted by the Society if it is satisfied that the 


arrangements give protection equivalent to that afforded by a double bottom complying with [3.1]. 


3.1.4 
Ref. SOLAS Ch. II-1, Part B, Reg. 12-1 


A double bottom need not be fitted in way of water-tight compartments used exclusively for the carriage of 
liquids, provided the safety of the ship in the event of bottom damage is not, in the opinion of the Society, 


thereby impaired. 
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4. Compartment forward of the collision bulkhead 


4.1 General 


4.1.1 
The fore peak and other compartments located forward of the collision bulkhead may not be arranged for the 


carriage of fuel oil or other flammable products. 


5. Minimum bow height 


5.1 General 


5.1.1 
Ref. ILLC, as amended (Resolution MSC.223(82) Reg. 39(1)) 


The bow height F;, defined as the vertical distance at the forward perpendicular between the waterline 
corresponding to the assigned summer freeboard and the designed trim and the top of the exposed deck at side, 
is to be not less than: 


F, = (6075(L1,/100) — 1875(L 11/100) + 200(L1/100)°)(2.08 + 0.609Cg — 1.603 Cy 0.0129(L/T )) 


where: 
F, : Calculated minimum bow height, in mm 
Tı : Draught at 85% of the least moulded depth, in m 
Cuf : Waterplane area coefficient forward of L1;/2: 

A. 

wf 
Cw L 

LL p 

Avr : Waterplane area forward of L,,/2 at draught T,, in mw. 


For ships to which timber freeboards are assigned, the summer freeboard (and not the timber summer 
freeboard) is to be assumed when applying the formula above. 


RCN 1 to July 2010 version (effective from IJuly 2012) 


5.1.2 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 39.(2)) 


Where the bow height required in paragraph [5.1.1] is obtained by sheer, the sheer is to extend for at least 15% 
of the length of the ship measured from the forward perpendicular. Where it is obtained by fitting a 
superstructure, such superstructure is to extend from the stem to a point at least 0.07L abaft the forward 


perpendicular, and is to be enclosed as defined Ch 9, Sec 4. 


5.1.3 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 39(3)) 


Ships which, to suit exceptional operational requirements, cannot meet the requirements in [5.1.1] and [5.1.2] 


will be considered by the Society on a case by case basis. 
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5.1.4 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 39(4, a)) 


The sheer of the forecastle deck may be taken into account, even if the length of the forecastle is less than 0.15L, 
but greater than 0.07L, provided that the forecastle height is not less than one half of standard height of 


superstructure between 0.07L and the forward perpendicular. 


5.1.5 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 39(4, b)) 


Where the forecastle height is less than one half of the standard height of superstructure, the credited bow 

height may be determined as follows: 

a) Where the freeboard deck has sheer extending from abaft 0.15L, by a parabolic curve having its origin at 
0.15L abaft the forward perpendicular at a height equal to the midship depth of the ship, extended through 
the point of intersection of forecastle bulkhead and deck, and up to a point at the forward perpendicular not 
higher than the level of the forecastle deck (as illustrated in Fig 1). However, if the value of the height 
denoted h, in Fig 1 is smaller than the value of the height denoted h, then h, may be replaced by h, in the 
available bow height, where: 


2 
ha z|) 2, 
Xp 


Z, : As defined in Fig 1 
Z, : As defined in Fig 1 
hy — : Half standard height of superstructure 
b) Where the freeboard deck has sheer extending for less than 0.15L or has no sheer, by a line from the 
forecastle deck at side at 0.07L extended parallel to the base line to the forward perpendicular (as illustrated 


in Fig 2). 


|- 


Credited bow 
height 


F.P. 


Figure 1: | Credited bow height where the freeboard deck has sheer extending from abaft 
0.15L 
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Credited bow 


height 


FP: 


Figure 2: Credited bow height where the freeboard deck has sheer extending 
for less than 0.15L 


6. Shaft tunnels 


6.1 General 


6.1.1 
Shaft tunnels are to be watertight. 


7. Watertight ventilators and trunks 


7.1 General 


7.1.1 
Ref. SOLAS Ch. II-1, Part B, Reg. 19.1 


Watertight ventilators and trunks are to be carried at least up to the freeboard deck. 


8. Fuel oil tanks 


8.1 General 


8.1.1 
Ref. SOLAS Ch. II-2, Part B, Reg. 4.2 


The arrangements for the storage, distribution and utilisation of the fuel oil are to be such as to ensure the 


safety of the ship and persons on board. 


8.1.2 
Ref. SOLAS Ch. II-2, Part B, Reg. 4.2 
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As far as practicable, fuel oil tanks are to be part of the ship’s structure and are to be located outside machinery 
spaces of category A. 

Where fuel oil tanks, other than double bottom tanks, are necessarily located adjacent to or within machinery 
spaces of category A, at least one of their vertical sides is to be contiguous to the machinery space boundaries, 
they are preferably to have a common boundary with the double bottom tanks and the area of the tank boundary 
common with the machinery spaces is to be kept to a minimum. 

Where such tanks are situated within the boundaries of machinery spaces of category A, they may not contain 


fuel oil having a flashpoint of less than 60°C. 


8.1.3 
Ref. SOLAS Ch. II-2, Part B, Reg. 4.2 


Fuel oil tanks may not be located where spillage or leakage therefrom can constitute a hazard by falling on 
heated surfaces. 

Precautions are to be taken to prevent any oil that may escape under pressure from any pump, filter or heater 
from coming into contact with heated surfaces. 

Fuel oil tanks in boiler spaces may not be located immediately above the boilers or in areas subjected to high 


temperatures, unless special arrangements are provided in agreement with the Society. 


8.1.4 
Where a compartment intended for goods or coal is situated in proximity of a heated liquid container, suitable 


thermal insulation is to be provided. 
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Section 3 - ACCESS ARRANGEMENT 


1. General 
1.0 Application 


1.0.1 


This section applies to ships of 20,000 gross tonnage and over. 


RCN 2 to July 2008 version (effective from 1 July 2010) 
1.1 Means of access to cargo and other spaces 


1.1.1 
Ref. SOLAS Reg.II-1/3-6 .2.1 (Resolution MSC.151(78)) 


Each space is to be provided with means of access to enable, throughout the life of a ship, overall and close-up 
inspections and thickness measurements of the ship’s structures. Such means of access are to comply with [1.3] 


and [2]. 


1.1.2 
Ref. SOLAS Reg.II-1/3-6 .2.2 (Resolution MSC.151(78)) 


Where a permanent means of access may be susceptible to damage during normal cargo loading and unloading 
operations or where it is impracticable to fit permanent means of access, the Administration may allow, in lieu 
thereof, the provision of movable or portable means of access, as specified in [2], provided that the means of 
attaching, rigging, suspending or supporting the portable means of access forms a permanent part of the ship’s 


structure. All portable equipment are to be capable of being readily erected or deployed by ship’s personnel. 


1.1.3 
Ref. SOLAS Reg.II-1/3-6 .2.3 (Resolution MSC.151(78)) 


The construction and materials of all means of access and their attachment to the ship’s structure are to be to the 


satisfaction of the Society. 


1.2 Safe access to cargo holds, ballast tanks and other spaces 


1.2.1 
Ref. SOLAS Reg_II-1/3-6 .3.1 (Resolution MSC.151(78)) and IACS UI SC191 


Safe access to cargo holds, cofferdams, ballast tanks and other spaces in the cargo area are to be direct from the 
open deck and such as to ensure their complete inspection. Safe access to double bottom spaces or to forward 
ballast tanks may be from a pump-room, deep cofferdam, pipe tunnel, cargo hold, double hull space or similar 
compartment not intended for the carriage of oil or hazardous cargoes. 


Access to a double side skin space may be either from a topside tank or double bottom tank or from both. 


1.2.2 
Ref. SOLAS Reg.II-1/3-6 .3.2 (Resolution MSC.151(78)) 
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Tanks, and subdivisions of tanks, having a length of 35 m or more, are to be fitted with at least two access 
hatchways and ladders, as far apart as practicable. 

Tanks less than 35 m in length are to be served by at least one access hatchway and ladder. 

When a tank is subdivided by one or more swash bulkheads or similar obstructions which do not allow ready 


means of access to the other parts of the tank, at least two hatchways and ladders are to be fitted. 


1.2.3 
Ref. SOLAS Reg.II-1/3-6 .3.3 (Resolution MSC.151(78)) 


Each cargo hold is to be provided with at least two means of access as far apart as practicable. In general, these 
accesses are to be arranged diagonally, for example one access near the forward bulkhead on the port side, the 


other one near the aft bulkhead on the starboard side. 


1.3 General technical specifications 


1.3.1 
Ref. SOLAS Reg.I-1/3-6 .5.1 (Resolution MSC.151(78)) and IACS UI SC191 


For access through horizontal openings, hatches or manholes, the dimensions are to be sufficient to allow a 
person wearing a self-contained air-breathing apparatus and protective equipment to ascend or descend any 
ladder without obstruction and also provide a clear opening to facilitate the hoisting of an injured person from the 
bottom of the space. The minimum clear opening is to be not less than 600 mm x 600 mm, with corner radii up to 
100 mm maximum. 

In such a case where as a consequence of structural analysis the stress is to be reduced around the opening, it is 
considered appropriate to take measures to increase the clear opening, e.g. 600 x 800 with 300 mm radii, in which 
a clear opening of 600 x 600 mm with corner radii up to 100 mm maximum fits. 

When access to a cargo hold is arranged through the cargo hatch, the top of the ladder is to be placed as close as 
possible to the hatch coaming. Access hatch coamings having a height greater than 900 mm are also to have steps 


on the outside in conjunction with the ladder. 


1.3.2 
Ref. SOLAS Reg.I-1/3-6 .5.2 (Resolution MSC.151(78)) and IACS UI SC191 


For access through vertical openings, or manholes, in swash bulkheads, floors, girders and web frames providing 
passage through the length and breadth of the space, the minimum opening is to be not less than 600 mm x 800 
mm with corner radii of 300 mm at a height of not more than 600 mm from the bottom shell plating unless gratings 
or other foot holds are provided. 

Subject to verification of easy evacuation of injured person on a stretcher the vertical opening 850 mm x 620 mm 
with wider upper half than 600 mm, while the lower half may be less than 600 mm with the overall height not less 
than 850 mm is considered acceptable alternative to the opening of 600 mm x 800 mm with corner radii of 300 mm 


(see Fig 1). 


Page 16 July 2012 


Common Structural Rules for Bulk Carriers 


Chapter 2, Section 3 


eae 
| f Aa , \ 
iy RS Q0/ \\ 
if 620 \\ 
H- “+ 
go | 600 | 
in| \ è] / 
oj |} 
DQ 7) \ | 
t \ f 
\ / | 
| \ \ x / 
| A R200 J) 
| NN Wa 
Figure 1: 


f Ar 
| 620 
N 
\ / 
a \ J 
=! 
ol \R200 
3 
Ke] 


Alternative vertical opening 


2. Technical provisions for means of access 


2.1 Definitions 


Ref. IMO Technical Provisions, 2 (Resolution MSC.158(78)) 


2.1.1 Rung 


Rung means the step of vertical ladder or step on the vertical surface. 


2.1.2 Tread 


Tread means the step of inclined ladder, or step for the vertical access opening. 


2.1.3 Flight of a ladder 


Flight of an inclined ladder means the actual stringer length of an inclined ladder. 


For vertical ladders, it is the distance between the platforms. 


2.1.4 Stringer 


Stringer means: 


1) the frame of a ladder; or 


2) the stiffened horizontal plating structure fitted on side shell, transverse bulkheads and/or longitudinal 


bulkheads in the space. For the purpose of ballast tanks of less than 5 m width forming double side spaces, 


the horizontal plating structure is credited as a stringer and a longitudinal permanent means of access, if it 


provides a continuous passage of 600 mm or more in width past frames or stiffeners on the side shell or 


longitudinal bulkhead. Openings in stringer plating utilized as permanent means of access are to be 


arranged with guard rails or grid covers to provide safe passage on the stringer or safe access to each 


transverse web. 


2.1.5 Vertical ladder 


Vertical ladder means a ladder of which the inclined angle is 70° and over up to 90°. Vertical ladder is to be not 


skewed by more than 2°. 


2.1.6 Overhead obstructions 


Overhead obstructions mean the deck or stringer structure including stiffeners above the means of access. 
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2.1.7 Distance below deck head 
Distance below deck head means the distance below the plating. 


2.1.8 Cross deck 


Cross deck means the transverse area of main deck which is located inboard and between hatch coamings. 


2.2 Permanent means of access 


2.2.1 
Ref. IMO Technical Provisions, 3.1 & 3.2 (Resolution MSC. 158(78)) 


Structural members, except those in double bottom spaces, are to be provided with a permanent means of access to 
the extent as specified in [2.7] to [2.13]. 
Permanent means of access are, as far as possible, to be integral to the structure of the ships , thus ensuring that 


they are robust and at the same time contributing to the overall strength of the structure, of the ship. 


2.2.2 
Ref. IMO Technical Provisions, 3.3 (Resolution MSC. 158(78)) and IACS UI SC191 


Elevated passageways forming sections of a permanent means of access, where fitted, are to have a minimum 
clear width of 600 mm, except for going around vertical webs where the minimum clear width may be reduced to 
450 mm, and to have guard rails over the open side of their entire length. For stand alone passageways guard rails 
are to be fitted on both sides of these structures. 

Sloping structure providing part of the access and that are sloped by 5 or more degrees from horizontal plane when 
a ship is in upright position at even-keel, is to be of a non-skid construction. 

Guard rails are to be 1000 mm in height and consist of a rail and intermediate bar 500 mm in height and of 


substantial construction. Stanchions are to be not more than 3 m apart. 


2.2.3 
Ref. IMO Technical Provisions, 3.4 (Resolution MSC.158(78)) 


Access to permanent means of access and vertical openings from the ship’s bottom are to be provided by means of 
easily accessible passageways, ladders or treads. Treads are to be provided with lateral support for the foot. 
Where the rungs of ladders are fitted against a vertical surface, the distance from the centre of the rungs to the 
surface is to be at least 150 mm. Where vertical manholes are fitted higher than 600 mm above the walking level, 


access is to be facilitated by means of treads and hand grips with platform landings on both sides. 


2.3 Construction of ladders 


2.3.1 General 
Ref. IMO Technical Provisions, 3.5 (Resolution MSC.158(78)) 


Permanent inclined ladders are to be inclined at an angle of less than 70°. There are to have no obstructions 
within 750 mm of the face of the inclined ladder, except that in way of an opening this clearance may be reduced to 
600 mm. Resting platforms of adequate dimensions are normally to be provided at a maximum of 6 m vertical 
height. Ladders and handrails are to be constructed of steel or equivalent material of adequate strength and 


stiffness and securely attached to the tank structure by stays. The method of support and length of stay is to be such 
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that vibration is reduced to a practical minimum. In cargo holds, ladders are to be designed and arranged so that 


cargo handling difficulties are not increased and the risk of damage from cargo handling gear is minimized. 


2.3.2 Inclined ladders 
Ref. IMO Technical Provisions, 3.6 (Resolution MSC.158(78)) 


The width of inclined ladders between stringers is to be not less than 400 mm. The treads are to be equally spaced 
at a distance apart, measured vertically, of between 200 mm and 300 mm. When steel is used, the treads are to be 
formed of two square bars of not less than 22 mm by 22 mm in section, fitted to form a horizontal step with the 
edges pointing upward. The treads are to be carried through the side stringers and attached thereto by double 
continuous welding. All inclined ladders are to be provided with handrails of substantial construction on both 


sides, fitted at a convenient distance above the treads. 


2.3.3 Vertical or spiral ladders 
Ref. IMO Technical Provisions, 3.7 (Resolution MSC.158(78)) 


For vertical ladders or spiral ladders, the width and construction are to be in accordance with international or 


national standards. 


2.4 Access through openings 


2.4.1 Access through horizontal openings, hatches or manholes 
Ref. IMO Technical Provisions, 3.10 (Resolution MSC.158(78)) 


For access through horizontal openings, hatches or manholes, the minimum clear opening is to be not less than 
600 mm x 600 mm. When access to a cargo hold is arranged through the cargo hatch, the top of the ladder is to be 
placed as close as possible to the hatch coaming. 

Access hatch coamings having a height greater than 900 mm are also to have steps on the outside in conjunction 


with the ladder. 


2.4.2 Access through vertical openings, or manholes 
Ref. IMO Technical Provisions, 3.11 (Resolution MSC.158(78)) 


For access through vertical openings, or manholes, in swash bulkheads, floors, girders and web frames providing 
passage through the length and breadth of the space, the minimum opening is to be not less than 600 mm x 800 


mm at a height of not more than 600 mm from the passage unless gratings or other foot holds are provided. 


2.5 Access ladders to cargo holds and other spaces 


2.5.1 General 
Ref. IMO Technical Provisions, 3.13.1 & 3.13.2 (Resolution MSC. 158(78)) 


Access ladders to cargo holds and other spaces are to be: 

a) where the vertical distance between the upper surface of adjacent decks or between deck and the bottom of the 
cargo space is not more than 6 m, either a vertical ladder or an inclined ladder. 

b) where the vertical distance between the upper surface of adjacent decks or between deck and the bottom of the 
cargo space is more than 6 m, an inclined ladder or series of inclined ladders at one end of the cargo hold, 


except the uppermost 2.5 m of a cargo space measured clear of overhead obstructions and the lowest 6 m may 
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have vertical ladders, provided that the vertical extent of the inclined ladder or ladders connecting the vertical 


ladders is not less than 2.5 m. 


2.5.2 
Ref. IMO Technical Provisions, 3.13.2 (Resolution MSC.158(78)) 


The second means of access at the other end of the cargo hold may be formed of a series of staggered vertical 
ladders, which have to comprise one or more ladder linking platforms spaced not more than 6 m apart vertically 
and displaced to one side of the ladder. Adjacent sections of ladder are to be laterally offset from each other by at 
least the width of the ladder. The uppermost, entrance section, of the ladder directly exposed to a cargo hold is to 
be vertical for a distance of 2.5 m measured clear of overhead obstructions and connected to a ladder-linking 


platform. 


2.5.3 
Ref. IMO Technical Provisions, 3.13.3 (Resolution MSC.158(78)) 


A vertical ladder may be used as a means of access to topside tanks, where the vertical distance is 6 m or less 
between the deck and the longitudinal means of access in the tank or the stringer or the bottom of the space 
immediately below the entrance. The uppermost, entrance section from deck, of the vertical ladder of the tank is to 
be vertical for a distance of 2.5 m measured clear of the overhead obstructions and comprises a ladder linking 
platform unless landing on the longitudinal means of access, the stringer or the bottom within the vertical 


distance, it should be displaced to one side of a vertical ladder. 


2.5.4 
Ref. IMO Technical Provisions, 3.13.4 (Resolution MSC.158(78)) 


Unless allowed in [2.5.3], an inclined ladder or combination of ladders are to be used for access to a tank or a 
space where the vertical distance is greater than 6 m between the deck and a stringer immediately below the 
entrance, between stringers, or between the deck or a stringer and the bottom of the space immediately below the 


entrance. 


2.5.5 
Ref. IMO Technical Provisions, 3.13.5 (Resolution MSC.158(78)) 


In case of [2.5.4], the uppermost, entrance section from deck, of the ladder is to be vertical for a distance of 2.5 m 
clear of the overhead obstructions and connected to a landing platform and continued with an inclined ladder. The 
flights of inclined ladders are to be not more than 9 m in actual length and the vertical height is normally to be not 


more than 6 m. The lowermost section of the ladders may be vertical for a vertical distance of not less than 2.5 m. 


2.5.6 
Ref. IMO Technical Provisions, 3.13.6 (Resolution MSC.158(78)) 


In double side skin spaces of less than 2.5 m width, the access to the space may be by means of vertical ladders that 
comprises one or more ladder linking platforms spaced not more than 6 m apart vertically and displace to one side 
of the ladder. 


Adjacent sections of ladder are to be laterally offset from each other by at least the width of the ladder. 
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2.5.7 
Ref. IMO Technical Provisions, 3.13.7 (Resolution MSC.158(78)) 


A spiral ladder is considered acceptable as an alternative for inclined ladders. In this regard, the uppermost 2.5 m 


can continue to be comprised of the spiral ladder and need not change over to vertical ladders. 


2.6 Access ladders to tanks 


2.6.1 
Ref. IMO Technical Provisions, 3.14 (Resolution MSC.158(78)) 


The uppermost, entrance section from deck, of the vertical ladder providing access to a tank should be vertical for 
a distance of 2.5 m measured clear of the overhead obstructions and comprises a ladder linking platform. It should 
be displaced to one side of a vertical ladder. The vertical ladder can be between 1.6 m and 3 m below deck structure 


if it lands on a longitudinal or athwartship permanent means of access fitted within that range. 


2.7 Access to underdeck structure of cargo holds 


2.7.1 
Ref. IMO Technical Provisions, Tab 2, 1.1 (Resolution MSC.158(78)) 


Permanent means of access are to be fitted to provide access to the overhead structure at both sides of the cross 
deck and in the vicinity of the centerline. 
Each means of access is to be accessible from the cargo hold access or directly from the main deck and installed at 


a minimum of 1.6 m to a maximum of 3 m below the deck. 


2.7.2 
Ref. IMO Technical Provisions, Tab 2, 1.2 (Resolution MSC.158(78)) 


An athwartship permanent means of access fitted on the transverse bulkhead at a minimum 1.6 m to a maximum 3 


m below the cross-deck head is accepted as equivalent to [2.7.1]. 


2.7.3 
Ref. IMO Technical Provisions, Tab 2, 1.3 (Resolution MSC.158(78)) 


Access to the permanent means of access to overhead structure of the cross deck may also be via the upper stool. 


2.7.4 
Ref. IMO Technical Provisions, Tab 2, 1.4 (Resolution MSC. 158(78)) and IACS UI SC191 


Ships having transverse bulkheads with full upper stools, i.e. stools with a full extension between top side tanks 
and between hatch end beams, with access from the main deck which allows monitoring of all framing and plates 


from inside, do not require permanent means of access of the cross deck. 


2.7.5 
Ref. IMO Technical Provisions, Tab 2, 1.5 (Resolution MSC.158(78)) 


Alternatively, movable means of access may be utilized for access to the overhead structure of cross deck if its 


vertical distance is 17 m or less above the tank top. 
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2.8 Access to double side skin tanks of double side skin construction 
RCN 1 to July 2010 version (effective from IJuly 2012) 


2.8.1 
Ref. IMO Technical Provisions, Tab 2, 2.8 & Tab 1, 2.1 (Resolution MSC.158(78)) 


For double side spaces above the upper knuckle point of the bilge hopper sections, permanent means of access are 

to be provided in accordance with the following requirements: 

a) where the vertical distance between horizontal uppermost stringer and deck head is 6 m or more, one 
continuous longitudinal permanent means of access is to be provided for the full length of the tank with a 
means to allow passing through transverse webs installed at a minimum of 1.6 m to a maximum of 3 m below 
the deck head with a vertical access ladder at each end of the tank; 

b) continuous longitudinal permanent means of access, which are integrated in the structure, at a vertical 
distance not exceeding 6 m apart; and 


c) plated stringers are to be, as far as possible, in alignment with horizontal girders of transverse bulkheads. 


2.9 Access to vertical structures of cargo holds of single side skin construction 
RCN 1 to July 2010 version (effective from IJuly 2012) 


2.9.1 
Ref. IMO Technical Provisions, Tab 2, 1.6 (Resolution MSC.158(78)) 


Permanent means of vertical access are to be provided in all cargo holds and built into the structure to allow for 
an inspection of a minimum of 25 % of the total number of hold frames port and starboard equally distributed 
throughout the hold including at each end in way of transverse bulkheads. But in no circumstance is this 
arrangement to be less than 3 permanent means of vertical access fitted to each side (fore and aft ends of hold and 
mid-span). 

Permanent means of vertical access fitted between two adjacent hold frames is counted for an access for the 
inspection of both hold frames. A means of portable access may be used to gain access over the sloping plating of 


lower hopper ballast tanks. 


2.9.2 
Ref. IMO Technical Provisions, Tab 2, 1.7 (Resolution MSC.158(78)) 


In addition, portable or movable means of access are to be utilized for access to the remaining hold frames up to 


their upper brackets and transverse bulkheads. 


2.9.3 
Ref. IMO Technical Provisions, Tab 2, 1.8 (Resolution MSC.158(78)) 


Portable or movable means of access may be utilized for access to hold frames up to their upper bracket in place 
of the permanent means required in [2.9.1]. These means of access are to be carried on board the ship and readily 


available for use. 


2.9.4 
Ref. IMO Technical Provisions, Tab 2, 1.9 (Resolution MSC.158(78)) 


The width of vertical ladders for access to hold frames is to be at least 300 mm, measured between stringers. 
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2.9.5 
Ref. IMO Technical Provisions, Tab 2, 1.10 (Resolution MSC.158(78)) 


A single vertical ladder over 6 m in length is acceptable for the inspection of the hold side frames in a single skin 


construction. 


2.10 Access to vertical structures of cargo holds of double side skin 
construction 
RCN 1 to July 2010 version (effective from IJuly 2012) 


2.10.1 
Ref. IMO Technical Provisions, Tab 2, 1.11 (Resolution MSC.158(78)) 


For double side skin construction no vertical ladders for the inspection of the cargo hold surfaces are required. 


Inspection of this structure should be provided from within the double hull space. 


2.11 Access to top side ballast tanks 
RCN 1 to July 2010 version (effective from IJuly 2012) 


2.11.1 
Ref. IMO Technical Provisions, Tab 2, 2.1 (Resolution MSC.158(78)) 


For each topside tank of which the height is 6 m and over, one longitudinal continuous permanent means of access 
is to be provided along the side shell webs and installed at a minimum of 1.6 m to a maximum of 3 m below deck 


with a vertical access ladder in the vicinity of each access to that tank. 


2.11.2 
Ref. IMO Technical Provisions, Tab 2, 2.2 (Resolution MSC.158(78)) 


If no access holes are provided through the transverse webs within 600 mm of the tank base and the web frame 
rings have a web height greater than 1 m in way of side shell and sloping plating, then step rungs/grab rails are to 


be provided to allow safe access over each transverse web frame ring. 


2.11.3 
Ref. IMO Technical Provisions, Tab 2, 2.3 (Resolution MSC.158(78)) 


Three permanent means of access, fitted at the end bay and middle bay of each tank, are to be provided spanning 
from tank base up to the intersection of the sloping plate with the hatch side girder. The existing longitudinal 


structure, if fitted on the sloping plate in the space may be used as part of this means of access. 


2.11.4 
Ref. IMO Technical Provisions, Tab 2, 2.4 (Resolution MSC.158(78)) 


For topside tanks of which the height is less than 6 m, alternative or a portable means may be utilized in lieu of the 


permanent means of access. 


2.12 Access to bilge hopper ballast tanks 


2.12.1 
Ref. IMO Technical Provisions, Tab 2, 2.5 (Resolution MSC.158(78)) and IACS UI SC191 
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For each bilge hopper tank of which the height is 6 m and over, one longitudinal continuous permanent means of 
access is to be provided along the side shell webs and installed at a minimum of 1.2 m below the top of the clear 
opening of the web ring with a vertical access ladder in the vicinity of each access to the tank. 

An access ladder between the longitudinal continuous permanent means of access and the bottom of the space is to 
be provided at each end of the tank. 

Alternatively, the longitudinal continuous permanent means of access can be located through the upper web 
plating above the clear opening of the web ring, at a minimum of 1.6 m below the deck head, when this 
arrangement facilitates more suitable inspection of identified structurally critical areas. An enlarged longitudinal 
frame, of at least 600 mm clear width can be used for the purpose of the walkway. 

For double side skin bulk carriers the longitudinal continuous permanent means of access may be installed within 
6 m from the knuckle point of the bilge, if used in combination with alternative methods to gain access to the 


knuckle point. 


2.12.2 
Ref. IMO Technical Provisions, Tab 2, 2.6 (to Resolution MSC.158(78)) 


If no access holes are provided through the transverse ring webs within 600 mm of the tank base and the web 
frame rings have a web height greater than 1 m in way of side shell and sloping plating, then step rungs/grab rails 


are to be provided to allow safe access over each transverse web frame ring. 


2.12.3 
Ref. IMO Technical Provisions, Tab 2, 2.7 (Resolution MSC.158(78)) 


For bilge hopper tanks of which the height is less than 6 m, alternative or a portable means may be utilized in lieu 
of the permanent means of access. Such means of access are to be demonstrated that they can be deployed and 


made readily available in the areas where needed. 


2.13 Access to fore peak tanks 


2.13.1 
Ref. IMO Technical Provisions, Tab 2, 2.9 (Resolution MSC.158(78)) 


For fore peak tanks with a depth of 6 m or more at the centreline of the collision bulkhead, a suitable means of 
access is to be provided for access to critical areas such as the underdeck structure, stringers, collision bulkhead 


and side shell structure. 


2.13.2 
Ref. IMO Technical Provisions, Tab 2, 2.9.1 (Resolution MSC. 158(78)) 


Stringers of less than 6 m in vertical distance from the deck head or a stringer immediately above are considered 


to provide suitable access in combination with portable means of access. 


2.13.3 
Ref. IMO Technical Provisions, Tab 2, 2.9.2 (Resolution MSC. 158(78)) 


In case the vertical distance between the deck head and stringers, stringers or the lowest stringer and the tank 


bottom is 6 m or more, alternative means of access are to be provided. 
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3. Shaft tunnels 


3.1 General 


3.1.1 
Tunnels are to be large enough to ensure easy access to shafting. 


3.1.2 
Access to the tunnel is to be provided by a watertight door fitted on the aft bulkhead of the engine room in 


compliance with Ch 2, Sec 1, [6], and an escape trunk which can also act as watertight ventilator is to be fitted up 


to the subdivision deck, for tunnels greater than 7 m in length. 


4. Access to steering gear compartment 


4.1 General 


4.1.1 
The steering gear compartment is to be readily accessible and, as far as practicable, separated from machinery 


spaces. 


4.1.2 
Suitable arrangements to ensure working access to steering gear machinery and controls are to be provided. 


These arrangements are to include handrails and gratings or other non-slip surfaces to ensure suitable working 


conditions in the event of hydraulic fluid leakage. 
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Section 1 — MATERIAL 


1. General 


1.1 Standard of material 


1.1.1 
The requirements in this Section are intended for ships of welded construction using steels having characteristics 


complying with the Society Rules for Materials. 


1.1.2 
Materials with different characteristics may be accepted, provided their specification (manufacture, chemical 


composition, mechanical properties, welding, etc.) is submitted to the Society for approval. 


1.2 Testing of materials 


1.2.1 
Materials are to be tested in compliance with the applicable requirements of Society Rules for Materials. 


1.3 Manufacturing processes 


1.3.1 
The requirements of this Section presume that welding and other cold or hot manufacturing processes are carried 


out in compliance with current sound working practice defined in IACS UR W and the applicable requirements 

of Society Rules for Materials. In particular: 

e parent material and welding processes are to be within the limits stated for the specified type of material for 
which they are intended 

e specific preheating may be required before welding 

e welding or other cold or hot manufacturing processes may need to be followed by an adequate heat 


treatment. 


2. Hull structural steel 


2.1 General 


2.1.1 
Tab 1 gives the mechanical characteristics of steels currently used in the construction of ships. 
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Table 1: Mechanical properties of hull steels 
Steel grades for plates Minimum yield Ultimate tensile strength R,, , in 
with ¢< 100 mm stress Rez, in N/mm? 
N/mm? 

A-B-D-E 235 400 — 520 
AH32-DH32-EH32-FH32 315 440 — 570 
AH36-DH36-EH36-F'H36 355 490 — 630 
AH40-DH40-EH40-FH40 390 510 — 660 


2.1.2 
Where higher strength steels are to be used for hull construction, the drawings showing the scope and locations 


of the used place together with the type and scantlings are to be submitted for the approval of the Society. 


2.1.3 
Higher strength steels other than those indicated in Tab 1 are considered by the Society on a case by case basis. 


2.1.4 
When steels with a minimum guaranteed yield stress R. other than 235 N/mm” are used on a ship, hull 


scantlings are to be determined by taking into account the material factor k defined in [2.2]. 


2.1.5 
It is required to keep on board a plan indicating the steel types and grades adopted for the hull structures. Where 


steels other than those indicated in Tab 1 are used, their mechanical and chemical properties, as well as any 


workmanship requirements or recommendations, are to be available on board together with the above plan. 


2.2 Material factor k 


2.2.1 
Unless otherwise specified, the material factor k of normal and higher strength steel for scantling purposes is to 


be taken as defined in Tab 2, as a function of the minimum yield stress Rey. 
For intermediate values of Rep, k may be obtained by linear interpolation. 


Steels with a yield stress greater than 390 N/mm? are considered by the Society on a case by case basis. 


Table 2: Material factor k 


Minimum yield 
stress Ry , in N/mm? 
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2.3 Grades of steel 


2.3.1 


Steel materials in the various strength members are not to be of lower grade than those corresponding to classes 
I, II and III, as given in Tab 3 for the material classes and grades given in Tab 4-1, while additional requirements 
for ships with length (L) exceeding 150m and 250m, BC-A and BC-B ships are given in Tab 4-2 to Tab 4-4. 

For strength members not mentioned in Tab 4-1 to Tab 4-4, grade A/AH may be used. 

RCN 2 to July 2008 version (effective from 1 July 2010) 


Table 3: Material grade requirements for classes I, Il and III 


As-built thickness (mm) 
t<15 
15 <t<20 
20 <t<25 
25 <t<30 


Z 
n 
Nn 
Z 
n 
Nn 


30<7235 

35 <1t< 40 

40 <1<50 

Notes : NSS: Normal strength steel 
HSS : Higher strength steel 


tr] DS) SPH] wy Aya 
to] ta} te] OO] BP aR 


Table 4: (void) 
RCN 2 to July 2008 version (effective from 1 July 2010) 
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Table 4-1: Material Classes and Grades for ships in general 


Structural member category Material class/grade 
SECONDARY: 
Al Longitudinal bulkhead strakes, other | - Class I within 0.4Z amidships 
than that belonging to the Primary - Grade A/AH outside 0.4L amidships 
category 
A2 Deck plating exposed to weather, 
other than that belonging to the 
Primary or Special category 
A3 Side plating 
PRIMARY: 
Bl Bottom plating, including keel plate - Class II within 0.4Z amidships 
B2 Strength deck plating, excluding that | - Grade 4/AH outside 0.4L amidships 
belonging to the Special category 
B3 Continuous longitudinal members 
above strength deck, excluding hatch 
coamings. 
B4 Uppermost strake in longitudinal 
bulkhead 
B5 Vertical strake (hatch side girder) and 
uppermost sloped strake in top wing 
tank 
SPECIAL: 
Cl. Sheer strake at strength deck “” - Class II within 0.4Z amidships 
C2 Stringer plate in strength deck “” - Class II outside 0.4L amidships 
C3 Deck strake at longitudinal bulkhead, = Se Ope Oh easy: 
excluding deck plating in way of 
inner-skin bulkhead of double-hull 
ships ® 
C5 Strength deck plating at corners of - Class II within 0.6Z amidships 
tt cargo hatch openings | - Class II within rest of cargo region | 
C6 Bilge strake in ships with double - Class II within 0.6L amidships 
bottom over the full breadth and - Class I outside 0.6Z amidships 
er length less than 150m | 
C7 Bilge strake in other ships “? - Class II within 0.4L amidships 
- Class II outside 0.4Z amidships 
- Class I outside 0.6Z amidships 
C8 Longitudinal hatch coamings of - Class II within 0.4Z amidships 
length greater than 0.15Z - Class II outside 0.4L amidships 
C9 End brackets and deck house - Class I outside 0.6Z amidships 
transition of longitudinal cargo hatch | - Not to be less than Grade D/DH 
coamings 
(1) Single strakes required to be of Class HII within 0.4L amidships are to have breadths 
not less than 800+5Z (mm), and need not be greater than 1800 (mm), unless limited 
by the geometry of the ship’s design. 
(2) Applicable to bulk carriers having the longitudinal hatch coaming of length greater 


than 0.15L. 


RCN 2 to July 2008 version (effective from I July 2010) 
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Table 4-2: Minimum material grades for ships with ship’s length (L) exceeding 150m and 
single strength deck 


Structural member category Material Grade 
Longitudinal strength members of strength Grade B/AH within 0.4L amidships 
deck plating 
Continuous longitudinal strength members Grade B/AH within 0.4L amidships 
above strength deck 
Single side strakes for ships without inner Grade B/AH within cargo region 
continuous longitudinal bulkheads between 
bottom and the strength deck 


RCN 2 to July 2008 version (effective from 1 July 2010) 


Table 4-3: Minimum Material Grades for ships with ship’s length (L) exceeding 250m 
Structural member category Material Grade 
Shear strake at strength deck © Grade E/EH within 0.4L amidships 
Stringer plate in strength deck ® Grade E/EH within 0.4L amidships 
Bilge strake ® Grade D/DH within 0.4L amidships 


(1) Single strakes required to be of Class III within 0.4L amidships are to have breadths 
not less than 800 + 5L (mm), and need not be greater than 1800 (mm), unless limited 
by the geometry of the ship’s design 


RCN 2 to July 2008 version (effective from I July 2010) 


Table 4-4: Minimum material grades for BC-A and BC-B ships 


Structural member category Material Grade 
Lower bracket of ordinary side frame“ Grade D/DH 
Side shell strakes included totally or partially | Grade D/DH 
between the two points located to 0.125 / 
above and below the intersection of side shell 
and bilge hopper sloping plate or inner 
bottom plate ” 

(1) The term “lower bracket” means webs of lower brackets and webs of the lower part of 
side frames up to the point 0.125 / above the intersection of side shell and bilge hopper 
sloping plate or inner bottom plate. 

(2) The span of the side frame, /, is defined as the distance between the supporting structure 
(See Ch. 3 Sec 6 Fig.19) 


RCN 2 to July 2008 version (effective from I July 2010) 


2.3.2 
Plating materials for stern frames, rudders, rudder horns and shaft brackets are in general not to be of lower 


grades than corresponding to class II. For rudder and rudder body plates subjected to stress concentrations (e.g. 


in way of lower support of semi-spade rudders or at upper part of spade rudders) class III is to be applied. 


2.3.3 
Bedplates of seats for propulsion and auxiliary engines inserted in the inner bottom within 0.6Z amidships are to 


be of class I. In other cases, the steel is to be at least of grade A/AH. 
RCN 2 to July 2008 version (effective from 1 July 2010) 


2.3.4 
(void) 
RCN 2 to July 2008 version (effective from 1 July 2010) 
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2.3.5 
The steel grade is to correspond to the as-built thickness. 


2.3.6 
Steel grades of plates or sections of as-built thickness greater than the limiting thicknesses in Tab 3 are 


considered by the Society on a case by case basis. 


2.3.7 
In specific cases, such as [2.3.8], with regard to stress distribution along the hull girder, the classes required 


within 0.4L amidships may be extended beyond that zone, on a case by case basis. 


2.3.8 
The material classes required for the strength deck plating, the sheerstrake and the upper strake of longitudinal 


bulkheads within 0.4Z amidships are to be maintained for an adequate length across the poop front and at the 


ends of the bridge, where fitted. 


2.3.9 
Rolled products used for welded attachments of length greater than 0.15Z on outside of hull plating, such as 


gutter bars, are to be of the same grade as that used for the hull plating in way. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


2.3.10 
In the case of full penetration welded joints located in positions where high local stresses may occur 


perpendicular to the continuous plating, the Society may, on a case by case basis, require the use of rolled 
products having adequate ductility properties in the through thickness direction, such as to prevent the risk of 


lamellar tearing (Z type steel). 


2.3.11 
(void) 


2.4 Structures exposed to low air temperature 


2.4.1 
The application of steels for ships designed to operate in area with low air temperatures is to comply with [2.4.2] 


to [2.4.6]. 


2.4.2 
For ships intended to operate in areas with low air temperatures (below and including —20 °C), e.g. regular 


service during winter seasons to Arctic or Antarctic waters, the materials in exposed structures are to be selected 


based on the design temperature tp, to be taken as defined in [2.4.3]. 


2.4.3 
The design temperature tp is to be taken as the lowest mean daily average air temperature in the area of 


operation, where: 


Mean : Statistical mean over observation period (at least 20 years). 
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Average : Average during one day and night. 
Lowest : Lowest during year. 
Fig 1 illustrates the temperature definition for Arctic waters. 


For seasonally restricted service the lowest value within the period of operation applies. 


Mean daily maximum temperature 


Mean daily average temperature 


SOEs PWT ae 


SEPAC EHA 


tp = design temperature 


ser per hov foec 


Mean daily minimum temperature 


Figure 1: Commonly used definitions of temperatures 


2.4.4 
Materials in the various strength members above the lowest ballast water line (BWL) exposed to air are not to be 


of lower grades than those corresponding to classes I, II and III as given in Tab 5 depending on the categories of 
structural members (SECONDARY, PRIMARY and SPECIAL). 


For non-exposed structures and structures below the lowest ballast water line, see [2.3] 


2.4.5 
The material grade requirements for hull members of each class depending on thickness and design temperature 


are defined in Tab 6, Tab 7 and Tab 8. For design temperatures tp < -55 °C, materials are to be specially 
considered by the Society. 


2.4.6 
Single strakes required to be of class III or of grade E /EH and FH are to have breadths not less than the values, 


in m, given by the following formula, but need not to be greater than 1.8 m: 


b=0.005L + 0.8 
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Table 5: Application of material classes and grades - Structures exposed at low temperature 
Material class 
Structural member category Within 0.4L | Outside 0.4L 
amidship amidship 
SECONDARY 
Deck plating exposed to weather, in general 
Side plating above BWL I I 
Transverse bulkheads above BWL 
PRIMARY 


Strength deck plating D 


Continuous longitudinal members above strength deck, 
excluding longitudinal hatch coamings U I 


Longitudinal bulkhead above BWL 

Top wing tank bulkhead above BWL 
SPECIAL 

Sheer strake at strength deck ®) 

Stringer plate in strength deck ® 

Deck strake at longitudinal bulkhead © 
Continuous longitudinal hatch coamings @ 
Notes: 

(1) Plating at corners of large hatch openings to be specially considered. Class III or grade E/EH 


Il H 


to be applied in positions where high local stresses may occur. 


(2) Not to be less than grade E/EH within 0.4L amidships in ships with length exceeding 250 m. 


(3) In ships with a breadth exceeding 70 m at least three deck strakes to be class III. 
(4) Not to be less than grade D/DH. 


Table 6: Material grade requirements for class | at low temperature 


As-built -20 / -25 °C -26 / -35 °C -36 / -45 °C -45 / -55 °C 
thickness (mm) | NSS HSS NSS HSS NSS HSS NSS HSS 
t<10 AH AH DH DH 
10<t<15 AH DH DH DH 
15<t<20 AH DH DH EH 
20 <t<25 DH DH DH EH 
25 <t<30 DH DH EH EH 
30 <1< 35 DH DH EH EH 
35 <t<45 DH EH EH FH 
45 <t<50 EH EH : FH FH 


Note: ”NSS” and “HSS” mean, respectively “Normal Strength Steel” and “Higher Strength 
Steel” 
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Table 7: Material grade requirements for class Il at low temperature 


As-built -20 / -25 °C -26 / -35 °C -36 / -45 °C -45 / -55 °C 
thickness (mm) | NSS HSS HSS HSS HSS 
t<10 B 

10 <t<20 D 
20 <t< 30 D 
E 

E 


30 <14< 40 
40 <71<45 EH FH FH 
45 <t<50 E EH FH FH 


Note: ”NSS” and “HSS” mean, respectively “Normal Strength Steel” and “Higher Strength 
Steel” 


Table 8: Material grade requirements for class lll at low temperature 


As-built -20 / -25 °C -26 / -35 °C -36 / -45 °C -45 / -55 °C 
thickness (mm) | NSS HSS HSS HSS HSS 
t<10 DH DH 
10<t<20 DH EH 
20 <t<25 EH EH 


25 <t<30 EH EH 
30 <1< 40 EH FH 
40 <t<45 EH FH 


45 <t<50 - FH - FH - - 
Note: ”NSS” and “HSS” mean, respectively “Normal Strength Steel” and “Higher Strength 
Steel” 


3. Steels for forging and casting 


3.1 General 


3.1.1 
Mechanical and chemical properties of steels for forging and casting to be used for structural members are to 


comply with the applicable requirements of the Society Rules for Materials. 


3.1.2 
Steels of structural members intended to be welded are to have mechanical and chemical properties deemed 


appropriate for this purpose by the Society on a case by case basis. 


3.1.3 
The steels used are to be tested in accordance with the applicable requirements of the Society Rules for 


Materials. 


3.2 Steels for forging 


3.2.1 
Rolled bars may be accepted in lieu of forged products, after consideration by the Society on a case by case 


basis. 
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In such case, compliance with the applicable requirements of the Society Rules for Materials, relevant to the 


quality and testing of rolled parts accepted in lieu of forged parts, may be required. 


3.3 Steels for casting 


3.3.1 
Cast parts intended for stems, sternframes, rudders, parts of steering gear and deck machinery in general may be 


made of C and C-Mn weldable steels, having specified minimum tensile strength R,, = 400 N/mm” or 


440 N/mm”, in accordance with the applicable requirements of the Society Rules for Materials. 


3.3.2 
The welding of cast parts to main plating contributing to hull strength members is considered by the Society on a 


case by case basis. 
The Society may require additional properties and tests for such casting, in particular impact properties which 
are appropriate to those of the steel plating on which the cast parts are to be welded and non-destructive 


examinations. 


3.3.3 
Heavily stressed cast parts of steering gear, particularly those intended to form a welded assembly and tillers or 


rotors mounted without key, are to be subjected to surface and volumetric non-destructive examination to check 


their internal structure. 


4. Aluminium alloy structures 


4.1 General 


4.1.1 
The characteristics of aluminium alloys are to comply with the requirements of the Society Rules for Materials. 


Series 5000 aluminium-magnesium alloys or series 6000 aluminium-magnesium-silicon alloys are to be used. 


4.1.2 
In the case of structures subjected to low service temperatures or intended for other specific applications, the 


alloys to be employed are to be agreed by the Society. 


4.1.3 
Unless otherwise agreed, the Young’s modulus for aluminium alloys is equal to 70000 N/mm? and the Poisson’s 


ratio equal to 0.33. 


4.2 Extruded plating 


4.2.1 
Extrusions with built-in plating and stiffeners, referred to as extruded plating, may be used. 
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4.2.2 
In general, the application is limited to decks, bulkheads, superstructures and deckhouses. Other uses may be 


permitted by the Society on a case by case basis. 


4.2.3 
Extruded plating is to be oriented so that the stiffeners are parallel to the direction of main stresses. 


4.2.4 
Connections between extruded plating and primary members are to be given special attention. 


4.3 Mechanical properties of weld joints 


4.3.1 
Welding heat input lowers locally the mechanical strength of aluminium alloys hardened by work hardening 


(series 5000 other than condition O or H111) or by heat treatment (series 6000). 


4.3.2 
The as-welded properties of aluminium alloys of series 5000 are in general those of condition O or H111. 


Higher mechanical characteristics may be taken into account, provided they are duly justified. 


4.3.3 
The as-welded properties of aluminium alloys of series 6000 are to be agreed by the Society. 


4.4 Material factor k 


4.4.1 
The material factor k for aluminium alloys is to be obtained from the following formula: 


235 


k = , 
Riim 

where: 

Rim : Minimum guaranteed yield stress of the parent metal in welded condition R',oọ, in N/mm’, but not to 
be taken greater than 70% of the minimum guaranteed tensile strength of the parent metal in welded 
condition R’,, in N/mm? 

Rio2 = MR p0.2 

Rn = Rn 

Rpo2  : Minimum guaranteed yield stress, in N/mm’, of the parent metal in delivery condition 

Rn : Minimum guaranteed tensile strength, in N/mm’, of the parent metal in delivery condition 


M, m : Specified in Tab 9. 


4.4.2 
In the case of welding of two different aluminium alloys, the material factor k to be considered for the scantlings 


is the greater material factor of the aluminium alloys of the assembly. 
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Table 9: Aluminium alloys for welded construction 


Aluminium alloy 


Alloys without work-hardening treatment (series 5000 in annealed 
condition O or annealed flattened condition H111) 


Alloys hardened by work hardening (series 5000 other than condition O 
or H111) 


Alloys hardened by heat treatment (series 6000) R02 / Rp02 


Notes: 


(1) : When no information is available, coefficient 77; is to be taken equal to the metallurgical 
efficiency coefficient 2 defined in Tab 10. 


R02: Minimum guaranteed yield stress, in N/mm’, of material in welded condition 


R!, : Minimum guaranteed tensile strength, in N/mm”, of material in welded condition 


Table 10: Aluminium alloys - Metallurgical efficiency coefficient 8 


Aluminium alloy Temper Gross thickness, 
condition in mm 


6005 A (Open sections) T5 or T6 


6005 A (Closed sections) T5 or T6 
6061 (Sections) T6 
6082 (Sections) T6 


5. Other materials and products 


5.1 General 


5.1.1 
Other materials and products such as parts made of iron castings, where allowed, products made of copper and 


copper alloys, rivets, anchors, chain cables, cranes, masts, derrick posts, derricks, accessories and wire ropes are 


to comply with the applicable requirements of the Society Rules for Materials. 


5.1.2 
The use of plastics or other special materials not covered by these Rules is to be considered by the Society on a 


case by case basis. In such cases, the requirements for the acceptance of the materials concerned are to be agreed 


by the Society. 


5.1.3 
Materials used in welding processes are to comply with the applicable requirements of the Society Rules for 


Materials. 
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5.2 lron cast parts 


5.2.1 
As atule, the use of grey iron, malleable iron or spheroidal graphite iron cast parts with combined ferritic/perlitic 


structure is allowed only to manufacture low stressed elements of secondary importance. 


5.2.2 
Ordinary iron cast parts may not be used for windows or sidescuttles; the use of high grade iron cast parts of a 


suitable type will be considered by the Society on a case by case basis. 
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Section 2 —-NET SCANTLING APPROACH 


Symbols 

tas butt : AS-built Thickness: the actual thickness, in mm, provided at the newbuilding stage, including 
tyoluntary_additions 1f any. 

tc : Corrosion Addition Thickness: as defined in Ch 3, Sec 3, in mm. 

teross offered : Gross Thickness Offered: the actual gross (full) thickness, in mm, provided at the newbuilding stage, 
excluding tyoiunary addition, the owner’s extra margin for corrosion wastage, if any. 

teross required : Gross Thickness Required: the gross (full) thickness, in mm, obtained by adding tc to the Net 
Thickness Required. 

tnet offered: Net Thickness Offered: the net thickness, in mm, obtained by subtracting tc from the Gross Thickness 
Offered 

tnet required ` Net Thickness Required: the net thickness, in mm, as required by the Rules that satisfy all the 
structural strength requirements, rounded to the closest half millimetre. 

tyoluntary_addition : Thickness for Voluntary Addition: the thickness, in mm, voluntarily added as the owner’s extra 


margin for corrosion wastage in addition to tc. 


1. General philosophy 


1.1 


1.1.1 
Net Scantling Approach is to clearly specify the “net scantling” that is to be maintained right from the 


newbuilding stage throughout the ship’s design life to satisfy the structural strength requirements. This approach 
clearly separates the net thickness from the thickness added for corrosion that is likely to occur during the ship- 


in-operation phase. 


2. Application criteria 


2.1 General 


2.1.1 
The scantlings obtained by applying the criteria specified in this Rule are net scantlings as specified in [3.1] to 


[3.3]; i.e. those which provide the strength characteristics required to sustain the loads, excluding any addition 
for corrosion and voluntarily added thickness such as the owner’s extra margin, if any. The following gross 
offered scantlings are exceptions; i.e. they already include additions for corrosion but without voluntarily added 
values such as the owner’s extra margin: 

e  scantlings of superstructures and deckhouses, according to Ch 9, Sec 4 

e  scantlings of rudder structures, according to Ch 10, Sec 1 


e  scantlings of massive pieces made of steel forgings, steel castings. 
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2.1.2 
The required strength characteristics are: 


e thickness, for plating including that which constitutes primary supporting members 
e section modulus, shear area, moments of inertia and local thickness for ordinary stiffeners and, as the case 
may be, primary supporting members 


e section modulus, moments of inertia and first moment for the hull girder. 


2.1.3 
The ship is to be built at least with the gross scantlings obtained by adding the corrosion additions, specified in 


Ch 3, Sec 3, to the net scantlings. The thickness for voluntary addition is to be added as an extra. 


3. Net scantling approach 


3.1 Net scantling definition 


3.1.1 Required thickness 


The gross thickness required, fgross requireds iS NOt less than the gross thickness which is obtained by adding the 
corrosion addition fc as defined in Ch 3, Sec 3 to net thickness required, as follows: 
t 


gross _ required T tnet _ required + tc 


3.1.2 Offered thickness 
The gross thickness offered, tgross offere is the gross thickness provided at the newbuilding stage, which is 


obtained by deducting the thickness for voluntary addition from the as-built thickness, as follows: 


t t 


gross _ offered 7 Las _ built ~ “voluntary _ addition 


3.1.3 Net thickness for plate 
Net thickness offered, ther oferea, iS obtained by subtracting tc from the gross thickness offered, as follows: 


tnet offered = l oross _ offered ~~ te = tas _ built ~ L oluntary _ addition ~ tc 


3.1.4 Net section modulus for stiffener 
The net transverse section scantling is to be obtained by deducting tc from the gross thickness offered of the 


elements which constitute the stiffener profile as shown in Fig 1. 

For bulb profiles, an equivalent angle profile, as specified in Ch 3, Sec 6 [4.1.1], may be considered. 

The net strength characteristics are to be calculated for the net transverse section. 

In assessing the net strength characteristics of stiffeners reflecting the hull girder stress and stress due to local 
bending of the local structure such as double bottom structure, the section modulus of hull girder or rigidity of 


structure is obtained by deducting 0.5tc from the gross thickness offered of the related elements. 
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Shadow area is corrosion addition. 


For attached plate, the half of the considered corrosion addition specified in 3.2 is deducted from 
both sides of the attached plate. 


Figure 1: Net scantling of stiffener 


3.2 Considered net scantling 


3.2.1 Yielding check of the hull girder 
The net thickness of structural members to be considered for the yielding check of the hull girder, according to 


Ch 5, Sec 1, is to be obtained by deducting 0.5tc from the gross thickness offered. 


3.2.2 Global stress such as stress due to hull girder bending moment and shear force 
The net thickness of structural members to be considered for stress due to hull girder bending moment and shear 


force according to Ch 5, Secl, is to be obtained by deducting 0.5tc from the gross thickness offered. 


3.2.3 Buckling check of the hull girder 
The net thickness of structural members to be considered for the buckling check, according to Ch 6, Sec 3, is to 


be obtained by deducting tc from the gross thickness offered. 


3.2.4 Ultimate strength check of the hull girder 
The net thickness of structural members to be considered for the ultimate strength check of the hull girder, 


according to Ch 5, Sec 2, is to be obtained by deducting 0.5źtc from the gross thickness offered. 


Page 18 July 2012 


Common Structural Rules for Bulk Carriers Chapter 3, Section 2 


3.2.5 Direct strength analysis 
The net thickness of plating which constitutes primary supporting members to be checked stresses according to 


Ch 7 is to be obtained by deducting 0.5tc from the gross thickness offered. 
The net thickness of plating members to be considered for the buckling check according to Ch 6, Sec 3, using the 


stresses obtained from direct strength analysis, is to be obtained by deducting tc from the gross thickness offered. 


3.2.6 Fatigue check 
The net thickness of structural members to be checked for fatigue according to Ch 8 is to be obtained by 


deducting 0.5t¢ from the gross thickness offered. 


3.2.7 Check of primary supporting members for ships less than 150 m in length L 
The net thickness of plating which constitutes primary supporting members for ships less than 150 m in length L, 


to be checked according to Ch.6, Sec.4, [2], is to be obtained by deducting ¢, from the gross thickness. 


3.3 Available information on structural drawings 


3.3.1 
The structural drawings are to indicate for each structural element the gross scantling and the renewal thickness 


as specified in Ch 13, Sec 2. 
If thickness for voluntary addition is included in the as-built thicknesses, this is to be clearly mentioned and 


identified on the drawings. 
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Section 3 - CORROSION ADDITIONS 


Symbols 
tc : Total corrosion addition, in mm, defined in [1.2] 
tc), tœ : Corrosion addition, in mm, on one side of the considered structural member, defined in Tab 1 
treserve : Reserve thickness, in mm, defined in Ch 13, Sec 2 and taken equal to: 
t =0.5 


reserve 


1. Corrosion additions 


1.1 General 


1.1.1 
The values of the corrosion additions specified in this section are to be applied in relation with the relevant 


protective coatings required by Sec 5. 


For materials different from carbon steel, special consideration is to be given to the corrosion addition. 


1.2 Corrosion addition determination 


1.2.1 Corrosion additions for steel 
The corrosion addition for each of the two sides of a structural member, fc; or tc, is specified in Tab 1. 


The total corrosion addition fc, in mm, for both sides of the structural member is obtained by the following 
formula: 


reserve 
For an internal member within a given compartment, the total corrosion addition fc is obtained from the 
following formula: 

tc = Roundupgs(2tc1) + t reserve 
where fc, is the value specified in Tab 1 for one side exposure to that compartment. 

When a structural member is affected by more than one value of corrosion addition (e.g. a plate in a dry bulk 
cargo hold extending above the lower zone), the scantling criteria are generally to be applied considering the 
severest value of corrosion addition applicable to the member. 

The corrosion addition of a longitudinal stiffener is determined according to the coordinate of the connection of 


the stiffener to the attached plating. 


RCN 1 to July 2010 version (effective from 1July 2012) 
In addition, the total corrosion addition fc is not to be taken less than 2 mm, except for web and face plate of 


ordinary stiffeners. 


1.2.2 Corrosion additions for aluminium alloys 
For structural members made of aluminium alloys, the corrosion addition fc is to be taken equal to 0. 
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Table 1: Corrosion addition on one side of structural members 


Corrosion addition, tc, or te 
in mm 
Structural member BC-A or BC-B 


Compartment 
Type 

i ships with 

L >150m 


Within 3m below the top of 
Face plate of tank © p 


primary members 
Ballast water Elsewhere 


tank ® Within 3 m below the top of 
Other members tank © 
Elsewhere 


Upper part ® 


Transverse Lower stool: sloping plate, 
bulkhead vertical plate and top plate 


Other parts 


Upper part ® 


Webs and flanges of the upper 
end brackets of side frames of 


Dry bulk 
ry bulk cargo single side bulk carriers 


hold ® Other members 


Webs and flanges of lower 
brackets of side frames of single 
side bulk carriers 


Other parts 


Sloped plating of | Continuous wooden ceiling 
hopper tank, inner : — 
bottom plating No continuous wooden ceiling 


Exposed to Horizontal member and weather deck © 
atmosphere Non horizontal member 


Exposed to sea water ” 


Fuel oil tanks and lubricating oil tanks ® 


Fresh water tanks 


«@ | Spaces not normally accessed, e.g. access only 


Vold spaces through bolted manholes openings, pipe tunnels, etc. 


Internal of deck houses, machinery spaces, stores 


Dry spaces : 
spaces, pump rooms, steering spaces, etc. 


Other compartments than above 
Notes 


(1) Dry bulk cargo hold includes holds, intended for the carriage of dry bulk cargoes, which may carry water 
ballast. 


(2) The corrosion addition of a plating between water ballast and heated fuel oil tanks is to be increased by 
0.7 mm. 


(3) This is only applicable to ballast tanks with weather deck as the tank top. 


(4) Upper part of the cargo holds corresponds to an area above the connection between the top side and the 
inner hull or side shell. If there is no top side, the upper part corresponds to the upper one third of the 
cargo hold height. 


(5) Horizontal member means a member making an angle up to 20° as regard as a horizontal line. 


(6) The corrosion addition on the outer shell plating in way of pipe tunnel is to be considered as water ballast 
tank. 


(7) Outer side shell between normal ballast draught and scantling draught is to be increased by 0.5 mm. 
RCN 1 to July 2008 version (effective from I July 2009) 
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Section 4 — LIMIT STATES 


1. General 


1.1 General principle 


1.1.1 
The structural strength assessments indicated in Tab 1 are covered by the requirements of the present Rules. 


Table 1: Structural strength assessment 


Yielding Buckling Uldinate Fatigue 


check check Ae check 
Local Ordinary stiffeners 
Structures | Plating subjected to lateral 


pressure 


Primary supporting members 
Hull girder v v4 


Note: v indicates that the structural assessment is to be carried out. 


(1) The ultimate strength check of stiffeners is included in the buckling check of stiffeners. 


(2) The fatigue check of stiffeners and primary supporting members is the fatigue check of connection 
details of these members. 

(3) The ultimate strength check of plating is included in the yielding check formula of plating. 

(4) The buckling check of stiffeners and plating taking part in hull girder strength is performed against 


stress due to hull girder bending moment and hull girder shear force. 


1.1.2 
Strength of hull structures in flooded condition is to be assessed. 


1.2 Limit states 


1.2.1 Serviceability limit state 
Serviceability limit state, which concerns the normal use, includes: 


e local damage which may reduce the working life of the structure or affect the efficiency or appearance of 
structural members 
e unacceptable deformations which affect the efficient use and appearance of structural members or the 


functioning of equipment. 


1.2.2 Ultimate limit state 
Ultimate limit state, which corresponds to the maximum load-carrying capacity, or in some cases, the maximum 


applicable strain or deformation, includes: 
e attainment of the maximum resistance capacity of sections, members or connections by rupture or 


excessive deformations 
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e instability of the whole structure or part of it. 


1.2.3 Fatigue limit state 
Fatigue limit state relate to the possibility of failure due to cyclic loads. 


1.2.4 Accidental limit state 
Accidental limit state considers the flooding of any one cargo hold without progression of the flooding to the 


other compartments and includes: 

e the maximum load-carrying capacity of hull girder 

e the maximum load-carrying capacity of double bottom structure 

e the maximum load-carrying capacity of bulkhead structure 

Accidental single failure of one structural member of any one cargo hold is considered in the assessment of the 


ultimate strength of the entire stiffened panel. 


2. Strength criteria 


2.1 Serviceability limit states 


2.1.1 Hull girder 
For the yielding check of the hull girder, the stress corresponds to a load at 10° probability level. 


2.1.2 Plating 
For the yielding check and buckling check of platings constituting a primary supporting member, the stress 


corresponds to a load at 10° probability level. 


2.1.3 Ordinary stiffener 
For the yielding check of an ordinary stiffener, the stress corresponds to a load at 10° probability level. 


2.2 Ultimate limit states 


2.2.1 Hull girder 
The ultimate strength of the hull girder is to withstand the maximum vertical longitudinal bending moment 


obtained by multiplying the partial safety factor and the vertical longitudinal bending moment at 10° probability 


level. 


2.2.2 Plating 
The ultimate strength of the plating between ordinary stiffeners and primary supporting members is to withstand 


the load at 10° probability level. 


2.2.3 Ordinary stiffener 
The ultimate strength of the ordinary stiffener is to withstand the load at 10° probability level. 
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2.3 Fatigue limit state 


2.3.1 Structural details 
The fatigue life of representative structural details such as connections of ordinary stiffeners and primary 


supporting members is obtained from reference pressures at 10%. 


2.4 Accidental limit state 


2.4.1 Hull girder 
Longitudinal strength of hull girder in cargo hold flooded condition is to be assessed in accordance with Ch 5, 


Sec 2. 


2.4.2 Double bottom structure 
Double bottom structure in cargo hold flooded condition is to be assessed in accordance with Ch 6, Sec 4. 


2.4.3 Bulkhead structure 
Bulkhead structure in cargo hold flooded condition is to be assessed in accordance with Ch 6, Sec 1, Sec 2 and 


Sec 3. 


3. Strength check against impact loads 


3.1 General 


3.1.1 
Structural response against impact loads such as forward bottom slamming, bow flare slamming and grab falling 


depends on the loaded area, magnitude of loads and structural grillage. 


3.1.2 
The ultimate strength of structural members that constitute the grillage, i.e. platings between ordinary stiffeners 


and primary supporting members and ordinary stiffeners with attached plating, is to withstand the maximum 


impact loads acting on them. 
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Section 5 —- CORROSION PROTECTION 


1. General 


1.1 Structures to be protected 


1.1.1 
All seawater ballast tanks, cargo holds and ballast holds are to have a corrosion protective system fitted in 


accordance with [1.2], [1.3] and [1.4] respectively. 


1.1.2 
Void double side skin spaces in cargo length area for vessels having a length (Lir) of not less than 150 m are to 


be coated in accordance with [1.2]. 


1.1.3 
Corrosion protective coating is not required for internal surfaces of spaces intended for the carriage of fuel oil. 


1.1.4 
Narrow spaces are generally to be filled by an efficient protective product, particularly at the ends of the ship 


where inspections and maintenance are not easily practicable due to their inaccessibility. 


1.2 Protection of seawater ballast tanks and void double side skin spaces 


1.2.1 
All dedicated seawater ballast tanks anywhere on the ship (excluding ballast hold) for vessels having a length (L) 


of not less than 90 m and void double side skin spaces in the cargo length area for vessels having a length (Lix) 
of not less than 150 m are to have an efficient corrosion prevention system, such as hard protective coatings or 
equivalent, applied in accordance with the manufacturer’s recommendation. 

The coatings are to be of a light colour, i.e. a colour easily distinguishable from rust which facilitates inspection. 


Where appropriate, sacrificial anodes, fitted in accordance with [2], may also be used. 


1.2.2 
For ships contracted for construction on or after 8 December 2006, the date of IMO adoption of the amended 


SOLAS regulation II-1/3-2, by which an IMO “Performance standard for protective coatings for ballast tanks 
and void spaces” will be made mandatory, the coatings of internal spaces subject to the amended SOLAS 
regulation are to satisfy the requirements of the IMO performance standard. 

For ships contracted for construction on or after 1 July 2012, the IMO performance standard is to be applied as 
interpreted by [ACS UI SC 223 and UI SC 227. In applying IACS UI SC 223, “Administration” is to be read to 
be the “Classification Society”. 

Consistent with IMO Resolution A.798(19) and IACS UI SC 122, the selection of the coating system, including 
coating selection, specification, and inspection plan, are to be agreed between the shipbuilder, coating system 


supplier and the owner, in consultation with the Society, prior to commencement of construction. The 
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specification for the coating system for these spaces is to be documented and this documentation is to be verified 
by the Society and is to be in full compliance with the coating performance standard. 

The shipbuilder is to demonstrate that the selected coating system with associated surface preparation and 
application methods is compatible with the manufacturing processes and methods. 

The shipbuilder is to demonstrate that the coating inspectors have proper qualification as required by the IMO 
standard. 

The attending surveyor of the Society will not verify the application of the coatings but will review the reports of 
the coating inspectors to verify that the specified shipyard coating procedures have been followed. 


RCN 1 to July 2010 version (effective from 1 July 2012) 
1.3 Protection of cargo hold spaces 


1.3.1 Coating 
It is the responsibility of the shipbuilder and of the owner to choose coatings suitable for the intended cargoes, in 


particular for the compatibility with the cargo. 


1.3.2 Application 
All internal and external surfaces of hatch coamings and hatch covers, and all internal surfaces of cargo holds 


(side and transverse bulkheads), excluding the inner bottom area and part of the hopper tank sloping plate and 
lower stool sloping plate, are to have an efficient protective coating, of an epoxy type or equivalent, applied in 
accordance with the manufacturer’s recommendation. 


The side and transverse bulkhead areas to be coated are specified in [1.3.3] and [1.3.4] respectively. 


1.3.3 Side areas to be coated 
The areas to be coated are the internal surfaces of: 


e the inner side plating 

e the internal surfaces of the topside tank sloping plates 

e the internal surfaces of the hopper tank sloping plates for a distance of 300 mm below the frame end 
bracket for holds of single side skin construction or below the hopper tank upper end for holds of double 
side skin construction. 


RCN 1 to July 2010 version (effective from IJuly 2012) 


These areas are shown in Fig 1. 
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tank tank 
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Hopper tank Hopper tank 


Figure 1: Side areas to be coated 


1.3.4 Transverse bulkhead areas to be coated 
The areas of transverse bulkheads to be coated are all the areas located above an horizontal level located at a 


distance of 300 mm below the frame end bracket for holds of single side skin construction or below the hopper 
tank upper end for holds of double side skin construction. 


RCN 1 to July 2010 version (effective from 1July 2012) 
1.4 Protection of ballast hold spaces 


1.4.1 Application 
All internal and external surfaces of hatch coamings and hatch covers, and all internal surfaces of ballast holds 


are to have an effective protective coating, of an epoxy type or equivalent, applied in accordance with the 


manufacturer’s recommendation. 


2. Sacrificial anodes 


2.1 General 


2.1.1 
Anodes are to have steel cores and are to be fitted sufficiently rigid by the anode support designed so that they 


retain the anode even when it is wasted. 
The steel inserts are to be attached to the structure by means of a continuous weld. Alternatively, they may be 
attached to separate supports by bolting, provided a minimum of two bolts with lock nuts are used. However, 


other mechanical means of clamping may be accepted. 


2.1.2 
The supports at each end of an anode may not be attached to separate items which are likely to move 


independently. 


2.1.3 
Where anode inserts or supports are welded to the structure, the welds are to be smoothly. 
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3. Protection of inner bottom by ceiling 


3.1 General 


3.1.1 
Ceiling on the inner bottom, if any, is to comply with [3.2] and [3.3]. 


3.2 Arrangement 


3.2.1 
Planks forming ceiling over the bilges and on the inner bottom are to be easily removable to permit access for 


maintenance. 


3.2.2 
Where the double bottom is intended to carry fuel oil, ceiling on the inner bottom is to be separated from the 


plating by means of battens 30 mm high, in order to facilitate the drainage of oil leakages to the bilges. 


3.2.3 
Where the double bottom is intended to carry water, ceiling on the inner bottom may lie next to the plating, 


provided a suitable protective composition is applied beforehand. 


3.2.4 
The shipyard is to take care that the attachment of ceiling does not affect the tightness of the inner bottom. 


3.3 Scantlings 


3.3.1 
The thickness of ceiling boards, when made of pine, is to be not less than 60 mm. Under cargo hatchways, the 


thickness of ceiling is to be increased by 15 mm. 


Where the floor spacing is large, the thicknesses may be considered by the Society on a case by case basis. 
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Section 6 —- STRUCTURAL ARRANGEMENT PRINCIPLES 


Symbols 
For symbols not defined in this Section, refer to the list defined in Ch 1, Sec 4. 
bn : Breadth, in m, of cargo hatch opening 


l, : Length, in m, of the free edge of the end bracket 


1. Application 


If not specified otherwise, the requirements of this section apply to the hull structure except superstructures and 
deckhouses. For areas outside the cargo holds area, supplementary requirements are to be found in Ch. 9 Sec 1 to 
Ch. 9 Sec 3. 

RCN 1 to July 2010 version (effective from 1July 2012) 


2. General principles 


2.1 Definition 


2.1.1 Primary frame spacing 
Primary frame spacing, in m, is defined as the distance between the primary supporting members. 


2.1.2 Secondary frame spacing 
Secondary frame spacing, in m, is defined as the distance between ordinary stiffeners. 


2.2 Structural continuity 


2.2.1 General 
The reduction in scantling from the midship part to the end parts is to be effected as gradually as practicable. 


Attention is to be paid to the structural continuity in way of changes in the framing system, at the connections of 
primary supporting members or ordinary stiffeners and in way of the ends of the fore and aft parts and 


machinery space and in way of the ends of superstructures. 


2.2.2 Longitudinal members 
Longitudinal members are to be so arranged as to maintain the continuity of strength. 


Longitudinal members contributing to the hull girder longitudinal strength are to extend continuously for a 
sufficient distance towards the end of ship. 

In particular, the continuity of the longitudinal bulkheads, including vertical and horizontal primary supporting 
members, extended over the cargo hold area is to be ensured beyond the cargo hold area. Scarfing brackets are a 


possible means. 


2.2.3 Primary supporting members 
Primary supporting members are to be arranged in such a way that they ensure adequate continuity of strength. 


Abrupt changes in height or cross section are to be avoided. 
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2.2.4 Ordinary stiffeners 
Ordinary stiffeners contributing to the hull girder longitudinal strength are generally to be continuous when 


crossing primary supporting members. 


2.2.5 Platings 
A change in plating thickness in as-built is not to exceed 50% of thicker plate thickness for load carrying 


direction. The butt weld preparation is to be in accordance with the requirements of Ch 11, Sec 2, [2.2]. 


2.2.6 Stress concentrations 
Where stress concentration may occur in way of structural discontinuity, sufficient consideration is to be paid to 


reduce the stress concentration and adequate compensation and reinforcements are to be provided. 

Openings are to be avoided, as far as practicable, in way of highly stressed areas. 

Where openings are arranged, the shape of openings is to be such that the stress concentration remains within 
acceptable limits. 

Openings are to be well rounded with smooth edges. 


Weld joints are to be properly shifted from places where the stress may highly concentrate. 


2.3 Connections with higher tensile steel 


2.3.1 Connections with higher tensile steel 
Where steels of different strengths are mixed in a hull structure, due consideration is to be given to the stress in 


the lower tensile steel adjacent to higher tensile steel. 

Where stiffeners of lower tensile steel are supported by primary supporting members of higher tensile steel, due 
consideration is to be given to the stiffness of primary supporting members and scantlings to avoid excessive 
stress in the stiffeners due to the deformation of primary supporting members. 

Where higher tensile steel is used at deck structures and bottom structure, longitudinal members not contributing 
to the hull girder longitudinal strength and welded to the strength deck or bottom plating and bilge strake, such 
as longitudinal hatch coamings, gutter bars, strengthening of deck openings, bilge keel, etc., are to be made of 
the same higher tensile steel. The same requirement is generally applicable for non continuous longitudinal 
stiffeners welded on the web of a primary member contributing to the hull girder longitudinal strength as hatch 
coamings, stringers and girders. 
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3. Plating 


3.1 Structural continuity of plating 


3.1.1 Insert plate 
Where a local increase in plating thickness is generally to be achieved to through insert plates, an insert plate is 


to be made of the materials of a quality (yield & grade) at least equal to that of the plates on which they are 
welded. 
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4. Ordinary stiffener 


4.1 Profile of stiffeners 


4.1.1 Stiffener profile with a bulb section 
The properties of bulb profile sections are to be determined by exact calculations. If it is not possible, a bulb 
section may be taken as equivalent to a built-up section. The dimensions of the equivalent angle section are to be 


obtained, in mm, from the following formulae. 


a ne 
9.2 


v 


t, = hw 
f 92 
where 
hy, t : Height and net thickness of a bulb section, in mm, as shown in Fig 1. 
a : Coefficient equal to: 
1 \2 
a=1.1+ (120-4) for hj, < 120 
3000 
a=1.0 for h, > 120 


Bulb Equivalent angle 


Figure 1: | Dimensions of stiffeners 


RCN 1 to July 2010 version (effective from 1July 2012) 
4.2 Span of ordinary stiffeners 


4.2.1 Ordinary stiffener 
The span £ of ordinary stiffeners is to be measured as shown in Fig 2. For curved stiffeners, the span is measured 


along the chord. 
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Primary 
supporting 
member 
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Figure 3: Span of ordinary stiffeners within a double hull 


4.2.2 Ordinary stiffener within a double hull 
The span ¢ of ordinary stiffeners fitted inside a double hull, i.e. when the web of the primary supporting 


members is connected with the inner hull and the outer shell acting as its flanges, is to be measured as shown in 


Fig 3. 


4.2.3 Ordinary stiffeners supported by struts 
The arrangement of ordinary stiffeners supported by struts is not allowed for ships over 120 m in length. 


The span Z of ordinary stiffeners supported by one strut fitted at mid distance of the primary supporting members 
is to be taken as 0.765. 

In case where two struts are fitted between primary supporting members, the span £ of ordinary stiffeners is to be 
taken as the greater of 1.4¢, and 0.742. 


lı and @, are the spans defined in Figs 4 and 5. 
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Attached plating 


} Ordinary stiffener 


Primary Primary 
supporting —-> Strut << supporting 
member member 


} Ordinary stiffener 


Attached plating 


Figure 4: | Span of ordinary stiffeners with one strut 


<2 > De plating 


EEE _ EEE ae } Ordinary stiffener 


Primary Primary 
supporting —»| Strut 
member 


<— supporting 
Figure 5: Span of ordinary stiffeners with two struts 


member 
} Ordinary stiffener 


Attached plating 


4.3 Attached plating 


4.3.1 Effective breadth for yielding check 
The effective width b, of the attached plating to be considered in the actual net section modulus for the yielding 


check of ordinary stiffeners is to be obtained, in m, from the following formulae: 
e where the plating extends on both sides of the ordinary stiffener: 


b, = 0.20, or 
b,=s 


whichever is lesser. 


e where the plating extends on one side of the ordinary stiffener (i.e. ordinary stiffeners bounding openings): 
b, =0.5s 
b, =0.1£ 


whichever is lesser. 
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4.3.2 Effective width for buckling check 
The effective width of the attached plating of ordinary stiffeners for checking the buckling of ordinary stiffeners 


is defined in Ch 6, Sec 3, [5]. 


4.4 Geometric property of ordinary stiffeners 


4.4.1 General 


Geometric properties of stiffeners such as moment of inertia, section modulus, shear sectional area, slenderness 


ratio of web plating, etc., are to be calculated based on the net thickness as defined in Ch 3, Sec 2. 


4.4.2 Stiffener not perpendicular to the attached plating 
The actual stiffener’s net section modulus is to be calculated about an axis parallel to the attached plating. 


Where the stiffener is not perpendicular to the attached plating, the actual net section modulus can be obtained, 
in cm’, from the following formula: 


w=wysina 


where: 

Wo : Actual net section modulus, in cm’, of the stiffener assumed to be perpendicular to the attached 
plating 

a : Angle, in degrees, between the stiffener web and the attached plating, as shown in Fig 6, but not to be 
taken less than 50. 


The correction is to be applied when a is between 50 and 75 degrees. 


Figure 6: Angle between stiffener web and attached plating 


Where the angle between the web plate of stiffener and the attached plating is less than 50 degrees, tripping 
bracket is to be fitted at suitable spacing. If the angle between the web plate of an unsymmetrical stiffener and 
the attached plating is less than 50 degrees, the face plate of the stiffener is to be fitted on the side of open bevel, 


as shown in Fig 7. 
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pee 


Figure 7: Orientation of stiffener when the angle is less than 50 degrees 


4.5 End connections of ordinary stiffeners 


4.5.1 General 
Where ordinary stiffeners are to be continuous through primary supporting members, they are to be properly 


connected to the web plating so as to ensure proper transmission of loads. Some sample connections are shown 


in Fig 8 to Fig 11. 


(a) (b) 


Figure 8: (a) Connection without collar plate and 
(b) Connection with stiffener at side of longitudinal 


Figure 9: | Connection with collar plate 


Figure 10: Connection with one large collar plate 
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Figure 11: Connection with two large collar plates 


4.5.2 Structural continuity of stiffeners 
Where ordinary stiffeners are cut at primary supporting members, brackets are to be fitted to ensure structural 


continuity. In this case, the net section modulus and net sectional area of the brackets are to be not less than 

those of the ordinary stiffener. 

The minimum net thickness of brackets is to be not less than that required for web plate of ordinary stiffeners. 

The brackets are to be flanged or stiffened by a welded face plate where: 

e the net thickness of the bracket, in mm, is less than 15¢,, where £; is the length, in m, of the free edge of the 
end bracket or brackets; or 

e the longer arm of the bracket is greater than 800 mm. 


The net sectional area, in cm’, of the flanged edge or faceplate is to be at least equal to 104,. 


4.5.3 End connections 
End connection of stiffeners is to be sufficiently supported by the primary supporting members. Generally, a 


stiffener or a bracket to support the ordinary stiffener is to be provided. 

Where slots for penetration of stiffeners are reinforced with collars, they are to be of the same materials as the 
primary supporting members. 

Brackets or stiffeners to support the ordinary stiffeners are to be of sufficient sectional area and moment of 
inertia with respect to structural continuity, and are to have appropriate shape with respect to fatigue strength. If 
brackets or stiffeners to support the ordinary stiffeners are not fitted, or special slot configurations considering 


the fatigue strength are provided, fatigue strength assessment for slots are required by the Society. 


5. Primary supporting members 


5.1 General 


5.1.1 
Primary supporting members are to be arranged in such a way that they ensure adequate continuity of strength. 


Abrupt changes in height or in cross-section are to be avoided. 


5.1.2 
Where arrangements of primary supporting members are ensured adequate based on the results of FE analysis, 


fatigue assessment and ultimate strength assessment, primary supporting members are to be arranged in 


accordance with the result of such assessment. 
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5.2 Stiffening arrangement 


5.2.1 
Webs of primary supporting members are to be stiffened where the height, in mm, is greater than 100t, where f is 


the net web thickness, in mm, of the primary supporting member. 
In general, the web stiffeners of primary supporting members are to be spaced not more than 1 104. 
The net thickness of web stiffeners and brackets, in mm, are not to be less than the value obtained from the 


following formula: 


t=3+0.015 L, 
where: 


L : Rule length L, but to be taken not greater than 300 m 


Additional stiffeners are to be fitted in way of end brackets, at the connection with cross ties, etc. of transverse 
primary supporting members where shearing stress and/or compressive stress is expected to be high. These parts 
are not to have holes. Cut outs for penetration of ordinary stiffeners in these parts are to be reinforced with collar 
plates. 

Depth of stiffener of flat bar type is in general to be more than 1/12 of stiffener length. A smaller depth of 
stiffener may be accepted based on calculations showing compliance with Ch 6 Sec 2 [2.3.1], Ch 6 Sec 2 [4] and 
Ch 6 Sec 3 [4]. 
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5.2.2 
Tripping brackets (see Fig 12) welded to the face plate are generally to be fitted: 


e at every fourth spacing of ordinary stiffeners, without exceeding 4 m. 

e atthe toe of end brackets 

e at rounded face plates 

e in way of concentrated loads 

e near the change of section. 

Where the width of the symmetrical face plate is greater than 400 mm, backing brackets are to be fitted in way of 
the tripping brackets. 

Where the face plate of the primary supporting member exceeds 180 mm on either side of the web, tripping 


bracket is to support the face plate as well. 
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Figure 12: Primary supporting member: web stiffener in way of ordinary stiffener 


5.2.3 
The width of face plate of the primary supporting member except ring shape such as transverse ring in bilge 


hopper tanks and top side tank is to be not less than one tenth of the depth of the web, where tripping brackets 
are spaced as specified in [5.2.2]. 


5.2.4 
The arm length of tripping brackets is to be not less than the greater of the following values, in m: 


d =0.38b 


d 08s 


where: 

b : Height, in m, of tripping brackets, shown in Fig 12 
St : Spacing, in m, of tripping brackets 

t : Net thickness, in mm, of tripping brackets. 

5.2.5 


Tripping brackets with a net thickness, in mm, less than 104, are to be flanged or stiffened by a welded face 
plate. 

The net sectional area, in cm’, of the flanged edge or the face plate is to be not less than 7/,, where 4, is the 
length, in m, of the free edge of the bracket. 

Where the height or breadth of tripping brackets is greater than 3 m, an additional stiffener is to be fitted parallel 


to the bracket free edge. 


5.3 Span of primary supporting members 


5.3.1 Definitions 


The span Z, in m, of a primary supporting member without end bracket is to be taken as the length of the member 


between supports. 
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The span @, in m, of a primary supporting member with end brackets is taken between points where the depth of 
the bracket is equal to half the depth of the primary supporting member as shown in Fig 13(a). 

However, in case of curved brackets where the face plate of the member is continuous along the face of the 
bracket, as shown in Fig 13(b), the span is taken between points where the depth of the bracket is equal to one 
quarter the depth of the primary supporting member. 


(a) (b) 


Figure 13: Span of primary support member 


5.4 Effective breadth of primary supporting member 


5.4.1 General 
The effective breadth b, of the attached plating of a primary supporting member to be considered in the actual 


net section modulus for the yielding check is to be determined according to [4.3.1]. 


RCN 1 to July 2010 version (effective from 1July 2012) 
5.5 Geometric properties 


5.5.1 General 
Geometric properties of primary supporting members such as moment of inertia, section modulus, shear 


sectional area, slenderness ratio of web plating, etc., are to be calculated based on the net thickness as specified 


in Ch 3, Sec 2. 


5.6 Bracketed end connection 


5.6.1 General 
Where the ends of the primary supporting members are connected to bulkheads, inner bottom, etc., the end 


connections of all primary supporting members are to be balanced by effective supporting members on the 
opposite side of bulkheads, inner bottoms, etc.. 

Tripping brackets are to be provided on the web plate of the primary supporting members at the inner edge of 
end brackets and connection parts of the other primary supporting members and also at the proper intervals to 


support the primary supporting members effectively. 
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5.6.2 Dimensions of brackets 
Arm length of bracket is generally not to be less than one-eighth of span length of the primary member, unless 


otherwise specified. Arm lengths of brackets at both ends are to be equal, as far as practicable. 

The height of end brackets is to be not less than that of the primary supporting member. The net thickness of the 

end bracket web is not to be less than that of the web plate of the primary supporting member. 

The scantlings of end brackets are to be such that the section modulus of the primary supporting member with 

end brackets is not less than that of the primary supporting member at mid-span point. 

The width, in mm, of the face plate of end brackets is to be not less than 50(¢,+1). 

Moreover, the net thickness of the face plate is to be not less than that of the bracket web. 

Stiffening of end brackets is to be designed such that it provides adequate buckling web stability. 

The following prescriptions are to be applied: 

e where the length 4, is greater than 1.5 m, the web of the bracket is to be stiffened 

e the net sectional area, in cm’, of web stiffeners is to be not less than 16.52, where £ is the span, in m, of the 
stiffener 

e tripping flat bars are to be fitted to prevent lateral buckling of web stiffeners. Where the width of the 


symmetrical face plate is greater than 400 mm, additional backing brackets are to be fitted. 


Arm length 
(Bracket height) 


Arm length 


Figure 14: Dimension of brackets 


5.7 Cut-outs and holes 


5.7.1 
Cut-outs for the passage of ordinary stiffeners are to be as small as possible and well rounded with smooth 


edges. 
The depth of cut-outs is to be not greater than 50% of the depth of the primary supporting member. 


5.7.2 
Where openings such as lightening holes are cut in primary supporting members, they are to be equidistant from 


the face plate and corners of cut-outs and, in general, their height is to be not greater than 20% of the web height. 
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Where lightening holes with free edges are provided, the dimensions and locations of lightening holes are 


generally to be as shown in Fig 15. 


g<dl4,h<d/2,a>=o9 g<d/l3,h<d/2 
without collar plate 


Figure 15: Location and dimensions of lightening holes 


Where lightening holes are cut in the brackets, the distance from the circumference of the hole to the free flange 


of brackets is not to be less than the diameter of the lightening hole. 


5.7.3 
Openings are not be fitted in way of toes of end brackets. 


5.7.4 
At the mid-part within 0.5 times of the span of primary supporting members, the length of openings is to be not 


greater than the distance between adjacent openings. 
At the ends of the span, the length of openings is to be not greater than 25% of the distance between adjacent 


openings. 


5.7.5 
In the case of large openings in the web of primary supporting members (e.g. where a pipe tunnel is fitted in the 


double bottom), the secondary stresses in primary supporting members are to be considered for the 
reinforcement of the openings. 
This may be carried out by assigning an equivalent net shear sectional area to the primary supporting member 


obtained, in cm’, according from the following formula: 


= Ash + Ash2 
sh 2 2 
1 4 0:003267 Asm, 0.003267 Aaz 
l I, 


where (see Fig 16): 

I,,l, : Net moments of inertia, in cm*, of deep webs (1) and (2), respectively, with attached plating around 
their neutral axes parallel to the plating 

Asni, Asn2 : Net shear sectional areas, in cm’, of deep webs (1) and (2), respectively, taking account of the web 
height reduction by the depth of the cut out for the passage of the ordinary stiffeners, if any 


4 : Span, in cm, of deep webs (1) and (2). 
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Figure 16: Large openings in the web of primary supporting members 


6. Double bottom 


6.1 General 


6.1.1 Double bottom extend 
Ref. SOLAS Ch. l-1, Part B, Reg. 12-1 


A double bottom is to be fitted extending from the collision bulkhead to the afterpeak bulkhead. 


6.1.2 Framing system 
For ships greater than 120 m in length, the bottom, the double bottom and the sloped bulkheads of hopper tanks 


are to be of longitudinal system of frame arrangement at least within the cargo hold area. The spacing of the 
floors and bottom girders is not only governed by frame spaces but requirement in absolute value, in metres, is 


also indicated in [6.3.3] and [6.4.1]. 


6.1.3 Height of double bottom 
Where a double bottom is required to be fitted the inner bottom shall be continued transversely in such a manner 


as to protect the bottom to the turn of the bilge. 

Such protection will be deemed satisfactory if the inner bottom is not lower at any part than a plane parallel with 
the keel line and which is located not less than a vertical distance h measured from the keel line, as calculated by 
the formula: 

h = B/20 

However, in no case is the value of h to be less than 760 mm, and need not be taken as more than 2,000 mm. 
Where the height of the double bottom varies, the variation is generally to be made gradually and over an 
adequate length; the knuckles of inner bottom plating are to be located in way of plate floors. 

Where this is impossible, suitable longitudinal structures such as partial girders, longitudinal brackets etc., fitted 
across the knuckle are to be arranged. 
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6.1.4 Dimensions of double bottom 
The breadth of double bottom is taken as shown in Fig 17. 
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Ships with inclined sides 


Figure 17: Breadth of double bottom 


6.1.5 Docking 
The bottom is to have sufficient strength to withstand the loads resulting from the dry-docking of the ship. 


Where docking brackets are provided between solid floors and connecting the centreline girder to the bottom 


shell plating, the docking brackets are to be connected to the adjacent bottom longitudinals. 


6.1.6 Continuity of strength 


Where the framing system changes from longitudinal to transverse, special attention is to be paid to the 
continuity of strength by means of additional girders or floors. Where this variation occurs within 0.6L 
amidships, the inner bottom is generally to be maintained continuous by means of inclined plating. 

Bottom and inner bottom longitudinal ordinary stiffeners are generally to be continuous through the floors. 

The actual net thickness and the yield stress of the lower strake of the sloped bulkhead of hopper tanks, if any, 


are not to be less than these ones of the inner bottom with which the connection is made. 


6.1.7 Reinforcement 


The bottom is to be locally stiffened where concentrated loads are envisaged such as under the main engine and 
thrust seat. 

Girders and floors are to be fitted under each line of pillars, toes of end brackets of bulkhead stiffeners and slant 
plate of lower stool of bulkhead. In case girders and floors are not fitted, suitable reinforcement is to be provided 
by means of additional primary supporting members or supporting brackets. 

When solid ballast is fitted, it is to be securely positioned. If necessary, intermediate floors may be required for 


this purpose. 


6.1.8 Manholes and lightening holes 


Manholes and lightening holes are to be provided in floors and girders to ensure accessibility and ventilation as a 
tule. 
The number of manholes in tank tops is to be kept to the minimum compatible with securing free ventilation and 


ready access to all parts of the double bottom. 
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Manholes may not be cut in the girders and floors below the heels of pillars. 


6.1.9 Air holes and drain holes 
Air and drain holes are to be provided in floors and girders. 


Air holes are to be cut as near to the inner bottom and draining holes as near to the bottom shell as practicable. 
Air holes and drain holes are to be designed to aid full ballast water and sediment removal to allow for effective 


ballast water exchange. 


6.1.10 Drainage of tank top 
Effective arrangements are to be provided for draining water from the tank top. Where wells are provided for the 


drainage, such wells are not to extend for more than one-half depth of the height of double bottom 


6.1.11 Striking plate 
Striking plates of adequate thickness or other equivalent arrangements are to be provided under sounding pipes 


to prevent the sounding rod from damaging the bottom plating. 


6.1.12 Duct keel 
Where a duct keel is arranged, the centre girder may be replaced by two girders generally spaced, no more than 


3 m apart. 


The structures in way of the floors are to ensure sufficient continuity of the latter. 


6.2 Keel 


6.2.1 
The width of the keel is to be not less than the value obtained, in m, from the following formula: 


b=0.84+ L/200 


6.3 Girders 


6.3.1 Centre girder 
The centre girder is to extend within the cargo hold area and is to extend forward and aft as far as practicable, 


and structural continuity thereof to be continuous within the full length of the ship. 
Where double bottom compartments are used for the carriage of fuel oil, fresh water or ballast water, the centre 
girder is to be watertight, except for the case such as narrow tanks at the end parts or when other watertight 


girders are provided within 0.25B from the centreline, etc. 


6.3.2 Side girders 
The side girders are to extend within the parallel part of cargo hold area and are to extend forward and aft of 


cargo hold area as far as practicable. 


6.3.3 Spacing 
The spacing of adjacent girders is generally to be not greater than 4.6 m or 5 times the spacing of bottom or inner 


bottom ordinary stiffeners, whichever is the smaller. Greater spacing may be accepted depending on the result of 


the analysis carried out according to Ch 7. 
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6.4 Floors 


6.4.1 Spacing 
The spacing of floors is generally to be not greater than 3.5 m or 4 frame spaces as specified by the designer, 


whichever is the smaller. Greater spacing may be accepted depending on the result of the analysis carried out 


according to Ch 7. 


6.4.2 Floors in way of transverse bulkheads 
Where transverse bulkhead is provided with lower stool, solid floors are to be fitted in line with both sides of 


lower stool. Where transverse bulkhead is not provided with lower stool, solid floors are to be fitted in line with 
both flanges of the vertically corrugated transverse bulkhead or in line of plane transverse bulkhead. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


6.4.3 Web stiffeners 
Floors are to be provided with web stiffeners in way of longitudinal ordinary stiffeners. Where the web stiffeners 


are not provided, fatigue strength assessment for the cut out and connection of longitudinal stiffener is to be 


carried out. 


6.5 Bilge strake and bilge keel 


6.5.1 Bilge strake 
Where some of the longitudinal stiffeners at the bilge part are omitted, longitudinal stiffeners are to be provided 


as near to the turns of bilge as practicable. 


6.5.2 Bilge keel 
Bilge keels are not be welded directly to the shell plating. An intermediate flat is required on the shell plating. 


The ends of the bilge keel are to be sniped as shown in Fig.18 or rounded with large radius. The ends are to be 
located in way of transverse bilge stiffeners inside the shell plating and the ends of intermediate flat are not to be 
located at the block joints. 

The bilge keel and the intermediate flat are to be made of steel with the same yield stress as the one of the bilge 
strake. The bilge keel with a length greater than 0.15Z is to be made with the same grade of steel as the one of 
bilge strake. 

The net thickness of the intermediate flat is to be equal to that of the bilge strake. However, this thickness may 
generally not be greater than 15 mm. 


Scallops in the bilge keels are to be avoided. 
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about 34 
o min. 1007) 


Figure 18: Example of bilge keel arrangement 


7. Double Side structure in cargo hold area 
RCN 1 to July 2010 version (effective from 1July 2012) 


7.1 Application 


7.1.1 
The requirement of this article applies to longitudinally or transversely framed side structure. 


The transversely framed side structures are built with transverse frames possibly supported by horizontal side 
girders. 

The longitudinally framed side structures are built with longitudinal ordinary stiffeners supported by vertical 
primary supporting members. 

The side within the hopper and topside tanks is, in general, to be longitudinally framed. It may be transversely 
framed when this is accepted for the double bottom and the deck according to [6.1.2] and [9.1.1], respectively. 
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7.2 Design principles 


7.2.1 
Where the double side space is void, the structural members bounding this space are to be structurally designed 


as a water ballast tank according to Ch 6. In such case the corresponding air pipe is considered as extending 0.76 
m above the freeboard deck at side. 


For corrosion addition, the space is still considered as void space. 


7.3 Structural arrangement 


7.3.1 General 
Double side structures are to be thoroughly stiffened by providing web frames and side stringers within the 


double hull. 
Continuity of the inner side structures, including stringers, is to be ensured within and beyond the cargo area. 


Scarfing brackets are a possible means. 


7.3.2 Primary supporting member spacing 
For transverse framing system, the spacing of transverse side primary supporting members is, in general, to be 


not greater than 3 frame spaces. 

Greater spacing may be accepted depending on the results of the analysis carried out according to Ch 7 for the 
primary supporting members in the cargo holds. 

The vertical distance between horizontal primary members of the double side is not to exceed 6 m, unless the 


appropriate structural members complying with the requirements for safe access are provided. 


7.3.3 Primary supporting member fitting 
Transverse side primary supporting members are to be fitted in line with web frames in topside and hopper 


tanks. However where it is not practicable for top side web frames, large brackets are to be fitted in the topside 
space in line with double side web frames 

Transverse bulkheads in double side space are to be arranged in line with the cargo hold transverse bulkheads. 
Vertical primary supporting members are to be fitted in way of hatch end beams. 

Unless otherwise specified, horizontal side girders are to be fitted aft of the collision bulkhead up to 0.2L aft of 


the fore end, in line with fore peak girders. 


7.3.4 Transverse ordinary stiffeners 
The transverse ordinary stiffeners of the shell and the inner side are to be continuous or fitted with bracket end 


connections within the height of the double side. The transverse ordinary stiffeners are to be effectively 
connected to stringers. At their upper and lower ends, opposing shell and inner side transverse ordinary stiffeners 


and supporting stringer plates are to be connected by brackets. 


7.3.5 Longitudinal ordinary stiffeners 
The longitudinal side shell and inner side ordinary stiffeners, where fitted, are to be continuous within the length 


of the parallel part of cargo hold area and are to be fitted with brackets in way of transverse bulkheads aligned 


with cargo hold bulkheads. They are to be effectively connected to transverse web frames of the double side 
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structure. For the side longitudinal and ordinary stiffeners of inner skin out of parallel part of cargo hold area, 


special attention is to be paid for a structural continuity. 


7.3.6 Sheer strake 
The width of the sheer strake is to be not less than the value obtained, in m, from the following formula: 


b =0.7154+ 0.425Z2/100 

The sheer strake may be either welded to the stringer plate or rounded. 

If the shear strake is rounded, its radius, in mm, is to be not less than 17¢,, where t, is the net thickness, in mm, of 
the sheer strake. 

The fillet weld at the connection of the welded sheer strake and deck plate may be either full penetration or deep 
penetration weld. 

The upper edge of the welded sheer strake is to be rounded smooth and free of notches. Fixtures such as 
bulwarks, eye plates are not to be directly welded on the upper edge of sheer strake, except in fore and aft parts. 
Longitudinal seam welds of rounded sheer strake are to be located outside the bent area at a distance not less 
than 5 times the maximum net thicknesses of the sheer strake. 

The transition from a rounded sheer strake to an angled sheer strake associated with the arrangement of 


superstructures at the ends of the ship is to be carefully designed so as to avoid any discontinuities. 


7.3.7 Plating connection 
At the locations where the inner hull plating and the inner bottom plating are connected, attention is to be paid to 


the structural arrangement so as not to cause stress concentration. 

Knuckles of the inner side are to be adequately stiffened by ordinary stiffeners or equivalent means, fitted in line 
with the knuckle. 

The connections of hopper tank plating with inner hull and with inner bottom are to be supported by a primary 


supporting member. 


7.4 Longitudinally framed double side 


7.4.1 General 
Adequate continuity of strength is to be ensured in way of breaks or changes in the width of the double side. 


7.5 Transversely framed double side 


7.5.1 General 
Transverse frames of side and inner side may be connected by means of struts. Struts are generally to be 


connected to transverse frames by means of vertical brackets. 


8. Single side structure in cargo hold area 
RCN 1 to July 2010 version (effective from IJuly 2012) 


8.1 Application 


8.1.1 
This article applies to the single side structure with transverse framing. 
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If single side structure is supported by transverse or longitudinal primary supporting members, the requirements 


in [7] above apply to these primary supporting members as regarded to ones in double side skin. 


8.2 General arrangement 


8.2.1 
Side frames are to be arranged at every frame space. 


If air pipes are passing through the cargo hold, they are to be protected by appropriate measures to avoid a 


mechanical damage. 


8.3 Side frames 


8.3.1 General 
Frames are to be built-up symmetrical sections with integral upper and lower brackets and are to be arranged 


with soft toes. 
The side frame flange is to be curved (not knuckled) at the connection with the end brackets. The radius of 
curvature is not to be less than 7, in mm, given by: 


2 
„= 0.4b7 
tf +tc 


where: 

tc : Corrosion addition, in mm, specified in Ch 3, Sec 3 

brand ts: Flange width and net thickness of the curved flange, in mm. The end of the flange is to be sniped. 

In ships less than 190 m in length, mild steel frames may be asymmetric and fitted with separate brackets. The 
face plate or flange of the bracket is to be sniped at both ends. Brackets are to be arranged with soft toes. 


The dimensions of side frames are defined in Fig 19. 
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Figure 19: Dimensions of side frames 


8.4 Upper and lower brackets 


8.4.1 
The face plates or flange of the brackets is to be sniped at both ends. 


Brackets are to be arranged with soft toes. 


The as-built thickness of the brackets is to be not less than the as-built thickness of the side frame webs to which 


they are connected. 


8.4.2 
The dimensions (in particular the height and length) of the lower brackets and upper brackets are to be not less 


than those shown in Fig 20. 
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(in general) 
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Figure 20: Dimensions of lower and upper brackets 


8.5 Tripping brackets 


8.5.1 


In way of the foremost hold and in the holds of BC-A ships, side frames of asymmetrical section are to be fitted 
with tripping brackets at every two frames, as shown in Fig 21. 

The as-built thickness of the tripping brackets is to be not less than the as-built thickness of the side frame webs 
to which they are connected. 

Double continuous welding is to be adopted for the connections of tripping brackets with side shell frames and 


plating. 


Figure 21: Tripping brackets to be fitted in way of foremost hold 
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8.6 Support structure 


8.6.1 
Structural continuity with the lower and upper end connections of side frames is to be ensured within hopper and 


topside tanks by connecting brackets as shown in Fig 22. The brackets are to be stiffened against buckling 
according to [5.6.2]. 


LOWER BRACKET 
WEB DEPTH 


SOFT TOE 


Figure 22: Example of support structure for lower end 


9. Deck structure 


9.1 Application 


9.1.1 
The deck outside the line of hatches and the topside tank sloping plates are to be longitudinally framed. Within 


the line of hatches, other arrangement than longitudinal framing may be considered provided that adequate 


structural continuity is ensured. 


9.2 General arrangement 


9.2.1 
The spacing of web frames in topside tanks is generally to be not greater than 6 frame spaces. 


Greater spacing may be accepted by the Society, on a case-by-case basis, depending on the results of the analysis 


carried out according to Ch 7. 


9.2.2 
The deck supporting structure is to be made of ordinary stiffeners longitudinally or transversely arranged, 


supported by primary supporting members. 
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9.2.3 Deck between hatches 
Inside the line of openings, a transversely framed structure is to be generally adopted for the cross deck 


structures. Hatch end beams and cross deck beams are to be adequately supported by girders and extended 
outward to the second longitudinal from the hatch side girders towards the deck side. Where this is 
impracticable, intercostal stiffeners are to be fitted between the hatch side girder and the second longitudinal. 

If the extension of beams outward to the second longitudinal is not achievable, structural checks of the structure 
are to be performed in compliance with the requirements in Ch.7 or by means deemed appropriate by the 
Society. 

Smooth connection of the strength deck at side with the deck between hatches is to be ensured by a plate of 
intermediate thickness. 


RCN 1 to July 2010 version (effective from IJuly 2012) 


9.2.4 Topside tank structures 
Topside tank structures are to extend as far as possible within the machinery space and are to be adequately 


tapered. 
Where a double side primary supporting member is fitted outside the plane of the topside tank web frame, a large 


bracket is to be fitted in line with. 


9.2.5 Stringer plate 
The width of the stringer plate is to be not less than the value obtained, in m, from the following formula: 


b =0.35+0.5L/100 


Rounded stringer plate, where adopted, are to have a radius complying with the requirements in [7.3.6]. 


9.2.6 
Adequate continuity of strength by providing proper overlapping of structures and adequate scarphing members 


is to be ensured in way of: 
e stepped strength deck 


e changes in the framing system 


9.2.7 
Deck supporting structures under deck machinery, cranes, king post and equipment such as towing equipment, 


mooring equipment, etc., are to be adequately stiffened. 


9.2.8 
Pillars or other supporting structures are to be generally fitted under heavy concentrated loads. 


9.2.9 
A suitable stiffening arrangement is considered in way of the ends and corners of deckhouses and partial 


superstructures. 


9.2.10 Connection of hatch end beams with deck structures 
The connection of hatch end beams with deck structures is to be properly ensured by fitting inside the topside 


tanks additional web frames or brackets. 
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9.2.11 Construction of deck plating 
Hatchways or other openings on decks are to have rounded corners, and compensation is to be suitably provided. 


9.3 Longitudinally framed deck 


9.3.1 General 
Deck longitudinals within the parallel part of cargo hold area except within the line of hatch openings are to be 


continuous in way of deck transverses and transverse bulkheads. For the deck longitudinals out of parallel part of 
cargo hold area, other arrangements may be considered, provided adequate continuity of longitudinal strength is 
ensured. 


Connections at ends of longitudinal stiffeners are to ensure a sufficient strength to bending and shear. 


9.4 Transversely framed deck 


9.4.1 General 
Where the deck structure is transversely framed, deck beams or deck transverse stiffeners are to be fitted at each 


frame. 


Transverse beams or deck transverse stiffeners are to be connected to side structure or frames by brackets. 


9.5 Hatch supporting structures 


9.5.1 
Hatch side girders and hatch end beams of reinforced scantlings are to be fitted in way of cargo hold openings. 


9.5.2 
The connection of hatch end beams to web frames is to be ensured. Hatch end beams are to be aligned with 


transverse web frames in topside tanks. 
(RCN 2, effective from 1 July 2008) 


9.5.3 
Clear of openings, adequate continuity of strength of longitudinal hatch coamings is to be ensured by under deck 


girders. 
At hatchway corners, deck girders or their extension parts provided under deck in line with hatch coamings and 


hatch end beams are to be effectively connected so as to maintain the continuity in strength. 
(RCN 2, effective from 1 July 2008) 


9.5.4 
For ships with holds designed for loading/discharging by grabs and having the additional class notation 


GRAB[X], wire rope grooving in way of cargo holds openings is to be prevented by fitting suitable protection 
such as half-round bar on the hatch side girders (i.e. upper portion of top side tank plates)/hatch end beams in 
cargo hold and upper portion of hatch coamings. 


RCN 2 to July 2008 version (effective from 1 July 2010) 
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9.6 Openings in the strength deck 


9.6.1 General 
Openings in the strength deck are to be kept to a minimum and spaced as far as practicable from one another and 


from the breaks of effective superstructures. Openings are to be cut as far as practicable from hatchway corners, 


hatch side coamings and side shell platings. 


9.6.2 Small opening location 
Openings are generally to be cut outside the limits as shown in Fig 23 in dashed area, defined by: 


e the bent area of a rounded sheer strake, if any, or the side shell 
e e=0.25(B - b) from the edge of opening 
e c=0.07¢0 + 0.16 or 0.256, whichever is greater 


where: 
b : Width, in m, of the hatchway considered, measured in the transverse direction. (see Fig 23) 
L : Width, in m, in way of the corner considered, of the cross deck strip between two consecutive 


hatchways, measured in the longitudinal direction. (see Fig 23). 


Limit 
of curvature 
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<—njo 
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Figure 23: Position of openings in strength deck 
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Figure 24: Elliptical and circular openings in strength deck 


Moreover the transverse distance between these limits and openings or between openings together is not to be 
less than the followings: 
e Transverse distance between the above limits and openings or between hatchways and openings as shown in 
Fig 23: 
e gy =2a, for circular openings 
e gg, =a, for elliptical openings 


e Transverse distance between openings as shown in Fig 24: 


e = 2(a,; +a) for circular openings 

e 1.5(a; +a) for elliptical openings 
where 

a, : Transverse dimension of elliptical openings, or diameter of circular openings, as the case may be 
a, : Transverse dimension of elliptical openings, or diameter of circular openings, as the case may be 
az : Longitudinal dimension of elliptical openings, or diameter of circular openings, as the case may be 


e Longitudinal distance between openings is not to be less than the followings: 


e (a +43) for circular openings 
e 0.75(a; +a3) for elliptical openings and for an elliptical opening in line with a circular one. 


If the opening arrangements do not comply with these requirements, the longitudinal strength assessment in 


accordance with Ch 5 is to be carried out by subtracting such opening areas. 


9.6.3 Corner of hatchways 
For hatchways located within the cargo area, insert plates, whose thickness is to be determined according to the 


formula given after, are generally to be fitted in way of corners where the plating cut-out has a circular profile. 
The radius of circular corners is to be not less than 5% of the hatch width, where a continuous longitudinal deck 
girder is fitted below the hatch coaming. 

Corner radius, in the case of the arrangement of two or more hatchways athwartship, is considered by the Society 


on a case by case basis. 
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For hatchways located within the cargo area, insert plates are, in general, not required in way of corners where 
the plating cut-out has an elliptical or parabolic profile and the half axes of elliptical openings, or the half lengths 
of the parabolic arch, are not less than: 

e 1/20 of the hatchway width or 600 mm, whichever is the lesser, in the transverse direction 

e twice the transverse dimension, in the fore and aft direction. 

Where insert plates are required, their net thickness is to be obtained, in mm, from the following formula: 


tvs = (0.8 +0.4b/1)t 


Corrigenda 2 to July 2012 version (effective from 1 July 2012) 


without being taken less than ¢ or greater than 1.6¢ 


where: 

L : Width, in m, in way of the corner considered, of the cross deck strip between two consecutive 
hatchways, measured in the longitudinal direction (see Fig 23) 

b : Width, in m, of the hatchway considered, measured in the transverse direction (see Fig 23) 

t : Actual net thickness, in mm, of the deck at the side of the hatchways. 


For the extreme corners of end hatchways, the thickness of insert plates is to be 60% greater than the actual 
thickness of the adjacent deck plating. A lower thickness may be accepted by the Society on the basis of 
calculations showing that stresses at hatch corners are lower than permissible values. 

Where insert plates are required, the arrangement is shown in Fig 25, in which dı, d2, d; and d, are to be greater 
than the ordinary stiffener spacing. 

For hatchways located outside the cargo area, a reduction in the thickness of the insert plates in way of corners 
may be considered by the Society on a case by case basis. 

For ships having length L of 150 m or above, the corner radius, the thickness and the extent of insert plate may 
be determined by the results of a direct strength assessment according to Ch 7, Sec 2 and Sec 3, including 


buckling check and fatigue strength assessment of hatch corners according to Ch 8, Sec 5. 
(RCN 2, effective from 1 July 2008) 


Insert plate 


Figure 25: Hatch corner insert plate 
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10. Bulkhead structure 


10.1 Application 


10.1.1 
The requirements of this article apply to longitudinal and transverse bulkhead structures which may be plane or 


corrugated. 


10.1.2 Plane bulkheads 
Plane bulkheads may be horizontally or vertically stiffened. 


Horizontally framed bulkheads are made of horizontal ordinary stiffeners supported by vertical primary 
supporting members. 
Vertically framed bulkheads are made of vertical ordinary stiffeners which may be supported by horizontal 


girders. 


10.2 General 


10.2.1 
The web height of vertical primary supporting members of bulkheads may be gradually tapered from bottom to 


deck. 


10.2.2 
The net thickness of the after peak bulkhead plating in way of the stern tube is to be increased by at least 60% of 


other part of after peak bulkhead plating 


10.3 Plane bulkheads 


10.3.1 General 
Where a bulkhead does not extend up to the uppermost continuous deck, suitable strengthening is to be provided 


in the extension of the bulkhead. 

Bulkheads are to be stiffened in way of the deck girders. 

The bulkhead stiffener webs of hopper and topside tank watertight bulkheads are required to be aligned with the 
webs of longitudinal stiffeners of sloping plates of inner hull. 

A primary supporting member is to be provided in way of any vertical knuckle in longitudinal bulkheads. The 
distance between the knuckle and the primary supporting member is to be taken not greater than 70 mm. When 
the knuckle is not vertical, it is to be adequately stiffened by ordinary stiffeners or equivalent means, fitted in 
line with the knuckle. 


Plate floors are to be fitted in the double bottom in line with the plate transverse bulkhead. 


10.3.2 End connection of ordinary stiffeners 
The crossing of ordinary stiffeners through a watertight bulkhead is to be watertight. 


In general, end connections of ordinary stiffeners are to be bracketed. If bracketed end connections cannot be 


applied due to hull lines, etc., they are to be terminated on transverse headers between adjacent longitudinal or if 
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not possible, sniped ends may be accepted, provided the scantling of ordinary stiffeners and corresponding 


plating are modified accordingly. 


10.3.3 Sniped end of ordinary stiffener 
Sniped ends are not allowed on bulkheads subject to hydrostatic pressure. Where sniped ordinary stiffeners are 


fitted, the snipe angle is not to be greater than 30 degrees, and their ends are to be extended as far as practicable 


to the boundary of the bulkhead. 


10.3.4 Bracketed ordinary stiffeners 
Where bracketed ordinary stiffeners are fitted, the arm lengths of end brackets of ordinary stiffeners, as shown in 


Figs 26 and 27, are to be not less than the following values, in mm: 
e = for arm length a: 
e brackets of horizontal stiffeners and bottom bracket of vertical stiffeners: 
a=1002 
e upper bracket of vertical stiffeners: 
a= 800 


e for arm length b, the greater of 


b = 80{(w+ 20)/1}°° and 


b=apst/t 
where: 
4 : Span, in m, of the stiffener measured between supports 
w : Net section modulus, in cm’, of the stiffener 
t : Net thickness, in mm, of the bracket 
p : Design pressure, in kN/m’, calculated at mid-span 


: Coefficient equal to: 
a=4 9 for tank bulkheads 
a=3.6 for watertight bulkheads. 
The connection between the stiffener and the bracket is to be such that the net section modulus of the connection 


is not less than that of the stiffener. 


Figure 26: Bracket at upper end of ordinary stiffener on plane bulkhead 
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Figure 27: Bracket at lower end of ordinary stiffener on plane bulkhead 


10.4 Corrugated bulkheads 
10.4.1 General 


For ships of 190 m of length L and above, the transverse vertically corrugated watertight bulkheads are to be 
fitted with a lower stool, and generally with an upper stool below deck. For ships less than 190 m in length L, 
corrugations may extend from inner bottom to deck provided the global strength of hull structures are 


satisfactorily proved for ships having ship length Z of 150 m and above by DSA as required by Ch 7 of the Rules. 


10.4.2 Construction 
The main dimensions a, R, c, d, t, o and sc of corrugated bulkheads are defined in Fig 28. 


The bending radius is not to be less than the following values, in mm: 


R=3.0t 
where : 
t : As-built thickness, in mm, of the corrugated plate. 


The corrugation angle g shown in Fig 28 is to be not less than 55°. 
RCN 1 to July 2008 version (effective from 1 July 2009) 
When welds in a direction parallel to the bend axis are provided in the zone of the bend, the welding procedures 


are to be submitted to the Society for approval. 


Figure 28: Dimensions of a corrugated bulkhead 


10.4.3 Actual section modulus of corrugations 
The net section modulus of a corrugation may be obtained, in cm’, from the following formula: 
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d(3at; +ct,, 
p ae 107° 


where: 

t,t,  : Net thickness of the plating of the corrugation, in mm, shown in Fig 28 

d,a,c : Dimensions of the corrugation, in mm, shown in Fig 28. 

Where the web continuity is not ensured at ends of the bulkhead, the net section modulus of a corrugation is to 


be obtained, in cm’, from the following formula: 


w=0.5at;d-10~ 


10.4.4 Span of corrugations 


The span ¢c of the corrugations is to be taken as the distance shown in Fig 29. 

For the definition of c, the internal end of the upper stool is not to be taken more than a distance from the deck 
at the centre line equal to: 

- 3 times the depth of corrugation, in general 


- 2 times the depth of corrugation, for rectangular stool 


le 


n = neutral axis of 
the corrugations | 


(*) upper stool height 


Figure 29: Span of the corrugations 


10.4.5 Structural arrangements 
The strength continuity of corrugated bulkheads is to be ensured at the ends of corrugations. 


Where corrugated bulkheads are cut in way of primary supporting members, attention is to be paid to ensure 


correct alignment of corrugations on each side of the primary member. 
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Where vertically corrugated transverse bulkheads or longitudinal bulkheads are welded on the inner bottom 
plate, floors or girders are to be fitted in way of flanges of corrugations, respectively. 
In general, the first vertical corrugation connected to the boundary structures is to have a width not smaller than 


typical width of corrugation flange. RCN 1 to July 2008 version (effective from I July 2009) 


10.4.6 Bulkhead stools 
Plate diaphragms or web frames are to be fitted in bottom stools in way of the double bottom longitudinal girders 


or plate floors, as the case may be. 
Brackets or deep webs are to be fitted to connect the upper stool to the deck transverse or hatch end beams, as 


the case may be. RCN 1 to July 2008 version (effective from 1 July 2009) 


10.4.7 Lower stool 
The lower stool, when fitted, is to have a height in general not less than 3 times the depth of the corrugations. 


The ends of stool side ordinary stiffeners, when fitted in a vertical plane, are to be attached to brackets at the 
upper and lower ends of the stool. 

The distance d from the edge of the stool top plate to the surface of the corrugation flange is to be in accordance 
with Fig 30. 

The stool bottom is to be installed in line with double bottom floors or girders as the case may be, and is to have 
a width not less than 2.5 times the mean depth of the corrugation. 

The stool is to be fitted with diaphragms in line with the longitudinal double bottom girders or floors as the case 
may be, for effective support of the corrugated bulkhead. Scallops in the brackets and diaphragms in way of the 
connections to the stool top plate are to be avoided. 

Where corrugations are cut at the lower stool, corrugated bulkhead plating is to be connected to the stool top 
plate by full penetration welds. The stool side plating is to be connected to the stool top plate and the inner 
bottom plating by either full penetration or deep penetration welds. The supporting floors are to be connected to 
the inner bottom by either full penetration or deep penetration weld. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


Corrugation 
flange 


Corrugation flange 


Ug 


Stool top plate 


Stool top plate 


d= tye 


Figure 30: Permitted distance, d, from the edge of the stool top plate to the surface of the 
corrugation flange 
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10.4.8 Upper stool 
The upper stool, when fitted, is to have a height in general between two and three times the depth of 


corrugations. Rectangular stools are to have a height in general equal to twice the depth of corrugations, 
measured from the deck level and at the hatch side girder. 

The upper stool of transverse bulkhead is to be properly supported by deck girders or deep brackets between the 
adjacent hatch end beams. 

The width of the upper stool bottom plate is generally to be the same as that of the lower stool top plate. The 
stool top of non-rectangular stools is to have a width not less than twice the depth of corrugations. 

The ends of stool side ordinary stiffeners when fitted in a vertical plane, are to be attached to brackets at the 
upper and lower end of the stool. 

The stool is to be fitted with diaphragms in line with and effectively attached to longitudinal deck girders 
extending to the hatch end coaming girders or transverse deck primary supporting members as the case may be, 
for effective support of the corrugated bulkhead. 

Scallops in the brackets and diaphragms in way of the connection to the stool bottom plate are to be avoided. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


10.4.9 Alignment 
At deck, if no upper stool is fitted, two transverse or longitudinal reinforced beams as the case may be, are to be 


fitted in line with the corrugation flanges. 

At bottom, if no lower stool is fitted, the corrugation flanges are to be in line with the supporting floors or 
girders. 

The weld of corrugations and floors or girders to the inner bottom plating are to be full penetration ones. 

The cut-outs for connections of the inner bottom longitudinals to double bottom floors are to be closed by collar 
plates. The supporting floors or girders are to be connected to each other by suitably designed shear plates. 

Stool side plating is to be aligned with the corrugation flanges. Lower stool side vertical stiffeners and their 
brackets in the stool are to be aligned with the inner bottom structures as longitudinals or similar, to provide 
appropriate load transmission between these stiffening members. 

Lower stool side plating is not to be knuckled anywhere between the inner bottom plating and the stool top plate. 
RCN 1 to July 2008 version (effective from 1 July 2009) 


10.4.10 Effective width of the compression flange 
The effective width of the corrugation flange in compression to be considered for the strength check of the 


bulkhead is to be obtained, in m, from the following formula: 


by =C;a 
where: 
Cre : Coefficient to be taken equal to: 
pe for B> 1.25 
E B 
C, =1.0 for B< 1.25 
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£ : Coefficient to be taken equal to: 

pri Ren 
a : Width, in m, of the corrugation flange (see Fig 28) 
ty : Net flange thickness, in mm. 


10.4.11 Effective shedder plates 
Effective shedder plates are those which: 


e are not knuckled 


e are welded to the corrugations and the lower stool top plate according to Ch 11 


e are fitted with a minimum slope of 45°, their lower edge being in line with the lower stool side plating 


e have thickness not less than 75% of that required for the corrugation flanges 


e have material properties not less than those required for the flanges. 


10.4.12 Effective gusset plate 
Effective gusset plates are those which: 


e are in combination with shedder plates having thickness, material properties and welded connections as 


requested for shedder plates in [10.4.11], 


e have a height not less than half of the flange width, 


e are fitted in line with the lower stool side plating, 


e are welded to the lower stool top plate, corrugations and shedder plates according to Ch 11, 


e have thickness and material properties not less than those required for the flanges. 


10.4.13 


(void) RCN 1 to July 2008 version (effective from 1 July 2009) 


10.4.14 


Figure 31: 
Figure 32: 
Figure 33: 
Figure 34: 


Figure 35: 


(void) RCN 1 to July 2008 (effective from 1 July 2009) 
(void) RCN 1 to July 2008 (effective from 1 July 2009) 
(void) RCN 1 to July 2008 (effective from 1 July 2009) 
(void) RCN 1 to July 2008 (effective from 1 July 2009) 


(void) RCN 1 to July 2008 (effective from 1 July 2009) 


(void) RCN 1 to July 2008 version (effective from I July 2009) 


10.4.15 


(void) RCN 1 to July 2008 version (effective from 1 July 2009) 
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10.5 Non-tight bulkheads 


10.5.1 Non-tight bulkheads not acting as pillars 
Non-tight bulkheads not acting as pillars are to be provided with bulkhead stiffeners with a maximum spacing 


equal to: 

e 0.9 m, for transverse bulkheads 

e two frame spacings, with a maximum of 1.5 m, for longitudinal bulkheads. 

The net thickness of bulkhead stiffener, in mm, is not to be less than the value obtained from the following 
formula: 


t=3+0.015 L; 
where: 
L : Rule length L, but to be taken not greater than 300 m 


The depth of bulkhead stiffener of flat bar type is in general not to be less than 1/12 of stiffener length. A smaller 
depth of stiffener may be accepted based on calculations showing compliance with Ch 6 Sec 2 [2.3.1], Ch 6 Sec 
2 [4] and Ch 6 Sec 3 [4]. 

RCN 1 to July 2010 version (effective from 1July 2012) 


10.5.2 Non-tight bulkheads acting as pillars 
Non-tight bulkheads acting as pillars are to be provided with bulkhead stiffeners with a maximum spacing equal 


to: 

e two frame spacings, when the frame spacing does not exceed 0.75 m, 

e one frame spacing, when the frame spacing is greater than 0.75 m. 

Each vertical stiffener, in association with a width of plating equal to 35 times the plating net thickness or 1/12 
of stiffener length, whichever is the smaller, is to comply with the applicable requirements in Ch 6, Sec 2, for the 
load being supported. 

In the case of non-tight bulkheads supporting longitudinally framed decks, vertical girders are to be provided in 


way of deck transverse. 


10.6 Watertight bulkheads of trunks and tunnels 


10.6.1 
Ref. SOLAS Ch. II-1, Part B, Reg. 19.1 


Watertight trunks, tunnels, duct keels and ventilators are to be of the same strength as watertight bulkheads at 
corresponding levels. The means used for making them watertight, and the arrangements adopted for closing 


openings in them, are to be to the satisfaction of the Society. 


11. Pillars 


11.1 General 


11.1.1 
Pillars are to be fitted, as far as practicable, in the same vertical line. If not possible, effective means are to be 


provided for transmitting their loads to the supports below. 
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11.1.2 
Pillars are to be provided in line with the double bottom girder or as close thereto as practicable, and the 


structure above and under the pillars is to be of sufficient strength to provide effective distribution of the load. 
Where pillars connected to the inner bottom are not located in way of the intersection of floors and girders, 


partial floors or girders or equivalent structures suitable to support the pillars are to be arranged. 


11.1.3 
Pillars provided in tanks are to be of solid or open section type. Pillars located in spaces intended for products 


which may produce explosive gases are to be of open section type. 


11.1.4 Connections 
Heads and heels of pillars are to be secured by thick doubling plates and brackets as necessary. Where the pillars 


are likely to be subjected to tensile loads such as those in tanks, the head and heel of pillars are to be efficiently 
secured to withstand the tensile loads and the doubling plates replaced by insert plate. 
In general, the net thickness of doubling plates is to be not less than 1.5 times the net thickness of the pillar. 


Pillars are to be attached at their heads and heels by continuous welding. 
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Strength Analysis 


Appendix 3 Standard Loading Conditions for Fatigue 


Assessment 
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Section 1 - GENERAL 


1. General 


1.1 


1.1.1 
The equivalent design wave (EDW) method is used to set the design loads which include lateral loads normal to 


plating and hull girder loads in still water and in waves. 


1.1.2 
External hydrostatic pressure and internal static pressure due to cargo and ballast are considered as lateral loads 


in still water. External hydrodynamic pressure and internal inertial pressure due to cargo and ballast are 


considered as lateral loads in waves. 


1.1.3 
Still water vertical shear force and bending moment, wave-induced vertical shear force and bending moment and 


wave-induced horizontal bending moment are considered as the hull girder loads. 


1.1.4 
The stresses due to the lateral loads in waves and the hull girder loads in waves are to be combined using load 


combination factors determined for each equivalent design wave. 
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Section 2 - SHIP MOTIONS AND ACCELERATIONS 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
ao : Acceleration parameter, taken equal to: 
24 34 600 
= f,.58-0.47C, | —= + — -— 
ao fpl E L T ) 

Tr : Roll period, in s, defined in [2.1.1] 
0 : Single roll amplitude, in deg, defined in [2.1.1] 
Tp : Pitch period, in s, defined in [2.2.1] 
D : Single pitch amplitude, in deg, defined in [2.2.1] 
Io : Coefficient corresponding to the probability level, taken equal to: 


Jp = 1.0 for strength assessments corresponding to the probability level of 10° 
Jp = 9.5 for strength assessments corresponding to the probability level of 104 


1. General 


1.1 


1.1.1 
Ship motions and accelerations are assumed to be periodic. The motion amplitudes, defined by the formulae in 


this Section, are half of the crest to trough amplitudes. 


1.1.2 
As an alternative to the formulae in this Section, the Society may accept the values of ship motions and 


accelerations derived from direct calculations or obtained from model tests, when justified on the basis of the 
ship’s characteristics and intended service. In general, the values of ship motions and accelerations to be 
determined are those which can be reached with a probability level of 10° or 10^. In any case, the model tests or 
the calculations, including the assumed sea scatter diagrams and spectra, are to be submitted to the Society for 


approval. 


2. Ship absolute motions and accelerations 


2.1 Roll 


2.1.1 
The roll period Tp, in s, and the single roll amplitude @, in deg, are given by: 
_ 2.3k, 
VGM 
9000(1.25-0.025Tp )f „kp 
(B+75)r 


Tr 


Page 4 July 2012 


Common Structural Rules for Bulk Carriers Chapter 4, Section 2 


where: 
ko : Coefficient taken equal to: 
k = 1.2 for ships without bilge keel 
k, = 1.0 for ships with bilge keel 
k, : Roll radius of gyration, in m, in the considered loading condition. When k, is not known, the values 
indicated in Tab 1 may be assumed. 
GM  : Metacentric height, in m, in the considered loading condition. When GM is not known, the values 
indicated in Tab 1 may be assumed. 
Table 1: Values of k, and GM RCN 1 to July 2008 version (effective from 1 July 2009) 
Loading condition 
Full load condition | Alternate or homogeneous loading 
Steel coil loading 
Normal ballast condition 
Heavy ballast condition 
2.2 Pitch 
2.2.1 


The pitch period Tp, in s, and the single pitch amplitude Ø, in deg, are given by: 


Tp = 2A 
& 


2.3 Heave 


2.3.1 
The vertical acceleration due to heave, in m/s’, is given by: 


heave = 408 


2.4 Sway 


2.4.1 
The transverse acceleration due to sway, in m/s’, is given by: 


asway =0. 3aog 


2.5 Surge 


2.5.1 
The longitudinal acceleration due to surge, in m/s’, is given by: 
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A surge > 0.2a og 


3. Ship relative accelerations 


3.1 General 


3.1.1 
At any point, the accelerations in X, Y and Z directions are the acceleration components which result from the 


ship absolute motions and accelerations defined in [2.1] to [2.5]. 


3.2 Accelerations 


3.2.1 
The reference values of the longitudinal, transverse and vertical accelerations at any point are obtained from the 


following formulae: 
e In longitudinal direction: 

ay =Cygg sin Ø+ Cys surge + C xP pitch x 
e In transverse direction: 

ay =Cyggsin 8 + Cysdsway + CYRG,ol y 
e = In vertical direction: 

az = CzZHAneave + CzRAyoll z + CzP4 pitch z 
where: 


Cyc, Cys, Cyp, Cyc, Cys, Cyr, Czy, CR and Czp : Load combination factors defined in Ch 4, Sec 4, [2:2] 


Apichx : Longitudinal acceleration due to pitch, in m/ s? 


2 
d pitch x =o 2 R 
180| Tp 


Golly : Transverse acceleration due to roll, in m/s? 
5 2 
roll y = go = R 
180 | Tp 
oilz  : Vertical acceleration due to roll, in m/s” 
2 
T m 
Grollz = A@—_| — y 
180\ Tp 
pitch: : Vertical acceleration due to pitch, in m/s” 
š 2 
a {2x 
a,; =Ø x—0.45L 
pitchz 180 | Tp ) ( ) 


where (x = 0.45L) is to be taken not less than 0.2L 


R = z- min Dee? 
4 2 2 
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x,y,z : X, Y and Z co-ordinates, in m, of any point considered with respect to the reference co-ordinate system 


defined in Ch 1, Sec 4 
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Section 3 - HULL GIRDER LOADS 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
x : X co-ordinate, in m, of the calculation point with respect to the reference co-ordinate system 


Ip : Coefficient corresponding to the probability, defined in Ch 4, Sec 2. 


1. General 


1.1 Sign conventions of bending moments and shear forces 


1.1.1 
Absolute values are to be taken for bending moments and shear forces introduced in this Section. The sign of 


bending moments and shear forces is to be considered according to Sec 4, Tab 3. The sign conventions of 

vertical bending moments, horizontal bending moments and shear forces at any ship transverse section are as 

shown in Fig 1, namely: 

e the vertical bending moments Msy and Myy are positive when they induce tensile stresses in the strength 
deck (hogging bending moment) and are negative in the opposite case (sagging bending moment) 

e the horizontal bending moment Mwy is positive when it induces tensile stresses in the starboard and is 
negative in the opposite case. 

e the vertical shear forces Qsw, Owy are positive in the case of downward resulting forces preceding and 


upward resulting forces following the ship transverse section under consideration, and is negative in the 


Osm w> || @) Ha 
Sor 


Fore 


opposite case. 


(+) 


Bae 
xe 


E 


Figure 1: | Sign conventions for shear forces Qsw, Qwy and bending moments Msw, Mwy and 
Mwn 
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2. Still water loads 


2.1 General 


2.1.1 
In general the vertical still water bending moment and the shear force of the individual loading condition is to be 


applied. The shipbuilder has to submit for each of the loading condition defined in Ch 4, Sec 7 a longitudinal 
strength calculation. 

The values of still water vertical bending moment and shear force are to be treated as the upper limits with 
respect to hull girder strength. 

In general, the design cargo and ballast loading conditions, based on amount of bunker, fresh water and stores at 
departure and arrival, are to be considered for the Msy and Qsw calculations. Where the amount and disposition 
of consumables at any intermediate stage of the voyage are considered more severe, calculations for such 
intermediate conditions are to be submitted in addition to those for departure and arrival conditions. Also, where 
any ballasting and/or deballasting is intended during voyage, calculations of the intermediate condition just 
before and just after ballasting and/or deballasting any ballast tank are to be submitted and where approved 


included in the loading manual for guidance. 


2.1.2 Partially filled ballast tanks in ballast loading conditions 
Ballast loading conditions involving partially filled peak and/or other ballast tanks at departure, arrival or during 


intermediate conditions are not permitted to be used as design conditions unless: 

e design stress limits are satisfied for all filling levels between empty and full, and 

e for BC-A and BC-B ships, longitudinal strength of hull girder in flooded condition according to Ch 5, Sec 1, 
[2.1.3] is complied with for all filling levels between empty and full. 

To demonstrate compliance with all filling levels between empty and full, it will be acceptable if, in each 

condition at departure, arrival, and where required by [2.1.1], any intermediate condition, the tanks intended to 

be partially filled are assumed to be: 

e empty 

e full 

e partially filled at intended level 

Where multiple tanks are intended to be partially filled, all combinations of empty, full or partially filled at 


intended level for those tanks are to be investigated. 
(RCN 2, effective from 1 July 2008) 


2.1.3 Partially filled ballast tanks in cargo loading conditions 
In cargo loading conditions, the requirement in [2.1.2] applies to the peak tanks only. 


2.1.4 Sequential ballast water exchange 
Requirements of [2.1.2] and [2.1.3] are not applicable to ballast water exchange using the sequential method. 
(RCN 2, effective from 1 July 2008) 
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2.2 Still water bending moment 


2.2.1 


The design still water bending moments Msy;; and Msy,s at any hull transverse section are the maximum still 
water bending moments calculated, in hogging and sagging conditions, respectively, at that hull transverse 
section for the loading conditions, as defined in [2.1.1]. Greater values may be considered if defined by the 


Designer. 


2.2.2 


If the design still water bending moments are not defined, at a preliminary design stage, at any hull transverse 
section, the longitudinal distributions shown in Fig 2 may be considered. 
In Fig 2, Msy is the design still water bending moment amidships, in hogging or sagging conditions, whose 
values are to be taken not less than those obtained, in kN.m, from the following formulae: 
e hogging conditions: 

M sw y =175CLB(Cg +0.10” — Myy y 
e sagging conditions: 

M sw s =175CL? B(Cg +0.7)10™° -Myy s 


where Mwy u and Myy.s are the vertical wave bending moments, in kN.m, defined in [3.1]. 


Still water bending moment 


Figure 2: Preliminary still water bending moment distribution 


2.3 Still water shear force 


2.3.1 
The design still water shear force Qsw at any hull transverse section is the maximum positive or negative shear 


force calculated, at that hull transverse section, for the loading conditions, as defined in [2.1.1]. Greater values 


may be considered if defined by the Designer. 


2.4 Still water bending moment and still water shear force in flooded condition 


2.4.1 


The still water bending moments Msw,r, in hogging and sagging conditions, and the still water shear force Qsy-r, 
in flooded condition are to be determined for the flooding scenario considering each cargo hold individually 
flooded up to the equilibrium waterline. 

This means that double side spaces may not be considered flooded, and the cargo holds may not be considered 


completely flooded, but only up to the equilibrium waterline. 
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2.4.2 
To calculate the weight of ingressed water, the following assumptions are to be made: 


a) The permeability of empty cargo spaces and volume left in loaded cargo spaces above any cargo is to be 
taken as 0.95. 

b) Appropriate permeabilities and bulk densities are to be used for any cargo carried. For iron ore, a minimum 
permeability of 0.3 with a corresponding bulk density of 3.0 t/m? is to be used. For cement, a minimum 
permeability of 0.3 with a corresponding bulk density of 1.3 t/m’ is to be used. In this respect, “permeability” 
for solid bulk cargo means the ratio of the floodable volume between the particles, granules or any larger 
pieces of the cargo, to the gross volume of the bulk cargo. 

For packed cargo conditions (such as steel mill products), the actual density of the cargo should be used with a 


permeability of zero. 


2.4.3 
To quantify the effects of ingressed water on the hull girder still water bending moments and still water shear 


forces, specific calculations are to be carried out. The loading conditions on which the design of the ship has 
been based are to be considered and, for each of them, the cargo holds are to be considered as being individually 
flooded up to the equilibrium waterline. The still water bending moments and still water shear forces are 


therefore to be calculated for any combination of considered loading conditions and flooded cargo holds. 


3. Wave loads 


3.1 Vertical wave bending moments 


3.1.1 Intact condition 


The vertical wave bending moments in intact condition at any hull transverse section are obtained, in kN.m, from 
the following formulae: 
e hogging conditions: 
Myy y =190F yy f CL BCp10° 
e sagging conditions: 
Myy s =110Fy f, CL B(Cp + 0.710 
where: 


Fy: Distribution factor defined in Tab 1 (see also Fig 3). 


Table 1: Distribution factor Fm 


Hull transverse section location | Distribution factor Fy, 
x 


0<x<0.4L 


0.4L <x <0.65L 


0.65L<x<L 
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Figure 3: Distribution factor Fm 


3.1.2 Flooded condition 
The vertical wave bending moments in flooded condition at any hull transverse section are obtained, in kN.m, 


from the following formula: 
M wy r =0.8M wy 


where Myr is defined in [3.1.1]. 


3.1.3 Harbour condition 
The vertical wave bending moments in harbour condition at any hull transverse section are obtained, in KN.m, 


from the following formula: 


M wyp =0.4M wy 


where Myr is defined in [3.1.1]. 


3.2 Vertical wave shear force 


3.2.1 Intact condition 
The vertical wave shear force in intact condition at any hull transverse section is obtained, in KN, from the 


following formula: 
Owy =30Fof,CLB(Cy +0.7)107 
where: 


Fo : Distribution factor defined in Tab 2 for positive and negative shear forces (see also Fig 4). 
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Table 2: Distribution factor Fa 


Hull transverse Distribution factor Fg 
section location | Positive wave shear force | Negative wave shear force 


0<x<0.2L 


4.64— 
L 


0.2L <x < 0.3L 0.924 


(.24-7[04-2] 02 


0.3L <x < 0.4L 


0.4L <x < 0.6L 
0.6L <x < 0.7L 


0.7L < x < 0.85L 
0.85L <x <L 


190C; 


Note : 4 =———~ 
110(C, +0.7) 


A 


Fo | for negative wave shear force Fo for positive wave shear force 
190C, | 0.92 190 C, 1.0|-— 
f f 0.928 _| 
Mee) a 110 (C,*0.7) 
0.7 |~ 0.7 H 


i i i i j i X i i j i i i 
j >“ Í i 
0.0 0.2 0.3 0.4 0.6 0.7 0.85 1.0 L 0.0 0.2 0.3 0.4 0.6 0.7 0.85 1.0 
AE FE AE FE 


Figure 4: Distribution factor Fe 


3.2.2 Flooded condition 
The vertical wave shear force in flooded condition at any hull transverse section are obtained, in kN, from the 


following formula: 


Owy F = 0.80) 


where Qpr is defined in [3.2.1]. 


3.2.3 Harbour condition 
The vertical wave shear force in harbour condition at any hull transverse section are obtained, in kN, from the 


following formula: 


OQwyp = 0.40 py 


where Owy is defined in [3.2.1]. 
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3.3 Horizontal wave bending moment 


3.3.1 
The horizontal wave bending moment at any hull transverse section, in kN.m, is given by: 
L 2 
M yy =(0.3+ F CL'T;cC 
wH =( 3000. m Íp LCB 


where Fy is the distribution factor defined in [3.1.1]. 


3.4 Wave torsional moment 


3.4.1 


The wave torsional moment at any hull transverse section, in kN.m, is given by: 
M wr = f, (M wri|+|M wrz) 

where: 

Myr = a4-cfé-s°0-c, -Fri 

M yrz = 0.22CLB° Cy : Fpa 


Fr,Fm : Distribution factors, defined as follows: 


. ( 27x 
Fry = sin{ 22) 

: 7X 
Fr = sin?( =) 
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Section 4 - LOAD CASES 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 


surges Apitch x» Asways Qroll ys Aheaves roll z» Apitchz : Components of accelerations, defined in Ch 4, Sec 2. 


1. General 


1.1 Application 


1.1.1 
The load cases described in this section are those to be used for: 


e the local strength analysis of plating and ordinary stiffeners and primary supporting members according to 
the applicable requirements of Ch 6, Sec 1, Ch 6, Sec 2 and Ch 6, Sec 4 respectively, 
e the direct strength analysis of structural members, according to the applicable requirements of Ch 7, 


e the fatigue check of structural details, according to the applicable requirements of Ch 8. 


1.1.2 
For the local strength analysis and for the direct strength analysis, the load cases are the mutually exclusive load 


cases H1, H2, Fl, F2, R1, R2, P1 and P2 described in [2]. 


1.2 Equivalent design wave 


1.2.1 
Regular waves that generate response values equivalent to the long-term response values of the load components 


considered being predominant to the structural members are set as Equivalent Design Waves (EDWs). They 
consist of: 

e regular waves when the vertical wave bending moment becomes maximum in head sea (EDW “H”) 

e regular waves when the vertical wave bending moment becomes maximum in following sea (EDW “F”) 

e regular waves when the roll motion becomes maximum (EDW “R”) 

e regular waves when the hydrodynamic pressure at the waterline becomes maximum (EDW “P”) 

The definitions of wave crest and wave trough in the EDW “H” and EDW “F” are given in Fig 1. The definitions 
of weather side down and weather side up for the EDW “R” and EDW “P” are given in Fig 2. 


Wave crest = reemer Wave trough Sve Waterline 


(a) for EDW “H” (b) for EDW ”F” 


Figure 1: Definition of wave crest and wave trough for EDWs “H” and “F” 
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Lee side Weather side Lee side 


Weather side 


an 
— — 
Weather side down Weather side up 
bow down bow up 


Figure 2: Definitions of ship motion 


2. Load cases 


2.1 General 


2.1.1 
The load cases corresponding to the Equivalent Design Waves (EDWs) are defined in Tab 1. The corresponding 


hull girder loads and motions of the ship are indicated in Tab 2. If the ship structure or the ship loading condition 
is not symmetrical with respect to the centreline plane of ship, the load cases (R1, R2, P1 and P2) corresponding 
to the beam conditions in which the encounter wave comes from the starboard (in this case the starboard is the 


weather side), should be also included in the structural strength assessment. 


Table 1: Definition of load cases 


Toae a |e Tale fef>e fe fe 
Beam 
(Port: weather side) 


Headin Head Follow cane 
8 (Port: weather side) 


Max. Bending Max. Bending Max. Roll Max. Ext. Pressure 
Moment Moment 
Effect 
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Table 2: Reference hull girder loads and motions of ship 


|Loadcase | m | m@m [Fit r2 | Rn | R | ” | P | 
Vert. BM 

jae | w% |“ 

Eas ie eared aera 


Down 


Bow down 
- Stbd down 
Stern š 
z Stbd 


2.2 Load combination factors 


2.2.1 
The hull girder loads and the acceleration components to be considered in each load case H1, H2, F1, F2, R1, 


R2, P1 and P2 are to be obtained by multiplying the reference value of each component by the relevant load 


combination factor LCF defined in Tab 3. 


2.2.2 
The still water vertical bending moment is to be added to the hull girder loads in waves, calculated with load 


combination factors. 


2.2.3 
The internal loads are the sum of static pressures or forces induced by the weights carried, including those 


carried on decks, and of inertial pressures or forces induced by the accelerations on these weights and calculated 


with load combination factors. 
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Table 3: Load combination factors LCF 


Mwy 


surge Cys 


Qpitch x Cyp 


Aheave 


Qroll z 


Qpitch z 


(1) The LCF for Cow is only used for the aft part of midship section. The inverse value of it should be used 
for the forward part of the midship section. 
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Section 5 -EXTERNAL PRESSURES 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
Ly : Rule length L, but to be taken not greater than 300 m 
: Wave coefficient, as defined in Ch 1, Sec 4, [2.3.1] 
A : Wave length, in m, corresponding to the load case, defined in [1.3.1], [1.4.1], and [1.5.1] 
Ío : Coefficient corresponding to the probability, defined in Ch 4, Sec 2 
Tici : Draught in the considered cross section, in m, in the considered loading condition 
B; : Moulded breadth at the waterline, in m, in the considered cross section 


x,y,z : X, Y and Z co-ordinates, in m, of the load point with respect to the reference co-ordinate system 


defined in Ch 1, sec 4. 


1. External sea pressures on side shell and bottom 


1.1 General 

1.1.1 

The total pressure p at any point of the hull, in kN/m’, to be obtained from the following formula is not to be 
negative: 

P = Ps + Pw 

Where: 

Ps : Hydrostatic pressure defined in [1.2] 

Pw : Wave pressure equal to the hydrodynamic pressure defined in [1.3], [1.4] or [1.5], as the case may be, 


and corrected according to [1.6] 


1.2 Hydrostatic pressure 


1.2.1 
The hydrostatic pressure ps at any point of the hull, in kN/m’, corresponding to the draught in still water is 


obtained, for each loading condition, from the formulae in Tab 1 (see also Fig 1). 


Table 1: Hydrostatic pressure ps 


Points at and below the waterline (z < T;c; ) P&T romz) 


Points above the waterline (z > T;c; ) 0 
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POT cj 


Ps 


Figure 6: Hydrostatic pressure ps 


1.3 Hydrodynamic pressures for load cases H1, H2, F1 and F2 


1.3.1 
The hydrodynamic pressures py and pr, for load cases H1, H2, F1 and F2, at any point of the hull below the 


waterline are to be obtained, in kN/m”, from Tab 2. 


The distribution of pressure pr is schematically given in Fig 2. 


Table 2: Hydrodynamic pressures for load cases H1, H2, F1 and F2 


Load case Hydrodynamic pressure, in kN/m? 


Pm=-k; kp PHF 
Pm 7 kı kp PHF 
Pri © - PHF 
Pr2~ Pur 
where: 
= 2 2 
Pur = Se ee 2 Pl, ; with B <1.0and z is to be taken not greater than Trci 
L Tici B; B; 
Sul : Coefficient considering nonlinear effect, taken equal to: 
fu=0.9 for the probability level of 10° 
fu=1.0 for the probability level of 107 
k, : Amplitude coefficient in the longitudinal direction of the ship, taken equal to: 
2 3 
uela a B Ea 0 for 0.0<x/L<0.5 
Cp B |L 
4 3 
ksi 3 Hx o.s for 0.5<x/L<1.0 
Cp B JIL 
kp : Phase coefficient in the longitudinal direction of the ship, taken equal to: 


T 2a\x — 0.5L T : ni 
k, = í .25 - Jo | T l A + 0.25 , for local strength analysis in conditions other 
5 S 


than full load condition, for direct strength analysis and for fatigue strength assessments 


k, = -1.0 , for local strength analysis in full load condition 
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A : Wave length, in m, taken equal to: 


T 
A= odı e) for load cases H1 and H2 
S 


ie), for load cases F1 and F2 
S 


Figure 7: Distribution of hydrodynamic pressure prat midship 


1.4 Hydrodynamic pressures for load cases R1 and R2 


1.4.1 
The hydrodynamic pressures ppr, for load cases R1 and R2, at any point of the hull below the waterline are to be 


obtained, in KN/m?, from the following formulae. The distribution of pressure pp, is schematically given in Fig 3. 


- 2 
Pri - Orsi 0.887 0 Eee) 


PRr2 SPRI 
where: 
Sut : Coefficient considering nonlinear effect, taken equal to: 
fu= 0.8 for the probability level of 10° 
fu= 1.0 for the probability level of 10+ 


E 72 
A=—T, 
20 E 


y : Y co-ordinate of the load point, in m, taken positive on the portside. 


Weather side Lee side 


BAAAAAAAAL 


Figure 8: Distribution of hydrodynamic pressure pr; at midship 
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1.5 Hydrodynamic pressures for load cases P1 and P2 


1.5.1 
The hydrodynamic pressures pp, for the load cases P1 and P2, at any point of the hull below the waterline are to 


be obtained, in kN/m’, from Tab 3. The distribution of pressure pp, is schematically given in Fig 4. 


Table 3: Hydrodynamic pressures for load cases P1 and P2 


Load case Hydrodynamic pressure, in kN/m? 


weather side lee side 


Ppi © Pp Pri = pp/3 
Pp2—~- Pp Pp2= - pp/3 


where: 


= 2 
pe =45f,fuC L+ zf, |z| m i) 


L Trci B 
Ja : Coefficient considering nonlinear effect, taken equal to: 
fuz= 0.65 for the probability level of 10° 
Suz 1.0 for the probability level of 10+ 


T 
A=| 0.2+0.4—€© |L 
Ts 


y : Yco-ordinate of the load point, in m, as defined in [1.4.1] 


Weather side Lee side 


AAAA AAAA] 


Figure 9: Distribution of hydrodynamic pressure pp, at midship 


1.6 Correction to hydrodynamic pressures 


1.6.1 
For the positive hydrodynamic pressure at the waterline (in load cases H1, H2, F2, R1, R2 and P1), the 


hydrodynamic pressure Pyc at the side above waterline is given (see Fig 5), in kN/m’, by: 


© Pwic = Pwwit PS Tig z) for Ticis z< hy + Thc 


e Pw,c =0 for z 2 hy +T;ci 
where: 
Pwwi : positive hydrodynamic pressure at the waterline for the considered load case 
P 
i= WWL 
PE 
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1.6.2 
For the negative hydrodynamic pressure at the waterline (in load cases H1, H2, Fl, R1, R2, and P2), the 


hydrodynamic pressure Py.c, under the waterline is given (see Fig 5), in kN/m’, by: 
Pwo = pw, without being taken less than pg(z-T;,c;) 
where 


Pw : Negative hydrodynamic pressure under the waterline for the considered load case 


Weather side Weather side 


i 
Hydrodynamic 


hw = Pww!(eg) pressure 
| 


Hydrdstatic 
pressure 
| 


T, Ci 


When hydrodynamic pressure is positive When hydrodynamic pressure is negative 


Figure 10: Correction to hydrodynamic pressure 


2. External pressures on exposed decks 


2.1 General 


2.1.1 
The external pressures on exposed decks are to be applied for the local scantling check of the structures on 


exposed deck but not applied for fatigue strength assessment. 
RCN 1 to July 2008 version (effective from 1 July 2009) 
If a breakwater is fitted on the exposed deck, no reduction in the external pressures defined in [2.2] and [2.3] is 


allowed for the area of the exposed deck located aft of the breakwater. 


2.2 Load cases H1, H2, F1 and F2 


2.2.1 
The external pressure pp, for load cases H1, H2, F1 and F2, at any point of an exposed deck is to be obtained, in 


KN/m?, from the following formula: 


Pp = Pw 

where: 

Pw : Pressure obtained from the formulae in Tab 4 
o : Coefficient defined in Tab 5. 
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Table 4: Pressures on exposed decks for H1, H2, F1 and F2 


| ; Pressure py, in kN/m? | 
Location 


Lir 2100 m Lir < 100m 


0 < xzr/Liır < 0.75 34.3 14.9 + 0.195 Liz 


Lal =: 
0.75 <xy/L1, < 1 3434 (1484 aflu 100) 42-3) 122+ (sta) 43.6% 


LL LL LL 


where: 
a: Coefficient taken equal to: 
a = 0.0726 for Type B freeboard ships 
a = 0.356 for Type B-60 or Type B-100 freeboard ships. 


xz: X coordinate of the load point measured from the aft end of the freeboard length Lzz. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


Table 5: Coefficient for pressure on exposed decks 


Exposed deck location o 


Freeboard deck 1.00 
Superstructure deck, including forecastle deck 0.75 


1st tier of deckhouse 


2nd tier of deckhouse 
3rd tier of deckhouse 
4th tier of deckhouse 
5th tier of deckhouse 
6th tier of deckhouse 


7th tier of deckhouse and above 


RCN 2 to July 2008 version (effective from 1 July 2010) 


2.3 Load cases R1, R2, P1 and P2 


2.3.1 
The external pressure pp, for load cases R1, R2, P1 and P2, at any point of an exposed deck is to be obtained, in 


kN/m”, from the following formula: 


Pp =04 Qpy 
where: 
Pw : Hydrodynamic pressure at side of the exposed deck for the load cases P1, P2 , R1 and R2, in kN/m’, 


can be determined by [1.6] at the z co-ordinate. py is to be taken greater one of the hydrodynamic 
pressures pyc at both sides of the exposed deck (portside and starboard), and is not to be taken less 
than zero. 


p : Coefficient defined in Tab 5. 


2.4 Load carried on exposed deck 


2.4.1 Pressure due to distributed load 
If a distributed load is carried on an exposed deck, the static pressure ps corresponding to this load is to be 


defined by the Designer and, in general, is not to be taken less than 10 kN/m’. 
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The total pressure p due to this load is to be considered not simultaneously to the pressures defined in [2.2] and 


[2.3]. It is to be taken equal, in KN/m?, to the greater value obtained from the following formulae: 


P=Ps*Pw 
P=Pp 
where: 
Ps : Static pressure due to the distributed load carried, if any 
Pw : Dynamic pressure due to the distributed load carried, in KN/m?, taken equal to: 
Pw = Ps 
az : Vertical acceleration at the centre of gravity of the distributed load carried for the load case 


considered, in m/s’, obtained by the formulae defined in Ch 4, Sec 2, [3.2] 
Pp : Pressure for the exposed deck, for the load case considered, as defined in [2.2.1] and [2.3.1]. 


2.4.2 Concentrated forces due to unit load 
If a unit load is carried on an exposed deck, the static and dynamic forces due to the unit load carried are 


considered. 
The total force F due to this load is to be considered not simultaneously to the pressures defined in [2.2] and 


[2.3]. It is to be taken, in KN, equal to value obtained from the following formula: 


F = F; + Fy 
where: 
Fs : Static force due to the unit load carried, in kN, taken equal to: 
Fy =myg 
Fy : Dynamic force due to unit load carried, in kN, taken equal to: 
Fy =myaz 
my : Mass of the unit load carried, in t 
az : Vertical acceleration at the centre of gravity of the unit load carried for the load case considered, in 


m/s’, obtained by the formulae defined in Ch 4, Sec 2, [3.2]. 


3. External pressures on superstructure and deckhouses 


3.1 Exposed decks 


3.1.1 
External pressures on exposed decks of superstructures and deckhouses are to be obtained according to [2]. 


3.2 Exposed wheel house tops 


3.2.1 
The lateral pressure for exposed wheel house tops, in kN/m”, is not to be taken less than: 


p=125 
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3.3 Sides of superstructures 


3.3.1 
The lateral pressure for sides of superstructures, in kN/m”, is to be obtained from the following formula: 
20 
=2.1Cf,,¢7 (Cz + 0.7)——_— 
Psi fp rl B ae 
tn : Probability factor, taken equal to: 
fp =1.0 for plate panels 
fp = 9.75 for ordinary stiffeners and primary supporting members 
Cr : Distribution factor according to Tab 6. 
Table 6: Distribution factor cr 


0o<Ž T 0.2 1.0 ta — fo 2- Je without taking x/L less than 0.1 


L 


3.4 End bulkheads of superstructure and deckhouse walls 


3.4.1 
The lateral pressure, in kN/m’, for determining the scantlings is to be obtained from the greater of the following 


formulae: 


Pa =ne[bC - (z-T)| 


Pa >= Pamin 
where: 
n : Coefficient defined in Tab 7, depending on the tier level. 


The lowest tier is normally that tier which is directly situated above the uppermost continuous deck to 
which the depth D is to be measured. However, where the actual distance (D — T) exceeds the 
minimum non-corrected tabular freeboard according to ILLC as amended by at least one standard 
superstructure height as defined in Ch 1, Sec 4, [3.18.1], this tier may be defined as the 2" tier and the 
tier above as the 3" tier 
c : Coefficient taken equal to: 
c=0.3+ 07 
For exposed parts of machinery casings, c is not to be taken less than 1.0 


bi : Breadth of deckhouse at the position considered 
B, : Actual maximum breadth of ship on the exposed weather deck at the position considered. 
b, /B, is not to be taken less than 0.25 


b : Coefficient defined in Tab 8 
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x : X co-ordinate, in m, of the calculation point for the bulkhead considered. When determining sides of a 
deckhouse, the deckhouse is to be subdivided into parts of approximately equal length, not exceeding 


0.15Z each, and x is to be taken as the X co-ordinate of the centre of each part considered. 


Z : Z co-ordinate, in m, of the midpoint of stiffener span, or to the middle of the plate field 
l : Span, in m, to be taken as the superstructure height or deckhouse height respectively, and not less than 
2.0m 
Pamin |: Minimum lateral pressure, in kN/m’, defined in Tab 9. 
Table 7: Coefficient n 


Type of Location 
bulkhead 


Unprotected | Lowest tier 


Second tier 


Third tier and above 


Protected All tiers 
front 


Sides All tiers 


Aft end Abaft amidships 


F f amidshi 
at 


Table 8: Coefficient b 


: Block coefficient with 0.6 < Cz < 0.8. When 


determining scantlings of aft ends forward of 


amidships, Cg, need not be taken less than 0.8. 
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Table 9: Minimum lateral pressure Pamin 
es e OS 


90 < L < 250 


(1) For the 4" tier and above, p 4min is to be taken equal to 
12.5 kN/m’. 


4. Pressure in bow area 


4.1 Bow flare area pressure 


4.1.1 
The bow pressure, in KN/m?, to be considered for the reinforcement of the bow flare area is to be obtained from 


the following formula: 

Pre = K(ps + Py) 

where: 

Ds, Pw : Hydrostatic pressure and maximum hydrodynamic pressures among load cases H, F, R and P at 
considered point of the hull in normal ballast condition. Minimum ballast draught in ballast condition 
Tg defined in Ch 1, Sec 4, [2.1.1] is to be considered as Tzc; for the calculation of hydrostatic pressure 
and hydrodynamic pressures. 


RCN 1 to July 2010 version (effective from 1July 2012) 


K : Coefficient taken equal to: 
2 
0.2V +0.64 L 
K= __enlo2rsoovt) io, z—T,) to be taken not less than 1.0 
20 
42C(Cy +0.7) 1+ k -0.7) 
C \ L 
CFL : Coefficient taken equal to: 
Cry = 0.8 in general 
0.4 . A 
CFL where the flare angle a is greater than 40 


~ 1.2-1.09sina 
Where, the flare angle a at the load calculation point is to be measured in plane of the frame between a 


vertical line and the tangent to the side shell plating. (see Fig 7) 
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Plane of the frame 


Flare angle 


load calculation point 


ae to the 
side shell 


` Ts 
Figure 7: The definition of the flare angle 


4.2 Design bottom slamming pressure 


4.2.1 
The bottom slamming pressure, in KN/m?, to be considered for the reinforcement of the flat bottom forward is to 


be obtained from the following formula: 
© ps, =162c,¢5, VL for L < 150m 


© Pg, =1984c,¢y, (1.3—0.002L) for L > 150m 


where: 
c1 : Coefficient taken equal to: 
T 0.2 
c, =3.6- s2) , to be taken not greater than 1.0 
Tsrp : Smallest design ballast draught, in m, defined at forward perpendicular for normal ballast conditions. 
Where the sequential method for ballast water exchange is intended to be applied, Tgrp is to be 
considered for the sequence of exchange. 
CSL : Distribution factor taken equal to(see Fig 6): 
x 
Cs, = 0 for Fea 
= 205 > 
Cy == for 0.5<—~<0.5+e, 
Co L 
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Cg, =1.0 for 0.5+¢5 <7 S065 +e, 
i 7 
c 0.5 1+ for — > 0.65+c 
S 0.35-c, z 
C2 : Coefficient taken equal to: 


C7 =0.33C} + 2S to be taken not greater than 0.35. 
2500 


Coy 
1.0 


0.5 


05 06 07 08 09 1.0 x/L 


Figure 6: Distribution factor Cs, 


4.2.2 
It is the Master’s responsibility to observe, among others, the weather conditions and the draught at forward 


perpendicular during water ballast exchange operations, in particular when the forward draught during these 
operations is less than Tgrp. 


The above requirement and the draught 7 p->p is to be clearly indicated in the operating manuals. 


5. External pressures on hatch covers 


5.1 General 


5.1.1 
If a specific load is carried on a hatch cover, the pressure is to be obtained according to [2.4]. 


5.2 Wave pressure 


5.2.1 


The pressure at any point of the hatch cover is to be obtained according to [2.2.1], considering g equal to 1.0. 
However, when the hatchway is located at least one superstructure standard height, as defined in Ch 1, Sec 4, 


[3.18], higher than the freeboard deck, the pressure py may be taken equal to 34.3 kKN/m’. 
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Section 6 - INTERNAL PRESSURES AND FORCES 


Symbols 


For symbols not defined in this Section, refer to Ch 1, Sec 4. 


Pc 


Vy 
Kc 


ay 


: Density of the dry bulk cargo, in t/m’, taken equal to: 
e the value given in Tab 1 for ships having a length L of 150 m and above 


e the maximum density from the loading manual for ships having a length L less than 150 m 


Table 1: Density of dry bulk cargo 
Type of loading Density 
BC-A, BC-B BC-C 
Cargo hold loaded up to the upper deck max(Mp/ Vn, 1.0) 


Cargo hold not loaded up to the upper deck 3.0 


(1) Except otherwise specified by the designer. 


: Density of internal liquid, in t/m’, taken equal to 1.025 when internal liquid is ballast water 

: The actual cargo mass in a cargo hold corresponding to a homogeneously loaded condition at 
maximum draught, in t 

: Volume, in mî, of cargo hold excluding the volume enclosed by hatch coaming 

: Coefficient taken equal to: 


Ke= cos’ a+ (1 —sin y)sin *@ for inner bottom, hopper tank, transverse and longitudinal 
bulkheads, lower stool, vertical upper stool, inner side and side shell: 
Kc =0 for top side tank, upper deck and sloped upper stool: 

: Angle, in deg, between panel considered and the horizontal plane 

: Assumed angle of repose, in deg, of bulk cargo (considered drained and removed); in the absence of 


more precise evaluation, the following values may be taken: 


y= 30° in general 
y= 35° for iron ore 
y= 25° for cement 


: Vertical distance, in m, from the inner bottom to the upper surface of bulk cargo, as defined in [1.1.1] 
or [1.1.2] 

: Height, in m, of the double bottom in the centreline 

: Mean height, in m, of the lower stool, measured from the inner bottom 

: Z co-ordinate, in m, of the top of the tank, in upright condition 

: Z co-ordinate, in m, of the top of the overflow pipe 

: Longitudinal acceleration at the centre of gravity of the hold or tank considered, in m/s’, obtained by 
the formulae defined in Ch 4, Sec 2, [3.2] 

: Transverse acceleration at the centre of gravity of the hold or tank considered, in m/s’, obtained by the 


formulae defined in Ch 4, Sec 2, [3.2] 
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az : Vertical acceleration at the centre of gravity of the hold or tank considered, in m/s’, obtained by the 
formulae defined in Ch 4, Sec 2, [3.2] 

By : Mean breadth of the cargo hold, in m 

biz : Breadth of inner bottom, in m, as defined on Fig 2 

D; : Distance, in m, from the base line to the freeboard deck at side amidships 

Sc : Spacing of corrugations, in m; see Ch 3, Sec 6, Fig 28 


x,y,z : X, Y and Z co-ordinates, in m, of the load point with respect to the reference co-ordinate system 
defined in Ch 1, Sec 4. y is to be taken positive on the weather side 

XG, YG, ZG : X, Y and Z co-ordinates, in m, of the centre of gravity of the hold or tank considered with respect to 
the reference co-ordinate system defined in Ch 1, Sec 4 

dap : Distance from the top of air pipe to the top of compartment, in m, taken equal to: 


dap = Zgo - Zrop 
1. Lateral pressure due to dry bulk cargo 


1.1 Dry bulk cargo upper surface 


1.1.1 
When the dry bulk cargo density is such that the cargo hold is loaded to the top of hatch coaming, the upper 


surface of the dry bulk cargo is an equivalent horizontal surface to be determined in considering the same loaded 
cargo volume in the considered hold bounded by the side shell or inner hull, as the case may be. 

For holds of cylindrical shape, the equivalent horizontal surface of the dry bulk cargo may be taken at a distance 
hc, in m, above the inner bottom obtained from the following formula (see Fig 1): 


hc =hypy + ho 


where: 
n= 5A 
By 


hupy : Vertical distance, in m, between inner bottom and lower intersection of top side tank and side shell or 
inner side, as the case may be, as defined in Fig 1 

So : Shaded area, in m°, above the lower intersection of top side tank and side shell or inner side, as the 
case may be, and up to the upper deck level, as defined in Fig 1 


Vgc : Volume, in mî, enclosed by the hatch coaming. 
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1.1.2 


Single side bulk carrier Double side bulk carrier 


Figure 1: Definitions of hc, ho, hypy and So 


When the dry bulk cargo density is such that the cargo hold is not loaded up to the upper deck, the upper surface 


of the dry bulk cargo is considered as having a plane surface of width B;/2 in the centreline and inclined parts 


with an angle equal to half the angle of repose (y/2) at sides, and is to be determined in considering the same 


loaded cargo volume in the considered hold, taken equal to M / pc. 


For holds of cylindrical shape, the upper surface of the dry bulk cargo may be taken at a distance hc, in m, above 


the inner bottom obtained from the following formula (see Fig 2): 


he = hyp, +h +h, 


where: 
hypı  : Vertical distance, in m, between inner bottom and upper intersection of hopper tank and inner side, as 
defined in Fig 2. hyp; is to be taken equal to 0 if there is no hopper tank. 
hy : Vertical distance, in m, obtained from the following formula, see Fig 2. 
By +b 
AORE Se pg 2S 
Pc Bul x 2B 16 2 Byly 
M : Mass, in t, of the bulk cargo to be considered, as defined in Ch 4 Sec 7 
Vrs : Total volume, in mî , Of transverse stools at bottom of transverse bulkheads within the concerned cargo 
hold length /y. This volume excludes the part of hopper tank passing through the transverse bulkhead. 
hy : Bulk cargo upper surface, in m, depending on y, given by: 
B 
hy = BH tan” | if 0< |y] < 7 
4 2 4 
B y B B 
hy =| = -|y |tan = , if = < |y| < == 
S) gg Me 
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——_ Shape of bulk cargo surface for strength assessment 


Single side bulk carrier Double side bulk carrier 


Figure 2: Definitions of he, h4, hz and hyp, 


For holds of non-cylindrical shape, and in case of prescriptive rule requirements, the upper surface of the bulk 


cargo may be taken at the upper deck level with a density of dry bulk cargo equal to M/Vz. 


1.2 Dry bulk cargo pressure in still water 


1.2.1 
The dry bulk cargo pressure in still water pcs, in kN/m’, is given by: 


Pcs = pceK lhe +Npp - z) 


1.3 Inertial pressure due to dry bulk cargo 


1.3.1 

The inertial pressure induced by dry bulk cargo pcw, in kN/m’, for each load case is given by the following 
formulae. 

e for load case H: Pow = Pc|0.25ay(x-xg)4+ Ko az (te +hpg-z)] 

e for load case F: Pow =9 

e for load cases R and P: Pcw = pcl 0.25ay (y -yG )+Ke az (he +hpp -z)] 


(x-xg) is to be taken as 0.252, in the load case H1 or -0.25£y in the load case H2 for local strength by Ch 6 and 
fatigue check for longitudinal stiffeners by Ch 8. 


The total pressure (pcs + pcw) is not to be negative. 


1.4 Shear load due to dry bulk cargo 


1.4.1 
In order to evaluate the total force in the vertical direction, shear load due to dry bulk cargo acting along sloping 


plates in way of bilge hopper tank and lower stool is to be considered. 
The shear load due to dry bulk cargo acting along the sloping members in still water pcs_s (positive down to inner 


bottom plating), in kN/m”, is given by: 
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(1- Ke hc + hpg -z) 


Pcs-s = Pc& 
tana 


The shear load due to dry bulk cargo acting along the sloping members in waves pcyw.s (positive down to inner 


bottom plating), in KN/m”, is given by: 


e for load cases H, R and P: Pew-s = Pc4z CEKA + hoa =) 
ana 

e for load case F: Pcw-s =9 

1.4.2 


In order to evaluate the total force in the longitudinal and transverse directions, shear load due to dry bulk cargo 
in way of inner bottom plating is to be considered. 

The shear load due to dry bulk cargo in the longitudinal direction in waves pcw-s (positive forward), in kNim’, is 
given by: 

e for load case H: Pow.s = 0.75pc ayhc 

e for load cases F, R and P: Pcw.s=9 


The shear load due to dry bulk cargo in the transverse direction in waves pcy.s (positive weather side), in kN/m’, 


is given by: 
e for load cases R and P: Pow.s = 9.75 pc ayhe 
e for load cases H and F: Pcws=9 


2. Lateral pressure due to liquid 


2.1 Pressure due to liquid in still water 


2.1.1 

The liquid pressure in still water pgs, in KN/m?, is given by the greater of the following values: 
PBs = P18(Zrop Zt 0.5d 4p) 

PBs = P18(Zrop 7 z)+ 100Ppy 

where: 

Poy : Setting pressure, in bar, of safety valves to be considered if any 


For local strength assessments, the static pressure pzs is to be taken not less than 25 kN/m’. 


2.1.2 
When checking ballast water exchange operations by means of the flow through method, the static pressure pgs 


for local strength assessments and direct strength analysis by Ch 7 is to be not less than: 
Pps = Pr&(2zop — 2+ d gp) +25 


Additional calculation may be required where piping or pumping arrangements may lead to a higher pressure. 


2.1.3 
For fatigue strength assessment, the liquid pressure in still water pgs, in KN/m’, is given by the following formula. 
PBs = p.8(2rop = z) 


If the pgsis negative, pgs is to be taken equal to 0. 
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Where the considered load point is located in the fuel oil, other oils or fresh water tanks, liquids are assumed to 
be fulfilled up to the half height of the tanks and z7gp is taken to the Z coordinate of the liquid surface at the 
upright condition. 


RCN 1 to July 2008 version (effective from 1 July 2009) 
2.2 Inertial pressure due to liquid 


2.2.1 
The inertial pressure due to liquid pay, in KN/m’, for each load case is given as follows. When checking ballast 


water exchange operations by means of the flow through method, the inertial pressure due to ballast water is not 
to be considered for local strength assessments and direct strength analysis. 
e for load case H: Paw = Pr (az(Zrop — Z) + ay(x — xp)] 
(x-xg) is to be taken as 0.7574 in the load case H1 or -0.754;, in the load case H2 for local strength by Ch 6 
and fatigue check for longitudinal stiffeners by Ch 8 


e for load case F: Pew= 0 

e for load cases R and P: Paw= pı [az(zs—-2)+ ay(y-yB)] 

where: 

Xg : X co-ordinate, in m, of the aft end of the tank when the bow side is downward, or of the fore end of 


the tank when the bow side is upward, as defined in Fig 3 
VB : Y co-ordinate, in m, of the tank top located at the most lee side when the weather side is downward, or 


of the most weather side when the weather side is upward, as defined in Fig 3 


ZB : Z co-ordinate of the following point: 
° for completely filled spaces: the tank top 
° for ballast hold: the top of the hatch coaming 


The reference point B is defined as the upper most point after rotation by the angle ø between the vertical axis 
and the global acceleration vector Ao shown in Fig 3. gis obtained from the following formulae: 
e load cases H1 and H2: 


| ax | 
gcosD+a, 


p= tan”! ( 


e load cases R1(P1) and R2(P2): 


roe 
where: 
0 : Single roll amplitude, in deg, defined in Ch4, Sec 2, [2.1.1] 
D : Single pitch amplitude, in deg, defined in Ch4, Sec 2, [2.2.1] 


The total pressure (pgs + pgw) is not to be negative. 
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Figure 3: Definition of xg and yg 


3. Lateral pressures and forces in flooded condition 


3.1 Application 


3.1.1 
The lateral pressures to be considered in flooded condition are indicated in: 


e = [3.2] in general cases 
e [3.3] for the particular case of transverse corrugated bulkheads 


e = [3.4] for the particular case of double bottom 


3.2 General 


3.2.1 
The pressure pp to be considered as acting on plating (excluding bottom and side shell plating) which constitute 


boundaries of compartments not intended to carry liquids is to be obtained, in kN/m’, from the following 


formula: 
az ; 5 

Pr = pg| 1+ 0.6 — (zp — z) , without being less than gdo 
g 


where: 
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ZF : Z co-ordinate, in m, of the freeboard deck at side in way of the transverse section considered. Where 
the results of damage stability calculations are available, the deepest equilibrium waterline may be 
considered in lieu of the freeboard deck; in this case, the Society may require transient conditions to 


be taken into account 


do : Distance, in m, to be taken equal to: 
dy = 0.02L for90 m< L<120m 
dy = 2.4 for L > 120 m 


3.3 Transverse vertically corrugated watertight bulkheads 


3.3.1 Application 
Each cargo hold is to be considered individually flooded. 


3.3.2 General 
The loads to be considered as acting on each bulkhead are those given by the combination of those induced by 


cargo loads with those induced by the flooding of one hold adjacent to the bulkhead under examination. In any 
case, the pressure due to the flooding water alone is to be considered. 

The most severe combinations of cargo induced loads and flooding loads are to be used for the check of the 
scantlings of each bulkhead, depending on the loading conditions included in the loading manual: 

e homogeneous loading conditions 

e non-homogeneous loading conditions, 

considering the individual flooding of both loaded and empty holds. 

For the purpose of this item, homogeneous loading condition means a loading condition in which the ratio 
between the highest and the lowest filling ratio, evaluated for each hold, does not exceed 1.20, to be corrected 
for different cargo densities. 

Non-homogeneous part loading conditions associated with multiport loading and unloading operations for 
homogeneous loading conditions need not be considered according to these requirements. 

The specified design load limits for the cargo holds are to be represented by loading conditions defined by the 
Designer in the loading manual. 

For the purpose of this item, holds carrying packed cargoes are to be considered as empty. 

Unless the ship is intended to carry, in non-homogeneous conditions, only iron ore or cargo having bulk density 
equal to or greater than 1.78 t/m*, the maximum mass of cargo which may be carried in the hold is also to be 


considered to fill that hold up to the upper deck level at centreline. 


3.3.3 Flooding level 
The flooding level zp is the distance, in m, measured vertically from the base line with the ship in the upright 


position, and equal to: 
e in general: 
e D; for the foremost transverse corrugated bulkhead 
e 0.9D, for other bulkheads; 
where the ship is to carry cargoes having bulk density less than 1.78 t/m? in non-homogeneous loading 


conditions, the following values may be assumed: 
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e 0.95D, for the foremost transverse corrugated bulkhead 

e 0.85D, for other bulkheads 
e for ships less than 50000 t deadweight with type B freeboard: 

e 0.95D, for the foremost transverse corrugated bulkhead 

e 0.85D, for other bulkheads; 
where the ship is to carry cargoes having bulk density less than 1.78 t/m? in non-homogeneous loading 
conditions, the following values may be assumed: 

e 0.9D, for the foremost transverse corrugated bulkhead 


e 0.8D; for other bulkheads. 


3.3.4 Pressures and forces on a corrugation in non-flooded bulk cargo loaded holds 
At each point of the bulkhead, the pressure is to be obtained, in kN/m’, from the following formula: 


Ps = Pcglhc + hpg - zan? 45 = x) 


The force acting on a corrugation is to be obtained, in kN, from the following formula: 


F a 
Fg = Pc88c a 5 is) tan"[ 49 -= x) 


3.3.5 Pressures and forces on a corrugation in flooded bulk cargo loaded holds 
Two cases are to be considered, depending on the values of zp and Ac (see [3.3.3] and [1.1]): 


e First case, when zp > hc + hpg 
At each point of the bulkhead located at a distance between zp and hc + Apg from the base line, the pressure, 
in kN/m’, is to be obtained from the following formula: 
Pap = P& (Zr-Z) 
At each point of the bulkhead located at a distance lower than Ac + Apg from the base line, the pressure, in 


kN/m’, is to be obtained from the following formula: 
Pap = pg(Zp -Z)+ [ec - p(l- perm)le(hc +lpp -a)n (as -£) 


where perm is the permeability of cargo, to be taken as 0.3 for iron ore, coal cargoes and cement. 


The force acting on a corrugation is to be obtained, in KN, from the following formula: 


Far -sæ 


(zp -hc -hpg ? pelzr -he -hps )+ (Prr );g 
7 + 2 (hc his) 


where (pz,r)rz is the pressure pgr, in KN/m?, calculated at the lower edge of the corrugation. 
e Second case, when zp < hc + hpg 
At each point of the bulkhead located at a distance between zp and hc + hpg from the base line, the pressure 


is to be obtained, in KN/m’, from the following formula: 
= pcg(hc + hpg -z)tan?| 45-4 
Pair = Pc&8\"c + hpg — Z tan 7 


At each point of the bulkhead located at a distance lower than zr from the base line, the pressure is to be 


obtained, in kN/m’, from the following formula: 
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Pg, r = P8(Zp -2Z) + [Pc (he +hpg — z)- ral = perm\zp = z)le un(as z x) 


where perm is the permeability of cargo, to be taken as 0.3 for iron ore, coal cargoes and cement. 


The force acting on a corrugation is to be obtained, in KN, from the following formula: 


peg he + hpg = zr)an?| 45 = £) E 


2 (zp hpg his) 


he + hyp -zÝ 
Fer =Sc peg Het hone) tan as Kles 


where (pg r)zg is the pressure pz p, in kN/m’, calculated at the lower edge of the corrugation. 


3.3.6 Pressures and forces on a corrugation in flooded empty holds 
At each point of the bulkhead, the still water pressure induced by the flooding to be considered is to be obtained, 


in kN/m”, from the following formula: 
Pr = P& (@r-2Z) 
The force acting on a corrugation is to be obtained, in kN, from the following formula: 


(z; -hpg — hrs j 


Fr =Scpg 2 


3.3.7 Resultant pressures and forces 
Resultant pressures and forces to be calculated for homogeneous and non-homogeneous loading conditions are 


to be obtained according to the following formulae: 

e Homogeneous loading conditions 

At each point of the bulkhead structures, the resultant pressure to be considered for the scantlings of the 
bulkhead is to be obtained, in kN/m’, from the following formula: 

P= Par 0.8pp 

The resultant force acting on a corrugation is to be obtained, in kN, from the following formula: 


F=Fpr—0.8 Fg 


where: 

Pp : Pressure in the non-flooded holds, in kN/m’, to be obtained as specified in [3.3.4] 

PBF : Pressure in the flooded holds, in kN/m’, to be obtained as specified in [3.3.5] 

Far : Force acting on a corrugation in the flooded holds, in kN, to be obtained as specified in [3.3.5]. 
Fg : Force acting on a corrugation in non-flooded holds, in KN, to be obtained as specified in [3.3.4]. 


e Non-homogeneous loading conditions 

At each point of the bulkhead structures, the resultant pressure to be considered for the scantlings of the 
bulkhead is to be obtained, in kN/m’, by the following formula: 

P~ PBF 

The resultant force acting on a corrugation is to be obtained, in KN, by the following formula: 


F= FgF 


where: 
PBF : Pressure in the flooded holds kN/m’, to be obtained as specified in [3.3.5] 
Far : Force acting on a corrugation in the flooded holds kN/m’, to be obtained as specified in [3.3.5]. 
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3.4 Double bottom 


3.4.1 Application 
Each cargo hold is to be considered individually flooded. 


3.4.2 General 
The loads to be considered as acting on the double bottom are those given by the external sea pressures and the 


combination of the cargo loads with those induced by the flooding of the hold which the double bottom belongs 
to. 

The most severe combinations of cargo induced loads and flooding loads are to be used, depending on the 
loading conditions included in the loading manual: 

e homogeneous loading conditions 

e non-homogeneous loading conditions 

e packed cargo conditions (such as in the case of steel mill products). 

For each loading condition, the maximum dry bulk cargo density to be carried is to be considered in calculating 


the allowable hold loading. 


3.4.3 Flooding level 
The flooding level zp is the distance, in m, measured vertically from the base line with the ship in the upright 


position, and equal to: 
e for ships less than 50000 t deadweight with type B freeboard: 
e 0.95D, for the foremost hold 
e 0.85D, for other holds; 
e for other ships: 
e D; for the foremost hold 
e 0.9D, for other holds; 


4. Testing lateral pressure 


4.1 Still water pressures 


4.1.1 
The total pressure to be considered as acting on plates and stiffeners subject to tank testing is obtained, in kN/m’, 


from the following formula: 
Psr =10(Z sr — 2) 
where: 


ZST : Testing load height, in m, as defined in Tab 2. 
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Table 2: Testing load height 


Compartment or structure to be tested Testing load height, in m 


Double bottom tanks 


The greater of the following: 
Zsr = Zropt dap 


ZST © Zml 


Hopper side tanks, topside tanks, double 
side tanks, fore and after peaks used as 
tank, cofferdams 


The greater of the following: 
Zsr=Zropt dap 
Zsr = Zrop + 2.4 


Tank bulkheads, deep tanks, fuel oil 
bunkers 


Ballast hold 


Fore and aft peak not used as tank 


The greater of the following: 
Zsr = Zrop + dap 

Zsr = Zrop + 2.4 

Zsr = Zrop + 10ppy 

The greater of the following: 
Zsr = Zrop + dap 

Zsr= Z, + 0.9 

The greater of the following: 
ZsT — ZF 


ZST © Zml 


Watertight doors below freeboard deck 


ZST © Zfa 


Chain locker (if aft of collision bulkhead) 


ZST — ZTOP 


Independent tanks 


The greater of the following: 
Zsr=Zrop + dap 
Zsr = Zrop + 0.9 


Ballast ducts 


Testing load height corresponding to 
ballast pump maximum pressure 


where: 


: Z co-ordinate, in m, of the bulkhead deck at side. 
: Z co-ordinate, in m, of the top of hatch coaming. 


: As defined in [3.2.1]. 


: Z co-ordinate, in m, of the freeboard deck. 


: Setting pressure, in bar, of safety valves. 
RCN 1 to July 2010 version (effective from 1July 2012) 
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Section 7 - LOADING CONDITIONS 


Symbols 

My : The actual cargo mass in a cargo hold corresponding to a homogeneously loaded condition at 
maximum draught, in t 

Mruı : The cargo mass in a cargo hold corresponding to cargo with virtual density (homogenous mass / hold 
cubic capacity, minimum 1.0 t/m’) filled to the top of the hatch coaming, in t. 
M Frun =V Fun > Max(M y /Vy,1.0) 
Mr, is in no case to be less than My 

Myp : The maximum cargo mass allowed to be carried in a cargo hold according to design loading 


condition(s) with specified holds empty at maximum draught, in t 


Vru : Volume, in mî, of the cargo hold including the volume enclosed by the hatch coaming 
Vy : Volume, in m°, defined in Ch 4, Sec 6 
Tup : Deepest ballast draught, in m. 


1. Application 


1.1 Ships having a length L less than 150 m 


1.1.1 
The severest loading conditions from the loading manual, midship section drawing or otherwise specified by the 


Designer are to be considered for the longitudinal strength according to Ch 5, Sec 1 and for the local strength 


check of plating, ordinary stiffeners and primary supporting members according to Ch 6. 


1.2 Ships having a length L of 150 m and above 


1.2.1 
The requirements in [2] to [4] are applicable to ships having a length L of 150 m and above. 


1.2.2 
These requirements are not intended to prevent any other loading conditions to be included in the loading 


manual for which calculations are to be submitted. It is not intended to replace in any way the required loading 


manual/instrument. 


1.2.3 
The maximum loading condition draught is to be taken as the moulded summer load line draught. 


1.2.4 
The loading conditions listed in [2] are to be applied for the check of longitudinal strength as required by Ch 5, 


Sec 1, the check of local strength by Ch 6, the direct strength analysis by Ch 7, for capacity and disposition of 
ballast tanks and stability purposes. The loading conditions listed in [3] are to be applied for the check of local 
strength. The loading conditions listed in [4] are to be applied for direct strength analysis. 
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1.2.5 
In operation, a bulk carrier may be loaded differently from the design loading conditions specified in the loading 


manual, provided longitudinal and local strength as defined in the loading manual and onboard loading 


instrument and applicable stability requirements are not exceeded. 


2. General 


2.1 Design loading conditions - General 


2.1.1 
For the determination of the maximum cargo mass in cargo holds, the condition corresponding to the ship being 


loaded at maximum draught with 50% of consumables is to be considered. 


2.1.2 BC-C 
Homogeneous cargo loaded condition where the cargo density corresponds to all cargo holds, including 


hatchways, being 100% full at maximum draught with all ballast tanks empty. 


2.1.3 BC-B 
As required for BC-C, plus: 


Homogeneous cargo loaded condition with cargo density 3.0 t/m*, and the same filling ratio (cargo mass/hold 
cubic capacity) in all cargo holds at maximum draught with all ballast tanks empty. 

In cases where the cargo density applied for this design loading condition is less than 3.0 t/m?, the maximum 
density of the cargo that the ship is allowed to carry is to be indicated with the additional service feature 


{maximum cargo density x.y t/m*}. 


2.1.4 BC-A 
As required for BC-B, plus: 


At least one cargo loaded condition with specified holds empty, with cargo density 3.0 t/m3, and the same filling 
ratio (cargo mass/hold cubic capacity) in all loaded cargo holds at maximum draught with all ballast tanks 
empty. 

The combination of specified empty holds is to be indicated with the additional service feature {holds a, J, ... 
may be empty}. 

In such cases where the design cargo density applied is less than 3.0 t/m’, the maximum density of the cargo that 
the ship is allowed to carry is to be indicated within the additional service feature {holds a, b, ... may be empty 


with maximum cargo density x.y t/m>}. 


2.2 Applicable ballast conditions 


2.2.1 Ballast tank capacity and disposition 
All bulk carriers are to have ballast tanks of sufficient capacity and so disposed to at least fulfill the following 


requirements. 


Normal ballast condition 
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Normal ballast condition is a ballast (no cargo) condition where: 

e the ballast tanks may be full, partially full or empty. Where ballast tanks are partially full, the conditions in 
Ch 4, Sec 3 are to be complied with 

e any cargo hold or holds adapted for the carriage of water ballast at sea are to be empty 

e the propeller is to be fully immersed, and 

e the trim is to be by the stern and is not to exceed 0.015Z pp. 

In the assessment of the propeller immersion and trim, the draughts at the forward and after perpendiculars may 


be used. 


Heavy ballast condition 

Heavy ballast condition is a ballast (no cargo) condition where: 

e the ballast tanks may be full, partially full or empty. Where ballast tanks are partially full, the conditions in 
Ch 4, Sec 3 are to be complied with 

e atleast one cargo hold adapted for carriage of water ballast at sea is to be full 

e the propeller immersion //D is to be at least 60 %, where: 
I= Distance from propeller centerline to the waterline 
D = Propeller diameter 

e the trim is to be by the stern and is not to exceed 0.015Z gp 

e the moulded forward draught in the heavy ballast condition is not to be less than the smaller of 0.03L gp or 


8 m. 


2.2.2 Strength requirements 
All bulk carriers are to meet the following strength requirements: 


Normal ballast condition: 

e the structures of bottom forward are to be strengthened in accordance with the Rules against slamming for 
the condition of [2.2.1] for normal ballast condition at the lightest forward draught, 

e the longitudinal strength requirements according to Ch 4, Sec 3 are to be met for the condition of [2.2.1] for 
normal ballast condition, and 

e in addition, the longitudinal strength requirements according to Ch 4, Sec 3 are to be met with all ballast 


tanks 100% full. 


Heavy ballast condition: 

e the longitudinal strength requirements according to Ch 4, Sec 3 are to be met for the condition of [2.2.1] for 
heavy ballast condition 

e in addition, the longitudinal strength requirements according to Ch 4, Sec 3 are to be met with all ballast 
tanks 100% full and one cargo hold adapted and designated for the carriage of water ballast at sea, where 


provided, 100% full, and 
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e where more than one hold is adapted and designated for the carriage of water ballast at sea, it will not be 
required that two or more holds be assumed 100% full simultaneously in the longitudinal strength 
assessment, unless such conditions are expected in the heavy ballast condition. Unless each hold is 
individually investigated, the designated heavy ballast hold and any/all restrictions for the use of other 


ballast hold(s) are to be indicated in the loading manual. 


2.3 Departure and arrival conditions 


2.3.1 
Unless otherwise specified, each of the design loading conditions defined in [2.1] and [2.2] is to be investigated 


for the arrival and departure conditions as defined as follows: 
e Departure condition : with bunker tanks not less than 95% full and other consumables 100% 


e Arrival condition : with 10% of consumables 


3. Design loading conditions for local strength 


3.1 Definitions 


3.1.1 


The maximum allowable or minimum required cargo mass in a cargo hold, or in two adjacently loaded holds, is 
related to the net load on the double bottom. The net load on the double bottom is a function of draft, cargo mass 


in the cargo hold, as well as the mass of fuel oil and ballast water contained in double bottom tanks. 


3.2 Applicable general conditions 


3.2.1 
Any cargo hold is to be capable of carrying Mp, with fuel oil tanks in double bottom in way of the cargo hold, 


if any, being 100% full and ballast water tanks in the double bottom in way of the cargo hold being empty, at 


maximum draught. 


3.2.2 
Any cargo hold is to be capable of carrying minimum 50% of My, with all double bottom tanks in way of the 


cargo hold being empty, at maximum draught. 


3.2.3 
Any cargo hold is to be capable of being empty, with all double bottom tanks in way of the cargo hold being 


empty, at the deepest ballast draught. 


3.3 Additional conditions applicable except when additional service feature 
{no MP} is assigned 


3.3.1 
Any cargo hold is to be capable of carrying Mpui with fuel oil tanks in double bottom in way of the cargo hold, 


if any, being 100% full and ballast water tanks in the double bottom in way of the cargo hold being empty, at 


67% of maximum draught. 
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3.3.2 
Any cargo hold is to be capable of being empty with all double bottom tanks in way of the cargo hold being 


empty, at 83% of maximum draught. 


3.3.3 
Any two adjacent cargo holds are to be capable of carrying Mp; with fuel oil tanks in double bottom in way of 


the cargo hold, if any, being 100% full and ballast water tanks in the double bottom in way of the cargo hold 
being empty, at 67% of the maximum draught. This requirement to the mass of cargo and fuel oil in double 
bottom tanks in way of the cargo hold applies also to the condition where the adjacent hold is filled with ballast, 
if applicable. 


3.3.4 
Any two adjacent cargo holds are to be capable of being empty, with all double bottom tanks in way of the cargo 


hold being empty, at 75% of maximum draught. 


3.4 Additional conditions applicable for BC-A only 


3.4.1 
Cargo holds, which are intended to be empty at maximum draught, are to be capable of being empty with all 


double bottom tanks in way of the cargo hold also being empty. 


3.4.2 
Cargo holds, which are intended to be loaded with high density cargo, are to be capable of carrying Myp plus 


10% of Mp, with fuel oil tanks in the double bottom in way of the cargo hold, if any, being 100% full and ballast 


water tanks in the double bottom being empty in way of the cargo hold, at maximum draught. 


In operation the maximum allowable cargo mass shall be limited to Myp. 


3.4.3 
Any two adjacent cargo holds which according to a design loading condition may be loaded with the next holds 


being empty, are to be capable of carrying 10% of My in each hold in addition to the maximum cargo load 
according to that design loading condition, with fuel oil tanks in the double bottom in way of the cargo hold, if 
any, being 100% full and ballast water tanks in the double bottom in way of the cargo hold being empty, at 
maximum draught. 

In operation the maximum allowable mass shall be limited to the maximum cargo load according to the design 


loading conditions. 


3.5 Additional conditions applicable for ballast hold(s) only 


3.5.1 
Cargo holds, which are designed as ballast water holds, are to be capable of being 100% full of ballast water 


including hatchways, with all double bottom tanks in way of the cargo hold being 100% full, at any heavy ballast 
draught. For ballast holds adjacent to topside wing, hopper and double bottom tanks, it shall be strengthwise 
acceptable that the ballast holds are filled when the topside wing, hopper and double bottom tanks are empty. 
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3.6 Additional conditions applicable during loading and unloading in harbour 
only 


3.6.1 
Any single cargo hold is to be capable of holding the maximum allowable seagoing mass at 67% of maximum 


draught, in harbour condition. 


3.6.2 
Any two adjacent cargo holds are to be capable of carrying Mp,,;;, with fuel oil tanks in the double bottom in way 


of the cargo hold, if any, being 100% full and ballast water tanks in the double bottom in way of the cargo hold 


being empty, at 67% of maximum draught, in harbour condition. 


3.6.3 
At reduced draught during loading and unloading in harbour, the maximum allowable mass in a cargo hold may 


be increased by 15% of the maximum mass allowed at the maximum draught in sea-going condition, but shall 
not exceed the mass allowed at maximum draught in the sea-going condition. The minimum required mass may 


be reduced by the same amount. 


3.7 Hold mass curves 


3.7.1 
Based on the design loading criteria for local strength, as given in [3.2] to [3.6] except [3.5.1], hold mass curves 


are to be included in the loading manual and the loading instrument, showing maximum allowable and minimum 
required mass as a function of draught in sea-going condition as well as during loading and unloading in 


harbour. Hold mass curves are to be calculated according to Ch 4, App 1. 


3.7.2 
At other draughts than those specified in the design loading conditions, the maximum allowable and minimum 


required mass is to be adjusted for the change in buoyancy acting on the bottom. Change in buoyancy is to be 
calculated using water plane area at each draught. 
Hold mass curves for each single hold, as well as for any two adjacent holds, are to be included in the loading 


manual and the loading instrument. 


4. Design loading conditions for direct strength analysis 


4.1 Loading patterns 


4.1.1 
The loading patterns applicable to types of bulk carriers with various service feature notations are summarized in 


Tab 1, which are to be considered in direct strength analysis in accordance with [2] and [3]. 
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Table 1: Applicable loading patterns according to additional service features 


BC-, (no MP) 
A;|BIC 


Loading pattern 


Full load in homogeneous 
condition 


Slack load 
Deepest ballast 


Multiport -1 
Multiport -2 
Multiport -3 
Multiport -4 


Alternate load 
Alternate block load 


Heavy ballast 


Harbour condition -1 


Harbour condition -2 


4.1.2 
Other loading conditions from the loading manual, which are not covered in Tab 1, if any, are also to be 


considered. 


4.2 Still water bending moment and shear force 


4.2.1 
Load cases defined in Sec 4 are to be considered for each loading pattern given in Tab 1. The still water vertical 


bending moment provided in Tab 2 and the still water vertical shear force provided in Tab 3 are to be used for 


each combination of loading pattern and load case. 


4.2.2 
If one loading condition in the loading manual has a still water vertical bending moment more severe than the 


value in Tab 2 for the corresponding loading pattern, the value in Tab 2 for this loading pattern is to be replaced 


with the value from the loading manual. 


4.3 Application 


4.3.1 
The minimum required loading conditions for direct strength analysis, including vertical shear force analysis, are 


defined in Ch 4, App 2. 


4.3.2 
The standard loading conditions for fatigue assessment are defined in Ch 4, App 3. 
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where: 
Msw,H 
Msws 


Msw,pP H x 


M: SW,P,S 


Table 2: 


Loading pattern 


Vertical still water bending moment 


Full load in 
homogeneous 
condition 


Slack load 


Multiport 


Alternate 
load 


Alternate 
block load 


Normal 
ballast 


Deepest 
ballast 


Heavy ballast 
(Ballast hold) 


Load case 


P2 


Harbour 
condition 


Static 


: Allowable still water vertical bending moment in hogging condition for seagoing condition 


: Allowable still water vertical bending moment in sagging condition for seagoing condition 


Allowable still water vertical bending moment in hogging condition for harbour condition 


Full load in 
homogeneous 
condition 


Table 3: 


Loading pattern 


Alternate load 
(BC-A) 


Multiport 
(BC-B and 
BC-C) 


Vertical still water shear force 


Heavy ballast 
(Ballast hold) 


: Allowable still water vertical bending moment in sagging condition for harbour condition 


Heavy ballast 
(Except for 
ballast hold) 


Load case 


where: 


Osw 


: Allowable still water shear force at the position of the considered transverse bulkhead 
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Section 8 - LOADING MANUAL AND LOADING 
INSTRUMENT 


1. General 


1.1 All ships 


1.1.1 
An approved loading manual is to be supplied on board for all ships. 


In addition, an approved loading instrument is to be supplied for all ships. 
The loading instrument is ship specific onboard equipment and the results of the calculations are only applicable 
to the ship for which it has been approved. 


An approved loading instrument may not replace an approved loading manual. 


1.2 Ships equal to or greater than 150 m in length L 


1.2.1 
BC-A, BC-B, and BC-C ships are to be provided with an approved loading manual and an approved computer- 


based loading instrument, in accordance with the applicable requirements of this Section. 


A guidance for loading and unloading sequences is given in [5]. 


2. Loading manual 


2.1 Definitions 


2.1.1 All ships 
A loading manual is a document which describes: 


e the loading conditions on which the design of the ship has been based, including permissible limits of still 
water bending moment and shear force. The conditions specified in the ballast water exchanging procedure 
and dry docking procedure are to be included in the loading manual. 

e the results of the calculations of still water bending moments and shear forces 


e the allowable local loading for the structure (hatch covers, decks, double bottom, etc.). 


2.1.2 Ships equal to or greater than 150 m in length L 
In addition to [2.1.1], for BC-A, BC-B and BC-C ships, the loading manual is also to describe: 


e envelope results and permissible limits of still water bending moments and shear forces in the hold flooded 
condition according to Ch 5, Sec 1 

e the cargo hold(s) or combination of cargo holds that might be empty at full draught. If no cargo hold is 
allowed to be empty at full draught, this is to be clearly stated in the loading manual 

e maximum allowable and minimum required mass of cargo and double bottom contents of each hold as a 


function of the draught at mid-hold position 
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e maximum allowable and minimum required mass of cargo and double bottom contents of any two adjacent 
holds as a function of the mean draught in way of these holds. This mean draught may be calculated by 
averaging the draught of the two mid-hold positions 

e maximum allowable tank top loading together with specification of the nature of the cargo for cargoes other 
than bulk cargoes 

e maximum allowable load on deck and hatch covers. If the ship is not approved to carry load on deck or 
hatch covers, this is to be clearly stated in the loading manual 

e maximum rate of ballast change together with the advice that a load plan is to be agreed with the terminal on 


the basis of the achievable rates of change of ballast. 


2.2 Conditions of approval 


2.2.1 All ships 
The approved loading manual is to be based on the final data of the ship. The manual is to include the design 


(cargo and ballast) loading conditions, subdivided into departure and arrival conditions as appropriate, upon 
which the approval of the hull scantlings is based. 
In the case of modifications resulting in changes to the main data of the ship, a new approved loading manual is 


to be issued. 


2.2.2 Ships equal to or greater than 150 m in length L 
In addition to [2.2.1], for BC-A, BC-B and BC-C ships, the following loading conditions, subdivided into 


departure and arrival conditions as appropriate, are also to be included in the loading manual: 

e homogeneous light and heavy cargo loading conditions at maximum draught 

e alternate light and heavy cargo loading conditions at maximum draught, where applicable 

e ballast conditions. For ships having ballast holds adjacent to topside wing, hopper and double bottom tanks, 
it shall be strengthwise acceptable that the ballast holds are filled when the topside wing, hopper and double 
bottom tanks are empty 

e short voyage conditions where the ship is to be loaded to maximum draught but with limited amount of 
bunkers 

e multiple port loading / unloading conditions 

e deck cargo conditions, where applicable 

e typical loading sequences where the ship is loaded from commencement of cargo loading to reaching full 
deadweight capacity, for homogeneous conditions, relevant part load conditions and alternate conditions 
where applicable. Typical unloading sequences for these conditions are also to be included. The typical 
loading / unloading sequences are also to be developed to not exceed applicable strength limitations. The 
typical loading sequences are also to be developed paying due attention to loading rate and the deballasting 
capability. Tab 1 contains, as guidance only, an example of a Loading Sequence Summary Form 


e typical sequences for change of ballast at sea, where applicable. 
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2.3 Language 


2.3.1 
The loading manual is to be prepared in a language understood by the users. If this language is not English, a 


translation into English is to be included. 


3. Loading instrument 


3.1 Definitions 


3.1.1 All ships 
A loading instrument is an instrument which is either analog or digital and by means of which it can be easily 


and quickly ascertained that, at specified read-out points, the still water bending moments, shear forces, in any 


load or ballast condition, do not exceed the specified permissible values. 


3.1.2 Ships equal to or greater than 150 m in length L 
For BC-A, BC-B and BC-C ships, the loading instrument is an approved digital system as defined in [3.1.1]. In 


addition to [3.1.1], it is also to ascertain as applicable that: 

e the mass of cargo and double bottom contents in way of each hold as a function of the draught at mid-hold 
position 

e the mass of cargo and double bottom contents of any two adjacent holds as a function of the mean draught in 
way of these holds 

e the still water bending moment and shear forces in the hold flooded conditions 


do not exceed the specified permissible values. 


3.2 Conditions of approval 


3.2.1 All ships 
The loading instrument is subject to approval, which is to include: 


e verification of type approval, if any 

e verification that the final data of the ship have been used 

e acceptance of number and position of all read-out points 

e acceptance of relevant limits for read-out points 

e checking of proper installation and operation of the instrument on board, under agreed test conditions, and 


that a copy of the operation manual is available. 


3.2.2 Ships equal to or greater than 150 m in length L 
In addition, for BC-A, BC-B and BC-C ships, the approval is also to include, as applicable: 


e acceptance of hull girder bending moment limits for all read-out points 

e acceptance of hull girder shear force limits for all read-out points 

e acceptance of limits for the mass of cargo and double bottom contents of each hold as a function of draught 
e acceptance of limits for the mass of cargo and double bottom contents in any two adjacent holds as a 


function of draught. 
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3.2.3 
In the case of modifications implying changes in the main data of the ship, the loading instrument is to be 


modified accordingly and approved. 


3.2.4 
An operational manual is always to be provided for the loading instrument. 


The operation manual and the instrument output are to be prepared in a language understood by the users. If this 


language is not English, a translation into English is to be included. 


3.2.5 
The operation of the loading instrument is to be verified upon installation under the agreed test conditions. It is 


to be checked that the agreed test conditions and the operation manual for the instrument are available on board. 


4. Annual and class renewal survey 


4.1 General 


4.1.1 
At each annual and class renewal survey, it is to be checked that the approved loading manual is available on 


board. 


4.1.2 
The loading instrument is to be checked for accuracy at regular intervals by the ship's Master by applying test 


loading conditions. 


4.1.3 
At each class renewal survey this checking is to be done in the presence of the Surveyor. 


5. Guidance for loading/unloading sequences 


5.1 General 


5.1.1 
The typical loading/unloading sequences shall be developed paying due attention to the loading/unloading rate, 


the ballasting/deballasting capacity and the applicable strength limitations. 


5.1.2 
The shipbuilder will be required to prepare and submit for approval typical loading and unloading sequences. 


5.1.3 
The typical loading sequences as relevant should include: 


e alternate light and heavy cargo load condition 
e homogeneous light and heavy cargo load condition 
e short voyage condition where the ship is loaded to maximum draught but with limited bunkers 


e multiple port loading/unloading condition 
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e deck cargo condition 


e block loading. 


5.1.4 
The loading/unloading sequences may be port specific or typical. 


5.1.5 
The sequence is to be built up step by step from commencement of cargo loading to reaching full deadweight 


capacity. Each time the loading equipment changes position to a new hold defines a step. Each step is to be 
documented and submitted to the Society. In addition to longitudinal strength, the local strength of each hold is 


to be considered. 


5.1.6 
For each loading condition a summary of all steps is to be included. This summary is to highlight the essential 


information for each step such as: 

e how much cargo is filled in each hold during the different steps, 

e how much ballast is discharged from each ballast tank during the different steps, 
e the maximum still water bending moment and shear at the end of each step, 


e the ship’s trim and draught at the end of each step. 
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Guidance on Typical Loading Sequence Summary Form 
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Appendix 1- HOLD MASS CURVES 


Symbols 

h : Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at 
the ship’s centreline, in m. 

ha : Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at 
the ship’s centreline of the aft cargo hold in a block loading, in m. 

hy : Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at 
the ship’s centreline of the fore cargo hold in a block loading, in m. 

My : As defined in Ch 4, Sec 7 

Mr  : As defined in Ch 4, Sec 7 

Mip  : As defined in Ch 4, Sec 7 


Mp : The maximum cargo mass given for each cargo hold, in t 

Merz : The maximum cargo mass in a cargo hold according to the block loading condition in the loading 
manual, in t 

Trp : As defined in Ch 4, Sec 7 

T; : Draught in loading condition No. i, at mid-hold position of cargo hold length @,, in m 

Vy : As defined in Ch 4, Sec 6 

Vand V,: Volume of the forward and after cargo hold excluding volume of the hatchway part, in m’. 

Tirin : 0.75Ts or draught in ballast conditions with the two adjacent cargo holds empty, whichever is greater, 
in m. 

X : The sum of masses of two adjacent cargo holds 


RCN 2 to July 2008 version (effective from 1 July 2010) 


1. General 


1.1 Application 


1.1.1 
The requirements of this Appendix apply to ships of 150 m in length L and above. 


1.1.2 
This Appendix describes the procedure to be used for determination of: 


e the maximum and minimum mass of cargo in each cargo hold as a function of the draught at mid-hold 
position of cargo hold 
e the maximum and minimum mass of cargo in any two adjacent holds as a function of the mean draught in 


way of these holds. 
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1.1.3 
Results of these calculations are to be included in the reviewed loading manual which has also to indicate the 


maximum permissible mass of cargo at scantling draught in each hold or in any two adjacent holds, as obtained 


from the design review. 


1.1.4 


The following notice on referring to the maximum permissible and the minimum required mass of cargo is to be 
described in loading manual. 

Where ship engages in a service to carry such hot coils or heavy cargoes that have some adverse effect on the 
local strength of the double bottom and that the loading is not described as cargo in loading manual, the 


maximum permissible and the minimum required mass of cargo are to be considered specially. 


2. Maximum and minimum masses of cargo in each hold 


2.1 Maximum permissible mass and minimum required masses of single cargo 
hold in seagoing condition 


2.1.1 General 
The cargo mass curves of single cargo hold in seagoing condition are defined in [2.1.2] to [2.1.5]. However if the 


ship structure is checked for more severe loading conditions than the ones considered in Ch 4, Sec 7, [3.7.1], the 
minimum required cargo mass and the maximum allowable cargo mass can be based on those corresponding 
loading conditions. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


2.1.2 BC-A ship not having {No MP} assigned 
e For loaded holds 


The maximum permissible mass (VW,,,,,(Z;)) at various draughts (7; ) is obtained, in t, by the following 


ax 


formulae: 


L 


To=: 
W nax (T;) = M yp + 0.1M y —1.025V T-T) 


However, W, 


max (T; ) is no case to be greater than Map. 


The minimum required cargo mass (W nin (T;) ) at various draughts (7; ) is obtained, in t, by the following 


formulae: 


Wnin(T;)=0 for T, < 0.8375 


Wain T,) =1.025V, L 


(i -0sar,) for Ts >T; >0.83Ts 


e For empty holds which can be empty at the maximum draught 


The maximum permissible mass (W,,;,(7;) ) at various draughts (T,) is obtained, in t, by the following 


formulae: 
W max (T;) =M Fun for Ts >T; 2 0.67T; 


0.67T; -T,) 


W vax (Ts) = M pan -1.025V y ( for T, < 0.67T5 
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The minimum required mass (W,,;,, (Z;) ) is obtained, in t, by the following formula: 


Wryin(T;) = 0 for T, < Ts 
Examples for mass curve of loaded cargo hold and cargo hold which can be empty at the maximum draught for 
BC-A ships not having {No MP} assigned are shown in Fig 1. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


1.15Myp + 0.1Mp 
Mmo + 0.1My 


HD 


A 
O 
€ 
: : 
Oo 
5 z O Seagoing 
@ Seagoing 
(è) 
0 0.67Ts Ts 
0 0.67Ts 0.83Ts Ts Draught 
Draught 
(a) Loaded hold b) Cargo hold which can be empty at the maximum draught 


Figure 1: | Example of mass curve for BC-A ships not having {No MP} assigned 
RCN 2 to July 2008 version (effective from I July 2010) 
2.1.3 BC-A ship having {No MP} assigned 
e For loaded holds 


The maximum permissible mass ( W nax (7;) ) at various draughts (7; ) is the same specified in [2.1.2]. 
The minimum required mass (W,,;,, (T;) ) is obtained, in t, by the following formulae: 

Wein (Z;) = 0 for T; <T g 

W nin (T;) = 1.025V y (Tas) for Ts2T,>Tue 


(T =f) 


Woin(T,) = 0.5M y —1.025%;, 2 


>0 for T, 2T, 
e For empty hold which can be empty at the maximum draught 
The maximum permissible mass (Wmax(T;)) at various draughts (T;) is obtained, in t, by the following 
formulae: 
T, -T, 
W nax (T;) = M run E 1.025V,, a) 
The minimum required cargo mass (Wmin(T;)) at various draughts (7;) is obtained, in t, by the following 
formulae: 


Wain (T) = 0 for TST 


Examples for mass curve of cargo hold for BC-A ships, having {No MP} assigned are shown in Fig 2. 
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RCN 2 to July 2008 version (effective from I July 2010) 


1.15 Mnp + 0.1My 1.15Mpun 
Myp0. My Meu 
Mup 
Harbour 
a 
= < 0. 15Mrun 
& Seagoing 
0.5M; S re 
0 0 0.677. Ts 
Typ 9.67T, Ts Draught i Draught 
(a) Loaded hold (b) Cargo hold which can be empty at the maximum draught 


Figure 2: Example of mass curve for BC-A ships having {No MP} assigned 
RCN 2 to July 2008 version (effective from 1 July 2010) 


2.1.4 BC-B and BC-C ships not having {No MP} assigned 
The maximum permissible mass ( W nax (T; ) ) at various draughts (7; ) is obtained, in t, by the following formulae: 
W max (T;) =M run for Ts 2T, 2 0.677 


0.67T, -T,) 
h 


W nax (T,) = M pun -1.025V y ( for T, <0.67Ts 


The minimum required cargo mass (W,,;,(7;) ) at various draughts (7;) is obtained, in t, by the following 
formulae: 
W ain (T;,)=0 for T; < 0.8375 


T, —0.837,) 


W nin (T) = 1.02574 ( for Ts 2T; > 0.837, 


Example for mass curve of cargo hold for BC-B and BC-C ships is shown in Fig. 3. 
RCN 2 to July 2008 version (effective from 1 July 2010) 
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Figure 3: Example of mass curve for BC-B and BC-C ships not having {No MP} assigned 
RCN 2 to July 2008 version (effective from 1 July 2010) 


2.1.5 BC-B and BC-C ships having {No MP} assigned 
The maximum permissible mass (Wmax(T;)) at various draughts T; is obtained, in t, by the following formulae: 
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W nax (T,) = M run ~ 1.025V, (f=) 


The minimum required cargo mass (W,,;,(7;) ) at various draughts (7;) is obtained, in t, by the following 


formulae: 
W nin (Ti) =0 for T, < Typ 
TET, 
W nin (T;) = 1.025V (i-is) for Ts27;>Tup or 


(T; Z J 


W a (T) = 0.5M ,, -1.025V,, for 2T, 


W nin (T) 2 0.0 
Example for mass curve of cargo hold for BC-B or BC-C ships with {No MP} is shown in Fig 4. 


RCN 2 to July 2008 version (effective from I July 2010) 


1.15Mpun 
Maun 


Harbour 


Le 
Seagoing 0.5My 


Cargo mass 


Typ 0.677 Ts ‘Draught 


Figure 4: Example of mass curve for BC-B and BC-C ships having {No MP} assigned 
RCN 2 to July 2008 version (effective from 1 July 2010) 


2.2 Maximum permissible mass and minimum required masses of single cargo 
hold in harbour condition 


2.2.1 General 

The cargo mass curves of single cargo hold in harbour condition are defined in [2.2.2]. However if the ship 
structure is checked for more severe loading conditions than ones considered in Ch 4, Sec 7, [3.7.1], the 
minimum required cargo mass and the maximum allowable cargo mass can be based on those corresponding 


loading conditions. 
RCN 2 to July 2008 version (effective from 1 July 2010) 


2.2.2 All ships 

The maximum permissible cargo mass and the minimum required cargo mass corresponding to draught for 
loading/unloading conditions in harbour may be increased or decreased by 15% of the maximum permissible 
mass at the maximum draught for the cargo hold in seagoing condition. However, maximum permissible mass is 
in no case to be greater than the maximum permissible cargo mass at designed maximum load draught for each 


cargo hold. 
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2.2.3 BC-A ship not having {No MP} assigned 
The maximum permissible mass (Wmax(T;)) at various draughts T; in harbour condition is also to be checked by 


the following formulae in addition to the requirements in [2.1.2]: 


For loaded hold 
W nax (T) =M pp for T, > 0.67T, 


SEE for T, <0.67T; 


Worax(T;) = M yp +0.1M y -1.025V 4 
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2.2.4 BC-A ship having {No MP} assigned 
The maximum permissible mass (Wmax(T;)) at various draughts T; in harbour condition is also to be checked by 


the following formulae in addition to the requirements in [2.1.3]: 


For empty hold which can be empty at the maximum draught 
Wax (T;) = M Frun for Ts 2 T; 2 0.67T, 


Wrox (T) =M 1.025V, (0.677 -T)) for T, <0.67T 
max Ui Full H h i S 
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2.2.5 BC-B and BC-C ships having {No MP} assigned 
The maximum permissible mass W,,,,(7;) at various draughts T; in harbour condition is also to be checked by the 


following formulae in addition to the requirements in [2.2.2]: 
W nax (T;) =M run for Ts 2T, >0.67Ts 


(0.677; -T,) 


W nax (7;) = M rut -1 025V i, for T; < 0.677; 


RCN 2 to July 2008 version (effective from 1 July 2010) 
3. Maximum and minimum masses of cargo of two adjacent holds 


3.1 Maximum permissible mass and minimum required masses of two 
adjacent holds in seagoing condition 


3.1.1 General 
The cargo mass curves of two adjacent cargo holds in seagoing condition are defined in [3.1.2] and [3.1.3]. 


However if the ship structure is checked for more severe loading conditions than ones considered in Ch 4, Sec 7, 
[3.7.1], the minimum required cargo mass and the maximum allowable cargo mass can be based on those 
corresponding loading conditions. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


3.1.2 BC-A ships with “Block loading” and not having {No MP} assigned 
The maximum permissible mass (Wmax(7;)) at various draughts (7;) is obtained, in t, by the greater of the 


following formulae: 


V, v 
W pax (T) = > (M zix som, 1.009 ob -T,) OF 
J a 
V, y 
W rax (T,) = J M ruu —1.025 Gog ee) 
f a 


However, Wmax(T;) is no case to be greater than È Marr. 


The minimum required cargo mass (Wmin(T;)) at various draughts (7;) is obtained, in t, by the following formulae: 
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Wain (7;) = 0 for T, < 0.757; 


V, 
Wan(T,)=1.025 = 


+ = Je 0.75T,) for Ts; 2T; >0.75T; 
f a 
RCN 2 to July 2008 version (effective from 1 July 2010) 


3.1.2 bis BC-A ships with “Block loading” and having {No MP} assigned 
The maximum permissible mass Wmax(T;) at various draughts T; is obtained, in t, by the following formula: 


V 
W nax (T) = $ (M px i3 oan) -102 Zh Zk, -T,) 
f a 


However, Wmax(T;i) is no case to be greater than È Mrk. 


The minimum required cargo mass Wmin(T;) at various draughts 7; is obtained, in t, by the following formulae: 


W min (T;) = 0 for T;<Tyg 


Ve yV 

W nin (T;) mud E a Je Typ) for Ts 2T;>Tup 
F a 

Examples for mass curve of cargo hold for BC-A with block loading ships are shown in Fig 5. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


Z (Mrr +0.1Mp) (Mpg +0.1My) 
Z (Mrr) — SM, 
EM (Marx) 
mut Harbour 
9, 0.15 Z (Mp, +0.1Mp) : | 0.15 & (Mp ¢+0.1My) 
Š Seagoing 5 Seagoing 
0 0 
Draught Draught 
(a) without {No MP] (b) with {No MP} 


Figure 5: Example of mass curve for BC-A ships with “Block loading” 
RCN 2 to July 2008 version (effective from I July 2010) 
3.1.3 (void) 
(void) 
RCN 2 to July 2008 version (effective from I July 2010) 


3.1.4 BC-A ships without “Block loading” and BC-B, BC-C ships, not having {No MP} assigned 
The maximum permissible mass Wmax(T;) at various draughts T; is obtained, in t, by the following formulae: 


ae (T) = YM ru for Ts 2 T; 2 0.67T; 


V 
Werax(T;) = YM ru hind - + = Josz T) for 7; <0.67T5 
T 


a 


The minimum required cargo mass Wmin(T;) at various draughts 7; is obtained, in t, by the following formulae: 


W nin (T) = 0 for T, <0.75Ts 


f a 


V, y, 
Woin(T,) = Long 1 a -0.75T;) for Ts >T,>0.75Ts 
RCN 2 to July 2008 version (effective from I July 2010) 
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3.1.5 BC-A ships without “Block loading” and BC-B, BC-C ships, having {No MP} assigned 
The maximum permissible mass Wmax(T;) at various draughts T; is obtained, in t, by the following formulae: 


Vip oF, 
Worax(T) = X Mra Lang = + T |r 
f 


T;) for T, <T; 


a 


The minimum required cargo mass W,,;,(7;) at various draughts T; is obtained, in t, by the following formulae: 


Win (T;) = 0 for 7; <Tup 
V. yV 
W nin (T,)= Load Pr Je Typ) for Ts 27; >Tup 
f a 
Examples for mass curve of cargo hold for BC-A without block loading and BC-B or BC-C are shown in Fig 6. 
RCN 2 to July 2008 version (effective from 1 July 2010) 
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Figure 6: Example of mass curve for BC A-ship without block loading and BC-B or BC-C ships 
RCN 2 to July 2008 version (effective from 1 July 2010) 


3.2 Maximum permissible mass and minimum required masses of two 
adjacent cargo holds in harbour condition 


3.2.1 General 
The cargo mass curves of two adjacent cargo holds in harbour condition are defined in [3.2.2]. However if the 


ship structure is checked for more severe loading conditions than ones considered in Ch 4, Sec 7, [3.7.1], the 
minimum required cargo mass and the maximum allowable cargo mass can be based on those corresponding 
loading conditions. 


RCN 2 to July 2008 version (effective from I July 2010) 


3.2.2 All ships 
The maximum permissible cargo mass and minimum required cargo mass corresponding to draught for 


loading/unloading conditions in harbour may be increased or decreased by 15% of the maximum permissible 
mass at the maximum draught for the cargo hold in seagoing condition. However, maximum permissible mass is 
in no case to be greater than the maximum permissible cargo mass at designed maximum load draught for each 


cargo hold. 
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3.2.3 BC-A ships with “Block loading” and having {No MP} assigned 
The maximum permissible mass (Wmax(T;)) at various draughts T; in harbour condition is also to be checked by 


the following formulae in addition to the requirements in [3.1.2 bis]: 


V, 
W nax (T, ) = > Maa = bong + “Jorn, = T,) 
f Ma 


W riz (T) £ Max 
RCN 2 to July 2008 version (effective from 1 July 2010) 


3.2.4 BC-A ships without “Block loading” and BC-B, BC-C ships, having {No MP} assigned 
The maximum permissible mass (Wmax(T;)) at various draughts T; in harbour condition is also to be checked by 


the following formulae in addition to the requirements in [3.1.5]: 


W vax (T;) = > Minn for T; 2 T, 2 0.67T; 
V 
W pax (T) = > M run -rot + flor -T,) for T,<0.67T, 


max 
f a 


RCN 2 to July 2008 version (effective from 1 July 2010) 
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Section 1 - YIELDING CHECK 


Symbols 


For symbols not defined in this Section, refer to Ch 1, Sec 4. 


Msw  : Design still water bending moment in intact condition, in kN.m, at the hull transverse section 
considered, defined in Ch 4, Sec 3, [2.2]: 
Msw=Msyxn in hogging conditions 
Msw=Msys in sagging conditions 

Mwy  : Vertical wave bending moment in intact condition, in kN.m, at the hull transverse section considered, 
defined in Ch 4, Sec 3, [3.1] 

Mswr : Still water bending moment, in kN.m, in flooded conditions, at the hull transverse section under 
consideration, to be calculated according to Ch 4, Sec 3 

Myyvr : Vertical wave bending moment, in kN.m, in flooded conditions, at the hull transverse section under 
consideration, , to be calculated according to Ch 4, Sec 3 

Mwyp : Vertical wave bending moment, in kN.m, in harbour conditions, at the hull transverse section under 
consideration, to be calculated according to Ch 4, Sec 3 

Mwy : Horizontal wave bending moment, in kN.m, at the hull transverse section considered, defined in Ch 4, 
Sec 3, [3.3] 

Osw : Design still water shear force in intact condition, in kN, at the hull transverse section considered, 
defined in Ch 4, Sec 3, [2.3] 

Owv  : Vertical wave shear force in intact condition, in kN, at the hull transverse section considered, defined 
in Ch 4, Sec 3, [3.2] 

Oswe : Still water shear force, in KN, in flooded conditions, at the hull transverse section under consideration, 
to be calculated according to Ch 4, Sec 3 

Owvr : Vertical wave shear force, in kN, in flooded conditions, at the hull transverse section under 
consideration, to be calculated according to Ch 4, Sec 3 

Ow : Vertical wave shear force, in kN, in harbour conditions, at the hull transverse section under 
consideration, to be calculated according to Ch 4, Sec 3 

k : Material factor, as defined in Ch 1, Sec 4, [2.2.1] 

x : X co-ordinate, in m, of the calculation point with respect to the reference co-ordinate system defined 
in Ch 1, Sec 4, [4] 

Z : Z co-ordinate, in m, of the calculation point with respect to the reference co-ordinate system defined 
in Ch 1, Sec 4, [4] 

N : Z co-ordinate, in m, of the centre of gravity of the hull transverse section defined in [1.2], with respect 
to the reference co-ordinate system defined in Ch 1, Sec 4, [4] 

Vp : Vertical distance, in m, defined in [1.4.2] 

Ty : Net moment of inertia, in mf, of the hull transverse section about its horizontal neutral axis, to be 
calculated according to [1.5] 
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Iz : Net moment of inertia, in mf, of the hull transverse section about its vertical neutral axis, to be 


calculated according to [1.5] 


S : Net first moment, in m’, of the hull transverse section, to be calculated according to [1.6] 

Za : Net section modulus, in m’*, at any point of the hull transverse section, to be calculated according 
[1.4.1] 

Zan, Zap. Net section moduli, in m’, at bottom and deck, respectively, to be calculated according to [1.4.2] 

C : Wave parameter defined in Ch 1, Sec 4, [2.3.1] 

Oiar : Allowable normal stress, in N/mm’, defined in [3.1.1] 

Tian : Allowable shear stress, in N/mm”, defined in [3.2.1] 

p : Sea water density, taken equal to 1.025 t/m’. 


1. Strength characteristics of the hull girder transverse sections 


1.1 General 


1.1.1 
This Article specifies the criteria for calculating the hull girder strength characteristics to be used for the checks 


in [2] to [5], in association with the hull girder loads specified in Ch 4, Sec 3. 


1.2 Hull girder transverse sections 


1.2.1 General 
Hull girder transverse sections are to be considered as being constituted by the members contributing to the hull 


girder longitudinal strength, i.e. all continuous longitudinal members below and including the strength deck 
defined in [1.3], taking into account the requirements in [1.2.2] to [1.2.9]. 

These members are to be considered as having (see also Ch 3, Sec 2) net offered scantlings based on gross 
offered thickness reduced by 0.5t¢c, when the hull girder strength characteristics are used for: 

e the hull girder yielding check according to [2] to [5] 

e theultimate strength check in Ch 5, Sec 2 

e the calculation of the hull girder stresses for the strength checks of plating, ordinary stiffeners and primary 


supporting members according to Ch 6. 


1.2.2 Continuous trunks and continuous longitudinal hatch coamings 
Continuous trunks and continuous longitudinal hatch coamings may be included in the hull girder transverse 


sections, provided they are effectively supported by longitudinal bulkheads or primary supporting members. 


1.2.3 Longitudinal ordinary stiffeners or girders welded above the strength deck 
Longitudinal ordinary stiffeners or girders welded above the strength deck (including the deck of any trunk fitted 


as specified in [1.2.2]) are to be included in the hull girder transverse sections. 


1.2.4 Longitudinal girders between hatchways, supported by longitudinal bulkheads 
Where longitudinal girders, effectively supported by longitudinal bulkheads, are fitted between hatchways, the 


sectional area of these longitudinal girders are to be included in the hull girder transverse. 
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1.2.5 Longitudinal bulkheads with vertical corrugations 
Longitudinal bulkheads with vertical corrugations are not to be included in the hull girder transverse sections. 


1.2.6 Members in materials other than steel 
Where a member contributing to the longitudinal strength is made in material other than steel with a Young’s 


modulus Æ equal to 2.06 10° N/mm’, the steel equivalent sectional area that may be included in the hull girder 


transverse sections is obtained, in m?, from the following formula: 


E 
Ag, =————~ A 
wane 206-105 ” 
where: 
Am : Sectional area, in m’, of the member under consideration. 


1.2.7 Large openings 
Large openings are: 


e elliptical openings exceeding 2.5 m in length or 1.2 m in breadth 
e circular openings exceeding 0.9 m in diameter. 
Large openings and scallops, where scallop welding is applied, are always to be deducted from the sectional 


areas included in the hull girder transverse sections. 


1.2.8 Small openings 
Smaller openings than those in [1.2.7] in one transverse section in the strength deck or bottom area need not be 


deducted from the sectional areas included in the hull girder transverse sections, provided that: 


Lbs < 0.06(B — £b) 


where: 

Xbs : Total breadth of small openings, in m, in the strength deck or bottom area at the transverse section 
considered, determined as indicated in Fig 1 

xb : Total breadth of large openings, in m, at the transverse section considered, determined as indicated in 


Fig 1. 
Where the total breadth of small openings ŁXbs does not fulfil the above criteria, only the excess of breadth is to 


be deducted from the sectional areas included in the hull girder transverse sections. 


1.2.9 Lightening holes, draining holes and single scallops 
Lightening holes, draining holes and single scallops in longitudinals need not be deducted if their height is less 


than 0.25h,,, without being greater than 75 mm, where h,, is the web height, in mm. 


Otherwise, the excess is to be deducted from the sectional area or compensated. 
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Hull transverse section 
under consideration 


30° F 
Q 


by and bo included in £b and £bs 


Figure 1: Calculation of 2b and £Þbs 


1.3 Strength deck 


1.3.1 
The strength deck is, in general, the uppermost continuous deck. 


In the case of a superstructure or deckhouses contributing to the longitudinal strength, the strength deck is the 


deck of the superstructure or the deck of the uppermost deckhouse. 


1.3.2 
A superstructure extending at least 0.15Z within 0.4L amidships may generally be considered as contributing to 


the longitudinal strength. 
For other superstructures and for deckhouses, their contribution to the longitudinal strength is to be assessed on a 


case by case basis, to evaluate their percentage of participation to the longitudinal strength. 


1.4 Section modulus 


1.4.1 
The section modulus at any point of a hull transverse section is obtained, in m’, from the following formula: 
ly 


ta lz-N]| 


1.4.2 
The section moduli at bottom and at deck are obtained, in m’, from the following formulae: 


e at bottom: 
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e = at deck: 


where: 


Vp: 


Vertical distance, in m, taken equal to: 
in general: 
Vn =Zp—-N 
where: 
Zp : Z co-ordinate, in m, of strength deck at side, defined in [1.3], with respect to the reference co- 
ordinate system defined in Ch 1, Sec 4, [4] 
if continuous trunks or hatch coamings are taken into account in the calculation of Jy, as specified in 


[1.2.2]: 
V,=(z, -No94 0.2 z) >2z,-N 


where: 

yn Zr: Y and Z co-ordinates, in m, of the top of continuous trunk or hatch coaming with respect to the 
reference co-ordinate system defined in Ch 1, Sec 4, [4]; yr and zr are to be measured for the 
point which maximises the value of Vp 

if longitudinal ordinary stiffeners or girders welded above the strength deck are taken into account in 

the calculation of Jy, as specified in [1.2.3], Vp is to be obtained from the formula given above for 

continuous trunks and hatch coamings. In this case, yr and zy are the Y and Z co-ordinates, in m, of the 

top of the longitudinal stiffeners or girders with respect to the reference co-ordinate system defined in 


Ch 1, Sec 4, [4]. 


1.5 Moments of inertia 


1.5.1 


The moments of inertia Jy and Jz, in mí, are those, calculated about the horizontal and vertical neutral axes, 


respectively, of the hull transverse sections defined in [1.2]. 


1.6 First moment 


1.6.1 


The first moment S, in mî, at a level z above the baseline is that, calculated with respect to the horizontal neutral 


axis, of the portion of the hull transverse sections defined in [1.2] located above the z level. 
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2. Hull girder stresses 


2.1 Normal stresses 


2.1.1 General 
The normal stresses in a member made in material other than steel with a Young’s modulus E equal to 2.06 10° 


N/mm” included in the hull girder transverse sections as specified in [1.2.6], are obtained from the following 
formula: 


E 


Oo, =———- 0 
2.06-10° 

where: 

Ois : Normal stress, in N/mm’, in the member under consideration, calculated according to [2.1.2] and 


[2.1.3] considering this member as having the steel equivalent sectional area Asg defined in [1.2.6]. 


2.1.2 Normal stresses induced by vertical bending moments 
The normal stresses induced by vertical bending moments are obtained, in N/mm”, from the following formulae: 


e at any point of the hull transverse section, located below zyp , where zyp = Vp + N: 
M yy +M 
c= SW WV 103 
A 
e at bottom: 
M sy +M 
o= SW WV 193 
Z 4B 
eat deck: 
M sy +M _ 
o= SW WV 1053 


Zap 


2.1.3 Normal stresses in flooded conditions of BC-A or BC-B ships 
This requirement applies to BC-A or BC-B ships, in addition to [2.1.2]. 
The normal stresses, in the flooded conditions specified in Ch 4, Sec 3, are to be obtained at any point, in 
N/mm’, from the following formula: 
_Mswr t+ Mwy 


on 107 
A 


2.2 Shear stresses 


2.2.1 General 
The shear stresses induced by vertical shear forces Qsw and Oywy in intact condition and, for BC-A and BC-B 


ships by vertical shear forces Qsw r and Qyy.r in flooded condition are normally to be obtained through direct 
analyses. 

When they are combined, vertical shear forces Osw and Qwy in intact condition are to be taken with the same 
sign. The same is to be applied also for combination of vertical shear forces Osy and Qyy, in flooded 


condition. 
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The shear force correction AQ¢ is to be taken into account, in accordance with [2.2.2]. The shear force correction 
need not to be considered at the fore end of foremost hold and aft end of aftermost hold. 

As an alternative to this procedure, the shear stresses induced by the vertical shear forces Qsw and Oy in intact 
condition and, for BC-A and BC-B ships by the vertical shear forces Qsw,r and Oywy.r in flooded condition may 
be obtained through the simplified procedure in [2.2.2] and [2.2.3] respectively. 


2.2.2 Simplified calculation of shear stresses induced by vertical shear forces 
The shear stresses induced by the vertical shear forces in the calculation point are obtained, in N/mm”, from the 


following formula: 


S 
T= (Osw + Opy - ehQc)—— 5 
Y 


where: 
t : Minimum net thickness, in mm, of side and inner side plating, as applicable according to Tab 1 
ô : Shear distribution coefficient defined in Tab 1 


€=sgn(Qsy ) 

AQc : Shear force correction (see Fig 2) at the section considered. The shear force correction is to be 
considered independently forward and aft of the transverse bulkhead for the hold considered. The 
shear force correction takes into account, when applicable, the portion of loads transmitted by the 
double bottom girders to the transverse bulkheads: 

RCN 1 to July 2008 version (effective from I July 2009) 

e for ships with any non-homogeneous loading conditions, such as alternate hold loading 


conditions and heavy ballast conditions carrying ballast in hold(s): 


AQ. = a 


for each non-homogenous loading condition 


P Tic „mh 


Baka 
RCN 1 to July 2008 version (effective from 1July 2009) 


e for other ships and homogenous loading conditions: RCN 1 to July 2008 version (effective from 1 
July 2009) 


AQc=0 


pg =1.38+ 1552 , to be taken not greater than 3.7 
0 


lobo 


4 
2+0 
bo 


lo, bo : Length and breadth, respectively, in m, of the flat portion of the double bottom in way of the hold 


considered; by is to be measured on the hull transverse section at the middle of the hold 


ly : Length, in m, of the hold considered, measured between the middle of the transverse corrugated 
bulkheads depth 

By : Ship’s breadth, in m, measured at the level of inner bottom on the hull transverse section at the middle 
of the hold considered 
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M : Mass, in t, in the considered section. 
e Adjacent cargo hold is loaded in a non homogenous loading condition for the condition under 
consideration 
M is to include the total mass in the hold and the mass of water ballast in double bottom tank, 
bounded by side girders in way of hopper tank plating or longitudinal bulkhead. 
e Other cases 
M is the total mass in the hold. 
RCN 1 to July 2008 version (effective from 1July 2009) 
Trcmn : Draught, in m, measured vertically on the hull transverse section at the middle of the hold considered, 


from the moulded baseline to the waterline in the loading condition considered. 


Bulkhead 


Bulkhead 
AQc_F 
Full hold Empty hold 


AQc r 


Corrected 
shear force 


Bulkhead 
Shear force obtained as 


specified in Ch 4, Sec 3 


AQc. : shear force correction for the hull load 
AQ. : Shear force correction for the empty hold 


RCN 1 to July 2008 version (effective from 1 July 2009) 


Figure 2: Shear force correction AQc 


Table 1: Shear stresses induced by vertical shear forces 


Single side skin construction 


: Minimum net thicknesses, in mm, of side and inner side, respectively 
fsm tm: Mean net thicknesses, in mm, over all the strakes of side and inner side , respectively. They are calculated 
as X(¢; ti) / X£;, where 4; and t; are the length, in m, and the net thickness, in mm, of the i" strake of side 


and inner side. 


t 
: Coefficient taken equal to: ø = 0.275 + 0.25 5 
tsm 


RCN 1 to July 2010 version (effective from 1July 2012) 
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2.2.3 Shear stresses in flooded conditions of BC-A or BC-B ships 
This requirement applies to BC-A or BC-B ships, in addition to [2.2.1] and [2.2.2]. 


The shear stresses, in the flooded conditions specified in Ch 4, Sec 3, are to be obtained at the calculation point, 


in N/mm’, from the following formula: 
S 

T= a + Owy p — EAQc J 
Y 


E€ = Sgn (Qsw.r) 


AQc : Shear force correction, to be calculated according to [2.2.2], where the mass of the ingressed water is 
to be added to M, and where the draught Tzcmn is to be measured up to the equilibrium waterline. 
RCN 1 to July 2008 version (effective from I July 2009) 


t : Net thickness, in mm, of the side plating. 


3. Checking criteria 


3.1 Normal stresses 


3.1.1 
It is to be checked that the normal stresses o calculated according to [2.1.2] and, when applicable, [2.1.3] are in 


compliance with the following formula: 


Oi S O1 ALL 
where: 
Oar : Allowable normal stress, in N/mm?, obtained from the following formulae: 
130 x 
o =— for —<01 
1,ALL k ; T 
190 1500/x x 
= — —-——]} —- 0.3 for 0.1<—<0.3 
01, ALL k 7 ( L L 
190 x 
o =— for 0.3<—<0.7 
TALL k : L 
190 1500/( x x 
o = 0.7 for 0.7<—<0.9 
MAL E ik f ) L 
130 x 
o =— for —>0.9 
1,ALL k L 


3.2 Shear stresses 


3.2.1 
It is to be checked that the shear stresses 7, calculated according to [2.2.1] or [2.2.2] and, when applicable, 


[2.2.3] are in compliance with the following formula: 


Ti S TAL 

where: 

Tiar : Allowable shear stress, in N/mm’: 
Tait = 120/k 
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4. Section modulus and moment of inertia 


4.1 General 


4.1.1 
The requirements in [4.2] to [4.5] provide the minimum hull net girder section modulus, complying with the 


checking criteria indicated in [3], and the midship net section moment of inertia required to ensure sufficient hull 


girder rigidity. 


4.1.2 
The k material factors are to be defined with respect to the materials used for the bottom and deck members 


contributing to the longitudinal strength according to [1]. When material factors for higher strength steels are 
used, the requirements in [4.5] apply. 


4.2 Section modulus within 0.4L amidships 


4.2.1 
The net section moduli Z4z and Z4p at the midship section are to be not less than the value obtained, in m, from 


the following formula: 


e Zp =9.9CL’ B(C, +0.7)k10° 


4.2.2 
In addition, the net section moduli Z4g and Z4p within 0.4L amidships are to be not less than the value obtained, 
in m’, from the following formula: 
e Z= M swtM wy 1023 
O1 ALL 
e = in addition, for BC-A and BC-B ships: 


M +M 
-L WEI WE 493 


ZR 
O1 ALL 


4.2.3 
Where the total breadth 2b; of small openings, as defined in [1.2.8], is deducted from the sectional areas 


included in the hull girder transverse sections, the values Zp mm and Zp defined in [4.2.1] or [4.2.2] may be 


reduced by 3%. 


4.2.4 
Scantlings of members contributing to the longitudinal strength (see [1]), based on the section modulus 


requirement in [4.2.1], are to be maintained within 0.4L amidships. 


4.3 Section modulus outside 0.4L amidships 


4.3.1 
The net section moduli Z4, and Z4p outside 0.4L amidships are to be not less than the value obtained, in m’, from 


the following formula: 
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© Z= M swtMyyy 59-3 
O1 ALL 
e in addition, for BC-A and BC-B ships: 


B M sw r+M wy F 


Zr 10° 


O1 ALL 


4.3.2 
Scantlings of members contributing to the hull girder longitudinal strength (see [1]) may be gradually reduced, 


outside 0.4L amidships, to the minimum required for local strength purposes at fore and aft parts, as specified in 


Ch 9, Sec 1 or Ch 9, Sec 2, respectively. 


4.4 Midship section moment of inertia 


4.4.1 
The net midship section moment of inertia about its horizontal neutral axis is to be not less than the value 


obtained, in mí, from the following formula: 
fey eave ea hte 


where Z’p mın is the required net midship section modulus Zp mm, in m°, calculated as specified in [4.2.1] but 


assuming k= 1. 


4.5 Extent of higher strength steel 


4.5.1 
When a material factor for higher strength steel is used in calculating the required section modulus at bottom or 


deck according to [4.2] or [4.3], the relevant higher strength steel is to be adopted for all members contributing to 
the longitudinal strength (see [1]), at least up to a vertical distance, in m, obtained from the following formulae: 


e above the baseline (for section modulus at bottom): 


V. = Oig -kO ary 
HB5 Z 
Oig +Oip 


e below a horizontal line located at a distance Vp (see [1.4.2]) above the neutral axis of the hull transverse 


section (for section modulus at deck): 


Vyp -Zo Roa (N 4y) 


Oig +O1p 
where: 
Giz, Oip: Normal stresses, in N/mm’, at bottom and deck, respectively, calculated according to [2.1] 


Zp : Z co-ordinate, in m, of the strength deck defined in [1.3], with respect to the reference co-ordinate 


system defined in Ch 1, Sec 4, [4] 


4.5.2 
The higher strength steel is to extend in length at least throughout 0.4L amidships where it is required for 


strength purposes according to the provision of the present Rules. 
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5. Permissible still water bending moment and shear force 


5.1 Permissible still water bending moment and shear force in intact condition 


5.1.1 Permissible still water bending moment 
The permissible still water bending moment at any hull transverse section in intact condition, in hogging or sagging 


conditions, is the value Msy considered in the hull girder section modulus calculation according to [4.2] and [4.3]. 
In the case of structural discontinuities in the hull transverse sections, the distribution of permissible still water 


bending moments is considered on a case by case basis. 


5.1.2 Permissible still water shear force - Direct calculation 
Where the shear stresses are obtained through calculation analyses according to [2.2.1], the permissible positive 


or negative still water shear force in intact condition at any hull transverse section is obtained, in kN, from the 


following formula: 

Qp = é|O,| — Oy 

where: 

e=sgn(Qsy) 

Or : Shear force, in kN, which produces a shear stress t= 120/k N/mm? in the most stressed point of the 
hull net transverse section, taking into account the shear force correction AQ¢ in accordance with 


[2.2.2]. 


A lower value of the permissible still water shear force may be considered, if requested by the Shipbuilder. 


5.1.3 Permissible still water shear force - Simplified calculation 
Where the shear stresses are obtained through the simplified procedure in [2.2.2], the permissible positive or 
negative still water shear force in intact condition at any hull transverse section is obtained, in KN, from the 
following formula: 

120 Iyt 


Qp = {Feat + ao.)-0n 


where: 


E= sgn( sw) 


ô : Shear distribution coefficient defined in Tab 1 
t : Minimum net thickness, in mm, of side and inner side plating, as applicable according to Tab 1 
AQc : Shear force corrections defined in [2.2.2], to be considered independently forward and aft of the 


transverse bulkhead. 
RCN Ito July 2008 version (effective from 1 July 2009) 


A lower value of the permissible still water shear force may be considered, if requested by the Shipbuilder. 
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5.2 Permissible still water bending moment and shear force in harbour 
conditions 


5.2.1 Permissible still water bending moment 
The permissible still water bending moment at any hull transverse section in harbour conditions, in hogging or 


sagging conditions, is obtained, in kN.m, from the following formula: 
Mpp=Msy +Myy -Mwy p 
A lower value of the permissible still water bending moment in harbour conditions may be considered, if 


requested by the Shipbuilder. 


5.2.2 Permissible still water shear force 
The permissible positive or negative still water shear force at any hull transverse section, in harbour conditions, 


is obtained, in kN, from the following formula: 

Op p = Op + Owy — Qwr,p 

where: 

e=sgn(Qsy) 

Op : Permissible still water shear force during navigation, in kN, to be calculated according to [5.1.3]. 


A lower value of the permissible still water shear force in harbour conditions may be considered, if requested by 


the Shipbuilder. 


5.3 Permissible still water bending moment and shear force in flooded 
condition 


5.3.1 Permissible still water bending moment 
The permissible still water bending moment at any hull transverse section in flooded condition, in hogging or 


sagging conditions, is the value Msw p considered in the hull girder section modulus calculation according to [4.2] 
and [4.3]. 
In the case of structural discontinuities in the hull transverse sections, the distribution of permissible still water 


bending moments is considered on a case by case basis. 


5.3.2 Permissible still water shear force - Direct calculation 
Where the shear stresses are obtained through calculation analyses according to [2.2.1], the permissible positive 


or negative still water shear force in flooded condition at any hull transverse section is obtained, in kN, from the 


following formula: 

Qpr = elr] — Ow F 

where: 

E= sgn(Qsy r) 

Or : Shear force, in kN, which produces a shear stress r= 120/k N/mm?’ in the most stressed point of the 


hull net transverse section, taking into account the shear force correction AQ¢ in accordance with 


[2.2.2]. 
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5.3.3 Permissible still water shear force - Simplified calculation 
Where the shear stresses are obtained through the simplified procedure in [2.2.2], the permissible positive or 


negative still water shear force in flooded condition at any hull transverse section is obtained, in kN, from the 
following formula: 
120 It 


kS S +40 -Ows 


Qpr = { 


where: 


e=sgn(Qsy) 


ô : Shear distribution coefficient defined in Tab 1 
t : Minimum net thickness, in mm, of side and inner side plating, as applicable according to Tab 1 
AQc : Shear force correction, to be calculated according to [2.2.2], where the mass M is to include the mass 


of the ingressed water in the hold considered and the draught 7; is to be measured up to the 


equilibrium waterline. 
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Section 2 - ULTIMATE STRENGTH CHECK 


1. Application 


1.1 General 


1.1.1 
The requirements of this Section apply to ships equal to or greater than 150 m in length L. 


2. Hull girder ultimate strength check 


2.1 Hull girder loads 


2.1.1 Bending moment 
The bending moment M in sagging and hogging conditions, to be considered in the ultimate strength check of 


the hull girder, is to be obtained, in kN.m, in intact, flooded and harbour conditions, from the following formula: 


M = Msw + yw Mwy 


where: 

Msw, Msw F, Mswp : Design still water bending moment, in kN.m, in sagging and hogging conditions at 
the hull transverse section considered, to be calculated respectively in intact (Msw), flooded (Msy.r) 
and harbour (Msw p) conditions 

Mwy, Mwyr, Mwyp : Vertical wave bending moment, in kN.m, in sagging and hogging conditions at the 
hull transverse section considered, defined in Ch 4, Sec 3, respectively in intact (Mwy), flooded 
(Myr) and harbour (Mwy p) conditions 

Yw : Safety factor on wave hull girder bending moments, taken equal to: 


Yw = 1.20 


2.2 Hull girder bending moment 


2.2.1 Curve M- x 
The ultimate bending moment capacities of a hull girder transverse section, in hogging and sagging conditions, 


are defined as the maximum values of the curve of bending moment capacity M versus the curvature y of the 
transverse section considered (see Fig 1). 

The curvature y is positive for hogging condition and negative for sagging condition. 

The curve M-y is to be obtained through an incremental-iterative procedure, according to the criteria specified in 


App 1. 
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M Hogging condition 


US 


Sagging condition 


Figure 1: | Curve bending moment capacity M versus curvature x 


2.2.2 Hull girder transverse sections 
The hull girder transverse sections are constituted by the elements contributing to the hull girder longitudinal 


strength, considered with their net offered scantlings according to Ch 3, Sec 2, [3.2.4]. 


2.3 Checking criteria 


2.3.1 


It is to be checked that the hull girder ultimate bending capacity at any hull transverse section is in compliance 


with the following formula: 


me 


YR 


where: 


Mu 


: Ultimate bending moment capacity of the hull transverse section considered, calculated with net 


offered scantlings based on gross offered thickness reduced by 0.5 tc, in KN.m: 
My = Mun in hogging conditions 


My = Mus in sagging conditions 


: Ultimate bending moment capacity in hogging conditions, in kN.m, defined in [2.2.1] 
: Ultimate bending moment capacity in sagging conditions, in kN.m, defined in [2.2.1] 
: Bending moment, in kN.m, defined in [2.1.1] for the ship in intact, flooded and harbour conditions 


: Safety factor taken equal to 1.10 
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Appendix 1 - HULL GIRDER ULTIMATE STRENGTH 


Symbols 

For symbols not defined in this Appendix, refer to Ch 1, Sec 4. 

Ty : Moment of inertia, in mî, of the hull transverse section around its horizontal neutral axis, to be 
calculated according to Ch 5, Sec 1, [1.5.1] 

Zap, Zap : Section moduli, in m°, at bottom and deck, respectively, defined in Ch 5, Sec 1, [1.4.2]. 


Rens : Minimum yield stress, in N/mm/, of the material of the considered stiffener. 
Rexp : Minimum yield stress, in N/mm?, of the material of the considered plate. 

A, : Net sectional area, in cm’, of stiffener, without attached plating 

A, : Net sectional area, in cm’, of attached plating 


1. Hull girder ultimate strength check 


1.1 Introduction 


1.1.1 
This Appendix provides the criteria for obtaining the curve M-y and the ultimate longitudinal bending moment 


capacity My that are to be calculated according to the simplified incremental-iterative approach, as specified in 


[2.1]. 


2. Criteria for the calculation of the curve M-y 


2.1 Simplified method based on a incremental-iterative approach 


2.1.1 Procedure 
The curve M-y is to be obtained by means of an incremental-iterative approach, summarised in the flow chart in 


Fig 1. 

In this approach, the ultimate hull girder bending moment capacity My is defined as the peak value of the curve 
with vertical bending moment M versus the curvature y of the ship cross section as shown in Fig 1. The curve is 
to be obtained through an incremental-iterative approach. 

Each step of the incremental procedure is represented by the calculation of the bending moment M; which acts 
on the hull transverse section as the effect of an imposed curvature  ;. 

For each step, the value y; is to be obtained by summing an increment of curvature Ay to the value relevant to the 
previous step %;-ı. This increment of curvature corresponds to an increment of the rotation angle of the hull girder 
transverse section around its horizontal neutral axis. 

This rotation increment induces axial strains € in each hull structural element, whose value depends on the 
position of the element. In hogging condition, the structural elements above the neutral axis are lengthened, 


while the elements below the neutral axis are shortened. Vice-versa in sagging condition. 
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The stress o induced in each structural element by the strain ¢ is to be obtained from the load-end shortening 
curve o-¢ of the element, which takes into account the behaviour of the element in the non-linear elasto-plastic 
domain. 

The distribution of the stresses induced in all the elements composing the hull transverse section determines, for 
each step, a variation of the neutral axis position, since the relationship o-¢ is non-linear. The new position of the 
neutral axis relevant to the step considered is to be obtained by means of an iterative process, imposing the 
equilibrium among the stresses acting in all the hull elements. 

Once the position of the neutral axis is known and the relevant stress distribution in the section structural 
elements is obtained, the bending moment of the section M; around the new position of the neutral axis, which 
corresponds to the curvature y; imposed in the step considered, is to be obtained by summing the contribution 
given by each element stress. 

The main steps of the incremental-iterative approach described above are summarised as follows (see also Fig 
1): 

Step 1 Divide the transverse section of hull into stiffened plate elements. 

Step 2 Define stress-strain relationships for all elements as shown in Tab 1 

Step 3 Initialize curvature yı and neutral axis for the first incremental step with the value of incremental 


curvature (curvature that induces a stress equal to 1% of yield strength in strength deck) as: 


0.012 

= Ay =—_£_ 

Xi X Zp—N 
where: 


Zp: Z co-ordinate, in m, of strength deck at side, with respect to reference co-ordinate defined in Ch 
1, Sec 4, [4] 
Step 4 Calculate for each element the corresponding strain ¢ = y (z;.Zy4) and the corresponding stress o; 
RCN 1 to July 2008 version (effective from 1 July 2009) 
Step5 Determine the neutral axis Zy4 cur at each incremental step by establishing force equilibrium over the 
whole transverse section as: 
ŁA; 0; = XA; g (i-th element is under compression, j-th element under tension) 


Step 6 Calculate the corresponding moment by summing the contributions of all elements as: 
My = Youd; lc, E TEN 


Step7 Compare the moment in the current incremental step with the moment in the previous incremental 
step. If the slope in M-y relationship is less than a negative fixed value, terminate the process and 


define the peak value of My. Otherwise, increase the curvature by the amount of Ay and go to Step 4. 
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First step 
X150 


Calculation of the position of the neutral axis N, ,=0 


Increment of the curvature 
XiT Xia TAX 


Calculation of the strain induced on 


each structural element by the curvature y, 
for the neutral axis position N, , 


For each structural element; calculation of 
the stress o relevant to the strain € 


Calculation of the new position of the neutral 
axis N, imposing the equilibrium 
on the stress resultant F 


ô, ô = specified tolerance on zero value 


Check on the position 
of the neutral axis 


|N; -Nl < oy 


No 


Calculation of the bending moment 
M, relevant to the curvature y; summing the 


contribution of each structural element stress 


Figure 1: | Flow chart of the procedure for the evaluation of the curve M-7 


2.1.2 Assumption 


In applying the procedure described in [2.1.1], the following assumptions are generally to be made: 


e the ultimate strength is calculated at hull transverse sections between two adjacent transverse webs. 
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e the hull girder transverse section remains plane during each curvature increment. 

e the hull material has an elasto-plastic behaviour. 

e the hull girder transverse section is divided into a set of elements, which are considered to act 
independently. 


These elements are: 
— transversely framed plating panels and/or ordinary stiffeners with attached plating, whose structural 


behaviour is described in [2.2.1] 

— hard corners, constituted by plating crossing, whose structural behaviour is described in [2.2.2]. 

e according to the iterative procedure, the bending moment M; acting on the transverse section at each 
curvature value y; is obtained by summing the contribution given by the stress ø acting on each element. The 
stress g, corresponding to the element strain e, is to be obtained for each curvature increment from the non- 
linear load-end shortening curves ø- e - of the element. 

These curves are to be calculated, for the failure mechanisms of the element, from the formulae specified in 
[2.2]. The stress ø is selected as the lowest among the values obtained from each of the considered load-end 
shortening curves o- €. 

e The procedure is to be repeated until the value of the imposed curvature reaches the value yr, in m’, in 
hogging and sagging condition, obtained from the following formula: 

Xr = +0.003 a 
where: 
My : the lesser of the values My, and My), in kN.m: 
My = 10° Ren Zap 
Mn =10° Rew Zap 
If the value yp is not sufficient to evaluate the peaks of the curve M-y, the procedure is to be repeated until the 


value of the imposed curvature permits the calculation of the maximum bending moments of the curve. 


2.1.3 Modeling of the hull girder cross section 
Hull girder transverse sections are to be considered as being constituted by the members contributing to the hull 


girder ultimate strength. 

Sniped stiffeners are also to be modeled imaginarily, taking account that they doesn’t contribute to the hull 
girder strength. 

The structural members are categorized into an ordinary stiffener element, a stiffened plate element or a hard 
corner element. 

The plate panel including web plate of girder or side stringer is idealized into either a stiffened plate element, an 
attached plate of an ordinary stiffener element or a hard corner element. 

The plate panel is categorized into the following two kinds: 

- longitudinally stiffened panel of which the longer side is in the longitudinal direction, and 

- transversely stiffened panel of which the longer side is in the perpendicular direction to the longitudinal 


direction. 
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Hard corner element 

Hard corner elements are sturdier elements composing the hull girder transverse section, which collapse 
mainly according to an elasto-plastic mode of failure (material yielding); they are generally constituted by 
two plates not lying in the same plane. 

The extent of a hard corner element from the point of intersection of the plates is taken equal to 20¢, on 
transversely stiffened panel and to 0.5s on a longitudinally stiffened panel. (see Fig 6) 

where: 


t 


p: Gross offered thickness of the plate, in mm 


s  : Spacing of the adjacent longitudinal stiffener, in m 

Bilge, sheer strake-deck stringer elements, girder-deck connections and face plate-web connections on large 
girders are typical hard corners. 

Ordinary stiffener element 

The ordinary stiffener constitutes an ordinary stiffener element together with the attached plate. 

The attached plate width is in principle: 

- equal to the mean spacing of the ordinary stiffener when the panels on both sides of the stiffener are 
longitudinally stiffened, or 

- equal to the width of the longitudinally stiffened panel when the panel on one side of the stiffener is 
longitudinally stiffened and the other panel is of the transversely stiffened. (See Fig.6) 

Stiffened plate element 

The plate between ordinary stiffener elements, between an ordinary stiffener element and a hard corner 


element or between hard corner elements is to be treated as a stiffened plate element. (See Fig. 6) 


s,=Min(20tp,s ,/2) 


S,-(S,+83)/2 


S S2 sS 


E ae Transversel (Longitudinally 
(Longitudinally (Transversely (Longitudinally Vona a stiffened panel) 
stiffened panel) stiffened panel) stiffened panel) 

<II Ordinary stiffener element 


EE Stiffened plate element 


© Hard corner element 


Figure 6: Extension of the breadth of the attached plating and hard corner element 


The typical examples of modeling of hull girder section are illustrated in Figs 7 and 8. 


Notwithstanding the foregoing principle these figures are to be applied to the modeling in the vicinity of upper 


deck, sheer strake and hatch side girder. 
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H : Hard cornerelement s” 
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Hard corner element 


Figure 8: Examples of the configuration of stiffened plate elements, ordinary stiffener elements 
and hard corner elements on a hull section 
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(Note) 
(1) In case of the knuckle point as shown in Fig 9, the plating area adjacent to knuckles in the plating with an 
angle greater than 30 degrees is defined as a hard corner. The extent of one side of the corner is taken equal 


to 20t, on transversely framed panels and to 0.5s on longitudinally framed panels from the knuckle point. 


nee 


Knuckle point 


Figure 9: The case of plating with knuckle point 


(2) Where the plate members are stiffened by non-continuous longitudinal stiffeners, the non-continuous 
stiffeners are considered only as dividing a plate into various elementary plate panels. 

(3) Where the opening is provided in the stiffened plate element, the openings are to be considered in 
accordance with Ch 5, Sec 1, [1.2.7], [1.2.8] and [1.2.9]. 

(4) Where attached plating is made of steels having different thicknesses and/or yield stresses, an average 
thickness and/or average yield stress obtained from the following formula are to be used for the calculation. 


_ £5, +h5, , R = Rerpiti81 + RenprtrS2 
t= eHp ~ 
S ts 


Where, 


Rerpi, Renp2, tı, t2, S1, S2and s are shown in Fig 10. 


Figure 10: Element with different thickness and yield strength 


RCN 1 to July 2008 version (effective from 1 July 2009) 


2.2 Load-end shortening curves o-€ 


2.2.1 Stiffened plate element and ordinary stiffener element 


Stiffened plate element and ordinary stiffener element composing the hull girder transverse sections may 


collapse following one of the modes of failure specified in Tab 1. 
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e Where the plate members are stiffened by non-continuous longitudinal stiffeners, the stress of the element is 
to be obtained in accordance with [2.2.3] to [2.2.7], taking into account the non-continuous longitudinal 
stiffener. 

In calculating the total forces for checking the hull girder ultimate strength, the area of non-continuous 
longitudinal stiffener is to be assumed as zero. 

e Where the opening is provided in the stiffened plate element, the considered area of the stiffened plate 
element is to be obtained by deducting the opening area from the plating in calculating the total forces for 
checking the hull girder ultimate strength. The consideration of the opening is in accordance with the 
requirement in Ch 5, Sec 1, [1.2.7] to [1.2.9]. 

e For stiffened plate element, the effective breadth of plate for the load shortening portion of the stress-strain 
curve is to be taken as full plate breadth, i.e. to the intersection of other plate or longitudinal stiffener — not 
from the end of the hard corner element nor from the attached plating of ordinary stiffener element, if any. 
In calculating the total forces for checking the hull girder ultimate strength, the area of the stiffened plate 
element is to be taken between the hard corner element and the ordinary stiffener element or between the 
hard corner elements, as applicable. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


Table 1: Modes of failure of stiffened plate element and ordinary stiffener element 


Mode of failure Curve oe defined in 


Lengthened stiffened plate element or Elasto-plastic collapse [2.2.3] 
ordinary stiffener element 


Shortened ordinary stiffener element Beam column buckling 


Torsional buckling 
Web local buckling of flanged profiles 
Web local buckling of flat bars 


Shortened stiffened plate element Plate buckling [2.2.8] 


RCN 1 to July 2008 version (effective from 1 July 2009) 


2.2.2 Hard corner element 


The relevant load-end shortening curve o-e is to be obtained for lengthened and shortened hard corners 
according to [2.2.3]. 
RCN 1 to July 2008 version (effective from 1 July 2009) 


2.2.3 Elasto-plastic collapse of structural elements 


The equation describing the load-end shortening curve o-¢ for the elasto-plastic collapse of structural elements 
composing the hull girder transverse section is to be obtained from the following formula, valid for both positive 
(shortening) and negative (lengthening) strains (see Fig 2): 

o= OR 

RCN 1 to July 2008 version (effective from 1 July 2009) 

where: 

Rena : Equivalent minimum yield stress, in N/mm”, of the considered element, obtained by the following 


formula 
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_ RerpAp + Rens As 
A poe A, 
RCN 1 to July 2008 version (effective from 1 July 2009) 


Rena 


D : Edge function, equal to: 
@=-1 for ée<-l 
=e for -l<e<l 
@=1 for >l 
E : Relative strain, equal to: 
EE 
= 
EE : Element strain 
Ey : Strain at yield stress in the element, equal to: 
R 
ey = “ell 


RCN 1 to July 2008 version (effective from 1 July 2009) 


O 
A 


Rena 


-Rena 


v 


Figure 2: Load-end curve o-< for elasto plastic collapse 


RCN 1 to July 2008 version (effective from 1 July 2009) 


2.2.4 Beam column buckling 


The equation describing the load-end shortening curve ocrı-€ for the beam column buckling of ordinary 


stiffeners composing the hull girder transverse section is to be obtained from the following formula (see Fig 3): 


A, + Ápr 
Scr = PO 
A+A 
s P 
RCN 1 to July 2008 version (effective from 1July 2009) 
where: 


D : Edge function defined in [2.2.3] 
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R eHB 


AÁpEI 


: Critical stress, in N/mm’, equal to: 


o R 
oco = for op, < =E e 
E 
ReHB € R 
oc = Ra = ce for of > a E 
El 


: Equivalent minimum yield stress, in N/mm’, of the considered element, obtained by the following 


formula 


RettpA pel! pE + Rens Ag! sé 
ApEIlpE + AslsE 


Reng = 


: Effective area, in cm?, equal to 
Apr = 10g ty 

: Distance, in mm, measured from the neutral axis of the stiffener with attached plate of width ba to the 
bottom of the attached plate 

: Distance, in mm, measured from the neutral axis of the stiffener with attached plating of width bz; to 


the top of the stiffener 


RCN 1 to July 2008 version (effective from 1 July 2009) 


E : Relative strain defined in [2.2.3] 
OF : Euler column buckling stress, in N/mm’, equal to: 
I 
Or = mE E 107 
gl 
Tr : Net moment of inertia of ordinary stiffeners, in cm‘, with attached shell plating of width bz; 
bri : Effective width, in m, of the attached shell plating, equal to: 
s 
bg = for Pg >1.0 
Pe 
bg =s for g <1.0 
3 8 EReHp y r 
g =10 I 3 RCN 1 to July 2008 version (effective from 1 July 2009) 
p 
Ape : Net sectional area, in cm’, of attached shell plating of width bz, equal to: 
Apg=1Obzt, 
bg : Effective width, in m, of the attached shell plating, equal to: 


_| 225 125 
“| Be BE 
bg =s for Pg <1.25 


} for Bz > 1.25 


(RCN 1, effective from 1 April 2008) 
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Figure 3: | Load-end shortening curve O¢ri-e for beam column buckling 


2.2.5 Torsional buckling 
The equation describing the load-end shortening curve ocg2-e for the flexural-torsional buckling of ordinary 


stiffeners composing the hull girder transverse section is to be obtained according to the following formula (see 
Fig 4). 


Asc, + A,Ocp 


Ocpr =P 
A, +A, 
RCN 1 to July 2008 version (effective from 1 July 2009) 
where: 
Ø : Edge function defined in [2.2.3] 
Oc : Critical stress, in N/mm’, equal to: 
Oc = OED for Orn? < Rens é 
E 2 
Rens € R 
oc = Ban ies for Or? > els g 


RCN 1 to July 2008 version (effective from 1 July 2009) 


On : Euler torsional buckling stress, in N/mm”, defined in Ch 6, Sec 3, [4.3] 
E : Relative strain defined in [2.2.3] 
Ocp : Buckling stress of the attached plating, in N/mm’, equal to: 
2.25 1.25 
Ocp =| = -== |R; for g > 1.25 
'P l B: p | Hp E 
Ocp = Rexp for Br < 1.25 


RCN 1 to July 2008 version (effective from 1 July 2009) 


Br : Coefficient defined in [2.2.4] 
(RCN 1, effective from 1 April 2008) 
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of 


Figure 4: Load-end shortening curve O¢,p2-« for flexural-torsional buckling 


2.2.6 Web local buckling of ordinary stiffeners made of flanged profiles 


The equation describing the load-end shortening curve ocr3-€ for the web local buckling of flanged ordinary 


stiffeners composing the hull girder transverse section is to be obtained from the following formula: 
3 
10° brt Rep + Anety + Opt, )R 


3 
10 st, +h t +b, 


ww 


eHs 


Ocr3 = 


RCN 1 to July 2008 version (effective from 1 July 2009) 


where 
Ø : Edge function defined in [2.2.3] 
bg : Effective width, in m, of the attached shell plating, defined in [2.2.4] 
Awe : Effective height, in mm, of the web, equal to: 
hye = [228 7 hh, for P, >1.25 
By By 
Nye = hy for P, <1.25 


B= fy ee Rens 
w t, E 


RCN 1 to July 2008 version (effective from 1 July 2009) 


E : Relative strain defined in [2.2.3] 


2.2.7 Web local buckling of ordinary stiffeners made of flat bars 
The equation describing the load-end shortening curve ocp4-€ for the web local buckling of flat bar ordinary 
stiffeners composing the hull girder transverse section is to be obtained from the following formula (see Fig 5): 


Apocp + A,soc4 


cra =P 
A, P A, 


RCN 1 to July 2008 version (effective from 1 July 2009) 


where: 
D : Edge function defined in [2.2.3] 
Ocp : Buckling stress of the attached plating, in N/mm”, defined in [2.2.5] 


Page 30 July 2012 


Common Structural Rules for Bulk Carriers Chapter 5, Appendix 1 


Oc4 : Critical stress, in N/mm’, equal to: 
OE4 eHs 
Oc, =— for Op, <—““é 
c4 $ E4 2 
RE R 
Oc, Rall ae for Op, >—“eé 
AOng 2 
RCN 1 to July 2008 version (effective from 1 July 2009) 
Ors : Local Euler buckling stress, in N/mm”, equal to: 
i 2 
Ora= 004 2 
h, 
E : Relative strain defined in [2.2.3]. 


(RCN 1, effective from 1 April 2008) 


Figure 5: | Load-end shortening curve Ocr,-e for web local buckling 


2.2.8 Plate buckling 


The equation describing the load-end shortening curve ocrs-¢ for the buckling of transversely stiffened panels 
composing the hull girder transverse section is to be obtained from the following formula: 


Rettp © 


; 2 
Ocrs = min 2.25 12 
= O + of) oo 
f\ Be E £ PE 


RCN 1 to July 2008 version (effective from 1 July 2009) 


where: 

Ø : Edge function defined in [2.2.3]. 
S ER, 

poe E 


p 
RCN 1 to July 2008 version (effective from 1 July 2009) 
s : plate breadth, in m, taken as the spacing between the ordinary stiffeners. 


£ : longer side of the plate, in m. 


(RCN 1, effective from 1 April 2008) 
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Section 1 - PLATING 


Symbols 


For symbols not defined in this Section, refer to Ch 1, Sec 4. 


Ty : Net moment of inertia, in mf, of the hull transverse section about its horizontal neutral axis, to be 
calculated according to Ch 5, Sec 1, [1.5], on gross offered thickness reduced by 0.5¢¢ for all structural 
members 

Iz : Net moment of inertia, in mí, of the hull transverse section about its vertical neutral axis, to be 
calculated according to Ch 5, Sec 1, [1.5], on gross offered thickness reduced by 0.5¢c¢ for all structural 
members 

N : Z co-ordinate with respect to the reference co-ordinate system defined in Ch 1, Sec 4, [4], in m, of the 
centre of gravity of the hull net transverse section, defined in Ch 5, Sec 1, [1.2], considering gross 
offered thickness reduced by 0.5¢¢ for all structural members 

t : Net thickness, in mm, of a plate panel. 

Ps, pw : Still water and wave pressure, in kN/m”, in intact conditions, defined in [3.1.2] 

Dr : Pressure, in kN/m’, in flooded conditions, defined in [3.1.3] 

Pr : Pressure, in kN/m’, in testing conditions, defined in [3.1.4] 

Ox : Normal stress, in N/mm”, defined in [3.1.5] 

£ : Length, in m, of the longer side of the elementary plate panel, measured along the chord 

s : Length, in m, of the shorter side of the elementary plate panel, measured along the chord at mid-span 
of / 

Ca : Coefficient of aspect ratio of the plate panel, equal to: 

2 
Ca =1.2L)}1+ 03] = 0.697 , to be taken not greater than 1.0 
Cy : Coefficient of curvature of the panel, equal to: 
c, =1- 0.5— , to be taken not less than 0.4 
r : Radius of curvature, in m. 
1. General 


1.1 Application 


1.1.1 


The requirements of this Section apply for the strength check of plating subjected to lateral pressure and, for 


plating contributing to the longitudinal strength, to in-plane hull girder normal stress. 


In addition, the buckling check of platings and stiffened panels is to be carried out according to Ch 6, Sec 3. 
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1.2 Net thicknesses 


1.2.1 
As specified in Ch 3, Sec 2, all thicknesses referred to in this Section are net, i.e. they do not include any 


corrosion addition. 


The gross thicknesses are obtained as specified in Ch 3, Sec 2, [3]. 


1.2.2 
The net thickness, in mm, of each plating is given by the greatest of the net thicknesses calculated for each load 


calculation point, as defined in [1.5.1], representative of the considered plating (see Tab 1). The geometry to be 


considered is that of the elementary plate panel related to the load calculation point. 


1.3 Pressure combination 


1.3.1 Elements of the outer shell 
The still water and wave lateral pressures are to be calculated considering independently the following cases: 


e the still water and wave external sea pressures 
e the still water and wave internal pressure considering the compartment adjacent to the outer shell as being 
loaded. If the compartment adjacent to the outer shell is intended to carry liquids, this still water and wave 


internal pressures are to be reduced from the corresponding still water and wave external sea pressures. 


1.3.2 Elements other than those of the outer shell 
The still water and wave lateral pressures to be considered as acting on an element which separates two adjacent 


compartments are those obtained considering the two compartments individually loaded. 


1.4 Elementary plate panel 


1.4.1 
The elementary plate panel (EPP) is the smallest unstiffened part of plating between stiffeners. 


1.5 Load calculation point 


1.5.1 
Unless otherwise specified, lateral pressure and hull girder stresses are to be calculated: 


e for longitudinal framing, at the lower edge of the elementary plate panel (see Tab 1) or, in the case of 
horizontal plating, at the point of minimum y-value among those of the elementary plate panel considered, 
as the case may be 

e for transverse framing, at the lower edge of the elementary plate panel or at the lower edge of the strake (see 
Tab 1) or, in the case of horizontal plating, at the point of minimum y-value among those of the elementary 


plate panel considered, as the case may be. 
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Table 1: Load calculation points 


Longitudinally stiffened plating Transversely stiffened plating 


[m] [=] 
= = 
5 5 
a 5 
= = 
a a 
om bma 
a a 
= = 
wi wi 
= = 
[=] =] 
fad ft 


x Load Calculation Point (LCP) x Load Calculation Point (LCP) 


2. General requirements 


2.1 Corrugated bulkhead 


2.1.1 


Unless otherwise specified, the net plating thickness of a corrugated bulkhead is to be not less than that obtained 


for a plate panel with s equal to the greater of a and c, where a and c are defined in Fig 1. 


i Sc i 


Figure 1: Corrugated bulkhead 


2.2 Minimum net thicknesses 


2.2.1 


The net thickness of plating is to be not less than the values given in Tab 2. 
In addition, in the cargo area, the net thickness of side shell plating, from the normal ballast draught to 0.257; 
(minimum 2.2 m) above Ts, is to be not less than the value obtained, in mm, from the following formula: 


0.25 
t = 28(s +07) BI)" 


eH 
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Table 2: Minimum net thickness of plating 


Plating 
Keel 7.5 +0.03L 
Bottom, inner bottom 5.5 + 0.03L 


eather strength deck and trunk deck, if any 
ide shell bilge 
Inner side, hopper sloping plate and topside sloping plate 
ransverse and longitudinal watertight bulkheads 
ash bulkheads 
Accommodation deck 


2.3 Bilge plating 


2.3.1 
The net thickness of the longitudinally framed bilge plating, in mm, is to be not less than the value obtained from 


[3.2]. 


2.3.2 
The net thickness of the transversely framed bilge plating, in mm, is to be not less than the value obtained from 


the following formula: 


t= 0.76(ps + Py sp P RSK 


where : 

R : Bilge radius, in m 

Sb : Spacing of floors or transverse bilge brackets, in m. 
2.3.3 


The net thickness of the bilge plating is to be not less than the actual net thicknesses of the adjacent 2 m width 


bottom or side plating, whichever is the greater. 


2.4 Keel plating 


2.4.1 
The net thickness of the keel plating is to be not less than the actual net thicknesses of the adjacent 2 m width 


bottom plating. 


2.5 Sheerstrake 


2.5.1 Welded sheerstrake 
The net thickness of a welded sheerstrake is to be not less than the actual net thicknesses of the adjacent 2 m 


width side plating, taking into account higher strength steel corrections if needed. 


2.5.2 Rounded sheerstrake 
The net thickness of a rounded sheerstrake is to be not less than the actual net thickness of the adjacent deck 


plating. 
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2.5.3 Net thickness of the sheerstrake in way of breaks of effective superstructures 
The net thickness of the sheerstrake is to be increased in way of breaks of effective superstructures occurring 


within 0.5L amidships, over a length of about one sixth of the ship’s breadth on each side of the superstructure 
end. 

This increase in net thickness is not to be less than 40% of the net thickness of sheerstrake, but need not exceed 
4.5 mm. 

Where the breaks of superstructures occur outside 0.5L amidships, the increase in net thickness may be reduced 


to 30%, but need not exceed 2.5 mm. 


2.5.4 Net thickness of the sheerstrake in way of breaks of non-effective superstructures 
The net thickness of the sheerstrake is to be increased in way of breaks of non-effective superstructures 


occurring within 0.6L amidships, over a length of about one sixth of the ship’s breadth on each side of the 
superstructure end. 


This increase in net thickness is to be equal to 15%, but need not exceed 4.5 mm. 


2.6 Stringer plate 


2.6.1 General 
The net thickness of the stringer plate is to be not less than the actual net thickness of the adjacent deck plating. 


2.6.2 Net thickness of the stringer plate in way of breaks of long superstructures 
The net thickness of the stringer plate is to be increased in way of breaks of long superstructures occurring 


within 0.5L amidships, over a length of about one sixth of the ship’s breadth on each side of the superstructure 
end. 

This increase in net thickness is not to be less than 40% of the net thickness of stringer plate, but need not exceed 
4.5 mm. 

Where the breaks of superstructures occur outside 0.5L amidships, the increase in net thickness may be reduced 


to 30%, but need not exceed 2.5 mm. 


2.6.3 Net thickness of the stringer plate in way of breaks of short superstructures 
The net thickness of the stringer plate is to be increased in way of breaks of short superstructures occurring 


within 0.6L amidships, over a length of about one sixth of the ship breadth on each side of the superstructure 
end. 


This increase in net thickness is to be equal to 15%, but need not exceed 4.5 mm. 


2.7 Inner bottom loaded by steel coils on a wooden support 


2.7.1 General 
The net thickness of inner bottom, bilge hopper sloping plate and inner hull for ships intended to carry steel 


coils is to comply with [2.7.2] to [2.7.4]. 

The provision is determined by assuming Fig 2 as the standard means of securing steel coils. 
RCN 1 to July 2008 version (effective from 1 July 2009) 

(Insert Fig 2- Inner bottom loaded by steel coils) 
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Key coil 


i | . 
Wiring | Shoring 


C Dunnage 


Figure 2: Inner bottom loaded by steel coils 


2.7.1 bis1 Accelerations 
In order to calculate the accelerations, the following coordinates are to be used for the centre of gravity. 


XG-se = 0.75 L y forward of aft bulkhead, where the hold of which the mid position is located forward from 0,45L 
from A.E. 

XG-se = 0.75 £ y afterward of fore bulkhead, where the hold of which the mid position is located afterward from 
0,45L from A.E. 


Bn 
YG-sc = as 


V3 | d 
ZG-sc = hpg H | + (m 1) 2 = 


where 

E : 1.0 when a port side structural member is considered, or -1.0 when a starboard side structural member 
is considered. 

Bi : breadth in m, at the mid of the hold, of the cargo hold at the level of connection of bilge hopper plate 
with side shell or inner hull 

Asc : diameter of steel coils, in m 

lpg : height of inner bottom, in m 

F : Cargo hold length, in m 


Vertical acceleration az, in m/s?, are to be calculated by the formulae defined in Ch 4, Sec 2, [3.2] and 


tangential acceleration ap due to roll, in m/s’, is to be calculated by the following formula. 


2 
a {2a 2 2 
ap = O—| — Ni +R 
R a YG_SC 


where: 
0, Tr and R: as defined in Ch 4, Sec 2, [3.2]. 
RCN 1 to July 2008 version (effective from 1 July 2009) 


Page 8 July 2012 


Common Structural Rules for Bulk Carriers Chapter 6, Section 1 


2.7.2 Inner bottom plating 
The net thickness of plating of longitudinally framed inner bottom is to be not less than the value obtained, in 


mm, from the following formula: 


I-K {g(cos(C zp®) cos(C7p9)) + a, \F 
i ApRy 


RCN 1 to July 2008 version (effective from 1 July 2009) 


where: 
K; : Coefficient taken equal to: 
g = ITLL -0.73s?°K? —(e-2) 
! 2e (2s + 20K) 
az : Vertical acceleration, in m/s”, defined in [2.7.1 bis1] 
®D : Single pitch amplitude, in deg, defined in Ch 4, Sec 2, [2.2] 
0 : Single roll amplitude, in deg, defined in Ch 4, Sec 2, [2.1] 


Czp,Czr : Load combination factor defined in Ch 4 Sec 4, [2.2] 
RCN 1 to July 2008 version (effective from 1 July 2009) 


F : Force, in kg, taken equal to: 
P= Kom for n, < 10 andn; <5 
3 
Pekayw_ for n> 10 or n3>5 
ls 
RCN 1 to July 2008 version (effective from 1 July 2009) 
Ap : Coefficient defined in Tab 6 
Ks : Coefficient taken equal to: 
Ks= 1.4 when steel coils are lined up in one tier with a key coil 
Ks=1.0 in other cases 
W : Mass of one steel coil, in kg 
ny : Number of tiers of steel coils 
n, : Number of load points per elementary plate panel (See Figs.3 and 4) 


When n;< 5, n, can be obtained from Tab 3 according to the values of n3and L/L s 


RCN 1 to July 2008 version (effective from 1 July 2009) 


n3 : Number of dunnages supporting one steel coil 
ls : Length of a steel coil, in m 
K, : Coefficient taken equal to: 
2 2 2 
S S 4 a 
K, =-—+,|| — | +1.37 = | p=) +2.33 

4 £ S 4 
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(A : Distance, in m, between outermost load points per elementary plate panel in ship length (See Figs.3 
and 4). When 72 < 10 and n; < 5, @’ can be obtained from Tab 4 according to the values of 7, 4, nz and 


nz. When n2> 10 or n; > 5, Z is to be taken equal to £. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


2.7.3 Bilge hopper sloping plate and inner hull plate RCN / to July 2008 version (effective from 1 
July 2009) 


The net thickness of plating of longitudinally framed bilge hopper sloping plate and inner hull is to be not less 
than the value obtained, in mm, from the following formula: 


1 
a hopper 


t=K, a 
PAY 


RCN 1 to July 2008 version (effective from 1 July 2009) 


where: 
K; : Coefficient defined in [2.7.2] 
A; : Angle, in deg, between inner bottom plate and bilge hopper sloping plate or inner hull plate 


RCN 1 to July 2008 version (effective from I July 2009) 


1|¥G_ sc 


Anopper = — Cypar ao -= | + g cos(O), — Cyg) cos(C yg) + Cysasway sin O; 


RCN 1 to July 2008 version (effective from 1 July 2009) 

aR : tangential acceleration defined in [2.7.1 bis1]. 

asway : Transverse acceleration due to sway, in m/s’, defined in Ch 4, Sec 2, [2.4] 
Cy, Cys, Cyr Cyg : Load combination factors defined in Ch 4, Sec 4, [2.2] 


yc_sc : Centre of gravity in transverse direction, in m, defined in [2.7.1 bis1] 


R : Coefficient defined in Ch 4, Sec 2, [3.2.1] 
F' : Force, in kg, taken equal to: 
Wn,C 
fs ss for n> < 10 andn;<5 
Ny 
i l 
F Be ee for n> 10 orn3>5 


AY 


RCN 1 to July 2008 version (effective from 1 July 2009) 

Ap : Coefficient defined in Tab 6 

W, m, n3,@ and @: As defined in [2.7.2] 

C, : Coefficient taken equal to: 
C;,,= 3.2 when steel coils are lined up two or more tier, or when steel coils are lined up one tier 
and key coil is located second or third from bilge hopper sloping plate or inner hull plate 


C,= 2.0 for other cases 


RCN 1 to July 2008 version (effective from 1 July 2009) 
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Steel coil 


Ny N 


— C bottom 


n, and lare given by 
Tables 3 and 4 


Floor E Bottom 


Figure 3: Loading condition of steel coils (example of n2 = 4, n; = 3) 


RCN 1 to July 2008 version (effective from 1 July 2009) 


Dunnage Steel coil 


t Inner bottom 


Floor ig Bottom 


Figure 4: Loading condition of steel coils (Example of n; = 3, n; = 3) 
RCN 1 to July 2008 version (effective from 1 July 2009) 


2.7.4 
(void) RCN 1 to July 2008 version (effective from 1 July 2009) 
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Table 3: 


Number n, of load points per elementary plate panel 


1| 0<<05 o<—<0.33 0<—-<0.25 TERTE 
T, T; ts ts 

7 7 7 7 

5 0.5<—<1.2 0.33<—<0.67 0.25<—-<0.5 02<—<04 
T; l; ts ts 
7 7 7 z 

‘ (922219 0672-2219 03-2" -< 075 04<—<06 
ts T; ts ts 

ie <24 jas grs 0.75<——-<12 0.6<—-<08 
ts T; ts ls 
7 

24<-<29 1.53<—_<1.87 eae 0.8<— <12 
ls ls ls ls 


ARET. ie aa 14S<—<17 PEER E 
ls ls ls ls 
ME 36<—<41 24<+<273 L7<4 1.95 14<<16 
z ? z z 
4.1<—<48 2.73<—<3.07 1.95<—<24 1.6<—<1.8 
7 7 r; r; 
4.8<—<53 G07 e296. | Bae 2765 ines <0 
ts F F ls 
7 Z Z r 
53<—<6.0 3.6 < —<3.93 2.65<— <29 2022 254 


Table 4: 


ny 


Distance between load points in ship length direction 


per elementary plate panel of inner bottom 


n3 


2 


3 


4 


5 


Actual breadth of dunnage 


pà 


2 
3 
4 
5 
6 
7 
8 
9 


p 
© 
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3. Strength check of plating subjected to lateral pressure 


3.1 Load model 


3.1.1 General 
The still water and wave lateral pressures induced by the sea and the various types of cargoes and ballast in 


intact conditions are to be considered, depending on the location of the plating under consideration and the type 
of the compartments adjacent to it. 

The plating which constitutes the boundary of compartments not intended to carry liquid (excluding bottom and 
side shell plating) is to be subjected to lateral pressure in flooded conditions. 

The wave lateral pressures and hull girder loads are to be calculated, for the probability level of 10°, in the 


mutually exclusive load cases H1, H2, F1, F2, R1, R2, P1 and P2, as defined in Ch 4, Sec 4. 


3.1.2 Lateral pressure in intact conditions 
The lateral pressure in intact conditions is constituted by still water pressure and wave pressure. 


Still water pressure ps includes: 

e the hydrostatic pressure, defined in Ch 4, Sec 5, [1] 

e the still water internal pressure, defined in Ch 4, Sec 6 for the various types of cargoes and for ballast. 
Wave pressure py includes for each load case H1, H2, F1, F2, R1, R2, P1 and P2: 

e the hydrodynamic pressure, defined in Ch 4, Sec 5, [1] 


e the inertial pressure, defined in Ch 4, Sec 6 for the various types of cargoes and for ballast. 


3.1.3 Lateral pressure in flooded conditions 
The lateral pressure in flooded conditions pr is defined in Ch 4, Sec 6, [3.2.1]. 


3.1.4 Lateral pressure in testing conditions 
The lateral pressure py in testing conditions is taken equal to: 


e pr=Psr- ps for bottom shell plating and side shell plating 


e pr= Psr Otherwise, 


where: 
Psr : Testing pressure defined in Ch 4, Sec 6, [4] 
Ds : Pressure taken equal to: 


e ifthe testing is carried out afloat: hydrostatic pressure defined in Ch 4, Sec 5, [1] for the draught 
T,, defined by the Designer, at which the testing is carried out. If 7; is not defined, the testing is 
considered as being not carried out afloat 


e if the testing is not carried out afloat: ps =0 


3.1.5 Normal stresses 
The normal stress to be considered for the strength check of plating contributing to the hull girder longitudinal 


strength is the maximum value of oy between sagging and hogging conditions, when applicable, obtained, in 


N/mm”, from the following formula: 
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oy = leu Mow ka- N) + Cyr z- N)— Cou E so 
Iy Iy Z 
where: 
Msw  : Permissible still water bending moments, in kN.m, in hogging or sagging as the case may be 
Mwy  : Vertical wave bending moment, in kN.m, in hogging or sagging as the case may be, as defined in Ch 
4, Sec 3 
Mwg : Horizontal wave bending moment, in kN.m, as defined in Ch 4, Sec 3 


Csw : Combination factor for each load case H1, H2, F1, F2, R1, R2, P1 and P2 and defined in Tab 5 
Cwv, CwH : Combination factors defined in Ch 4, Sec 4, [2.2] for each load case H1, H2, F1, F2, R1, R2, P1 and 
P2 and given in Tab 5. 
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Table 5: Combination factors Csy, Cwy and Cwy 


Hogging Sagging 
Cw 
Not Applicable 


Not Applicable 


3.2 Plating thickness 


3.2.1 Intact conditions 
The net thickness of laterally loaded plate panels is to be not less than the value obtained, in mm, from the 


following formula: 


t=15.8c,c,s Boer 
pRy 
where: 
Ap : Coefficient defined in Tab 6 


Table 6: Coefficient 4p 


Plating Coefficient 2p 


Longitudinally framed 0.95—0.45 FX) 


ontributing to the hull Ry 
girder longitudinal 


, without being taken greater than 0.9 


0.95 —0.90 a , without being taken greater than 0.9 
Y 


Not contributing to the hull girder longitudinal 


3.2.2 Net thickness under flooded conditions excluding corrugations of transverse vertically 
corrugated bulkhead separating cargo holds 


The plating which constitutes the boundary of compartments not intended to carry liquids (excluding bottom 
plating and side shell plating), and excluding corrugations of transverse vertically corrugated bulkhead 
separating cargo holds is to be checked in flooded conditions. To this end, its net thickness is to be not less than 


the value obtained, in mm, from the following formula: 
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t=15.8c,c,.s Pr 
aApRy 
where: 
Ap : Coefficient defined in Tab 6, determined by considering oy in flooded condition 
a : Coefficient taken equal to: 


a = 0.95 for the plating of collision bulkhead 


a = 1.15 for the plating of other watertight boundaries of compartments. 


3.2.3 Net thickness of corrugation of transverse vertically corrugated watertight bulkheads 
separating cargo holds for flooded conditions 


The net plate thickness f, in mm, of transverse vertically corrugated watertight bulkheads separating cargo holds 


is to be not less than that obtained from the following formula: 


$=14.95 | P 
eH 
p : pressure pr or resultant pressure p, in kN/m”, as defined in Ch 4, Sec 6 [3.3.6] and [3.3.7], 
respectively 
RCN 1 to July 2010 version (effective from 1July 2012) 
s : plate width, in m, to be taken equal to the width of the corrugation flange or web, whichever is greater 


RCN 1 to July 2008 version (effective from I July 2009) 
For built-up corrugation bulkheads, when the thicknesses of the flange and web are different: 


e the net thickness of the narrower plating is to be not less than that obtained, in mm, from the following 


formula: 
ty =14.95,|-22P 
eH 
s : plate width, in m, of the narrower plating. 


RCN 1 to July 2008 version (effective from 1 July 2009) 
e the net thickness of the wider plating is not to be less than the greater of those obtained, in mm, from the 


following formulae: 


ty = 14.95 |? 
eH 

yiz 462s°p z 

w Ren NP 
where: 
tnp : Actual net thickness of the narrower plating, in mm, to be not taken greater than: 

1. 
E taal 
eH 

s : plate width, in m, to be taken equal to the width of the corrugation flange or web, whichever is greater. 
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The net thickness of the lower part of corrugations is to be maintained for a distance from the inner bottom (if no 
lower stool is fitted) or the top of the lower stool not less than 0.152¢, where £c is the span of the corrugations, in 
m, to be obtained according to Ch 3, Sec 6, [10.4.4]. The net thickness is also to comply with the requirements in 
[3.2.1], Sec 2, [3.6.1 & 3.6.2], and Sec 3, [6]. 

The net thickness of the middle part of corrugations is to be maintained for a distance from the deck (if no upper 
stool is fitted) or the bottom of the upper stool not greater than 0.3 Z c. The net thickness is also to comply with 
the requirements in [3.2.1] and Sec 2, [3.6.1 & 3.6.2]. 

RCN 1 to July 2008 version (effective from I July 2009) 


Upper part 0.3 l- 


Upper part 0.3 1, 


Middle part le 


Middle part 


Lower part 0.15 1, 


Lower part 0.15 1, 


Figure 5: Parts of Corrugation 


RCN 1 to July 2008 version (effective from 1 July 2009) 


3.2.3 bis1 Net thickness of lower stool and upper stool 
The net thickness and material of the stool top plate of lower stool are to be not less those for the corrugated 


bulkhead plating above required by [3.2.3]. 

The net thickness and material of the upper portion of vertical or sloping stool side plating of lower stool within 
the depth equal to the corrugation flange width from the stool top are to be not less than the flange plate at the 
lower end of the corrugation required by [3.2.3], as applicable, whichever is the greater. 

The net thickness and material of the stool bottom plate of upper stool are to be the same as those of the 
bulkhead plating required by [3.2.3], as applicable, whichever is the greater. 

The net thickness of the lower portion of stool side plating is to not be less than 80% of the upper part of the 
bulkhead plating required by [3.2.3], as applicable, whichever is the greater, where the same material is used. 
The net thickness of lower stool and upper stool are to be not less than those required by [3.2.1], [3.2.2] and 
[3.2.4]. 

RCN 1 to July 2008 version (effective from 1 July 2009) 
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3.2.3 bis 2 Net thickness of supporting floors of corrugated bulkhead 
The net thickness and material of the supporting floors and pipe tunnel beams of corrugated bulkhead, when no 


stool is fitted, are to be not less than those of the corrugation flanges required by [3.2.3]. 

When a lower stool is fitted, the net thickness of supporting floors are to be not less than that of the stool side 
plating required by the first sentence of [3.2.2]. 

RCN 1 to July 2008 version (effective from I July 2009) 


3.2.4 Testing Conditions 
The plating of compartments or structures as defined in Ch 4, Sec 6, [4] is to be checked in testing conditions. To 


this end, its net thickness is to be not less than the value obtained, in mm, from the following formula: 


PT 


t = 15.8c,c,.s 
er 11.05Ry 
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Section 2 - ORDINARY STIFFENERS 


Symbols 

For symbols not defined in this Section, refer to Ch 1, Sec 4. 

Ly : Rule length L, but to be taken not greater than 300 m 

Ty : Net moment of inertia, in mf, of the hull transverse section about its horizontal neutral axis, to be 
calculated according to Ch 5, Sec 1, [1.5], on gross offered thickness reduced by 0.5¢¢ for all structural 
members 

Iz : Net moment of inertia, in m, of the hull transverse section about its vertical neutral axis, to be 
calculated according to Ch 5, Sec 1, [1.5], on gross offered thickness reduced by 0.5¢¢ for all structural 
members 

N : Z co-ordinate with respect to the reference co-ordinate system defined in Ch 1, Sec 4, [4], in m, of the 
centre of gravity of the hull net transverse section defined in Ch 5, Sec 1, [1.2], considering gross 
offered thickness reduced by 0.5tc for all structural members 


Ps, pw Still water and wave pressure, in kN/m”, in intact conditions, defined in [3.1.2] 


Dr : Pressure, in kN/m’, in flooded conditions, defined in [3.1.3] 

Pr : Pressure, in kN/m’, in testing conditions, defined in [3.1.4] 

ox : Normal stress, in N/mm”, defined in [3.1.5] 

s : Spacing, in m, of ordinary stiffeners, measured at mid-span along the chord 

4 : Span, in m, of ordinary stiffeners, measured along the chord between the supporting members, see 
Ch 3, Sec 6, [4.2] 

hy : Web height, in mm 

ty : Net web thickness, in mm 

by : Face plate width, in mm 

ty : Net face plate thickness, in mm 

bp : Width, in m, of the plating attached to the stiffener, for the yielding check, defined in Ch 3, Sec 6, 
[4.3] 

w : Net section modulus, in cm’, of the stiffener, with an attached plating of width b,, to be calculated as 


specified in Ch 3, Sec 6, [4.4] 
Ash : Net shear sectional area, in cm”, of the stiffener, to be calculated as specified in Ch 3, Sec 6, [4.4] 
m : Coefficient taken equal to: 

m = 10 for vertical stiffeners 

m = 12 for other stiffeners 


Ta : Allowable shear stress, in N/mm?, taken equal to: 
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1. General 


1.1 Application 


1.1.1 
The requirements of this Section apply for the yielding check of ordinary stiffeners subjected to lateral pressure 


and, for ordinary stiffeners contributing to the hull girder longitudinal strength, to hull girder normal stresses. 
The yielding check is also to be carried out for ordinary stiffeners subjected to specific loads, such as 
concentrated loads. 


In addition, the buckling check of ordinary stiffeners is to be carried out according to Ch 6, Sec 3. 


1.2 Net scantlings 


1.2.1 
As specified in Ch 3, Sec 2, all scantlings referred to in this Section are net, i.e. they do not include any corrosion 


addition. 


The gross scantlings are obtained as specified in Ch 3, Sec 2, [3]. 


1.3 Pressure combination 


1.3.1 Elements of the outer shell 
The still water and wave lateral pressures are to be calculated considering independently the following cases: 


e the still water and wave external sea pressures 
e the still water and wave internal pressure considering the compartment adjacent to the outer shell as being 
loaded. If the compartment adjacent to the outer shell is intended to carry liquids, this still water and wave 


internal pressures are to be reduced from the corresponding still water and wave external sea pressures. 


1.3.2 Elements other than those of the outer shell 
The still water and wave lateral pressures to be considered as acting on an element which separates two adjacent 


compartments are those obtained considering the two compartments individually loaded. 


1.4 Load calculation point 


1.4.1 Horizontal stiffeners 
Unless otherwise specified, lateral pressure and hull girder stress, if any, are to be calculated at mid-span of the 


ordinary stiffener considered. 


1.4.2 Vertical stiffeners 
The lateral pressure p is to be calculated as the maximum between the value obtained at mid-span and the value 


obtained from the following formula: 


+ . . d 
e p= -o , when the upper end of the vertical stiffener is below the lowest zero pressure level 
= “Eh , when the upper end of the vertical stiffener is at or above the lowest zero pressure level (see 
Fig 1) 
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where: 
ey : Distance, in m, between the lower end of vertical stiffener and the lowest zero pressure level 


Pu P : Lateral pressures at the upper and lower end of the vertical stiffener span /, respectively. 


PL 
Figure 1: Definition of pressure for vertical stiffeners 


2. General requirements 


2.1 (void) RCN 1 to July 2008 version (effective from 1 July 2009) 


2.1.1 
(void) RCN 1 to July 2008 version (effective from 1 July 2009) 


Figure 2: (void) RCN 1 to July 2008 version (effective from 1 July 2009) 


2.2 Net thickness of web of ordinary stiffeners 


2.2.1 Minimum net thickness of webs of ordinary stiffeners other than side frames of 
single side bulk carriers 

The net thickness of the web of ordinary stiffeners, in mm, is to be not less than the greater of: 

e ¢=3.0+0.015L, 

e 40% of the net required thickness of the attached plating, to be determined according to Ch.6, Sec.1. 
RCN 1 to July 2008 version (effective from 1 July 2009) 


2.2.2 Minimum net thickness of side frames of single side bulk carriers RCN / to July 2008 
version (effective from I July 2009) 


The net thickness of side frame webs within the cargo area, in mm, is to be not less than the value obtained from 
the following formula: 
tux = 0.75a@ (7 + 0.03L) 
where: 
a : Coefficient taken equal to: 
a@=1.15 for the frame webs in way of the foremost hold 


a= 1.00 for the frame webs in way of other holds. 
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2.2.3 Maximum net thickness of web of ordinary stiffener 
The net thickness of the web of ordinary stiffeners, in mm, is to be less than 2 times the net offered thickness of 


the attached plating. RCN 1 to July 2008 version (effective from I July 2009) 


2.3 Net dimensions of ordinary stiffeners 


2.3.1 Flat bar 
The net dimensions of a flat bar ordinary stiffener (see Fig 3) are to comply with the following requirement: 


hw < 04k 


w 


— 


hw 


Figure 3: Net dimensions of a flat bar 


2.3.2 T-section 
The net dimensions of a T-section ordinary stiffener (see Fig 4) are to comply with the following requirements: 


Že < 65k 


w 


PF 334E 
tf 
byt r > Ae 
bf 
Figure 4: Net dimensions of a T-section 
2.3.3 Angle 


The net dimensions of an angle ordinary stiffener (see Fig 5) are to comply with the following requirements: 
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Figure 5: Net dimensions of an angle 


2.4 Struts connecting ordinary stiffeners 


2.4.1 


S ‘ r n s 4 
The net sectional area Asp, in cm’, and the net moment of inertia /sp about the main axes, in cm’, of struts 


connecting ordinary stiffeners are to be not less than the values obtained from the following formulae: 


Pspst 
A = 
SR 20 


0.75s4(P sei + Psr2 A ase lon 


47.24 ssp — 5D spi + Psr) 

where: 

Dsr : Pressure to be taken equal to the greater of the values obtained, in kN/m’, from the following 
formulae: 
Psr = 0.5(P spi a Psr) 
P sR = Psr3 

Psri : External pressure in way of the strut, in kN/m’, acting on one side, outside the compartment in which 
the strut is located 

Psr: : External pressure in way of the strut, in kN/m’, acting on the opposite side, outside the compartment 


in which the strut is located 


Dsr3se; : Internal pressure at mid-span of the strut, in kN/m’, in the compartment in which the strut is located 


4 : Span, in m, of ordinary stiffeners connected by the strut (see Ch 3, Sec 6, [4.2.3]) 
lsr : Length, in m, of the strut 
AASR : Actual net sectional area, in cm’, of the strut. 
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2.5 Ordinary stiffeners of inner bottom loaded by steel coils on a wooden 
support 


2.5.1 General 
The requirements of this sub-article apply to the ordinary stiffeners located on inner bottom plate, bilge hopper 


sloping plate and inner hull plate when loaded by steel coils on a wooden support (dunnage), as indicated in Fig 
2 of Ch 6, Sec 1. 
RCN 1 to July 2008 version (effective from I July 2009) 


2.5.2 Ordinary stiffeners located on inner bottom plating 


The net section modulus w , in cm’, and the net shear sectional area A,, , in cm’, of single span ordinary stiffeners 


located on inner bottom plating are to be not less than the values obtained from the following formulae: 


yek [g-cos(C,,®)-cos(C,,0)+a,|-F 
8.A,Ry 


5|g¢-cos(C,,®)-cos(C,,9)) + az]: F 102 


Ag, = - RCN 1 to July 2008 version (effective from I July 
T, sing 

2009) 

where: 

K3 : Coefficient defined in Tab 1. When nz is greater than 10, K; is to be taken equal to 2 £ / 3 

az : Vertical acceleration, in m/s’, defined in Ch 6, Secl, [2.7.1 bis1] 

(09) : Single pitch amplitude, in deg, defined in Ch 4, Sec 2, [2.2] 

0 : Single roll amplitude, in deg, defined in Ch 4, Sec 2, [2.1] 

Czp, Czę: Load combination factor defined in Ch 4, Sec 4, [2.2] 

F : Force, in kg, defined in Ch 6, Sec 1, [2.7.2] 

As : Coefficient defined in Tab 3 

) : Angle, in deg, defined in [3.2.3]. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


2.5.3 Ordinary stiffeners located on bilge hopper sloping plate or inner hull plate 


The net section modulus w , in cm’, and the net shear sectional area A,,, in cm’, of single span ordinary 


sh? 
stiffeners located on bilge hopper sloping plate and inner hull plate are to be not less than the values obtained 


from the following formulae: 


„F' 
w=K; Shopper” RCN 1 to July 2008 version (effective from 1 July 2009) 


AsRy 
Ayn = “ene 0° RCN 1 to July 2008 version (effective from 1 July 2009) 
Ta sin 
where: 
K, : Coefficient defined in Tab 1. When n >10, K;31s taken equal to 2¢/3. 
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0, : Angle, in deg, between inner bottom plate and bilge hopper sloping plate or inner hull plate 
ahopper : Acceleration, in m/s?, defined in Ch 6, Sec 1, [2.7.4] 

F' : Force, in kg, defined in Ch 6, Sec 1, [2.7.3] 

As : Coefficient defined in Tab 3 

) : Angle, in deg, defined in [3.2.3] 

C : Distance, in m, between outermost load points per elementary plate panel in ship length 


RCN 1 to July 2008 version (effective from 1 July 2009) 


Table 1: Coefficient K; 


2.5.4 
(void) RCN 1 to July 2008 version (effective from 1 July 2009) 


2.6 Deck ordinary stiffeners in way of launching appliances used for survival 
craft or rescue boat 


2.6.1 
The scantlings of deck ordinary stiffeners are to be determined by direct calculations. 


2.6.2 

The loads exerted by launching appliance are to correspond to the Safe Working Load of the launching 
appliance. 

2.6.3 

The combined stress, in N/mm”, is not to exceed the smaller of: 

aw eH an nan 

235 235 


where Rn is the ultimate tensile strength of the stiffener material, in N/mm’. 


3. Yielding check 


3.1 Load model 


3.1.1 General 
The still water and wave lateral loads induced by the sea and the various types of cargoes and ballast in intact 


conditions are to be considered, depending on the location of the ordinary stiffener under consideration and the 
type of the compartments adjacent to it. 

Ordinary stiffeners located on plating which constitutes the boundary of compartments not intended to carry 
liquids (excluding those on bottom and side shell plating) are to be subjected to the lateral pressure in flooded 
conditions. 

The wave lateral loads and hull girder loads are to be calculated, for the probability level of 10°, in the mutually 


exclusive load cases H1, H2, F1, F2, R1, R2, P1 and P2, as defined in Ch 4, Sec 4. 
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3.1.2 Lateral pressure in intact conditions 
The lateral pressure in intact conditions is constituted by still water pressure and wave pressure. 


Still water pressure ps includes: 

e the hydrostatic pressure, defined in Ch 4, Sec 5, [1] 

e the still water internal pressure, defined in Ch 4, Sec 6 for the various types of cargoes and for ballast. 
Wave pressure py includes for each load case H1, H2, F1, F2, R1, R2, P1 and P2: 

e the hydrodynamic pressure, defined in Ch 4, Sec 5, [1] 


e the inertial pressure, defined in Ch 4, Sec 6 for the various types of cargoes and for ballast. 


3.1.3 Lateral pressure in flooded conditions 
The lateral pressure in flooded conditions pp is defined in Ch 4, Sec 6, [3.2.1]. 


3.1.4 Lateral pressure in testing conditions 
The lateral pressure py in testing conditions is taken equal to: 


e pr=Psr -ps for bottom shell plating and side shell plating 


e pr= Psr Otherwise, 


where: 
Psr : Testing pressure defined in Ch 4, Sec 6, [4] 
Ds : Pressure taken equal to: 


e if the testing is carried out afloat: hydrostatic pressure defined in Ch 4, Sec 5, [1] for the draught 7), defined 
by the Designer, at which the testing is carried out. If T, is not defined, the testing is considered as being not 
carried out afloat 


e ifthe testing is not carried out afloat: ps = 0 


3.1.5 Normal stresses 
The normal stress to be considered for the strength check of ordinary stiffeners contributing to the hull girder 


longitudinal strength is the maximum value of oy between sagging and hogging conditions, when applicable, 


obtained , in N/mm”, from the following formula: 


oy =| ee (z-N)+Cy, a (z-N)—Cyy T ho 

where: 

Msy  : Permissible still water bending moments, in kN.m, in hogging or sagging as the case may be 

Mwy  : Vertical wave bending moment, in kN.m, in hogging or sagging as the case may be, as defined in 
Ch 4, Sec 3 

Mwg  : Horizontal wave bending moment, in kN.m, as defined in Ch 4, Sec 3 


Csw : Combination factor for each load case H1, H2, F1, F2, R1, R2, P1 and P2 and defined in Tab 2 
Cwv, Cwn : Combination factors defined in Ch 4, Sec 4, [2.2] for each load case H1, H2, F1, F2, R1, R2, P1 and 
P2 and given in Tab 2. 
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Table 2: Combination factors Csy, Cwy and Cwp 


Hogging Sagging 


co 

[e e e fe e e 

w ewa o o 

E a a 

A o oa A a 
Saa 


Not Applicable 


3.2 Strength criteria for single span ordinary stiffeners other than side frames 
of single side bulk carriers 


3.2.1 Boundary conditions 
The requirements of this sub-article apply to ordinary stiffeners considered as clamped at both ends. 


For other boundary conditions, the yielding check is to be considered on a case by case basis. 


3.2.2 Groups of equal ordinary stiffeners 
Where a group of equal ordinary stiffeners is fitted, it is acceptable that the minimum net section modulus in 


[3.2.3] to [3.2.7] is calculated as the average of the values required for all the stiffeners of the same group, but 
this average is to be taken not less than 90% of the maximum required value. 


The same applies for the minimum net shear sectional area. 


3.2.3 Net section modulus and net shear sectional area of single span ordinary stiffeners 
under intact conditions 


The net section modulus w, in cm’, and the net shear sectional area Asn, in cm’, of single span ordinary stiffeners 


subjected to lateral pressure are to be not less than the values obtained from the following formulae: 


= (ps + py )sl? 10° 


mAsRy 
A, = 5(ps + Py )st 
sh 7 è 
T, Sing 
where 
As : Coefficient defined in Tab 3. 
) : Angle, in deg, between the stiffener web and the shell plate, measured at the middle of the stiffener 


span; the correction is to be applied when ¢ is less than 75 deg. 
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Table 3: Coefficient As 


Ordinary stiffener Coefficient å s 


Longitudinal stiffener ccontributing to the hull 1 ji 0—0.85 Ox | 


) , without being taken greater than 0.9 


girder longitudinal strength : 


Other stiffeners 


3.2.4 Net section modulus of corrugated bulkhead of ballast hold for ships having a length L 
less than 150m 


The net section modulus w, in cm’, of corrugated bulkhead of ballast hold for ships having a length Z less than 


150m subjected to lateral pressure are to be not less than the values obtained from the following formula: 


wak (ps + Py sol? 103 


mAgRy 

where: 

K : Coefficient given in Tab 4 and 5, according to the type of end connection. When dj, < 2.5d,, both 
section modulus per half pitch of corrugated bulkhead and section modulus of lower stool at inner 
bottom are to be calculated. 

Sc : Half pitch length, in m, of the corrugation, defined in Ch 3, Sec 6, Fig 28 

A : Length, in m, between the supports, as indicated in Fig 6 

As : Coefficient defined in Tab 3. 


The effective width of the corrugation flange in compression is to be considered according to Ch 3, Sec 6, 
[10.4.10] when the net section modulus of corrugated bulkhead is calculated. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


Table 4: Values of K, in case dy >2.5d, 


Upper end support 


Supported by girders Welded directly to deck Welded to stool efficiently 
supported by ship structure 


RCN 1 to July 2008 version (effective from 1 July 2009) 


Table 5: Values of K, in case d,, <2.5d, 


Upper end support 


Section modulus of Supported by girders Connected to deck | Connected to stool 


RCN 1 to July 2008 version (effective from 1 July 2009) 
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du>=2.5do du<2.5do 
B B 


> 2 
Mee Saale 


du | du 
e=A(1-do/2B) e=A(1-do/2B) 


Figure 6: Measurement of £ 


3.2.5 Net section modulus and net shear sectional area of single span ordinary stiffeners 
under flooded conditions excluding corrugations of transverse vertically corrugated bulkhead 
separating cargo holds 


The net section modulus w, in cm’, and the net shear sectional area Asn, in cm’, of single span ordinary stiffeners 
excluding corrugations of transverse vertically corrugated bulkhead separating cargo holds subjected to flooding 
are to be not less than the values obtained from the following formulae: 
2 
__ Pr% 3 


 16aA5Ry 


_ Sprst 


“at, sing 


where: 
As Ø : Coefficient and angle defined in [3.2.3], A, being determined by considering oy in flooded condition. 
a : Coefficient taken equal to: 

a = 0.95 for the ordinary stiffeners of collision bulkhead, 

a = 1.15 for the ordinary stiffeners of other watertight boundaries of compartments. 


without taken @/; greater than 1.0 


3.2.6 
(void) RCN 1 to July 2008 version (effective from I July2009) 


3.2.7 Net section modulus and net shear sectional area of single span ordinary stiffeners 
under testing conditions 


The net section modulus w, in cm’, and the net shear sectional area A,,, in cm’, of single span ordinary stiffeners 


subjected to testing are to be not less than the values obtained from the following formulae: 
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_ Prs? 3 
wa T 
1.05mRy 
_ Sprst 
s% 105r, sing 
where: 
ġ : Angle, in deg, defined in [3.2.3]. 


3.3 Strength criteria for side frames of single side bulk carriers 


3.3.1 Net section modulus and net shear sectional area of side frames 


The net section modulus w, in cm’, and the net shear sectional area Asn, in cm’, of side frames subjected to 
lateral pressure are to be not less, in the mid-span area, than the values obtained from the following formulae: 


(Ps + Py )sl? 1 
mAsRy 


w=1.125a,, 03 


+ £(£-2¢ 
A; =1.læş 5(ps Py )s - a) 


T, sing 4 

where: 
Qn : Coefficient taken equal to: 

Qm = 0.42 for BC-A ships 

Qn = 0.36 for other ships 
As : Coefficient taken equal to 0.9 
l : Side frame span, in m, defined in Ch 3, Sec 6, Fig 19, to be taken not less than 0.25D 
as : Coefficient taken equal to: 

as= 1.1 for side frames of holds specified to be empty in BC-A ships 

as= 1.0 for other side frames 
Lg : Lower bracket length, in m, defined in Fig 7 
Ps Pw : Still water and wave pressures, in kN/m’, in intact conditions calculated as defined in [1.3] and 


[1.4.2]. RCN 1 to July 2008 version (effective from 1 July 2009) 
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di = frame web de 
Section b) b = frame web depth 


$ 


LB = lower bracket length 


Section a) 


Figure 7: Side frame lower bracket length 


In addition, for side frames of holds intended to carry ballast water in heavy ballast condition, the net section 
modulus w, in cm*, and the net shear sectional area A,, , in cm’, all along the span are to be in accordance with 
[3.2.3], Z being the span of the side frame as defined in Ch.3, Sec.6, [4.2], with consideration to brackets at ends. 
RCN 1 to July 2008 version (effective from 1 July 2009) 


3.3.2 Supplementary strength requirements 
In addition to [3.3.1], the net moment of inertia, in cm*, of the 3 side frames located immediately abaft the 


collision bulkhead is to be not less than the value obtained from the following formula: 


7-013 2st Pw) 
n 
where: 
4 : Side frame span, in m 
n : Number of frames from the bulkhead to the frame in question, taken equal to 1, 2 or 3 


As an alternative, supporting structures, such as horizontal stringers, are to be fitted between the collision 
bulkhead and a side frame which is in line with transverse webs fitted in both the topside tank and hopper tank, 


maintaining the continuity of forepeak stringers within the foremost hold. 


3.3.3 Lower bracket of side frame 
At the level of lower bracket as shown in Ch 3, Sec 6, Fig 19, the net section modulus of the frame and bracket, 


or integral bracket, with associated shell plating, is to be not less than twice the net section modulus w required 
for the frame mid-span area obtained from [3.3.1]. 

In addition, for holds intended to carry ballast water in heavy ballast condition, the net section modulus w, in 
cm?, at the level of lower bracket is to be not less than twice the greater of the net section moduli obtained from 
[3.3.1] and [3.2.3]. RCN 1 to July 2008 version (effective from 1 July2009) 

The net thickness t;g of the frame lower bracket, in mm, is to be not less than the net thickness of the side frame 
web plus 1.5 mm. 


Moreover, the net thickness ¢,g of the frame lower bracket is to comply with the following formula: 
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h 
e for symmetrically flanged frames: ~Z < 874k 
tig 


e for asymmetrically flanged frames : tea < T34 k 

LB 
The web depth Azg of lower bracket may be measured from the intersection between the sloped bulkhead of the 
hopper tank and the side shell plate, perpendicularly to the face plate of the lower bracket (see Ch 3, Sec 6, 
Fig 22). 
For the 3 side frames located immediately abaft the collision bulkhead, whose scantlings are increased according 
to [3.3.2], when tzg is greater than 1.734,, the thickness tz may be taken as the value ¢t’;, obtained from the 


following formula: 


| 
fa 4 
lig = (2,1, Y 
where żź„ is the net thickness of the side frame web, in mm, corresponding to A,, determined in accordance to 
[3.3.1]. 


The flange outstand is not to exceed 12k°° times the net flange thickness. 


3.3.4 Upper bracket of side frame 
At the level of upper bracket as shown in Ch 3, Sec 6, Fig 19, the net section modulus of the frame and bracket, 


or integral bracket, with associated shell plating, is to be not less than twice the net section modulus w required 
for the frame mid-span area obtained from [3.3.1]. 

In addition, for holds intended to carry ballast water in heavy ballast condition, the net section modulus w, in 
cm’, at the level of upper bracket is not to be less than twice the greater of the net sections moduli obtained from 
[3.2.3] and [3.3.1]. 

RCN 1 to July 2008 version (effective from 1 July 2009) 

The net thickness tyg of the frame upper bracket, in mm, is to be not less than the net thickness of the side frame 


web. 


3.4 Upper and lower connections of side frames of single side bulk carriers 


3.4.1 
The section moduli of the: 


e side shell and hopper tank longitudinals that support the lower connecting brackets, 
e side shell and topside tank longitudinals that support the upper connecting brackets 
are to be such that the following relationship is separately satisfied for each lower and upper connecting bracket 


(see also Ch 3, Sec 6, Fig 22): 


Lm >ap es Pee (ps + Pw X? et 


16Ry 
where: 
n : Number of the longitudinal stiffeners of side shell and hopper / topside tank that support the lower / 
upper end connecting bracket of the side frame, as applicable 
Wi : Net section modulus, in cm’, of the i-th longitudinal stiffener of the side shell or hopper / topside tank 


that support the lower / upper end connecting bracket of the side frame, as applicable 
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di : Distance, in m, of the above i-th longitudinal stiffener from the intersection point of the side shell and 
hopper /topside tank 

Ly : Spacing, in m, of transverse supporting webs in hopper / topside tank, as applicable 

R, : Lowest value of equivalent yield stress, in N/mm’, among the materials of the longitudinal stiffeners 


of side shell and hopper / topside tanks that support the lower / upper end connecting bracket of the 


side frame 
Or : Coefficient taken equal to: 
ar = 150 for the longitudinal stiffeners supporting the lower connecting brackets 


ar = 75 for the longitudinal stiffeners supporting the upper connecting brackets 


l : Side frame span, in m, as defined in [3.3.1] 
Ps Pw : Still water and wave pressures as those for the side frame. 
3.4.2 


The net connection area, A;, in cm’, of the bracket to the i-th longitudinal stiffener supporting the bracket is to be 


obtained from the following formula: 


A, =0.4—2 kou 
Li Kig i 
where: 
Wi : Net section modulus, in cm’, of the i-th longitudinal stiffener of the side or sloped bulkheads that 


support the lower or the upper end connecting bracket of the side frame, as applicable 


Ly : As defined in [3.4.1] 


Kokt : Material factor for the bracket 
Kigi : Material factor for the i-th longitudinal stiffener. 
s : Frame spacing, in m 


3.5 Strength criteria for multi-span ordinary stiffeners 


3.5.1 Checking criteria 
The maximum normal stress ø and shear stress r in a multi-span ordinary stiffener, calculated according to 


[3.5.2], are to comply with the formulae in Tab 6. 


Table 6: Checking criteria for multi-span ordinary stiffeners 


Flooded 


Note 1: 
A; : Coefficient defined in [3.2.3] 
a : Coefficient defined in [3.2.5] 


3.5.2 Multi-span ordinary stiffeners 
The maximum normal stress ø and shear stress r in a multi-span ordinary stiffener are to be determined by a 


direct calculation taking into account: 
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e the distribution of still water and wave pressure and forces, if any 
e the number and position of intermediate supports (decks, girders, etc.) 
e the condition of fixity at the ends of the stiffener and at intermediate supports 


e the geometrical characteristics of the stiffener on the intermediate spans. 


3.6 Scantlings of transverse vertically corrugated watertight bulkheads 
separating cargo holds for flooded conditions 


3.6.1 Bending capacity and shear capacity of the corrugations of transverse vertically 
corrugated watertight bulkheads separating cargo holds 


The bending capacity and the shear capacity of the corrugations of watertight bulkheads between separating 


cargo holds are to comply with the following formulae: 


0.5W ip +Wy = T È 
TS Ren 
2 
where: 
M : Bending moment in a corrugation, to be obtained, in kNm, from the following formula: 
M =F¢/8 
F : force F or resultant force F, in kN, to be calculated according to Ch 4, Sec 6, [3.3.6] and [3.3.7], 
respectively 
lc : Span of the corrugations, in m, to be obtained according to [3.6.2] 
Wer : Net section modulus, in cm’, of one half pitch corrugation, to be calculated at the lower end of the 


corrugations according to [3.6.2], without being taken greater than the value obtained from the 
following formula: 


2 
Ohg — 0.5h6sc PG Jo 


Wir. = Wo il 
eH 


We : Net section modulus, in cm?, of one half pitch corrugation, to be calculated in way of the upper end of 


shedder or gusset plates, as applicable, according to [3.6.2] 


Q : Shear force at the lower end of a corrugation, to be obtained, in kN, from the following formula: 
Q =0.8F 
hg : Height, in m, of shedders or gusset plates, as applicable (see Fig 11 to Fig 15) 
Dc : pressure pr or resultant pressure p, in kN/m’, to be calculated in way of the middle of the shedders or 


gusset plates, as applicable, according to Ch 4, Sec 6, [3.3.6] and [3.3.7], respectively 

Sc : Spacing of the corrugations, in m, to be taken according to Ch3, Sec 6, Fig 28 

Wu : Net section modulus in cm? of one half pitch corrugation, to be calculated at the mid-span of 
corrugations according to [3.6.2] without being taken greater than 1.15 Wz£g 


a : Shear stress in the corrugation, in N/mm/?, to be obtained from the following formula: 


rt =10 Q 
sh 
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A sh 


: Shear area, in cm?, calculated according to the followings. 
The shear area is to be reduced in order to account for possible non-perpendicular between the 
corrugation webs and flanges. In general, the reduced shear area may be obtained by multiplying the 
web sectional area by (sin @), @ being the angle between the web and the flange (see Ch 3, Sec 6, Fig 
28). 
The actual net section modulus of corrugations is to be calculated according to [3.6.2]. 
The net section modulus of the corrugations upper part of the bulkhead, as defined in Sec 1, Fig 5, is 
not to be less than 75% of that of the middle part complying with this requirement and Sec 1, [3.2.1], 


corrected for different minimum yield stresses. 


RCN 1 to July 2008 version (effective from 1 July 2009) 
RCN 1 to July 2010 version (effective from IJuly 2012) 


3.6.2 Net section modulus at the lower end of the corrugations 
a) The net section modulus at the lower end of the corrugations (Fig 11 to Fig 15) is to be calculated with the 


b 


) 


c) 


d 


wa 


compression flange having an effective flange width b,,not larger than that indicated in Ch 3, Sec 6, 
[10.4.10]. 

Webs not supported by local brackets 

Except in case e), if the corrugation webs are not supported by local brackets below the stool top plate (or 
below the inner bottom) in the lower part, the section modulus of the corrugations is to be calculated 
considering the corrugation webs 30% effective. 

Effective shedder plates 

Provided that effective shedder plates, as defined in Ch 3, Sec 6, [10.4.11] are fitted (see Fig 11 and Fig 12), 
when calculating the section modulus of corrugations at the lower end (cross-sections 1 in Fig 11 and Fig 


12), the net area of flange plates may be increased by the value obtained, in cm?, from the following formula: 


Isy = 2.5a,/t rts, without being taken greater than 2.5aty, 


where: 

a ___: Width, in m, of the corrugation flange (Ch 3, Sec 6, Fig 28) 

tsy : Net shedder plate thickness, in mm 

tr  : Net flange thickness, in mm. 

Effective gusset plates 

Provided that effective gusset plates, as defined in Ch 3, Sec 6, [10.4.12], are fitted (see Fig 13 to Fig15), 
when calculating the net section modulus of corrugations at the lower end (cross-sections | in Fig 13 to Fig 


15), the area of flange plates may be increased by the value obtained, in cm’, from the following formula: 
Ig =Thgt, 

where: 

hg : Height, in m, of gusset plates (see Fig 13 to Fig 15) to be taken not greater than (10/7)Sgu 

Sgu : Width, in m, of gusset plates 

tr: Net flange thickness, in mm 


e) Sloping stool top plate 
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If the corrugation webs are welded to a sloping stool top plate which has an angle not less than 45° with the 
horizontal plane, the section modulus of the corrugations may be calculated considering the corrugation webs 
fully effective. For angles less than 45°, the effectiveness of the web may be obtained by linear interpolation 
between 30% for 0° and 100% for 45°. 

Where effective gusset plates are fitted, when calculating the net section modulus of corrugations the net area 
of flange plates may be increased as specified in d) above. No credit may be given to shedder plates only. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


shedder plate 


shedder plate h 


Q 


© 


lower stool lower stool 


Figure 11: Symmetrical shedder plates Figure 12: Asymmetrical shedder plates 


gusset plate 


gusset plate 


lower stool 


lower stool 


Figure 13: Symmetrical gusset/shedder plates 


Figure 14: Asymmetrical gusset/shedder plates 


Page 36 July 2012 


Common Structural Rules for Bulk Carriers Chapter 6, Section 2 


lower stool 


Figure 15: Asymmetrical gusset/shedder plates 


RCN 1 to July 2008 version (effective from 1 July 2009) 


3.6.3 Stiffeners in lower stool and upper stool 
The net section modulus of stiffeners in lower stool and upper stool is to be greater of the values obtained from 


the following formula or required by [3.2.5]. 


sl? 
je 
16aA,Ry 
Where, 
p : Pressure, in kN/m?, as defined in Ch 4 Sec 6, [3.3.7] 


aand/,: defined in [3.2.5] 
RCN 1 to July 2008 version (effective from 1 July 2009) 


4. Web stiffeners of primary supporting members 


4.1 Netscantlings 


4.1.1 
Where primary supporting member web stiffeners are welded to ordinary stiffener face plates, their net sectional 


area at the web stiffener mid-height is to be not less than the value obtained, in cm’, from the following formula: 


A=0.1k, pst 


where: 
ky : Coefficient depending on the web connection with the ordinary stiffener, to be taken as: 
kı = 0.30 for connections without collar plate (see Ch 3, Sec 6, Fig 8) 
kı = 0.225 for connections with a collar plate (see Ch 3, Sec 6, Fig 9) 
kı = 0.20 for connections with one or two large collar plates (see Ch 3, Sec 6, Fig 10 and 11) 
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p : Pressure, in kN/m”, acting on the ordinary stiffener. 


4.1.2 
The net section modulus of web stiffeners of non-watertight primary supporting members is to be not less than 


the value obtained, in cm’, from the following formula: 


w= 2.587185 

where: 

sS : Length, in m, of web stiffeners 

t : Web net thickness, in mm, of the primary supporting member 
Ss : Spacing, in m, of web stiffeners. 


4.1.3 Connection ends of web stiffeners 
Where the web stiffeners of primary supporting members are welded to ordinary stiffener face plates, the stress 


at ends of web stiffeners of primary supporting members in water ballast tanks, in N/mm’, is to comply with the 
following formula when no bracket is fitted : 

o $175 

where: 


Ao 
cos 0 


RCN 1 to July 2010 version (effective from IJuly 2012) 
Keon : Coefficient considering stress concentration, taken equal to: 


T= Keon K longi K sif —> 


K on =3.5 for stiffeners in the double bottom or double side space (see Fig 8) 
=4.0 for other cases (e.g. hopper tank, top side tank, etc.) (see Fig 8) 
Kongi : Coefficient considering shape of cross section of the longitudinal, taken equal to: 
Kiong =1.0 for symmetrical profile of stiffener (e.g. T-section, flat bar) 
Kiong =1.3 for asymmetrical profile of stiffener (e.g. angle section, bulb profile) 
Kg: Coefficient considering the shape of the end of the stiffener, taken equal to: 
K ig = 1.0 for standard shape of the end of the stiffener (see Fig 9) 


K sig = 0.8 for the improved shape of the end of the stiffener (see Fig 9) 


0 : As given in Fig 10 
Ao : Stress range, in N/mm’, transferred from longitudinals into the end of web stiffener, as obtained from 
the following formula: 
B 2W 
© 0.322h' TA [0 )+ (Ayo /£2)]+ Aso 
W : Dynamic load, in N, as obtained from the following formula: 
W =1000(¢-0.5s)sp 
p : Maximum inertial pressure due to liquid in the considered compartment where the web stiffener is 
located according to Ch 4 Sec 6 [2.2.1], in kN/m’, of the probability level of 10%, calculated at mid- 


span of the ordinary stiffener 
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4 : Span of the longitudinal, in m 
s : Spacing of the longitudinal, in m 
Avy, Ay, 4y2 : Geometric parameters as given in Fig 10, in mm” 


Li, La : Geometric parameters as given in Fig 10, in mm 


h' : As obtained from following formula, in mm: 
h'=h, +ho' 
h, : As given in Fig 10, in mm 
ho' : As obtained from the following formula, in mm 
hy'= 0.6365" for b'< 150 
hy'= 0.216b'+63 for 150 < b' 
b' : Smallest breadth at the end of the web stiffener, in mm, as shown in Fig 9 


h 


<— Stiffener —> << Stiffener ——> 


Figure 8: Web stiffeners fitted on primary supporting members 


Shape of the end of the 
stiffener considering fatigue 
strength in comparison with 
the standard shape 


Standard shapes of the end of 


1 
I 
I 
I 
I 
I 
1 
I 
I 
1 
I 
I 
1 
the stiffener 
1 
I 


Figure 9: Shape of the end of the web stiffener 
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Aw2=hw2tw 


Note: 
t,: net thickness of the web stiffener, in mm. 


ty: net thickness of the collar plate, in mm. 


Figure 10: Definitions of geometric parameters 
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Section 3 — BUCKLING & ULTIMATE STRENGTH OF 
ORDINARY STIFFENERS AND STIFFENED PANELS 


Symbols 

For symbols not defined in this Section, refer to Ch 1, Sec 4. 

In this section, compressive and shear stresses are to be taken positive, tension stresses are to be taken negative. 

a : Length in mm of the longer side of the partial plate field in general or length in mm of the side of the 
partial plate field according Table 2, BLC 3 - 10 

b : Length in mm of the shorter side of the partial plate field in general or length in mm of the side of the 
partial plate field according Table 2, BLC 3 - 10 


a : Aspect ratio of elementary plate panel, taken equal to: 
a 
a=— 
b 
n : Number of elementary plate panel breadths within the partial or total plate panel 
long. stiffener single field partial field 


2 


transverse stiffener 


longitudinal : stiffener in the direction of the length a 
transverse : stiffener in the direction of the breath b 


Figure 1: | General arrangement of panel 


t : Net plate thickness, in mm 

On : Normal stress resulting from hull girder bending, in N/mm? 

TSF : Shear stress induced by the shear forces as defined in [2.1.3], in N/mm? 
Ox : Membrane stress in x-direction, in N/mm? 

O, : Membrane stress in y-direction, in N/mm? 


: Shear stress in the x-y plane, in N/mm? 


A : Reference degree of slenderness, taken equal to: 
A= Ren 
Ko, 
K : Buckling factor according to Tab 2 and Tab 3 
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Reference stress, to be the following for LC 1 and 2: 


om : Reference stress, taken equal to: 
t 2 
o, =0.9E (5) 
b' 
b' : shorter side of elementary plate panel 


Reference stress, to be the following for LC 3 through 10: 


: Reference stress, taken equal to: 


2: 
o, = ooz) 
b 


y : Edge stress ratio taken equal to: 


Oe 


y=0,/o, 
where: 


o : maximum compressive stress 


o : minimum compressive stress or tensile stress 


S : Safety factor, taken equal to: 


S=1.0except for the case mentioned below 


S= 1.1 for structures which are exclusively exposed to local loads (e.g. hatch covers, foundations) 


S = 1.15 for the ultimate strength in lateral buckling mode of longitudinal and transverse ordinary 


stiffeners of the hatchway coamings, sloping plating of the topside tanks and hopper tanks, inner 


bottom, inner side if any, side shell of single side skin construction and top and bottom stools of 


transverse bulkheads, assessed according to [4.2]. 


For constructions of aluminium alloys the safety factors are to be increased in each case by 0.1 


FP, : Correction factor for boundary condition of stiffeners on the longer side of elementary plate panels 


according to Tab 1. If the clamping is unequal on the longitudinal sides of the panel, the minimum 


value of the appropriate Fı-parameter has to be used. 


Table 1: Correction factor F, 


Stiffeners sniped at both ends 


Edge stiffener 


Guidance values where both 


Flat bar 


ends are effectively connected 
to adjacent structures 


Bulb section 


Angle and tee-sections 


Girders of high rigidity 
(e.g. bottom transverses) 


) Exact values may be determined by direct calculations. 


© An average value of F; is to be used for plate panels having different edge 


stiffeners. 


Corrigenda I to July 2012 version (effective from IJuly 2012) 
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1. General 


1.1 


1.1.1 
The requirements of this Section apply for the buckling check of structural members subjected to compressive 


stresses, shear stresses and lateral pressure. 


1.1.2 
The buckling checks have to be performed for the following elements: 


a) according to requirements of [2], [3] and[4] and for all load cases as defined in Ch 4, Sec 4 in intact 
condition: 
e elementary plate panels and ordinary stiffeners in a hull transverse section analysis, 
e elementary plate panels modeled in FEM as requested in Ch 7. 

b) according to requirements of [6] and only in flooded condition: 


e transverse vertically corrugated watertight bulkheads. 


1.1.3 
The boundary condition for elementary plate panels are to be considered as simply supported. If the boundary 


condition differs significantly from simple support, more appropriate boundary condition can be applied 


according to cases 3, 4 and 7 to 10 of Tab 2. 


2. Application 


2.1 Load model for hull transverse section analysis 


2.1.1 General 
The structural members at a considered hull transverse section are to be checked for buckling criteria under the 


combination of: 

e the normal stress o , resulting from hull girder bending, as defined in [2.1.2] 

e the shear stress Tsp as defined in [2.1.3] 

e the lateral pressure in intact condition applied on the members as the case may be. 

The lateral pressures and hull girder loads are to be calculated, for the probability level of 10°, in the mutually 
exclusive load cases H1, H2, F1, F2, R1, R2, P1 and P2, as defined in Ch 4, Sec 4. 


2.1.2 Normal stress on 


The normal stress o ,, to be considered for each of the mutually exclusive load cases as referred in [2.1.1] is the 
maximum compressive stress on the considered structural member according to the formulas given in Ch 6, 
Sec 1, [3.1.5] and Ch 6, Sec 2, [3.1.5], respectively for elementary plate panels and ordinary stiffeners. 

For transverse ordinary stiffeners, the normal stress o,, for each of the mutually exclusive load cases is the 


maximum compressive stress calculated at each end. 
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2.1.3 Shear stress 


The shear stress Tsp to be considered for each of the mutually exclusive load cases as referred in [2.1.1] is the 


shear stress induced by the shear forces, in kN, equal to: 


Q =Qsw + Cow Qwr 


where: 

Osw : Design still water shear force in intact condition, in KN, at the hull transverse section considered, 
defined in Ch 4, Sec 3, [2.3] 

Owv  : Vertical wave shear force in intact condition, in kN, at the hull transverse section considered, defined 
in Ch 4, Sec 3, [3.2] 

Cow : Load combination factor as defined in Ch 4, Sec 4, Tab 3 


If the design still water shear force is not available at preliminary design stage, the following default value, in 


KN, may be used: 
Oswo = 30 CLB(C, + 0.7)107 


2.1.4 Lateral pressure 
The lateral pressure to be considered for the buckling check is defined in Ch 6, Sec 1, [3.1] for curved plate 


panel and in Ch 6, Sec 2, [3.1] for ordinary stiffeners. 
The load calculation point for the curved plate panel is located at mid distance of the curved plate panel 
extremities along the curve. 


The load calculation point of ordinary stiffeners is defined in Ch 6, Sec 2, [1.4] 


2.2 Application 


2.2.1 
Application of the buckling and ultimate strength criterion is described in App 1. 
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Table 2: 
Buckling- Asp. ratio 


Load Case 


Edge 
stress 


ratio y 


s (im "S 


alk 


l<a<l.5 


Explanations for boundary conditions 


Buckling factor K 


y 
-4(39-109)| 


1.1 


r-r (h ee 


-Z (5.87 +1.87a? 
a 


8.6 
$t ioy) 
a 


plate edge free 


Buckling and reduction factors for plane elementary plate panels 


Reduction factor k 


ce =(1.25-0.12y)< 1.25 


A, -slis 1-2] 
2 G 


eua 


Wh 
c= (1.25-0.12y)<1.25 


r= {1-4 for 1 <2, 
c 


R=0.22 for 2A, 
angie 288) 
2 c 
E 
F=|1-2291 l0 
A 
p 

2 2 
Ay =# -0.5 


for 1< As <3 
cı =1 , for ø, due to direct 


loads 
F, 

ci -(1-4}2 0 , for o,, due 
a 

to bending (in general) 

cı =0 , for o, due to bending 


in extreme load cases (e.g. wt. 
bulkheads) 


| oe PE 
{r+vr?-4) 
E 
15A 3 


plate edge simply supported 
plate edge clamped 


Note : The load cases as listed in Tab 2 are general cases. Each stress component (o ©) is to be understood in a local coordinates. 
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K=K'r 
K'=K according to load case 5 
r = Reductions factor 


r= fi 
da 


a 


a a -2.74 


4>a>l | K= nn 


= +2. 07+ 4a? 


plate edge free 
plate edge simply supported 
plate edge clamped 


Note : The load cases as listed in Tab 2 are general cases. Each stress component (ox ©) is to be understood in a local coordinates. 


Explanations for boundary conditions 
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Table 3: Buckling and reduction factor for curved plate panel with R/t < 2500 ' 


Buckling- Aspect ratio 


Buckling factor K Reduction factor k 
Load Case 


K, =l for 4 <0.4 ? 
K, =1.274-0.686-4 for 0.4</A<1.2 


for å >1.2 


2 2 
b 
K =0.3— + 224 
R t 


p ,= external pressure in 
[N/mm?] 


K, =1 for 4<0.25 ? 
K, =1.233-0.933-2 for 0.25<4<1 


K, =0.3/2 for 1<4<1.5 
K, =0.2/4 for 2 >1.5 


as in load case la 


K, =l for A < 0.4 
K, =1.274- 0.686-42 for 0.4<A<1.2 


for A >1.2 


Explanations for boundary conditions plate edge free 
plate edge simply supported 
plate edge clamped 


For curved plate fields with a very large radius the «-value need not to be taken less than for the 
expanded plane field 


For curved single fields, e.g. bilge strake, which are located within plane partial or total fields, the 
reduction factor « may taken as follow: 

0.8 
2 


Load case 1b: x, = <1,0 Load case 2: x, = 
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3. Buckling criteria of elementary plate panels 


3.1 Plates 


3.1.1 General 
The net thickness of the elementary plate panel is to comply with the following: 


t>b/100 

The verification of an elementary plate panel in a transverse section analysis is to be carried out according to 

[3.1.2]. It is to be performed for the two different following combinations of stresses: 

e stress combination 1: 100% of the normal stress as defined in [2.1.2] and 70% of the shear stress as defined 
in [2.1.3] 

e stress combination 2: 70% of the normal stress as defined in [2.1.2] and 100% of the shear stress as defined 
in [2.1.3]. 


The verification of elementary plate panel in a FEM analysis is to be carried out according to [3.2]. 


3.1.2 Verification of elementary plate panel in a transverse section analysis 
Each elementary plate panel is to comply with the following criteria, taking into account the loads defined in 


[2.1]: 
e longitudinally framed plating 


K, Ren 


e3 
S S43 
El ex | sy [t £ <1.0 for stress combination 1 with o, =o, and T = 0.7 ts 


e3 

S S43 er i 

k | sy [t 5 <1.0 for stress combination 2 with o, = 0.70, and T = Tsp 
K Ney 


e transversely framed plating 


e2 e3 
S at de ; 
| ž | | Sv3 <1.0 for stress combination 1 with o, = o, and T = 0.7 tr 
Ky Rey 


e3 
, (£) <1.0 for stress combination 2 with o, = 0.70, and T = Ts 


Each term of the above conditions must be less than 1.0. 

The reduction factors x, and «, are given in Tab 2 and/or Tab 3. 

The coefficients el, e2 and e3 are defined in Tab 4. 

For the determination of e3, «, is to be taken equal to 1 in case of longitudinally framed plating and x, is to be 


taken equal to 1 in case of transversely framed plating. 
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3.2 Verification of elementary plate panel within FEM analysis 


3.2.1 General 
The buckling check of the elementary plate panel is to be performed under the loads defined in [3.2.2], according 


to the requirements of [3]. 
The determination of the buckling and reduction factors is made for each relevant case of Tab 2 according to the 


stresses calculated in [3.2.2] loading the considered elementary plate panel. 


3.2.2 Stresses 
For the buckling check, the buckling stresses are to be determined according to Tab 2 and Tab 3 including their 


stress ratio ¥ for the loading conditions required in Ch 4, Sec 7 and according to the requirements of Ch 7. 


3.2.3 Poisson effect 
Stresses derived with superimposed or direct method have to be reduced for buckling assessment because of the 


Poisson effect, which is taken into consideration in both analysis methods. The correction has to be carried out 


after summation of stresses due to local and global loads. 

Both stresses o and a are to be compressive stresses, in order to apply the stress reduction according to the 
following formulae: 

o, =(o, -0.30,)/0.91 

o, =(0, -0.30,)/0.91 

where: 


* * oe . 
O,» 0, : Stresses containing the Poisson effect 


Where compressive stress fulfils the condition o; < 0.30% , then o, =0and o, = oO, 
Where compressive stress fulfils the condition o% < 0.305 , then o, =0and o, = o, 


3.2.4 Checking Criteria 
Each elementary plate panel is to comply with the following criteria, taking into account the loads defined in 


[2.1]: 


el e2 e3 
els + B Pe + Ey <1.0 
K Reg K Reg Rig K Rey 


In addition, each compressive stress ox and o,, and the shear stress T are to comply with the following formulae: 


el 
[= sii 


(E58 e3 : 
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The reduction factors x, ,«, and x, are given in Tab 2 and/or Tab 3. 
e where o, <0 (tensile stress), «, = 1.0. 
e where o, <0 (tensile stress), xy = 1.0. 


The coefficients el, e2 and e3 as well as the factor B are defined in Tab 4. 


Table 4: Coefficients e1, e2, e3 and factor B 


Exponents el — e3 Plate panel 
and factor B curved 


el 


o and o, positive 
(compressive stress) 


o or œ negative 
(tensile stress) 


3.3 Webs and flanges 


3.3.1 
For non-stiffened webs and flanges of sections and girders proof of sufficient buckling strength as for elementary 


plate panels is to be provided according to [3.1]. 


4. Buckling criteria of partial and total panels 


4.1 Longitudinal and transverse stiffeners 


4.1.1 
In a hull transverse section analysis, the longitudinal and transverse ordinary stiffeners of partial and total plate 


panels are to comply with the requirements of [4.2] and [4.3]. 


4.2 Ultimate strength in lateral buckling mode 


4.2.1 Checking criteria 
The longitudinal and transverse ordinary stiffeners are to comply with the following criteria: 


Cat g<] 


eH 

O, : Uniformly distributed compressive stress, in N/mm? in the direction of the stiffener axis. 
O, = ©» for longitudinal stiffeners 
O, =9 for transverse stiffeners 

O, : Bending stress, in N/mm’, in the stiffener. 


©, calculated as in [4.2.2] with o,= o nand T= Tor 
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4.2.2 Evaluation of the bending stress op 
The bending stress ©; , in N/mm’, in the stiffeners is equal to: 


_Mo+M, 
° W10 
with: 
Mo : Bending moment, in N.mm, due to the deformation w of stiffener, taken equal to: 
Mo = Fx; Pat 
Cr Pz 
with (c, - p,)>0 
Mı : Bending moment, in N.mm, due to the lateral load p, taken equal to: 
pba” nage . 
M,= for longitudinal stiffeners 
24-10 
pa (n -b) . : : : 
M,= PETI for transverse stiffeners, with n equal to 1 for ordinary transverse stiffeners. 
Cs 
Wy : Net section modulus of stiffener (longitudinal or transverse), in cm’, including effective width of 


plating according to [5], taken equal to: 

e ifa lateral pressure is applied on the stiffener: 
Wis the net section modulus calculated at flange if the lateral pressure is applied on the same side 
as the stiffener. 
Wa is the net section modulus calculated at attached plate if the lateral pressure is applied on the 
side opposite to the stiffener. 
Note: For stiffeners sniped at both ends, W,, is the net section modulus calculated at attached plate. 
However, if M; is larger than Mo and the lateral pressure is applied on the same side as the stiffener, 
W,, is the net section modulus calculated at flange. 

e ifno lateral pressure is applied on the stiffener: 
W,, is the minimum net section modulus among those calculated at flange and attached plate 
Note: For stiffeners sniped at both ends, W,, is the net section modulus calculated at attached plate. 


RCN 1 to July 2010 version (effective from 1July 2012) 
Cs : Factor accounting for the boundary conditions of the transverse stiffener 


cs = 1.0 for simply supported stiffeners 
cs = 2.0 for partially constraint stiffeners 

p : Lateral load in kN/m? , as defined in Ch 4, Sec5 and Ch 4, Sec 6 calculated at the load point as defined 
in Ch 6, Sec 2, [1.4] 


: Ideal buckling force, in N, of the stiffener, taken equal to: 


2 
Fry = = El. 104 for longitudinal stiffeners 
a 


1 : 
Fey =p Ey 10* for transverse stiffeners 


(nb) 
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x», : Net moments of inertia, in cm’, of the longitudinal or transverse stiffener including effective width of 


attached plating according to [5]. /, and J, are to comply with the following criteria: 
bt 
12-104 


at? 


12-104 


xZ 


Ye 


Pz : Nominal lateral load, in N/mm”, of the stiffener due to O,» O, and T 


2 

t A; l 

Py =“ (zes + o,( 22) í £) +7, a) for transverse stiffeners 
a 


la : Net thickness offered of attached plate, in mm 


c, : Factor taking into account the stresses vertical to the stiffener's axis and distributed variable along the 


stiffener's length taken equal to: 


0.5(lt+y) for 0<y<l 


0.5 
— for y <0 
l-y 
A,,A, : Net sectional area, in mm”, of the longitudinal or transverse stiffener respectively without attached 


plating 


neler TD 
a b 


m,m, : Coefficients taken equal to: 


“52,0 : m =1.47 m, =0.49 
for longitudinal stiffeners: ’ 

~ 2,0 : m,=1.96 m, =0.37 

"305 : m =0.37 m= a 
for transverse stiffeners: me 2 

Hiss meo pee 

n-b n? 


w= wọ +w; generally 
w=|wọ-wı| for stiffeners sniped at both ends, on which the same side lateral pressure as the stiffener is applied. 


RCN 1 to July 2010 version (effective from 1 July 2012) 
Wo : Assumed imperfection, in mm, taken equal to: 


Wo = TERET, for longitudinal stiffeners 
250 250 
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Wy = min S» zbi 0) for transverse stiffeners 
For stiffeners sniped at both ends wọ must not be taken less than the distance from the midpoint of 
attached plating to the neutral axis of the stiffener calculated with the effective width of its attached 
plating. 

wi : Deformation of stiffener, in mm, at midpoint of stiffener span due to lateral load p. In case of 
uniformly distributed load the following values for w, may be used: 


pba* 


w = ——.—_ for longitudinal stiffeners 
384-10’ EI, 


_  Sap(nb) i 
1 


ee for transverse stiffeners 
384 -10' El cs 


cr : Elastic support provided by the stiffener, in N/mm’, taken equal to: 


e for longitudinal stiffeners 


2 
T 
Cr = Fx zalt Cy) 
a 


e for transverse. stiffeners : 


2 


T 
Cr = C5 Fry = a] 
(n-b) 
E 1 
ad 12-1041, 
0.9] —— -1 
ta 
1+ 
à 
Ci : Coefficient taken equal to : 
ya = 2 q for nb = 2a 
2a nb 
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4.2.3 Equivalent criteria for longitudinal and transverse ordinary stiffeners not subjected to 


lateral pressure 


Longitudinal and transverse ordinary stiffeners not subjected to lateral pressure, except for sniped stiffeners, are 


considered as complying with the requirement of [4.2.1] if their net moments of inertia /, and Z, in cm’, are not 


less than the value obtained by the following formula: 


2 
= Pix Woly ait a 
© 710") Rew WE 
—— oe 
S x 


e For longitudinal stiffener : I 


_ Palb) | whe (mb)? 


e For transverse stiffener: I 
"mot | Ra _ m’E 
S y 


RCN 1 to July 2010 version (effective from 1July 2012) 
4.3 Torsional buckling 


4.3.1 Longitudinal stiffeners 


The longitudinal ordinary stiffeners are to comply with the following criteria: 


Is <1.0 
KrReH 
Kr : Coefficient taken equal to: 


Kr =1.0 for A, <02 
1 


Kr eee for Ap > 0.2 
= 0.5(1+0.21(4, -0.2)+ 43) 
Ar : Reference degree of slenderness taken equal to: 
a, = [Rav 
OKiT 
Cur E es soss) , in N/mm? 
Ip : Net polar moment of inertia of the stiffener, in cm’, defined in Tab 5, and related to the point C as 
shown in Fig 2 
Ir : Net St. Venant's moment of inertia of the stiffener, in cm‘, defined in Tab 5, 
Io : Net sectorial moment of inertia of the stiffener, in cm‘, defined in Tab 5, related to the point C as 
shown in Fig 2 
E : Degree of fixation taken equal to: 


2210 — 5 


4 
3 4 b 4h., 
pa L, d w 
a d% al 


Page 54 


July 2012 


Common Structural Rules for Bulk Carriers Chapter 6, Section 3 


A, : Net web area equal to: A,, =/,,t 


ww 


A, : Net flange area equal to: A, = byt, 


te y 
er = hy ag , in mm 


Figure 2: Dimensions of stiffeners 


Table 5: Moments of inertia 


het ht? t wr 
Flat bar “ ww |1- 0.63 ww 
ht? 


for bulb and angle sections: 


wtw 242 
a ein ata 


6 
Sections with bulb h 12-10 A, +A, 
3 


or flange for tee-sections 


3 2 
byt per 
12-106 


4.3.2 Transverse stiffeners 
Transverse stiffeners loaded by axial compressive stresses and which are not supported by longitudinal stiffeners 


are to comply with the requirements of [4.3.1] analogously. 


5. Effective width of attached plating 


5.1 Ordinary stiffeners 


5.1.1 
The effective width of attached plating of ordinary stiffeners is determined by the following formulae (see also 
Fig 1): 

e for longitudinal stiffeners: b 


m = min(k,b,K,s) 


e for transverse stiffeners: am = MIn(x,a, Ks) 


where: 


S S S 


ler) ler) boy 
K, = 0.0035] —— | —0.0673) —— | +0.4422| —— |—0.0056, to be taken not greater than 1,0 
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s : Spacing of the stiffener, in mm 
loff : Value taken as follows: 
e for longitudinal stiffeners: 
¢.y= a if simply supported at both ends 
lo = 0.6 a if fixed at both ends 
e for transverse stiffeners: 
toy = b if simply supported at both ends 
Coy = 0.6 b if fixed at both ends 


5.2 Primary supporting members 


The effective width e, of stiffened flange plates of primary supporting members may be determined as 


described in a) and b), with the notations: 

e : Width of plating supported, in mm, measured from centre to centre of the adjacent unsupported fields 

em : Effective width, in mm, of attached plating of primary supporting member according to Tab 6 
considering the type of loading (special calculations may be required for determining the effective 
width of one-sided or non-symmetrical flanges). 


e , is to be applied where primary supporting members are loaded by uniformly distributed loads or 


ml 
else by not less than 6 equally spaced single loads. 


e „is to be applied where primary supporting members are loaded by 3 or less single loads. 


m2 


a) Stiffening parallel to web of the primary supporting member (see Fig 3) 


e 


} €m 


' 
5 em 


Ox, em (y) 
Ox. em) 


|» 


Figure 3: Stiffening parallel to web 
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m 


=n-b 


m 


n : Integral number of the stiffener spacing b inside the effective width e,,., taken equal to: 


jd en 
n = int} — 
(z) 


b) Stiffening perpendicular to web of the primary supporting member (see Fig 4) 


e oe e l 


Figure 4: Stiffening perpendicular to web 


aze 


AE 


Cm = Nay < em 


e 
n = 2.7 —— , to be taken not greater than 1.0 
a 


For b2e,, Or a<e,, respectively, b and a must be exchanged. 


Table 6: Effective Width of attached plating 


ee ee ee ee 
Tene | 0 | oe oe [ose [oar _[ 096 | o [100] 1.00] 
Cene | 0 |o% | osr | os | oss | or | os | os | 090 


Intermediate values may be obtained by direct interpolation. 


: Length between zero-points of bending moment curve, i.e. unsupported span in case of simply 
supported girders and 0.6 times the unsupported span in case of constraint of both ends of girder 


6. Transverse vertically corrugated watertight bulkhead in flooded 
conditions 


6.1 General 


6.1.1 Shear buckling check of the bulkhead corrugation webs 
The shear stress t, calculated according to Ch 6, Sec 2, [3.6.1], is to comply with the following formula: 


TST RCN l to July 2008 version (effective from 1 July 2009) 
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Chapter 6, Section 3 
where: 
Te : Critical shear buckling stress to be obtained, in N/mm”, from the following formulae: 
R 
T,=T for 7,<—# 
E E 2 B 
Roy R R 
T, =—#|1-—# for t,>—# 
v3 [ 437, © 243 
TE : Euler shear buckling stress to be obtained, in N/mm’, from the following formula: 
1 \ 
Tp =0.9k,E| — 
i ' (ct -) 
kı : Coefficient, to be taken equal to 6.34 
tw : Net thickness, in mm, of the corrugation webs 
c : Width, in m of the corrugation webs (see Ch 3, Sec 6, Fig 28). RCN 1 to July 2008 version (effective 


from I July 2009) 
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Section 4 - PRIMARY SUPPORTING MEMBERS 


Symbols 


For symbols not defined in this Section, refer to Ch 1, Sec 4. 


Ly 
Iy 


Iz 


Ps, Pw 


X, Y, Z 


: Rule length L, but to be taken not greater than 300 m 


: Net moment of inertia, in m*, of the hull transverse section about its horizontal neutral axis, to be 


calculated according to Ch 5, Sec 1, [1.5], on gross offered thickness reduced by 0.5tc for all 


structural members 


: Net moment of inertia, in mf, of the hull transverse section about its vertical neutral axis, to be 


calculated according to Ch 5, Sec 1, [1.5], on gross offered thickness reduced by 0.5¢¢ for all 


structural members 


: Z co-ordinate with respect to the reference co-ordinate system defined in Ch 1, Sec 4, [4], in m, of the 


centre of gravity of the hull net transverse section defined in Ch 5, Sec 1, [1.2], considering gross 


offered thickness reduced by 0.5¢¢ for all structural members 


: Still water and wave pressure, in KN/m?, in intact conditions, defined in [2.1.2] 
: Normal stress, in N/mm’, defined in [2.1.5] 
: Spacing, in m, of primary supporting members 


: Span, in m, of primary supporting members, measured between the supporting members, see Ch 3, 


Sec 6, [5.3] 


: Web height, in mm 

: Net web thickness, in mm 

: Face plate width, in mm 

: Net face plate thickness, in mm 


: Width, in m, of the plating attached to the member, for the yielding check, defined in Ch 3, Sec 6, 


[4.3] 


: Net section modulus, in cm*, of the member, with an attached plating of width b,, to be calculated as 
p 8 'p 


specified in Ch 3, Sec 6, [4.4] 


: Net shear sectional area, in cm’, of the member, to be calculated as specified in Ch 3, Sec 6, [5.5] 
: Coefficient taken equal to 10 


: Allowable shear stress, in N/mm”, taken equal to: 


Ta = 0.4 Ry 
Material factor, as defined in Ch 1, Sec 4, [2.2.1] 


: X, Y and Z co-ordinates, in m, of the evaluation point with respect to the reference co-ordinate system 


defined in Ch 1, Sec 4 
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1. General 


1.1 Application 


1.1.1 
The requirements of this Section apply to the strength check of pillars and primary supporting members, 


subjected to lateral pressure and/or hull girder normal stresses for such members contributing to the hull girder 
longitudinal strength. 


The yielding check is also to be carried out for such members subjected to specific loads. 


1.2 Primary supporting members for ships less than 150 m in length L 


1.2.1 
For primary supporting members for ships having a length Z less than 150 m, the strength check of such 


members is to be carried out according to the provisions specified in [2] and [4]. 


1.2.2 
Notwithstanding the above, the strength check of such members may be carried out by a direct strength 


assessment deemed as appropriate by the Society. 


1.3 Primary supporting members for ships of 150 m or more in length L 


1.3.1 
For primary supporting members for ships having a length L of 150 m or more, the direct strength analysis is to 


be carried out according to the provisions specified in Ch 7, and the requirements in [4] are also to be complied 
with. In addition, the primary supporting members for BC-A and BC-B ships are to comply with the 


requirements in [3]. 


1.4 Net scantlings 


1.4.1 
As specified in Ch 3, Sec 2, all scantlings referred to in this Section are net, i.e. they do not include any 


corrosion addition. 


The gross scantlings are obtained as specified in Ch 3, Sec 2, [3]. 


1.5 Minimum net thicknesses of webs of primary supporting members 
1.5.1 

The net thickness of the web of primary supporting members, in mm, is to be not less than 0.6,/L, . 
1.6 Flooding check of primary supporting members 


1.6.1 General 
Flooding check of primary supporting members is to be carried out according to the requirements in [5]. 


RCN 1 to July 2010 version (effective from IJuly 2012) 
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2. Scantling of primary supporting members for ships of less than 
150 m in length L 


2.1 Load model 


2.1.1 General 
The still water and wave lateral loads induced by the sea and the various types of cargoes and ballast in intact 


conditions are to be considered, depending on the location of the primary supporting members under 
consideration and the type of the compartments adjacent to it. 

The wave lateral loads and hull girder loads are to be calculated, for the probability level of 10°, in the mutually 
exclusive load cases H1, H2, F1, F2, R1, R2, P1 and P2, as defined in Ch 4, Sec 4. 


2.1.2 Lateral pressure in intact conditions 
The lateral pressure in intact conditions is constituted by still water pressure and wave pressure. 


Still water pressure (ps) includes: 

a) the hydrostatic pressure, defined in Ch 4, Sec 5, [1] 

b) the still water internal pressure, defined in Ch 4, Sec 6 for the various types of cargoes and for ballast. 
Wave pressure (pw) includes for each load case H1, H2, F1, F2, R1, R2, P1 and P2: 

c) the hydrodynamic pressure, defined in Ch 4, Sec 5, [1] 


d) the inertial pressure, defined in Ch 4, Sec 6 for the various types of cargoes and for ballast. 


2.1.3 Elements of the outer shell 
The still water and wave lateral pressures are to be calculated considering separately: 


e the still water and wave external sea pressures 

e the still water and wave internal pressure, considering the compartment adjacent to the outer shell as being 
loaded 

If the compartment adjacent to the outer shell is not intended to carry liquids, only the external sea pressures are 


to be considered. 


2.1.4 Elements other than those of the outer shell 
The still water and wave lateral pressures to be considered as acting on an element which separates two adjacent 


compartments are those obtained considering the two compartments individually loaded. 


2.1.5 Normal stresses 
The normal stress to be considered for the strength check of primary supporting members contributing to the 


hull girder longitudinal strength is the maximum value of oy between sagging and hogging conditions, when 


applicable, obtained , in N/mm’, from the following formula: 


M 
Oy -|ew Ms (z-N)+Cy, eh (z-N)- Cyu o 
I, I, 
where: 
Msw  : Permissible still water bending moments, in kN.m, in hogging or sagging as the case may be 
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Mwy  : Vertical wave bending moment, in kN.m, in hogging or sagging as the case may be, as defined in Ch 
4, Sec 3 
Mwy  : Horizontal wave bending moment, in kN.m, as defined in Ch 4, Sec 3 


Csw : Combination factor for each load case H1, H2, F1, F2, R1, R2, P1 and P2 and defined in the Tab 1 
Cwy, Cw : Combination factors defined in Ch 4, Sec 4, [2.2] for each load case H1, H2, F1, F2, R1, R2, P1 and 
P2 and given in the Tab 1 


Table 1: Combination factors Csy, Cwy and Cw 


2.2 Center Girders and Side Girders 


2.2.1 Net web thickness 


The net thickness of girders in double bottom structure, in mm, is not to be less than the greatest of either of the 


value ¢; to ¢; specified in the followings according to each location: 


pS|x —x | y : 
he Ci 31-4 where 
(dy -d,)r, (Z) 


¿lis less than 0.252 pg, 


is to be taken as 0.252 pp 


p : Differential pressure given by the following formula in kN/m’: 


p= | (Ps. + Deml (oszi + Pw BM J| 
Ps : Cargo or ballast pressure of inner bottom plating in still water, in kN/m’, as calculated at the center of 


the double bottom structure under consideration, according to Ch 4, Sec 6 
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Pw,IB 


Ps,BM 


Pw,BM 


B DB 


: Cargo or ballast pressure of inner bottom plating due to inertia, in kN/m, as calculated at the center of 


the double bottom structure under consideration, according to Ch 4, Sec 6 


: External sea and ballast pressure of bottom plating in still water, in kN/m?, as calculated at the center 


of the double bottom structure under consideration, according to Ch 4, Sec 5 and Ch 4, Sec 6 


: External sea and ballast pressure of bottom plating due to inertia, in kN/m’, as calculated at the center 


of the double bottom structure under consideration, according to Ch 4, Sec 5 and Ch 4, Sec 6 


: Distance between the centers of the two spaces adjacent to the center or side girder under 


consideration, in m 


: Depth of the center or side girder under consideration, in m 
: Depth of the opening, if any, at the point under consideration, in m 


: Length of the double bottom, in m. Where stools are provided at transverse bulkheads, / pg may be 


taken as the distance between the toes. 


: X co-ordinate, in m, of the center of double bottom structure under consideration with respect to the 


reference co-ordinate system defined in Ch 1, Sec 4 


: Distance between the toes of hopper tanks at the midship part, in m, see Fig 3 


: Coefficient obtained from Tab 2 depending on Bpg /£ ppg . For intermediate values of Bog / pg, Ci 


is to be obtained by linear interpolation 


: Depth of girders at the point under consideration, in m. However, where horizontal stiffeners are 


fitted on the girder, a is the distance from the horizontal stiffener under consideration to the bottom 
shell plating or inner bottom plating, or the distance between the horizontal stiffeners under 
consideration 


Spacing, in m, of vertical ordinary stiffeners or floors 


: Coefficient obtained from Tab 3 depending on S, / a. For intermediate values of S,/a, C] is to be 


determined by linear interpolation 


: Value obtained from the following formulae: 


$ 


a 


where the girder is provided with an unreinforced opening : H =1+0.5 


In other cases: H =1.0 


: Major diameter of the openings, in m 


a : The greater of a or S,, inm. 
(OH : Coefficient obtained from Tab 4 depending on S/a . For intermediate values of S,/a, Cj is to be 
obtained by linear interpolation. 
Table 2: Coefficient C, 
1. 
-= over 
July 2012 Page 63 


Chapter 6, Section 4 Common Structural Rules for Bulk Carriers 


Table 3: Coefficient C; 


S 0.3 
a under 


ee eee e a 


Table 4: Coefficient Cf 


ems a a [os a a a [ae Pa 
C Sege | 36 [aa [si Psa es er o a te] 8] 80 


2.3 Floors 


2.3.1 Net web thickness 


The net thickness of floors in the double bottom structure, in mm, is not to be less than the greatest of values tı 


to t; specified in the following according to each location: 


2 
SB 2 - 
t =C, sea 2 b jp) eee , where |x-x, 
Bop pp 


less than 0.252 pp, 


0.252 pg , and where [>| is less than Bpg/4, |y] is to be taken as Bpg/4, 


H? 2 
ty =1.75-3| a Fay, 
2 


BSS, 


h = E 

where 

S : Spacing of solid floors, in m 

do : Depth of the solid floor at the point under consideration in m 

di : Depth of the opening, if any, at the point under consideration in m 

Bes : Distance between toes of hopper tanks at the position of the solid floor under consideration, in m 

Cy : Coefficient obtained from Tab 5 depending on Bpg/ pg . For intermediate values of Bpg/ lpg, Cy 


is to be obtained by linear interpolation 
P , Bog, Xo, lpg : As defined in [2.2.1] 
a : Depth of the solid floor at the point under consideration, in m. However, where horizontal stiffeners 


are fitted on the floor, a is the distance from the horizontal stiffener under consideration to the bottom 


shell plating or the inner bottom plating or the distance between the horizontal stiffeners under 


consideration 
Si : Spacing, in m, of vertical ordinary stiffeners or girders 
C : Coefficient given in Tab 6 depending on S,/d,. For intermediate values of S} /dọ, C} is to be 


determined by linear interpolation. 
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A : Value obtained from the following formulae: 
a) where openings with reinforcement or no opening are provided on solid floors: 


1) where slots without reinforcement are provided: 


H = oS —1.0 , without being taken less than 1.0 
1 


2) where slots with reinforcement are provided: H =1.0 
b) where openings without reinforcement are provided on solid floors: 


1) where slots without reinforcement are provided: 


H = 1405-2 4042-10 , without being taken less than 14052 
do Sı do 


2) where slots with reinforcement are provided: 


wai 
0 


d, : Depth of slots without reinforcement provided at the upper and lower parts of solid floors, in m, 
whichever is greater 
) : Major diameter of the openings, in m 


Sa : The smaller of S; or a ,in m. 


Table 5: Coefficient C, 


B ; 1. 
7 [tae | 06 [os | ve [te | oe | at 
lpg under over 


Table 6: Coefficient C; 


a ee p ee e e E 


E A ES eee Ee eee 


2.4 Stringer of double side structure 


2.4.1 Net web thickness 
The net thickness of stringers in double side structure, in mm, is not to be less than the greatest of either of the 


value ¢ to t; specified in the followings according to each location: 


Six - 
t =C, S , where |x — x,|is under 0.25fp5, |x — x,| is to be taken as 0.252 ps 
H?a? 
ty =1.75 1 4, 
3 
8.55 
t; = 
vk 
where : 


July 2012 Page 65 


Chapter 6, Section 4 Common Structural Rules for Bulk Carriers 


P 


Ps,ss 


Pw,ss 


PS,LB 


Pw,LB 


Sı 
C3 


Differential pressure given by the following formula in kN/m’: 


p= | (Psss + ANE (pens + Para) 


: External sea and ballast pressure of side shell plating in still water, in kN/m’, as measured vertically at 


the upper end of hopper tank, longitudinally at the centre of Z pg , according to Ch 4, Sec 5 and Ch 4, 
Sec 6 


: External sea and ballast pressure of side shell plating due to inertia, in KN/m?, as measured vertically 


at the upper end of hopper tank, longitudinally at the centre of £ pg , according to Ch 4, Sec 5 and 
Ch 4, Sec 6 


: Ballast pressure of longitudinal bulkhead in still water, in kN/m’, as measured vertically at the upper 


end of hopper tank, longitudinally at the centre of £ pg , according to Ch 4, Sec 6 


: Ballast pressure of longitudinal bulkhead due to inertia, in kN/m’, as measured vertically at the upper 


end of hopper tank, longitudinally at the centre of £ pg , according to Ch 4, Sec 6 


: Breadth of part supported by stringer, in m 


: Depth of stringers, in m 


: Depth of opening, if any, at the point under consideration, in m. 


: X co-ordinate, in m, of the center of double side structure under consideration with respect to the 


reference co-ordinate system defined in Ch 1, Sec 4 


: Length of the double side structure between the transverse bulkheads under consideration, in m 


: Height of the double side structure between the upper end of hopper tank and the lower end of topside 


tank, in m 


: Coefficient obtained from Tab 7 depending on hp, /f py . For intermediate values of Aps / lps» Cy 


is to be obtained by linear interpolation. 


: Depth of stringers at the point under consideration, in m. However, where horizontal stiffeners are 


fitted on the stringer, a is the distance from the horizontal stiffener under consideration to the side 
shell plating or the longitudinal bulkhead of double side structure or the distance between the 


horizontal stiffeners under consideration 


: Spacing, in m, of transverse ordinary stiffeners or web frames 


: Coefficient obtained from Tab 8 depending on S,/a. For intermediate values of S;/a, C3 is to be 


obtained by linear interpolation. 


: Value obtained from the following formulae: 


g 


where the stringer is provided with an unreinforced opening: H =1+0.5— 
a 


in other cases: H =1.0 


Major diameter of the openings, in m 


The greater of a or S}, inm 
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S2 


: The smaller of a or Sı, in m 


Table 7: Coefficient C, 


h 
Lps under over 


Table 8: Coefficient C} 


ander over 


SE EEE EE ep 


2.5 Transverse web in double side structure 


2.5.1 Net web thickness 


The net thickness of transverse webs in double side structure, in mm, is not to be less than the greatest of either 


of the value ż; to 4; specified in the followings according to each location: 


PSN ps 


aC; 


í 1.75 BH l , where Z—Zpgy is greater than 0.4hps, Z—Zpgy is to be taken as 0.4hps 
(do = dy), D 


S 


8.58 
ye 

where 

S : Breadth of part supported by transverses, in m 

do : Depth of transverses, in m 

di : Depth of opening at the point under consideration, in m 

Cy : Coefficient obtained from Tab 9 depending on Aps / fps . For intermediate values of Aps / lps, C4 
is to be obtained by linear interpolation 

ZBH : Z co-ordinates, in m, of the upper end of hopper tank with respect to the reference co-ordinate system 
defined in Ch 1, Sec 4 

P , hps and £ pg : as defined in the requirements of [2.4.1] 

a : Depth of transverses at the point under consideration, in m. However, where vertical stiffeners are 
fitted on the transverse, a is the distance from the vertical stiffener under consideration to the side 
shell or the longitudinal bulkhead of double side hull or the distance between the vertical stiffeners 
under consideration. 

Si : Spacing, in m, of horizontal ordinary stiffeners or stringers 

C, : Coefficient obtained from Tab 10 depending on S,/a . For intermediate values of S,/a, C4 is to be 
obtained by linear interpolation. 
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H : Value obtained from the following formulae : 


g 


e where the transverse is provided with an unreinforced opening: H =1+0.5— 
a 


e inother cases: H =1.0 


o : Major diameter of the openings, in m 
a : The greater of a or S;.inm 
Sa : The smaller of a or S|, in m 


Table 9: Coefficient C, 


hps | 0.5 and 0.7 10 ii 12 1.3 and 
los under ` f í ` over 


Table 10: Coefficient C, 


i d 1.4 and 
a under over 


pea RES E ee 


2.6 Primary supporting member in bilge hopper tanks and topside tanks and 
other structures 


2.6.1 Load calculation point 
For horizontal members, the lateral pressure and hull girder stress, if any, are to be calculated at mid-span of the 


primary supporting members considered, unless otherwise specified. 
For vertical members, the lateral pressure p is to be calculated as the maximum between the values obtained at 


mid-span and the pressure obtained from the following formula: 


+ : : 
e p= ae , when the upper end of the vertical member is below the lowest zero pressure level 
£ : ; 
= a , when the upper end of the vertical member is at or above the lowest zero pressure level (see 
Fig 1) 
where: 
li : Distance, in m, between the lower end of vertical member and the lowest zero pressure level 


Pu, P; : Lateral pressures at the upper and lower end of the vertical member span £, respectively 
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PL 
Figure 1: Definition of pressure for vertical members 


2.6.2 Boundary conditions 
The requirements of this sub-article apply to primary supporting members considered as clamped at both ends. 


For boundary conditions deviated from the above, the yielding check is to be considered on a case by case basis. 


2.6.3 Net section modulus, net shear sectional area and web thickness under intact conditions 


The net section modulus w, in cm’, the net shear sectional area Ay, , in cm’, and the net web thickness f,,, in 


mm, subjected to lateral pressure are to be not less than the values obtained from the following formulae: 


(ps + Py se? 103 


mAgRy 
Age 5(Ps +Pw }s¢ 
Ta sing 
t, =1.75-3] ine A, 
where: 
As : Coefficient defined in Tab 11 
ġ : Angle, in deg, between the primary supporting member web and the shell plate, measured at the 
middle of the member span; the correction is to be applied when ¢is less than 75 deg. 
C; : Coefficient defined in Tab 12 according to s, and dọ. For intermediate values of s; /dọ, coefficient 
C; is to be obtained by linear interpolation. 
Si : Spacing of stiffeners or tripping brackets on web plate, in m 
do : Spacing of stiffeners parallel to shell plate on web plate, in m 
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Table 11: Coefficient As 


Primary supporting members Coefficient 15 
Oy . f 
Peale without being taken greater than 


Longitudinal members contributing to the hull girder | 1. I .0—0.85 


longitudinal strength r 


0.8 


Table 12: Coefficient C; 


Se e e e e pe 


oN 


3. Additional requirements for primary supporting members of 
BC-A and BC-B ships 


3.1 Evaluation of double bottom capacity and allowable hold loading in 
flooded conditions 


3.1.1 Shear capacity of the double bottom 
The shear capacity of the double bottom is to be calculated as the sum of the shear strength at each end of: 


e all floors adjacent to both hopper tanks, less one half of the shear strength of the two floors adjacent to each 
stool, or transverse bulkhead if no stool is fitted (see Fig 2); the floor shear strength is to be calculated 
according to [3.1.2] 

e all double bottom girders adjacent to both stools, or transverse bulkheads if no stool is fitted; the girder 
shear strength is to be calculated according to [3.1.3]. 

Where in the end holds, girders or floors run out and are not directly attached to the boundary stool or hopper 

tank girder, their strength is to be evaluated for the one end only. 

The floors and girders to be considered in calculating the shear capacity of the double bottom are those inside 

the hold boundaries formed by the hopper tanks and stools (or transverse bulkheads if no stool is fitted). The 

hopper tank side girders and the floors directly below the connection of the stools (or transverse bulkheads if no 
stool is fitted) to the inner bottom may not be included. 

When the geometry and/or the structural arrangement of the double bottom is/are such as to make the above 

assumptions inadequate, the shear capacity of the double bottom is to be calculated by means of direct 


calculations to be carried out according to the requirements specified in Ch 7, as far as applicable. 


3.1.2 Floor shear strength 
The floor shear strength, in kN, is to be obtained from the following formulae: 
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e in way of the floor panel adjacent to the hopper tank: 
T -3 
S a = Ap 10 
f f 1 
e in way of the openings in the outermost bay (i.e. that bay which is closer to the hopper tank): 


T = 
Spo = Ay, 107 
12 


where: 
Ay : Net sectional area, in mm’, of the floor panel adjacent to the hopper tank 
Arn : Net sectional area, in mm”, of the floor panels in way of the openings in the outermost bay (i.e. that 
bay which is closer to the hopper tank) 
TA : Allowable shear stress, in N/mm”, equal to the lesser of: 
elt Rey 
T 4 ae Pe and T4 “ha? 
ty : Floor web net thickness, in mm 
s : Spacing, in m, of stiffening members of the panel considered 
qı : Coefficient to be taken equal to 1.1 
No : Coefficient to be taken equal to 1.2. It may be reduced to 1.1 where appropriate reinforcements are 


fitted in way of the openings in the outermost bay, to be examined by the Society on a case-by-case 


basis. 


3.1.3 Girder shear strength 
The girder shear strength, in kN, is to be obtained from the following formulae: 


e in way of the girder panel adjacent to the stool (or transverse bulkhead, if no stool is fitted): 


TA 1-3 
gl = A, a 


S 


e in way of the largest opening in the outermost bay (i.e. that bay which is closer to the stool, or transverse 
bulk-head, if no stool is fitted): 
ere 
Sex = Ag, 4107 
12 


: Net sectional area, in mm”, of the girder panel adjacent to the stool (or transverse bulkhead, if no stool 


z 
is fitted) 

Agn : Net sectional area, in mm’, of the girder panel in way of the largest opening in the outermost bay (i.e. 
that bay which is closer to the stool, or transverse bulkhead, if no stool is fitted) 

TA : Allowable shear stress, in N/mm’, defined in [3.1.2], where ty is the girder web net thickness 

yı : Coefficient to be taken equal to 1.1 

No : Coefficient to be taken equal to 1.15. It may be reduced to 1.1 where appropriate reinforcements are 


fitted in way of the largest opening in the outermost bay, to be examined by the Society on a case-by- 


case basis. 
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3.1.4 Allowable hold loading 
The allowable hold loading is to be obtained, in t, from the following formula: 


1 
W = A 
where: 
F : Coefficient to be taken equal to: 


F = 1.1 in general 


F = 1.05 for steel mill products 


V : Volume, in mî, occupied by cargo at a level hg 
hg : Level of cargo, in m’, to be obtained from the following formula: 
hg = Z 

Pc& 

X : Pressure, in kN/m’, to be obtained from the following formulae: 
° for dry bulk cargoes, the lesser of: 
y= Z + pg(zp - 0.1D; -hp) 
A (perm — 1) 
Pc 


X =Z + pez, —0.1D, —h, perm) 


e for steel mill products: 
ye Z + pg(zp —0.1D, -hy) 
(oe 
Pc 
D; : Distance, in m, from the base line to the freeboard deck at side amidships 
hr : Inner bottom flooding head is the distance, in m, measured vertically with the ship in the upright 


position, from the inner bottom to a level located at a distance zp, in m, from the baseline. 


ZF : Flooding level, in m, defined in Ch 4, Sec 6, [3.4.3] 
perm : Permeability of cargo, which need not be taken greater than 0.3 
Z : Pressure, in kN/m”, to be taken as the lesser of: 
Zea 
Appg,H 
zae 
ADB, E 
Cy : Shear capacity of the double bottom, in kN, to be calculated according to [3.1.1], considering, for 


each floor, the lesser of the shear strengths Sy, and Sp (see [3.1.2]) and, for each girder, the lesser of 
the shear strengths Sg; and Sg» (see [3.1.3]) 

Cr : Shear capacity of the double bottom, in kN, to be calculated according to [3.1.1], considering, for 
each floor, the shear strength Sh (see [3.1.2]) and, for each girder, the lesser of the shear strengths S, 
and Sy» (see [3.1.3]) 


bd ADB,H = > S,Bon; 


i=l 


Page 72 July 2012 


Common Structural Rules for Bulk Carriers Chapter 6, Section 4 


n : Number of floors between stools (or transverse bulkheads, if no stool is fitted) 
Si : Space of i-th floor, in m 
Bpgi  : Length, in m, to be taken equal to : 


Bpgi= Bog - s for floors for which Sp < Sp (see [3.1.2]) 
Bogi= Bpgn for floors for which Spy > Spo (see [3.1.2]) 


Bop : Breadth, in m, of double bottom between the hopper tanks (see Fig 3) 
Bpgn : Distance, in m, between the two openings considered (see Fig 3) 
s : Spacing, in m, of inner bottom longitudinal ordinary stiffeners adjacent to the hopper tanks. 


Lower stool 


Transverse bulkhead 


Floor adjacent Floor adjacent to the 
to the stool transverse bulkhead 


Girders 


RS RS Ss T T 


Figure 2: Double bottom structure 


Figure 3: Dimensions Bog and Bps,n 
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4. Pillars 


4.1 Buckling of pillars subjected to compressive axial load 


4.1.1 General 
It is to be checked that the compressive stress of pillars does not exceed the critical column buckling stress 


calculated according to [4.1.2]. 


4.1.2 Critical column buckling stress of pillars 
The critical column buckling stress of pillars is to be obtained, in N/mm”, from the following formulae: 


R 
Oop =OR| for Of, S - 
R Re 
oeg = Rey T=" for op, > =Z 
40 ki 2 
where: 
OE1 : Euler column buckling stress, to be obtained, in N/mm’, from the following formula: 
I 
Op =r E 3 lo“ 
A(fl) 
I : Minimum net moment of inertia, in cm‘, of the pillar 
A : Net cross-sectional area, in cm’, of the pillar 
f : Coefficient to be obtained from Tab 13. 
Table 13: Coefficient f 
Boundary conditions of the pillar f 


Both ends fixed 


0.5 


One end fixed, one end pinned 


iF 


5 


Sis 


Both ends pinned 
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5. Flooding check of primary supporting members 


5.1 Net section modulus and net shear sectional area under flooded 
conditions 


5.1.1 


The net section modulus w, in cm’, the net shear sectional area Ay, i 


less than the values obtained from the following formulae: 


= prst? 103 
l6aå;R, 
5ppsl 
"at, sing 
Where : 
a: Coefficient taken equal to: 


a=0.95 forthe primary supporting member of collision bulkhead, 
a@=1.15 forthe primary supporting member of other watertight boundaries of 
compartments. 


As: Coefficient defined in Ch 6, Sec 4 Table 11, determined by considering oy in flooded condition. 


Pr: Pressure, in KN/m?, in flooded conditions, defined in Ch 4, Sec 6, [3.2.1]. 


RCN 1 to July 2010 version (effective from IJuly 2012) 


in cm’ subjected to flooding are to be not 


July 2012 
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Appendix 1- BUCKLING & ULTIMATE STRENGTH 


1. Application of Ch 6, Sec 3 


1.1 General application 


1.1.1 Mutable shear stress 
If shear stresses are not uniform on the width b of the elementary plate panel, the greater of the two following 


values is to be used: 
e mean value of t 


© 0.5Tmax 


1.1.2 Change of thickness within an elementary plate panel 
If the plate thickness of an elementary plate panel varies over the width b, the buckling check may be performed 


for an equivalent elementary plate panel a x b' having a thickness equal to the smaller plate thickness 4). 


The width of this equivalent elementary plate panel is defined by the following formula: 


i 15 
b =b; vhf 
ty 


where: 
bi : Width of the part of the elementary plate panel with the smaller plate thickness t; 
by : Width of the part of the elementary plate panel with the greater plate thickness t 


b; by 


LL gy 


ty 


\ 
À 
À 


< i 


Figure 1: Plate thickness change within the field breath 
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1.1.3 Evaluation of floors or other high girders with holes 
The following procedure may be used to assess high girders with holes: 


a) Divide the plate field in sub elementary plate panels according the Fig 2 

b) Assess the elementary plate panel and all sub elementary plate panels separately with the following 
boundary conditions: 
e for sub panels 1 to 4: all edges are simply supported (load cases 1 and 2 in Ch 6, Sec 3, Tab 2) 
e for sub panels 5 and 6: simply supported, one side free (load case 3 in Ch 6, Sec 3, Tab 2). 


J 


Figure 2: Elementary plate panels of high girder with hole 


1.2 Application to hull transverse section analysis 


1.2.1 Idealization of elementary plate panels 
The buckling check of the elementary plate panel is to be performed under the loads defined in Ch 6, Sec 3, 


[2.1], according to the requirements of Ch 6, Sec 3, [3]. 

The determination of the buckling and reduction factors is made according to the Ch 6, Sec 3, Tab 2 for the 
plane plate panel and Ch 6, Sec 3, Tab 3 for the curved plate panel. 

For the determination of the buckling and reduction factors in Ch 6, Sec 3, Tab 2, the following cases are to be 
used according to the type of stresses and framing system of the plating: 

e For the normal compressive stress: 


e Buckling load case 1 for longitudinally framed plating, the membrane stress in x-direction o, being 


the normal stress o ,, defined in Ch 6, Sec 3, [2.1.2] 


e Buckling load case 2 for transversely framed plating, the membrane stress in y-direction o, being 


the normal stress o ,, defined in Ch 6, Sec3, [2.1.2], and the values a and b being exchanged to obtain 
a value greater than 1 as it is considered in load case 2. 


e For the shear stress: Buckling case 5, r being the shear stress Tsp defined in Ch 6, Sec 3, [2.1.3]. 
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Oju 6, global 
ee ee i 
vw S E 
O17 WY: Oy, 
O2u 
iw 2 Load 
case 


O2=Y: O2 ©,local 


6, global 


Figure 3: Idealization of elementary plate panels 


1.2.2 Ordinary stiffeners 
The buckling check of the longitudinal and transverse ordinary stiffeners of partial and total plate panels is to be 


performed under the loads defined in Ch 6, Sec 3, [2.1], according to Ch 6, Sec 3, [4] with: 

e 0, =normal stress o , defined in Ch 6 Sec 3 [2.1.2] 

e o, =0 

The effective width of the attached plating of the stiffeners is to be determined in accordance with Ch 6, Sec 3 
[5]. A constant stress is to be assumed corresponding to the greater of the following values: 

e stress at half length of the stiffener 


e 0.5 of the maximum compressive stress of adjacent elementary plate panels 


1.2.3 Primary supporting members with stiffeners in parallel 
The effective width of the attached plating of the primary supporting members is to be determined in accordance 


with Ch 6, Sec 3, [5.2]. 
In addition, when ordinary stiffeners are fitted on the attached plate and parallel to a primary supporting 


member, the buckling check is to consider a moment of inertia /, taking account the moments of inertia of the 


parallel ordinary stiffeners connected to its attached plate (see Ch 6, Sec 3, Fig 3). 


1.2.4 Primary supporting members with stiffener perpendicular to girder 
The effective width of the attached plating of the primary supporting members is to be determined in accordance 


with Ch 6, Sec 3, [5.2]. 
In addition, when ordinary stiffeners are fitted on the attached plate and perpendicular to a primary supporting 


member, the buckling check is to consider a moment of inertia 7, taking account the effective width according 


to (see Ch 6, Sec 3, Fig. 4). 
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1.3 Additional application to FEM analysis 


1.3.1 Non uniform compressive stresses along the length of the buckling panel 
If compressive stresses are not uniform over the length of the unloaded plate edge (e.g. in case of girders 


subjected to bending), the compressive stress value is to be taken at a distance of b/2 from the transverse plate 
edge having the largest compressive stress (see Fig 4). This value is not to be less than the average value of the 


compressive stress along the longitudinal edge. 


Figure 4: Non uniform compressive stress along longitudinal edge a 


1.3.2 Buckling stress calculation of non rectangular elementary plate panels 
a) Quadrilateral panels 


According to Fig 5, rectangles that completely surround the irregular buckling panel are searched. 
Among several possibilities the rectangle with the smallest area is taken. This rectangle is shrunk to the 
area of the original panel, where the aspect ratio and the centre are maintained. This leads to the final 


rectangular panel with the dimensions a, b. 


Original irregular panel ( 


) 


Intermediate rectangles ( ——— ) 
Rectangle with smallest area ( — — — ) 


Final rectangle ( souiibbaubded ) 


Figure 5: Approximation of non rectangular elementary plate panels 


July 2012 Page 79 


Chapter 6, Appendix 1 Common Structural Rules for Bulk Carriers 


b) Trapezoidal elementary plate panel 
A rectangle is derived with a being the mean value of the bases and b being the height of the original 


panel. 


a 
< >| 


Figure 6: Approximation of trapezoidal elementary plate panel 


c) Right triangle 


The legs of the right triangle are reduced by 0.5 to obtain a rectangle of same area and aspect ratio. 


a 


Figure 7: Approximation of right triangle 


d) General triangle 


General triangle is treated according to a) above. 


1.3.3 Buckling assessment of side shell plates 
In order to assess the buckling criteria for vertically stiffened side shell plating, the following cases have to be 


considered: 
In case vertical and shear stresses are approximately constant over the height of the elementary plate panel: 
e Buckling load cases 1, 2 and 5, according to Ch 6, Sec 3, Tab 2 are to be considered 


e y=f (o ; o>) for horizontal stresses 


e yw =1.0 for vertical stresses 


© =t=tnin (Elementary plate panel) 


In case of distributed horizontal, vertical and shear stresses over the height of the elementary plate panel, the 
following stress situations are to be considered separately: 

a) Pure vertical stress 

e The size of buckling field to be considered is b times b (æ =1) 

e y=1.0 


e The maximum vertical stress in the elementary plate panel is to be considered in applying the criteria 
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b) 


c) 


Shear stress associated to vertical stress 

The size of buckling field to be considered is 2b times b (a@ = 2) 

y =1.0 

The following two stress combinations are to be considered: 

e The maximum vertical stress in the elementary plate panel plus the shear stress and longitudinal 
stress at the location where maximum vertical stress occurs 

e The maximum shear stress in the elementary plate panel plus the vertical stress and longitudinal 
stress at the location where maximum shear stress occurs 

The plate thickness ¢ to be considered is the one at the location where the maximum vertical/shear stress 


occurs 


Distributed longitudinal stress associated with vertical and shear stress 
The actual size of the elementary plate panel is to be used ( æ = f (a,b) ). 
The actual edge factor y for longitudinal stress is to be used 

The average values for vertical stress and shear stress are to be used. 


t = tmin (Elementary plate panel) 


1.3.4 Buckling assessment of corrugated bulkheads 


The transverse elementary plate panel (face plate) is to be assesed using the normal stress parallel to the 


corrugation. The slanted elementary plate panel (web plate) is to be assessed using the combination of normal 


and shear stresses. 


The plate panel breadth b is to be measured according to Fig 8. 


a) 


Face plate Web plate 


Figure 8: Measuring b of corrugated bulkheads 


Face plate assessment 

The buckling load case 1, according to Ch 6, Sec 3, Tab 2, is to be used 

The size of the buckling field to be considered is b times b (@ =1) 

y =1.0 

The maximum vertical stress in the elementary plate panel is to be considered in applying the criteria 


The plate thickness ¢ to be considered is the one at the location where the maximum vertical stress 


occurs 
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b) Web plate assessment 
e The buckling load cases | and 5, according to Ch 6, Sec 3, Tab 2, are to be used. 
e The size of the buckling field to be considered is 2b times b (æ =2) 
e y=1.0 
e The following two stress combinations are to be considered: 
e The maximum vertical stress in the elementary plate panel plus the shear stress and longitudinal 
stress at the location where maximum vertical stress occurs 
e The maximum shear stress in the elementary plate panel plus the vertical stress and longitudinal 
stress at the location where maximum shear stress occurs 
e The plate thickness ¢ to be considered is the one at the location where the maximum vertical/shear stress 
occurs. 
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Chapter 7 


Direct Strength Analysis 


Section 1 Direct Strength Assessment of the Primary 


Supporting Members 


Section 2 Global Strength FE Analysis of Cargo Hold 


Structures 
Section 3 Detailed Stress Assessment 


Section 4 Hot Spot Stress Analysis for Fatigue 


Strength Assessment 


Appendix 1 Longitudinal Extent of the Finite Element 
Models 


Appendix 2 Displacement Based Buckling Assessment 


in Finite Element Analysis 
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Section 1 — DIRECT STRENGTH ASSESSMENT OF THE 
PRIMARY SUPPORTING MEMBERS 


1. General 


1.1 Application 


1.1.1 
Direct strength assessment of primary supporting members based on a three-dimensional (3D) finite element 


(FE) analysis is to be applied to ships having length L of 150 m or above. 


1.1.2 
Three kinds of FE analysis procedures are specified in this Chapter: 


a) global strength FE analysis (first FE analysis step) to assess global strength of primary supporting members 
of the cargo hold structure, according to Sec 2. 

b) detailed stress assessment (second FE analysis step) to assess highly stressed areas with refined meshes, 
according to Sec 3 

c) hot spot stress analysis (third FE analysis step) to calculate hot spot stresses at stress concentration points 
with very fine meshes for fatigue strength assessment, according to Sec 4. 


A flowchart of FE analysis procedure for direct strength assessment is shown in Fig 1. 


1.2 Computer program 


1.2.1 
Computer programs for FE analysis are to be suitable for the intended analysis. Reliability of unrecognized 


programs is to be demonstrated to the satisfaction of the Society prior to the commencement of the analysis. 


1.3 Submission of analysis report 


1.3.1 
A detailed report of direct strength FE analysis is to be submitted, including background information of the 


analysis. This report is to include the following items: 

a) list of drawings/plans used in the analysis, including their versions and dates 

b) detailed description of structural modeling principles and any deviations in the model from the actual 
structures 

c) plots of structural model 

d) material properties, plate thickness and beam properties used in the model 

e) details of boundary conditions 

f) all loading conditions analyzed 

g) data for loads application 

h) summaries and plots of calculated deflections 


i) summaries and plots of calculated stresses 
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j) details of buckling strength assessment 
k) tabulated results showing compliance with the design criteria 


1) reference of the finite element computer program, including its version and date. 


1.4 Net scantling 


1.4.1 
Direct strength analysis is to be based on the net scantling approach according to Ch 3, Sec 2. 


1.5 Applied loads 


1.5.1 Design loads 
Direct strength analysis is to be carried out by applying design loads given in Ch 4 at a probability level of 10°, 


except for fatigue strength assessment where probability level is 10*. Combination of static and dynamic loads 


which are likely to impose the most severe load regime are to be applied to the 3D FE model. 


1.5.2 Structural weight 
Effect of the hull structure weight is to be included in static loads, but is not to be included in dynamic loads. 


Standard density of steel is to be taken as 7.85 t/m’, 


1.5.3 Loading conditions 
The loading conditions specified in Ch 4, Sec 7 are to be considered in 3D FE analysis. 
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Bulk Carrier = 150 m 


Direct Strength Assessment 


i Loading conditions 
l (Ch 4, Sec 7) 


Boundary Conditions > Global FE analysis of 


; cargo hold structures : SSS SSeS = SS Sie = 
i Hull Girder loads > =F Corrosion additions (Ch 3,Sec 3) 1 


Yielding Assessment 


Fatigue Assessment 


(Sec 4 & Ch 8) 


Buckling Assessment 


Refined mesh FE analysis 


of highly stressed areas 


Very fine mesh FE analysis 


of fatigue sensitive areas 


Figure 1: | Flowchart of FE analysis procedure 
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Section 2 - GLOBAL STRENGTH FE ANALYSIS OF CARGO 
HOLD STRUCTURES 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
Msy  : Design vertical bending moment as defined in Ch 4, Sec 7, Tab 2. 


Mwy  : Vertical wave bending moment, in hogging or sagging condition, as defined in Ch 4, Sec 3, [3.1.1] 
Mwg : Horizontal wave bending moment, as defined in Ch 4, Sec 3, [3.3.1] 
QOsw  : Allowable still water shear force at the considered bulkhead position as provided in Ch 4, Sec 7, Tab 3 


Owv  : Vertical wave shear force as defined in Ch 4, Sec 3, [3.2.1] 
Cwr, Cw : Load combination factors, as defined in Ch 4, Sec 4, Tab 3. 


1. General 


1.1 Application 


1.1.1 
The procedure given in this Section focuses on direct strength analysis of cargo hold structures in midship area. 


1.1.2 
The global strength FE analysis of cargo hold structures is intended to verify that the following are within the 


acceptance criteria under the applied static and dynamic loads: 
a) stress level in the hull girder and primary supporting members 
b) buckling capability of primary supporting members 


c) deflection of primary supporting members. 


2. Analysis model 


2.1 Extent of model 


2.1.1 
The longitudinal extent of FE model is to cover three cargo holds and four transverse bulkheads. The transverse 


bulkheads at the ends of the model extent are to be included, together with their associated stools. Both ends of 
the model are to form vertical planes and to include any transverse web frames on the planes if any. The details 


of the extent of the model are given in App 1. 


2.1.2 
FE model is to include both sides of ship structures considering unsymmetrical wave-induced loads in the 


transverse direction. 
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2.1.3 
All main structural members are to be represented in FE model. These include inner and outer shell, floor and 


girder system in double bottom, transverse and vertical web frames, stringers, transverse and longitudinal 


bulkhead structures. All plates and stiffeners on these structural members are to be modelled. 


2.2 Finite element modeling 


2.2.1 
All main structural members (plates and stiffeners) detailed in [2.1.3] are to be represented in FE model. 


2.2.2 
Mesh boundaries of finite elements are to simulate the stiffening systems on the actual structures as far as 


practical and are to represent the correct geometry of the panels between stiffeners. 


2.2.3 
Stiffness of each structural member is to be represented correctly by using proper element type for the structural 


member. The principle for selection of element type is given below. 

(1) Stiffeners are to be modeled by beam or bar element having axial, torsional, bi-directional shear and 
bending stiffness. However, web stiffeners and face plates of primary supporting members may be modeled 
by rod element having only axial stiffness and a constant cross-sectional area along its length. 

(2) Plates are to be modeled by shell element having out-of-plane bending stiffness in addition to bi-axial and 
in-plane stiffness. However, membrane element having only bi-axial and in-plane stiffness can be used for 
plates that are not subject to lateral pressures. 

For membrane and shell elements, only linear quad or triangle elements, as shown in Fig 1, are to be 


adopted. 


Figure 1: Linear membrane and shell quad and triangle elements 


Triangle elements are to be avoided as far as possible, especially in highly stressed areas and in such areas 
around openings, at bracket connections and at hopper connections where significant stress gradient should 
be predicted. 

(3) Stiffened panels may be modeled by two-dimensional (2D) orthotropic elements that can represent the 
stiffness of the panels properly. 


2.2.4 
When orthotropic elements are not used in FE model: 


e mesh size is to be equal to or less than the representative spacing of longitudinal stiffeners or transverse side 
frames 


e stiffeners are to be modeled by using rod and/or beam/bar elements 
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e webs of primary supporting members are to be divided by at least three elements height-wise. However, for 
transverse primary supporting members inside hopper tank and top side tank, which are less in height than 
the space between ordinary longitudinal stiffeners, two elements on the height of supporting primary 
members are accepted. 

RCN 1 to July 2008 version (effective from 1 July 2009) 

e side shell frames and their end brackets are to be modeled by using shell elements for web and 
shell/beam/rod elements for face plate. Webs of side shell frames need not be divided along the direction of 
depth 

RCN 1 to July 2008 version (effective from 1 July 2009) 

e aspect ratio of elements is not to exceed 1:4. 


An example of typical mesh is given in App 1. 


2.2.5 
When orthotropic elements are used in FE model for stiffened panels: 


e for the members such as the double bottom girder or floor, the element height is to be the double bottom 
height. 

e where a stiffener is located along the edge between two orthotropic elements, either it is to be modelled by 
using beam/rod element, or it is virtually modelled by reporting the stiffness of the stiffener onto the two 
orthotropic elements 

e where a stiffener is located along the edge between an orthotropic element and a membrane/shell element, it 
is to be modelled by using beam/rod element 

e where a stiffener is located along the edge between two membrane/shell elements, it is to be modelled by 
using beam/rod element 

e where a double hull is fitted, the web of the primary supporting members is to be modelled with one element 
on its height 

e where no double hull construction is fitted, at least one over three frame and its associated end brackets are 
to be modelled by using shell elements for the webs and shell/beam elements for the flanges 


e the aspect ratio of the elements is not to exceed 1:2. 


2.3 Boundary conditions 


2.3.1 
Both ends of the model are to be simply supported according to Tab | and Tab 2. The nodes on the longitudinal 


members at both end sections are to be rigidly linked to independent points at the neutral axis on the centreline 
as shown in Tab 1. The independent points of both ends are to be fixed as shown in Tab 2. 


RCN 1 to July 2008 version (effective from I July 2009) 


Table 1: Rigid-link of both ends 


Nodes on longitudinal members Translational Rotational 
at both ends of the model Dx Dy Dz Rx Ry Rz 
All longitudinal members RL RL RL - - - 
RL means rigidly linked to the relevant degrees of freedom of the independent point 
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Table 2: Support condition of the independent point 


T lational Rotational 
Location of the independent point ae ates 
Dx Dy Dz Rx Ry Rz 
Independent point on aft end of model - Fix Fix Fix - - 
Independent point on fore end of model Fix Fix Fix Fix - - 


RCN 1 to July 2008 version (effective from 1 July 2009) 


2.4 Loading conditions 


2.4.1 General 
The loading conditions, combined with loading patterns and load cases, as illustrated in Ch 4, App 2, are to be 


considered as mandatory conditions for the conventional designs. 


2.5 Consideration of hull girder loads 


2.5.1 General 
Each loading condition is to be associated with its corresponding hull girder loads. The load combination is to be 


considered using Load Combination Factors (LCFs) of the wave-induced vertical and horizontal bending 


moments and of the wave-induced vertical shear forces specified in Ch 4, Sec 4 for each Load Case. 


2.5.2 Vertical bending moment analysis 
Vertical bending moment analysis is to be performed for cases listed in Ch 4, Sec 7, Tab 2, the minimum 


required cases being listed in Ch 4, App 2. 

In vertical bending moment analysis the target hull girder loads are the maximum vertical bending moments 
which may occur at the centre of the mid-hold in the FE model. The target values of hull girder loads are to be 
obtained in accordance with Tab 3 with considering still water vertical bending moments specified in Ch 4, 


Sec 7, Tab 2, and in Ch 4, App 2. 
Table 3: Target loads for vertical bending moment analysis 
Hull girder effect Still water Considered Location 
Vertical bending moment Centre of mid-hold 


Vertical shear force Centre of mid-hold 


Horizontal bending moment Centre of mid-hold 


Horizontal shear force Centre of mid-hold 


2.5.3 Vertical shear force analysis 
Vertical shear force analysis is to be performed for cases listed in Ch 4, Sec 7, Tab 3, the minimum required 


cases being listed in Ch 4, App 2. 

In vertical shear force analysis the target hull girder loads are the maximum vertical shear force which may occur 
at one of the transverse bulkheads of the mid-hold in the FE model. Reduced vertical bending moments are 
considered simultaneously. The target values of hull girder loads are to be obtained in accordance with Tab 4 
with considering still water vertical bending moments and shear forces specified in Ch 4, Sec 7, Tab 2 and Ch 4, 


Sec 7, Tab 3, and in Ch 4, App 2. 
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Table 4: Target loads for vertical shear force analysis 


Hull girder effect Still water Location 


Vertical bending moment 0.65 Cyy Mwy Transverse bulkhead 


Vertical shear force Owv Transverse bulkhead 


Horizontal bending moment 0 Transverse bulkhead 


Horizontal shear force Transverse bulkhead 


2.5.4 Influence of local loads 

The distribution of hull girder shear force and bending moment induced by local loads applied on the model are 
calculated using a simple beam theory for the hull girder. 

Reaction forces at both ends of the model and distributions of shearing forces and bending moments induced by 


local loads can be determined by following formulae: 


2, (x; - eis "Z 


Ry fore Ry a= Dh "Z+ Ry fore 
X fore a X aft i 
DEEA 
Ry fore =— Ry afi =-X fi J+ Ry _ jore 
X fore — Xafı i 

Oy ran =Ry op - > fe? when x; <x 
i 

On rem(®)=Ru apt Dd when x; <x 
i 


My peu X) = (Xa Ry af -$ =x) f, Z when x; <x 


My rem) = (Xap Raat t -Sy when x; <x 


where: 

Xafi : Location of the aft end support, 
Xfore : Location of the fore end support, 
x : Considered location, 


Ry apo Ry_ fores Ru an and Ry fore : Vertical and horizontal reaction forces at the fore and aft ends 
Or rem» Qu rem» My rem and My pem : Vertical and horizontal shear forces and bending moments 


created by the local loads applied on the FE model. Sign of Oy rem, My rem and My remis in 
accordance with the sign convention defined in Ch 4, Sec 3. The sign convention for reaction forces is 


that a positive creates a positive shear force. 


Sy 


: Applied force on node i due to all local loads, 


X; : Longitudinal coordinate of node i. 
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2.5.5 Methods to account for hull girder loads 
For bending moment analysis, two alternative methods can be used to consider the hull girder loads/stresses in 


the assessment of the primary supporting members: 

a) to add the hull girder loads directly to FE model (direct method), or 

b) to superimpose the hull girder stresses separately onto the stresses obtained from the structural analysis using 
the lateral loads (superimposition method). 


For shear force analysis, the “direct method” is to be used. 


2.5.6 Direct method 
In direct method the effect of hull girder loads are directly considered in 3D FE model. The equilibrium loads are 


to be applied at both model ends in order to consider the hull girder loads as specified in [2.5.2] and [2.5.3] and 
influence of local loads as specified in [2.5.4]. 
In order to control the shear force at the target locations, two sets of enforced moments are applied at both ends 


of the model. These moments are calculated by following formulae: 


(x fore = Kap) 
My afi SF = My fore_SF = Oy req) -Qy FEM (x.,)| 


(X fore a 


Xapi) 
Mz afi SF =Mz jore_sF = 3 Op Gs, Os pare) | 


In order to control the bending moments at the target locations, another two sets of enforced moments are 


applied at both ends of the model. These moments are calculated by following formulae: 


_ Xeq — Xapi 1 
My afi Bm =—My fore BM = My 7(%q)-My_reu (Xe) -My afi sr Dae 
X fore — Xaft 


Xeq — Xaft 
Mz afi_BM =-Mz fore BM ae My 7(%eq)-Ma_ rem (Xeq)-Mz_ap_sr ae 
X fore ~ Xafi 


where: 
Keg : Considered location for the hull girder loads evaluation, 
Oy rem» Qu rem» My rem, My rem : As defined in [2.5.4] 


Oy r» Qu r, My r,My r : Target vertical and horizontal shear forces and bending moments, defined in 


Tab 3 or Tab 4, at the location x,,. Sign of Qy r, My rand My ris in accordance with sign 


ay 
convention defined in Ch 4, Sec 3. 


My af sr» My fore se» My atem» Mysore pu : Enforced moments to apply at the aft and fore ends for 


vertical shear force and bending moment control, positive for clockwise around y-axis. The sign 
convention for My ay sr, My fore sr, My ap pu and My fore gm is that of the FE model axis. The sign 
convention for other bending moment, shear forces and reaction forces is in accordance with the sign 
convention defined in Ch 4, Sec 3. 


Mz ap se >Mz_ fore sr» Mz ap em» ™Mz_ fore gu : Enforced moments to apply at the aft and fore ends for 


horizontal shear force and bending moment control, positive for clockwise around z-axis. The sign 


convention for Mz afi sF, Mz fore sF; Mz afi gu and MZ fore gm is that of the FE model axis. The sign 


July 2012 Page 11 


Chapter 7, Section 2 Common Structural Rules for Bulk Carriers 


convention for other bending moment, shear forces and reaction forces is in accordance with the sign 


convention defined in Ch 4, Sec 3. 


The enforced moments at the model ends can be generated by one of the following methods: 

e to apply distributed forces at the end section of the model, with a resulting force equal to zero and a 
resulting moment equal to the enforced moment. The distributed forces are applied to the nodes on the 
longitudinal members where boundary conditions are given according to Tab 1. The distributed forces are to 
be determined by using the thin wall beam theory 


e to apply concentrated moments at the independent points defined in [2.3.1]. 


2.5.7 Superimposition method 
For vertical bending moment analysis in the superimposition method, the stress obtained from the following 


formula is to be superimposed to the longitudinal stress of each element in longitudinal members obtained from 
3D FE analysis. Vertical shear force analyses are to be in accordance with [2.5.6]. 
toa My r Myr 

SM 1 I(z-N) tery 


where 

My r, Myr : Target vertical and horizontal bending moments at considering section, respectively, with 
corrections due to local loads, taken equal to: 
My r=Msw +Cwy:'Mwy-Mpy Fem 
My r = Cyn ‘Mwy -M4 rem 

Iy : Vertical inertia of the section around horizontal neutral axis, calculated according to Ch 3, Sec 2, 
[3.2.1] 

Iz : Horizontal inertia of the section, calculated according to Ch 3, Sec 2, [3.2.1] 

N : Zco-ordinate of the centre of gravity of the hull transverse section, as defined in Ch 5, Sec 1 

y : Y co-ordinate of the element 

Z : Z co-ordinate of the element. 


3. Analysis criteria 


3.1 General 


3.1.1 Assessment holds 
All the primary supporting members in the mid-hold of the three-hold (1+1+1) FE model, including bulkheads, 


are to be evaluated in 3D FE analysis. 


3.1.2 
The results of the structural analysis are to satisfy the criteria for yielding strength, buckling strength and 


deflection of primary members. 
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3.2 Yielding strength assessment 


3.2.1 Reference stresses 
Reference stress is Von Mises equivalent stress at the centre of a plane element (shell or membrane) or axial 


stress of a line element (bar, beam or rod) obtained by FE analysis through considering hull girder loads 
according to [2.5.4] or [2.5.5]. 

Where the effects of openings are not considered in the FE model, the reference stresses in way of the openings 
are to be properly modified with adjusting shear stresses in proportion to the ratio of web height and opening 
height. 

Where elements under assessment are smaller than the standard mesh size specified in [2.2.4] or [2.2.5], the 
reference stress may be obtained from the averaged stress over the elements within the standard mesh size. 


RCN 1 to July 2008 version (effective from I July 2009) 


3.2.2 Equivalent stress 
Von Mises equivalent stress is given by the following formula: 


_ {2 2 2 
On, = i O, -0,0,+¢, +3t,, 


O 6, : Element normal stresses, in N/mm? 
Ty : Element shear stress, in N/mm? 
In superimposition method, the stress Osm , defined in [2.5.7], is to be superimposed onto to longitudinal stress 


component. 


3.2.3 Allowable stress 
The reference stresses in FE model that does not include orthotropic elements, as specified in [2.2.4], are not to 


exceed 235/k N/mm”, where k is the material factor defined in Ch 3, Sec 1. 
The reference stresses in FE model that includes orthotropic elements, as specified in [2.2.5], are not to exceed 


205/k N/mm’, where k is the material factor defined in Ch 3, Sec 1. 


3.3 Buckling and ultimate strength assessment 


3.3.1 General 
Buckling and ultimate strength assessment is to be performed for the panels on primary supporting members 


according to Ch 6, Sec 3. 


3.3.2 Stresses of panel 
The stresses in each panel are to be obtained according to the following procedures: 


1) when the mesh model differs from the elementary plate panel geometry, the stresses o,,,0, and T acting on 
an elementary plate panel are to be evaluated by extrapolation and/or interpolation of surrounding meshes 
using the elements stresses or using the displacement based method described in App 2. 

2) stresses obtained from with superimposed or direct method have to be reduced for buckling assessment 
because of the Poisson effect, which is taken into consideration in both analysis methods. The correction has 


to be carried out after summation of stresses due to local and global loads. 
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* + . . . . 
When the stresses o, and o, are both compressive stresses, a stress reduction is to be made according to 


the following formulae: 
o, =(0\ -0.30,,)/0.91 
o, =(0;, -0.30,)/0.91 


Where compressive stress fulfils the condition o; <0.30;, then o, =0 and o, = o; 


Where compressive stress fulfils the condition o% < 0.30; ,then o, =0 and o, =o, 


* 2 oe . 
O,,0,: Stresses containing the Poisson effect 


3) determine stress distributions along edges of the considered buckling panel by introducing proper linear 
approximation as shown in Fig 2. 


4) calculate edge factor y according to Ch 6, Sec 3. 


Figure 2: Stresses of panel for buckling assessment 


3.3.3 Boundary conditions 
Buckling load cases 1, 2, 5 or 6 of Ch 6, Sec 3, Tab 2 are to be applied to the buckling panel under evaluation, 


depending on the stress distribution and geometry of openings. 
If the actual boundary conditions are significantly different from simple support condition, another case in Ch 6, 


Sec 3, Tab 2 can be applied. 


3.3.4 Safety factor 
The safety factor for the buckling and ultimate strength assessment of the plate is to be taken equal to 1.0. 


3.4 Deflection of primary supporting members 
The relative deflection, Ô 


max > In mm, in the outer bottom plate obtained by FEA is not to exceed the following 


criteria: RCN 1 to July 2008 version (effective from 1 July 2009) 
< 4 


Ô max ma 
150 


where: 
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Omax | Maximum relative deflection, in mm, obtained by the following formula, and not including secondary 
deflection 
Ô nax = max(|6,, > Sp) 
where, 5p; and dg are shown in Fig 3. 

l; : Length or breadth of the flat part of the double bottom, in mm, whichever is the shorter. 


Figure 3: Definition of relative deflection 


RCN 1 to July 2008 version (effective from I July 2009) 
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Section 3 — DETAILED STRESS ASSESSMENT 


1. General 


1.1 Application 


1.1.1 
This Section describes the procedure for the detailed stress assessment with refined meshes to evaluate highly 


stressed areas of primary supporting members. 

Where the global cargo hold analysis of Sec 2 is carried out using a model complying with the modeling criteria 
of Sec 2, [2.2.4], the areas listed in Tab 1 are to be refined at the locations whose calculated stresses exceed 95% 
for non-orthotropic elements or 85% for orthotropic element but do not exceed 100% of the allowable stress as 
specified in Sec 2, [3.2.3]. 

RCN 1 to July 2008 version (effective from 1 July 2009) 


2. Analysis model 


2.1 Areas to be refined 


2.1.1 
Where the global cargo hold analysis of Sec 2 is carried out using a model complying with the modeling criteria 


of Sec 2, [2.2.4], the areas listed in Tab 1 are to be refined at the locations whose calculated stresses exceed 95% 


of the allowable stress as specified in Sec 2, [3.2.3]. 


2.1.2 
Where the global cargo hold analysis of Sec 2 is carried out using a model complying with the modeling criteria 


of Sec 2, [2.2.5], all the high stressed areas listed below are to be refined: 
e areas whose calculated stresses exceed 85% of the allowable stress as specified in Sec 2, [3.2.3]. 
e typical details of the primary supporting members as shown in Tab 1. 


e typical details of the transverse bulkheads of the considered hold as shown in Tab 1. 
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Typical details to be refined 


Table 1: 


Description 


We 


Dn 
=] 
© 
p= 
R 
= 
=) 
D 
Q. 
Dn 
m 
a 
[=] 
© 
= 
omj 
azi 
© 
< 


Refining of the most 
stressed transverse 
primary supporting 
members located in: 


double bottom 


hopper tank 


double skin side 


topside tank 


Refining of the most 
members located in: 


stressed transverse 
primary supporting 


double bottom 


hopper tank 


topside tank 


diaphragm(s) of the lower 
stool, are to be modeled 


to hopper tank and topside 


side shell frame with end 
brackets and connections 
tank 


High stressed elements, 


including the 


High stressed elements 
are to be modeled 


Area of interest 


Most stressed 
transverse primary 
supporting member 


for double side 
skin constructions 


Most stressed 
transverse primary 


supporting member | ® 
for single side skin 
constructions 


Most stressed 
connection of the 
corrugations with 


the lower stool 


Most stressed 
connection of the 
lower stool with 
the inner bottom 


Structural 


member 


supporting 
member 


Transverse 
bulkhead and its 


associated lower 
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Structural 


Area of interest 
member 


Additional specifications Description 


Refining of the most 5 = 
stressed following | NAAT m 
ON è ami S 


F 


members: 
Inner bottom 


and hopper 
sloping plates 


C? 
kas 


e inner bottom 


7 
Y 


Most stressed 
connection ofthe |e 


i 


hopper sloping plate 


T 


with their 
associated 
supporting 


inner bottom with 
the hopper sloping 
plate 


floor 


girder 


W 


` 
% 


members 


High stressed elements 
are to be modeled 


eee 


tO 
4 
A 


Deck plating in 
4 
SESS Sog 


way of the most S 
stressed hatch ASSIS 
corners 


4 


Deck plating 


Ao 
Le 


RCN 1 to July 2010 version (effective from 1July 2012) 


2.2 Refining method 


2.2.1 
Two methods can be used for refining the high stressed areas: 


e refined areas can be directly included in FE model used for the global cargo hold analysis of Ch 7, Sec 2 
(See Fig 1). 


e detailed stresses in refined areas can be analysed by separate sub-models. 


CZ 
ae ae 


LFS 
pres 
A 


“Direct” modelling with refined meshes 


Figure 1: 
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2.3 Modeling 


2.3.1 Element type 
Each structural members is to be modeled by using proper element type for the structure in accordance with the 


principle in Sec 2, [2.2.3]. Orthotropic elements are not to be used in refined areas. 


2.3.2 Mesh 
The element size in refined areas is to be approximately one fourth of the representative spacing of ordinary 


stiffeners in the corresponding area, i.e. 200 x 200mm mesh size for structures whose ordinary stiffener spacing 
is 800 mm. 

In addition, the web height of primary supporting members and web frames of single side bulk carriers is to be 
divided at least into 3 elements. 

The aspect ratio of element is not to exceed 3. Quad elements are to have 90° angles as much as practicable, or to 


have angles between 45° and 135°. 


2.3.3 Extent of sub-model 
The minimum extent of sub-model is to be such that the boundaries of the sub-model correspond to the locations 


of adjacent supporting members (see Fig 2). 


Model boundaries corresponding 
to supporting member locations 


Figure 2: Boundaries of sub-models 


2.4 Loading conditions 


2.4.1 
Loading conditions, which are applied to 3D FE model for the global cargo hold analysis according to Sec 2 and 


which induce stresses at considered locations exceeding the criteria specified in [2.1], are to be considered in the 


detailed stress assessment. 


2.5 Boundary conditions 


2.5.1 
Boundary conditions as specified in Sec 2, [2.3.1] are to be applied to the global cargo hold FE model with 


refined meshes. 
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2.5.2 
Nodal forces or nodal displacements obtained from the global cargo hold analysis of Sec 2 are to be applied to 


the sub-models. Where nodal forces are given, the supporting members located at the boundaries of a sub-model 
are to be included in the sub-model. Where nodal displacements are given and additional nodes are provided in 


sub-models, nodal displacements at the additional nodes are to be determined by proper interpolations. 


3. Analysis criteria 


3.1 Allowable stress 


3.1.1 


Von Mises equivalent stresses in plate elements and axial stresses in line elements within refined areas are not to 
exceed 280/k N/mm”, where k is the material factor defined in Ch3, Sec 1. 
In case elements significantly smaller than the size defined in [2.3.2] are used, this criteria applies to the average 


stress of all elements included in an area corresponding to a single element having the size specified in [2.3.2]. 
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Section 4— HOT SPOT STRESS ANALYSIS FOR FATIGUE 
STRENGTH ASSESSMENT 


1. General 


1.1 Application 


1.1.1 
This Section describes the procedure to compute hot spot stresses for fatigue strength assessment of each 


location specified in Ch 8, Sec 1, Tab 1 by using finite element method. 


1.1.2 
The loading conditions and the load cases specified in [2.2] are to be considered for hot spot stress analysis. 


2. Analysis model 


2.1 Modeling 


2.1.1 
Hot spot stresses for fatigue assessment are to be obtained by the global cargo hold models where the areas for 


fatigue assessment are modeled by very fine meshes, as shown in Fig 1. 
Alternatively, hot spot stresses can be obtained from sub-models, by using the similar procedures specified in 


Sec 3, [2]. 


2.1.2 
Areas within at least a quarter of frame spacing in all directions from the hot spot position are to be modeled by 


very fine meshes. The element size in very fine mesh areas is to be approximately equal to the representative net 


thickness in the assessed areas, and the aspect ratio of elements is to be close to 1. 


2.1.3 
The mesh size is to be gradually changed from very fine mesh to fine mesh through the transition areas as shown 


in Fig 2. All structural members, including brackets, stiffeners, longitudinals and faces of transverse rings, etc., 
within transition areas are to be modeled by shell elements with bending and membrane properties. Geometries 


of welds are not to be modeled. 
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(a) Part of global cargo hold model with very fine mesh 


7 


i 


ae Oe, 


(c) End of hold frame (d) Longitudinal 


Figure 1: Example of very fine mesh model 
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Fine mesh area 


Transition area 


& 


Very fine mesh area 


Fine mesh area 


Figure 2: Very fine mesh area, transition area and fine mesh area 


2.2 Loading conditions 


2.2.1 
The loading conditions, specified in Ch 8, Sec 1, Tab 2 and illustrated in Ch 4, App 3, are to be considered. 


2.2.2 
Probability level of 10“ is to be used for calculation of design loads. 


2.3 Boundary conditions 


2.3.1 
The boundary conditions specified in Sec2, [2.3.1] are to be applied to the cargo hold model with localized very 


fine meshes or the mother model for sub-models. When using sub-models, nodal displacements or forces 


obtained from the mother model are to be applied to sub-models. 


3. Hot spot stress 


3.1 Definition 


3.1.1 
The hot spot stress is defined as the structural geometric stress on the surface at a hot spot. 


3.1.2 
The hot spot stresses obtained by using superimposition method are to be modified according to Ch 8, Sec 3, 


[2.2] and [3.2]. 
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3.2 Evaluation of hot spot stress 


3.2.1 
The hot spot stress in a very fine mesh is to be obtained using a linear extrapolation. The surface stresses located 


at 0.5 times and 1.5 times the net plate thickness are to be linearly extrapolated at the hot spot location, as 
described in Fig 3 and Fig.4. 
The principal stress at the hot spot location having an angle with the assumed fatigue crack greater than 45° is to 


be considered as the hot spot stress. 


Hot spot stress 


Thickness= t 


Figure 3: Definition of hot spot stress at an intersection of two plates 


Hot spot stress 


Thickness= t 


f 


1.5¢ 


Figure 4: Definition of hot spot stress at an intersection of plating and bracket 


3.2.2 
The hot spot stress at the intersection of two plates, as obtained from [3.2.1], is to be multiplied by the correction 


factor A defined below, considering the difference between the actual hot spot location and assumed location and 
the difference of stress gradient depending on the angle 0, in deg, between the two plates, to be measured 
between 0° and 90°. 


0.8 : 0<75 
e welded intersection between plane plates: A= \9 9- = eee 


Page 24 July 2012 


Common Structural Rules for Bulk Carriers Chapter 7, Section 4 


e welded intersection between bent plate and plane plate: 4 = 0.7 (i.e. bend type bilge knuckle part) 


3.2.3 
The hot spot stress in a non-welded area or along free edge is to be determined by extrapolating the principal 


stresses of the two adjacent elements, as shown in Fig 5. 


Free edge 


<> Principal stress 
----> Extrapolation 
<> Ho spot stress 


Figure 5: Definition of the hot spot stress along free edge 


3.3 Simplified method for the bilge hopper knuckle part 


3.3.1 


At the bilge knuckle part, the hot spot stress @ jcispor May be computed by multiplying the nominal stress o nominat 


with the stress concentration factor K defined in [3.3.3]. 


O hotspot = Kg O nominal 


3.3.2 
The nominal stress at the hot spot location is to be determined by extrapolating the membrane stresses located at 


1.5 times and 2.5 times the frame spacing from the hot spot location, as shown in Fig 6. 
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e :Nominal stress 
o ‘Available data 


2.5 frame spacing: 


Figure 6: Definition of nominal stress at the bilge hopper knuckle part 


3.3.3 

The geometrical stress concentration factor K,; for the bilge hopper knuckle part is given by the following 

equation: 

Ka =Ky K, KK; K, 

where: 

Ko : Stress concentration factor depending on the dimensions of the considered structure, defined in Tab 1 

Ky : Correction coefficient depending on the type of knuckle connection, defined in Tab 2 

Ky : Correction coefficient depending on the thickness increment of the transverse web, defined in Tab 2 or 
taken equal to 1.0 if there is no thickness increment 

K; : Correction coefficient depending on the insertion of horizontal gusset or longitudinal rib (see Fig 7), 
defined in Tab 2 or taken equal to 1.0 if there is no horizontal gusset or longitudinal rib 

Ky : Correction coefficient depending on the insertion of transverse rib, defined in Tab 2 (see Fig 8) or 


taken equal to 1.0 if there is no transverse rib 


Table 1: Stress concentration factor Ky 


Plate net thickness] Angle of hopper slope plate to the horizontal ((deg.) 
in FE model 


t (mm) 


2.5 2.7 2.8 
2.4 2.6 2 


Note: Alternatively, Ko can be determined by the following formula. 


e 0.140 - (1.15 — 0.00338) 
0 (0 5p)(0-2+0.00280) 
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Table 2: Correction coefficients 


Type of knuckle 
Weld Type 137, 0.9 


1.75 ; R/t<4 0.85 ; R/t<4 
2.80 ; R/t>8 0.55 ; R/t>8 


Bend Type 


Notes : 
(1) The linear interpolation is applied between 4 < R/t < 8 


“R” denotes the radius of bend part and “t” denotes the plate thickness 


(2) In using the correction coefficient Kz, the members should be arranged such that the bending 
deformation of the radius part is effectively suppressed. 


(3) The increase in web thickness is taken based on the plate thickness of the inner bottom plating. 


Figure 7: Example of insertion of horizontal gusset or longitudinal rib 


about 500 mm 


Figure 8: Example of insertion of transverse rib 
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Appendix 1 — LONGITUDINAL EXTENT OF THE FINITE 
ELEMENT MODELS 


1. Longitudinal extent 
A three-hold length finite element model is recommended for the analysis, with the mid-hold as the target of 


assessment. 


The three-hold length finite element model reduces the adverse effects of the boundary conditions to a minimum 


in the assessed mid-hold. 


(Assessment target) 


Aan an a a en a rt 


ee es G 
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m 
z 
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Figure 1: Longitudinal extent of the finite element model 


Figure 2: Example of a finite element model 
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2. Typical Mesh 
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Figure 3: | Typical mesh of a web frame 
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Appendix 2 — DISPLACEMENT BASED BUCKLING 
ASSESSMENT IN FINITE ELEMENT ANALYSIS 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
a : Length of the longer plate panel side 
b : Length of the shorter plate panel side 
x : Direction parallel to a, taken as the longitudinal direction 
y : Direction parallel to b, taken as the transverse direction 
C : Coefficient taken equal to: 
; E 
for 4-node buckling panel: C = ——— 
2(1-v~) 
; ; E 
for 8-node buckling panel: C = —=—— 
4(1-v°) 
v : Poisson ratio 
m : Coefficient taken equal to: 
m=l-v 


1. Introduction 


1.1 


1.1.1 
This Appendix provides a method to obtain the buckling stresses and edge stress ratios for elementary plate 


panels (EPP) from a finite element calculation. This method is called “Displacement Method”. 


2. Displacement method 


2.1 General 


2.1.1 
As the mesh of the finite elements does not correspond, in general, to the buckling panels the nodal points of the 


EPP can be mapped onto the FE-mesh and the displacements of these nodes can be derived from the FE- 
calculation. 
Whenever operations on displacements are performed, full numerical accuracy of the displacements should be 


used. 


2.1.2 4-node and 8-node panels 
When the aspect ratio of the EPP is less than 3 and the variation of the longitudinal stresses in longitudinal 


direction of the EPP is small, a 4-node panel may be used. Otherwise an 8-node panel is to be taken. 


2.1.3 Calculation of nodal displacements 
Three different node locations are possible: 
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e Ifa node of the buckling panel is located at an FE-node, then the displacements can be transferred directly. 

e Ifa node of the buckling panel is located on the edge of a plane stress element, then the displacements can 
be linearly interpolated between the FE-nodes at the edge. 

e Ifa node of the buckling panel is located inside of an element, then the displacements can be obtained using 


bi-linear interpolation of all nodes of the element. 


2.1.4 Transformation in local system 
The transformation of the nodal displacements from the global FE-system into the local system of the buckling 


panel is performed by 


()=L]- tue) 


where: 

(u) : Local displacement vector 

(u P ) : Global displacement vector 

[A] : Transformation matrix (2x3), of direction cosines of angles formed between the two sets of axes. 


2.2 Calculation of buckling stresses and edge stress ratios 


2.2.1 
The displacements, derived at the corners of the elementary plate panel, are to be considered as input from which 


the stresses at certain stress-points are derived. In the 4-node buckling panel these points are identical but in the 
8-node buckling panel they differ. The locations and the numbering convention may be taken from Fig 1 and Fig 
2. 

The derived stresses at EPP corner nodes can be directly used as input for the buckling assessment according 
Ch 6, Sec 3. The buckling load cases, which have to be considered in the FEM buckling assessment and defined 
in Ch 7 are buckling load cases 1, 2 and 5 of Ch 6, Sec 3, Tab 2 and la, 1b, 2 and 4 of Ch 6, Sec 3, Tab 3. In 


special cases, other buckling load cases may be used for the buckling assessment by a hand calculation. 


2.2.2 4-node buckling panel 
Stress displacement relationship for a 4-node buckling panel (compressive Stresses are positive) 


> 


Oly 


uj 


OIX 
Figure 1: 4-node buckling panel 


From the displacements of the EPP corner nodes the stresses of these nodes can be obtained using 
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Oix —2/a 
oiy —2v/la 
Ti -m/b 
ass —2/a 
Oy -—2v/a 
Or Ge 9 
ce 0 
Oy 0 
T 0 
Thy 0 
O4y 0 
T4 -m/b 
where: 


2/a 
2v/a 
-m/b 
0 


(Oix O1y>T1 O 4x04yT4) =\o 


(u, Vy sites v4)" = (u) 


0 

0 
mia 0 0 
-2v/b 0 
—2/b 0 
-—2v/b 2/a 2v/b 
—2/b 2v/a 2/b 


0 2/a 0 
0 2v/a 0 
0 0 mia 


0 2v/b 
0 2/b 
m/b 0 Uy 
0 0 vi 
0 0 Uy 
0 0 v 
—2/a 0 Uz 
—2v/la 0 V3 
0 -m/a| |u, 
—2/a 2v/b | \v, 
—-2v/a 2/b 
m/b -mla 


: Element stress vector 


: Local node displacement vector 


If both o and o, are compressive stresses then the stresses o, and o, must be obtained as follows: 


o, =(0\ -0.30,,)/0.91 
o, =(o, -0.30,)/0.91 


Where compressive stress fulfils the condition oO; < 0.30%, then o, =0and o, = oO, 


Where compressive stress fulfils the condition o% < 0.305 , then o, = 0 and o= a, 


This leads to the following stress vector: 


T 
(0) = (Cirip T1 5 F4xsFay TA) 


Finally the relevant buckling stresses and edge stress ratios are obtained by: 


e LC 1: longitudinal compression 


Oax +03, 


Oix +O 
on = al 1x 5 ahs 


2 


1 
Ao, = a O71, +04, — On, + ozy) 


O, =0; +0.5|Ao;| 


Y, =1-|Ao,|/o, 


e LC 2: transverse compression 


4 
0, = 0.25) oy 
i=l 


1 


Ao, = Sf O1y 04, + Ory +03,) 


2 


Oy =O; + 0.5|4o,,| 


y, =1-|Ao,|/0, 
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e LC 5: shear 


| tt +3 +T, 
4 


2.2.3 8-node buckling panel 
Stress displacement relationship for a 8-node buckling panel (compressive stresses are positive) 


a (a) Displacement Nodes 
4 8 7 3 
b Yy 
1 5 6 2 yj 


(b) Stress Nodes 


Figure 2: 8-node buckling panel 


From the displacements of the EPP corner nodes the stresses of these nodes and on mid positions can be 


obtained using: 


On -12/a -4v/b 0 0 0 0 0 4v/b 12/a 0 0 0 0 0 0 0 
oi, -12v/a_ -4/b 0 0 0 0 0 4/b 12v/a 0 0 0 0 0 0 0 
q, -—2m/b -6m/a 0 0 0 0 2m/b 0 0 6m/a 0 0 0 0 0 0 
öz: 0 0 12/a -4v/b 0 4v/b 0 0 0 0 -12/a 0 0 0 0 0 
o, 0 0 12v/a —-4/b 0 4/b 0 0 0 0 -12v/a 0 0 0 0 0 
Tj 0 0 —2m/b 6m/a 2m/b 0 0 0 0 0 0 -6m/a 0 0 0 0 
o 0 0 0 —4v/b 12/a 4v/b 0 0 0 0 0 0 -12/a 0 0 0 
T, 0 0 0 -4/b 12v/a_ 4/b 0 0 0 0 0 0 -12v/a 0 0 0 
T; ed 0 0 —2m/b 0 2m/b 6m/a 0 0 0 0 0 0 0 —6m/a 0 0 
Ox: 0 —4v/b 0 0 0 0 -12/a 4v/b 0 0 0 0 0 0 12/a 0 
o, 0 -4/b 0 0 0 0 -12v/a 4/b 0 0 0 0 0 0 12v /a 0 
Ta —2m/b 0 0 0 0 0 2m/b -6m/a 0 0 0 0 0 0 0 6m/a 
o, 0 0 0 0 0 0 0 0 -12/a -—2v/b 12/a -2v/b 0 2v/b 0 2v/b 
o, 0 0 0 0 0 0 0 0 -12v/a -2/b 12v/a -2/b 0 2/b 0 2/b 
Ts 0 0 0 0 0 0 0 0 -m/b -6m/a_ -m/b 6m/a m/b 0 m/b 0 
Onn 0 0 0 0 0 0 0 0 0 -2v/b 0 -2v/b  12/a 2v/b -12/a 2v/b 
oe, 0 0 0 0 0 0 0 0 0 -2/b 0 -2/b 12v/a 2/b -—-12v/a 2/b 
Te 0 0 0 0 0 0 0 0 -m/b 0 -m/b 0 m/b 6m/a m/b —6m/a 
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where: 

le |e a R 

(u) = (uiy Viys "Uge Vg) 

If both o and o, are compressive stresses then the stresses oy and o, must be obtained as follows: 
o, =(0, -0.3-0,)/0.91 

o, =(o, -0.3-0,)/0.91 

Where compressive stress fulfils the condition o} < 0.30% then o, =Oand o, =o, 

Where compressive stress fulfils the condition o% < 0.30, , then o, =0and o, =0, 
This leads to the following stress vector: 

(o)= (Ei Cyst Omit). 


The relevant buckling stresses can be obtained by: 


e LC 1: longitudinal compression 


o, = max Oix + O4x ; O6x + Osx : On, fe O35 
2 2 2 


Ao, = Ho, Ois 


O, =0,+ 0.5|Ao,| 


Osy H Osx H 03, o>.) 


Y, =1-|Ao||/o, 


e LC 2: transverse compression 


6 
1 
O, =S ay 
64 
i=l 


1 
Ao, = she -04y +02, +03,) 


CO, =O; + 0.5|4o,| 


V, =1-|4o,|/o, 


e LC 5: shear 


Ti +T, +T; +Te| ITa +T; +T; +T 


T= Mast 
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Stress Assessment of Primary Members 


Stress Assessment of Stiffeners 


Stress Assessment of Hatch Corners 
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Section 1- GENERAL CONSIDERATION 


1. General 


1.1 Application 


1.1.1 
The requirements of this Chapter are to be applied to ships having length L of 150 m or above, with respect to 25 


years operation life in North Atlantic. 


1.1.2 
The requirements of this Chapter apply to fatigue cycles induced by wave loads. Fatigue induced by vibrations, 


low cycle loads or impact loads such as slamming, is out of the scope of this Chapter. 


1.1.3 
The requirements of this Chapter are applicable where steel materials have a minimum yield stress less than 


400 N/mm’. 


1.2 Net scantlings 


1.2.1 
All scantlings and stresses referred to in this Chapter are net scantlings obtained in accordance with Ch 3, Sec 2. 


1.3 Subject members 


1.3.1 
Fatigue strength is to be assessed, in cargo hold area, for all the connected members at the considered locations 


described in Tab 1. 
RCN 1 to July 2010 version (effective from IJuly 2012) 


Table 1: Members and locations subjected to fatigue strength assessment 


: Connection with sloping and /or vertical plate of lower stool 
Inner bottom plating - - - 
Connection with sloping plate of hopper tank 
Inner side plating Connection with sloping plate of hopper tank 
ti ith sloping plate of 1 tool 
Transverse bulkhead Connection with sloping plate of lower stoo 


Connection with sloping plate of upper stool 
Hold frames of single side bulk carriers |Connection to the upper and lower wing tank 


Connection of longitudinal stiffeners with web frames and 
Ordinary stiffeners in double side space _|transverse bulkhead 


Connection of transverse stiffeners with stringer or similar 


Ordinary stiffeners in upper and lower |Connection of longitudinal stiffeners with web frames and 
wing tank transverse bulkhead 


Connection of longitudinal stiffeners with floors and floors in way 
of lower stool or transverse bulkhead 


Faich comers [Free edges ofhatch comers 


RCN 1 to July 2008 version (effective from 1 July 2009) 


Ordinary stiffeners in double bottom 
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2. Definitions 


2.1 Hot spot 


2.1.1 
Hot spot is the location where fatigue crack may initiate. 


2.2 Nominal stress 


2.2.1 
Nominal stress is the stress in a structural component taking into account macro-geometric effects but 


disregarding the stress concentration due to structural discontinuities and to the presence of welds. 
Nominal stresses are to be obtained either with the coarse mesh FE analysis specified in Ch 7, Sec 4, or with the 


simplified procedure specified in Sec4. 


2.3 Hot spot stress 


2.3.1 
Hot spot stress is defined as the local stress at the hot spot. The hot spot stress takes into account the influence of 


structural discontinuities due to the geometry of the connection but excludes the effects of welds. 
Hot spot stresses are to be obtained either by fine mesh FE analysis specified in Ch 7, Sec 4, or by multiplying 


nominal stresses by stress concentration factors defined in Sec 4. 


2.4 Notch stress 


2.4.1 
Notch stress is defined as the peak stress at the weld toe taking into account stress concentrations due to the 


effects of structural geometry as well as the presence of welds. 
Notch stress is to be obtained by multiplying hot spot stress by fatigue notch factor defined in Sec 2, [2.3.1], 
Tab 1. 


3. Loading 


3.1 Loading condition 


3.1.1 
The loading conditions to be considered are defined in Tab 2 depending on the ship type. The standard loading 


conditions illustrated in Ch 4, App 3 are to be considered. RCN 1 to July 2008 version (effective 1 July 2009) 


Table 2: Loading conditions 


Full load condition Ballast condition 


Ship type 


Homogeneous Alternate Normal ballast Heavy ballast 
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3.2 Load case 


3.2.1 Load cases 
For each loading condition, the load cases to be considered, defined in Ch 4, Sec 4, [2], are: 


(a) “H1” and “H2” corresponding to the EDW “H” (head sea) 
(b) “F1” and “F2” corresponding to the EDW “F” (following sea) 
(c) “R1” and “R2” corresponding to the EDW “R” (beam sea) 
(d) “P1” and “P2” corresponding to the EDW “P” (beam sea) 


3.2.2 
In the case of fatigue assessment of hatch corners, only oblique sea is to be considered, taking into account the 


wave torsional moments defined in Ch 4, Sec 3, [3.4]. 


3.2.3 Predominant load case 
From the above mentioned load cases and for each loading condition, the load case where the combined stress 


range is maximum, corresponds to the predominant load case. 
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Section 2 — FATIGUE STRENGTH ASSESSMENT 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
i : Suffix which denotes load case “H”, “F”, “R” or “P” specified in Ch 4, Sec 4 
“il” denotes load case “H1”, “F1”, “R1” or “P1” and “i2” denotes load case “H2”, “F2”, “R2” or “P2” 
(k) : Suffix which denotes loading condition “homogeneous condition’, “alternate condition”, “normal 
ballast condition” or “heavy ballast condition” as defined in Sec 1, Tab 2 


66099 


Aow iœ: Hot spot stress range, in N/mm’, in load case “i” of loading condition “(k)” 


66099 


Omean,() : Structural hot spot mean stress, in N/mm’, in load case “7” of loading condition “(A)” 


1. General 


1.1 Application 


1.1.1 
This Section gives the linear cumulative damage procedure for the fatigue strength assessment of this Chapter. 


1.1.2 
Fatigue strength is assessed based on an equivalent notch stress range obtained by multiplying an equivalent hot 


spot stress range by a fatigue notch factor. 


1.1.3 
Hot spot stress ranges and hot spot mean stresses of primary members, longitudinal stiffeners connections and 


hatch corners are to be assessed respectively by Sec 3, Sec 4 and Sec 5. 


1.1.4 Primary members and longitudinal stiffeners connections 
Predominant load cases and ‘condition 1’ are to be obtained respectively in [2.1] and [2.2]. The hot spot stress 


ranges calculated in Sec 3 or Sec 4, corresponding to the predominant load case for each loading condition, are to 


be used in [2.3.2] to calculate the equivalent hot spot stress range. 


1.1.5 Hatch corners 
The hot spot stress range calculated in Sec 5 is to be used in [2.3.2] to calculate the equivalent hot spot stress 


range. 


2. Equivalent notch stress range 


2.1 Predominant load case 


2.1.1 
The predominant load case “7” in fatigue assessment for each loading condition is the load case for which the 


combined stress range for the considered member is the maximum among the load cases “H”, “F”, “R” and “P” 


specified in Sec 1, [3.2.1]. 


Page 6 July 2012 


Common Structural Rules for Bulk Carriers Chapter 8, Section 2 


AOW, 1(k) 5 max(Aoy, iw) 


where: 
Aow, iœ: Combined hot spot stress range, in N/mm’, defined either in Sec 3, [2.1.1], [2.2.1] or Sec 4, [2.3.1]. 


I : Suffix which denotes the selected predominant load case of loading condition “(k)”. 


2.2 Loading ‘condition 1’ 


2.2.1 
The ‘condition 1’ is the condition in which the maximum stress calculated by the equation below for the 
considered member is the largest on the tension side among the loading conditions “homogeneous”, “alternate”, 
“normal ballast” and “heavy ballast” specified in Sec 1, Tab 2. 

AOW. 16) 


O max,1 = mad onen 10 + 2 


where: 
Omean J œ Structural hot spot mean stress, in N/mm’, in predominant load case of loading condition “(A)” defined 
in [2.1.1] 


Aow, rœ: Hot spot stress range, in N/mm’, in predominant load case of loading condition “(k)” defined in [2.1.1] 


2.2.2 
Further to the determination of ‘condition 1’according to [2.2.1], the corresponding loading condition is to be 


indexed with the suffix “7” equal 1. 


2.3 Equivalent notch stress range 


2.3.1 Equivalent notch stress range 

The equivalent notch stress range, in N/mm’, for each loading condition is to be calculated with the following 
formula: 

AG eq, j =K AO equiv, j 
where: 


AGequiy,j: Equivalent hot spot stress range, in N/mm’, in loading condition “j” obtained by [2.3.2]. 


Ky : Fatigue notch factor defined in Tab 1. 


Table 1: Fatigue notch factors K; (RCN 3, effective from 12 Sept 2008) 


Subject Without weld With weld grinding 
grinding (not applicable for ordinary 
stiffeners and boxing fillet 
welding’) 


Butt welded joint 


Fillet welded joint 


Non welded part 


Note: 
1) Boxing fillet welding is defined as a fillet weld around a corner of a member as an extension of the principal weld. 


2) This is applicable for deep penetration welding, or full penetration welding only 
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In case where grinding is performed, full details regarding grinding standards including the extent, smoothness 
particulars, final welding profiles and grinding workmanship as well as quality acceptance criteria are to be 
submitted to the Society for approval. 

It is preferred that any grinding is carried out by rotary burrs, is to extend below plate surfaces in order to remove 
any toe defects and ground areas are to have sufficient corrosion protection. Such treatments are to procedure 
smooth concave profiles at weld toes with the depth of these depressions penetrating into plate surfaces to at 
least 0.5mm below the bottom of any visible undercuts. 

The depth of any grooves produced is to be kept to a minimum and, in general, kept to a maximum of Imm. 
Under no circumstances is grinding depth to exceed 2mm or 7% of plate growth thickness, whichever is smaller. 
Grinding has to extend to 0.5 longitudinal spacing or 0.5 frame spacing at the each side of hot spot locations. 
(RCN 3, effective from 12 Sept 2008) 


2.3.2 Equivalent hot spot stress range 
The equivalent hot spot stress range, in N/mm”, is to be calculated for each loading condition with the following 


formula: 

AO equiv, j = Snein Aoy, ; 

where: 
Jmean,; : Correction factor for mean stress: 


e for hatch corners fmean ,j = 0.77 
e for primary members and longitudinal stiffeners connections, fmean ,; Corresponding to the condition 


“P taken equal to: 


1 l ho~) m 0.25 
J mean j = max 0.4, max 0, + Zm m, j 
. 2 4 Aow, ; 


On A : Local hot spot mean stress, in N/mm’, in the condition “1”, obtained from the following formulae: 
i p g 


e if 0.6A0,, 22.5R,,,: 
CO, =—0.18A0,,, 
e if 0.6A0,, <2.5R,,: 


Oni =R 0.640, for 0.6A0p; > ha = Ors -O 


mean,1 


On =O, +0 for 0.6A0p; < Ren -O es =O 


mean,l res res mean,l 
On,;  : Local hot spot mean stress, in N/mm’, in the condition “j”, obtained from the following formulae: 


° if 0.24Aoy, Ry: 


o =-0.18A0, ; 


m,j(j#l) 


© if 0.2440% < Ruy: 


oO 


m,j(j#l) = mean,\ + O mean, j 


-R + 0.24A0y,, for 0.24Ady ; > Rup + On — © 
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O m j(j4l) =O 


m,l 


Oo +o for 0.24Ady ; £ Ro + O ma -0 


mean,1 mean, j mean,1 + O mean, j 
Omean,j | Structural hot spot mean stress, in N/mm’, corresponding to the condition “j” 
Ores : Residual stress, in N/mm7, taken equal to: 
O =0.25R y for stiffener end connection 
Oes= 0 for non welded part and primary members (cruciform joint or butt weld) 


(RCN 3, effective from 12 Sept 2008) 


3. Calculation of fatigue damage 


3.1 Correction of the equivalent notch stress range 


3.1.1 
The equivalent notch stress range is to be corrected with the following formula: 


Aor, j m Jom T eaten S thick AD og. j 


where: 

Seoat : Correction factor for corrosive environment, taken equal to: 
Seoat = 1.05 for water ballast tanks and fuel oil tank 
Feoat = 1.03 for dry bulk cargo holds and void space 


Fmateriat : Correction factor for material, taken equal to: 


1200 
Í, material 7 
965 + Row 
Íihick : Correction factor for plate thickness, taken equal to 1.0 for hatch corners, flat bar or bulb stiffeners, 


otherwise to be taken equal to: 


S thick = op for t222 mm 
22 
S nick = 1-0 for t<22 mm 
t : Net thickness, in mm, of the considered member, taken as the flange in case of stiffeners 


Aoeq,; : Equivalent notch stress range, in N/mm’, defined in [2.3.1]. 


3.2 Long-term distribution of stress range 


3.2.1 
The cumulative probability density function of the long-term distribution of combined notch stress ranges is to 


be taken as a two-parameter Weibull distribution: 


£ 


S 
F(x) =1-exp} - (InN,) 
Or, j 
where: 
é : Weibull shape parameter, taken equal to 1.0 
Nr : Number of cycles, taken equal to 104. 
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3.3 Elementary fatigue damage 


3.3.1 
The elementary fatigue damage for each loading condition is to be calculated with the following formula: 


a.N, Ao, ;* 3 
D;= ee ze Ae |r{Suv pov Aaw) 


(InN p j% 
where 
K : S-N curve parameter, taken equal to 1.014-10!° 
Q; : Coefficient taken equal to 1.0 for the assessment of hatch corners and depending on the loading 
condition specified in Tab 2 for primary members and longitudinal stiffeners connections. 
Ni : Total number of cycles for the design ship’s life, taken equal to: 
_ 0.857; 
4logL 
T: : Design life, in seconds, corresponding to 25 years of ship’s life, taken equal to 7.884-10 
_| 100.3 InN p 
Ao x j 
r : Type 2 incomplete gamma function 
y : Type | incomplete gamma function 
Table 2: Coefficient a; depending on the loading condition 


P E Loading Conditions BC-B, BC-C 
O homoge [06 Yo 
Leam [Alienate [ols | 


| Normalballast — | ballast 0.15 
| Heavyballat — | —_— 0.15 


sma C ee e — ee 
Normal balls 
Heavy ballast 


4. Fatigue strength criteria 


4.1 Cumulative fatigue damage 


4.1.1 
The cumulative fatigue damage D calculated for the combined equivalent stress is to comply with the following 
criteria: 
D=F D10 
j 
where 
D; : Elementary fatigue damage for each loading condition “7”. 
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Section 3 —- STRESS ASSESSMENT OF PRIMARY 
MEMBERS 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
i : Suffix which denotes load case “H”, “F”, “R” or “P” specified in Ch 4, Sec 4 
“il” denotes load case “H1”, “F1”, “R1” or “P1” and “i2” denotes load case “H2”, “F2”, “R2” or “P2” 
(k) : Suffix which denotes loading condition, “homogeneous condition”, “alternate condition”, “normal 
ballast condition” or “heavy ballast condition” as defined in Sec 1, Tab 2 


66099 


Aow iœ: Hot spot stress range, in N/mm’, in load case “i” of loading condition “(k)” 


66099 


mean iœ: Structural hot spot mean stress, in N/mm’, in load case “i” of loading condition “(k)”. 


1. General 


1.1 Application 


1.1.1 
Hot spot stress ranges and structural hot spot mean stresses of primary members are to be assessed according to 


the requirements of this Section, with the requirements given in Ch 7, Sec 4. 


2. Hot spot stress range 


2.1 Stress range according to the direct method 


2.1.1 
The hot spot stress range, in N/mm”, in load case “i” of loading condition “(k)” is to be obtained from the 


following formula: 

Ady, ick) = Ow, ik) — Pw, i2(k) 

where: 

Ow, iœ» Ow, 2 : Hot spot stress, in N/mm’, in load case “i1” and “i2” of loading condition “(A)”, obtained by 


direct FEM analysis using fine mesh model specified in Ch 7, Sec 4. 


2.2 Stress range according to the superimposition method 


2.2.1 Hot spot stress range 
The hot spot stress range, in N/mm”, in load case “i” of loading condition “(k)” is to be obtained from the 


following formula: 


Aow, ik) = ecw, iney F T E CR + Cine | 


where: 
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Ow. iœ » Crw, in : Hot spot stress, in N/mm’, due to local loads in load cases “71” and “i2” for loading condition 
“(k)” obtained by the direct analysis using fine mesh FE model specified in Ch 7, Sec 4 
ocw, ii » Saw, iœ : Hot spot stress, in N/mm’, due to hull girder moments in load cases “i1” and “i2” for loading 


condition “(k)” obtained according to [2.2.2]. 


2.2.2 Stress due to hull girder moments 
The hull girder hot spot stress, in N/mm”, in load cases “i1” and “i2” for loading condition “(k)” is to be obtained 


from the following formula: 
So aw, ij = Cwr, ij Owy, ij — Cw, ij OWH, (k) (j=1,2) 
where: 


Cwr it» Cwr, n , Cw, Cw, i2 : Load combination factors for each load case defined in Ch 4, Sec 4, [2.2] 


Gwr.i1 : Nominal hull girder stress, in N/mm’, in sagging condition induced by vertical wave bending moment 
Myyv,s (z-N) 3 
Cras, 10 
; Ty 


Owv,n : Nominal hull girder stress, in N/mm’, in hogging condition induced by vertical wave bending moment 
Mwy, u G =N ) 
Iy 


-3 
Owy, i2 = 10 


Møywr,u , Mwy,s : Vertical wave bending moments, in kN.m, in hogging and sagging conditions defined in Ch 4, 
Sec 3, [3.1.1], with fp = 0.5 

N : Z co-ordinate, in m, of the neutral axis , as defined in Ch 5, Sec 1 

z : Z co-ordinate, in m, of the point considered 

Own, : Nominal hull girder stress, in N/mm’, induced by horizontal wave bending moment 


M wu, (k) Y 
Iz 


-3 
OWH, (k) = 10 


Mwya, œ : Horizontal wave bending moment, in kN.m, in loading condition “(4)’defined in Ch 4, Sec 3, [3.3.1], 


with f, =0.5 

y : Y co-ordinate, in m, of the point considered, to be taken positive at port side and negative at starboard 
side 

Iy,Iz : Net moments of inertia of hull cross-section, in mf, about transverse and vertical axis respectively, as 


defined in Ch 5, Sec 1. 


3. Hot spot mean stress 


3.1 Mean stress according to the direct method 


3.1.1 
The structural hot spot mean stress, in N/mm’, in load case 


66099 
l 


for loading condition “(k)” is to be obtained from 


the following formula: 


Ow, i(k) + Ow, irk) 


O mean, i(k) > 2 
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3.2 Mean stress according to the superimposition method 


3.2.1 Hot spot mean stresses 
The structural hot spot mean stress, in N/mm‘, in load case “i” for loading condition “(k)” is to be obtained from 


the following formula: 


Otw, ink) + OLw,i2k) 

© mean, i(k) = IGS, (k) + =, 

where: 

ocs, : Hot spot mean stress, in N/mm’, due to still water hull girder moment in loading condition “(k)” 
obtained according to [3.2.2]. 


O LW i(k) 3 O LW i2(k) : As defined in 2.2.1 


3.2.2 Stress due to still water hull girder moment 
The hot spot stress, in N/mm”, due to still water bending moment in loading condition “(k)” is to be obtained 


from the following formula: 
M S, (k) (z -N ) 
Iy 


=3 
OGS, (k) = 10 


where: 
Ms œ : Still water vertical bending moment, in kN.m, depending on the loading condition defined in Ch 4, 
Sec 3, [2.2]. If the design still water bending moments are not defined at a preliminary design stage, 


still water bending moment in each loading condition may be obtained from the following formulae: 


homogeneous condition ; Ms, =—0.5FusM sw, s 
alternate condition ; Ms.) = FusM sw, un 
normal ballast condition ; M5 3) = FusM sw, nu 
2.667 M sw, n ; 0<x<0.15L 


2.60.3 -= Mow. ; 0.15L<x<03L 


2 s 7 03 Maw.s ; 03L<x<05L 
heavy ballast condition ; Ms (4) = z 
- 3o07 -= Moy. ; OS5SL<x<0.7L 


2.66 = 0.7 Msn. ; 0.7L <x<0.85L 
2.6 -2 Mow. ; O85L<x<L 


Msw., Msw,s : Permissible still water bending moment, in kN.m, in hogging and sagging conditions 


Fus : Distribution factor defined in Ch 4, Sec 3, Fig 2 
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Section 4 — STRESS ASSESSMENT OF STIFFENERS 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
i : Suffix which denotes load case “H”, “F”, “R” or “P” specified in Ch 4, Sec 4 
“71” denotes load case “H1”, “F1”, “R1” or “P1” and “i2” denotes load case “H2”, “F2”, “R2” or “P2” 
(k) : Suffix which denotes loading condition, “homogeneous condition”, “alternate condition”, “normal 
ballast condition” or “heavy ballast condition” as defined in Sec 1, Tab 2 


66099 


Aow iœ: Hot spot stress range, in N/mm’, in load case “i” of loading condition “(k)” 


66099 


Omean iœ: Structural hot spot mean stress, in N/mm’, in load case “i” of loading condition “(k)” 


1. General 


1.1 Application 


1.1.1 
Hot spot stress ranges and structural hot spot mean stresses of longitudinal stiffeners are to be assessed in line 


with the requirements of this Section. 


1.1.2 
The hot spot stress ranges and structural hot spot mean stresses of longitudinal stiffeners are to be evaluated at 


the face plate of the longitudinal considering the type of longitudinal end connection and the following locations. 

(1) Transverse webs or floors other than those at transverse bulkhead of cargo hold or in way of stools, such that 
additional hot spot stress due to the relative displacement may not be considered. These longitudinal end 
connections are defined in Tab.1. When transverse webs or floors are watertight, the coefficients K,, and Ky, 
as defined in Tab 2 are to be considered instead of those defined in Tab 1. 

(2) Transverse webs or floors at transverse bulkhead of cargo hold in way of stools, such that additional hot spot 
stress due to the relative displacement should be considered. These longitudinal end connections are defined 
in Tab 2. When transverse webs or floors at transverse bulkhead of cargo hold or in way of stools are not 
watertight, the coefficients Kg and K,, as defined in Tab 1 are to be considered instead of those defined in 
Tab 2. 

RCN 1 to July 2008 version (effective from 1 July 2009) 


2. Hot spot stress range 


2.1 Stress range obtained by the direct method 


2.1.1 
Hot spot stress ranges, in N/mm”, calculated with direct calculation for each load case “H”, “F”, “R” and “P” of 


each loading condition, are to be obtained according to Sec 3, [2.1]. 
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2.2 Stress range according to the superimposition method 


2.2.1 


The hot spot stress ranges, in N/mm”, for each load case “H”, “F”, “R” and “P” of each loading condition 


according to the superimposition method are to be obtained according to Sec 3, [2.2]. 


2.3 Stress range according to the simplified procedure 


2.3.1 Hot spot stress ranges 
The hot spot stress range, in N/mm”, due to dynamic loads in load case “i” of loading condition “(k)” is to be 


obtained from the following formula: 


Aow i(k) = loma + Owi i(k) ~ Ow2, ik) + Od, i(k) = Creare + Ow), i2(k) ~ Ow2,i2(k) + Tea] 
where 


Ocw, i(k) > aw, nw : Stress due to hull girder moment, defined in [2.3.2] 


Om iw, Owl ix + Stress Opy, ij» Ccw, ij and Ozcw, ija due to hydrodynamic or inertial pressure when the 
pressure is applied on the same side as the ordinary stiffener depending on the considered 
case 

Ow2, iw, Ow2, nw | Stress Opw, ije» Ccw, ij and Ozcw, ija due to hydrodynamic or inertial pressure when the 
pressure is applied on the side opposite to the stiffener depending on the considered case 

Own)» OLw, ix” : Stresses due to wave pressure, defined in [2.3.3] 

Ocw, i(k)» Ccw, | Stresses due to liquid pressure, defined in [2.3.4] 

OLcw, i» OLcw, ix”: Stresses due to dry bulk cargo pressure, defined in [2.3.5] 

Od, i > Od, ik) : Stress due to relative displacement of transverse bulkhead, or floor in way of stools, 

defined in [2.3.6]. 
RCN 1 to July 2008 version (effective from 1July 2009) 


2.3.2 Stress due to hull girder moments 
The hull girder hot spot stress, in N/mm”, in load case “il” and “i2” for loading condition “(k)” is to be obtained 


from the following formula: 


Saw, ijk) = K gh (Cori; Owy, ij ~ CwH,ij Own, w) (7=1,2) 
where: 
Ken : Geometrical stress concentration factor for nominal hull girder stress. K,, is given in Tab 1 and Tab 2 


for the longitudinal end connection specified in [1.1.2] (1) and [1.1.2] (2), respectively. 
The stress concentration factor can be evaluated directly by the FE analysis. 
RCN 1 to July 2008 version (effective from 1 July 2009) 
Cwr it, Cwv,i25 CwH.it, Cwr,i2 : Load combination factors for each load case defined in Ch 4, Sec 4, [2.2] 


Owv ii > Owv, n , OwH,( + Nominal hull girder stresses, in N/mm’, defined in Sec 3, [2.2.2] 
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2.3.3 Stress due to wave pressure 
The hot spot stress, in N/mm”, due to the wave pressure in load case “i1” and “i2” for loading condition “(k)” is 


to be obtained from the following formula: 


2 6x ¢ 6x /7 
KeKsPow.i i! }-—“£+ 
10° 


7 0? 
OLW, i j(k) = 12w 1 7 ? 
Pow ive = 2C ye, ack) PW i(k) > CNB) < 95 
CW i(k) Puit) ; Cne) Z 9-5 
, fo Cyne ink) < 95 
CW,i2(k) = ; 
,i2(k) (2C ye i2(k) = D Py i2(k) > Cre, i2(k) = 0.5 


RCN 1 to July 2008 version (effective from 1 July 2009) 

where: 

Pw,ija) : Hydrodynamic pressure, in kN/m’, specified in Ch 4, Sec 5, [1.3], [1.4] and [1.5] , with Jp = 9.5, in 
load case “il” and “i2” for loading condition “(k)”. When the location of the considered member is 
above the waterline, the hydrodynamic pressure is to be taken as the pressure at waterline. 

: Geometrical stress concentration factor for stress due to lateral pressure. Kg; is given in Tab 1 and Tab 
2 for the longitudinal end connection specified in [1.1.2] (1) and [1.1.2] (2), respectively. The stress 
concentration factor can be evaluated directly by the FE analysis. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


K, : Geometrical stress concentration factor due to stiffener geometry 
272 
t (a° —b 
K, Sie zl YY 14) 10-3 
a,b  : Eccentricity, in mm, of the face plate as defined in Fig 1. For angle profile, “b” is to be taken as half 


the net actual thickness of the web. 

ts, by  : Thickness and breadth of face plate, in mm, respectively, as defined in Fig 1 

RCN 1 to July 2008 version (effective from 1 July 2009) 

Wa, Wp : Net section modulus in A and B respectively (see Fig.1), in cm’, of the stiffener about the neutral axis 
parallel to Z axis without attached plating. 

Cne iœ: Correction factor for the non linearity of the wave pressure range in load case “i1” and “i2” of loading 


condition “(A)” 


| | 2.5 
PW, ijk), WL 
á ~ Fic) + p2 Pw ij(k) wm 
exp | | fot 2 >The -~ 
Pw,ij = PE 
Cue, ija) = EE) EEE 
PE 
PW,ij(k), WL 
1.0 for <T op - Peuon] us | 
PE 
Tica) : Draught, in m, of the considered loading condition “(k)” 


w.ij(k),wL. Hydrodynamic pressure, in kN/m’, at water line in load case “i1” and “i2” of loading condition “(k)” 
Pw, ii), y y p 8 


4 : Z co-ordinate, in m, of the point considered 
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s : Stiffener spacing, in m 
4 : Span, in m, to be measured as shown in Fig 2. The ends of the span are to be taken at points where the 


depth of the end bracket, measured from the face plate of the stiffener is equal to half the depth of the 


stiffener 
Xf : Distance, in m, to the hot spot from the closest end of the span £ (see Fig 2) 
w : Net section modulus, in cm’, of the considered stiffener. The section modulus w is to be calculated 


considering an effective breadth s,, in m, of attached plating obtained from the following formulae: 


0.675-sin 2{ WoMV3))! ge £6 
6 2s tats 
6 


ia 


0.67s 


s 
a 
S 


Figure 1: Sectional parameters of a stiffener 
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hot spot 


Trans. Trans. 


Figure 2: Span and hot spot of longitudinal stiffeners 


2.3.4 Stress due to liquid pressure 
The hot spot stress, in N/mm”, due to the liquid pressure in load case “i1” and “i2” for loading condition “(k)” is 


to be obtained from the following formula: 


4 6x ¢ 6x 
K aK Cyr, i je) P Bw, ijs. =) ii ? 
= 107 (j =1,2) 


o saps ee 
CW, i j(k) 12w 


where: 

Pew,ijœ: Inertial pressure, in KN/m?, due to liquid specified in Ch 4, Sec 6, [2.2], with fp = 0.5, in load case “i1” 
and “i2” for loading condition “(k)”. Where the considered location is located in fuel oil, other oil or 
fresh water tanks, no inertial pressure is considered for the tank top longitudinals and when the 
location of the considered member is above the liquid surface in static and upright condition, the 
inertial pressure is to be taken at the liquid surface line. RCN 1 to July 2008 version (effective from 1 
July 2009) 
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Cnr, iœ : Correction factor for the non linearity of the inertial pressure range due to liquid in load case “i1” and 


“i2” for loading condition “(x)” 


2.5 ] 
ie |Pew, i j(k), sF | 
Z-Z 

me p2 Pew, i j(k), sF| 
exp | | for z> Zs¢ -—— 

P p Ps 

Cyr, i jw) = ps) (—1n0.5) Yas 
PE 
P BW, i j(k), SF 

1.0 for pcz — Pontes | 

PE 

ZSF : Z co-ordinate, in m, of the liquid surface. In general, it is taken equal to “Zro” defined in Ch 4, Sec 6. 


If the considered location is located in fuel oil, other oil or fresh water tanks, it may be taken as the 
distance to the half height of the tank. RCN 1 to July 2008 version (effective from 1 July 2009) 
Z : Z co-ordinate, in m, of the point considered 
Paw,ij,sF : Inertial pressure due to liquid, in kN/m’, taken at the liquid surface in load case “i1” and “i2” for 
loading condition “(k)”. In calculating the inertial pressure according to Ch 4, Sec 6, [2.2.1], x and y 
coordinates of the reference point are to be taken as liquid surface instead of tank top. 
RCN 1 to July 2008 version (effective from 1 July 2009) 
Kz,K, : The stress concentration factor defined in [2.3.3] RCN J to July 2008 version (effective from I July 
2009) 


2.3.5 Stress due to dry bulk cargo pressure 
The hot spot stress, in N/mm’, due to the dry bulk cargo pressure in load case “i1” and “i2” for loading condition 


“(k)” is to be obtained from the following formula: 


6x, 6x, 
fia f 
7 
3 


2 
K Ks Pow, i jast i- 72 


O1cw,ij(k) = 10 (7=1,2) 


12w 

where: 

Pcw, ij: Inertial pressure, in kN/m’, due to dry bulk cargo specified in Ch 4, Sec 6, [1.3] for a cargo density pc 
specified in Ch.4 Annex 3 and with f, = 0.5, in load case “i1” and “i2” for loading condition “(k)” 

RCN 1 to July 2010 version (effective from 1July 2012) 


2.3.6 Stress due to relative displacement of transverse bulkhead or floor in way of transverse 
bulkhead or stool 


For longitudinal end connection specified in [1.1.2] (2), the additional hot spot stress, in N/mm”, due to the 
relative displacement in the direction perpendicular to the attached plate between the transverse bulkhead or floor 
in way of stools and the adjacent transverse web or floor in load case “i1” and “i2” for loading condition “(A)” is 


to be obtained from the following formula: 


ne ace ijt + Kas-aFas—a,ij(key) ‘for pt sik (7=1,2) 
dF—fO aF-f,ij(k) + Kas-fO aaf, ij for point" f 

RCN] to July 2008 version (effective from 1July 2009) 

where: 

a,f : Suffix which denotes the location considered as indicated in Tab 2. 
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A,F : Suffix which denotes the direction, forward (F) and afterward (A), of the transverse web or floor 
where the relative displacement is occurred as indicated in Tab 2. (see Fig 3) 
OuF-a,ij(k) > OdA-a ijk) > DAFF, ijk) » CaF, ijk : Additional stress at point “a” and “f”, in N/mm?, due to the 


relative displacement between the transverse bulkhead or floors in way of stools and the forward (F) 
and afterward (4) transverse web or floor respectively in load case “i1” and “i2” for loading condition 


“(KP RCN 1 to July 2008 version (effective from I July 2009) 


3.95 pq El yl x 
O aF-a,i jk) = i |i me A 107 
i wal (Cyl p +6 pl 4) la 
3.96 4i ja El al F be yl 0.984, i j EL ale al z5 
O dA-a, i j(k) = 1-1.15 5 1 
wl (lp +l p14) la wala 
EUF |) 098r Erkel 
OagF-f,ij(k) = 1-1.15 5 10 
wrlp (ble tl pla) F Werle 
3.984 iq Ell x 
Oad-fi i(k) = aa 1s! z iy 


wel all alr +l pl 4) fp 


ÔF ij() >» O4,ij  : Relative displacement, in mm, in the direction perpendicular to the attached plate between the 


Ip, Ly 


transverse bulkhead or floor in way of stools and the forward (F) and afterward (A) transverse web or 
floor in load case “i1” and “i2” for loading condition “(k)” (see Fig 3) 
(a) For longitudinals penetrating floors in way of stools 
Relative displacement is defined as the displacement of the longitudinal in relation to the line 
passing through the stiffener end connection at the base of the stool measured at the first floor 
forward (F) or afterward (A) of the stool. 
(b) For longitudinals other than (a) 
Relative displacement is defined as the displacement of the longitudinal in relation to its original 
position measured at the first forward (F) or afterward (A) of the transverse bulkhead. 
Where the stress of the face of longitudinal at the assessment point due to relative displacement is 
tension, the sign of the relative displacement is positive. RCN 1 to July 2008 version (effective from 1 
July 2009) 


: Net moment of inertia, in cm*, of forward (F) and afterward (A) longitudinal 


Kara, Kata, Karz, Kas : Stress concentration factor for stiffener end connection at point “a” and “f“ subject 


Lp, £4 


XJF > Xfa + 
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to relative displacement between the transverse bulkhead and the forward (F) and afterward (4) 
transverse web or floors in way of stool respectively as defined in Tab 2. The stress concentration can 


be evaluated directly by the FE analysis when the detail of end connection is not defined in Tab 2. 


: Span, in m, of forward (F) and afterward (A) longitudinal to be measured as shown in Fig 2 


Distance, in m, to the hot spot from the closest end of /r and ¢4 respectively (see Fig 2). 
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F 
Trans. T. BHD Trans. 


Figure 3: Definition of the relative displacement (Example of the side longitudinal) 


RCN 1 to July 2008 version (effective from 1 July 2009) 


3. Hot spot mean stress 


3.1 Mean stress according to the direct method 


3.1.1 
The structural hot spot mean stress, in N/mm’, in each loading condition calculated with the direct method is to 


be obtained according to Sec 3, [3.1]. 


3.2 Mean stress according to the superimposition method 


3.2.1 
The structural hot spot mean stress, in N/mm”, in each loading condition calculated with the superimposition 


method is to be obtained according to Sec 3, [3.2]. 


3.3 Mean stress according to the simplified procedure 


3.3.1 Hot spot mean stresses 


66099 


The structural hot spot mean stress, in N/mm”, in loading condition “(k)” regardless of load case “i” is to be 

obtained from the following formula: 

O mean, (k) = IGS, (k) + O S1, (k) ~ O S2, (k) + Cas, (k) 

where 

Ogs, : Stress due to still water hull girder moment, defined in [3.3.2] 

Osi œ : Stress due to static pressure when the pressure is applied on the same side as the ordinary stiffener 
depending on the considered case, with consideration of the stresses defined in [3.3.3] to [3.3.5] 

O32,( : Stress due to static pressure when the pressure is applied on the side opposite to the stiffener 
depending on the considered case 

Oas, | Stress due to relative displacement of transverse bulkhead in still water, defined in [3.3.6]. RCN 1 to 


July 2008 version (effective from I July 2009) 
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3.3.2 Stress due to still water hull girder moment 
The hot spot stress due to still water bending moment, in N/mm’, in loading condition “(k)” is to be obtained 


with the following formula: 


Ms (z-N) 
Iy 


-3 
OGS, (k) =K on 10 


where: 


Ms œ : Still water vertical bending moment, in kN.m, defined in Sec 3, [3.2.2]. 


3.3.3 Stress due to hydrostatic and hydrodynamic pressure 
The hot spot stress due to hydrostatic and hydrodynamic pressure, in N/mm’, in loading condition “(k)” is to be 


obtained with the following formula: 


— as 
2 


2 
Pow, i(k)+Pcw,ixk) | 2 6x 6x 
Kea i aa ye f = a 
i 103 


o = 
Sete 12w 


RCN 1 to July 2008 version (effective from 1 July 2009) 

where: 

Ps,  : Hydrostatic pressure, in kN/m”, in loading condition “(k)” specified in Ch 4, Sec 5, [1.2]. 

Pcw, ij > Corrected hydrodynamic pressure, in kN/m?, according to [2.3.3], with f, = 0.5, in load case “il” and 
“i2” for loading condition “(k)” 

i : Suffix which denotes the load case specified in Sec 2 [2.1.1], when calculating the mean stress, “P is 
to be used. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


3.3.4 Stress due to liquid pressure in still water 
The structural hot spot mean stress due to liquid pressure in still water, in N/mm”, in loading condition “(k)” is to 


be obtained with the following formula: 


2 6x y Ox 
KK. Pcs, 5! ]—-—— + : 
10° 


12w 


OCs, (k) = 


where: 

Pcs, : Liquid pressure in still water, in kN/m’, in loading condition “(k)” specified in Ch 4, Sec 6 [2.1]. 
Where the considered location is located in fuel oil, other oil or fresh water tanks, d4p and Ppy defined 
in Ch 4, Sec 6 are to be taken equal to 0 and Z7op specified in Ch 4, Sec 6, [2.1] is to be taken equal to 
Zsr specified in [2.3.4] RCN 1 to July 2008 version (effective from 1 July 2009) 


3.3.5 Stress due to dry bulk cargo pressure in still water 
The structural hot spot mean stress due to dry bulk cargo pressure in still water, in N/mm’, in loading condition 


“(k)” is to be obtained with the following formula: 


2 Oxy bay 
Kak Dos, wsl js gh 
10° 


l g? 


o = 
LCS, (k) 12w 


Page 22 July 2012 


Common Structural Rules for Bulk Carriers Chapter 8, Section 4 


where: 
Pcs,( : Dry bulk cargo pressure in still water, in kN/m, in loading condition “(k)” specified in Ch 4, Sec 


6, [1.2] 


3.3.6 Stress due to relative displacement of transverse bulkhead in still water 
The additional hot spot mean stress, in N/mm’, due to the relative displacement in the transverse direction 


between the transverse bulkhead and the adjacent transverse web or floor in loading condition “(k)”, is to be 


obtained with the following formula: 


5 _ |KaF-a0asF-a,(k) + Kas-aFasa—a,(k) for point "a" 
aS, (k) ~ > "ngn 
m Kar -f CdSF—f,(k) t K dA-fŪ dSA-f , (k) for point" f 


where: 

OuSF-a , (k) » OdSA-a , (k) > OdSF-f,(k) > OdSA-f, (K) : Additional stress at point “a” and FES: in N/mm’, due to the 
relative displacement between the transverse bulkhead and the forward (F) and afterward (A) 
transverse web or floor respectively in loading condition (k) 

3.96 EI ,I Xe 
Oasa (0) = SF, (k) “4 At F 1-1.15 | al 1075 
walr (Cale tll) la 
3.906 54, El al F xal 0.95 54,4) EL al a -5 
O dSA-a, (k) = 1 1.15 3 10 
wala alr +£ p14) A wla 
3.95 sp py EL gl p |) 996sry2 rb el | 5 
O asF—f,(k) = 1 1.15 3 10 
wel (Culp +l pls) F Wel p 
3.96 EI ,I XF 
O as4-f,(k) = SA (k) aE 1 iia f | 10> 
wre all gle +2 p14) lr 
OSF , (k) > O54, (© : Relative displacement, in mm, in still water in the transverse direction between the transverse 


bulkhead and the forward (F) and afterward (A) transverse web or floor respectively in loading 


condition (k) 
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Table 1: Stress concentration factors for non-watertight longitudinal end connection at 
transverse webs or floors other than transverse bulkheads or floors in way of stools 


Bracket type 
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Assessed 
point 


Bracket size 


dw <d < 1.5dw 


Stress concentration factors 


dw <d< 1.5dw 


dw <d< 1.5dw 


1.5dw<d 


dw <d< 1.5dw 


1.5dw<d 


dw <d< 1.5dw 
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Table 1: Stress concentration factors for non-watertight longitudinal end connection at transverse 
webs or floors other than transverse bulkheads or floors in way of stools (continued) 


Bracket type Assessed Bracket size Stress concentration factors 
point Ke Ken 


dw <d< 1.5dw 


1.5dw<d 


dw <d< 1.5dw 


1.5dw<d 


Tripping 
bracket 


11 
Tripping 
bracket 


Tripping dı <2.5h 
bracket 


and 


Tripping 
bracket 


Tripping 
bracket 


RCN 1 to July 2008 version (effective from 1 July 2009) 
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Table 2: Stress concentration factors for watertight longitudinal end connection at transverse 


Bracket type 
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bulkheads and floors in way of stools 


Assessed 
point 


Bracket size 


Stress concentration factors 


K, 


gh 


Kaa 


dw <d<1.5dw 


1.5dw<d 


dw <d<1.5dw 


1.5dw<d 


dw <d< 1.5dw 


1.5dw<d 


dw <d<1.5dw 


1.5dw<d 


dw <d<1.5dw 


1.5dw<d 


dw <d < 1.5dw 


dw <d< 1.5dw 


1.5dw<d 


dw <d< 1.5dw 


1.5dw<d 


dw <d < 1.5dw 


1.5dw<d 


dw <d< 1.5dw 


1l.5dw <d 
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Table 2: Stress concentration factors for watertight longitudinal end connection at transverse 
bulkheads and floors in way of stools (continued) 


Bracket e Stress concentration factors 
typ Assessed Bracket size 
point gl gh 


dw <d<1.5dw 


1.5dw<d 


dw <d < 1.5dw 


1l.5dw <d 


dw < d<1.5dw 


1.5dw<d 


dw <d< 1.5dw 


9 


Tripping 
bracket 


10 


Tripping 
bracket 


Tripping 
bracket 


12 
Tripping 
bracket 


13 5 
Tripping A 
bracket 
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14 
Tripping 
bracket 


RCN 1 to July 2008 version (effective from 1 July 2009) 
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Section 5 —- STRESS ASSESSMENT OF HATCH CORNERS 


1. General 


1.1 Application 


1.1.1 
Hot spot stress ranges and structural hot spot mean stresses of hatch corners based on the simplified procedure 


are to be assessed according to the requirements of this Section. 


2. Nominal stress range 


2.1 Nominal stress range due to wave torsional moment 


2.1.1 
The nominal stress range, in N/mm’, due to cross deck bending induced by wave torsion moments is to be 


obtained from the following formula: 


2 O-By 
AOwr = FF 
PT 1000 * * Wo 
where: 
Q= 1000u 
(By +6, y 2.6By 
12EIo EAo 
u : Displacement of hatch corner in longitudinal direction, in m, taken equal to: 


31.2 Myr o 
1000 1;E DOC 


DOC : Deck opening coefficient, taken equal to: 


DOC = a 
yy LasBa, 
i=l 
Myr : Maximum wave torsional moment, in kN.m, defined in Ch 4, Sec 3, [3.4.1], with f = 0.5 
Fs : Stress correction factor, taken equal to: 
Fy =5 
F; : Correction factor for longitudinal position of hatch corner, taken equal to: 


F, = 1.75— for 0.57 < x/ L < 0.85 


F, =1.0 for x/L < 0.57 and x/L > 0.85 

By : Breadth of hatch opening, in m 

Wo : Section modulus of the cross deck about z-axis, in m’, including upper stool, near hatch corner (see 
Fig 2) 
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: Moment of inertia of the cross deck about z-axis, in m*, including upper stool, near the hatch corner 


(see Fig 2) 


: Effective shear area of the whole section of the cross deck, in m’, including upper stool, near the hatch 


corner (see Fig 2). For the determination of the effective shear area the consideration of only the plate 


elements is sufficient, and the stiffeners can be neglected. 


: Breadth of remaining deck strip on one side, in m, beside the hatch opening 


: Torsion moment of inertia of ships cross section, in mî, calculated within cross deck area by 


neglecting upper and lower stool of the bulkhead (see Fig 1). It may be calculated according to App 1 


: Sector coordinate, in m’, calculated at the same cross section as Ip and at the Y and Z location of the 


hatch corner (see Fig 1) It may be calculated according to App 1 


: Length of cargo area, in m , being the distance between engine room bulkhead and collision bulkhead 
: Breadth of hatch opening of hatch i, in m 

: Length of hatch opening of hatch i, in m 

: Number of hatches. 


ver: 21 (Omega distribution) 


Location of hatch corner, 
point for determination of œ | 


max OMEGA: 0.80177E+02 m^2 


Figure 1: | Cross section for determination of !; and w 


July 2012 


Common Structural Rules for Bulk Carriers 


Chapter 8, Section 5 


Figure 2: Elements to be considered for the determination of Ag, Wa and Ig 


2.2 Nominal mean stress 


2.2.1 


The mean 


stress due to still water bending moment within the cross deck is set to 0. 


3. Hot spot stress 


3.1 Hot spot stress range 


3.1.1 


The hot spot stress range, in N/mm”, is to be obtained from the following formula: 


Ady = K on -AOwr 


where: 


K, gh 


July 2012 


: Stress concentration factor for the hatch corner, taken equal to: 


K 


_ t,t 2n, 14{ 2b 0228 a 


7 1.23lcp+1.6b r, 


0.65 
gh 37 , to be taken not less than 1.0 
a 


: Radius, in m, in major axis 
: Radius, in m, in minor axis ( if the shape of corner is a circular arc, 7, is to be equal to r,) 
: Length of cross deck, in m, in longitudinal direction 


: Distance, in m, from the edge of hatch opening to the ship’s side. 
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Appendix 1 — CROSS SECTIONAL PROPERTIES FOR 
TORSION 


1. Calculation Formulae 


1.1 Torsion Function Ø 


1.1.1 


For any partial area of closed cells the following geometric figures and ratios have to be computed: 


1 
A, = a +Z4)V~ - i) 


=n — 9)? +E- z) 


sS 
t 


>N 


Figure 1: 


The following three versions of algorithms may be applied depending on the type of cross section: 
Version A: Asymmetric open cross sections as shown in Fig 2 
Version B: Symmetric cross sections with particular closed cells (closed cells without shared walls) as 


shown in Fig 3. In this case the torsion function can be calculated for each cell separately. 


254, a> A, 


Cell 0 f Cell 2 
ae Be a 
2 = 
Cell 0 Cell 2 
Version C: Symmetric cross sections with multiple closed cells (closed cells with shared walls) as shown 


in Fig 4. In this case the torsion function for each cell i can be calculated by solving a linear 


system of equations considering the shared walls. 


D, > = e 


Cell 0 


) = 2A ceito 
Common Wall 


S S 
P, > TED) (=) =2Acemn 
Cell 1 t t Common Wall 


From this system of equations the torsion functions ®) and ®, can be derived. 
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1.2 Co-ordinate system, running coordinate s 


1.2.1 
A 2-D cartesian co-ordinate system is to be used. The choice of the reference point O (origin of co-ordinate 


system) is free, but for symmetric cross sections it is advantageous to define the origin at the line of symmetry of 
the cross section. The running co-ordinate s starts within symmetric cross sections at the intersection of the line 
of symmetry with the cross section geometry, e.g. in hull cross sections at the intersection of centreline and 
bottom shell or double-bottom as indicated by ‘0’ in Fig 2 to Fig 4. The orientation of s as well as the direction 
of integration within closed cells is to be considered with respect to the algebraic signs and the assembly of the 


system of equations for the torsion function. 


1.3 Computation of several properties for each part of the cross section 


1.3.1 
Oj = @, of the preceding partial area or of the preceding point of bifurcation. (to be set equal to zero at the 
beginning of the computation) 
Li . L; . . 
Ok = @i + YiZk — VEZ, —-O— , with Ø — within closed cells 
ti i 
P= Ory +E) 


Summation 


A =8t yA 
y Sera) 5S 
= =Y4ii+y¥) aS 

Sy. = Yo, +o,) pa 
, Aho? + 2,24 +22) be 
: AA(y? + ye +y) by? 

Ie = iye + yik +y: + yk] we 

i: = AA lo? + 0,0, +02) Fda 
w = Hilye + yio +2, +y )0,] È io 
aw = Yiz + zi jor + (2z; + zi Jo; ] la 

sê =P vse 


v 
| 


v 
| 


~ 
ll 


~ 
ll 


~ 
| 


~ 
| 
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1.4 Computation of cross sectional properties for the entire cross section 


Symmetric cross section 


Asymimetricicross:section: (only half of the section is modeled) 


A = 5a A = 250A 


Ys - Şa Ys = Şa 


I = pee (2.4,,0,) ip à = Jz 4,0) 


To Oia ee 
YM E 
Toly E 
Lo dy, a1 yy ds Loy 
yg 2 ee my = -2 
se ee 7 
h = Sly A40, +y ly- Yula |I = D> tagh 


I,,1,,1,, are to be computed with relation to the centre of gravity. 


Z? yz 
So, Sy, Sos Los Toy and Toz are to be computed with relation to shear centre M 
The sector-coordinate œ has to be transformed with respect to the location of the shear centre M. For cross 
sections of type A, @p is to be added to each œ; and œ, as defined in [1.3] 


For cross sections of type B and C, A@ can be calculated as follows: 


Ao, = ZyJ); 
where: 
wo : Calculated sector co-ordinate with respect to the centre of the coordinate system (O) selected for the 


calculation according to the formulae for @, given in [1.3] 
Qo : Transformed sector co-ordinate with respect to shear centre M 


Ym»Zm : Distance between shear centre M and centre of the coordinate system B. 
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The transformed values of œ can be obtained by adding Aw to the values of wg obtained according to the 
formulae in [1.3]. 
The transformed value for œ is to be equal to zero at intersections of the cross section with the line of symmetry 


(centreline for ship-sections). 


Figure 2: Cross sections of type A 


— 
OE) 
3 9 
Z Z 
A A 
7y 
| 5 p 
g P- 
S, £ 
A S0 1 
Figure 3: Cross sections of type B 
6 
5 
Zi 
A 
>y 
4 
g 
E 0 1 
E 


Main Line 


1. Byline 


2. Byline 


Figure 4: Cross section of type C 
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Designation of line types (numbers at particular parts of cross sections) gives the order of the particular parts for 


the calculation and therefore the direction of the running coordinate s. 


2. Example calculation for a single side hull cross section 


2.1 Cross section data 


2.1.1 
The cross section is shown in Fig 5. The co-ordinates of the node-points marked by filled black circles in Fig 5 


are given in the Tab 1, where the plate thicknesses and the line segments (marked by circles in Fig 5) of the cross 


section are given in Tab 2. 


Table 1: Node-coordinates of cross-section 


Y Coordinate Z Coordinate 


WO] CLA] D] NY] BY] WL] NM] Re 


— 
© 


2.2 Determination of the torsion function ® 


2.2.1 
The first step is to build a linear system of equation for the determination of the torsion function ® of each closed 


cell. The cross section and the cells are shown in Fig 5. 


Page 36 July 2012 


Common Structural Rules for Bulk Carriers Chapter 8, Appendix 1 


Figure 5: Single side hull cross section 


Table 2: Dimensions and nodes of line segments of the cross section 


Line-No. i í - Thickness 


— 
© 
= 


YDI uI calul] AJU N 


Under consideration of the 4 cells (marked by rectangles in Fig 5) of the cross section, the following system of 
equation for the determination of the torsion function Ø can be developed. It should be noted that the direction of 
the rotation is to be considered (the rotation directions for the torsion functions ®; should point in the same 


direction for all Ø; to build up the system of equations). 
Š s s s 
@ Ø @ ð, = 2) A 
De. a a a 
1 1-2 1-3 1-4 1 
25.4 
2 


| 
M 
~a 
S 
+ 
M 
ma 
$ 
Il 


1-2 2 

2 Di = a 
pi D = 2504 
1-4 4 4 
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The coefficients of the matrix can be calculated as follows: 


s 2-11700 2-6265 2-8040 2-10223 2-620 2-7500 
X = + aj 4: as 4 = 5331.81 
=f 21 19 18 15 24 12 
J s _ 10223 5450 620 , 8654 133748 
~t l5 21 24 24 
5+ =1327.48 
5 t 
5 s _2:14420 2:11700 , 2-6265 2:2425 | 2-4390 474334 
ra 17 21 19 17 
2 
Foe 076 
Hit 15 24 
>: = 707.36 
ie 
ye ap PANTO; 20265: ans ae 
are: 21 19 
The areas of the cells can be calculated as follows: 
y A=2-2+260.72 =1042.90 m? 
1 
25° 4 = 2-26.19 =52.38 m? 
2 
DD A=52.38 m? 
3 
25.4 =2.2-35.44=141.76 m? 
4 
With these results the coefficient matrix will become: 
5331.81D,  -707.360®, -707.36®;,  -1773.16@, 1042.90 
~707.36@, +1327.480, 52.38 
~ 707.360, +1327.480;, 52.38 
~1773.76®, + 4243.340, 141.76 
The solution of this system gives: 
PD, = 0.3018 
®, = 0.2003 
@; = 0.2003 
PD, = 0.1596 


2.3 Determination of the line-segment properties 


2.3.1 
The next step is the determination of œ, according to the formulae given in [1.3]. ‘s’ starts at point 0 (Fig 5) with 


@;=0 and follows the path from point 0 to point 1, 2, 3, 4 up to point 5. It is to be noted, that the term o|) 
is for the line segments | to 3 (between points 0 and 3) calculated as ®, (x ) where for the line segments 
1.3 


4 and 5 this term becomes (®, - ©, I" 4.. - Jpecause line segments 4 and 5 are shared walls of cell 4 and 
4...5 
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cell 1. The rotation direction for the torsion functions together with the direction of integration (direction of path, 


which one follows for the calculation) determines the algebraic sign within this term. 
For the line segment 6 œw; has to be set to the value at point 3 and o4) =D, (‘ VA ). ‘s’ follows now the 
i 6 


path from point 6 to point 7, 8, 9 back to point 6. The shared wall between cell 2 and cell 1 has to be considered 
for the terms which include the torsion function ®. For the line segment 11 between point 8 and 10, œ; has to be 
set to the value at point 8. 


The other properties of the line segments can be calculated by the formulas given in [1.3]. 


2.4 Determination of cross-section properties 


2.4.1 
After the summation of the line-segment properties, the cross section properties can be calculated as described in 


[1.4]. 
The sector coordinate has to be transformed with respect to the shear centre as described in [1.4] 


The result of the calculations gives the sector co-ordinates, as indicated in Tab 3. 


Table 3: Sector co-ordinates for the cross section of Fig 5 
Point i 0, i Aq; Oi 

0 0.00 0.00 0.00 
1 -135.97 84.99 -50.98 
2 -134.04 95.07 -38.97 
3 -102.32 95.07 -7.25 
4 -99.49 68.96 -30.53 
5 -0.06 0.00 -0.06 
6 -108.20 95.07 -13.13 
7 -72.30 95.07 22.77 
8 35.07 44.21 79.27 
9 33.08 44.21 77.28 
10 -2.75 0.00 -2.75 

2.5 Notes 

2.5.1 


For holds of single side skin construction, the hull cross section normally can be simplified in a section with four 
boxes (cell 1 cargo hold, cell 2 and 3 wing tanks and cell 4 hopper tanks and double bottom as shown in the 
calculation example) whereas the cross section of holds of double side skin construction can be simplified to a 
cross section with two closed cells only (cell 1 cargo hold, cell 2 double hull). For the plate thickness of the line 
elements with variable thicknesses an equivalent plate thickness can be used calculated by the following 
formulae: 


tlitt ti. ttl +... ttl 
eq k 
=] 


l, 


L 


t 


RCN 1 to July 2010 version (effective from 1July 2012) 
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Due to the simplifications, the value of the sector co-ordinate œ can differ from 0 at the intersections between the 
cross section and centreline. The difference between the value of the sector co-ordinate œ and the value of the 
torsional moment of inertia /; for the simplified cross section is in normal cases less than 3% compared to the 


values of the original cross section. 
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Chapter 9 


Other Structures 


Section 1 


Section 2 


Section 3 


Section 4 


Section 5 


Section 6 


Fore Part 


Aft Part 


Machinery Space 


Superstructures and Deckhouses 


Hatch Covers 


Arrangement of Hull and Superstructure 


Openings 
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Section 1 —- FORE PART 


Symbols 

For symbols not defined in this Section, refer to Ch 1, Sec 4. 

Ly : Rule length L, but to be taken not greater than 300 m 

Tg : Minimum ballast draught, in m, for normal ballast conditions 
k : Material factor, defined in Ch 3, Sec 1, [2.2] 

m : Coefficient taken equal to: 


m = 10 for vertical stiffeners, vertical primary supporting members 


m = 12 for other stiffeners, other primary supporting members 


Ta : Allowable shear stress, in N/mm”, taken equal to: 

s : Spacing, in m, of ordinary stiffeners or primary supporting members, measured at mid-span along the 
chord 

l : Span, in m, of ordinary stiffeners or primary supporting members, measured along the chord between 


the supporting members, see Ch 3, Sec 6, [4.2] or [5.3] respectively. 


Ca : Aspect ratio of the plate panel, equal to: 
sy s 
Ca =1.21Lj1+ o3 2) — Un , to be taken not greater than 1.0 
C, : Coefficient of curvature of the panel, equal to: 


č =1- 0.52 , to be taken not less than 0.4 
r 


r : Radius of curvature, in m. 


RCN 1 to July 2010 version (effective from 1July 2012) 
1. General 


1.1 Application 


1.1.1 
The requirement of this Section apply to: 


e the structures located forward of the collision bulkhead, i.e.: 
e the fore peak structures 
e the stem 

e the reinforcements of the bow flare area, according to [4.1] 


e the reinforcements of the flat bottom forward area, according to [5.1]. 
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1.1.2 
Fore part structures which form the boundary of spaces not intended to carry liquids, and which do not belong to 


the outer shell, are to be subjected to lateral pressure in flooding conditions. Their scantlings are to be 
determined according to the relevant criteria in Ch.6. 


RCN 1 to July 2010 version (effective from 1July 2012) 
1.2 Net thicknesses 


1.2.1 
As specified in Ch 3, Sec 2, all thicknesses referred to in this Section are net, i.e. they do not include any 


corrosion addition. The gross thicknesses are to be obtained as specified in Ch 3, Sec 2, [3]. 


2. Arrangement 


2.1 Structural arrangement principles 


2.1.1 General 
Scantlings of the shell envelope, upper deck and inner bottom, if any, are to be tapered towards the forward end. 


Special consideration is to be paid to the structural continuity of major longitudinal members in order to avoid 
abrupt changes in section. 

Structures within the fore peak, such as platforms, decks, horizontal ring frames or side stringers are to be 
scarphed into the structure aft into the cargo hold. 

Where inner hull structures terminate at the collision bulkhead, the structural continuity is to be ensured forward 
of the collision bulkhead by adequate structure with tapering brackets. 

Longitudinal stiffeners of deck, bottom and side shell are to be extended as far forward as practicable. 

All shell frames and tank boundary stiffeners are to be continuous, or are to be bracketed tat their ends. 

Where the brackets are provided to ensure the structural continuity from the forward end to 0.15Z behind fore 


perpendicular, flanged brackets have to be used. 


2.1.2 Structures in tanks 
Where peaks are used as tanks, stringer plates are to be flanged or face bars are to be fitted at their inner edges. 


Stringers are to be effectively fitted to the collision bulkhead so that the forces can be properly transmitted. 


2.2 Tripping brackets 


2.2.1 
For peaks or other tanks forward of the collision bulkhead transversely framed, tripping brackets vertically 


spaced not more than 2.6 m are to be fitted, according to Fig 1, between primary supporting members, decks 
and/or platforms. 
The as-built thickness of the tripping brackets is to be not less than the as-built thickness of the side frame webs 


to which they are connected. 
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Figure 1: Tripping brackets 


2.3 Floors and bottom girders 


2.3.1 
Where no centreline bulkhead is provided, a centre bottom girder is to be fitted. 


In general, the minimum depth of the floor at the centerline and center girders is to be not less than the required 


depth of the double bottom of the foremost cargo hold. 


2.3.2 Solid floors 
In case of transverse framing, solid floors are to be fitted at every frame. 


In case of the longitudinal framing, the spacing of solid floors is not to be greater than 3.5m or four transverse 
frame spaces, whichever is the smaller. Larger spacing of solid floors may be accepted, provided that the 
structure is verified by means of FEA deemed appropriate by the Society. 

RCN 1 to July 2010 version (effective from 1July 2012) 


2.3.3 Bottom girders 
In case of transverse framing, the spacing of bottom girders is not to exceed 2.5m. 


In case of longitudinal framing, the spacing of bottom girders is not to exceed 3.5m. 

Larger spacing of bottom girders may be accepted, provided that the structure is verified by means of FEA 
deemed appropriate by the Society. 

RCN 1 to July 2010 version (effective from 1July 2012) 


3. Load model 


3.1 Load point 


3.1.1 
Unless otherwise specified, lateral pressure is to be calculated at load points according to: 


e Ch6, Sec 1, [1.5], for plating 
e Ch6, Sec 2, [1.4], for stiffeners. 


3.2 Pressure in bow area 


3.2.1 Lateral pressure in intact conditions 
The pressure in bow area, in kN/m’, is to be taken equal to (ps+ py). 
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where: 
Ps, Pw : Hydrostatic and hydrodynamic pressures according to Ch 4, Sec 5, or internal still water and inertial 


pressures according to Ch 4, Sec 6, [2], to be considered among load cases H, F, R and P. 


3.2.2 Lateral pressure in testing conditions 


The lateral pressure py in testing conditions is taken equal to: 
Pr=Dsr-Ps for bottom shell plating and side shell plating 


Pr= psr Otherwise 


where: 
Psr : Testing pressure defined in Ch 4, Sec 6, [4] 
Ds : Pressure taken equal to: 


e ifthe testing is carried out afloat: hydrostatic pressure defined in Ch 4, Sec 5, [1] for the draught 
T,, defined by the Designer, at which the testing is carried out. If T, is not defined, the testing is 
considered as being not carried out afloat. 


° if the testing is not carried out afloat: ps = 0 


3.2.3 Elements of the outer shell 
The still water and wave lateral pressures are to be calculated considering separately: 


e the still water and wave external sea pressures 
e the still water and wave internal pressure considering the compartment adjacent to the outer shell as being 
loaded. If the compartment adjacent to the outer shell is intended to carry liquids, this still water and wave 


internal pressures are to be reduced from the corresponding still water and wave external sea pressures. 


3.2.4 Elements other than those of the outer shell 
The still water and wave lateral pressures to be considered as acting on an element which separates two adjacent 


compartments are those obtained considering the two compartments individually loaded. 


3.3 Bow flare area pressure 


3.3.1 
The bow pressure ppp, in kN/m”, is to be obtained according to Ch 4, Sec 5, [4.1]. 


3.4 Bottom slamming pressure 


3.4.1 


The bottom slamming pressure ps, in kN/m’, in the flat bottom forward is to be obtained according to Ch 4, 


Sec 5, [4.2]. 
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4. Scantlings 


4.1 Bow flare reinforcement 


4.1.1 
The bow flare area to be reinforced is that extending forward of 0.9L from the aft end and above the normal 


ballast waterline according to the applicable requirements in [4.2] to [4.4]. 


4.2 Plating 


4.2.1 
The net thickness of plating are to be not less than those obtained from the formulae in Tab 1 and Tab 2. 


Table 1: Net minimum thickness of plating 


53+ 001 
0851" 
55+ 0081 


Strength deck 4.5 + 0.02L 
Platform and wash bulkhead 


Transverse and longitudinal 0.6L” 
watertight bulkheads 
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Table 2: Net thickness of plating 


Net thickness, in mm 


Intact conditions 
t=15.8c,c,s Ps* Pw 
\ 0.9R, 


Bow flare area 


t =15.8c,c,s |= 


\ 


Testing conditions Pr 


t=15.8c,c,s 
1.05Ry 


4.3 Ordinary stiffeners 


4.3.1 General 
The requirements of this sub-article apply to ordinary stiffeners considered as clamped at both ends. For other 


boundary conditions, the yielding check is to be considered on a case by case basis. 


4.3.2 
The net dimensions of ordinary stiffeners are to comply with the requirements in Ch 6, Sec 2, [2.3] 


4.3.3 
The net thickness of the web of ordinary stiffeners, in mm, is to be not less than the greater of: 


e ¢t=3.0+0.015L 
e 40% of the net required thickness of the attached plating, to be determined according to [4.2] and [5.2]. 
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The net dimensions of ordinary stiffeners are to comply with the requirement in Ch 6 Sec 2, [2.2.2] and [2.3]. 


RCN 1 to July 2008 version (effective from IJuly 2009) 


4.3.4 
The net scantlings of single-span ordinary stiffeners are to be not less than those obtained from the formulae in 


Tab 3. 


Table 3: Net scantlings of single span ordinary stiffeners 


Stiffener type Net sa modulus w,in | Net wanes shear area 
m? Ashs in cm? 
=. ae ordinary stiffeners subjected (ps + Py (os + Pw) , 5(ps + 5(ps + Py )st £ 
to lateral pressure 0.9mRy Ta sing 
ae span ordinary stiffeners located in "A Pcp P w = 5P rp sl 
ow flare area 0.9mR, “7 sing 


Single span ordinary stiffeners subjected prst? a Pa 5prsl 
to testing pressure v= 1.05mR y i si 105r, sing 


: Angle, in deg, between the stiffener web and the shell plate, measured at the middle of the 


stiffener span; the correction is to be applied when ¢is less than 75. 


4.3.5 


The maximum normal stress o and shear stress T in a multi-span ordinary stiffener are to comply with the 
formulae in Tab 4. 

The maximum normal stress ø and shear stress rin a multi-span ordinary stiffener are to be determined by a 
direct calculation taking into account: 

e the distribution of still water and wave pressure and forces, if any 

e the number and position of intermediate supports (decks, girders, etc.) 

e the condition of fixity at the ends of the stiffener and at intermediate supports 


e the geometrical characteristics of the stiffener on the intermediate spans. 


Table 4: Checking criteria for multi-span ordinary stiffeners 


4.4 Primary supporting members 


4.4.1 Minimum thickness 
The net thickness of the web of primary supporting members, in mm, is to be not less than that obtained from the 


following formula: 


t=0.7/L5 
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4.4.2 Side transverses 
The net section modulus w, in cm?’ , and the net shear sectional area A,,, in cm? , of side transverses are to be not 


less than the values obtained from the following formulae: 


res (ps + pw )st? 102 
0.9mRy 


dice 5(ps + Pw )sé 

s T, sing 

In addition, the net section modulus w, in cm’, and the net shear sectional area Asn, in cm? , Of side transverses 
located within the bow flare area are to be not less than the values obtained from the following formulae: 


Presl? 3 
= —=— 10 
0.9mRy 


B SDP rp sl 


me T, sing 


4.4.3 Side girders 


The net section modulus w, in cm? , and the net shear sectional area A,,, in cm’ , of side girders are to be not less 
than the values obtained from the following formulae: 


is (ps + pw )st? 103 
0.9mRy 


Pae 5(ps + Py )se 

me T, sing 

In addition, the net section modulus w, in cm’, and the net shear sectional area A;n in cm”, of side girders located 
within the bow flare area are to be not less than the values obtained from the following formulae: 


Presl? 3 
= —=— 10 
0.9mRy 


roe Pras 
: T, sing 


4.4.4 Deck primary supporting members 
The net scantlings of deck primary supporting members are to be not less than those obtained from the formulae 


in Table 5. The design pressures in the formulae are taken from intact conditions and testing conditions 
respectively as stated in [3.2]. For a complex deck structure, a calculation deemed appropriate by the Society 
may be carried out in lieu of the formulae. 


RCN 1 to July 2010 version (effective from 1July 2012) 
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Table 5 Net scantlings of deck primary supporting members 


Condition Net section modulus w, in Net sectional shear area A,n 
cm? in cm? 


Primary supporting members ( Ps + Pw \se? ; B 5(p s+ Pw Js 
subjected to lateral pressure in wn ap sh i 

f 0.9mRy T, sing 
intact conditions 


Primary supporting members Sprsl 


: : a = 
subjected to lateral pressure in sh 1.05z, sing 
testing conditions 


where: 


$ : Angle, in deg, between the primary supporting member’s web and the shell plate, 
measured at the middle of the primary supporting member’s span; the correction is to be 
applied when ¢is less than 75. 
RCN 1 to July 2010 version (effective from 1July 2012) 


5. Strengthening of bottom forward area 
RCN 1 to July 2010 version (effective from 1July 2012) 


5.1 Application 


5.1.1 
The bottom forward area to be reinforced is the part of the ship's bottom extending forward of 0.2V VL from the 


fore perpendicular end, up to a height of 0.057 or 0.3 m above base line, whichever is the smaller. 


RCN 1 to July 2010 version (effective from 1July 2012) 
5.2 Bottom plating 


5.2.1 
The net thickness, in mm, of the bottom forward area, is not to be less than: 


t =15.8C,C,s a 
where: 
Cy : Coefficient relating to load patch of impact pressure, taken equal to: 
C, = 1.0, where no intermediate longitudinals is provided between ordinary stiffeners 
C, = 1.3 where intermediate longitudinals are provided between ordinary stiffeners. 


RCN 1 to July 2010 version (effective from 1July 2012) 


5.2.2 
For ships with a rise of floor the strengthened plating must at least extend to the bilge curvature. 


5.3 Ordinary stiffeners 


5.3.1 
The net section modulus, in cm’, of transverse or longitudinal ordinary stiffeners of the bottom forward area is 


not to be less than: 


w= C, Pas? 
16R,; 


10° 
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where: 
C; : Coefficient defined in [5.2.1]. 
RCN 1 to July 2010 version (effective from 1July 2012) 


5.3.2 
The net shear area, in cm’, of transverse or longitudinal ordinary stiffeners of the bottom forward area is not to 


be less than: 


_ 5v3p5,5(l —0.5s) 
Ry sing 


A 


The area of the welded connection has to be at least twice this value. 
RCN 1 to July 2010 version (effective from 1July 2012) 


5.4 Primary supporting members 


5.4.1 Girders 
The net thickness of girders in double bottom forward area, in mm, is not to be less than the greatest of either of 


the value ¢, to t; specified in the followings according to each location: 


t= CaPsiSt 
2(do - 4) )rg 
ty =1.15 ey 
Ci 
where: 
C4 : Coefficient taken equal to: 
c4= 3/4, with 0.3<c, <1.0 
A : Loaded area, in m’, between the supports of the structure considered, obtained from the following 
formula: 
A=S¢ 
PsL : As defined in [3.4] 
S : Spacing of centre or side girders under consideration, in m 
"4 : Span of centre or side girders between floors under consideration, in m 
do : Depth of the centre or side girder under consideration, in m 
dı : Depth of the opening, if any, at the point under consideration, in m 
H : Value obtained from the following formulae: 
(a) Where the girder is provided with an unreinforced opening : H =1+ ost 
(b) In other cases: H =1.0 
) : Major diameter of the openings, in m 
a : The greater of a or S,,inm. 
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a : Depth of girders at the point under consideration, in m, Where, however, if horizontal stiffeners are 
fitted on the girder, a is the distance from the horizontal stiffener under consideration to the bottom 


shell plating or inner bottom plating, or the distance between the horizontal stiffeners under 


consideration 
Si : Spacing, in m, of vertical ordinary stiffeners or floors 
Ci : Coefficient obtained from Tab 6 depending on S,/a. For intermediate values of S,/a, Cj is to be 


determined by linear interpolation. 
Ci : Coefficient obtained from Tab 7 depending on S,/a. For intermediate values of S,/a, C] is to be 


obtained by linear interpolation. 


Table 6 Coefficient Ci 


0.3 and 
a under 


ee eee e a 


Table 7 Coefficient C/ 


ünder over 


Ie E aE AAA 
"Sissi pe aa Pes Per pe pos poe pa 


5.4.2 Floors 
The net thickness of floors in double bottom forward area, in mm, is not to be less than the greatest of either of 


the value ¢; to t specified in the followings according to each location: 


i CaP sSt 
i= 
2(do ~ di Vea 
H? 
t, =1.75- | ate ti 
C3 
A 8.55, 
dk 
where : 
CA : Coefficient taken equal to: 


c4=3/A, with 0.3<c, <1.0 


A : Loaded area, in m’, between the supports of the structure considered, obtained from the following 
formula: 
A=S¢ 

PsL : As defined in [3.4] 

S : Spacing of floors under consideration, in m 

£ : Span of floors between centre girder and side girder or side girders under consideration, in m 

do : Depth of the solid floor at the point under consideration in m 
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di : Depth of the opening, if any, at the point under consideration in m 
A : Value obtained from the following formulae: 
a) Where openings with reinforcement or no opening are provided on solid floors: 


1) Where slots without reinforcement are provided: 


H= oS —1.0 , without being taken less than 1.0 
1 


2) Where slots with reinforcement are provided: H =1.0 
b) Where openings without reinforcement are provided on solid floors: 


1) Where slots without reinforcement are provided: 


H = í + ost) 4.022 —1.0 , without being taken less than 1+ ost 
do Si do 
2) Where slots with reinforcement are provided: 

H =1+0.5 a 

d, : Depth of slots without reinforcement provided at the upper and lower parts of solid floors, in m, 
whichever is greater 

Si : Spacing, in m, of vertical ordinary stiffeners or girders 
) : Major diameter of the openings, in m. 
a : Depth of the solid floor at the point under consideration, in m, Where, however, if horizontal 


stiffeners are fitted on the floor, a is the distance from the horizontal stiffener under consideration to 
the bottom shell plating or the inner bottom plating or the distance between the horizontal stiffeners 
under consideration 

Sa : The smaller of S; or a , in m 


C; : Coefficient given in Tab 8 depending on S,/d,). For intermediate values of S; /dọ, C} is to be 


determined by linear interpolation. 


Table 8 Coefficient C, 


0.3 1.4 
0.4 | 0.5 ; 1. 1.2 


Pc | 8 fas Pots} filets] 7 | 
6. Stem 


6.1 Bar stem 


6.1.1 
The gross cross sectional area, in cm’, of a bar stem below the load waterline is not to be less than: 


A, =1.25L 
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6.1.2 
Starting from the load waterline, the cross sectional area of the bar stem may be reduced towards the upper end 


to 0.754), 


6.2 Plate stem and bulbous bows 


6.2.1 
The gross thickness, in mm, is not to be less than the values obtained from the following formula: 


t= (0.6 + 0.45, \(0.08L + 6 Wk , without being taken greater than 224k 


where: 

SB : Spacing, in m, between horizontal stringers (partial or not), breasthooks, or equivalent horizontal 
stiffening members. 

The gross plate thickness is to be not less than the net thickness, obtained according to [4.2], plus the corrosion 


addition tc as defined in Ch 3, Sec 3. 


Scantlings of the ordinary stiffeners are to be determined according to [4.3]. 


6.2.2 
Starting from 0.6 m above the load waterline up to T+ C, the gross thickness may gradually be reduced to 0.87, 


where ¢ is the gross thickness defined in [6.2.1]. 


6.2.3 
Plate stems and bulbous bows must be stiffened by breasthooks and/or frames. 


7. Forecastle 


7.1 General 


7.1.1 
An enclosed forecastle is to be fitted on the freeboard deck. 


The aft bulkhead of the enclosed forecastle is to be fitted in way or aft of the forward bulkhead of the foremost 
hold, as shown in Fig 2. 

However, if this requirement hinders hatch cover operation, the aft bulkhead of forecastle may be fitted forward 
of the forward bulkhead of the foremost cargo hold provided the forecastle length is not less than 7% of ship 
length for freeboard as specified in Ch 1, Sec 4, [3.2] abaft the fore side of stem. 
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Top of the hatch coaming 


Figure 2: Forecastle 


7.1.2 
The forecastle height Hp above the main deck is to be not less than the greater of the following values: 


the standard height of a superstructure as specified in Ch 1, Sec 4, [3.18] 
Hc + 0.5 m, where Hc is the height of the forward transverse hatch coaming of the foremost cargo hold, i.e. 


cargo hold No.1. 


7.1.3 


All points of the aft edge of the forecastle deck are to be located at a distance less than or equal to ¢;: 
Lr =WHp -He 


from the hatch coaming plate in order to apply the reduced loading to the No.1 forward transverse hatch coaming 


and No.1 hatch cover in applying Ch 9, Sec 5, [6.2.2] and Ch 9, Sec 5, [7.3.8]. 


7.1.4 
A breakwater is not to be fitted on the forecastle deck with the purpose of protecting the hatch coaming or hatch 


covers. If fitted for other purposes, it is to be located such that its upper edge at centreline is not less than 
Hp/tan20° forward of the aft edge of the forecastle deck, where Hg is the height of the breakwater above the 


forecastle (see Fig 2). 
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Section 2 - AFT PART 


Symbols 

For symbols not defined in this Section, refer to Ch 1, Sec 4. 

Lı : Rule length L, but to be taken not greater than 200 m 
L, : Rule length L, but to be taken not greater than 300 m 
k : Material factor, defined in Ch 3, Sec 1, [2.2] 

ZTOP : Z co-ordinate, in m, of the top of the tank 

m : Coefficient taken equal to: 


m = 10 for vertical stiffeners, vertical primary supporting members 


m = 12 for other stiffeners, other primary supporting members 


To : Allowable shear stress, in N/mm”, taken equal to: 
_ Ry 
= 
s : Spacing, in m, of ordinary stiffeners or primary supporting members, measured at mid-span along the 
chord 
£ : Span, in m, of ordinary stiffeners or primary supporting members, measured along the chord between 


the supporting members, see Ch 3, Sec 6, [4.2] or [5.3] respectively. 


Ca : Aspect ratio of the plate panel, equal to: 
2 
Ca =1.2Lj1+ o3) — 0.697 , to be taken not greater than 1.0 
Cy : Coefficient of curvature of the panel, equal to: 


c, =1- 0.5— , to be taken not less than 0.4 
r 


r : Radius of curvature, in m. 


RCN 1 to July 2010 version (effective from IJuly 2012) 
1. General 


1.1 Introduction 


1.1.1 
The requirements of this Section apply for the scantlings of structures located aft of the aft peak bulkhead and 


for the reinforcements of the flat bottom aft area. 


1.1.2 
Aft peak structures which form the boundary of spaces not intended to carry liquids, and which do not belong to 


the outer shell, are to be subjected to lateral pressure in flooding conditions. Their scantlings are to be 


determined according to the relevant criteria in Ch 6. 
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1.2 Connections of the aft part with structures located fore of the aft peak 
bulkhead 


1.2.1 Tapering 
Adequate tapering is to be ensured between the scantlings in the aft part and those fore of the aft peak bulkhead. 


The tapering is to be such that the scantling requirements for both areas are fulfilled. 


1.3 Net scantlings 


1.3.1 
As specified in Ch 3, Sec 2, all thicknesses referred to in this Section are net, i.e. they do not include any 


corrosion addition. The gross thicknesses are to be obtained as specified in Ch 3, Sec 2, [3]. 


2. Load model 


2.1 Load point 


2.1.1 
Unless otherwise specified, lateral pressure is to be calculated at load points according to: 


e Ch6, Sec 1, [1.5], for plating 
e Ch6, Sec 2, [1.4], for stiffeners. 


2.2 Lateral pressures 


2.2.1 Lateral pressure in intact conditions 
The aft part lateral pressure in intact conditions, in kN/m”, is to be taken equal to (ps+ py). 


where: 
Ps pw : Hydrostatic and hydrodynamic pressures according to Ch 4, Sec 5, or internal still water and inertial 


pressures according to Ch 4, Sec 6, [2], to be considered among load cases H, F, R and P. 


2.2.2 Lateral pressure in testing conditions 


The lateral pressure py in testing conditions is taken equal to: 


e pr=Psr—Ps for bottom shell plating and side shell plating 


e = pr=Psr otherwise 

where: 

Psr : Testing pressure defined in Ch 4, Sec 6, [4] 
Ds : Pressure taken equal to: 


e if the testing is carried out afloat: hydrostatic pressure defined in Ch 4, Sec 5, [1] for the draught 
Tı, defined by the Designer, at which the testing is carried out. If T, is not defined, the testing is 
considered as being not carried out afloat. 


e ifthe testing is not carried out afloat: ps = 0 
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2.2.3 Elements of the outer shell 
The still water and wave lateral pressures are to be calculated considering separately: 


e the still water and wave external sea pressures 
e the still water and wave internal pressure considering the compartment adjacent to the outer shell as being 
loaded. If the compartment adjacent to the outer shell is intended to carry liquids, this still water and wave 


internal pressures are to be reduced from the corresponding still water and wave external sea pressures. 


2.2.4 Elements other than those of the outer shell 
The still water and wave lateral pressures to be considered as acting on an element which separates two adjacent 


compartments are those obtained considering the two compartments individually loaded. 


3. Aft peak 


3.1 Arrangement 


3.1.1 General 
The aft peak is, in general, to be transversely framed. 


3.1.2 Floors 
Solid floors are to be fitted at every frame spacing. 


The floor height is to be adequate in relation to the shape of the hull. Where a sterntube is fitted, the floor height 
is to extend at least above the sterntube. Where the hull lines do not allow such extension, plates of suitable 
height with upper and lower edges stiffened and securely fastened to the frames are to be fitted above the 
sterntube. 

In way of and near the rudder post, propeller post and rudder horn, floors are to be extended up to the peak tank 
top and are to be increased in thickness; the increase will be considered by the Society on a case by case basis, 
depending on the arrangement proposed. 


Floors are to be provided with stiffeners located at intervals not exceeding 800 mm. 


3.1.3 Side frames 
Side frames are to be extended up to a deck located above the full load waterline. 


Side frames are to be supported by one of the following types of structure: 
e non-tight platforms, to be fitted with openings having a total area not less than 10% of the area of the 
platforms 


e side girders supported by side primary supporting members connected to deck transverses. 


3.1.4 Platforms and side girders 
Platforms and side girders within the peak are to be arranged in line with those located in the area immediately 


forward. 
Where this arrangement is not possible due to the shape of the hull and access needs, structural continuity 
between the peak and the structures of the area immediately forward is to be ensured by adopting wide tapering 


brackets. 
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Where the aft peak is adjacent to a machinery space whose side is longitudinally framed, the side girders in the 


aft peak are to be fitted with tapering brackets. 


3.1.5 Longitudinal bulkheads 
A longitudinal non-tight bulkhead is to be fitted on the centreline of the ship, in general in the upper part of the 


peak, and stiffened at each frame spacing. 
Where either the stern overhang is very large or the maximum breadth of the space divided by watertight and 


wash bulkheads is greater than 20 m, additional longitudinal wash bulkheads may be required. 


4. Scantlings 


4.1 Plating 


4.1.1 
The net thickness of plating are to be not less than those obtained from the formulae in Tab 1 and Tab 2. 


Table 1: Net minimum thickness of plating 


Minimum net thickness, in mm 


Strength deck 4.5 + 0.022 
Platform and wash bulkhead 


Transverse and longitudinal 0.6L" 
watertight bulkheads 


RCN 1 to July 2010 version (effective from IJuly 2012) 


Table 2: Net thickness of plating 


Net thickness, in mm 


Intact conditions 
t =15.8c,c,s, |25 Pw 
0.9R 


Pr 


Testing conditions 


t=15.8c,c,s 


4.2 Ordinary stiffeners 


4.2.1 General 
The requirements of this sub-article apply to ordinary stiffeners considered as clamped at both ends. For other 


boundary conditions, the yielding check is to be considered on a case by case basis. 


4.2.2 
The net dimensions of ordinary stiffeners are to comply with the requirements in Ch 6, Sec 2, [2.3]. 


4.2.3 
The net thickness of the web of ordinary stiffeners, in mm, is to be not less than the greater of: 


e ¢=3.0+0.015L, 
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e 40% of the net required thickness of the attached plating, to be determined according to [4.1]. 
The net dimensions of ordinary stiffeners are to comply with the requirement in Ch 6 Sec 2, [2.2.2] and [2.3]. 
RCN 1 to July 2008 version (effective from 1 July 2009) 


4.2.4 
The net scantlings of single-span ordinary stiffeners are to be not less than those obtained from the formulae in 
Tab 3. 


Table 3: Net scantlings of single span ordinary stiffeners 


Stiffener type Net section oe w,in | Net ee shear area 
mî Asm in em? 
Single span ordinary stiffeners subjected p- (Ps + pr bÊ Ps + Pw )se? 5(p Sips + Pw )st Pw )s 
to lateral pressure 0.9mRy T, sin E 


Single span ordinary stiffeners subjected p2 5prsl 


to testing pressure w= Asn = 1.057, sing 


: Angle, in deg, between the stiffener web and the shell plate, measured at the middle of the 


stiffener span; the correction is to be applied when ¢is less than 75. 


4.2.5 
The maximum normal stress ø and shear stress r in a multi-span ordinary stiffener are to comply with the 


formulae in Tab 4. 


The maximum normal stress o and shear stress r in a multi-span ordinary stiffener are to be determined by a 


direct calculation taking into account: 

e the distribution of still water and wave pressure and forces, if any 

e the number and position of intermediate supports (decks, girders, etc.) 

e the condition of fixity at the ends of the stiffener and at intermediate supports 


e the geometrical characteristics of the stiffener on the intermediate spans. 


Table 4: Checking criteria for multi-span ordinary stiffeners 


[Normal stress | stress o <1.05Ry 


4.3 Primary supporting members 


4.3.1 Floors 


The net thickness of floors is to be not less than that obtained, in mm, from the following formula: 


t=0.7,/L, 


4.3.2 Side transverses 
The net section modulus w, in cm’, and the net shear sectional area Asn, in cm’, of side transverses are to be not 


less than the values obtained from the following formulae: 
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(ps + Py se? 102 
0.9mRy 


5(ps + Pw )se 


As, = . 
T, sing 


4.3.3 Side girders 


: š 3 4 : 2: è ri 
The net section modulus w, in cm’, and the net shear sectional area Asn, in cm’, of side girders are to be not less 


than the values obtained from the following formulae: 


(ps + Py se? 103 
0.9mRy 


5(ps5 + Py Js? 


An = a 
À T, sing 


4.3.4 Deck primary supporting members 

The net scantlings of deck primary supporting members are to be not less than those obtained from the formulae 
in Table 5. The design pressures in the formulae are taken from intact conditions and testing conditions 
respectively as stated in [2.2]. For a complex deck structure, a direct strength calculation may be carried out in 
lieu of the formulae. 


RCN 1 to July 2010 version (effective from IJuly 2012) 


Table 5: Net scantlings of deck primary supporting members 


Condition Net section modulus w,in | Net sectional shear area A,n, 
3 . 2 
in cm 


Primary supporting members 
subjected to lateral pressure in 
intact conditions 


Primary supporting members Sprsl 


subjected to lateral pressure in TOA se 1.05r, sing 
testing conditions 


where: 


$ : Angle, in deg, between the primary supporting member’s web and the shell plate, 
measured at the middle of the primary supporting member’s span; the correction is to be 
applied when ¢is less than 75. 
RCN 1 to July 2010 version (effective from IJuly 2012) 


5. Connection of hull structures with the rudder horn 


5.1 Connection of aft peak structures with the rudder horn 


5.1.1 General 
The requirement of this sub-article apply to the connection between peak structure and rudder horn where the 


stern-frame is of an open type and is fitted with the rudder horn. 


5.1.2 Rudder horn 
Horn design is to be such as to enable sufficient access for welding and inspection. 


The scantlings of the rudder horn, which are to comply with Ch 10, Sec 1, [9.2], may be gradually tapered inside 
the hull. 
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Connections by slot welds are not acceptable. 


5.1.3 Hull structures 
The vertical extension of hull structure to support the rudder horn between the horn intersection with the shell 


and the peak tank top is in accordance with the requirements of Ch 10, Sec 1, [9.2.6] and [9.2.7]. 
The thickness of the structures adjacent to the rudder horn, such as shell plating, floors, platforms and side 
girders, the centreline bulkhead and any other structures, is to be adequately increased in relation to the horn 


scantlings. 


(RCN 2, effective from I July 2008) 


5.2 Structural arrangement above the aft peak 


5.2.1 Side transverses 
Where a rudder horn is fitted, side transverses, connected to deck beams, are to be arranged between the 


platform forming the peak tank top and the weather deck. 

The side transverse spacing is to be not greater than: 

e 2 frame spacings in way of the horn 

e 4 frame spacings for and aft of the rudder horn 

e 6 frame spacings in the area close to the aft peak bulkhead. 

The side transverses are to be fitted with end brackets and located within the poop. Where there is no poop, the 
scantlings of side transverses below the weather deck are to be adequately increased with respect to those 


obtained from the formulae in [4.3.2]. 


5.2.2 Side girders 
Where the depth from the peak tank top to the weather deck is greater than 2.6 m and the side is transversely 


framed, one or more side girders are to be fitted, preferably in line with similar structures existing forward. 


6. Sternframes 


6.1 General 


6.1.1 
Sternframes may be made of cast or forged steel, with a hollow section, or fabricated from plate. 


6.1.2 
Cast steel and fabricated sternframes are to be strengthened by adequately spaced horizontal plates. 


Abrupt changes of section are to be avoided in castings; all sections are to have adequate tapering radius. 


6.2 Connections 


6.2.1 Connection with hull structure 
Sternframes are to be effectively attached to the aft structure and the lower part of the sternframe is to be 


extended forward of the propeller post to a length not less than 1500 + 6L mm, in order to provide an effective 


connection with the keel. However, the sternframe need not extend beyond the aft peak bulkhead. 
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The net thickness of shell plating connected with the sternframe is to be not less than that obtained, in mm, from 
the following formula: 


t=8.5+0.045L 


6.2.2 Connection with the keel 


The thickness of the lower part of the sternframes is to be gradually tapered to that of the solid bar keel or keel 
plate. 
Where a keel plate is fitted, the lower part of the sternframe is to be so designed as to ensure an effective 


connection with the keel. 


6.2.3 Connection with transom floors 
Rudder posts and propeller posts are to be connected with transom floors having height not less than that of the 


double bottom and net thickness not less than that obtained, in mm, from the following formula: 


t=9+0.023L, 


6.2.4 Connection with centre keelson 
Where the sternframe is made of cast steel, the lower part of the sternframe is to be fitted, as far as practicable, 


with a longitudinal web for connection with the centre keelson. 


6.3 Propeller posts 


6.3.1 Gross scantlings 
With reference to Ch 3, Sec 2, all scantlings and dimensions referred to in [6.3.2] to [6.3.4] are gross, 1.e. they 


include the margins for corrosion. 


6.3.2 Gross scantlings of propeller posts 
The gross scantlings of propeller posts are to be not less than those obtained from the formulae in Tab 6 for 


single screw ships and Tab 7 for twin screw ships. 
Scantlings and proportions of the propeller post which differ from those above may be considered acceptable 
provided that the section modulus of the propeller post section about its longitudinal axis is not less than that 


calculated with the propeller post scantlings in Tab 6 or Tab 7, as applicable. 


6.3.3 Section modulus below the propeller shaft bossing 
In the case of a propeller post without a sole piece, the section modulus of the propeller post may be gradually 


reduced below the propeller shaft bossing down to 85% of the value calculated with the scantlings in Tab 6 or 
Tab 7, as applicable. 
In any case, the thicknesses of the propeller posts are to be not less than those obtained from the formulae in the 


tables. 


6.3.4 Welding of fabricated propeller post with the propeller shaft bossing 
Welding of a fabricated propeller post with the propeller shaft bossing is to be in accordance with Ch 11, Sec 2. 
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6.4 Propeller shaft bossing 


6.4.1 
In single screw ships, the thickness of the propeller shaft bossing, included in the propeller post, is to be not less 


than 60% of the dimension b required in [6.3.2] for bar propeller posts with a rectangular section. 
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Table 6: Single screw ships - Gross scantlings of propeller posts 


Gross Fabricated propeller post Cast propeller post Bar propeller post, cast or 
scantlings forged, having rectangular 
of propeller section 
posts, in 


10V¥7.2L — 256 


10V 4.6L — 164 


3.2 L" 


to be taken not less than 
19 mm 


4.4 L"? 


to be taken not less than 
19 mm 


a) Propeller post thicknesses f,, and f are, in any case, to be not less than (0.05 L + 9.5) mm. 
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Table 7: 


Gross 


scantlings of 


propeller 
posts, in mm 


Twin screw ships - Gross scantlings of propeller posts 


Fabricated propeller Cast propeller post Bar propeller post, cast 


or forged, having 
rectangular section 


5y 
Sy 

2 
E 
SS 


™ 


o Propeller post thicknesses f), t and t; are, in any case, to be not less than (0.05Z + 9.5) mm. 


6.5 Sterntubes 


6.5.1 Sterntubes 
The sterntube thickness is considered by the Society on a case by case basis. In no case, however, may it be less 


than the thickness of the side plating adjacent to the stern-frame. 


Where the materials adopted for the sterntube and the plating adjacent to the sternframe are different, the 


sterntube thickness is to be at least equivalent to that of the plating. 
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Section 3 —- MACHINERY SPACE 


Symbols 

For symbols not defined in this Section, refer to Ch 1, Sec 4. 

k : Material factor, defined in Ch 3, Sec 1, [2.2] 

P : Maximum continuous rating, in kW, of the engine 

n, : Number of revolutions per minute of the engine shaft at power equal to P 

Le : Effective length, in m, of the engine foundation plate required for bolting the engine to the seating, as 


specified by the engine manufacturer. 


1. General 


1.1 Application 


1.1.1 
The requirements of this Section apply for the arrangement and scantling of machinery space structures as 


regards general strength. It is no substitute to machinery manufacturer’s requirements that have to be dealt with 


at Shipyard diligence. 


1.2 Scantlings 


1.2.1 Net scantlings 
As specified in Ch 3, Sec 2 all scantlings referred to in this Section are net, i.e. they do not include any margin 


for corrosion. 


The gross scantlings are obtained as specified in Ch 3, Sec 2, [3.1]. 


1.2.2 General 
Unless otherwise specified in this Section, the scantlings of plating, ordinary stiffeners and primary supporting 


members in the machinery space are to be determined according to the relevant criteria in Ch 6. 


In addition, the minimum thickness requirements specified in this Section apply. 


1.2.3 Primary supporting members 
The Designer may propose arrangements and scantlings alternative to the requirements of this Section, on the 


basis of direct calculations which are to be submitted to the Society for examination on a case by case basis. 


The Society may also require such direct calculations to be carried out whenever deemed necessary. 


1.3 Connections of the machinery space with structures located aft and 
forward 


1.3.1 Tapering 
Adequate tapering is to be ensured between the scantlings in the machinery space and those aft and forward. The 


tapering is to be such that the scantling requirements for all areas are fulfilled. 
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1.3.2 Transition zone between engine room and cargo area 
In the transition zone between the engine room and the aftermost cargo hold due consideration is to be given to 


the proper tapering of major longitudinal members within the engine room such as flats, decks, horizontal rings 
or side stringers into the cargo hold, and for longitudinal bulkheads (inner skin, upper and lower wing tank) into 
the engine room. 

Where such structure is in line with longitudinal members aft or forward of the cargo hold bulkhead, adequate 


tapering is to be achieved by fitting large tapering brackets inside the wing tanks or engine room. 


1.3.3 Deck discontinuities 
Decks which are interrupted in the machinery space are to be tapered on the side by means of horizontal 


brackets. 


2. Double bottom 


2.1 Arrangement 


2.1.1 General 
Where the machinery space is immediately forward of the after peak, the double bottom is to be transversely 


framed. In all other cases it may be transversely or longitudinally framed. 


2.1.2 Double bottom height 
The double bottom height at the centreline, irrespective of the location of the machinery space, is to be not less 


than the value defined in Ch 3, Sec 6, [6.1]. This depth may need to be considerably increased in relation to the 
type and depth of main machinery seatings. 

The above height is to be increased by the Shipyard where the machinery space is very large and where there is a 
considerable variation in draught between light ballast and full load conditions. 

Where the double bottom height in the machinery space differs from that in adjacent spaces, structural continuity 
of longitudinal members is to be ensured by sloping the inner bottom over an adequate longitudinal extent. The 


knuckles in the sloped inner bottom are to be located in way of floors. 


2.1.3 Centre bottom girder 
In general, the centre bottom girder may not be provided with holes. In any case, in way of any openings for 


manholes on the centre girder, permitted only where absolutely necessary for double bottom access and 


maintenance, local strengthening is to be arranged. 


2.1.4 Side bottom girders 
In the machinery space the number of side bottom girders is to be adequately increased, with respect to the 


adjacent areas, to ensure adequate rigidity of the structure. The side bottom girders are to be a continuation of 
any bottom longitudinals in the areas adjacent to the machinery space and are generally to have a spacing not 


greater than 3 times that of longitudinals and in no case greater than 3 m. 


2.1.5 Side bottom girders in way of machinery seatings 
Additional side bottom girders are to be fitted in way of machinery seatings. 
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Side bottom girders arranged in way of main machinery seatings are to extend for the full length of the 
machinery space. 

Bottom girders are to extend as far aft as practicable in relation to the shape of the bottom and are to be 
supported by floors and side primary supporting members at the ends. 

Forward of the machinery space forward bulkhead, the bottom girders are to be generally tapered for at least 
three frame spaces and are to be effectively connected to the hull structure. 


RCN 1 to July 2010 version (effective from 1July 2012) 


2.1.6 Floors in longitudinally framed double bottom 
Where the double bottom is longitudinally framed, the floor spacing is to be not greater than: 


e 1 frame spacing in way of the main engine and thrust bearing 
e 2 frame spacings in other areas of the machinery space. 


Additional floors are to be fitted in way of other important machinery. 


2.1.7 Floors in transversely framed double bottom 
Where the double bottom in the machinery space is transversely framed, floors are to be arranged at every frame. 


Furthermore, additional floors are to be fitted in way of boiler foundations or other important machinery. 


2.1.8 Floors stiffeners 
In addition to the requirements in Ch 3, Sec 6, floors are to have web stiffeners sniped at the ends and spaced not 


more than approximately | m apart. 


The section modulus of web stiffeners is to be not less than 1.2 times that required in Ch 6, Sec 2, [4.1.2]. 


2.1.9 Manholes and wells 
The number and size of manholes in floors located in way of seatings and adjacent areas are to be kept to the 


minimum necessary for double bottom access and maintenance. 

The depth of manholes is generally to be not greater than 40% of the floor local depth, and in no case greater 
than 750 mm, and their width is to be equal to approximately 400 mm. 

In general, manhole edges are to be stiffened with flanges; failing this, the floor plate is to be adequately 
stiffened with flat bars at manhole sides. 

Manholes with perforated portable plates are to be fitted in the inner bottom in the vicinity of wells arranged 
close to the aft bulkhead of the engine room. 


Drainage of the tunnel is to be arranged through a well located at the aft end of the tunnel. 


2.2 Minimum thicknesses 


2.2.1 
The net thicknesses of inner bottom, floor and girder webs are to be not less than the values given in Tab 1. 
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Table 1: Double bottom - Minimum net thicknesses of inner bottom, floor and girder webs 


Minimum net thickness, in mm 


Inner bottom 6.6 + 0.0242 
The Society may require the thickness of the inner bottom in way of the 
machinery seatings and on the main thrust blocks to be increased, on a case by 
case basis. 


Margin plate 0.9L” +1 
Centre girder 1.55L'° +3.5 
Floors and side girders 1.7L +1 


Girder bounding a duct keel | 0.8L" + 2.5, to be taken not less than that required for the centre girder. 


3. Side 


3.1 Arrangement 


3.1.1 General 
The type of side framing in machinery spaces is generally to be the same as that adopted in the adjacent areas. 


3.1.2 Extension of the hull longitudinal structure within the machinery space 
In ships where the machinery space is located aft and where the side is longitudinally framed, the longitudinal 


structure is preferably to extend for the full length of the machinery space. 
In any event, the longitudinal structure is to be maintained for at least 0.3 times the length of the machinery 
space, calculated from the forward bulkhead of the latter, and abrupt structural discontinuities between 


longitudinally and transversely framed structures are to be avoided. 


3.1.3 Side transverses 
Side transverses are to be aligned with floors. One is preferably to be located in way of the forward end and 


another in way of the after end of the machinery casing. 

For a longitudinally framed side, the side transverse spacing is to be not greater than 4 frame spacings. 

For a transversely framed side, the side transverse spacing is to be not greater than 5 frame spaces. The web 
height is to be not less than twice that of adjacent frames and the section modulus is to be not less than four 
times that of adjacent frames. 

Side transverse spacing greater than that above may be accepted provided that the scantlings of ordinary frames 


are increased, according to the Society’s requirements to be defined on a case by case basis. 


4. Platforms 


4.1 Arrangement 


4.1.1 General 
The location and extension of platforms in machinery spaces are to be arranged so as to be a continuation of the 


structure of side longitudinals, as well as of platforms and side girders located in the adjacent hull areas. 


4.1.2 Platform transverses 
In general, platform transverses are to be arranged in way of side or longitudinal bulkhead transverses. 
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For longitudinally framed platforms, the spacing of platform transverses is to be not greater than 4 frame 


spacings. 


4.2 Minimum thicknesses 


4.2.1 
The net thickness of platforms is to be not less than 6.5 mm. 


5. Pillaring 


5.1 Arrangement 


5.1.1 General 
The pillaring arrangement in machinery spaces is to account both for the concentrated loads transmitted by 


machinery and superstructures and for the position of main machinery and auxiliary engines. 


5.1.2 Pillars 
Pillars are to be arranged in the following positions: 


e in way of machinery casing corners and corners of large openings on platforms; alternatively, two pillars 
may be fitted on the centreline (one at each end of the opening) 

e in way of the intersection of platform transverses and girders 

e in way of transverse and longitudinal bulkheads of the superstructure. 


In general, pillars are to be fitted with brackets at their ends. 


5.1.3 Pillar bulkheads 
In general, pillar bulkheads, fitted in ‘tween decks below the upper deck, are to be located in way of load-bearing 


bulkheads in the superstructures. 
Longitudinal pillar bulkheads are to be a continuation of main longitudinal hull structures in the adjacent spaces 
forward and aft of the machinery space. 


Pillar bulkhead scantlings are to be not less than those required in [6.3] for machinery casing bulkheads. 


6. Machinery casing 


6.1 Arrangement 


6.1.1 Ordinary stiffener spacing 
Ordinary stiffeners are to be located: 


e at each frame, in longitudinal bulkheads 
e ata distance of about 750 mm, in transverse bulkheads. 
The ordinary stiffener spacing in portions of casings that are particularly exposed to wave action is considered 


by the Society on a case by case basis. 
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6.2 Openings 


6.2.1 General 
All machinery space openings, which are to comply with the requirements in Sec 6, [6], are to be enclosed in a 


steel casing leading to the highest open deck. Casings are to be reinforced at the ends by deck beams and girders 
associated to pillars. 

In the case of large openings, the arrangement of cross-ties as a continuation of deck beams may be required. 
Skylights, where fitted with openings for light and air, are to have coamings of a height not less than: 

e 900 mm, if in position 1 


e 760 mm, if in position 2. 


6.2.2 Access doors 
Access doors to casings are to comply with Sec 6, [6.2]. 


6.3 Scantlings 


6.3.1 Plating and ordinary stiffeners 
The net scantlings of plating and ordinary stiffeners are to be not less than those obtained according to the 


applicable requirements in Ch 9, Sec 4. 


6.3.2 Minimum thicknesses 
The net thickness of bulkheads is to be not less than: 


e 5.5 mm for bulkheads in way of cargo holds 


e 4mm for bulkheads in way of accommodation spaces. 


7. Main machinery seating 


7.1 Arrangement 


7.1.1 General 
The scantlings of main machinery seatings and thrust bearings are to be adequate in relation to the weight and 


power of engines and the static and dynamic forces transmitted by the propulsive installation. 


7.1.2 Seating supporting structure 
Transverse and longitudinal members supporting the seatings are to be located in line with floors and double or 


single bottom girders, respectively. 
They are to be so arranged as to avoid discontinuity and ensure sufficient accessibility for welding of joints and 


for surveys and maintenance. 


7.1.3 Seatings included in the double bottom structure 
Where high-power internal combustion engines or turbines are fitted, seatings are to be integral with the double 


bottom structure. Girders supporting the bedplates in way of seatings are to be aligned with double bottom 
girders and are to be extended aft in order to form girders for thrust blocks. 


The girders in way of seatings are to be continuous from the bedplates to the bottom shell. 
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7.1.4 Seatings above the double bottom plating 
Where the seatings are situated above the double bottom plating, the girders in way of seatings are to be fitted 


with flanged brackets, generally located at each frame and extending towards both the centre of the ship and the 
sides. 

The extension of the seatings above the double bottom plating is to be limited as far as practicable while 
ensuring adequate spaces for the fitting of bedplate bolts. Bolt holes are to be located such that they do not 


interfere with seating structures. 


7.1.5 Seatings in a single bottom structure 
For ships having a single bottom structure within the machinery space, seatings are to be located above the floors 


and to be adequately connected to the latter and to the girders located below. 


7.1.6 Number of girders in way of machinery seatings 
At least two girders are to be fitted in way of main machinery seatings. 


One girder may be fitted only where the following three formulae are complied with: 
L<150m 

P<7100 kW 

P<2.3n,L,z 


7.2 Minimum scantlings 


7.2.1 
The net scantlings of the structural elements in way of the internal combustion engine seatings are to be obtained 


from the formulae in Tab 2. However, the net cross-sectional area of each bedplate of the seatings may be 
determined by the engine manufacturers, provided the information regarding permissible foundation stiffness 
considering the engine characteristics and engine room arrangement, etc. 


RCN 1 to July 2008 version (effective from I July 2009) 


Table 2: Minimum scantlings of the structural elements in way of machinery seatings 


Scantling minimum value Scantling minimum value 


Net cross-sectional area, in cm”, of each bedplate of the seatings i070 P 
+ 
n,Lg 


Bedplate net thickness, in mm Bedplates supported by two or more girders: 


240 +175 4 


n, Lg 


Bedplates supported by one girder: 


5+ 1240+175 4 
n,„Lg 


Total web net thickness, in mm, of girders fitted in way of Bedplates supported by two or more girders: 
machinery seatings P 
320+215 


n, Lg 


Bedplates supported by one girder: 
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Web net thickness, in mm, of floors fitted in way of machinery 
seatings 
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Section 4-—- SUPERSTRUCTURES AND DECKHOUSES 


Symbols 

For symbols not defined in this Section, refer to Ch 1, Sec 4. 

Ly : Rule length L, but to be taken not greater than 300 m 

Pp : Lateral pressure for decks, in kN/m’, as defined in [3.2.1] 

Psi : Lateral pressure for sides of superstructures, in kN/m’, as defined in [3.2.3] 

k : Material factor, defined in Ch 3, Sec 1, [2.2] 

s : Spacing, in m, of ordinary stiffeners, measured at mid-span along the chord 

l : Span, in m, of ordinary stiffeners, measured between the supporting members, see Ch 3, Sec 6, [4.2] 


RCN 1 to July 2008 version (effective from 1 July 2009) 
c : Coefficient taken equal to: 
c = 0.75 for beams, girders and transverses which are simply supported on one or both ends 


c = 0.55 in other cases 


Ma : Coefficient taken equal to: 
2 
m, =0.204~|4-|=] |, with =<1 
4 4 4 
1. General 


1.1 Definitions 


1.1.1 Superstructure 
See Ch 1, Sec 4, [3.12.1] 


1.1.2 Deckhouse 
See Ch 1, Sec 4, [3.15.1] 


1.1.3 Long deckhouse 
A long deckhouse is a deckhouse the length of which within 0.4L amidships exceeds 0.2L. The strength of a long 


deckhouse is to be specially considered. 


1.1.4 Short deckhouse 
A short deckhouse is a deckhouse not covered by the definition given in [1.1.3]. 


1.1.5 Non-effective superstructure 
For the purpose of this section, all superstructures being located beyond 0.4L amidships or having a length of 


less than 0.15Z are considered as non-effective superstructures. 


1.1.6 Insulated funnel 
Scantlings of insulated funnels are to be determined as for deckhouses. 
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1.1.7 Effective superstructure 
Effective superstructure is a superstructure not covered by the definition given in [1.1.5] 


1.2 Gross scantlings 


1.2.1 
With reference to Ch 3, Sec 2, all scantlings and dimensions referred to in [4] and [5] are gross, i.e. they include 


the margins for corrosion. 


2. Arrangement 


2.1 Strengthening at the ends of superstructures 


2.1.1 
In way of end bulkheads of superstructures located within 0.4L amidships, the thickness of the strength deck in a 


breadth of 0.1B from the shell, the thickness of the sheerstrake, and the thickness of the superstructure side 
plating are to be increased by the percentage of strengthening specified in Tab 1. The strengthening is to be 
extended over a region from 4 frame spacings abaft the end bulkhead to 4 frame spacings forward of the end 


bulkhead. 


Table 1: Percentage of strengthening 


Type of Strength deck and Side plating of 
superstructure sheerstrake superstructure 


20% 


2.1.2 
Under strength decks in way of 0.6L amidships, girders are to be fitted in alignment with longitudinal walls, 


which are to extend at least over three frame spacings beyond the end points of the longitudinal walls. The 


girders are to overlap with the longitudinal walls by at least two frame spacings. 


2.2 Attachment of stiffening members 


2.2.1 Attachment of deck beams 
Transverse deck beams are to be connected to the frames by brackets according to Ch 3, Sec 6. 


Deck beams crossing longitudinal walls and girders may be attached to the stiffeners of longitudinal walls and 


the webs of girders respectively by welding without brackets. 


2.2.2 Attachment of deck girders and transverses 
End attachments of girders at bulkheads are to be so dimensioned that the bending moments and shear forces can 


be transferred. Bulkhead stiffeners under girders are to be sufficiently dimensioned to support the girders. 
Face plates are to be stiffened by tripping brackets according to Ch 3, Sec 6. At girders of symmetrical section, 


they are to be arranged alternately on both sides of the web. 
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2.2.3 End attachment of superstructure frames 
Superstructure frames are to be connected to the main frames below, or to the deck. The end attachment may be 


carried out in accordance with Fig 1. 


Figure 1: | End attachment of superstructure frames 


2.3 Transverse structure of superstructures and deckhouses 


2.3.1 
The transverse structure of superstructures and deckhouses is to be sufficiently dimensioned by a suitable 


arrangement of end bulkheads, web frames, steel walls of cabins and casings, or by other measures. 


2.4 Openings in enclosed superstructures 


2.4.1 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 12(1)) 


All access openings in bulkheads at ends of enclosed superstructures are to be fitted with weathertight doors 
permanently attached to the bulkhead, and framed, stiffened and fitted so that the whole structure is of 


equivalent strength to the un-pierced bulkhead. The doors are to be so arranged that they can be operated from 


both sides of the bulkhead. 


2.4.2 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 12(3)) 


The height of the sills of access openings in bulkheads at ends of enclosed superstructures shall be at least 


380 mm above the deck. 


2.4.3 
Any opening in a superstructure deck or in a deckhouse deck directly above the freeboard deck (deckhouse 


surrounding companionways), is to be protected by efficient weathertight closures. 


3. Load model 


3.1 Load calculation point 


3.1.1 
Unless otherwise specified, lateral pressure is to be calculated at load calculation points defined in: 


e Ch6, Sec 1, [1.5], for plating 


e §=Ch6, Sec2, [1.4] for ordinary stiffeners and primary supporting members. 
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3.2 Loads 


3.2.1 Lateral pressure for decks 
The lateral pressure for decks of superstructures and deckhouses, in kN/m”, is to be taken equal to: 


e the external pressure pp defined in Ch 4, Sec 5, [2.1] for exposed decks, 
e 5kN/m for unexposed decks. 
RCN 2 to July 2008 version (effective from 1July 2010) 


3.2.2 Lateral pressure for exposed wheel house top 
The lateral pressure p for exposed wheel house tops, in kN/m?, is to be obtained according to Ch 4, Sec 5, [3.2]. 


3.2.3 Lateral pressure for sides of superstructures 


The lateral pressure ps; for sides of superstructures, in kN/m’, is to be obtained according to Ch 4, Sec 5, [3.3]. 


4. Scantlings 


4.1 Side plating of non-effective superstructures 


4.1.1 
The gross thickness, in mm, of the side plating of non-effective superstructures is not to be less than the greater 


of the following values: 


t=1.21s KD 5 +1.5 RCN 1 to July 2008 version (effective from IJuly 2009) 


t= 0.8VkL 


4.2 Deck plating of non-effective superstructures 


4.2.1 
The gross thickness, in mm, of deck plating of non-effective superstructures is not to be less than the greater of 


the following values: 


=1.21s4/kpp +1.5 RCN 1 to July 2008 version (effective from 1 July 2009) 


t = (5.5 + 0,02LWk 


where L is not to be taken greater than 200 m. 


4.2.2 
Where additional superstructures are arranged on non-effective superstructures located on the freeboard deck, 


the gross thickness required by [4.2.1] may be reduced by 10%. RCN 1 to July 2008 version (effective from 1 
July 2009) 


4.2.3 
Where plated decks are protected by sheathing, the gross thickness of the deck plating according to [4.2.1] and 


[4.2.2] may be reduced by 1.5mm. RCN 1 to July 2008 version (effective from 1 July 2009) However, such deck 


plating is not to be less than 5 mm. 
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Where a sheathing other than wood is used, attention is to be paid that the sheathing does not affect the steel. 
The sheathing is to be effectively fitted to the deck. 


4.3 Deck beams and supporting deck structure 


4.3.1 Transverse deck beams and deck longitudinal ordinary stiffeners 
The section modulus w, in cm’, and the shear area Asn, in cm’, of transverse deck beams and of deck longitudinal 


ordinary stiffeners are not to be less than the values obtained from the following formulae: 
w= ckp pst? 


A,n = 0.05(1-0.817m, )kp psf 


4.3.2 Deck girders and transverses 


The section modulus w, in cm?, and the shear area A,n, in cm’, of deck girders and transverses are not to be less 

than the values obtained from the following formulae: 

w= ckp pel? 

Ay, = 0.05kp pel 

where: 

e : Width of loaded area, in m, of the unsupported adjacent plate fields, measured from each mid of plate 
field to mid of opposite plate filed. 

The girder depth is not to be less than ¢/25 . The web depth of girders scalloped for continuous deck beams is to 

be at least 1.5 times the depth of the deck beams. 

Where a girder does not have the same section modulus throughout all girder fields, the greater scantlings are to 


be maintained above the supports and are to be reduced gradually to the smaller scantlings. 


4.4 Superstructure frames 


4.4.1 Section modulus and shear area 
The section modulus w, in cm’, and the shear area Asn, in cm’, of the superstructure frames are not to be less than 


the values obtained from the following formulae: 
w= 0.55kp ssl" 


A,, = 0.05(1-0.817m, kpss 


4.4.2 
Where frames are supported by a longitudinally framed deck, the frames fitted between web frames are to be 


connected to the adjacent longitudinal ordinary stiffeners by brackets. The scantlings of the brackets are to be 


determined in accordance with Ch 3, Sec 6 on the basis of the section modulus of the frames. 


4.4.3 
Where further superstructures or deckhouses are arranged on the superstructures, strengthening of the frames of 


the space below may be required. 
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4.5 Decks of short deckhouses 


4.5.1 Plating 
The thickness, in mm, of weather deck of short deckhouses and is not to be less than: 


t= 8sVk +1.5 RCN 1 to July 2008 version (effective from 1 July 2009) 
For weather decks of short deckhouses protected by sheathing and for decks within deckhouses, the gross 
thickness may be reduced by 1.5mm. However, such deck plating is not to be less than 5 mm. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


4.5.2 Deck beams 
The scantlings of deck beams and supporting deck structure are to be determined according to [4.3]. 


5. End bulkheads of superstructure and deckhouse 
(RCN 2, effective from 1 July 2008) 


5.1 Application 


5.1.1 
The requirements in [5.2] and [5.3] apply to end bulkhead of superstructure and deckhouse forming the only 


protection for openings, as required by ILLC as amended, and for accommodations. 
(RCN 2, effective from 1 July 2008) 


5.2 Loads 


5.2.1 
The design load p,, in kN/m’, for determining the scantlings is to be obtained according to Ch 4, Sec 5, [3.4]. 


5.3 Scantlings 


5.3.1 Stiffeners 
The section modulus w, in cm’, of the stiffeners is not to be less than the value obtained from the following 


formula: 
w =0.35kp 4st? 


This requirement assume the webs of lowest tier stiffeners to be efficiently welded to the decks. Scantlings for 
other types of end connections may be specially considered. 

The section modulus of deckhouse side stiffeners needs not to be greater than that of side frames on the deck 
situated directly below; taking account of spacing s and span @. 


(RCN 2, effective from 1 July 2008) 


5.3.2 Plate thickness 
The gross thickness of the plating, in mm, is not to be less than the greater of the values obtained from the 


following formulae: 


t=0.9s VAD» +1.5 RCN 1 to July 2008 version (effective from 1 July 2009) 
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L 
t nin = [50+ | Vk , for the lowest tier 


L 
t nin = [40 +z) Vk , for the upper tiers, without being less than 5.0 mm. 
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Section 5 —- HATCH COVERS 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
Ds : Still water pressure, in kN/m’, defined in [4.1] 
Pw : Wave pressure, in kN/m’, defined in [4.1] 
Pc : Pressure acting on the hatch coaming, in kN/m’, defined in [6.2] 
Fs, Fw : Coefficients taken equal to: 
Fs= 0 and Fy=0.9 for ballast water loads on hatch covers of the ballast hold 
RCN 1 to July 2008 version (effective from 1 July 2009) 


F;=1.0andFy=1.0 in other cases 


s : Length, in m, of the shorter side of the elementary plate panel 

£ : Length, in m, of the longer side of the elementary plate panel 

bp : Effective width, in m, of the plating attached to the ordinary stiffener or primary supporting member, 
defined in [3] 

w : Net section modulus, in cm’, of the ordinary stiffener or primary supporting member, with an attached 
plating of width b, 

Ash : Net shear sectional area, in cm’, of the ordinary stiffener or primary supporting member 

m : Boundary coefficient for ordinary stiffeners and primary supporting members, taken equal to: 
m = 8, in the case of ordinary stiffeners and primary supporting members simply supported at both 
ends or supported at one end and clamped at the other end 
m = 12, in the case of ordinary stiffeners and primary supporting members clamped at both ends 

tc : Total corrosion addition, in mm, defined in [1.4] 


Oa, Ta : Allowable stresses, in N/mm’, defined in [1.5] 


1. General 


1.1 Application 


1.1.1 
The requirements in [1] to [8] apply to steel hatch covers in positions 1 and 2 on weather decks, defined in Ch 1, 


Sec 4, [3.20]. 
The requirements in [9] apply to steel hatch covers of small hatches fitted on the exposed fore deck over the 


forward 0.25L. 


1.2 Materials 


1.2.1 Steel 
The formulae for scantlings given in [5] are applicable to steel hatch covers. 
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Materials used for the construction of steel hatch covers are to comply with the applicable requirements of the 


Society. 


1.2.2 Other materials 
The use of materials other than steel is considered by the Society on a case by case basis, by checking that 


criteria adopted for scantlings are such as to ensure strength and stiffness equivalent to those of steel hatch 


covers. 


1.3 Net scantlings 


1.3.1 
All scantlings referred to in this Section, except otherwise specified, are net, i.e. they do not include any margin 


for corrosion. 
When calculating the stresses oand rin [5.3] and [5.4], the net scantlings are to be used. 
The gross scantlings are obtained as specified in Ch 3, Sec 2. 


The corrosion additions are given in [1.4]. 


1.4 Corrosion additions 


1.4.1 
The total corrosion addition for both sides to be considered for the plating and internal members of hatch covers 


is equal to the value specified in Tab 1. 


The corrosion addition for hatch coamings and coaming stays is defined according to Ch 3, Sec 3. 


Table 1: Corrosion addition tç for hatch covers 


Corrosion addition fc, in mm, for both sides 
Plating and stiffeners of single skin hatch cover 


Top and bottom plating of double skin hatch cover 
Internal structures of double skin hatch cover 


1.5 Allowable stresses 


1.5.1 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 15(6) and 16(5)) 


The allowable stresses o, and z,, in N/mm’, are to be obtained from Tab 2. 


Table 2: Allowable stresses, in N/mm? 


Weathertight hatch cover External pressure, as defined in Ch 0.80 Rey 0.46 Rey 


Pontoon [Pontoon hatch cover | [Pontoon hatch cover | 4, Sec 5, [5.2.1] 0.68 | 0.68 Rev | 0.39 | 0.39 Rew | 


Weathertight hatch cover Other loads, as defined in Ch 4, EC 90 Rex E 51 Rex 
and pontoon hatch cover Sec 5, [5.1.1] and Ch 4, Sec 6, [2] 


RCN 1 to July 2008 version (effective from 1 July 2009) 
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2. Arrangements 


2.1 Height of hatch coamings 


2.1.1 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 14 (1, 1)) 


The height above the deck of hatch coamings is to be not less than: 
e 600 mm in position 1 


e 450 mm in position 2. 


2.1.2 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 14 (1, 2)) 


The height of hatch coamings in positions I and 2 closed by steel covers provided with gaskets and securing 
devices may be reduced with respect to the above values or the coamings may be omitted entirely, on condition 
that the Administration is satisfied that the safety of the ship is not thereby impaired in any sea conditions. 

In such cases the scantlings of the covers, their gasketing, their securing arrangements and the drainage of 


recesses in the deck are considered by the Society on a case by case basis. 


2.1.3 
Regardless of the type of closing arrangement adopted, the coamings may have reduced height or be omitted in 


way of openings in closed superstructures. 


2.2 Hatch covers 


2.2.1 
Hatch covers on exposed decks are to be weathertight. 


Hatch covers in closed superstructures need not be weathertight. 


However, hatch covers fitted in way of ballast tanks, fuel oil tanks or other tanks are to be watertight. 


2.2.2 
The ordinary stiffeners and primary supporting members of the hatch covers are to be continuous over the 


breadth and length of the hatch covers, as far as practical. When this is impractical, sniped end connections are 


not to be used and appropriate arrangements are to be adopted to ensure sufficient load carrying capacity. 


2.2.3 
The spacing of primary supporting members parallel to the direction of ordinary stiffeners is to be not greater 


than 1/3 of the span of primary supporting members. 


2.2.4 
The breadth of the primary supporting member face plate is to be not less than 40% of their depth for laterally 


unsupported spans greater than 3 m. Tripping brackets attached to the face plate may be considered as a lateral 
support for primary supporting members. 


The face plate outstand is not to exceed 15 times the gross face plate thickness. 
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2.2.5 
Efficient retaining arrangements are to be provided to prevent translation of the hatch cover under the action of 


the longitudinal and transverse forces exerted by cargoes on the cover, if any. These retaining arrangements are 


to be located in way of the hatch coaming side brackets. 


2.2.6 
The width of each bearing surface for hatch covers is to be at least 65 mm. 


2.3 Hatch coamings 


2.3.1 
Coamings, stiffeners and brackets are to be capable of withstanding the local forces in way of the clamping 


devices and handling facilities necessary for securing and moving the hatch covers as well as those due to cargo 


stowed on the latter. 


2.3.2 
Special attention is to be paid to the strength of the fore transverse coaming of the forward hatch and to the 


scantlings of the closing devices of the hatch cover on this coaming. 


2.3.3 
Longitudinal coamings are to be extended at least to the lower edge of deck beams. 


e where they are not part of continuous deck girders, the lower edge of longitudinal coamings are to extend 
for at least two frame spaces beyond the end of the openings. 


e where longitudinal coamings are part of deck girders, their scantlings are to be as required in Ch 6, Sec 4. 


2.3.4 
A web frame or a similar structure is to be provided below the deck in line with the transverse coaming. 


Transverse coamings are to extend below the deck and to be connected with the web frames. 


2.4 Small hatchways 


2.4.1 
The height of small hatchway coamings is to be not less than 600 mm if located in position 1 and 450 mm if 


located in position 2. 
Where the closing appliances are in the form of hinged steel covers secured weathertight by gaskets and swing 


bolts, the height of the coamings may be reduced or the coamings may be omitted altogether. 


2.4.2 
Small hatch covers are to have strength equivalent to that required for main hatchways and are to be of steel, 


weathertight and generally hinged. 
Securing arrangements and stiffening of hatch cover edges are to be such that weathertightness can be 


maintained in any sea condition. 
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At least one securing device is to be fitted at each side. Circular hole hinges are considered equivalent to 


securing devices. 


2.4.3 
Hold accesses located on the weather deck are to be provided with weathertight metallic hatch covers, unless 


they are protected by a closed superstructure. The same applies to accesses located on the forecastle deck and 


leading directly to a dry cargo hold through a trunk. 


2.4.4 
Accesses to cofferdams and ballast tanks are to be manholes fitted with watertight covers fixed with bolts which 


are sufficiently closely spaced. 


2.4.5 
Hatchways of special design are considered by the Society on a case by case basis. 


3. Width of attached plating 


3.1 Ordinary stiffeners 


3.1.1 
The width of the attached plating to be considered for the check of ordinary stiffeners is to be obtained, in m, 


from the following formulae: 
e where the attached plating extends on both sides of the stiffener: 


b,=s 


e where the attached plating extends on one side of the stiffener: 


b, = 0.58 


3.2 Primary supporting members 


3.2.1 
The effective width of the attached plating to be considered for the yielding and buckling checks of primary 


supporting members analysed through isolated beam or grillage model is to be obtained, in m, from the 
following formulae: 
e where the plating extends on both sides of the primary supporting member: 


b, =b, +b,2 


e where the plating extends on one side of the primary supporting member: 


where: 


bı =min(0.165¢,,, S1) 


b, =min(0.165¢,, S,>) 
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Ly : Span, in m, of the considered primary supporting member 

Sp,» Sp2: Half distance, in m, between the considered primary supporting member and the adjacent ones, S, for 
one side, S, for the other side. 

When a isolated beam or a grillage analysis is used, the areas of ordinary stiffeners are not to be included in the 


attached plating of the primary members. 


4. Load model 


4.1 Lateral pressures and forces 


4.1.1 General 
The lateral pressures and forces to be considered as acting on hatch covers are indicated in [4.1.2] to [4.1.6]. 


When two or more panels are connected by hinges, each individual panel is to be considered separately. 
In any case, the sea pressures defined in [4.1.2] are to be considered for hatch covers located on exposed decks. 
Additionally, when the hatch cover is intended to carry uniform cargoes, special cargoes or containers, the 


pressures and forces defined in [4.1.3] to [4.1.6] are to be considered independently from the sea pressures. 


4.1.2 Sea pressures 
The still water and wave lateral pressures are to be considered and are to be taken equal to: 


e still water pressure: pş =0 


e wave pressure py, as defined in Ch 4, Sec 5 [5.2]. 


4.1.3 Internal pressures due ballast water 
If applicable, the static and dynamic lateral pressures are to be considered and are defined in Ch 4, Sec 6, [2]. 


4.1.4 Pressures due to uniform cargoes 
If applicable, the static and dynamic pressures are to be considered and are defined in Ch 4, Sec 5, [2.4.1] 


4.1.5 Pressures or forces due to special cargoes 
In the case of carriage on the hatch covers of special cargoes (e.g. pipes, etc.) which may temporarily retain 


water during navigation, the lateral pressures or forces to be applied are considered by the Society on a case by 


case basis. 


4.1.6 Forces due to containers 


In the case of carriage of containers on the hatch covers, the concentrated forces under the containers corners are 


to be determined in accordance with the applicable requirements of the Society. 


4.2 Load point 


4.2.1 Sea pressures 
The wave lateral pressure to be considered as acting on each hatch cover is to be calculated at a point located 


longitudinally, at the hatch cover mid-length. 
RCN 1 to July 2010 version (effective from 1July 2012) 
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4.2.2 Other pressures 
The lateral pressure is to be calculated: 


e in way of the geometrical centre of gravity of the plate panel, for plating 

e at mid-span, for ordinary stiffeners and primary supporting members. 

Internal dynamic lateral pressure to be considered as acting on the bottom of a hatch cover is to be calculated at a 
point located: 

e longitudinally, at the hatch cover mid-length 

e transversely, at hatchway side 

e Vertically, at the top of the hatch coaming for internal ballast water pressures 


RCN I to July 2010 version (effective from IJuly 2012) 


5. Strength check 


5.1 General 


5.1.1 Application 
The strength check is applicable to rectangular hatch covers subjected to a uniform pressure, designed with 


primary supporting members arranged in one direction or as a grillage of longitudinal and transverse primary 
supporting members. 

In the latter case, the stresses in the primary supporting members are to be determined by a grillage or a finite 
element analysis. 


It is to be checked that stresses induced by concentrated loads are in accordance with the criteria in [5.4.4]. 


5.1.2 Hatch covers supporting containers 
The scantlings of hatch covers supporting containers are to comply with the applicable provisions of the Society. 


5.1.3 Hatch covers subjected to special cargoes 
For hatch covers supporting special cargoes, ordinary stiffeners and primary supporting members are generally 


to be checked by direct calculations, taking into account the stiffener arrangements and their relative inertia. It is 


to be checked that stresses induced by special cargoes are in accordance with the criteria in [5.4.4]. 


5.1.4 Covers of small hatchways 
The gross thickness of covers is to be not less than 8 mm. This thickness is to be increased or an efficient 


stiffening fitted to the Society's satisfaction where the greatest horizontal dimension of the cover exceeds 0.6 m. 


5.2 Plating 


5.2.1 Net thickness 
The net thickness of steel hatch cover top plating, in mm, is to be not less than the value obtained from the 


following formula: 


Fyp st+Fyp 
t=15.8F,s SES A WEW 
0.95Ro7 
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where: 
E; : Factor for combined membrane and bending response, equal to: 
F, =1.5 in general 
F,=19 o/o, , for o 2 0.80, for the attached plating of primary supporting members 
o : Normal stress, in N/mm”, in the attached plating of primary supporting members, calculated according 


to [5.4.3] or determined through a grillage analysis or a finite element analysis, as the case may be. 


5.2.2 Minimum net thickness 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 16 (5, c)) 


In addition to [5.2.1], the net thickness, in mm, of the plating forming the top of the hatch cover is to be not less 
than the greater of the following values: 

t=10s 

t=6 


5.2.3 Critical buckling stress check 
The compressive stress ø in the hatch cover plating, induced by the bending of primary supporting members, 


parallel to the direction of ordinary stiffeners is to comply with the following formula: 


0.88 
o<—oa 
gla 
where: 
S : Safety factor defined in Ch 6, Sec 3 
Oci : Critical buckling stress, in N/mm’, taken equal to: 
R 
Oc =F, for OF < A 
R R 
Oci =R,y| 1-—# for a > = 
40 çı 2 


2 
t 
365 
re (ae) 


t : Net thickness, in mm, of plate panel 
The compressive stress ø in the hatch cover plating, induced by the bending of primary supporting members, 


perpendicular to the direction of ordinary stiffeners is to comply with the following formula: 


o <S —— Oc? 
where 
S : Safety factor defined in Ch 6, Sec 3 
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lover) : Critical buckling stress, in N/mm’, taken equal to: 
R 
Oc2 =O fF for OR? < A 
R R 
Oc = Buf I- cH for Ci r e 
Opa 2 
i 2 
Op =0.9mE 
5 a 
m : Coefficient taken equal to: 
2 
Ss 2.1 
m=c\l+|— 
P y +1.1 
t : Net thickness, in mm, of plate panel 
Ss : Length, in m, of the shorter side of the plate panel 
bs : Length, in m, of the longer side of the plate panel 
y : Ratio between smallest and largest compressive stress 
c : Coefficient taken equal to: 


c = 1.3 when plating is stiffened by primary supporting members 
c = 1.21 when plating is stiffened by ordinary stiffeners of angle or T type 
c= 1.1 when plating is stiffened by ordinary stiffeners of bulb type 
c = 1.05 when plating is stiffened by flat bar. 
c= 1.30 when plating is stiffened by ordinary stiffeners of U type. The higher c value but not greater 
than 2.0 may be taken if it is verified by buckling strength check of panel using non-linear FEA and 
deemed appropriate by the Society. 
An averaged value of c is to be used for plate panels having different edge stiffeners. 
The bi-axial compression stress in the hatch cover plating, when calculated by means of finite element analysis, 
is to comply with the requirements in Ch 6, Sec 3. 


RCN 1 to July 2008 version (effective from IJuly 2009) 


5.3 Ordinary stiffeners 


5.3.1 


For flat bar ordinary stiffeners, the ratio h,,/t,, is to comply with the following formula: 


h 235 
Ren 


5.3.2 Minimum net thickness of web 
The web net thickness of the ordinary stiffener, in mm, is to be not less than 4mm. 


RCN 1 to July 2008 version (effective from 1 July 2009) 
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5.3.3 Net section modulus and net shear sectional area 
The net section modulus w, in cm’, and the net shear sectional area Asn, in cm’, of an ordinary stiffener subject to 


lateral pressure are to be not less than the values obtained from the following formulae: 


F F sl? 
TAL sPs + Fw Pw)ses 103 


_ S(Fs Ps + Fw Pw)s!s 
T 


Ash 


where: 

Ls : Ordinary stiffener span, in m, to be taken as the spacing, in m, of primary supporting members or the 
distance between a primary supporting member and the edge support, as applicable. When brackets 
are fitted at both ends of all ordinary stiffener spans, the ordinary stiffener span may be reduced by an 
amount equal to 2/3 of the minimum brackets arm length, but not greater than 10% of the gross span, 


for each bracket. 


5.3.4 Critical buckling stress check 
The compressive stress o in the face plate of ordinary stiffeners, induced by the bending of primary supporting 


members, parallel to the direction of ordinary stiffeners is to comply with the following formula: 


o < 08808 


S 
where: 
S : Safety factor defined in Ch 6, Sec 3 
cs : Critical buckling stress, in N/mm’, taken equal to: 
R 
Fig Seng for opens 


R R 
Ocs = Reg [i - as for Ors > a 
ES 


Ors = min(o 3,0 g4) 


© p3 = 0.001 Ela 
Al 
la : Moment of inertia, in cm’, of the ordinary stiffener, including a face plate equal to spacing of ordinary 
stiffeners 
A : Cross-sectional area, in cm’, of the ordinary stiffener, including a face plate equal to spacing of 


ordinary stiffeners 


4 : Span, in m, of the ordinary stiffener 

2 

EI K I 
Ora = elem? + i +0.385E = 
10° 2 52 m I, 

4 

K= E 
Æ ET, 

m : Number of half waves, given in Tab 3. 
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Table 3: Number of half waves 


i 4<K<36 | 36 < K< 144 | (m-1) m? < K < n? (m+) 


Ty : Sectorial moment of inertia, in cm’, of the ordinary stiffener about its connection with the plating, 
y Pp 8 


taken equal to: 


h? 
LS be 10%% for flat bar ordinary stiffeners 
tbi hi . ; 
w=” i2 10 for "Tee" ordinary stiffeners 
iy 
via 


Iy = aol (02 +2by-h,+4h, 2). Dt by h, 10 for angles and bulb ordinary stiffeners 
12\b; + 
JEA W 


L : Polar moment of inertia, in cm’, of the ordinary stiffener about its connection with the plating, taken 
equal to: 
hèt 
l, = eie w10 for flat bar ordinary stiffeners 
hato ty : : 
i,= 3 a+ h? by ty 107 for flanged ordinary stiffeners 
I, : St Venant's moment of inertia, in cm’, of the ordinary stiffener without face plate, taken equal to: 
h,, a -4 : 3 
I,= 3 +10 for flat bar ordinary stiffeners 


t 
I, = i È +b, ty í -0.63 io for flanged ordinary stiffeners 
f 


C : Spring stiffness exerted by the hatch cover top plating, taken equal to: 


k, Et, 
1.33k, h, t 
35/14 PE 
1000s £3, 


k, =1-n, , to be taken not less than zero; for flanged ordinary stiffeners, k, need not be taken less than 0.1 


-3 


ee 
Pony 
Or : As defined in [5.2.3] 
ty : Net thickness, in mm, of the hatch cover plate panel. 
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5.4 Primary supporting members 


5.4.1 Application 
The requirements in [5.4.3] to [5.4.5] apply to primary supporting members which may be analysed through 


isolated beam models. 
Primary supporting members whose arrangement is of a grillage type and which cannot be analysed through 


isolated beam models are to be checked by direct calculations, using the checking criteria in [5.4.4]. 


5.4.2 Minimum net thickness of web 
The web net thickness of primary supporting members, in mm, is to be not less than 6mm. 


RCN 1 to July 2008 version (effective from 1 July 2009) 


5.4.3 Normal and shear stress for isolated beam 

In case that grillage analysis or finite element analysis are not carried out, according to the requirements in 
[5.1.1], the maximum normal stress oand shear stress rin the primary supporting members are to be obtained, in 
N/mm’, from the following formulae: 


2 
m 10° 


we s(Fsps + Fy pw )é 
mW 


T= 5s(FsPs + Fy Py) m 
Ash 


where: 


bis : Span of the primary supporting member. 


5.4.4 Checking criteria 
The normal stress ø and the shear stress z, calculated according to [5.4.3] or determined through a grillage 


analysis or finite element analysis, as the case may be, are to comply with the following formulae: 


OSO, 


TST, 


5.4.5 Deflection limit 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 15 (6) and 16 (5, b)) 


The net moment of inertia of a primary supporting member, when loaded by sea pressure, is to be such that the 


deflection does not exceed ul where: 


u : Coefficient taken equal to: 
u = 0.0056 for weathertight hatch covers 


u = 0.0044 for pontoon hatch covers 


: Greatest span, in m, of primary supporting members. 
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5.4.6 Critical buckling stress check of the web panels of the primary supporting members. 


The shear stress r in the web panels of the primary supporting members, calculated according to [5.4.3] or 
determined through a grillage analysis or a finite element analysis, as the case may be, is to comply with the 


following formula: 


S 
where: 
S : Safety factor defined in Ch 6, Sec 3 
Te : Critical shear buckling stress, in N/mm”, taken equal to: 
Ren 
Tc =TẸg for Tgp <S TE 


2 
t rn 
re sokel pr 


1000d 
ay 
k, =5.35+ 1) 
d 
torn : Net thickness, in mm, of web of primary supporting member 
a : Greater dimension, in m, of web panel of primary supporting member 
d : Smaller dimension, in m, of web panel of primary supporting member. 


For primary supporting members parallel to the direction of ordinary stiffeners, zc is to be calculated by 
considering the actual dimensions of the panels. 

For primary supporting members perpendicular to the direction of ordinary stiffeners or for hatch covers built 
without ordinary stiffeners, a presumed square panel of dimension d is to be taken for the determination of the 
stress Tc, where d is the smaller dimension, in m, of web panel of the primary supporting member. the In such a 


case, the average shear stress t between the values calculated at the ends of this panel is to be considered. 


5.4.7 
For buckling stiffeners on webs of primary supporting members, the ratio /,,/t,, is to comply with the following 


formula: 


ts cis 5 


t Rey 


w 


5.5 Ordinary stiffeners and primary supporting members of variable cross- 
section 


5.5.1 
The net section modulus of ordinary stiffeners and primary supporting members with a variable cross-section is 


to be not less than the greater of the value obtained, in cm’, from the following formulae: 
g 8 
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W = Wes 
Freee ec 3.2œ -y — 0.8 PE 
Ty +0.4 
where: 
wcs : Net section modulus, in cm’, for a constant cross-section, complying with the checking criteria in 
[5.4.4] 
a : Coefficient taken equal to: 
{ 
a= 
Lo 
y : Coefficient taken equal to: 
get 
Wo 
Ly : Length of the variable section part, in m (see Fig 1) 
Lo : Span measured, in m, between end supports (see Fig 1) 
Wi : Net section modulus at end, in cm’ (see Fig 1) 
Wo : Net section modulus at mid-span, in cm’ (see Fig 1). 


Moreover, the net moment of inertia of ordinary stiffeners and primary supporting members with a variable 
cross-section is to be not less than the greater of the values obtained, in cm’, from the following formulae: 


I= Tcs 


l-ọ 
I=|1+8œ| ——— II 
| [5] = 


where: 
Ics : Net moment of inertia with a constant cross-section, in cm’, complying with [5.4.5] 
o : Coefficient taken equal to: 
L 
= 
L : Net moment of inertia at end, in cm‘ (see Fig 1) 
Io : Net moment of inertia at mid-span, in cm* (see Fig 1). 


The use of these formulae is limited to the determination of the strength of ordinary stiffeners and primary 


supporting members in which abrupt changes in the cross-section do not occur along their length. 
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Figure 1: Variable cross-section stiffener 


6. Hatch coamings 


6.1 Stiffening 


6.1.1 
The ordinary stiffeners of the hatch coamings are to be continuous over the breadth and length of the hatch 


coamings. 


6.1.2 
Coamings are to be stiffened on their upper edges with a stiffener suitably shaped to fit the hatch cover closing 


appliances. 

Moreover, when covers are fitted with tarpaulins, an angle or a bulb section is to be fitted all around coamings of 
more than 3 m in length or 600 mm in height; this stiffener is to be fitted at approximately 250 mm below the 
upper edge. The width of the horizontal flange of the angle is not to be less than 180 mm. 


6.1.3 
Where hatch covers are fitted with tarpaulins, coamings are to be strengthened by brackets or stays with a 


spacing not greater than 3 m. 
Where the height of the coaming exceeds 900 mm, additional strengthening may be required. 


However, reductions may be granted for transverse coamings in protected areas. 


6.1.4 
When two hatches are close to each other, underdeck stiffeners are to be fitted to connect the longitudinal 


coamings with a view to maintaining the continuity of their strength. 
Similar stiffening is to be provided over 2 frame spacings at ends of hatches exceeding 9 frame spacings in 
length. 


In some cases, the Society may require the continuity of coamings to be maintained above the deck. 


6.1.5 
Where watertight metallic hatch covers are fitted, other arrangements of equivalent strength may be adopted. 


6.2 Load model 


6.2.1 
The lateral pressure pc to be considered as acting on the hatch coamings is defined in [6.2.2] and [6.2.3]. 


6.2.2 
The wave lateral pressure pc, in KN/m’, on the No 1 forward transverse hatch coaming is to be taken equal to: 


e = pc = 220, when a forecastle is fitted in accordance with Sec 1, [7.1] 


e pc = 290, in the other cases. 
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6.2.3 
The wave lateral pressure pc, in kN/m’, on the hatch coamings other than the No 1 forward transverse hatch 


coaming is to be taken equal to: 


e pe = 220 


6.2.4 
For cargo holds intended for the carriage of liquid cargoes, the liquid internal pressures applied on hatch 


coaming is also to be determined according to Ch 4, Sec 6. 


6.3 Scantlings 


6.3.1 Plating 
The net thickness of the hatch coaming plate is to be not less than the greater value obtained, in mm, from the 


following formulae: 


Pc 
0.95 Roy 


t =15.98s 
t=9.5 


6.3.2 Ordinary stiffeners 
The net section modulus of the longitudinal or transverse ordinary stiffeners of hatch coamings is to be not less 


than the value obtained, in cm’, from the following formula: 


C Rey 
where 
m : Coefficient taken equal to: 
m = 16 in general 
m = 12 for the end span of stiffeners sniped at the coaming corners 
Cp : Ratio of the plastic section modulus to the elastic section modulus of the ordinary stiffeners with an 


attached plate breadth, in mm, equal to 40¢, where ¢ is the plate net thickness. 


Cp = 1.16 in the absence of more precise evaluation. 


6.3.3 Coaming stays 
The net section modulus w, in cm’, and the net thickness ¢,, in mm, of the coaming stays designed as beams with 


flange connected to the deck or sniped and fitted with a bracket (examples shown in Fig 2 and Fig 3) are to be 
not less than the values obtained from the following formulae at the connection with deck: 
_ ScPcH 210° 
1.9Roy 
_ ScPcHe 10° 
i 0.54 Rog 
where: 


He : Stay height, in m 
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Sc : Stay spacing, in m 
h : Stay depth, in mm, at the connection with deck. 
| 
| 
Figure 2: Coaming stay: example1 Figure 3: Coaming stay: example 2 


For calculating the section modulus of coaming stays, their face plate area may be taken into account only when 
it is welded with full penetration welds to the deck plating and adequate underdeck structure is fitted to support 
the stresses transmitted by it. 

For other designs of coaming stays, such as, for example, those shown in Fig 4 and Fig 5, the stress levels 
determined through a grillage analysis or finite element analysis, as the case may be, apply and are to be checked 
at the highest stressed locations. The stress levels are to comply with the following formulae: 


o <0.95R,y 


TS O0.5R oy 


Figure 4: | Coaming stay: example 3 Figure 5: Coaming stay: example 4 


6.3.4 Local details 
The design of local details is to comply with the requirements in this section for the purpose of transferring the 


pressures on the hatch covers to the hatch coamings and, through them, to the deck structures below. 
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Hatch coamings and supporting structures are to be adequately stiffened to accommodate the loading from hatch 
covers, in longitudinal, transverse and vertical directions. 

The normal stress ø and the shear stress z, in N/mm’, induced in the underdeck structures by the loads 
transmitted by stays are to comply with the following formulae: 


o <0.95Roy 
7 <0.5R.y 


Unless otherwise stated, weld connections and materials are to be dimensioned and selected in accordance with 
the Society’s requirements. 

Double continuous fillet welding is to be adopted for the connections of stay webs with deck plating and the 
weld throat thickness is to be not less than 0.44¢,, where ¢,, is the gross thickness of the stay web. 

Toes of stay webs are to be connected to the deck plating with deep penetration double bevel welds extending 


over a distance not less than 15% of the stay width. 


6.3.5 Coamings of small hatchways 
The gross thickness of coaming plate is to be not less than the lesser of the following values: 


e the gross thickness for the deck inside line of openings calculated for that position, assuming as spacing of 
stiffeners the lesser of the values of the height of the coaming and the distance between its stiffeners, if any, 
or 

e 10mm. 

Coamings are to be suitably strengthened where their height exceeds 0.8 m or their greatest horizontal dimension 


exceeds 1.2 m, unless their shape ensures an adequate rigidity. 


7. Weathertightness, closing arrangement, securing devices and 
stoppers 


7.1 Weathertightness 


7.1.1 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 16 (1)) 


Where the hatchway is exposed, the weathertightness is to be ensured by gaskets and clamping devices sufficient 
in number and quality. 


Weathertightness may also be ensured means of tarpaulins. 


7.1.2 
In general, a minimum of two securing devices or equivalent is to be provided on each side of the hatch cover. 


7.2 Gaskets 


7.2.1 
The weight of hatch covers and any cargo stowed thereon, together with inertia forces generated by ship 


motions, are to be transmitted to the ship’s structure through steel to steel contact. 
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This may be achieved by continuous steel to steel contact of the hatch cover skirt plate with the ship’s structure 


or by means of defined bearing pads. 


7.2.2 
The sealing is to be obtained by a continuous gasket of relatively soft elastic material compressed to achieve the 


necessary weathertightness. Similar sealing is to be arranged between cross-joint elements. 
Where fitted, compression flat bars or angles are to be well rounded where in contact with the gasket and to be 


made of a corrosion-resistant material. 


7.2.3 
The gasket and the securing arrangements are to maintain their efficiency when subjected to large relative 


movements between the hatch cover and the ship’s structure or between hatch cover elements. 


If necessary, suitable devices are to be fitted to limit such movements. 


7.2.4 
The gasket material is to be of a quality suitable for all environmental conditions likely to be encountered by the 


ship, and is to be compatible with the cargoes transported. 
The material and form of gasket selected are to be considered in conjunction with the type of hatch cover, the 
securing arrangement and the expected relative movement between the hatch cover and the ship’s structure. 


The gasket is to be effectively secured to the hatch cover. 


7.2.5 
Coamings and steel parts of hatch covers in contact with gaskets are to have no sharp edges. 


7.2.6 
Metallic contact is required for an earthing connection between the hatch cover and the hull structures. If 


necessary, this is to be achieved by means of a special connection for the purpose. 


7.3 Closing arrangement, securing devices and stoppers 


7.3.1 General 
Panel hatch covers are to be secured by appropriate devices (bolts, wedges or similar) suitably spaced alongside 


the coamings and between cover elements. 

The securing and stop arrangements are to be fitted using appropriate means which cannot be easily removed. 

In addition to the requirements above, all hatch covers, and in particular those carrying deck cargo, are to be 
effectively secured against horizontal shifting due to the horizontal forces resulting from ship motions. 

Towards the ends of the ship, vertical acceleration forces may exceed the gravity force. The resulting lifting 
forces are to be considered when dimensioning the securing devices according to [7.3.5] to [7.3.7]. Lifting forces 
from cargo secured on the hatch cover during rolling are also to be taken into account. 

Hatch coamings and supporting structure are to be adequately stiffened to accommodate the loading from hatch 


covers. 


Page 60 July 2012 


Common Structural Rules for Bulk Carriers Chapter 9, Section 5 


Hatch covers provided with special sealing devices, insulated hatch covers, flush hatch covers and those having 
coamings of a reduced height (see [2.1]) are considered by the Society on a case by case basis. 
In the case of hatch covers carrying containers, the scantlings of the closing devices are to take into account the 


possible upward vertical forces transmitted by the containers. 


7.3.2 Arrangements 
The securing and stopping devices are to be arranged so as to ensure sufficient compression on gaskets between 


hatch covers and coamings and between adjacent hatch covers. 

Arrangement and spacing are to be determined with due attention to the effectiveness for weathertightness, 
depending on the type and the size of the hatch cover, as well as on the stiffness of the hatch cover edges 
between the securing devices. 

At cross-joints of multipanel covers, (male/female) vertical guides are to be fitted to prevent excessive relative 
vertical deflections between loaded/unloaded panels. 

The location of stoppers is to be compatible with the relative movements between hatch covers and the ship’s 


structure in order to prevent damage to them. The number of stoppers is to be as small as possible. 


7.3.3 Spacing 
The spacing of the securing arrangements is to be generally not greater than 6 m. 


7.3.4 Construction 
Securing arrangements with reduced scantlings may be accepted provided it can be demonstrated that the 


possibility of water reaching the deck is negligible. 
Securing devices are to be of reliable construction and securely attached to the hatchway coamings, decks or 
hatch covers. 


Individual securing devices on each hatch cover are to have approximately the same stiffness characteristics. 


7.3.5 Area of securing devices 
The net cross area of each securing device is to be not less than the value obtained, in cm’, from the following 


formula: 
amas 2) 
eH 
where: 
Ss : Spacing, in m, of securing devices 
a : Coefficient taken equal to: 


a =0.75 for Roy > 235 N/mm? 
a =1.0 for Roy <235 N/mm? 


In the above calculations, R,;; may not be taken greater than 0.7R,,. 


RCN 2 to July 2008 version (effective from 1July 2010) 
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Between hatch cover and coaming and at cross-joints, a packing line pressure sufficient to obtain 
weathertightness is to be maintained by securing devices. For packing line pressures exceeding 5 N/mm, the net 
cross area A is to be increased in direct proportion. The packing line pressure is to be specified. 

In the case of securing arrangements which are particularly stressed due to the unusual width of the hatchway, 


the net cross area A of the above securing arrangements is to be determined through direct calculations. 


7.3.6 Inertia of edges elements 
The hatch cover edge stiffness is to be sufficient to maintain adequate sealing pressure between securing devices. 


The moment of inertia of edge elements is to be not less than the value obtained, in cm’, from the following 


formula: 

[= 6p,S $ 

where: 

PL : Packing line pressure, in N/mm, to be taken not less than 5 
Ss : Spacing, in m, of securing devices. 


7.3.7 Diameter of rods or bolts 
Rods or bolts are to have a gross diameter not less than 19 mm for hatchways exceeding 5 m? in area. 


7.3.8 Stoppers 
Hatch covers are to be effectively secured, by means of stoppers, against the transverse forces arising from a 


pressure of 175 kN/m’. 

With the exclusion of No 1 hatch cover, hatch covers are to be effectively secured, by means of stoppers, against 
the longitudinal forces acting on the forward end arising from a pressure of 175 kN/m’. 

No | hatch cover is to be effectively secured, by means of stoppers, against the longitudinal forces acting on the 
forward end arising from a pressure of 230 kN/m’. This pressure may be reduced to 175 kN/m? if a forecastle is 
fitted in accordance with Sec 1, [7.1]. 

The equivalent stress in stoppers, their supporting structures and calculated in the throat of the stopper welds is 


to be equal to or less than the allowable value, equal to 0.8R.x. 


7.4 Tarpaulins 


7.4.1 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 15 (11)) 


Where weathertightness of hatch covers is ensured by means of tarpaulins, at least two layers of tarpaulins are 
to be fitted. 

Tarpaulins are to be free from jute and waterproof and are to have adequate characteristics of strength and 
resistance to atmospheric agents and high and low temperatures. 

The mass per unit surface of tarpaulins made of vegetable fibres, before the waterproofing treatment, is to be not 
less than: 

e 0.65 kg/m? for waterproofing by tarring 

e 0.60 kg/m’ for waterproofing by chemical dressing 
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e 0.55 kg/m? for waterproofing by dressing with black oil. 
In addition to tarpaulins made of vegetable fibres, those of synthetic fabrics or plastic laminates may be accepted 
by the Society provided their qualities, as regards strength, waterproofing and resistance to high and low 


temperatures, are equivalent to those of tarpaulins made of vegetable fibres. 


7.5 Cleats 


7.5.1 
Where rod cleats are fitted, resilient washers or cushions are to be incorporated. 


7.5.2 
Where hydraulic cleating is adopted, a positive means is to be provided to ensure that it remains mechanically 


locked in the closed position in the event of failure of the hydraulic system. 


7.6 Wedges 


7.6.1 Wedges 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 15 (10)) 


Wedges are to be of tough wood, generally not more than 200 mm in length and 50 mm in width. 


They are generally to be tapered not more than 1 in 6 and their thickness is to be not less than 13 mm. 


8. Drainage 


8.1 Arrangement 


8.1.1 
Drainage is to be arranged inside the line of gaskets by means of a gutter bar or vertical extension of the hatch 


side and end coaming. 


8.1.2 
Drain openings are to be arranged at the ends of drain channels and are to be provided with efficient means for 


preventing ingress of water from outside, such as non-return valves or equivalent. 


8.1.3 
Cross-joints of multi-panel hatch covers are to be arranged with drainage of water from the space above the 


gasket and a drainage channel below the gasket. 


8.1.4 
If a continuous outer steel contact is arranged between the cover and the ship’s structure, drainage from the space 


between the steel contact and the gasket is also to be provided. 
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9. Small hatches fitted on the exposed fore deck 


9.1 Application 


9.1.1 
The requirements of this article apply to steel covers of small hatches fitted on the exposed fore deck over the 


forward 0.25L, where the height of the exposed deck in way of the hatch is less than 0.1L or 22 m above the 
summer load waterline, whichever is the lesser. 
Small hatches are hatches designed for access to spaces below the deck and are capable to be closed weather- 


tight or watertight, as applicable. Their opening is generally equal to or less than 2.5 m’. 


9.1.2 
Small hatches designed for use of emergency escape are to comply with the requirements of this article with 


exception of [9.4.1] a) and b), [9.4.3] and [9.5.1]. 


9.2 Strength 


9.2.1 
For small rectangular steel hatch covers, the gross plate thickness, stiffener arrangement and scantlings are to be 


not less than those obtained, in mm, from Tab 4 and Fig 6. 

Ordinary stiffeners, where fitted, are to be aligned with the metal-to-metal contact points, required in [9.3.1] (see 
also Fig 6). 

Primary stiffeners are to be continuous. 


All stiffeners are to be welded to the inner edge stiffener (see Fig 7). 


Table 4: Gross scantlings for small steel hatch covers on the fore deck 


Primary stiffeners Ordinary stiffeners 
(mm xmm) | thickness (mm) Flat bar (mm x mm); number 

E | - ~  - | 

OE L 


[eoxe [does CS 
P3080 [toto 
oxox [ido 
E CO 


9.2.2 
The upper edge of the hatchway coamings is to be suitably reinforced by a horizontal section, generally not more 


than 170 to 190 mm from the upper edge of the coamings. 


9.2.3 
For small hatch covers of circular or similar shape, the cover plate thickness and reinforcement are to comply 


with [5.2]. 
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9.2.4 
For small hatch covers constructed of materials other than steel, the required scantlings are to provide equivalent 


strength. 


9.3 Weathertightness 


9.3.1 
The hatch cover is to be fitted with a gasket of elastic material. This is to be designed to allow a metal to metal 


contact at a designed compression and to prevent over compression of the gasket by green sea forces that may 
cause the securing devices to be loosened or dislodged. The metal-to-metal contacts are to be arranged close to 


each securing device in accordance with Fig 6 and a sufficient capacity to withstand the bearing force. 


9.4 Primary securing devices 


9.4.1 
Small hatches located on exposed fore deck are to be fitted with primary securing devices such their hatch covers 


can be secured in place and weather-tight by means of a mechanism employing any one of the following 
methods: 

a) butterfly nuts tightening onto forks (clamps) 

b) quick acting cleats 

c) central locking device. 


Dogs (twist tightening handles) with wedges are not acceptable. 


9.4.2 
The primary securing method is to be designed and manufactured such that the designed compression pressure is 


achieved by one person without the need of any tools. 


9.4.3 
For a primary securing method using butterfly nuts, the forks (clamps) are to be of robust design. They are to be 


designed to minimize the risk of butterfly nuts being dislodged while in use; by means of curving the forks 
upward, a raised surface on the free end, or a similar method. The plate thickness of unstiffened steel forks is to 


be not less than 16 mm. An example arrangement is shown in Fig 7. 


9.4.4 
For small hatch covers located on the exposed deck forward of the fore-most cargo hatch, the hinges are to be 


fitted such that the predominant direction of green seas will cause the cover to close, which means that the 


hinges are normally to be located on the fore edge. 


9.4.5 
On small hatches located between the main hatches, for example between Nos. 1 and 2, the hinges are to be 


placed on the fore edge or outboard edge, whichever is practicable for protection from green water in beam sea 


and bow quartering conditions. 
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9.5 Secondary securing devices 


9.5.1 
Small hatches on the fore deck are to be fitted with an independent secondary securing device e.g. by means of a 


sliding bolt, a hasp or a backing bar of slack fit, which is capable of keeping the hatch cover in place, even in the 
event that the primary securing device became loosened or dislodged. It is to be fitted on the side opposite to the 


hatch cover hinges. 
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Nominal size 630 x 630 Nominal size 630 x 830 
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Nominal size 830 x 830 Nominal size 830 x 630 


l l 
i i 
| | — 
i 5>-= - E E SSS SSS Se Sse SSeS +. 
i i 
| | 
| 
| [i 
i i 
| | 
| | 
| | 
e|/—------ F =---------------- H ------4 . 
| | 
l | = 
Nominal size 1030 x 1030 Nominal size 1330 x 1330 
== Hinge — 0 nan nH Primary supporting member 
. Securing device / metal to metal contact --—---- Ordinary stiffener 


Figure 6: Arrangement of stiffeners 
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a (min. 18mm) 


A 


1) Butterfly nut 

2) Bolt 

3) Pin 

4) Centre of pin 

5) Fork (clamp) plate 

6) Hatch cover 

7) Gasket 

8) Hatch coaming 

9) Bearing pad welded on the bracket of a toggle bolt for metal to metal contact 
10) Stiffener 


11) Inner edge stiffener. 


Figure 7: Example of a primary securing method 
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Section 6 - ARRANGEMENT OF HULL AND 
SUPERSTRUCTURE OPENINGS 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
p : Lateral pressure for glasses, in kN/m’, defined in [3.3.2]. 


1. General 


1.1 Application 


1.1.1 
The requirements of this Section apply to the arrangement of hull and superstructure openings excluding 


hatchways, for which the requirements in Ch 9, Sec 5 apply. 


1.2 Definitions 


1.2.1 Standard height of superstructure 
The standard height of superstructure is that defined in Ch 1, Sec 4. 


1.2.2 Standard sheer 
The standard sheer is that defined according to the International Load Line Convention, as amended. 


1.2.3 Exposed zones 
Exposed zones are the boundaries of superstructures or deckhouses set in from the ship’s side at a distance equal 


to or less than 0.048. 


1.2.4 Unexposed zones 
Unexposed zones are the boundaries of deckhouses set in from the ship’s side at a distance greater than 0.04B. 


2. External openings 


2.1 General 


2.1.1 
Ref. SOLAS Reg.H-1/25-10 .1 


All external openings leading to compartments assumed intact in the damage analysis, which are below the final 


damage waterline, are required to be watertight. 


2.1.2 
Ref. SOLAS Reg.I-1/25-10 .2 


External openings required to be watertight in accordance with [2.1.1] are to be of sufficient strength and, 


except for cargo hatch covers, are to be fitted with indicators on the bridge. 
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2.1.3 
No openings, be they permanent openings or temporary openings such as shell doors, windows or ports, are 


allowed on the side shell between the embarkation station of the marine evacuation system and the waterline in 
the lightest seagoing condition. Windows and side scuttles of the non-opening type are allowed if the Society’s 


applicable criteria for fire integrity are complied with. 


2.1.4 
Ref. SOLAS Reg.H-1/25-10 .5 


Other closing appliances which are kept permanently closed at sea to ensure the watertight integrity of external 
openings are to be provided with a notice affixed to each appliance to the effect that it is to be kept closed. 


Manholes fitted with closely bolted covers need not be so marked. 


2.2 Gangway, cargo and coaling ports 


2.2.1 

Ref. SOLAS Reg.lI-1/17-1 & Reg JI-1/17 .10.1 & .10.2 and ILLC, as amended (Resolution MSC.143(77) Reg. 
21(2)) 

Gangway, cargo and coaling ports fitted below the freeboard deck are to be of sufficient strength. They are to be 
effectively closed and secured watertight before the ship leaves port, and to be kept closed during navigation. 
Such ports are in no case to be so fitted as to have their lowest point below the deepest subdivision load line. 
Unless otherwise permitted by the Society, the lower edge of openings is not to be below a line drawn parallel to 
the freeboard deck at side, which is at its lowest point at least 230 mm above the upper edge of the uppermost 


load line. 


3. Side scuttles, windows and skylights 


3.1 General 


3.1.1 Application 
The requirements in [3.1] to [3.4] apply to side scuttles and rectangular windows providing light and air, located 


in positions which are exposed to the action of sea and/or bad weather. 


3.1.2 Side scuttle definition 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(2)) 


Side scuttles are round or oval openings with an area not exceeding 0.16 m. Round or oval openings having 


areas exceeding 0.16 m are to be treated as windows. 


3.1.3 Window definition 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(3)) 


Windows are rectangular openings generally, having a radius at each corner relative to the window size in 
accordance with recognised national or international standards, and round or oval openings with an area 


exceeding 0.16 w. 
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3.1.4 Number of openings in the shell plating 
Ref. SOLAS Reg.II-1/17-1& Reg.H-1/17 .1 


The number of openings in the shell plating are to be reduced to the minimum compatible with the design and 


proper working of the ship. 


3.1.5 Material and scantlings 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(1)) 


Side scuttles and windows together with their glasses, deadlights and storm covers, if fitted, are to be of 
approved design and substantial construction in accordance with, or equivalent to, recognised national or 
international standards. 

Non-metallic frames are not acceptable. The use of ordinary cast iron is prohibited for side scuttles below the 


freeboard deck. 


3.1.6 Means of closing and opening 
Ref. SOLAS Reg.II-1/17-1& Reg I-1/17 .2 


The arrangement and efficiency of the means for closing any opening in the shell plating are to be consistent 


with its intended purpose and the position in which it is fitted is to be generally to the satisfaction of the Society. 


3.1.7 Opening of side scuttles 
Ref. SOLAS Reg II-1/17-1& Reg H-1/17 .3.2 


All side scuttles, the sills of which are below the freeboard deck, are to be of such construction as to prevent 


effectively any person opening them without the consent of the Master of the ship. 


3.2 Opening arrangement 


3.2.1 General 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(5)) 


Side scuttles are not be fitted in such a position that their sills are below a line drawn parallel to the freeboard 
deck at side and having its lowest point 0.025B or 0.5 m, whichever is the greater distance, above the summer 


load waterline (or timber summer load waterline if assigned). 


3.2.2 Side scuttles below (1.4 + 0.025B) m above the water 
Ref. SOLAS Reg II-1/17-1& Reg H-1/17 .3.3.1 and .3.3.3 


Where in ‘tween decks the sills of any of the side scuttles are below a line drawn parallel to the freeboard deck 
at side and having its lowest point 1.4+0.025B m above the water when the ship departs from any port, all the 
side scuttles in that ‘tween decks are to be closed watertight and locked before the ship leaves port, and they 
may not be opened before the ship arrives at the next port. In the application of this requirement, the 
appropriate allowance for fresh water may be made when applicable. 

For any ship that has one or more side scuttles so placed that the above requirements apply when it is floating at 
its deepest subdivision load line, the Society may indicate the limiting mean draught at which these side scuttles 
are to have their sills above the line drawn parallel to the freeboard deck at side, and having its lowest point 
1.4+0.025B above the waterline corresponding to the limiting mean draught, and at which it is therefore 


permissible to depart from port without previously closing and locking them and to open them at sea under the 
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responsibility of the Master during the voyage to the next port. In tropical zones as defined in the International 


Convention on Load Lines in force, this limiting draught may be increased by 0.3 m. 


3.2.3 Cargo spaces 
Ref. SOLAS Reg.II-1/17-1& Reg I-1/17 .6.1 to .6.3 


No side scuttles may be fitted in any spaces which are appropriated exclusively for the carriage of cargo or coal. 
Side scuttles may, however, be fitted in spaces appropriated alternatively for the carriage of cargo or 
passengers, but they are to be of such construction as to prevent effectively any person opening them or their 
deadlights without the consent of the Master. 

If cargo is carried in such spaces, the side scuttles and their deadlights are to be closed watertight and locked 
before the cargo is shipped. The Society, at its discretion, may prescribe that the time of closing and locking is to 


be recorded in a log book. 


3.2.4 Non-opening type side scuttles 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(6)) 


Side scuttles are to be of the non-opening type where they become immersed by any intermediate stage of 
flooding or the final equilibrium waterline in any required damage case for ships subject to damage stability 


regulations. 


3.2.5 Manholes and flush scuttles 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 18(1)) 


Manholes and flush scuttles in positions 1 or 2, or within superstructures other than enclosed superstructures, 
are to be closed by substantial covers capable of being made watertight. Unless secured by closely spaced bolts, 


the covers are to be permanently attached. 


3.2.6 Automatic ventilating scuttles 
Ref. SOLAS Reg IT-1/17-1& RegH-1/17 .7 


Automatic ventilating side scuttles, fitted in the shell plating below the freeboard deck, are considered by the 


Society on a case by case basis. 


3.2.7 Window arrangement 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(7)) 


Windows are not to be fitted below the freeboard deck, in first tier end bulkheads or sides of enclosed 
superstructures and in first tier deckhouses considered buoyant in the stability calculations or protecting 


openings leading below. 


3.2.8 Skylights 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(12)) 


Fixed or opening skylights are to have glass thickness appropriate to their size and position as required for side 
scuttles and windows. Skylight glasses in any position are to be protected from mechanical damage and, where 


fitted in positions I or 2, to be provided with permanently attached robust deadlights or storm covers. 
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3.3 Glasses 


3.3.1 General 
In general, toughened glasses with frames of special type are to be used in compliance with, or equivalent to, 


recognised national or international standards. The use of clear plate glasses is considered by the Society on a 


case by case basis. 


3.3.2 Design loads 
The design load is to be determined in accordance with the applicable requirements of Ch 9, Sec 4. 


3.3.3 Materials 
Toughened glasses are to be in accordance with ISO 1095 for side scuttles and ISO 3254 for windows. 


3.3.4 Thickness of toughened glasses in side scuttles 
The thickness of toughened glasses in side scuttles is to be not less than that obtained, in mm, from the following 


formula: 
t= EA p 
358 
where: 
d : Side scuttle diameter, in mm. 


3.3.5 Thickness of toughened glasses in rectangular windows 
The thickness of toughened glasses in rectangular windows is to be not less than that obtained, in mm, from the 


following formula: 


b 
t= 300 Bp 
where: 
Bp : Coefficient defined in Tab 1. fis to be obtained by linear interpolation for intermediate values of a/b 
a : Length, in mm, of the longer side of the window 
b : Length, in mm, of the shorter side of the window. 


Table 1: Coefficient 2 


The Society may require both limitations on the size of rectangular windows and the use of glasses of increased 


thickness in way of front bulkheads which are particularly exposed to heavy sea. 
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3.4 Deadlight arrangement 


3.4.1 General 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(4)) 


Side scuttles to the following spaces are to be fitted with hinged inside deadlights: 

e spaces below freeboard deck 

e spaces within the first tier of enclosed superstructures 

e first tier deckhouses on the freeboard deck protecting openings leading below or considered buoyant in 
stability calculations. 

Deadlights are to be capable of being closed and secured watertight if fitted below the freeboard deck and 

weathertight if fitted above. 


3.4.2 Openings at the side shell in the second tier 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(8)) 


Side scuttles and windows at the side shell in the second tier are to be provided with efficient, hinged inside 
deadlights capable of being closed and secured weathertight, if the superstructure protects direct access to an 


opening leading below or is considered buoyant in the stability calculations. 


3.4.3 Openings set inboard in the second tier 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(9) and .23(10)) 


Side scuttles and windows in side bulkheads set inboard from the side shell in the second tier which protect 
direct access below to spaces listed in [3.4.1], are to be provided with either hinged inside deadlights or, where 
they are accessible, permanently attached external storm covers of approved design and substantial construction 
capable of being closed and secured weathertight. 

Cabin bulkheads and doors in the second tier and above separating side scuttles and windows from a direct 
access leading below or the second tier considered buoyant in the stability calculations may be accepted in 


place of deadlights or storm covers fitted to the side scuttles and windows. 
Note 1: Deadlights in accordance with recognised standards are fitted to the inside of windows and side scuttles, while storm covers of 


comparable specifications to deadlights are fitted to the outside of windows, where accessible, and may be hinged or portable. 


3.4.4 Deckhouses on superstructures of less than standard height 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 23(11)) 


Deckhouses situated on a raised quarter deck or on the deck of a superstructure of less than standard height 
may be regarded as being in the second tier as far as the requirements for deadlights are concerned, provided 
the height of the raised quarterdeck or superstructure is equal to or greater than the standard quarter deck 


height. 


3.4.5 Openings protected by a deckhouse 
Where an opening in a superstructure deck or in the top of a deckhouse on the freeboard deck which gives access 


to a space below the freeboard deck or to a space within an enclosed superstructure is protected by a deckhouse, 
then it is considered that only those side scuttles fitted in spaces which give direct access to an open stairway 


need to be fitted with deadlights. 
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4. Discharges 


4.1 Arrangement of discharges 


4.1.1 Inlets and discharges 
Ref. SOLAS Reg.II-1/17-1 & Reg H-1/17 .9.1 


All inlets and discharges in the shell plating are to be fitted with efficient and accessible arrangements for 


preventing the accidental admission of water into the ship. 


4.1.2 Inboard opening of ash-shoot, rubbish-shoot, etc. 
Ref. SOLAS Reg.II-1/17-1 & RegH-1/17 11.1 and .11.2 


The inboard opening of each ash-shoot, rubbish-shoot, etc. is to be fitted with an efficient cover. 

If the inboard opening is situated below the freeboard deck, the cover is to be watertight, and in addition an 
automatic non-return valve is to be fitted in the shoot in an easily accessible position above the deepest 
subdivision load line. When the shoot is not in use, both the cover and the valve are to be kept closed and 


secured. 


4.2 Arrangement of garbage chutes 


4.2.1 Inboard end above the waterline 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 22-1(1, b)) 


The inboard end is to be located above the waterline formed by an 8.5° heel, to port or starboard, at a draft 
corresponding to the assigned summer freeboard, but not less than 1000 mm above the summer load waterline. 

Where the inboard end of the garbage chute exceeds 0.01L above the summer load waterline, valve control from 
the freeboard deck is not required, provided the inboard gate valve is always accessible under service 


conditions. 


4.2.2 Inboard end below the waterline 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 22-1(4)) 


Where the inboard end of a garbage chute is below the waterline corresponding to the deepest draught after 

damage in a ship of more than 100 m in length, then: 

e the inboard end hinged cover/valve is to be watertight 

e the valve is to be a screw-down non-return valve fitted in an easily accessible position above the deepest 
subdivision load line 

e the screw-down non-return valve is to be controlled from a position above the freeboard deck and provided 


with open/shut indicators. The valve control is to be clearly marked: «Keep closed when not in use». 


4.2.3 Gate valves 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 22-1(1, a)) 


For garbage chutes, two gate valves controlled from the working deck of the chute may be accepted instead of a 
non-return valve with a positive means of closing it from a position above the freeboard deck. In addition, the 
lower gate valve is to be controlled from a position above the freeboard deck. An interlock system between the 


two valves is to be arranged. 
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The distance between the two gate valves is to be adequate to allow the smooth operation of the interlock 


system. 


4.2.4 Hinged cover and discharge flap 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 22-1(1, c)) 


The upper and lower gate valves, as required in [4.2.3], may be replaced by a hinged weathertight cover at the 
inboard end of the chute together with a discharge flap. 
The cover and discharge flap are to be arranged with an interlock so that the flap cannot be operated until the 


hopper cover is closed. 


4.2.5 Marking of valve and hinged cover 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 22-1(3)) 


The controls for the gate valves and/or hinged covers are to be clearly marked: «Keep closed when not in use». 


4.3 Scantlings of garbage chutes 


4.3.1 Material 
The chute is to be constructed of steel. Other equivalent materials are considered by the Society on a case by 


case basis. 


4.3.2 Wall thickness 
The wall thickness of the chute up to and including the cover is to be not less than that obtained, in mm, from 


Tab 2. 


Table 2: Wall thickness of garbage chutes 


External diameter d, in mm Thickness, in mm 


d<80 7.0 


80 < d< 180 7.0 + 0.03(d — 80) 
180 <d <220 10.0 + 0.063(d — 180) 
7720 


5. Freeing ports 


5.1 General provisions 


5.1.1 General 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 24 (1, a) and Reg.3 (15)) 


Where bulwarks on the weather portions of freeboard or superstructure decks form wells, ample provision is to 
be made for rapidly freeing the decks of water and for draining them. 

A well is any area on the deck exposed to the weather, where water may be entrapped. Wells are considered to 
be deck areas bounded on four sides by deck structures; however, depending on their configuration, deck areas 


bounded on three or even two sides by deck structures may be deemed wells. 


5.1.2 Freeing port areas 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24) 
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The minimum required freeing port areas in bulwarks on the freeboard deck are specified in Tab 3. 


Table 3: Freeing port area in bulwark located on freeboard deck 


Area A of pie ports, in Applicable 


ype B-100 0.332, hp | (5.5.2) 5.2] 


ype B-60 | 025g hp O| 25l, | 025g hp O| a 5.1] 
Ships fitted with a trunk included in freeboard 0.33/z hp Poe 3.1] 
alculation and/ or breadth > 0.6B 
Ships fitted with a trunk not included in = 3.1] 
freeboard calculation and/or continuous or 
substantially continuous hatch coamings 


Ships fitted with non-continuous trunk and/ or Lee 3.2] 
hatch coamings 
Ships fitted with open superstructure Sou 


Ay for wells [5.4.3] 
pies SS 


: Length, in m, of bulwark in a well at one side of the ship 


: Mean height, in m, of bulwark in a well of length £z. 


5.1.3 Freeing port arrangement 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (5)) 


Where a sheer is provided, two thirds of the freeing port area required is to be provided in the half of the well 
nearer the lowest point of the sheer curve. 

One third of the freeing port area required is to be evenly spread along the remaining length of the well. With 
zero or little sheer on the exposed freeboard deck or an exposed superstructure deck the freeing port area is to 
be evenly spread along the length of the well. 

However, bulwarks may not have substantial openings or accesses near the breaks of superstructures, unless they 


are effectively detached from the superstructure sides. 


5.1.4 Freeing port positioning 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (5) and 24 (6)) 


The lower edge of freeing ports is to be as near the deck as practicable. 


All the openings in the bulwark are to be protected by rails or bars spaced approximately 230 mm apart. 


5.1.5 Freeing port closures 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (6)) 


If shutters or closures are fitted to freeing ports, ample clearance is to be provided to prevent jamming. Hinges 
are to have pins or bearings of non-corrodible material. If shutters are fitted with securing appliances, these 


appliances are to be of approved construction. 


5.2 Freeing port area in a well not adjacent to a trunk or hatchways 


5.2.1 Freeing port area 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (1, b and c)) 
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Where the sheer in way of the well is standard or greater than the standard, the freeing port area on each side of 
the ship for each well is to be not less than that obtained, in m’, in Tab 4. 
In ships with no sheer, the above area is to be increased by 50%. Where the sheer is less than the standard, the 


percentage of increase is to be obtained by linear interpolation. 


Table 4: Freeing port area in a well not adjacent to a trunk or hatchways 


| e l deck and raised 0.7 + 0.0352; + Ac 0.070, +Ac 
quarterdecks 


Superstructure decks 0.35 + 0.0175é5 + 0.54c 0.035£z + 0.5Ac 


: Length, in m, of bulwark in the well, but need in no case to be taken as greater 


than 0.7L 


: Area, in m’, to be taken, with its sign, equal to: 


LE (hp 1.2) for hg >1.2 


2 
=0 for 0.9< hş <1.2 
Ac on -0.9) for hg <0.9 


: Mean height, in m, of the bulwark in a well of length £p. 


5.2.2 Minimum freeing port area for a deckhouse having breadth not less than 0.8B 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (1, d)) 


Where a flush deck ship is fitted amidships with a deckhouse having breadth not less than 0.8 B and the width of 
the passageways along the side of the ship less than 1.5 m, the freeing port area is to be calculated for two 


separate wells, before and abaft the deckhouse. For each of these wells, the freeing port area is to be obtained 


from Tab 4, where £z is to be taken equal to the actual length of the well considered. 


5.2.3 Minimum freeing port area for screen bulkhead 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (1, e)) 


Where a screen bulkhead is fitted across the full breadth of the ship at the fore end of a midship deckhouse, the 
weather deck is to be considered as divided into two wells, irrespective of the width of the deckhouse, and the 


freeing port area is to be obtained in accordance with [5.1.2]. 


5.3 Freeing port area in a well contiguous to a trunk or hatchways 


5.3.1 Freeing area for continuous trunk or continuous hatchway coaming 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (2)) 


Where the ship is fitted with a continuous trunk not included in the calculation of freeboard or where continuous 
or substantially continuous hatchway side coamings are fitted between detached superstructures, the freeing 


port area is to be not less than that obtained, in m’, from Tab 5. 
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Table 5: Freeing port area in a well contiguous to a continuous trunk or hatchway 


Breadth By, in m, of hatchway or trunk Area A; of freeing ports, in m? 


B 
0.4B < By <0.75B fo2-nas{ 2x -08) sh 


By >0.75B 0.12 hg 


: Length, in m, of bulwark in a well at one side of the ship 


: Mean height, in m, of bulwark in a well of length £g. 


Where the ship is fitted with a continuous trunk having breadth not less than 0.68, included in the calculation of 
freeboard, and where open rails on the weather parts of the freeboard deck in way of the trunk for at least half the 
length of these exposed parts are not fitted, the freeing port area in the well contiguous to the trunk is to be not 
less than 33% of the total area of the bulwarks. 


5.3.2 Freeing area for non-continuous trunk or hatchway coaming 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (3)) 


Where the free flow of water across the deck of the ship is impeded due to the presence of a non-continuous 
trunk, hatchway coaming or deckhouse in the whole length of the well considered, the freeing port area in the 


bulwark of this well is to be not less than that obtained, in m°, from Tab 6. 


Table 6: Freeing port area in a well contiguous to a non-continuous trunk or hatchway 


: Free flow area on deck, equal to the net area of gaps between hatchways, and 
between hatchways and superstructures and deckhouses up to the actual 


height of the bulwark 


: Area of freeing ports, in m’, to be obtained from Tab 4 


: Area of freeing ports, in m’, to be obtained from Tab 5. 


5.4 Freeing port area in an open space within superstructures 


5.4.1 General 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (4)) 


In ships having superstructures on the freeboard or superstructure decks, which are open at either or both ends 
to wells formed by bulwarks on the open decks, adequate provision for freeing the open spaces within the 


superstructures is to be provided. 
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5.4.2 Freeing port area for open superstructures 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (4)) 


The freeing port area on each side of the ship for the open superstructure is to be not less than that obtained, in 


nv, from the following formula: 


2 
As = A\Cgy|1—- Bi U 
lr 2l rhy 


where: 

lr : Total well length, in m, to be taken equal to: 
Lr=ly+ts 

ly : Length, in m, of the open deck enclosed by bulwarks 

ls : Length, in m, of the common space within the open superstructures 

A, : Freeing port area, in m°, required for an open well of length 4r, in accordance with Tab 4, where Ac 
is to be taken equal to zero 

Csy : Coefficient which accounts for the absence of sheer, if applicable, to be taken equal to: 
Csy = 1.0 in the case of standard sheer or sheer greater than standard sheer 
Csy = 1.5 in the case of no sheer 

bo : Breadth, in m, of the openings in the end bulkhead of enclosed superstructures 

hs : Standard superstructure height, in m, defined in [1.2.1] 

hy : Distance, in m, of the well deck above the freeboard deck. 


5.4.3 Freeing port area for open well 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 24 (4)) 


The freeing port area on each side of the ship for the open well is to be not less than that obtained, in m°, from 


the following formula: 
h 
Ay = Alcs (22) 
2hy 
A; : Freeing port area, in m°, required for an open well of length ly, in accordance with Tab 4 


CSH hs, hy, ly: Defined in [5.4.2]. 
The resulting freeing port areas for the open superstructure As and for the open well Aw are to be provided 
along each side of the open space covered by the open superstructure and each side of the open well, 


respectively. 


5.5 Freeing port area in bulwarks of the freeboard deck for ships of types 
B-100 and B-60 


5.5.1 Freeing arrangement for type B-60 
For type B-60 ships, the freeing port area in the lower part of the bulwarks of the freeboard deck is to be not less 


than 25% of the total area of the bulwarks in the well considered. 


The upper edge of the sheer strake is to be kept as low as possible. 
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5.5.2 Freeing arrangement for type B-100 ships with trunks 
For type B-100 ships, open rails are to be fitted on the weather parts of the freeboard deck in way of the trunk for 


at least half the length of these exposed parts. 
Alternatively, if a continuous bulwark is fitted, the freeing port area in the lower part of the bulwarks of the 


freeboard deck is to be not less than 33% of the total area of the bulwarks in the well considered. 


6. Machinery space openings 
6.1 Engine room skylights 


6.1.1 
Engine room skylights in positions | or 2 are to be properly framed, securely attached to the deck and efficiently 


enclosed by steel casings of suitable strength. Where the casings are not protected by other structures, their 


strength will be considered by the Society on a case by case basis. 


6.2 Closing devices 


6.2.1 Machinery casings 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 17 (1)and 12 (1)) 


Openings in machinery space casings in positions I or 2 are to be fitted with doors of steel or other equivalent 
materials, permanently and strongly attached to the bulkhead, and framed, stiffened and fitted so that the whole 
structure is of equivalent strength to the unpierced bulkhead and weathertight when closed. The doors are to be 
capable of being operated from both sides and generally to open outwards to give additional protection against 
wave impact. 

Other openings in such casings are to be fitted with equivalent covers, permanently attached in their proper 


position. 


6.2.2 Height of the sill of the door 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 17 (1 and 2)) 


The height of the sill of the door is to be not less than: 
e 600mm above the deck if in position 1 
e 380mm above the deck if in position 2 


e 230mm in all other cases. 


6.2.3 Double doors 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 17 (1 and 2)) 


Where casings are not protected by other structures, double doors (i.e. inner and outer doors) are required for 
ships assigned freeboard less than that based on Table B of the International Load Line Convention, as 


amended. An inner sill of 230 mm in conjunction with the outer sill of 600 mm is to be provided. 


6.2.4 Fiddly openings 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 17 (5)) 


Fiddly openings are to be fitted with strong covers of steel or other equivalent material permanently attached in 


their proper positions and capable of being secured weathertight. 
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6.3 Coamings 


6.3.1 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 17 (3)) 


Coamings of any fiddly, funnel or machinery space ventilator in an exposed position on the freeboard deck or 
superstructure deck are to be as high above the deck as is reasonable and practicable. 

In general, ventilators necessary to continuously supply the machinery space and, on demand, the emergency 
generator room are to have coamings whose height is in compliance with [8.1.3], but need not be fitted with 


weathertight closing appliances. 


6.3.2 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 17 (4)) 


Where, due to the ship’s size and arrangement, this is not practicable, lesser heights for machinery space and 
emergency generator room ventilator coamings, fitted with weathertight closing appliances in accordance with 
[8.1.2], may be permitted by the Society in combination with other suitable arrangements to ensure an 


uninterrupted, adequate supply of ventilation to these spaces. 


7. Companionway 


7.1 General 


7.1.1 Openings in freeboard deck 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 18 (2)) 


Openings in freeboard deck other than hatchways, machinery space openings, manholes and flush scuttles are to 
be protected by an enclosed superstructure or by a deckhouse or companionway of equivalent strength and 


weathertightness. 


7.1.2 Openings in superstructures 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 18 (2)) 


Openings in an exposed superstructure deck or in the top of a deckhouse on the freeboard deck which give 
access to a space below the freeboard deck or a space within an enclosed superstructure are to be protected by 


an efficient deckhouse or companionway. 


7.1.3 Openings in superstructures having height less than standard height 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 18 (3)) 


Openings in the top of a deckhouse on a raised quarterdeck or superstructure of less than standard height, 
having a height equal to or greater than the standard quarterdeck height are to be provided with an acceptable 
means of closing but need not be protected by an efficient deckhouse or companionway provided the height of 
the deckhouse is at least the height of the superstructure. Openings in the top of the deckhouse on a deckhouse of 


less than a standard superstructure height may be treated in a similar manner. 
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7.2 Scantlings 


7.2.1 
Companionways on exposed decks protecting openings leading into enclosed spaces are to be of steel and 


strongly attached to the deck and are to have adequate scantlings. 


7.3 Closing devices 


7.3.1 Doors 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 18 (2)) 


Doorways in deckhouses or companionways leading to or giving access to spaces below the freeboard deck or to 
enclosed superstructures are to be fitted with weathertight doors. The doors are to be made of steel, to be 
capable of being operated from both sides and generally to open outwards to give additional protection against 
wave impact. 

Alternatively, if stairways within a deckhouse are enclosed within properly constructed companionways fitted 
with weathertight doors, the external door need not be weathertight. 

Where the closing appliances of access openings in superstructures and deckhouses are not weathertight, interior 


deck openings are to be considered exposed, i.e. situated in the open deck. 


7.3.2 Height of sills 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 18 (4 to 6)) 


The height above the deck of sills to the doorways in companionways is to be not less than: 

e 600 mm in position l 

e 380 mm in position 2. 

Where access is provided from the deck above as an alternative to access from the freeboard deck, the height of 
the sills into the bridge or poop is to be 380 mm. This also applies to deckhouses on the freeboard deck. 

Where access is not provided from above, the height of the sills to doorways in deckhouses on the freeboard deck 


is to be 600 mm. 


8. Ventilators 


8.1 Closing appliances 


8.1.1 General 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 19 (4)) 


Ventilator openings are to be provided with efficient weathertight closing appliances of steel or other equivalent 


material. 


8.1.2 Closing appliance exemption 
Ref. ILLC, as amended (Resolution MSC.143(77) Reg. 19 (3)) 


Ventilators need not be fitted with closing appliances, unless specifically required by the Society, if the coamings 
extend for more than: 


e 4.5 m above the deck in position 1 
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e 2.3 m above the deck in position 2. 


8.1.3 Closing appliances for ships of not more than 100 m in length 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 19 (4)) 


In ships of not more than 100 m in length, the closing appliances are to be permanently attached to the 


ventilator coamings. 


8.1.4 Closing appliances for ships of more than 100 m in length 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 19 (4)) 


Where, in ships of more than 100 m in length, the closing appliances are not permanently attached, they are to 


be conveniently stowed near the ventilators to which they are to be fitted. 


8.1.5 Ventilation of machinery spaces and emergency generator room 


In order to satisfactorily ensure, in all weather conditions: 

e the continuous ventilation of machinery spaces, 

e and, when necessary, the immediate ventilation of the emergency generator room, 

the ventilators serving such spaces are to comply with [8.1.2], i.e. their openings are to be so located that they do 


not require closing appliances. 


8.1.6 Reduced height of ventilator coamings for machinery spaces and emergency generator 
room 


Where, due to the ship’s size and arrangement, the requirements in [8.1.5] are not practicable, lesser heights may 
be accepted for machinery space and emergency generator room ventilator coamings fitted with weathertight 
closing appliances in accordance with [8.1.1], [8.1.3] and [8.1.4] in combination with other suitable 
arrangements, such as separators fitted with drains, to ensure an uninterrupted, adequate supply of ventilation to 


these spaces. 


8.1.7 Closing arrangements of ventilators led overboard or through enclosed superstructures 
Closing arrangements of ventilators led overboard to the ship side or through enclosed superstructures are 


considered by the Society on a case by case basis. If such ventilators are led overboard more than 4.5 m above 
the freeboard deck, closing appliances may be omitted provided that satisfactory baffles and drainage 


arrangements are fitted. 


8.2 Coamings 


8.2.1 General 
Ref. ILLC, as amended (Resolution MSC. 143(77) Reg. 19 (1 and 2)) 


Ventilators in positions I or 2 to spaces below freeboard decks or decks of enclosed superstructures are to have 
coamings of steel or other equivalent material, substantially constructed and efficiently connected to the deck. 
Ventilators passing through superstructures other than enclosed superstructures are to have substantially 


constructed coamings of steel or other equivalent material at the freeboard deck. 


8.2.2 Scantlings 
The scantlings of ventilator coamings exposed to the weather are to be not less than those obtained from Tab 7. 
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In exposed locations or for the purpose of compliance with buoyancy calculations, the height of coamings may 


be required to be increased to the satisfaction of the Society. 


Table 7: Scantlings of ventilator coamings 


Height of the coaming, in mm, above |=900 in position 1 
Thickness of the coaming, inmm“ = f= 5.5 + 0.01 dy 


Support If A > 900 mm, the coaming is to be suitably 
stiffened or supported by stays. 

where: 

dy : External diameter of the ventilator, in mm. 


P Where the height of the ventilator exceeds the height h, the thickness of the coaming 


may be gradually reduced, above that height, to a minimum of 6.5 mm. 


9. Tank cleaning openings 


9.1 General 


9.1.1 
Ullage plugs, sighting ports and tank cleaning openings may not be arranged in enclosed spaces. 
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Chapter 10 


Hull Outfitting 


Section 1 Rudder and Manoeuvring Arrangement 


Section 2 Bulwarks and Guard Rails 


Section 3 Equipment 
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Section 1— RUDDER AND MANOEUVRING ARRANGEMENT 


Symbols 


For symbols not defined in this Section, refer to Ch 1, Sec 4. 


Cr : Rudder force, in N 
Or : Rudder torque, in N.m 
A : Total movable area of the rudder, in m’, measured at the mid-plane of the rudder 
For nozzle rudders, A is not to be taken less than 1.35 times the projected area of the nozzle. 
A, : Area equal to A + area of a rudder horn, if any, in m? 
Ay : Portion of rudder area located ahead of the rudder stock axis, in m° 
b : Mean height of rudder area, in m 
c : Mean breadth of rudder area, in m, see Fig 1 
A : Aspect ratio of rudder area 4, taken equal to: 
e 
t 
Vo : Maximum ahead speed, in knots, as defined in Ch 1, Sec 4. If this speed is less than 10, Vo is to be 
replaced by: 
V nin = au 
3 
V, : Maximum astern speed, in knots, to be taken not less than 0.5Vo. For greater astern speeds special 
evaluation of rudder force and torque as a function of the rudder angle may be required. If no 
limitations for the rudder angle at astern condition is stipulated, the factor x, is not to be taken less 
than given in Tab 1 for astern condition. 
Figure 1: | Dimensions of rudder 
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1. General 


1.1 Manoeuvring arrangement 


1.1.1 
The manoeuvring arrangement includes all parts from the rudder and steering gear to the steering position 


necessary for steering the ship. 


RCN 2 to July 2008 version (effective from 1July 2010) 


1.1.2 
Rudder stock, rudder coupling, rudder bearings and the rudder body are dealt with in this Section. The steering 


gear is to comply with the appropriate Rules of the Society. 


1.1.3 
The steering gear compartment shall be readily accessible and, as far as practicable, separated from the 


machinery space. 
Note: Concerning the use of non-magnetisable material in the wheel house in way of a magnetic compass, the requirements 


of the national Administration concerned are to be observed. 


1.2 Structural details 


1.2.1 
Effective means are to be provided for supporting the weight of the rudder body without excessive bearing 


pressure, e.g. by a rudder carrier attached to the upper part of the rudder stock. The hull structure in way of the 


rudder carrier is to be suitably strengthened. 


1.2.2 
Suitable arrangements are to be provided to prevent the rudder from lifting. 


1.2.3 
Connections of rudder blade structure with solid parts in forged or cast steel, which are used as rudder stock 


housing, are to be suitably designed to avoid any excessive stress concentration at these areas. 


1.2.4 
The rudder stock is to be carried through the hull either enclosed in a watertight trunk, or glands are to be fitted 


above the deepest load waterline, to prevent water from entering the steering gear compartment and the lubricant 
from being washed away from the rudder carrier. If the top of the rudder trunk is below the deepest waterline 


two separate stuffing boxes are to be provided. 


1.3 (void) 
(void) 
RCN 2 to July 2008 version (effective from IJuly 2010) 


Page 4 July 2012 


Common Structural Rules for Bulk Carriers Chapter 10, Section 1 


1.4 Materials 


1.4.1 
For materials for rudder stock, pintles, coupling bolts etc. refer to the Society’s Rules for Materials. 


1.4.2 
In general, materials having Rep of less than 200 N/mm” and R,, of less than 400 N/mm? or more than 


900 N/mm? are not to be used for rudder stocks, pintles, keys and bolts. The requirements of this Section are 
based on a with R,y of 235 N/mm’. If material is used having a R. differing from 235 N/mm’, the material 


factor k, is to be determined as follows: 


535 0.75 
k, -| for Ry > 235 


Reg 
k, = 2a for Ray <235 
Reg 
where: 
ReH : Minimum yield stress of material used, in N/mm”. Rsp is not to be taken greater than 0.72, or 


450 N/mm’, whichever is less. 


1.4.3 
Before significant reductions in rudder stock diameter due to the application of steels with Rey exceeding 


235 N/mm? are accepted, the Society may require the evaluation of the elastic rudder stock deflections. Large 


deflections should be avoided in order to avoid excessive edge pressures in way of bearings. 


1.4.4 
The permissible stresses given in [5.1] are applicable for normal strength steel. When higher strength steels are 


used, higher values may be used for the permissible stresses, on a case by case basis. 


2. Rudder force and torque 


2.1 Rudder force and torque for normal rudders 


2.1.1 
The rudder force is to be determined, in N, according to the following formula: 


Cp =132 AV? K] K3 K3 K, 


where: 
V : Vo for ahead condition 
Kg for astern condition 
Ky : Coefficient, depending on the aspect ratio A , taken equal to: 
K = (A + 2)/ 3, where A need not be taken greater than 2 
K3 : Coefficient, depending on the type of the rudder and the rudder profile according to Tab 1 
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Table 1: Coefficient x, 


Profile / 
ACA-00 series Göttingen profiles 0.80 
Flat side profiles 0.90 


Mixed profiles (e. g. HSVA) 0.90 
Hollow profiles 0.90 


to be specially considered; 
if not known: 1.30 


0.80 
1.00 
K3 : Coefficient, depending on the location of the rudder, taken equal to: 
K, = 0.80 for rudders outside the propeller jet 
K, = 1.00 elsewhere, including also rudders within the propeller jet 
K, =1.15 for rudders aft of the propeller nozzle 
K, : Coefficient equal to 1.0 for rudders behind propeller. Where a thrust coefficient C7, > 1.0 , the 


Society may consider a coefficient x, different from 1.0, on a case by case basis. 


2.1.2 
The rudder torque, in Nm, is to be determined by the following formula: 
Qr =Crr 
where: 
r : Lever of the force Cpr, in m, taken equal to: 

r= c(a =ke ), without being less than 0.1c for ahead condition 
a : Coefficient taken equal to: 

a =0.33 for ahead condition 

a = 0.66 for astern condition (general) 

a =0.75 for astern condition (hollow profiles) 


For parts of a rudder behind a fixed structure such as a rudder horn: 
a =0.25 for ahead condition 
a =0.55 for astern condition 


For high lift rudders @ is to be specially considered. If not known, œ = 0.40 may be used for the ahead condition 


Khe : Balance factor as follows: 
A, 
si 
G: 


kpe = 0.08 for unbalanced rudders 


2.1.3 
Effects of the provided type of rudder/profile on choice and operation of the steering gear are to be observed. 
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2.2 Rudder force and torque for rudder blades with cut-outs (semi-spade 
rudders) 


2.2.1 


The total rudder force Cp is to be calculated according to [2.1.1]. The pressure distribution over the rudder area, 
upon which the determination of rudder torque and rudder blade strength are to be based, is to be obtained as 
follows: 


e the rudder area may be divided into two rectangular or trapezoidal parts with areas A, and A, , see Fig 2. 


e the resulting force, in N, of each part may be taken as: 


2.2.2 
The resulting torque, in N.m, of each part is to be taken as: 
On =Crn 
Oro =Car! 
where: 
4 =cla -ky) „inm 
n= cla - kp) „inm 
Áf 
ky = at 
A 
Ay ¢ 
kp = = 
2 


Apr Ar : As defined in Fig 2 


A, 
Cy =. 
bı 
A 
C = =z 
by 


bi,b. : Mean heights of the partial rudder areas 4 and A, (see Fig 2). 
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Figure 2: Areas A, and A, 


2.2.3 


The total rudder torque, in N.m, is to be determined according to the following formulae: 
Or = Qr + Qpa , Without being less than Qrmin = CR "12min 


where: 


1 : 
"2 min = AA (A + Cy Ap ) ,inm. 


3. Scantlings of the rudder stock 


3.1 Rudder stock diameter 


3.1.1 
The diameter of the rudder stock, in mm, for transmitting the rudder torque is not to be less than: 
D, =4.2 Op k, 
where: 
Or : As defined in [2.1.2], [2.2.2] and [2.2.3] 
The related torsional stress, in N/mm’, is: 
„-68 
k, 
where: 
k, : As defined in [1.4.2] an[1.4.3]. 
3.1.2 


The diameter of the rudder stock determined according to [3.1.1] is decisive for the steering gear, the stopper and 


the locking device. 
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3.1.3 
In case of mechanical steering gear the diameter of the rudder stock in its upper part which is only intended for 


transmission of the torsional moment from the auxiliary steering gear may be 0.9D,. The length of the edge of 


the quadrangle for the auxiliary tiller must not be less than 0.77D, and the height not less than 0.8D,. 


3.1.4 
The rudder stock is to be secured against axial sliding. The degree of the permissible axial clearance depends on 


the construction of the steering engine and on the bearing. 


3.2 Strengthening of rudder stock 


3.2.1 
If the rudder is so arranged that additional bending stresses occur in the rudder stock, the stock diameter has to 


be suitably increased. The increased diameter is, where applicable, decisive for the scantlings of the coupling. 
For the increased rudder stock diameter the equivalent stress of bending and torsion, in N/mm”, is not to exceed 
the following value: 


om SN for +37? < 


r 


where: 
Op : Bending stress, in N/mm”, equal to: 
10.2M, 
oe a 
Di 
M, : Bending moment at the neck bearing, in N.m 
T : Torsional stress, in N/mm’, equal to: 
5.1 
= 510e 
Di 
D; : Increased rudder stock diameter, in cm, equal to: 
4(M,\) 
D, =0.1D, § (He) 
3\ Qpr 
Or : As defined in [2.1.2], [2.2.2] and [2.2.3] 
D, : As defined in [3.1.1]. 


Note: Where a double-piston steering gear is fitted, additional bending moments may be transmitted from the steering gear 
into the rudder stock. These additional bending moments are to be taken into account for determining the rudder stock 


diameter. 


3.3 Analysis 


3.3.1 General 
The bending moments, shear forces and support forces for the system rudder - rudder stock are to be obtained 


from [3.3.2] and [3.3.3], for rudder types as shown in Fig 3 to Fig 7. 
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3.3.2 Data for the analysis 


Lio 55 lso : Lengths, in m, of the individual girders of the system 

Lio 5» 159 : Moments of inertia of these girders, in cm* 

For rudders supported by a sole piece the length ?59 is the distance between lower edge of rudder body and 
centre of sole piece, and J, is the moment of inertia of the pintle in the sole piece. 

Load on rudder body, in kN/m, (general): 


Cr 


Pr=—*~ 
be AO? 


Load on semi-spade rudders, in kN/m: 


Cro 
Pro >> > 
R10 Lio . 10° 
Cri 
Pp — 
R20 te . 103 


Cr, Cri, Cr : As defined in [2.1] and [2.2] 
Z : Spring constant, in kN/m, of support in the sole piece or rudder horn respectively: 


for the support in the sole piece (see Fig 3): 


for the support in the rudder horn (see Fig 4): 
goo 
So+hi 


fo : Unit displacement of rudder horn, in m/kN, due to a unit force of 1 KN acting in the centre of support 


pe 1.3d° 108 
? 3EI, 
3 


h= 021% (guidance value for steel) 


n 


Ln : Moment of inertia of rudder horn, in em’, around the x-axis at d/2 (see Fig 4) 
f : Unit displacement due to a torsional moment of the amount 1, in m/kN 
de? 
Í = 
GJ, 
d e? Si / ti 
jizn for steel 
3.14-108 Fe 
G : Modulus of rigity, kN/m’: 
G=7.92-10’ for steel 
J, : Torsional moment of inertia, in mí 
Fr : Mean sectional area of rudder horn, in m? 
Ui : Breadth, in mm, of the individual plates forming the mean horn sectional area 
ti : Plate thickness of individual plate having breadth u;, in mm 
e, d : Distances, in m, according to Fig 4 
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Ky, Kx, Kı2 : Rudder horn compliance constants calculated for rudder horn with 2-conjugate elastic supports 
(Fig 5).The 2-conjugate elastic supports are defined in terms of horizontal displacements, y;, by the 
following equations: 
at the lower rudder horn bearing: 

Vi =- Kn B2 - Ky By 
at the upper rudder horn bearing: 
V2 = - Ky By - Ky By 

where 

yy y2 : Horizontal displacements, in m, at the lower and upper rudder horn bearings, respectively 

Bı, Ba : Horizontal support forces, in kN, at the lower and upper rudder horn bearings, respectively 


Ky, Kx, Kı2 : Obtained, in m/kN, from the following formulae: 


2 ea 


3 Ch ET 2 
| As gA A). <4 
SBI Ee | Gly 


3 2 = i 2 2 3 2 
yaa ,#@=-4) Alad-4} , @-4) |, ed 
3EJ;, EJ in EJ in BEJ an GJ p, 
d : Height of the rudder horn, in m, defined in Fig 5. This value is measured downwards from the upper 


rudder horn end, at the point of curvature transition, till the mid-line of the lower rudder horn pintle 

A : Length, in m, as defined in Fig 5. This length is measured downwards from the upper rudder horn end, 
at the point of curvature transition, till the mid-line of the upper rudder horn bearing. For 1 = 0, the 
above formulae converge to those of spring constant Z for a rudder horn with 1-elastic support, and 
assuming a hollow cross section for this part 

e : Rudder-horn torsion lever, in m, as defined in Fig 5 (value taken at z = d/2) 

Jin : Moment of inertia of rudder horn about the x axis, in mí, for the region above the upper rudder horn 
bearing. Note that Jı, is an average value over the length 1 (see Fig 5) 

Jon : Moment of inertia of rudder horn about the x axis, in mî, for the region between the upper and lower 
rudder horn bearings. Note that Jy, is an average value over the length d - A (see Fig 5) 

Jih : Torsional stiffness factor of the rudder horn, in mt 


For any thin wall closed section 


1, <A. 
> Oy 
rh 
Fr : Mean of areas enclosed by outer and inner boundaries of the thin walled section of rudder horn, in m? 
Ui : Length, in mm, of the individual plates forming the mean horn sectional area 
ti : Thickness, in mm, of the individual plates mentioned above. 


Note that the Jn value is taken as an average value, valid over the rudder horn height. 
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3.3.3 Moments and forces to be evaluated 
a) The bending moment Mg and the shear force Q; in the rudder body, the bending moment M, in the neck 


b 


c 


wm 


wm 


bearing and the support forces Bı, B2, B; are to be evaluated. 
The so evaluated moments and forces are to be used for the stress analyses required by [3.2], [5], [9.1] and 


[9.2] 


For spade rudders (see Fig 6) the moments, in N.m, and forces, in N, may be determined by the following 
formulae: 
Lio (2x, + 
M, =Cpr] la+ 10 (2x) +x) 
3(x, +X, ) 

M 
B, =— 

£30 
B, =C} +B, 
For spade rudders with rudders trunks (see Fig 7) the moments, in N.m, and forces, in N, may be determined 


by the following formulae: 

Mais the greatest of the following values: 

Mr= Cr (Lio — CG2) 

Mr= Cri (CGiz— 410) 

where : 

Cr, : Rudder force over the rudder blade area A, 

Cpr : Rudder force over the rudder blade area A, 

CGiz : Vertical position of the centre of gravity of the rudder blade area A, 
CGyz : Vertical position of the centre of gravity of the rudder blade area 42 
Mz = Cr (lio — CG yz) 

B3 = (Mg + Mer) / ( C20 + £30) 

By = Crt B3 
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System M Q 


Figure 3: Rudder supported by sole piece 


Figure 4: |Semi-spade rudder (with 1-elastic support) 


Ma B2 
Mg Bs oL 


AA 
y 


Pa: 
= k11,k12 


k12, k22 


Pato 


Figure 5: Semi-spade rudder (with 2-conjugate elastic supports) 
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PR 


System 


Figure6: Spade rudder 
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Figure 7: Spade rudders with rudder trunks 


3.4 Rudder trunk 


3.4.1 


Where the rudder stock is arranged in a trunk in such a way that the trunk is stressed by forces due to rudder 
action, the scantlings of the trunk are to be as such that the equivalent stress due to bending and shear does not 


exceed 0.35. R,,, of the material used. 


3.4.2 


In case where the rudder stock is fitted with a rudder trunk welded in such a way the rudder trunk is loaded by 
the pressure induced on the rudder blade, as given in [2.1.1], the bending stress in the rudder trunk, in N/mm”, is 
to be in compliance with the following formula: 

o < 80/k 


where the material factor k for the rudder trunk is not to be taken less than 0.7. 
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For the calculation of the bending stress, the span to be considered is the distance between the mid-height of the 


lower rudder stock bearing and the point where the trunk is clamped into the shell or the bottom of the skeg. 


3.4.3 
The steel used for the rudder trunk is to be of weldable quality, with a carbon content not exceeding 0.23% on 


ladle analysis and a carbon equivalent CEQ not exceeding 0.41. 


3.4.4 
The weld at the connection between the rudder trunk and the shell or the bottom of the skeg is to be full 


penetration. 

The fillet shoulder radius r, in mm, is to be as large as practicable and to comply with the following formulae: 
r=60 when o>40/k N/mm? 

r = 0.1D;, without being less than 30, when o<40/k N/mm? 

where D, is defined in [3.2.1]. 

The radius may be obtained by grinding. If disk grinding is carried out, score marks are to be avoided in the 
direction of the weld. 

The radius is to be checked with a template for accuracy. Four profiles at least are to be checked. A report is to 


be submitted to the Surveyor. 


3.4.5 
Before welding is started, a detailed welding procedure specification is to be submitted to the Society covering 


the weld preparation, welding positions, welding parameters, welding consumables, preheating, post weld heat 
treatment and inspection procedures. This welding procedure is to be supported by approval tests in accordance 
with the applicable requirements of materials and welding sections of the rules. 

The manufacturer is to maintain records of welding, subsequent heat treatment and inspections traceable to the 


welds. These records are to be submitted to the Surveyor. 


3.4.6 
Non destructive tests are to be conducted at least 24 hours after completion of the welding. The welds are to be 


100% magnetic particle tested and 100% ultrasonic tested. The welds are to be free from cracks, lack of fusion 


and incomplete penetration. The non destructive tests reports are to be handed over to the Surveyor. 


3.4.7 
Rudder trunks in materials other than steel are to be specially considered by the Society. 


3.4.8 
The thickness of the shell or of the bottom plate is to be compatible with the trunk thickness. 


4. Rudder couplings 


4.1 General 


4.1.1 
The couplings are to be designed in such a way as to enable them to transmit the full torque of the rudder stock. 
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4.1.2 
The distance of the bolt axis from the edges of the flange is not to be less than 1.2 times the diameter of the bolt. 


In horizontal couplings, at least 2 bolts are to be arranged forward of the stock axis. 


4.1.3 
The coupling bolts are to be fitted bolts. The bolts and nuts are to be effectively secured against loosening. 


4.1.4 
For spade rudders, horizontal couplings according to [4.2] are permitted only where the required thickness of the 


coupling flanges ¢ is less than 50 mm, otherwise cone coupling according to [4.4] or [4.5], as applicable, is to be 
applied. For spade rudders of the high lift type, only cone coupling according to [4.4] or [4.5], as applicable, is 
permitted. 


4.2 Horizontal couplings 


4.2.1 
The diameter of coupling bolts, in mm, is not to be less than: 
D?k 

d, = 0.62 b 

pne 
where: 
D : Rudder stock diameter according to [6], in mm 
n : Total number of bolts, which is not to be less than 6 
e : Mean distance of the bolt axes from the centre of bolt system, in mm 
k, : Material factor for the rudder stock as defined in [1.4.2] 
kp : Material factor for the bolts, obtained according to [1.4.2]. 
4.2.2 


The thickness of the coupling flanges, in mm, is not to be less than determined by the following formulae: 


3 


t, =0.62 4 , without being less than 0.9d, 
where: 
ky : Material factor for the coupling flanges, obtained according to [1.4.2] 


The thickness of the coupling flanges clear of the bolt holes is not to be less than 0.651; . 


The width of material outside the bolt holes is not to be less than 0.67d, . 


4.2.3 
The coupling flanges are to be equipped with a fitted key according to DIN 6885 or equivalent standard for 


relieving the bolts. 


The fitted key may be dispensed with if the diameter of the bolts is increased by 10%. 
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4.2.4 
Horizontal coupling flanges are to be either forged together with the rudder stock or welded to the rudder stock, 


according to [10.1.3]. 


4.2.5 
For the connection of the coupling flanges with the rudder body, see also [10]. 


4.3 Vertical couplings 


4.3.1 
The diameter of the coupling bolts, in mm, is not to be less than: 
Ao 0.81D [kp 
* Jn \k, 
where: 


D, ky, k, n are defined in [4.2.1], where n is not to be less than 8. 


4.3.2 
The first moment of area of the bolts, in cm’, about the centre of the coupling is not to be less than: 


S = 0.00043D° 
4.3.2 
The thickness of the coupling flanges, in mm, is not to be less than ¢, = d, 


The width of material outside the bolt holes is not to be less than 0.67d, . 


4.4 Cone couplings with key 
4.4.1 
Cone couplings should have a taper c on diameter of 1:8 to 1:12, where c= (dọ —d,,)/£ (see Fig 8). 


The cone shapes are to fit very exact. The nut is to be carefully secured, e.g. by a securing plate as shown in 


Fig 8. 


4.4.2 
The coupling length @ is to be, in general, not less than 1.5dq. 


4.4.3 
For couplings between stock and rudder a key is to be provided, the shear area of which, in cm’, is not to be less 
than: 
poss 17.550; 
© dy Rey 
where: 
Or : Design yield moment of rudder stock, in Nm according to [6] 
dy : Diameter of the conical part of the rudder stock, in mm, at the key 
Rem : Minimum yield stress of the key material, in N/mm? 
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Figure 8: | Cone coupling with key 


4.4.4 


The effective surface area, in cm’, of the key (without rounded edges) between key and rudder stock or cone 


coupling is not to be less than: 


a, Reu2 
where: 
Run : Minimum yield stress of the key, stock or coupling material, in N/mm”, whichever is less. 
4.4.5 
The dimensions of the slugging nut are to be as follows (see Fig 8): 
e height: h, = 0.6d, 
e outer diameter, the greater value of: d,=1.2d, or d,=1.5 d; 
e external thread diameter: d; = 0.65 do 
4.4.6 


It is to be proved that 50% of the design yield moment will be solely transmitted by friction in the cone 
couplings. This can be done by calculating the required push-up pressure and push-up length according to [0] for 


a torsional moment Q',; =0.50;. 


4.5 Cone couplings with special arrangements for mounting and dismounting 
the couplings 


4.5.1 


Where the stock diameter exceeds 200 mm, the press fit is recommended to be effected by a hydraulic pressure 


connection. In such cases the cone is to be more slender, c= 1:12 to =1:20. 
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4.5.2 
In case of hydraulic pressure connections the nut is to be effectively secured against the rudder stock or the 


pintle. A securing plate for securing the nut against the rudder body is not to be provided (see Fig 9). 


Securing | 
flat bar 


Figure 9: | Cone coupling without key 


Note: A securing flat bar will be regarded as an effective securing device of the nut, if its shear area, in mm, is not less than: 


_ P, v3 


a Ren 
where: 
Ps : Shear force, in N, as follows: 

raft 

ë 

Pe : Push-up force according to [4.5.3], in N 
44 : Frictional coefficient between nut and rudder body, normally 44 = 0.3 
di : Mean diameter of the frictional area between nut and rudder body 
dg : Thread diameter of the nut 
Ren : Minimum yield stress, in N/mm’, of the securing flat bar material. 


4.5.3 Push-up pressure and push-up length 
For the safe transmission of the torsional moment by the coupling between rudder stock and rudder body the 


push-up length and the push-up pressure are to be determined according to [4.5.4] and [4.5.5]. 


4.5.4 Push-up pressure 
The push-up pressure is not to be less than the greater of the two following values: 


20 
Preqi = ——*—10° 
din Ln Ho 
6 3 M, 3 
Preg2 = 10 
n g? dm 
where: 
Or : Design yield moment of rudder stock according to [6], in N.m 
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dm : Mean cone diameter, in mm 
: Cone length, in mm 
Lo : Frictional coefficient, equal to about 0.15 
M, : Bending moment in the cone coupling (e.g. in case of spade rudders), in N.m 
It has to be proved that the push-up pressure does not exceed the permissible surface pressure in the cone. The 
permissible surface pressure is to be determined by the following formula: 
_0.8R,y (1a?) 


P perm 3 4 
vV3+a 


where: 
Reg : Minimum yield stress, in N/mm”, of the material of the gudgeon 
din 
a= 
dq 
din : Diameter, in mm, as defined in Fig 8 
da : Outer diameter of the gudgeon (see Fig 8), in mm, to be not less than 1.5d,,,. 


4.5.5 Push-up length 
The push-up length, in mm, is not to be less than: 


Al, = pai 8m 
i = k c 
where 
Rim : Mean roughness, in mm, taken equal to about 0.01 
c : Taper on diameter according to [4.5.1] 


The push-up length, in mm, is, however, not to be taken greater than: 
— LOR diy J 0.8 Ryn 


Ecv3+a‘ e 


Note: In case of hydraulic pressure connections the required push-up force P, for the cone, in N, may be determined by the 


Al, 


following formula: 
c 
Po = Preg Am” (s + 002] 


The value 0.02 is a reference for the friction coefficient using oil pressure. It varies and depends on the mechanical treatment 
and roughness of the details to be fixed. 
Where due to the fitting procedure a partial push-up effect caused by the rudder weight is given, this may be taken into 


account when fixing the required push-up length, subject to approval by the Society. 


4.5.6 Push-up pressure for pintle bearings 
The required push-up pressure for pintle bearings, in N/mm”, is to be determined by the following formula: 


Bid 
Preg = 0 4 L 0 
dpl 
where: 
Bı : Supporting force in the pintle bearing, in N (see Fig 4) 
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dm, l : As defined in [4.5.3] 


do : Pintle diameter, in mm, according to Fig 8. 


5. Rudder body, rudder bearings 


5.1 Strength of rudder body 


5.1.1 
The rudder body is to be stiffened by horizontal and vertical webs in such a manner that the rudder body will be 


effective as a beam. The rudder should be additionally stiffened at the aft edge. 


5.1.2 
The strength of the rudder body is to be proved by direct calculation according to [3.3] 


5.1.3 
For rudder bodies without cut-outs the permissible stress are limited to: 


e bending stress, in N/mm”, due to Mp defined in [3.3.3]: 
o, =110 

e shear stress, in N, due to Q, defined in [3.3.3]: 
tT, =50 


e equivalent stress due to bending and shear: 


Opn= Jor +3r7 =120 


In case of openings in the rudder plating for access to cone coupling or pintle nut the permissible stresses 
according to [5.1.4] apply. Smaller permissible stress values may be required if the corner radii are less than 


0.15h,, where h, is the height of opening. 


5.1.4 
In rudder bodies with cut-outs (semi-spade rudders) the following stress values are not to be exceeded: 


e bending stress, N/mm’, due to Ma: 
0, =75 
RCN 1 to July 2010 version (effective from IJuly 2012) 
e shear stress, N/mm’, due to Q}: 
7 =50 
e torsional stress, N/mm’ due to M: 
T, =50 


e equivalent stress, in N/mm”, due to bending and shear and equivalent stress due to bending and torsion: 


o =o; +3r° =100 
Oy) =o; +3r7 =100 


RCN 1 to July 2010 version (effective from IJuly 2012) 


where: 
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Mp=Crfi +B, 2, in Nam 


O1= Cpr, inN 
fofa  : As defined in Fig 10 
T : Torsional stress, in N/mm”, taken equal to: 
M, 
m= 
2Lht 


M,=Cp.e,inN.m 

Cro : Partial rudder force, in N, of the partial rudder area A, below the cross section under consideration 

e : Lever for torsional moment, in m (horizontal distance between the centre of pressure of area A, and 
the centre line a-a of the effective cross sectional area under consideration, see Fig 10. The centre of 


pressure is to be assumed at 0.33c, aft of the forward edge of area A>, where c, is the mean breadth 


of area A>). 


h, £,t : Dimensions, in cm, as defined in Fig 10. 


The distance / between the vertical webs should not exceed 1.2} . 

The radii in the rudder plating are not to be less than 4 to 5 times the plate thickness, but in no case less than 
50 mm. 

Note: It is recommended to keep the natural frequency of the fully immersed rudder and of local structural components at 
least 10 % above the exciting frequency of the propeller (number of revolutions x number of blades) or if relevant above 


higher order. 


Figure 10: Geometry of rudder 


5.2 Rudder plating 


5.2.1 
The thickness of the rudder plating, in mm, is to be determined according to the following formula: 


tp =1.74a p4 PR k +2.5 


where: 
Cr 2 
Pe lls , in kN/m 
10° A 
a : Smaller unsupported width of a plate panel, in m. 
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2 
B=,11 -035(2) max, 1.00, if 2>25 
a 


b : greatest unsupported width of a plate panel, in m. 
However, the thickness is to be not less than the thickness of the shell plating at aft part according to Ch 9, Sec 2. 
Regarding dimensions and welding, [10.1.1] is to be comply with. 


5.2.2 
For connecting the side plating of the rudder to the webs tenon welding is not to be used. Where application of 


fillet welding is not practicable, the side plating is to be connected by means of slot welding to flat bars which 


are welded to the webs. 


5.2.3 
The thickness of the webs, in mm, is not to be less than 70 % of the thickness of the rudder plating according to 


[5.2.1], but not less than: 
limin =. 84k 


Webs exposed to seawater are to be dimensioned according to [5.2.1]. 


5.3 Connections of rudder blade structure with solid parts in forged or cast 
steel 


5.3.1 General 
Solid parts in forged or cast steel which ensure the housing of the rudder stock or of the pintle are in general to 


be connected to the rudder structure by means of two horizontal web plates and two vertical web plates. 


5.3.2 Minimum section modulus of the connection with the rudder stock housing 
The section modulus of the cross-section of the structure of the rudder blade which is connected with the solid 


part where the rudder stock is housed, which is made by vertical web plates and rudder plating, is to be not less 


than that obtained, in cm’, from the following formula: 


Hpg kı 
where 
Cs : Coefficient, to be taken equal to: 
cs= 1.0 if there is no opening in the rudder plating or if such openings are closed by a full penetration 
welded plate 
cs = 1.5 if there is an opening in the considered cross-section of the rudder 
D; : Rudder stock diameter, in mm, defined in [3.2.1] 
Hg : Vertical distance, in m, between the lower edge of the rudder blade and the upper edge of the solid 
part 
Hy : Vertical distance, in m, between the considered cross-section and the upper edge of the solid part 
k, kı : Material factors, defined for the rudder blade plating and the rudder stock, respectively. 
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5.3.3 Calculation of the actual section modulus of the connection with the rudder stock 
housing 


The actual section modulus of the cross-section of the structure of the rudder blade which is connected with the 
solid part where the rudder stock is housed is to be calculated with respect to the symmetrical axis of the rudder. 
The breadth of the rudder plating to be considered for the calculation of this actual section modulus is to be not 


greater than that obtained, in m, from the following formula: 


b=sy + ox 
m 
where: 
Sy : Spacing, in m, between the two vertical webs (see Fig 11) 
Hy : Distance defined in [5.3.2] 
m : Coefficient to be taken, in general, equal to 3. 


Where openings for access to the rudder stock nut are not closed by a full penetration welded plate, they are to 


be deducted (see Fig 11). 


5.3.4 Thickness of horizontal web plates 
In the vicinity of the solid parts, the thickness of the horizontal web plates, as well as that of the rudder blade 


plating between these webs, is to be not less than the greater of the values obtained, in mm, from the following 


formulae: 
ty = 1.2 tp 
ty = 0.045 ds 
SH 
where: 
tp : Defined in [5.2.1] 
ds : Diameter, in mm, to be taken equal to: 
ds =D, for the solid part connected to the rudder stock 
ds =d, for the solid part connected to the pintle 
D; : Rudder stock diameter, in mm, defined in [3.2.1] 
da : Pintle diameter, in mm, defined in [5.5.1] 
SH : Spacing, in mm, between the two horizontal web plates. 


Different thickness may be accepted when justified on the basis of direct calculations submitted to the Society 


for approval. 
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$ 
N 


S enceneneeansarercns È 
5 N 


Section x-x 


Figure 11: Cross-section of the connection between rudder blade structure 
and rudder stock housing 


5.3.5 Thickness of side plating and vertical web plates welded to the solid part 
The thickness of the vertical web plates welded to the solid part where the rudder stock is housed as well as the 


thickness of the rudder side plating under this solid part is to be not less than the values obtained, in mm, from 


Tab 2. 


Table 2: Thickness of side plating and vertical web plates 


Thickness of vertical web plates,| Thickness of rudder plating, 
in mm inmm 
Type of rudder : : 
Rudder blade At opening Rudder blade | Area with 
without opening | boundary | without opening | opening 


tp : Defined in [5.2.1] 


5.3.6 Solid part protrusions 
The solid parts are to be provided with protrusions. Vertical and horizontal web plates of the rudder are to be butt 


welded to these protrusions. 

These protrusions are not required when the web plate thickness is less than: 

e 10mm for web plates welded to the solid part on which the lower pintle of a semi-spade rudder is housed 
and for vertical web plates welded to the solid part of the rudder stock coupling of spade rudders 


e 20mm for the other web plates. 
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5.3.7 
If the torque is transmitted by a prolonged shaft extended into the rudder, the latter must have the diameter D, or 


Dj, whichever is greater, at the upper 10 % of the intersection length. Downwards it may be tapered to 0.6D, in 


spade rudders to 0.4 times the strengthened diameter, if sufficient support is provided for. 


5.4 Rudder bearings 


5.4.1 
In way of bearings liners and bushes are to be fitted. 


Their minimum thickness is equal to: 

© — tnin= 8 mm for metallic materials and synthetic material 

© tmin= 22 mm for lignum material 

Where in case of small ships bushes are not fitted, the rudder stock is to be suitably increased in diameter in way 


of bearings enabling the stock to be re-machined later. 


5.4.2 
An adequate lubrication is to be provided. 


5.4.3 
The bearing forces result from the direct calculation mentioned in [3.3]. As a first approximation the bearing 


force may be determined without taking account of the elastic supports. This can be done as follows: 
e normal rudder with two supports: 
The rudder force Cp is to be distributed to the supports according to their vertical distances from the centre 
of gravity of the rudder area. 
e  semi-spade rudders: 
support force in the rudder horn, in N: 
ar 
c 
support force in the neck bearing, in N: 
By = Cpr -Bı 


For b and c see Fig 14. 


5.4.4 
The projected bearing surface A, (“bearing height” x “external diameter of liner”), in mm”, is not to be less than 
ree 
q 
where: 
B : Support force, in N 


q : Permissible surface pressure according to Tab 3. 


5.4.5 
Stainless and wear resistant steels, bronze and hot-pressed bronze-graphit materials have a considerable 


difference in potential to non-alloyed steel. Respective preventive measures are required. 
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5.4.6 
The bearing height is to be equal to the bearing diameter, however, is not to exceed 1.2 times the bearing 


diameter. Where the bearing depth is less than the bearing diameter, higher specific surface pressures may be 


allowed. 


Table 3: Surface pressure q of bearing materials 


(D Synthetic materials to be of approved type. 
Surface pressures exceeding 5.5 N/mm’ may be accepted in accordance with bearing 
manufacturer's specification and tests, but in no case more than 10 N/mm’. 

® Stainless and wear resistant steel in an approved combination with stock liner. Higher 
surface pressures than 7 N/mm? may be accepted if verified by tests. 


The wall thickness of pintle bearings in sole piece and rudder horn is to be approximately equal to one fourth of 


the pintle diameter. 


5.5 Pintles 


5.5.1 
Pintles are to have scantlings complying with the conditions given in [4.4] and [4.6]. The pintle diameter, in mm, 


is not to be less than: 


d, =0.35,/ Bk, 

where: 

B; : Support force, in N 

k, : Material factor defined in [1.4.2]. 
5.5.2 


The thickness of any liner or bush, in mm, is neither to be less than: 


t = 0.01/B, 


nor than the minimum thickness defined in [5.4.1]. 


5.5.3 
Where pintles are of conical shape, the taper on diameter is to comply with the following: 


e 1:8 to 1:12, if keyed by slugging nut 


e 1:12 to 1:20, if mounted with oil injection and hydraulic nut 


5.5.4 


The pintles are to be arranged in such a manner as to prevent unintentional loosening and falling out. 


For nuts and threads the requirements of [4.4.5] and [4.5.2] apply accordingly. 
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5.6 Criteria for bearing clearances 


5.6.1 
For metallic bearing material the bearing clearance, in mm, is to be not less: 
d 
b 41.0 
1000 
where 
dp : Inner diameter of bush, in mm. 
5.6.2 


If non-metallic bearing material is applied, the bearing clearance is to be specially determined considering the 


material's swelling and thermal expansion properties. 


5.6.3 
The clearance is not to be taken less than 1.5 mm on diameter. In case of self lubricating bushes going down 


below this value can be agreed to on the basis of the manufacturer's specification. 


6. Design yield moment of rudder stock 


6.1 General 


6.1.1 
The design yield moment of the rudder stock is to be determined by the following formula: 


D3 

Qp = 0.02664 + 
k, 

D, : Stock diameter, in mm, according to [3.1]. 

Where the actual diameter D,, is greater than the calculated diameter D, the diameter D,, is to be used. However, 


D applied to the above formula need not be taken greater than 1.145D,. 


7. Stopper, locking device 


7.1 Stopper 


7.1.1 
The motions of quadrants or tillers are to be limited on either side by stoppers. The stoppers and their 


foundations connected to the ship's hull are to be of strong construction so that the yield point of the applied 


materials is not exceeded at the design yield moment of the rudder stock. 


7.2 Locking device 


7.2.1 
Each steering gear is to be provided with a locking device in order to keep the rudder fixed at any position. This 


device as well as the foundation in the ship's hull are to be of strong construction so that the yield point of the 


applied materials is not exceeded at the design yield moment of the rudder stock as specified in [6]. Where the 
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ship's speed exceeds 12 knots, the design yield moment need only be calculated for a stock diameter based on a 


speed Vo = 12 knots. 


7.3 


7.3.1 
Regarding stopper and locking device see also the applicable requirements of the Society’s Rules for Machinery 


Installations. 


8. Propeller nozzles 


8.1 General 


8.1.1 
The following requirements are applicable to propeller nozzles having an inner diameter of up to 5 m. Nozzles 


with larger diameters will be specially considered. 


8.1.2 
Special attention is to be given to the support of fixed nozzles at the hull structure. 


8.2 Design pressure 


8.2.1 
The design pressure for propeller nozzles, in kN/m, is to be determined by the following formula: 
Pa = Pao 
N 

Pao ZE Ap 
where: 
N : Maximum shaft power, in kW 
A, : Propeller disc area, in m’, taken equal to: 

A, = De 
D : Propeller diameter, in m 
E : Factor obtained from the following formula: 

€ =0.21-2-10+ = , without being taken less than 0.1 

p 

c : Coefficient taken equal to (see Fig 12): 


c = 1.0 in zone 2 (propeller zone) 
c = 0.5 in zones | and 3 


c=0.35 in zone 4. 


July 2012 Page 29 


Chapter 10, Section 1 Common Structural Rules for Bulk Carriers 


zone 4 


zone 3 po 2 zone 1 


min. b/4 


Figure 11: Zones of propeller nozzle 


8.3 Plate thickness 


8.3.1 
The thickness of the nozzle shell plating, in mm, is not to be less than: 


t = tọ +t, , without being taken less than 7.5 


where: 
to : Thickness, in mm, obtained from the following formula: 
ty = Say Pa 
a : Spacing of ring stiffeners, in m 
tk : Corrosion allowance, in mm, taken equal to: 
t, =1.5 if tọ <10 
: t : 
i= ni. ee 05}.30] if tọ >10 
8.3.2 


The web thickness of the internal stiffening rings is not to be less than the nozzle plating for zone 3, however, in 


no case be less than 7.5 mm. 


8.4 Section modulus 


8.4.1 

The section modulus of the cross section shown in Fig 12 around its neutral axis, in cm’, is not to be less than: 
w=nd? bV? 

where: 

d : Inner diameter of nozzle, in m 

b : Length of nozzle, in m 

n : Coefficient taken equal to: 


n= 1.0, for rudder nozzles 


n=0.7, for fixed nozzles. 
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8.5 Welding 


8.5.1 
The inner and outer nozzle shell plating is to be welded to the internal stiffening rings as far as practicable by 


double continuous welds. Plug welding is only permissible for the outer nozzle plating. 


9. Rudder horn and sole piece scantlings 


9.1 Sole piece 


9.1.1 
The section modulus of the sole piece related to the z-axis, in cm’, is not to be less than: 
w = Bı xk 
Z 80 
where: 
B, : As defined in [3.3]. For rudders with two supports the support force is approximately B, = Cp/2, when 
the elasticity of the sole piece is ignored. 
x : Distance, in m, of the respective cross section from the rudder axis, with: 
Xmin = 0.5 £59 
Xmax = L50 
lso : As defined in Fig 13 and [3.3.2]. 
SectionA-A 
Z 
y- zz -y 
Z 
Figure 13: Sole piece 
9.1.2 


The section modulus related to the y-axis is not to be less than: 
e where no rudder post or rudder axle is fitted 


W. 


W, = 
ooo 


e where a rudder post or rudder axle is fitted 


9.1.3 


The sectional area, in mm”, at the location x = l;o is not to be less than: 
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de By 
S 48 


9.1.4 
The equivalent stress taking into account bending and shear stresses, in N/mm”, at any location within the length 


£59 is not to exceed: 


11 
0, = og +37? med 
k 
where: 
Bix 
Op See 
B 
T= 
A, 


9.2 Rudder horn of semi spade rudders (case of 1-elastic support) 


9.2.1 
The distribution of the bending moment, in N.m, shear force, in N, and torsional moment, in N.m, is to be 


determined according to the following formulae: 


e bending moment: M, =B 

M pmax = Bid 
e shear force: Q=B; 
e torsional moment: My = B; e&,) 


For determining preliminary scantlings the flexibility of the rudder horn may be ignored and the supporting force 


B,, in N, be calculated according to the following formula: 


where b, c, d, eœ and z are defined in Fig 14 and Fig 15. 


b results from the position of the centre of gravity of the rudder area. 
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Figure 14: Dimensions of rudder horn 


B, n e(z) 


o M ve 


Mp 


Figure 15: Rudder horn loads 


9.2.2 
The section modulus of the rudder horn in transverse direction related to the horizontal x-axis is at any location z, 


in cm’, not to be less than: 


x 67 


9.2.3 
At no cross section of the rudder horn the shear stress, in N/mm”, due to the shear force Q is to exceed the value: 


48 
T=— 
k 


The shear stress, in N/mm”, is to be determined by the following formula: 


: Effective shear area of the rudder horn, in mm’, in y-direction 


9.2.4 
The equivalent stress, in N/mm’, at any location z of the rudder horn is not to exceed the following value: 


12 
0, = ay +$3(r? +r -2 
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where 

M 

M 

tr =——-10° 

2Art,, 
Ar : Sectional area, in mm’, enclosed by the rudder horn at the location considered 
th : Thickness of the rudder horn plating, in mm. 
9.2.5 


When determining the thickness of the rudder horn plating the provisions of [5.2] to [5.4] are to be complied 


with. The thickness, in mm, is, however, not to be less than 2.4VLK . 


9.2.6 
The rudder horn plating is to be effectively connected to the aft ship structure, e.g. by connecting the plating to 


longitudinal girders, in order to achieve a proper transmission of forces, see Fig 16. 


Figure 16: Connection of rudder horn to aft ship structure 


9.2.7 
Transverse webs of the rudder horn are to be led into the hull up to the next deck in a sufficient number and must 


be of adequate thickness. 


9.2.8 
Strengthened plate floors are to be fitted in line with the transverse webs in order to achieve a sufficient 


connection with the hull. The thickness of these plate floors is to be increased by 50% above the bottom 


thickness determined according to Ch 6, Sec 1 or Ch 9, Sec 2. 


9.2.9 
The centre line bulkhead (wash-bulkhead) in the after peak is to be connected to the rudder horn. 
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9.2.10 
Where the transition between rudder horn and shell is curved, about 50% of the required total section modulus of 


the rudder horn is to be formed by the webs in a section A - A located in the centre of the transition zone, i.e. 


0.7r above the beginning of the transition zone (See Fig. 17). 


Figure 17: Transition between rudder horn and shell 


9.3 Rudder horn of semi spade rudders (case of 2-conjugate elastic supports) 


9.3.1 Bending moment 
The bending moment acting on the generic section of the rudder horn is to be obtained, in N.m, from the 


following formulae: 

e between the lower and upper supports provided by the rudder horn: 
My= F'4, 2 

e above the rudder horn upper-support: 
My=F 42+ Fp (z-dun) 


where: 

Fa : Support force at the rudder horn lower-support, in N, to be obtained according to Fig 5, and taken 
equal to B, 

Fy : Support force at the rudder horn upper-support, in N, to be obtained according to Fig 5, and taken 
equal to By 

Z : Distance, in m, defined in Fig 19, to be taken less than the distance d, in m, defined in the same figure 

du : Distance, in m, between the rudder-horn lower and upper bearings (according to Fig 18, du=d- 4A). 
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Figure 18: Geometrical parameters for the calculation of the bending moment in rudder horn 


9.3.2 Shear force 
The shear force Qy acting on the generic section of the rudder horn is to be obtained, in N, from the following 


formulae: 


e between the lower and upper rudder horn bearings: 


On= Fa 

e above the rudder horn upper-bearing: 
On= Fa + Fa 

where: 


F41, F : Support forces, in N. 


9.3.3 Torque 
The torque acting on the generic section of the rudder horn is to be obtained, in N.m, from the following 


formulae: 

e between the lower and upper rudder horn bearings: 
Mr= F4 ez) 

e above the rudder horn upper-bearing: 
Mr= F41 eġ + Fn eg 

where: 

F41, Fa : Support forces, in N 


eo) : Torsion lever, in m, defined in Fig 19. 
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Fa1d+Faa(A) Fay (FaFa) ef) 
= — ~ 


Z=d/2 


Max Qn MrH 


e= e(d/2 
-_ a A Fay @lz) 
-— - 


Figure 19: Geometry of rudder horn 


9.3.4 Shear stress calculation 
a) Fora generic section of the rudder horn, located between its lower and upper bearings, the following stresses 


are to be calculated: 


Ts : Shear stress, in N/mm’, to be obtained from the following formula: 
F 
Ay 


tr : Torsional stress, in N/mm”, to be obtained for hollow rudder horn from the following formula: 


_ M710 


t= 
T 2F;ty 


For solid rudder horn, t7 is to be considered by the Society on a case by case basis 
b) Fora generic section of the rudder horn, located in the region above its upper bearing, the following stresses 


are to be calculated: 


ts : Shear stress, in N/mm‘, to be obtained from the following formula: 
PES Fa tFy 
eas 
Ay 


tr : Torsional stress, in N/mm’, to be obtained for hollow rudder horn from the following formula: 


_ M710? 
2Frty 


Tr 


For solid rudder horn, t7 is to be considered by the Society on a case by case basis 
where: 


F41, Fa : Support forces, in N 


Ay : Effective shear sectional area of the rudder horn, in mm’, in y-direction 

Mr : Torque, in N.m 

Fr : Mean of areas enclosed by outer and inner boundaries of the thin walled section of rudder horn, in m? 
ty : Plate thickness of rudder horn, in mm. For a given cross section of the rudder horn, the maximum 


value of zr is obtained at the minimum value of ty. 
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9.3.5 Bending stress calculation 
For the generic section of the rudder horn within the length d, defined in Fig 14, the following stresses are to be 


calculated: 

OR : Bending stress, in N/mm’, to be obtained from the following formula: 
op = -_ 

My : Bending moment at the section considered, in N.m 

Wy : Section modulus, in cm’, around the X-axis (see Fig 19). 


9.3.6 General remarks 
Requirements [9.2.5] to [9.2.10] also apply to rudder horn with 2-conjugate elastic supports. 


10. Rudder coupling flanges 


10.1.1 


Unless forged or cast steel flanges with integrally forged or cast welding flanges are used, horizontal rudder 
coupling flanges are to be joined to the rudder body by plates of graduated thickness and full penetration single 
or double-bevel welds as prescribed in Ch 11, Sec 1 (see Fig 20). 


t = thickness of rudder plating, in mm 


t; = actual flange thickness in [mm] 


(a 
II 


4 +5 [mm] where tp < 50mm 


t = 3Vt [mm] where t, > 50mm 


Figure 20: Horizontal rudder coupling flanges 


10.1.2 


Allowance is to be made for the reduced strength of the coupling flange in the thickness direction. In case of 


doubt, proof by calculation of the adequacy of the welded connection shall be produced. 
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10.1.3 
The welded joint between the rudder stock (with thickened collar, see Ch 11, Sec 2) and the flange is to be made 


in accordance with Fig 21. 


final machining 
after welding 


Figure 20: Welded joint between rudder stock and coupling flange 


11. Azimuth propulsion system 


11.1 General 


11.1.1 Arrangement 
The azimuth propulsion system is constituted by the following sub-systems (see Fig 22): 


e the steering unit 

e the bearing 

e the hull supports 

e the rudder part of the system 


e the pod, which contains the electric motor in the case of a podded propulsion system. 
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Steering unit 


Rudder part of the system 


Figure 22: Azimuth propulsion system 


11.1.2 Application 
The requirements of this Article apply to the scantlings of the hull supports, the rudder part and the pod. 


The steering unit and the bearing are to comply with the relevant requirements of the Society’s Rules. 


11.1.3 Operating conditions 
The maximum angle at which the azimuth propulsion system can be oriented on each side when the ship 


navigates at its maximum speed is to be specified by the Designer. Such maximum angle is generally to be less 
than 35° on each side. 

In general, orientations greater than this maximum angle may be considered by the Society for azimuth 
propulsion systems during manoeuvres, provided that the orientation values together with the relevant speed 


values are submitted to the Society for approval. 


11.2 Arrangement 


11.2.1 Plans to be submitted 
In addition to the plans showing the structural arrangement of the pod and the rudder part of the system, the 


plans showing the arrangement of the azimuth propulsion system supports are to be submitted to the Society for 
approval. The scantlings of the supports and the maximum loads which act on the supports are to be specified in 


these drawings. 


11.2.2 Locking device 
The azimuth propulsion system is to be mechanically lockable in a fixed position, in order to avoid rotations of 


the system and propulsion in undesirable directions in the event of damage. 
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11.3 Design loads 


11.3.1 
The lateral pressure to be considered for scantling of plating and ordinary stiffeners of the azimuth propulsion 


system is to be determined for an orientation of the system equal to the maximum angle at which the azimuth 

propulsion system can be oriented on each side when the ship navigates at its maximum speed. 

e The total force which acts on the azimuth propulsion system is to be obtained by integrating the lateral 
pressure on the external surface of the system. 


e The calculations of lateral pressure and total force are to be submitted to the Society for information. 


11.4 Plating 


11.4.1 Plating of the rudder part of the azimuth propulsion system 
The thickness of plating of the rudder part of the azimuth propulsion system is to be not less than that obtained, 


in mm, from the formulae in [5.2.1], in which the term Cp/A is to be replaced by the lateral pressure calculated 


according to [11.3]. 


11.4.2 Plating of the pod 
The thickness of plating of the pod is to be not less than that obtained, in mm, from the formulae in Ch 6, Sec 1 


or Ch 9, Sec 2, where the lateral pressure is to be calculated according to [11.3]. 


11.4.3 Webs 
The thickness of webs of the rudder part of the azimuth propulsion system is to be determined according to 


[5.2.3], where the lateral pressure is to be calculated according to [11.3]. 


11.5 Ordinary stiffeners 


11.5.1 Ordinary stiffeners of the pod 
The scantlings of ordinary stiffeners of the pod are to be not less than those obtained from the formulae in Ch 6, 


Sec 2 or Ch 9, Sec 2, where the lateral pressure is to be calculated according to [11.3]. 


11.6 Primary supporting members 


11.6.1 Analysis criteria 
The scantlings of primary supporting members of the azimuth propulsion system are to be obtained by the 


Designer through direct calculations, to be carried out according to the following requirements: 

e the structural model is to include the pod, the rudder part of the azimuth propulsion system, the bearing and 
the hull supports 

e the boundary conditions are to represent the connections of the azimuth propulsion system to the hull 
structures 

e the loads to be applied are those defined in [11.6.2]. 

e The direct calculation analyses (structural model, load and stress calculation, strength checks) carried out by 


the Designer are to be submitted to the Society for information. 
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11.6.2 Loads 
The following loads are to be considered by the Designer in the direct calculation of the primary supporting 


members of the azimuth propulsion system: 

e gravity loads 

e buoyancy 

e maximum loads calculated for an orientation of the system equal to the maximum angle at which the 
azimuth propulsion system can be oriented on each side when the ship navigates at its maximum speed 

e maximum loads calculated for the possible orientations of the system greater than the maximum angle at the 
relevant speed (see [11.1.3]) 

e maximum loads calculated for the crash stop of the ship obtained through inversion of the propeller rotation 


e maximum loads calculated for the crash stop of the ship obtained through a 180° rotation of the pod. 


11.6.3 Strength check 
It is to be checked that the Von Mises equivalent stress o in primary supporting members, calculated, in N/mm”, 


for the load cases defined in [11.6.2], is in compliance with the following formula: 


Opg SOL 
where: 
Out : Allowable stress, in N/mm”, to be taken equal to the lesser of the following values: 


Cau =0.275R, 


O ALL = 0.55R;H 


11.7 Hull supports of the azimuth propulsion system 


11.7.1 Analysis criteria 
The scantlings of hull supports of the azimuth propulsion system are to be obtained by the Designer through 


direct calculations, to be carried out in accordance with the requirements in [11.6.1]. 


11.7.2 Loads 
The loads to be considered in the direct calculation of the hull supports of the azimuth propulsion system are 


those specified in [11.6.2]. 


11.7.3 Strength check 
It is to be checked that the Von Mises equivalent stress og in hull supports, in N/mm”, calculated for the load 


cases defined in [11.6.2], is in compliance with the following formula: 


On SO gy 

where: 

Out : Allowable stress, in N/mm”, equal to 65 / k, 
k, : Material factor, defined in [1.4.2] 


Values of og greater than oy; may be accepted by the Society on a case by case basis, depending on the 


localisation of og and on the type of direct calculation analysis. 
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Section 2 —- BULWARKS AND GUARD RAILS 


1. General 


1.1 Introduction 


1.1.1 
The requirements of this Section apply to the arrangement of bulwarks and guard rails provided at boundaries of 


the freeboard deck, superstructure decks and tops of the first tier of deckhouses located on the freeboard deck. 


1.2 General 


1.2.1 
Efficient bulwarks or guard rails are to be fitted at the boundaries of all exposed parts of the freeboard deck and 


superstructure decks directly attached to the freeboard deck, as well as the first tier of deckhouses fitted on the 


freeboard deck and the superstructure ends. 


1.2.2 
The height of the bulwarks or guard rails is to be at least 1 m from the deck. However, where their height would 


interfere with the normal operation of the ship, a lesser height may be accepted, if adequate protection is 


provided and subject to any applicable statutory requirement. 


1.2.3 
Where superstructures are connected by trunks, open rails are to be fitted for the whole length of the exposed 


parts of the freeboard deck. 


1.2.4 
In type B-100 ships, open rails on the weather parts of the freeboard deck for at least half the length of the 


exposed parts are to be fitted. 
Alternatively, freeing ports complying with Ch 9, Sec 6, [5.5.2] are to be fitted. 


1.2.5 
In ships with bulwarks and trunks of breadth not less than 0.68, which are included in the calculation of 


freeboard, open rails on the weather parts of the freeboard deck in way of the trunk for at least half the length of 
the exposed parts are to be fitted. 
Alternatively, freeing ports complying with Ch 9, Sec 6, [5.3.1] are to be fitted. 


1.2.6 
In ships having superstructures which are open at either or both ends, adequate provision for freeing the space 


within such superstructures is to be provided. 


1.2.7 
The freeing port area in the lower part of the bulwarks is to be in compliance with the applicable requirements of 


Ch 9, Sec 6, [5]. 
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2. Bulwarks 


2.1 General 


2.1.1 
As a rule, plate bulwarks are to be stiffened at the upper edge by a suitable bar and supported either by stays or 


plate brackets spaced not more than 2.0 m apart. 

The free edge of the stay or the plate bracket is to be stiffened. 

Stay and brackets of bulwarks are to be aligned with the beams located below or are to be connected to them by 
means of local transverse stiffeners. 


As an alternative, the lower end of the stay and bracket may be supported by a longitudinal stiffener. 


2.1.2 
In type B-60 and B-100 ships, the spacing forward of 0.07Z from the fore end of brackets and stays is to be not 


greater than 1.2 m. 


2.1.3 
Where bulwarks are cut completely, the scantlings of stays or brackets are to be increased with respect to those 


given in [2.2]. 


2.1.4 
As a rule, bulwarks are not to be connected either to the upper edge of the sheerstrake plate or to the stringer 


plate. 


Failing this, the detail of the connection will be examined by the Society. 


2.2 Scantlings 


2.2.1 
The gross thickness of bulwarks on the freeboard deck not exceeding | m in height is to be not less than 6.5 mm. 


Where the height of the bulwark is equal to or greater than 1.8 m, its thickness is to be equal to that calculated 
for the side of a superstructure situated in the same location as the bulwark. 


For bulwarks between 1 m and 1.8 m in height, their thickness is to be calculated by linear interpolation. 


2.2.2 
Bulwark plating and stays are to be adequately strengthened in way of eye plates used for shrouds or other 


tackles in use for cargo gear operation, as well as in way of hawser holes or fairleads provided for mooring or 


towing. 


2.2.3 
At the ends of partial superstructures and for the distance over which their side plating is tapered into the 


bulwark, the latter is to have the same thickness as the side plating. Where openings are cut in the bulwark at 
these positions, adequate compensation is to be provided either by increasing the thickness of the plating or by 


other suitable means. 
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2.2.4 
The gross section modulus of stays in way of the lower part of the bulwark is to be not less than the value 


obtained, in cm?, from the following formula: 


w=77sh} 

where: 

s : Spacing of stays, in m 

hg : Height of bulwark, in m, measured from the top of the deck plating to the upper edge. 


The actual section of the connection between stays and deck structures is to be taken into account when 
calculating the above section modulus. 

To this end, the bulb or face plate of the stay may be taken into account only where welded to the deck; in this 
case the beam located below is to be connected by double continuous welding. 

For stays with strengthening members not connected to the deck, the calculation of the required section modulus 
is considered by the Society on a case by case basis. 

At the ends of the ship, where the bulwark is connected to the sheerstrake, an attached plating having a width not 


exceeding 600 mm may also be included in the calculation of the actual gross section modulus of stays. 


2.2.5 
Openings in bulwarks are to be arranged so that the protection of the crew is to be at least equivalent to that 


provided by the horizontal courses in [3.1.2]. 
For this purpose, vertical rails or bars spaced approximately 230 mm apart may be accepted in lieu of rails or 


bars arranged horizontally. 


2.2.6 
In the case of ships intended for the carriage of timber deck cargoes, the specific provisions of the freeboard 


regulations are to be complied with. 


3. Guard rails 


3.1 General 


3.1.1 
Where guard rails are provided, the upper edge of sheerstrake is to be kept as low as possible. 


3.1.2 
The opening below the lowest course is to be not more than 230 mm. The other courses are to be not more than 


380 mm apart. 


3.1.3 
In the case of ships with rounded gunwales or sheerstrake, the stanchions are to be placed on the flat part of the 


deck. 


3.1.4 
Fixed, removable or hinged stanchions are to be fitted about 1.5 m apart. At least every third stanchion is to be 


supported by a bracket or stay. 
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Removable or hinged stanchions are to be capable of being locked in the upright position. 


3.1.5 
Wire ropes may only be accepted in lieu of guard rails in special circumstances and then only in limited lengths. 


Wires are to be made taut by means of turnbuckles. 


3.1.6 
Chains may only be accepted in short lengths in lieu of guard rails if they are fitted between two fixed stanchions 


and/or bulwarks. 
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Section 3 - EQUIPMENT 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
EN : Equipment number defined in [2.1] 


1. General 


1.1 General 


1.1.1 
The requirements in this Section apply to temporary mooring of a ship within or near harbour, or in a sheltered 


area, when the ship is awaiting a berth, the tide, etc.. 
Therefore, the equipment complying with the requirements in this Section is not intended for holding a ship off 


fully exposed coasts in rough weather or for stopping a ship which is moving or drifting. 


1.1.2 
The equipment complying with the requirements in this Section is intended for holding a ship in good holding 


ground, where the conditions are such as to avoid dragging of the anchor. In poor holding ground the holding 


power of the anchors is to be significantly reduced. 


1.1.3 
The equipment number EN formula for anchoring equipment required here under is based on an assumed current 


speed of 2.5 m/s, wind speed of 25 m/s and a scope of chain cable between 6 and 10, the scope being the ratio 
between length of chain paid out and water depth. 


1.1.4 


It is assumed that under normal circumstances a ship will use one anchor only. 


2. Equipment number 


2.1 Equipment number 


2.1.1 General 
All ships are to be provided with equipment in anchors and chain cables (or ropes according to [3.3.5]), to be 


obtained from Tab 1, based on their equipment number EN. 
In general, stockless anchors are to be adopted. 
For ships with EN greater than 16000, the determination of the equipment will be considered by the Society on a 


case by case basis. 
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Equipment number 


EN 


Table 1: 


Equipment 


Stockless anchors Stud link chain cables for anchors 


Mass per 


NY 


— anchor, length, in m 

2 220.0 14.0 12.5 

2 240 220.0 16.0 14.0 

2 300 247.5 17.5 16.0 

2 360 247.5 19.0 17.5 

2 420 275.0 20.5 17.5 

2 480 275.0 22.0 19.0 

2 570 302.5 24.0 20.5 

3 660 302.5 26.0 22.0 20.5 

3 780 330.0 28.0 24.0 22.0 

3 900 357.5 30.0 26.0 24.0 

3 1020 357.5 32.0 28.0 24.0 

3 1140 385.0 34.0 30.0 26.0 

3 1290 385.0 36.0 32.0 28.0 

3 1440 412.5 38.0 34.0 30.0 

3 1590 412.5 40.0 34.0 30.0 

3 1740 440.0 42.0 36.0 32.0 

3 1920 440.0 44.0 38.0 34.0 

3 2100 440.0 46.0 40.0 36.0 

3 2280 467.5 48.0 42.0 36.0 

3 2460 467.5 50.0 44.0 38.0 

3 2640 467.5 52.0 46.0 40.0 

3 2850 495.0 54.0 48.0 42.0 
980 1060 3 3060 495.0 56.0 50.0 44.0 
1060 1140 3 3300 495.0 58.0 50.0 46.0 
1140 1220 3 3540 522.5 60.0 52.0 46.0 
1220 1300 3 3780 522.5 62.0 54.0 48.0 
1300 1390 3 4050 522.5 64.0 56.0 50.0 
1390 1480 3 4320 550.0 66.0 58.0 50.0 
1480 1570 3 4590 550.0 68.0 60.0 52.0 
1570 1670 3 4890 550.0 70.0 62.0 54.0 
1670 1790 3 5250 577.5 73.0 64.0 56.0 
1790 1930 3 5610 577.5 76.0 66.0 58.0 
1930 2080 3 6000 STRI 78.0 68.0 60.0 
2080 2230 3 6450 605.0 81.0 70.0 62.0 
2230 2380 3 6900 605.0 84.0 73.0 64.0 
2380 2530 3 7350 605.0 87.0 76.0 66.0 
2530 2700 3 7800 632.5 90.0 78.0 68.0 
2700 2870 3 8300 632.5 92.0 81.0 70.0 
2870 3040 3 8700 632.5 95.0 84.0 73.0 
3040 3210 3 9300 660.0 97.0 84.0 76.0 
3210 3400 3 9900 660.0 100.0 87.0 78.0 
3400 3600 3 10500 660.0 102.0 90.0 78.0 
3600 3800 3 11100 687.5 105.0 92.0 81.0 
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Equipment number Stockless anchors Stud link chain cables for anchors 


EN : : 
Mass per Diameter, in mm 


length, i 


3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 


See [3.2.4]. 


2.1.2 Equipment number 
The equipment number EN is to be obtained from the following formula: 


EN=A7>+2hB+01A 


where:. 

A : Moulded displacement of the ship, in t, to the summer load waterline 

h : Effective height, in m, from the summer load waterline to the top of the uppermost house, to be 
obtained in accordance with the following formula: 
h=at+Jh, 
When calculating h, sheer and trim are to be disregarded 

a : Freeboard amidships from the summer load waterline to the upper deck, in m 

hn : Height, in m, at the centreline of tier “n” of superstructures or deckhouses having a breadth greater 
than B/4. Where a house having a breadth greater than B/4 is above a house with a breadth of B/4 or 
less, the upper house is to be included and the lower ignored 

A : Area, in m’, in profile view, of the parts of the hull, superstructures and houses above the summer 


load waterline which are within the length L and also have a breadth greater than B/4 
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Fixed screens or bulwarks 1.5 m or more in height are to be regarded as parts of houses when determining / and 
A. In particular, the hatched area shown in Fig 1 is to be included. 
The height of hatch coamings and that of any deck cargo, such as containers, may be disregarded when 


determining A and A. 


3. Equipment 


3.1 General 


3.1.1 
All anchoring equipment, towing bitts, mooring bollards, fairlead cleats and eyebolts are to be so constructed 


and attached to the hull that, in use up to design loads, the integrity of the ship will not be impaired. 


3.1.2 
The anchoring arrangement is to be such as to prevent the cable from being damaged and fouled. Adequate 


arrangement is to be provided to secure the anchor under all operational conditions. 


3.2 Anchors 


3.2.1 General 
The scantlings of anchors are to be in compliance with the following requirements. 


Anchors are to be constructed and tested in compliance with approved plans. 


3.2.2 Ordinary anchors 
The required mass for each anchor is to be obtained from Tab 1. 


The individual mass of a main anchor may differ by +7% from the mass required for each anchor, provided that 
the total mass of anchors is not less than the total mass required in Tab 1. 

The mass of the head of an ordinary stockless anchor, including pins and accessories, is to be not less than 60% 
of the total mass of the anchor. 

Where a stock anchor is provided, the mass of the anchor, excluding the stock, is to be not less than 80% of the 
mass required in Tab 1 for a stockless anchor. The mass of the stock is to be not less than 25% of the mass of the 


anchor without the stock but including the connecting shackle. 
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Summer load waterline 


Fore end 


Figure1: Effective area of bulwarks or fixed screen to be included in the equipment number 


3.2.3 High and very high holding power anchors 
High holding power (HHP) and very high holding power (VHHP) anchors, i.e. anchors for which a holding 


power higher than that of ordinary anchors has been proved according to the applicable requirements of the 
Society’s Rules for Materials, do not require prior adjustment or special placement on the sea bottom. 

Where HHP or VHHP anchors are used as bower anchors, the mass of each anchor is to be not less than 75% or 
50%, respectively, of that required for ordinary stockless anchors in Tab 1. 


The mass of VHHP anchors is to be, in general, less than or equal to 1500 kg. 


3.2.4 Third anchor 
Where three anchors are provided, two are to be connected to their own chain cables and positioned on board 


always ready for use. 


The third anchor is intended as a spare and is not required for the purpose of classification. 


3.2.5 Test for high holding power anchors approval 
For approval and/or acceptance as a HHP anchor, comparative tests are to be performed on various types of sea 


bottom. 

Such tests are to show that the holding power of the HHP anchor is at least twice the holding power of an 
ordinary stockless anchor of the same mass. 

For approval and/or acceptance as a HHP anchor of a whole range of mass, such tests are to be carried out on 
anchors whose sizes are, as far as possible, representative of the full range of masses proposed. In this case, at 
least two anchors of different sizes are to be tested. The mass of the maximum size to be approved is to be not 
greater than 10 times the maximum size tested. The mass of the smallest is to be not less than 0.1 times the 


minimum size tested. 


3.2.6 Test for very high holding power anchors approval 
For approval and/or acceptance as a VHHP anchor, comparative tests are to be performed at least on three types 


of sea bottom: soft mud or silt, sand or gravel and hard clay or similar compounded material. Such tests are to 
show that the holding power of the VHHP anchor is to be at least four times the holding power of an ordinary 
stockless anchor of the same mass or at least twice the holding power of a previously approved HHP anchor of 
the same mass. The holding power test load is to be less than or equal to the proof load of the anchor, specified 


in the applicable requirements of the Society’s Rules for Materials. 
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For approval and/or acceptance as a VHHP anchor of a whole range of mass, such tests are to be carried out on 
anchors whose sizes are, as far as possible, representative of the full range of masses proposed. In this case, at 


least three anchors of different sizes are to be tested, relevant to the bottom, middle and top of the mass range. 


3.2.7 Specification for test on high holding power and very high holding power anchors 
Tests are generally to be carried out from a tug. Shore based tests may be accepted by the Society on a case by 


case basis. 

Alternatively, sea trials by comparison with a previous approved anchor of the same type (HHP or VHHP) of the 
one to be tested may be accepted by the Society on a case by case basis. 

For each series of sizes, the two anchors selected for testing (ordinary stockless and HHP anchors for testing 
HHP anchors, ordinary stockless and VHHP anchors or, when ordinary stockless anchors are not available, HHP 
and VHHP anchors for testing VHHP anchors) are to have the same mass. 

The length of chain cable connected to each anchor, having a diameter appropriate to its mass, is to be such that 
the pull on the shank remains practically horizontal. For this purpose a value of the ratio between the length of 
the chain cable paid out and the water depth equal to 10 is considered normal. A lower value of this ratio may be 
accepted by the Society on a case by case basis. 

Three tests are to be carried out for each anchor and type of sea bottom. 

The pull is to be measured by dynamometer; measurements based on the RPM/bollard pull curve of tug may, 
however, be accepted instead of dynamometer readings. 


Note is to be taken where possible of the stability of the anchor and its ease of breaking out. 


3.3 Chain cables for anchors 


3.3.1 Material 
The chain cables are classified as grade 1, 2 or 3 depending on the type of steel used and its manufacture. 


The characteristics of the steel used and the method of manufacture of chain cables are to be approved by the 
Society for each manufacturer. The material from which chain cables are manufactured and the completed chain 
cables themselves are to be tested in accordance with the applicable requirements of the Society’s Rules for 
Materials. 


Chain cables made of grade 1 may not be used with high holding power and very high holding power anchors. 


3.3.2 Scantlings of stud link chain cables 
The mass and geometry of stud link chain cables, including the links, are to be in compliance with the 


requirements in the applicable requirements of the Society’s Rules for Materials. 


The diameter of stud link chain cables is to be not less than the value in Tab 1. 


3.3.3 Studless link chain cables 
For ships with EN less than 90, studless short link chain cables may be accepted by the Society as an alternative 


to stud link chain cables, provided that the equivalence in strength is based on proof load, defined in the 
applicable requirements of the Society’s Rules for Materials and that the steel grade of the studless chain is 


equivalent to the steel grade of the stud chains it replaces, as defined in [3.3.1]. 
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3.3.4 Chain cable arrangement 
Chain cables are to be made by lengths of 27.5 m each, joined together by Dee or lugless shackles. 


The total length of chain cable, required in Tab 1, is to be divided in approximately equal parts between the two 
anchors ready for use. 

Where different arrangements are provided, they are considered by the Society on a case by case basis. 

Where the ship may anchor in areas with current speed greater than 2.5 m/s, the Society may require a length of 


heavier chain cable to be fitted between the anchor and the rest of the chain in order to enhance anchor bedding. 


3.3.5 Wire ropes 
As an alternative to the stud link or short link chain cables mentioned, wire ropes may be used in the following 


cases: 

e wire ropes for both the anchors, for ship length less than 30 m 

e wire rope for one of the two anchors, for ship length between 30 m and 40 m. 

The wire ropes above are to have a total length equal to 1.5 times the corresponding required length of stud link 
chain cables, obtained from Tab 1, and a minimum breaking load equal to that given for the corresponding stud 
link chain cable (see [3.3.2]). 

A short length of chain cable is to be fitted between the wire rope and the anchor, having a length equal to 


12.5m or the distance from the anchor in the stowed position to the winch, whichever is the lesser. 


3.4 Attachment pieces 


3.4.1 General 
Where the lengths of chain cable are joined to each other by means of shackles of the ordinary Dee type, the 


anchor may be attached directly to the end link of the first length of chain cable by a Dee type end shackle. 

A detachable open link in two parts riveted together may be used in lieu of the ordinary Dee type end shackle; in 
such case the open end link with increased diameter, defined in [3.4.2], is to be omitted. 

Where the various lengths of chain cable are joined by means of lugless shackles and therefore no special end 
and increased diameter links are provided, the anchor may be attached to the first length of chain cable by a 


special pear-shaped lugless end shackle or by fitting an attachment piece. 


3.4.2 Scantlings 
The diameters of the attachment pieces, in mm, are to be not less than the values indicated in Tab 2. 


Attachment pieces may incorporate the following items between the increased diameter stud link and the open 
end link: 

e swivel, having a diameter equal to 1.2d 

e increased stud link, having a diameter equal to 1.1d 


Where different compositions are provided, they will be considered by the Society on a case by case basis. 
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Table 2: Diameters of attachment pieces 


Open end link 


where: 


d : Diameter, in mm, of the common link. 


3.4.3 Material 
Attachment pieces, joining shackles and end shackles are to be of such material and design as to provide 


strength equivalent to that of the attached chain cable, and are to be tested in accordance with the applicable 


requirements of the applicable requirements of the Society’s Rules for Materials. 


3.4.4 Spare attachment pieces 
A spare pear-shaped lugless end shackle or a spare attachment piece is to be provided for use when the spare 


anchor is fitted in place. 


3.5 Towlines and mooring lines 


3.5.1 General 
The towlines having the characteristics defined in Tab 3 are intended as those belonging to the ship to be towed 


by a tug or another ship. 


3.5.2 Materials 


Towlines and mooring lines may be of wire, natural or synthetic fibre or a mixture of wire and fibre. 
The breaking loads defined in Tab 3 refer to steel wires or natural fibre ropes. 
Steel wires and fibre ropes are to be tested in accordance with the applicable requirements in the applicable 


requirements of the Society’s Rules for Materials. 


3.5.3 Steel wires 
Steel wires are to be made of flexible galvanised steel and are to be of types defined in Tab 4. 


Where the wire is wound on the winch drum, steel wires to be used with mooring winches may be constructed 
with an independent metal core instead of a fibre core. In general such wires are to have not less than 186 


threads in addition to the metallic core. 
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Table 3: Towlines and mooring lines 


Equipment number 
EN Towline ® Mooring lines 
A< EN <B 
A Minimum Breaking load, N® Length of each Breaking 
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Equipment number 
EN Towline ® Mooring lines 
A< EN <B 


length, in m in kN line, in m load, in kN 
o o o o o S e o o g a 
3800 [4000 E [arr 00a 
| 4000 | 4200 | 30 | um f| 7 | 2% |e 
| 4200 | 4400 | 30 f| un | 7 | 2 | 67 
| 40 | 4600 | 300 | unm | 7 | 2% | 67 | 
| 4600 | 4800 | 300 | unm | 7 | 2% | 77 | 
| 4800 | sooo | 30 | un | 7 | 20 | 66 | 
| sooo f s200 | 300 | unm | 8 | 20 | 66 | 
| 5200 f ssoo | 300 | unm | 8 | 20 | 6 | 
| 5so0 | ssoo | 30 | un | 8 | 20 | 7% | 
| ssoo | éro | 30 | 1m | 9 | 20 | %6 | 
CAO SN a 200 aie) 
| soo | 6900 | =| CE | 
| 6990 | 700 | | | 0 | 2 | 2% | 
740 | 7900 | | d ou | 20 | 6 
| moo | so | | | “u St S 75 
eo | so [oT | | a 
| 890 | 900 | | d ng | 20 S s 
14 
| 10000 | 1070 | | ts | 20 | s O 
10700 f uso | TE e | | s 
| 1so0 | 12400 | tT S s 
| 12400 | 13400 | J d eB | w | as | 
| 13400 | 14600 | (| Et | | s 
| 14600 | 16000 | | | a | x% | zs | 


® The towline is not compulsory. It is recommended for ships having length not greater than 180 m. 
©) See [3.5.4]. 


Table 4: Steel wire composition 


Steel wire components 
Breaking load BL, 
in kN 


Ultimate tensile strength of 
threads, in N/mm? 


1420 + 1570 6 strands with 7-fibre core 


Number of threads Composition of wire 


216 < BL< 490 1570 + 1770 6 strands with 7-fibre core 
BL > 490 216 or 222 1770 =+ 1960 6 strands with 1-fibre core 


3.5.4 Number of mooring lines 
When the breaking load of each mooring line is greater than 490 kN, either a greater number of mooring lines 


than those required in Tab 3 having lower strength, or a lower number of mooring lines than those required in 
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Tab 3 having greater strength may be used, provided the total breaking load of all lines aboard the ship is greater 
than the value defined in Tab 3. 
In any case, the number of lines is to be not less than 6 and the breaking load of each line is to be greater than 


490 KN. 


3.5.5 Length of mooring lines 
The length of individual mooring lines may be reduced by up to 7% of the length defined in Tab 3, provided that 


the total length of mooring lines is greater than that obtained by adding the lengths of the individual lines 
defined in Tab 3. 


3.5.6 Equivalence between the breaking loads of synthetic and natural fibre ropes 
Generally, fibre ropes are to be made of polyamide or other equivalent synthetic fibres. 


The equivalence between the breaking loads of synthetic fibre ropes Bzs and of natural fibre ropes Bzy is to be 


obtained, in kN, from the following formula: 
Bis = 746(Biy rs 


where: 


ô : Elongation to breaking of the synthetic fibre rope, to be assumed not less than 30%. 


3.6 Hawse pipes 


3.6.1 
Hawse pipes are to be built according to sound marine practice. 


Their position and slope are to be so arranged as to create an easy lead for the chain cables and efficient housing 
for the anchors, where the latter are of the retractable type, avoiding damage to the hull during these operations. 

For this purpose chafing lips of suitable form with ample lay-up and radius adequate to the size of the chain 
cable are to be provided at the shell and deck. The shell plating in way of the hawse pipes is to be reinforced as 


necessary. 


3.6.2 
In order to obtain an easy lead of the chain cables, the hawse pipes may be provided with rollers. These rollers 


are to have a nominal diameter not less than 10 times the size of the chain cable where they are provided with 


full imprints, and not less than 12 times its size where provided with partial imprints only. 


3.6.3 
All mooring units and accessories, such as timbler, riding and trip stoppers are to be securely fastened to the 


Surveyor’s satisfaction. 


3.7 Windlass 


3.7.1 General 
The windlass, which is generally single, is to be power driven and suitable for the size of chain cable and the 


mass of the anchors. 
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The windlass is to be fitted in a suitable position in order to ensure an easy lead of the chain cables to and 


through the hawse pipes. The deck in way of the windlass is to be suitably reinforced. 


3.7.2 Assumptions for the calculation of the continuous duty pull 
The calculation of the continuous duty pull Pc that the windlass unit prime mover is to be able to supply is based 


on the following assumptions: 

e ordinary stockless anchors 

e wind force equal to 6 on Beaufort Scale 

e water current velocity 3 knots 

e anchorage depth 100 m 

e Pc includes the influences of buoyancy and hawse pipe efficiency; the latter is assumed equal to 70% 

e the anchor masses assumed are those defined in the applicable requirements of the Society’s Rules for 
Materials, excluding tolerances 

e only one anchor is assumed to be raised at a time. 

Owing to the buoyancy, the chain masses assumed are smaller than those defined in the applicable requirements 

of the Society’s Rules for Materials, and are obtained, per unit length of the chain cable, in kg/m, from the 

following formula: 

m; = 0.0218 d’ 


where d is the chain cable diameter, in mm. 


3.7.3 Calculation of the continuous duty pull 
According to the assumptions in [3.7.2], the windlass unit prime mover is to be able to supply for a least 30 


minutes a continuous duty pull Pc to be obtained, in kN, from Tab 5. 


Table 5: Continuous duty pull 


: : Continuous duty 
Material of chain cables pull, in kN 


Mild steel Pc = 0.0375 d 


High tensile strength steel Pc =0.0425 & 
Very high tensile strength steel | Poe = 0.0475 d 


where: 
d : Chain cable diameter, in mm. 


3.7.4 Temporary overload capacity 
The windlass unit prime mover is to provide the necessary temporary overload capacity for breaking out the 


anchor. 
The temporary overload capacity, or short term pull, is to be not less than 1,5 times the continuous duty pull Pc 
and it is to be provided for at least two minutes. 


The speed in this overload period may be lower than the nominal speed specified in [3.7.5]. 


Page 58 July 2012 


Common Structural Rules for Bulk Carriers Chapter 10, Section 3 


3.7.5 Nominal hoisting speed 
The nominal speed of the chain cable when hoisting the anchor and cable, to be assumed as an average speed, is 


to be not less than 0.15 m/s. 
The speed is to be measured over two shots of chain cable during the entire trip; the trial is to commence with 3 


shots (82.5 m) of chain fully submerged. 


3.7.6 Windlass brake 
A windlass brake is to be provided having sufficient capacity to stop the anchor and chain cable when paying 


out the latter with safety, in the event of failure of the power supply to the prime mover. Windlasses not actuated 
by steam are also to be provided with a non-return device. 
A windlass with brakes applied and the cable lifter declutched is to be able to withstand a pull of 45% of the 


breaking load of the chain without any permanent deformation of the stressed parts or brake slip. 


3.7.7 Chain stoppers 
Where a chain stopper is fitted, it is to be able to withstand a pull of 80% of the breaking load of the chain. 


Where a chain stopper is not fitted, the windlass is to be able to withstand a pull of 80% of the breaking load of 


the chain without any permanent deformation of the stressed part or brake slip. 


3.7.8 Green sea loads 
Where the height of the exposed deck in way of the item is less than 0.1Z or 22 m above the summer load 


waterline, whichever is the lesser, the securing devices of windlasses located within the forward quarter length 

of the ship are to resist green sea forces. 

The green sea pressure and associated areas are to be taken equal to (see Fig 2): 

e 200 kN/m? normal to the shaft axis and away from the forward perpendicular, over the projected area in this 
direction 

e 150 kN/m? parallel to the shaft axis and acting both inboard and outboard separately, over the multiple of f 


times the projected area in this direction, 


where: 
f : Coefficient taken equal to 
f=1+ = , but not greater than 2.5 
B : Width of windlass measured parallel to the shaft axis, 
H : Overall height of windlass. 


Where mooring winches are integral with the anchor windlass, they are to be considered as part of the windlass. 
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Fore 
—> 


Centre line of Vesse/ 


Note: Fy to be examined trom both inboard and outboard 
directions separ ately - see [3.7.8]. The sign convertion ror yt ls 
reversed when Py (s trom the opposite direction as shown. 


Figure 2: Direction of forces and weight 


3.7.9 Forces in the securing devices of windlasses due to green sea loads 
Forces in the bolts, chocks and stoppers securing the windlass to the deck are to be calculated by considering the 


green sea loads specified in [3.7.8]. 

The windlass is supported by N bolt groups, each containing one or more bolts (see also Fig 3). 

The axial force R; in bolt group (or bolt) 7, positive in tension, is to be obtained, in kN, from the following 
formulae: 

e Ry = Py hx; Ail Ik 

e Ry =P, hy; A;/ 1, 

© R= Rui + Ry- Rsi 


where: 

Px : Force, in kN, acting normal to the shaft axis 

Py : Force, in kN, acting parallel to the shaft axis, either inboard or outboard, whichever gives the greater 
force in bolt group i 

h : Shaft height, in cm, above the windlass mounting 

x, Yi  : X and Y co-ordinates, in cm, of bolt group i from the centroid of all N bolt groups, positive in the 
direction opposite to that of the applied force 

A; : Cross-sectional area, in cm’, of all bolts in group Z 

L : Inertias, for N bolt groups, equal to: 
L = 2A; x7 
L=2}4; y 

Rs : Static reaction force, in KN, at bolt group i, due to weight of windlass. 
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Shear forces Fw , Fy; applied to the bolt group i, and the resultant combined force F; are to be obtained, in kN, 
from the following formulae: 

e Fy=(Pr-agM)/N 

e Fy, =(P,-agM)/N 

© F.=(F2+ F, os 


where: 

a : Coefficient of friction, to be taken equal to 0.5 
M : Mass, in t, of windlass 

N : Number of bolt groups. 


Axial tensile and compressive forces and lateral forces calculated according to these requirements are also to be 


considered in the design of the supporting structure. 


Coordinates x; and y; are shown 
as either positive (+ve) 
or negative(-ve). 


Figure 3: Sign convention 


3.7.10 Strength criteria for windlass subject to anchor and chain loads 
The stresses on the parts of the windlass, its frame and stopper are to be less than the yield stress of the material 


used. 

For the calculation of the above stresses, special attention is to be paid to: 

e stress concentrations in keyways and other stress raisers 

e dynamic effects due to sudden starting or stopping of the prime mover or anchor chain 


e calculation methods and approximation. 


3.7.11 Strength criteria for securing devices of windlass 
Tensile axial stresses in the individual bolts in each bolt group i are to be calculated according to the 


requirements specified in [3.7.9]. The horizontal forces F,; and Fy, to be calculated according to the 
requirements specified in [3.7.9], are normally to be reacted by shear chocks. 

Where "fitted" bolts are designed to support these shear forces in one or both directions, the equivalent Von 
Mises stress ø, in N/mm’, in the individual bolt is to comply with following formula: 


o<0.5 OBPL 
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where op, is the stress in the bolt considered as being loaded by the proof load. 
Where pourable resins are incorporated in the holding down arrangements, due account is to be taken in the 


calculations. 


3.7.12 Connection with deck 
The windlass, its frame and the stoppers are to be efficiently bedded to the deck. 


3.8 Chain stoppers 


3.8.1 
A chain stopper is generally to be fitted between the windlass and the hawse pipe in order to relieve the windlass 


of the pull of the chain cable when the ship is at anchor. A chain stopper is to be capable of withstanding a pull 
of 80% of the breaking load of the chain cable. The deck at the chain stopper is to be suitably reinforced. 

For the same purpose, a piece of chain cable may be used with a rigging screw capable of supporting the weight 
of the anchor when housed in the hawse pipe or a chain tensioner. Such arrangements are not to be considered as 


chain stoppers. 


3.8.2 
Where the windlass is at a distance from the hawse pipes and no chain stoppers are fitted, suitable arrangements 


are to be provided to lead the chain cables to the windlass. 


3.9 Chain locker 


3.9.1 
The capacity of the chain locker is to be adequate to stow all chain cable equipment and provide an easy direct 


lead to the windlass. 


3.9.2 
Where two chains are used, the chain lockers are to be divided into two compartments, each capable of housing 


the full length of one line. 


3.9.3 
The inboard ends of chain cables are to be secured to suitably reinforced attachments in the structure by means 


of end shackles, whether or not associated with attachment pieces. 
Generally, such attachments are to be able to withstand a force not less than 15% of the breaking load of the 
chain cable. 


In an emergency, the attachments are to be easily released from outside the chain locker. 


3.9.4 
Where the chain locker is arranged aft of the collision bulkhead, its boundary bulkheads are to be watertight and 


a drainage system is to be provided. 
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3.10 Fairleads and bollards 


3.10.1 


Fairleads and bollards of suitable size and design are to be fitted for towing, mooring and warping operations. 
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Section 1 - CONSTRUCTION 


1. Structural details 


1.1 Cut-outs, plate edges 


1.1.1 
The free edges (cut surfaces) of cut-outs, hatch corners, etc. are to be properly prepared and are to be free from 


notches. As a general rule, cutting draglines, etc. are not to be welded out, but are to be smoothly ground. All 
edges are to be broken or in cases of highly stressed parts, be rounded off. 

Free edges on flame or machine cut plates or flanges are not to be sharp cornered and are to be finished off as 
laid down in above. This also applies to cutting drag lines, etc., in particular to the upper edge of shear strake and 


analogously to weld joints, changes in sectional areas or similar discontinuities. 


1.1.2 
The hatch opening corners are to be machine cut. 


1.2 Cold forming 


1.2.1 
For cold forming (bending, flanging, beading) of corrugated bulkhead the inside bending radius is to be not less 


than 2¢ (¢ = as-built thickness). 

RCN 2 to July 2008 version (effective from I July 2010) 

In order to prevent cracking, flame cutting flash or sheering burrs are to be removed before cold forming. After 
cold forming all structural components and, in particular, the ends of bends (plate edges) are to be examined for 
cracks. Except in cases where edge cracks are negligible, all cracked components are to be rejected. Repair 


welding is not permissible. 


1.3 Assembly, alignment 


1.3.1 
The use of excessive force is to be avoided during the assembly of individual structural components or during 


the erection of sections. As far as possible, major distortions of individual structural components are to be 
corrected before further assembly. 

Structural members are to be aligned following the [ACS recommendation No.47 provisions given in Tab 1 or 
according to the requirements of a recognised fabrication standard that has been accepted by the Classification 
Society. In the case of critical components, control drillings are to be made where necessary, which are then to 
be welded up again on completion. 

After completion of welding, straightening and aligning are to be carried out in such a manner that the material 
properties are not influenced significantly. In case of doubt, the Society may require a procedure test or a 


working test to be carried out. 
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Table 1: Alignment (t, t, and tz: as-built thickness) 


Detail Standard Remarks 
Alignment of butt welds 


|: 


a<0.15¢ strength 


member t is the lesser plate 


a<0.2t other thickness 


but maximum 4.0 mm 


t; 


Strength member and Alternatively, heel line 
higher stress member: can be used to check 
a<t)/3 the alignment. 

Where t is less than 
Other: tı, then ¢; should be 
a<t,/2 substituted for f,. 


Alignment of fillet welds 


t,/2 
to/ 2 N La 


Strength member and Alternatively, heel line 
higher stress member: can be used to check 
a<tı/3 the alignment. 

Where ż; is less than fy, 
Other: then ż should be 
a<t,/2 substitute for ¢,. 


af i 
le 
tı/2 'tı/2 


Note: 


“strength” means the following elements: strength deck, inner bottom, bottom, lower stool, lower part of 
transverse bulkhead, bilge hopper and side frames of single side bulk carriers. 
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Detail Standard Remarks 


Alignment of face plates of T 
longitudinal 


Strength member 
a < 0.04b 


d ts 


b(mm) 


Alignment of height of T-bar, L- 
angle bar or bulb 


Strength member 
a<0.15t 

a = 3.0 mm 
Other 
a<0.2t 


Alignment of panel stiffener 


d<L/50 


Note: 
“strength” means the following elements: strength deck, inner bottom, bottom, lower stool, lower part of 
transverse bulkhead, bilge hopper and side frames of single side bulk carriers. 


RCN 2 to July 2008 version (effective from 1 July 2010) 
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Section 2 — WELDING 


1. General 


1.1 Application 


1.1.1 
The requirements of this Section apply to the preparation, execution and inspection of welded connections in 


hull structures. 


1.1.2 
Welding of hull parts is to be carried out by approved welders only. 


1.1.3 
Welding procedures and welding consumables approved for the types of connection and parent material in 


question are to be used. 


1.1.4 
Welding of connections is to be executed according to the approved plans. 


1.1.5 
The quality standard adopted by the shipyard is to be submitted to the Society and it applies to all welded 


connections unless otherwise specified on a case by case basis. 


1.1.6 
Completed weld joints are to be to the satisfaction of the attending Surveyor. 


1.1.7 
Non destructive examination (NDE) for weld is to be carried out at the position indicated by the test plan in 


order to ensure that the welds are free from cracks and internal harmful imperfections and defects. 


1.2 Welding consumables and procedures 


1.2.1 
Welding consumables adopted are to be approved by the Society. The requirements for the approval of welding 


consumables are given in the Society’s Rules or guide for welding. 


1.2.2 
The welding procedures adopted are to be approved by the Society. The requirements for the approval of 


welding procedures are given in the Society’s Rules or guide for welding. 


1.2.3 
Suitable welding consumables are to be selected depending on the kind and grade of materials. The requirements 


of the selection of welding consumables are given in the Society’s Rules or guide for welding. 
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1.3 Welders and NDE operators 


1.3.1 Welders 
Manual and semi-automatic welding is to be performed by welders certified by the Society as specified in the 


Society’s Rules or guide for welding. 


1.3.2 Automatic welding operators 
Personnel manning automatic welding machines and equipment are to be competent and sufficiently trained and 


certified by the Society as specified in the Society’s Rules or guide for welding. 


1.3.3 NDE operator 
NDE is to be carried out by qualified personnel certified by the Society or by recognized bodies in compliance 


with appropriate standards. 


1.4 Documentation to be submitted 


1.4.1 
The welding application plan to be submitted for approval has to contain the necessary data relevant to the 


fabrication by welding of the structures, kinds of welding procedure applied, welding position, etc. 


1.4.2 
The NDE plan to be submitted for approval has to contain the necessary data relevant to the locations and 


number of examinations, welding procedure(s) applied, method of NDE applied, etc. 


2. Types of welded connections 


2.1 General 


2.1.1 
The type of welded connections and the edge preparation are to be appropriate to the welding procedure adopted. 


2.2 Butt welding 


2.2.1 General 
Butt connections of plating are to be full penetration, welded on both sides except where special welding 


procedures approved by the Society is applied. 


2.2.2 Welding of plates with different thicknesses 
In the case of welding of plates with a difference in as-built thickness greater than 4 mm, the thicker plate is 


normally to be tapered. The taper has to have a length of not less than 3 times the difference in as-built thickness. 


RCN 1 to July 2010 version (effective from 1July 2012) 


2.2.3 Edge preparation, root gap 
Edge preparations and root gaps are to be in accordance with the adopted welding procedure and relevant bevel 


preparation. 
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2.3 Tee or cross joints 


2.3.1 General 
The connections of primary supporting members and stiffener webs to plating as well as plating abutting on 


another plating, are to be made by fillet welding or deep penetration weld, as shown in Fig 1. 


Figure1: Tee or cross joints 


t : As-built thickness of abutting plate, in mm 

f : Unwelded root face, in mm, taken as f <t/3 
t : Leg length of the fillet weld, in mm 

ty : Throat thickness, in mm. 


2.4 Full penetration welds 


2.4.1 Application 
Full penetration welds are to be used in the following connections: 


e rudder horns and shaft brackets to shell structure 

e rudder side plating to rudder stock connection areas 

e vertical corrugated bulkhead to inner bottom plating that are situated in the cargo area and arranged without 
transverse lower stool 

e vertical corrugated bulkhead to top plating of transverse lower stool 

e pillars to plating member, in case the stress acting on the pillar is tension (i.e. engine room, fore peak and 
deckhouses) 

e edge reinforcement or pipe penetrations both to strength deck, sheer strake and bottom plating within 0.6L 
amidships, when the dimension of the opening exceeds 300 mm 

e abutting plate panels with as-built thickness less than or equal to 12mm, forming boundaries to the sea 
below the summer load water line. For as-built thickness greater than 12mm, deep penetration weld with a 
maximum root face length f = T/3 is acceptable (see Fig.2). 


RCN 1 to July 2010 version (effective from IJuly 2012) 


2.4.2 
In case where shedder plates are fitted at the lower end of corrugated bulkhead, the shedder plates are to be 


welded to the corrugation and the top plate of the transverse lower stool by one side penetration welds or 


equivalent. 
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2.4.3 
The transverse lower stool side plating is to be connected to the transverse lower stool top plating and the inner 


bottom plating by full penetration welds. Deep penetration welds may be accepted. 


2.4.4 
The supporting floors are to be connected to the inner bottom plating by full penetration welds. Deep penetration 


welds may be accepted. 


2.4.5 
Generally, adequate groove angle between 40 and 60 degrees and root opening is to be taken and if necessary 


back gouging for both side welding is required. 


2.5 Deep penetration weld 


2.5.1 
Deep penetration weld is defined as Fig 2. 


T 


AGI) 


NLL 


* Root face (f) :3 mm to 7/3 mm 
* Groove angle (œ) : 40° to 60° 


Figure 2: Deep penetration weld 


2.6 Fillet welds 


2.6.1 Kinds and size of fillet welds and their applications 
Kinds and size of fillet welds for as-built thickness of abutting plating up to 50 mm are classed into 5 categories 


as given in Tab 1 and their application to hull construction is to be as required by Tab 2. 
In addition, for zones “a” and “b” of side frames as shown in Ch 3, Sec 6, Fig 19, the weld throats are to be 


respectively 0.44¢ and 0.44, where ¢ is as-built thickness of the thinner of two connected members. 
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Table 1: Categories of fillet welds 
Kinds of fillet | AS-Puilt thickness of | | length of fillet | eS Of | pitch, in 
Category abutting plate, ¢, in Š (2) fillet welds, in 
welds (1) weld, in mm 
mm 
FO Double t 0.7t : : 
continuous weld 
i t<10 0.5t+ 1.0 - - 
F1 Pouble 10 <1<20 0.4 + 2.0 z z 
continuous weld 
20 <t 0.3t + 4.0 - - 
t<10 0.4t+ 1.0 - - 
Double 
Ez continuous weld 10<1<20 0.34 + 2.0 - - 
20 <t 0.2t+ 4.0 - - 
t<10 0.3t+ 1.0 
pi | Double 10 <7<20 0.2¢+ 2.0 : - 
continuous weld 
20 <t 0.1¢+ 4.0 
t<10 0.5t+ 1.0 
F4 Intermittent weld 10<t<20 0.4t + 2.0 75 300 
20<t 0.3t+ 4.0 


(1) tis as-built thickness of the abutting plate, in mm. In case of cross joint as specified in Fig 1, ¢ is the 
thinner thickness of the continuous member and the abutting plate, to be considered independently for 
each abutting plate. 

(2) Leg length of fillet welds is made fine adjustments corresponding to the corrosion addition tç specified 
in Ch 3, Sec 3, Tab 1 as follows: 

+1.0mm_ fort. >5 


+0.5 mm for 5>1,>4 


+0.0mm for 4>¢,. >3 
-0.5mm fort. <3 


(3) Leg length is rounded to the nearest half millimetre. 
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Hull area 


General, 
unless 
otherwise 
specified 
in the 
table 


Table 2: 


Application of fillet welds 


Connection 


Category 


Of 
Watertight plate 


Boundary plating 


F1 


Brackets at ends of members 


F1 


Ordinary stiffener and 
collar plates 


Deep tank bulkheads 
Web of primary supporting members and collar plates 


F3 
F2 


Web of ordinary stiffener 


Plating (Except deep tank bulkhead) 


F4 


Face plates of At ends (15% of span) 


F2 


built-up 


stiffeners Elsewhere 


F4 


End of primary 
supporting members and 
ordinary stiffeners 
without brackets 


Deck plate, shell plate, inner bottom plate, bulkhead 
plate 


End of primary 
supporting members and 
ordinary stiffeners with 
brackets 


Deck plate, shell plate, inner bottom plate, bulkhead 
plate 


Bottom 
and double 
bottom 


Ordinary stiffener 


Bottom and inner bottom plating 


Center girder 


Shell plates in strengthened bottom forward 
Inner bottom plate and shell plate except the above 


Side girder including 
intercostal plate 


Bottom and inner bottom plating 


Bracket on center girder 


Shell plates 
and inner 
bottom plates 


At ends, on a length equal to two 
frame spaces 


Center girder and side girders in way of hopper tanks 


Elsewhere 
Center girder, inner bottom and shell plates 


Web stiffener 


Floor and girder 


Side and 
inner side 
in double 
side 
structure 


Web of primary 
supporting members 


Side plating, inner side plating and web of primary 
supporting members 


Side frame 
of single 
side 
structure 


Side frame and end 
bracket 


Side shell plate 


See Ch.3 
Sec 6 
Fig.19 


Tripping bracket 


Side shell plate and side frame 


F1 


Strength t213 


deck 


Side shell plating within 0.6L midship 


Elsewhere 


Deep 
penetration 


F1 


t<13 


Side shell plating 


F1 


Other deck 


Ordinary stiffener and 
intercostal girder 


Side shell plating 


F2 


Ordinary stiffeners 


Deck plating 


F4 
F3 


Hatch coamings 


At corners of hatchways for 15% of 


Deck plating the hatch length 


F1 


Elsewhere 


F2 


Web stiffeners 


Coaming webs 


F4 
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Hull area 


Connection 


Category 


Non-watertight bulkhead 


Boundaries 


Swash bulkheads 


Bulkheads structure 
. . Bulkhead At ends (25% of span), where no 
a pu ienee plating end brackets are fitted ni 
Shell plating, At end (15% of span) F1 
deck plating, 
inner bottom 
. Elsewhere F2 
Primary plating, 
supporting | Web plate bulkhead 
members” In tanks, and located within 0.125L 
F2 
F r from fore peak 
A Face area exceeds 65 cm? F2 
Elsewhere F3 
After peak | Internal members Boundaries and each other F2 
In way of main engine, thrust 
Bed plate bearing, boiler bearers and main F1 
generator engines 
Seating Girder and bracket Giüderplate In way of main engine and thrust Fl 
bearing 
Inner bottom In way of main engine and thrust F2 
plate and shell | bearing 
External bulkhead Deck F1 
> f f i At end (15% of 
Super Ordinary stiffeners Pe wall and ne Toy Orsay) 
structure deck plate Elsewhere F4 
and deck | End section of ordinar Without 
y tnou : à F1 
houses stiffener and Primary brackets Side wall and web of primary 
. f supporting members 
supporting member With bracket 


Pillar 
Ventilator 


Pillar 
Coaming 


Heel and head 
Deck 


Rudder Rudder frame 


Vertical frames forming main piece 


Rudder plate 


Rudder frames except above 


(1) For Hatch cover, weld sizes F1, F2 and F3 instead of FO, F1 and F2, respectively, are to be used. 


(2) Where the one side continuous welding is applied, the weld size F3 is to be applied. 


(3) The interior bulkheads are not included in this category. The welding of the interior bulkheads is to be 


subjected to the discretion of the Society. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


2.6.2 Intermittent welds 


Where double continuous fillet welds in lieu of intermittent welds are applied, leg length of fillet welds is to be 


of category F3. 


2.6.3 Size of fillet weld for abutting plating with small angle 
Where the angle between an abutting plate and the connected plate is not 90 degrees as shown in Fig 3, the size 


of fillet welds for the side of larger angle is to be increased in accordance with the following formula: 


f 1 
i, =t, 
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where: 


ty : Leg length of the fillet weld, in mm, as defined in [2.3.1] 


Figure 3: | Connecting angle 


2.6.4 Deep penetration welds 
The leg length of fillet welds of deep penetration type may be reduced by 15% of that required in Tab 1, 


depending on the welding procedure test. 


2.7 Lap joint welds 


2.7.1 General 
Lap joint welds may be adopted in very specific cases subject to the approval of the Society. Lap joint welds 


may be adopted for the followings: 
e peripheral connections of doublers 


e internal structural elements subject to very low stresses. 


2.7.2 Fillet welds 
Lap joints are to have the fillet size of category F1. 


2.8 Slot welds 


2.8.1 General 
Slot welds may be adopted in very specific cases subject to the approval of the Society. However, slot welds of 


doublers on the outer shell and strength deck are not permitted within 0.6L amidships. 


2.8.2 Size of fillet welds 
The slot welds are to have adequate shape to permit a thoroughly fused bead to be applied all around the bottom 


edge of the opening. The size of fillet welds is to be category F1 and spacing of slots is to be as determined by 


the Society on a case by case basis. 


3. Connection details 


3.1 Bilge keel connection 


3.1.1 
The intermediate flat, through which the bilge keel is connected to the shell, according to Ch 3, Sec 6, [6.5.2], is 


to be welded to bilge plating and bilge keel. 


3.1.2 
The butt welds of the intermediate flat and bilge keel are to be full penetration and shifted from the shell butts. 
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The butt welds of the bilge plating and those of the intermediate flat are to be flush in way of crossing, 
respectively, with the intermediate flat and with the bilge keel. 


3.1.3 
Along the longitudinal edges, the intermediate flat is to be continuously fillet welded with a throat thickness "a" 


of 0.3 times its thickness. At the ends of intermediate flat, the throat thickness "a" at the end faces is to be 
increased to 0.5 times the intermediate flat thickness but is to be less than the bilge plating thickness (see Fig 4). 
The welded transition at the end faces of the doubling plates to the plating should form with the latter an angle of 


45° or less. 


about 3h 


Figure 4: Bilge keel welding arrangement 
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Section 3 — TESTING OF COMPARTMENTS 


1. General 


1.1 Definitions 


1.1.1 Shop primer 
Shop primer is a thin coating applied after surface preparations and prior to fabrication as a protection against 


corrosion during fabrication. 


1.1.2 Protective coating 
Protective coating is a final coating protecting the structure from corrosion. 


1.1.3 Structural testing 
Structural testing is a hydrostatic test carried out to demonstrate the tightness of the tanks and the structural 


adequacy of the design. Where practical limitations prevail and hydrostatic testing is not feasible (for example 
when it is difficult, in practice, to apply the required head at the top of tank), hydropneumatic testing may be 
carried out instead. When hydropneumatic testing is performed, the conditions should simulate, as far as 


practicable, the actual loading of the tank. 


1.1.4 Hydropneumatic testing 
Hydropneumatic testing is a combination of hydrostatic and air testing, consisting in filling the tank with water 


up to its top and applying an additional air pressure. The value of additional air pressure is at the discretion of the 


Society, but is to be at least as defined in [2.2]. 


1.1.5 Leak testing 
Leak testing is an air or other medium test carried out to demonstrate the tightness of the structure. 


1.1.6 Hose testing 
Hose testing is carried out to demonstrate the tightness of structural items not subjected to hydrostatic or leak 


testing and to other compartments which contribute to the watertight integrity of the hull. 


1.2 Application 


1.2.1 
The following requirements determine the testing conditions for: 


e tanks, including independent tanks, 


e watertight or weathertight structures. 


1.2.2 
The purpose of these tests is to check the tightness and/or the strength of structural elements at time of ship 


construction and on the occasion of major repairs. 
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1.2.3 
Tests are to be carried out in the presence of the Surveyor at a stage sufficiently close to completion so that any 


subsequent work not impair the strength and tightness of the structure. 


2. Testing methods 


2.1 Structural testing 


2.1.1 
Structural testing may be carried out after application of the shop primer. 


2.1.2 
Structural testing may be carried out after the protective coating has been applied, provided that one of the 


following two conditions is satisfied: 
e all the welds are completed and carefully inspected visually to the satisfaction of the Surveyor prior to the 
application of the protective coating, 


e leak testing is carried out prior to the application of the protective coating. 


2.1.3 
In absence of leak testing, protective coating should be applied after the structural testing of: 


e all erection welds, both manual and automatic, 


e all manual fillet weld connections on tank boundaries and manual penetration welds. 


2.2 Leak testing 


2.2.1 
Where leak testing is carried out, in accordance with Tab 1, an air pressure of 0.15-10° Pa is to be applied 


during the test. 


2.2.2 
Prior to inspection, it is recommended that the air pressure in the tank is raised to 0.20-10° Pa and kept at this 
level for about | hour to reach a stabilized state, with a minimum number of personnel in the vicinity of the tank, 


and then lowered to the test pressure. 


2.2.3 
The Society may accept that the test is conducted after the pressure has reached a stabilized state at 0.20-10° 


Pa, without lowering pressure, provided they are satisfied of the safety of the personnel involved in the test. 


2.2.4 
Welds are to be coated with an efficient indicating liquid. 
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2.2.5 
A U-tube filled with water up to a height corresponding to the test pressure is to be fitted to avoid overpressure 


of the compartment tested and verify the test pressure. The U-tube should have a cross section larger than that of 
the pipe supplying air. 
In addition, test pressure is also to be verified by means of one master pressure gauge. The Society may accept 


alternative means which are considered to equivalently reliable. 


2.2.6 
Leak testing is to be carried out, prior to the application of protective coating, on all fillet weld connections on 


tank boundaries, penetrations and erection welds on tank boundaries excepting welds may be automatic 
processes. Selected locations of automatic erection welds and pre-erection manual or automatic welds may be 
required to be similarly tested at the discretion of the Surveyor taking account of the quality control procedures 
operating in the shipyard. For other welds, leak testing may be carried out, after the protective coating has been 


applied, provided that these welds were carefully inspected visually to the satisfaction of the Surveyor. 


2.2.7 
Any other recognized method may be accepted to the satisfaction of the Surveyor. 


2.3 Hose testing 


2.3.1 
When hose testing is required to verify the tightness of the structures, as defined in Tab 1, the minimum pressure 


in the hose, at least equal to 2 - 10° Pa, is to be applied at a maximum distance of 1.5 m. The nozzle diameter is 
not to be less than 12 mm. 


Corrigenda I to July 2012 version (effective from IJuly 2012) 


2.4 Hydropneumatic testing 


2.4.1 
When hydropneumatic testing is performed, the same safety precautions as for leak testing are to be adopted. 


2.5 Other testing methods 


2.5.1 
Other testing methods may be accepted, at the discretion of the Society, based upon equivalency considerations. 


3. Testing requirements 


3.1 General 


3.1.1 
General testing requirements for testing are given in Tab 1. 
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Section 1 — GRAB ADDITIONAL CLASS NOTATION 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
Mer : Mass of unladen grab, in tons 


s : Spacing, in m, of ordinary stiffeners, measured at mid-span 


1. Basic concepts 


1.1 Application 


1.1.1 
The additional class notation GRAB [X] is assigned, in accordance with Ch 1, Sec 1, [3.2], to ships with holds 


designed for loading/unloading by grabs having a maximum specific weight up to [X] tons, in compliance with 


the requirements of this Section. 


1.1.2 
It is to be noted that this additional class notation does not negate the use of heavier grabs, but the owner and 


operators are to be made aware of the increased risk of local damage and possible early renewal of inner bottom 


plating if heavier grabs are used regularly or occasionally to discharge cargo. 


2. Scantlings 


2.1 Plating 


2.1.1 
The net thickness of plating of inner bottom, hopper tank sloping plate, transverse lower stool, transverse 


bulkhead plating and inner hull up to a height of 3.0m above the lowest point of the inner bottom, excluding 
bilge wells, is to be taken as the greater of the following values: 

e t¢,as obtained according to requirements in Ch 6 and Ch 7 

e fcr, as defined in [2.1.2] and [2.1.3]. 

RCN 1 to July 2008 version (effective from 1 July 2009) 


2.1.2 
The net thickness tgr, in mm, of the inner bottom plating is to be obtained from the following formula: 


tor =0.28(M cr + 50W'sk 


2.1.3 
The net thickness tgr, in mm, of hopper tank sloping plate, transverse lower stool, transverse bulkhead plating 


and inner hull up to a height of 3.0m above the lowest point of the inner bottom, excluding bilge wells, is to be 


obtained from the following formula: 


tor = 0.28(M cr +42)Wsk RCN 1 to July 2008 version (effective from 1 July 2009) 
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Section 1 - MAINTENANCE OF CLASS 


1. General 


1.1 Application 


1.1.1 
The survey requirements for the maintenance of class of bulk carriers are given in UR Z10.2 for single side skin 


bulk carriers and UR Z10.5 for double side skin bulk carriers. 
Thickness measurements are a major part of surveys to be carried out for the maintenance of class, and the 
analysis of these measurements is a prominent factor in the determination and extent of the repairs and renewals 


of the ship’s structure. 


1.1.2 
(Void) 
Corrigenda I to July 2012 version (effective from IJuly 2012) 


1.1.3 
(Void) 
Corrigenda I to July 2012 version (effective from 1July 2012) 


1.2 Definitions 


1.2.1 Local corrosion 
Local corrosion is pitting corrosion, grooving, edge corrosion, necking effect or other corrosions of very local 


aspect. 


1.2.2 Substantial corrosion 
Substantial corrosion is an extent of corrosion such that assessment of the corrosion pattern indicates gauged (or 


measured) thickness between fyenewa; AN trenewal + treserve: 
(RCN 2, effective from 1 July 2008) 


1.2.3 Deck zone 
The deck zone includes all the following items contributing to the hull girder strength above the horizontal strake 


of the topside tank or above the level corresponding to 0.9D above the base line if there is no topside tank: 


E strength deck plating 

° deck stringer 

° sheer strake 

° side shell plating 

e top side tank sloped plating, including horizontal and vertical strakes 
° longitudinal stiffeners connected to the above mentioned platings. 


Corrigenda I to July 2012 version (effective from IJuly 2012) 
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1.2.4 Bottom zone 
The bottom zone includes the following items contributing to the hull girder strength up to the upper level of the 


hopper sloping plating or up to the inner bottom plating if there is no hopper tank: 


. keel plate 

° bottom plating 

° bilge plate 

° bottom girders 

° inner bottom plating 

° hopper tank sloping plating 

° side shell plating 

e longitudinal stiffeners connected to the above mentioned platings. 


Corrigenda I to July 2012 version (effective from 1July 2012) 


1.2.5 Neutral axis zone 
The neutral axis zone includes the plating only of the items between the deck zone and the bottom zone, as for 


example: 
° side shell plating 
. inner hull plating, if any. 


Corrigenda I to July 2012 version (effective from IJuly 2012) 
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Section 2 - Acceptance criteria 


Symbols 
For symbols not defined in this Section, refer to Ch 1, Sec 4. 
Ponera : Renewal thickness; Minimum allowable thickness, in mm, below which renewal of structural 


members is to be carried out 


trenewal = las built = tc- Ívoluntary_addition 


brent : Reserve thickness; Thickness, in mm, to account for anticipated thickness diminution that may 
occur during a survey interval of 2.5 year. (treserve = 0.5 mm) 

tc : Corrosion addition, in mm, defined in Ch 3, Sec3 

tas built : As built thickness, in mm, including tyotuntary addition , if any 


tyoluntary_addition : Voluntary thickness addition; Thickness, in mm, voluntarily added as the Owner’s extra margin 
for corrosion wastage in addition to tc 
teauged : Gauged thickness, in mm, on one item, i.e average thickness on one item using the various 


measurements taken on this same item during periodical ship’s in service surveys. 


1. Local strength criteria 


1.1 Application 


1.1.1 
The items to be considered for the local strength criteria are those defined in UR Z10.2 for single side skin bulk 


carriers and UR Z10.5 for double side skin bulk carriers. 


1.2 Renewal thickness for corrosion other than local corrosion 


1.2.1 


For each item, steel renewal is required when the gauged thickness faugeq is less than the renewal thickness, as 
specified in the following formula: 
t 


gauged < t renewal, 


Where the gauged thickness tsaugeais such as: 


gauge 
trenewal S tgauged < brenewal T treserve 
coating applied in accordance with the coating manufacturer’s requirements or annual gauging may be adopted 


as an alternative to the steel renewal. The coating is to be maintained in good condition. 


1.3 Renewal thickness for local corrosion 


1.3.1 
If pitting intensity in an area where coating is required, according to Ch 3, Sec 5, is higher than 15% (see Fig 1), 


thickness measurements are to be performed to check the extent of pitting corrosion. The 15% is based on pitting 


or grooving on only one side of a plate. 
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In cases where pitting is exceeding 15%, as defined above, an area of 300 mm or more, at the most pitted part of 

the plate, is to be cleaned to bare metal and the thickness is to be measured in way of the five deepest pits within 

the cleaned area. The least thickness measured in way of any of these pits is to be taken as the thickness to be 

recorded. 

The minimum remaining thickness in pits, grooves or other local areas as defined in Ch 13, Sec1, [1.2.1] is to be 

greater than: 

e 75% of the as-built thickness, in the frame and end brackets webs and flanges 

e 70% of the as-built thickness, in the side shell, hopper tank and topside tank plating attached to the each side 
frame, over a width up to 30 mm from each side of it, 


without being greater than tenewar- 
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Figure 1: Pitting intensity diagrams (from 5% to 25% intensity) 


1.4 Global strength criteria 


1.4.1 Items for the global strength criteria 
The items to be considered for the global strength criteria are those of the deck zone, the bottom zone and the 


neutral axis zone, as defined in Ch 13, Sec 1, [1.2]. 


1.4.2 Renewal thickness 
The global strength criteria is defined by the assessment of the bottom zone, deck zone and neutral axis zone, as 


detailed below. 
a) bottom zone and deck zone: 
The current hull girder section modulus determined with the thickness measurements is not to be less than 90% 


of the section modulus calculated according to Ch 5, Sec 1 with the gross offered thicknesses. 
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Alternatively, the current sectional areas of the bottom zone and of the deck zone which are the sum of the 
gauged items area of the considered zones, are not to be less than 90% of the sectional area of the corresponding 
zones determined with the gross offered thicknesses. 

b) neutral axis zone: 

The current sectional area of the neutral axis zone, which is the sum of the gauged platings area of this zone, is 
not to be less than 85% of the gross offered sectional area of the neutral axis zone. 

If the actual wastage of all items, of a given transverse section, which contribute to the hull girder strength is less 
than 10% for the deck and bottom zones and 15% for the neutral axis zone, the global strength criteria of this 


transverse section is automatically satisfied and its checking is no more required. 


Corrigenda I to July 2012 version (effective from 1July 2012) 
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FOREWORD COMMON STRUCTURAL RULES FOR OIL TANKERS 


COMMON STRUCTURAL RULES FOR 


DOUBLE HULL OIL TANKERS 


Foreword 
1. This version of the Rules is effective as of 1s July 2012. 
2. This version incorporates changes made to the 1 July 2010 consolidated edition. 


3. The Rules contain two parts, one part that is for information and does not constitute 
specific requirements and one part giving structural rules for double hull oil tankers of 
150m or greater. 


Subjects for information are given in Section 1 - Introduction and Section 2 - Rule Principles. 
Specific rule requirements are given in Sections 3 to 12 and the Appendices. 


4. The following table provides a revision history of the Rules. 


Effective Reference Rule 
Amendment Type / No. | Approval Date Date * Edition 
Corrigenda 1 7 Apr 2006 1 Apr 2006 | 1 Jan 2006 edition 
Corrigenda 2 27 July 2006 1 Apr 2006 | 1 Jan 2006 edition 


Rule Change Notice 1 29 Sept 2006 1 Apr 2007 | 1 Jan 2006 edition 


Corrigenda 3 19 Nov 2007 1 Apr 2006 | 1 Jan 2006 edition 


Rule Change Notice 2 25 Feb 2008 1 July 2008 | 1 Jan 2006 edition 


Corrigenda 1 (1 July 1 July 2008 
6 2008 consolidated 2 July 2008 1 July 2008 consolidated 
edition) edition 
Rule Change Notice 1 11 Nov 2009 1 July 2008 
7 | (1 July 2008 consolidated (Amended 1 Feb 2010 consolidated 
edition) version) !) edition 
Rule Change Notice 1 1 July 2008 
8 | (1 July 2008 consolidated | 12 Apr 2010 1 July 2010 consolidated 
edition) edition 


JULY 2012 FOREWORD/ PAGE 1 OF 2 


FOREWORD COMMON STRUCTURAL RULES FOR OIL TANKERS 


Effective Reference Rule 
Amendment Type/ No. | Approval Date Date * Edition 
Rule Change Notice 1 1 July 2010 
(1 July 2010 consolidated | 30 Dec 2011 1 July 2012 consolidated 
edition) edition 


* For effective date, refer to the implementation statements of relevant Corrigenda / 
Rule Changes. 


1) RCN 1 to July 2008 edition was originally approved on 28 January 2009, however 
following input from industry, LACS Council decided to postpone the original 
implementation date of 1 July 2009 until such time as a technical study was 
completed. 

In November 2009, following further technical review, [ACS Council agreed an 
amended version of RCN 1 to enter into force on 1 February 2010. 


Note: When the word ‘(void)’ appears in the text, it means that the concerned part has been deleted. 
This is to keep the numbering of the remainder unchanged. 


Copyright in these Common Structural Rules is owned by each IACS Member as at 15 January 2006. 
Copyright © 2006. 


The IACS members, their affiliates and subsidiaries and their respective officers, employees or agents (on behalf 
of whom this disclaimer is given) are, individually and collectively, referred to in this disclaimer as the "IACS 
Members". The IACS Members assume no responsibility and shall not be liable whether in contract or in tort 
(including negligence) or otherwise to any person for any liability, or any direct, indirect or consequential loss, 
damage or expense caused by or arising from the use and/or availability of the information expressly or 
impliedly given in this document, howsoever provided, including for any inaccuracy or omission in it. For the 
avoidance of any doubt, this document and the material contained in it are provided as information only and not 
as advice to be relied upon by any person. 


Any dispute concerning the provision of this document or the information contained in it is subject to the 
exclusive jurisdiction of the English courts and will be governed by English law. 
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1 INTRODUCTION TO COMMON STRUCTURAL RULES FOR OIL TANKERS 
1.1 General 


1.1.1 Applicability 


1.1.1.1 These Rules apply to double hull oil tankers of 150m length, L, and upward classed 
with the Society and contracted for construction® on or after 1 April 2006. The 
definition of the rule length, L, is given in Section 4/1.1.1.1. 


1.1.1.2 Generally, for double hull tankers of less than 150m in length, L, the Rules of the 
individual Classification Society are to be applied. 


1.1.1.3 Ships contracted for construction before the effective date of these Rules are to 
comply with the Rules of the individual Classification Society. 

Note 

The “contracted for construction” date means the date on which the contract to build the vessel is signed between 


the prospective owner and the shipbuilder. For further details regarding the date of “contracted for construction”, 
see IACS Procedural Requirement (PR) No. 29. 


1.2 Application of Individual Classification Rules 


1.2.1 Regions of the ship which these Rules do not cover 
1.2.1.1 For regions of the structure which these Rules do not cover, the relevant 
requirements of the individual Classification Society’s Rules are to be applied. 


13 Guidance on Rule Structure 


1.3.1 Framework 


1.3.1.1 The Rules are structured in Sections giving instructions for detailed application and 
requirements which are applied in order to satisfy the Rule objectives. The 
acceptable procedures for the structural analysis required by the Rules are given in 
the Appendices. 


1.3.2 Numbering and cross-references 


1.3.2.1 The system for numbering of Sections and Sub-Sections is given in Table 1.1.1. 


Table 1.1.1 

Section Numbering 
Order | Levels Example 
1 Section name (displayed in the header) SECTION 1 - INTRODUCTION 
2 Sub-Section 1 INTRODUCTION TO THE COMMON STRUCTURAL... 
3 Sub-Section 2 1.1 General 
4 Sub-Section 3 1.1.1 Development of the rules 
5 Paragraph number 1.1.1.1 An important part of the classification 

process is the development of rule... 


1.3.2.2 The system for the numbering of Tables and Figures is given in Table 1.1.2. 


JULY 2012 SECTION 1.1/ PAGE 1 


SECTION 1 - INTRODUCTION COMMON STRUCTURAL RULES FOR OIL TANKERS 


Table 1.1.2 
Numbering of Tables and Figures 


Table location in document Example of numbering 


Section 5, Sub-Section 1, 24 table in sub-section Table 5.1.2 


Section 1, Sub-Section 12, 5th table in sub-section |Table 1.12.5 


Section 10, Sub-Section 4, 3™4 table in sub-section |Table 10.4.3 


Figure location in document 


Section 5, Sub-Section 1, 274 figure in sub-section | Figure 5.1.2 


Section 1, Sub-Section 12, 5t figure in sub-section | Figure 1.12.5 


Section 10, Sub-Section 4, 3"4 figure in sub-section | Figure 10.4.3 


1.3.2.3 Cross-references are given in italics throughout the document. 


1.3.2.4 Cross-references within a Section (local) are represented as a Sub-Section or 


Paragraph number, e.g. 4.2 or 4.2.1.1. See Table 1.1.3. 


1.3.2.5 Cross-references outside a Section (global) are represented as Section no./Sub- 


Section or Paragraph number, e.g. Section 4/2.1.1.3. See Table 1.1.3. 


Table 1.1.3 
How Cross-References are Applied 


Location of reference Example of cross-reference 


Local (within a Section) 


Text in Sub-Section 4.2 See 4.2 in 4.2 
Text in Sub-Section 6.2.2 See 6.2.2 in 6.2.2 
Text in Paragraph 5.1.2.1 See 5.1.2.1 in 5.1.2.1 


Global (outside a section) 


Text in Section 6, Sub-Section 4.2 Section 6/4.2 
Text in Section 6, Sub-Section 6.2.2 Section 6/6.2.2 
Text in Section 6, Paragraph 5.1.2.1 Section 6/5.1.2.1 


1.3.3 General organization of the Rules 


1.3.3.1 The general organisation of the Rules is shown in Figure 1.1.1 
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Figure 1.1.1 
Schematic Layout of the Rules 
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1 INTRODUCTION 
1.1 Rule Principles 


1.1.1 Rule objectives 


1.1.1.1 The objectives of the Rules are to establish requirements to reduce the risks of 
structural failure in order to help improve the safety of life, environment and 
property and to provide adequate durability of the hull structure for the design life. 


1.1.2 General 


1.1.2.1 The sub-sections contain: 


(a) the General Assumptions; pertaining to the design, construction and operation 
of the ship and gives information on the responsibilities of Classification 
Societies, builders and owners 


(b) the Design Basis; which specifies the premises that the design principles of the 
Rules are based on, in terms of design parameters and assumptions about the 
ship operation 

(c) the Design Principles; which define the fundamental principles used for the 
structural requirements in the Rules with respect to loads, structural capacity 
and assessment criteria 


(d) the Application of the Design Principles; which describes how the design 


principles and methods are applied and what criteria are used to demonstrate 
that the structure meets the objective. 
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2 GENERAL ASSUMPTIONS 


2.1 General 


2.1.1 International and national regulations 


2.1.1.1 


2.1.1.2 


2.1.1.3 


Ships are to be designed, constructed and operated in compliance with the 
regulatory framework prescribed internationally by the International Maritime 
Organisation and implemented by National Administrations. 


The Rules are based on the assumptions that all applicable statutory requirements 
are complied with. 


The Rules incorporate the IACS unified requirements as shown in Table 2.2.1. 


2.1.2 Classification Societies 


2.1.2.1 Classification Societies develop and publish the standards for the hull structure and 
essential engineering systems. Classification Societies verify compliance with the 
classification requirements and the applicable international regulations when 
authorised by a National Administration during design, construction and operation 
of a ship. 
RCN 2 to July 2008 version (effective from 1 July 2010) 
Table 2.2.1 
IACS Unified Requirements Applicable to Oil Tankers 
Number | Title 
Al Equipment 
A2 Shipboard fittings and supporting hull structures associated with towing and mooring on 
conventional vessels 

S1 Requirements for Loading Conditions, Loading Manuals and Loading Instruments 

S2 Definitions of ship’s length L and block coefficient Cp 

S3 Strength of end bulkheads of superstructures and deckhouses 

S4 Criteria for use of high tensile steel with yield points of 315 N/mm? and 355N/mm? (with respect to 

longitudinal strength) 

S5 Calculation of midship section moduli for conventional ship for ship’s scantlings 

S6 Use of steel grades for various hull members — ships of 90m in length and above 

S7 Minimum longitudinal strength Standards 

S11 Longitudinal strength Standard 

S13 Strength of bottom forward in oil tankers 

S14 Testing procedures of Watertight Compartments 

S26 Strength and securing of Small Hatches on the Exposed Fore Deck 

S27 Strength Requirements for Fore Deck Fittings and Arrangements 


2.1.3 Responsibilities of Classification Societies, builders and owners 


2.1.3.1 


These Rules address the hull structural aspects of classification and do not include 
requirements related to the verification of compliance with the Rules during 
construction and operation. The verification of compliance with these Rules is the 
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responsibility of all parties and requires that proper care and conduct is shown by 
all parties involved in its implementation. These responsibilities include: 


(a) general aspects: 


e relevant information and documentation involved in the design, 
construction and operation is to be communicated between all parties in a 
clear and efficient manner. The builder is responsible for providing design 
documentation according to requirements specified in the Rules. Other 
requirements for information and documentation are specified by the 
requirements and approval procedures of the individual Classification 
Societies 


e quality systems are applied to the design, construction, operation and 
maintenance activities to assist compliance with the requirements of the 
Rules. 


(b) design aspects: 
e it is the responsibility of the owner to specify the intended use of the ship, 
and the responsibility of the builder to ensure that the operational capability 


of the design fulfils the owner's requirements as well as the structural 
requirements given in the Rules 


e the builder shall identify and document the operational limits for the ship so 
that the ship can be safely and efficiently operated within these limits 


e verification of the design is performed by the builder to check compliance 
with provisions contained in the Rules in addition to national and 
international regulations 


e the design is performed by appropriately qualified, competent and 
experienced personnel 


e the classification society is responsible for a technical appraisal of the design 
plans and related documents for a ship to verify compliance with the 
appropriate classification rules. 


RCN 2 to July 2008 version (effective from 1 July 2010) 
(c) construction aspects: 


e the builder is responsible for ensuring that adequate supervision and 
quality control is provided during the construction 


e construction is to be carried out by qualified and experienced personnel 


e workmanship, including alignment and tolerances, is to be in accordance 
with acceptable shipbuilding standards 


e the Classification Society is responsible for surveying to verify that the 
construction and quality control are in accordance with the plans and 
procedures. 


(d) operational aspects: 


e the owner is to ensure that the operations personnel are aware of, and 
comply with, the operational limitations of the ship 


e the owner is to provide operations personnel with sufficient training such 
that the ship is properly handled to ensure that the loads and resulting 
stresses imposed on the structure are minimised 


e the owner is to ensure that the ship is maintained in good condition and in 
accordance with the Classification Society survey scheme and also in 
accordance with the international and national regulations and 
requirements 
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e the Classification Society is responsible for surveying to verify that the 
vessel maintains its condition of class in accordance with the Classification 
Society survey scheme. 
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3 DESIGN BASIS 
3.1 General 


3.1.1 The design basis 


3.1.1.1 This Sub-Section specifies the design parameters and the assumptions about the 
ship operation that are used as the basis of the design principles of the Rules. 


3.1.1.2 The Rules are applicable for ships in compliance with the specified design basis. 
Special consideration will be given to deviations from this design basis. 


3.1.1.3 The design basis used for the design of each ship is to be documented and 
submitted to the Classification Society as part of the design review and approval. 
All deviations from the design basis are to be formally advised to the Classification 
Society. 


3.1.2 Arrangement and layout 

3.1.2.1 The Rules cover typical double hull tankers of greater than or equal to 150m in 
length and with arrangements as follows: 
(a) engine room and deck house located aft of the cargo tank region, and 


(b) in addition to the inner skin two longitudinal oil-tight bulkheads with no 
centreline longitudinal bulkhead, or 


(c) in addition to the inner skin one centreline longitudinal oil-tight bulkhead. 


3.1.2.2 The ship’s structure is assumed to be: 
(a) constructed of welded steel structures 
(b) composed of stiffened plate panels 
(c) longitudinally framed with full transverse bulkheads and intermediate web 
frames. 
3.1.2.3 The typical arrangements covered by the Rules are shown in Figure 2.3.1 and 
assume that the structural arrangements include: 


(a) narrow double side structure and double bottom structure with breadth/ depth 
in accordance with statutory requirements 


(b) single deck ships 
(c) side longitudinal, centreline longitudinal or transverse bulkheads of plane, 
corrugated or double skin construction 


(d) the number and location of bulkheads are arranged to comply with the statutory 
requirements. 


The cross sections shown in Figure 2.3.1 are typical examples only and other 
variations of cross tie and web frame arrangements are also covered 
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Figure 2.3.1 
Typical Arrangements of Double Hull Tankers 


3.1.2.4 The Rules assume the following hull form with respect to environmental loading: 
(a) full form ship with block coefficient (C) greater than 0.7 
(b) the ship length breadth ratio (L/B) greater than 5 
(c) ship breadth depth ratio (B/D) less than 2.5 
( 


d) the metacentric height (GM) not greater than 0.12B for homogeneously full load 
conditions, and 0.33B for ballast conditions. 


3.1.3 Design life 


3.1.3.1 A nominal design life of 25 years is assumed for selecting appropriate ship design 
parameters. The specified design life is the nominal period that the ship is assumed to 
be exposed to operating conditions. However, the ship’s actual service life may be 
longer or shorter depending on the actual operating conditions and maintenance of 
the ship throughout its life cycle. 


3.1.4 Design speed 


3.1.4.1 The design maximum service speed is to be specified by the designer. The Rules 
assume that the ship is able to operate at this service speed on a continuous basis, 
but this does not relieve the responsibilities of the owner and personnel to properly 
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handle the ship and reduce speed or change heading in severe weather, see 
2.1.3.1(d). 


3.1.5 Operating conditions 


3.1.5.1 


3.1.5.2 


The ship is to be capable of carrying the intended cargo with the necessary 
flexibility in operation to fulfil its design role. Specification of cargo loading 
conditions as required by the Rules and any additional cargo loading conditions 
required by the owner are the responsibility of the designer. 


The Rules assume the following: 


(a) a minimum set of specified loading conditions as defined in the Rules are 
examined. These are to include both seagoing and harbour loading conditions 


(b) in addition to the minimum set of specified loading conditions, all relevant 
additional loading conditions covering the intended ship’s service which result 
in increased still water shear force, bending moments or increased local static 
loadings are to be submitted for review 


(c) the Trim and Stability Booklet, Loading Manual and loading computer systems 
specify the operational limitations to the ship and these comply with the 
appropriate statutory and classification requirements 


(d) all cargo tanks are from a local strength point of view including sloshing 
designed for unrestricted filling for a cargo density as specified in 3.1.8. 
Limitations to loading patterns resulting in full or empty adjacent tanks as 
specified in the Rules and the Loading Manual do however apply for primary 
support members and hull girder shear force and bending moments. 


3.1.6 Operating draughts 


3.1.6.1 


The design operating draughts are to be specified by the designer and are to be used 
to derive the appropriate structural scantlings. All operational loading conditions in 
the Loading Manual are to comply with the specified design operating draughts. 
The following design operating draughts are as a minimum to be considered: 


(a) the maximum and minimum mean operational draughts 
(b) maximum scantling draught for the assessment of structure 


(c) minimum draughts forward for the assessment of bottom slamming, with and 
without ballast tanks in way filled 


(d) maximum mean draught for a condition with all cargo tanks abreast empty 


(e) maximum mean draught for a condition with empty centre or wing cargo tank. 


3.1.7 External environment 


3.1.7.1 


3.1.7.2 


3.1.7.3 
3.1.7.4 


To cover worldwide trading operations and also to deal with the uncertainty in the 
future trading pattern of the ship and the corresponding wave conditions that will 
be encountered, a severe wave environment is used for the design assessment. The 
rule requirements are based on a ship trading in the North Atlantic wave 
environment for its entire design life. 


The effects of wind and current on the structure are considered to be negligible and 
hence are not explicitly included. 


The Rules do not include the effects of ice. 


The Rules assume that the structural assessment of hull strength members is valid 
for the following design temperatures: 


(a) lowest daily mean temperature in air is -10 °C 
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(b) lowest daily mean temperature in sea water is 0 °C 

Ships operating for long periods in areas with lower daily mean air temperature 
may be subject to additional requirements as specified by the individual 
Classification Society. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


3.1.8 Internal environment (cargo and water ballast tanks) 


3.1.8.1 


3.1.8.2 


3.1.8.3 
3.1.8.4 


3.1.8.5 


3.1.8.6 


A specific gravity (SG) of 1.025, or a higher value if specified by the designer, is to 
be used for oil cargoes for the strength assessment of cargo tank structures. 


For the fatigue assessment of cargo tank structures, a representative mean cargo 
density throughout the ship’s life is to be used. The representative mean density is 
to be taken as 0.9 tonnes/m$ or the cargo density from the homogeneous full load 
condition at the full load design draught Tran, if this is higher. 

(RCN 2, effective from 1 July 2008) 


A SG of 1.025 is to be used for water ballast. 


The Rules are based on the following design temperatures for the cargo: 

(a) maximum cargo temperature is 80 °C 

(b) minimum cargo temperature is 0 °C. 

The design aspects and assumption upon which corrosion additions in the Rules are 
specified are as follows: 


(a) the corrosion additions are based on a combination of experience and a 
statistical evaluation of historical corrosion measurements. The corrosion 
additions are based on the carriage of a mixture of crude and other oil products 
with various degrees of corrosive properties 

(b) the corrosion additions are based on the design life, see 3.1.3.1 

(c) ballast tanks are coated. Requirements for coating application and maintenance 
are excluded from the Rules. 


The values for corrosion additions and wastage allowance are specified in Section 
6/3 and Section 12 respectively. 


3.1.9 Structural construction and inspection 


3.1.9.1 


3.1.9.2 


3.1.9.3 


The structural requirements included in the Rules are developed with the 
assumption that construction and repair will follow acceptable shipbuilding and 
repair standards and tolerances. The Rules may require that additional attention is 
paid during construction and repair of critical areas of the structure. 


Tank strength and tightness testing are to be carried out as a part of the verification 
scheme. 


The Rules define the renewal criteria for the individual structural items. The 
structural requirements included are developed on the assumption that the 
structure will be subject to periodical survey in accordance with individual 
Classification Society Rules and Regulations. All structural elements are to be 
arranged to allow access for inspection, see Section 5/5. It is assumed that close-up 
inspection of the critical areas will be carried out on a regular basis. 
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3.1.10 Owner’s extras 


3.1.10.1 


Owner's specification of requirements above the general classification or statutory 
requirements may affect the structural design. Owner’s extras may include 
requirements for: 


a) vibration analysis 
b) maximum percentage of high strength steel 


( 
( 
(c) additional scantling dimensions above that required by the Rules 
(d) additional design margin on the loads specified by the Rules, etc 
( 


e) improved fatigue resistance, in the form of a specified increase in design fatigue 
life or equivalent 


(f) combinations of cargo loading patterns and draughts exceeding the Rule 
specified conditions 

(g) higher cargo density for fatigue evaluation for ships intended to carry high 
density cargo in part load conditions on a regular basis. 


Owners extras are not covered by these Rules. Owner’s extras that may affect the 
structural design are to be clearly specified in the design documentation. 
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4 DESIGN PRINCIPLES 
4.1 Overall Principles 


4.1.1 Introduction 


4.1.1.1 This Sub-Section defines the underlying design principles of the Rules in terms of 
loads, structural capacity models and assessment criteria and also construction and 
in-service aspects. 


4.1.2 General 


4.1.2.1 The Rules are based on the following overall principles: 


(a) the safety of the structure can be demonstrated by addressing the potential 
structural failure mode(s) when the vessel is subjected to operational loads and 
environmental loads/ conditions 


(b) the design complies with the design basis, see Sub-Section 3 


(c) the structural requirements are based on a consistent set of loads that represent 
typical worst possible loading scenarios 


(d) the structural requirements with respect to loads, capacity models and 
assessment criteria are presented in a modular format so that each component 
of the requirement is clearly identified. 


4.1.2.2 The ship’s structure is designed such that: 


(a) it has inherent redundancy. The ship’s structure works in a hierarchical manner 
and, as such, failure of structural elements lower down in the hierarchy should 
not result in immediate consequential failure of elements higher up in the 
hierarchy 


(b) permanent deformations are minimised. Permanent deformations of local panel 
or individual stiffened plate members may be acceptable provided that this 
does not affect the structural integrity, containment integrity or the performance 
of structural or other systems 


(c) the incidence of in-service cracking is minimised, particularly in locations which; 
affect the structural integrity or containment integrity, affect the performance of 
structural or other systems or are difficult to inspect and repair 


(d) it has adequate structural redundancy to survive in the event that the structure 
is accidentally damaged; for example, minor impact leading to flooding of any 
compartment. 


4.2 Loads 


4.2.1 Load scenarios 


4.2.1.1 The loads used for assessment of the structure covers the load scenarios 
encountered by the ship during operation at sea and in harbour. 


4.2.2 Design load combinations 


4.2.2.1 Design load combinations combine local and global load components to represent 
identified load scenarios. The design load combinations should be sufficiently 
severe and varied so as to encompass all scenarios that can reasonably occur during 
normal operation. 
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4.2.2.2 The design load combinations for the hull and structural members consider the 
most unfavourable combination of load effects in order to maintain a consistent 
safety level for all combinations. 


4.2.2.3 The design load combinations are based on one of the following combinations of 
static and dynamic loads depending on the type of load and the load scenario being 
considered: 


(a) Static design load combinations (S) 
covers application of all relevant static loads and typically covers load scenarios 
in harbour, tank testing or similar operations 


(b) Static plus Dynamic design load combination (S+D) 
covers application of all relevant static loads plus a realistic combination of 
simultaneously occurring dynamic load components and typically covers load 
scenarios for seagoing operations 
(c) Impact design load combination 
covers application of impact loads such as bottom slamming and bow impact 
encountered during seagoing operation. It is usually sufficient to ignore other 
static and dynamic load components in association with an impact load event. 
(d) Sloshing design load combination 
covers application of sloshing loads encountered during seagoing operations 


(e) Fatigue design load 
covers application of all relevant dynamic loads 

(f) Accidental design load combination (A) 
covers application of accidental loads where these loads are not considered as 
occurring during normal operations 


4.2.3 Load categorisation 


4.2.3.1 The design load combinations are composed of many different types of loads, which 
are categorised as shown in Table 2.4.1. 
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Table 2.4.1 
Load Categorisations 


Operational Loads Lightship weight Steel weight and outfit 


Machinery and permanent equipment 


Buoyancy loads Buoyancy of the ship 
Variable loads Cargo 
Ballast water 


Stores and consumables 
Personnel 


Temporary equipment 


Other loads Tug and berthing loads 
Towing loads 

Anchor and mooring loads 
Lifting appliance loads 


Environmental loads Cyclic loading due to wave action Dynamic wave pressures 
including inertia loads 


Dynamic loads and dynamic tank 
pressures due to ship accelerations 


Impact loads or resonant loads Wave impacts 

Bottom slamming 
Liquid sloshing in tanks 
Green sea loads 


Accidental loads Flooding of compartments 


Deformation loads 


Thermal loads 


Deformations due to construction 


4.2.3.2 Operational loads generally are static loads. They are grouped into lightship weight, 
buoyancy loads, variable loads and other loads. The operational loads occur as a 
consequence of the operation and handling of the ship. 


4.2.3.3 Environmental loads are dynamic loads due to external influences. The 
environmental loads covered by the Rules are loads due to wave action. 


4.2.3.4 Accidental loads include loads that result as a consequence of an accident or 
operational mishandling of the ship. The accidental loads covered by the Rules are 
increased tank pressures due to flooding of compartments. 


4.2.3.5 Deformation loads are caused by thermal loads and residual stresses. The load 
effects from deformation loads are not covered by the Rules. 


4.2.4 Characteristic load values 


4.2.4.1 The characteristic values of the load components that are applied in the Rules are 
dependant on the design load combination being considered. The characteristic 
loads are typical values and are given by: 


(a) for operational loads the characteristic loads are the expected or specified values 
(b) for environmental loads the characteristic load is typically a load value which 


has a low probability of occurrence, i.e. an ‘extreme’ value. 
4.2.5 Operational loads 


4.2.5.1 The characteristic values of the static sea pressure on the hull due to the buoyancy 
are based on the draught at the loading condition under consideration. 
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4.2.5.2 


4.2.5.3 


4.2.5.4 


The characteristic values of the static tank pressure are based on the filling height 
and the specific gravity of the cargo/ballast, and include allowances for possible 
overpressure due to the height of air pipes, pressure relief valve settings and 
capacity of pumps. 


The characteristic values of the loads due to personnel, stores and consumables, 
temporary equipment and permanent equipment are based on specified values. 


The characteristic values for tug, berthing, towing and mooring loads are based on 
specified values. 


4.2.6 Environmental loads 


4.2.6.1 


4.2.6.2 


4.2.6.3 


4.2.6.4 


4.2.6.5 


4.2.6.6 


The Rule formulations for wave loads, as given in Section 7/3, are based on the 
envelope values calculated in accordance with 4.2.6.2 and calibrated with feedback 
from service experience and model tests. 


The general principles for the derivation of the wave load values are: 
(a) the application of load values is consistent for all similar load scenarios 


(b) the characteristic load value is selected to suit the purpose of the application of 
the load and the selected structural assessment method, e.g. for strength 
assessment the expected lifetime maximum load is applied while for fatigue 
assessment an average value representing the expected load history is applied 

(c) load calculations are performed using 3-D linear hydrodynamic computational 
tools. The effects of speed are considered 

(d) the derivation of characteristic wave loads is based on a long term statistical 
approach which includes representation of the wave environment (North 
Atlantic scatter diagram), probability of ship/ wave heading and probability of 
load value exceedance based on IACS Rec. 34. All of which result in envelope 
values 

(e) non-linear effects are considered for the expected lifetime maximum loads. 

The combination of dynamic loads considers all simultaneously occurring dynamic 

load components. In deriving the simultaneously occurring loads, one particular 

load component is maximised or minimised and the relative magnitude of all 
simultaneously occurring dynamic load components is specified by the application 
of dynamic load combination factors (DLCF) based on the envelope load value. 

These dynamic load combination factors are based on the application of the 

equivalent design wave approach and are given as tabulated values. 


The formulations of the load values for bottom slamming, bow impact loads and 
green sea loads take account of the following factors: 

(a) vessel draught 

(b) hull form 

(c) heading 

(d) forward speed 

(e) location of deck houses/superstructure 

(f) geometry of structural elements. 

A slamming impact load results in a transient dynamic response in the structure. 


The formulation of the impact loads considers the impact load as an equivalent 
static load acting on the associated exposed hull surface. 


The effect of green water on the deck structure along the entire vessel's length is 
considered. The green water loads on fore and parallel mid bodies of a ship are 
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determined based on model tests, ship motion analysis and service experience. The 
green sea loads for the aft body are consistent with the derivation for the fore and 
mid body green sea loads. 


4.2.7 Accidental loads 


4.2.7.1 The accidental load scenarios cover loads acting on local structure as a consequence 
of flooding in accordance with the assumptions made in IMO regulations. This 
relates to the assessment of the watertight subdivision boundaries. 


4.2.7.2 Only static loads corresponding to the draught in the flooded condition are 
considered. 


4.2.8 Deformation loads 


4.2.8.1 Thermal loads within the limits specified by the design basis are considered 
negligible. It is assumed that care is taken to account for, and allow for, expected 
thermal expansion. 


4.3 Structural Capacity Assessment 


4.3.1 General 


4.3.1.1 The basic principle in structural design is to apply the defined design loads, identify 
possible failure modes and employ appropriate capacity models to determine the 
required structural scantlings. 


4.3.2 Capacity models for strength 


4.3.2.1 The strength assessment method is to be capable of analysing the failure mode in 
question to the required degree of accuracy. Several assessment methods may be 
applicable, even for the same failure modes. 


4.3.2.2 The following aspects are the basis for selection of strength capacity models: 


(a) whether the structural member is also assessed at a higher level in the hierarchy 
and/or at a later stage by more accurate methods or by more accurate response 
calculations 

(b) simplified capacity models where some of the stress components are neglected 
are to always give conservative results 


(c) appropriate methodology to assess the failure mode 
(d) probability level of the load 


(e) capability of response calculations to represent the physical behaviour of the 
structure up to the given load level 


(f) complexity of structure 
(g) complexity of loads 
(h) criticality of the structural member. This will primarily have an impact on the 


assessment criteria, but needs to be considered in conjunction with selection of 
the appropriate methodology for structural assessment. 


4.3.2.3 The structural capacity assessment methods are in either a prescriptive format or 
require the use of more advanced calculations such as finite element analysis 
methods. 

4.3.2.4 The formulae used to determine stresses, deformations and capacity are appropriate 
for the selected capacity assessment method and the type and magnitude of the 
design load set. 
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4.3.3 Capacity models for fatigue 


4.3.3.1 


4.3.3.2 


4.3.3.3 


4.3.4 
4.3.4.1 


4.3.4.2 


4.3.4.3 


The fatigue assessment method provides Rule requirements to safeguard structural 
details against fatigue failure. 


The fatigue capacity model is based on a linear cumulative damage summation 
(Palmgren-Miner’s rule) in combination with S-N curves, a characteristic stress 
range and an assumed long-term stress distribution curve. 


The fatigue capacity assessment models are in either a prescriptive format or 
require the use of more advanced calculations such as finite element analysis 
methods. These methods account for the combined effects of global and local 
dynamic loads. 


Net thickness approach 


The philosophy behind the net thickness approach is to: 


(a) provide a direct link between the thickness used for strength calculations 
during the new building stage and the minimum thickness accepted during the 
operational phase 


(b) enable the status of the structure with respect to corrosion to be clearly 
ascertained throughout the life of the ship. 


The net thickness approach distinguishes between local and global corrosion. Local 
corrosion is defined as uniform corrosion of local structural elements, such as a 
single plate or stiffener. Global corrosion is defined as the overall average corrosion 
of larger areas such as primary support members and the hull girder. Both the local 
and overall corrosion are used as a basis for the new building review and are to be 
confirmed during operation of the vessel. 


The net thickness approach for the local corrosion is shown in Figure 2.4.1 (a) and is 

in terms of new building thicknesses, given by: 

(a) the local strength requirements are given by the net thickness (tnet-req) after 
rounding 

(b) the required gross thickness (tgs-req) is given by adding the corrosion addition 
(tcorr) to the required rounded net thickness (tnet-req) 


(c) the gross thickness (ts) is the actual thickness selected by the designer to fulfil 
the gross required thickness(tgrs-req) and is to be equal or greater than the 
required gross thickness (ters-req) 


(d) the as built thickness is equal to the gross thickness (tgs) plus any additional 
owners extra margin (town) 

(e) any additional thicknesses specified by the owner, as owners extra margin (town) 
are not to be included in the assessment of the required gross thickness (ters-req). 
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Figure 2.4.1 
Net Thickness Approach for Local Wastage 


(a) 


application to scanting requirements (b) application to ship in operation 
requirements 
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as-built 
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4.3.4.4 


4.3.4.5 


4.3.4.6 


The net thickness approach for determining the local renewal thickness during the 
ship in operation phase is shown in Figure 2.4.1 (b) and is given by: 


(a) the thickness at which annual surveys are required, tannua, is obtained by 
subtracting the total wastage allowance (twas) and the owners extra margin (town) 
from the as-built thickness (tas-buitt) 


(b) thickness at which renewal is required, tren, is obtained by subtracting the total 
wastage allowance (twas), the thickness toorr-2.5 and the owners extra margin (town) 
from the as-built thickness (tas-puiit). Where toorr-2.5 is the wastage allowance in 
reserve for corrosion occurring in the two and half years between Intermediate 
and Special surveys 


(c) the total wastage allowance given is the rule specified wastage allowance (twas) 
plus the wastage allowance in reserve (fcorr-2.5) plus any additional owners extra 
margin (town) 

(d) the rule specified wastage allowance (twas) available before annual surveys are 
required is obtained by deducting the thickness toorr-2.5 from the corrosion 
addition (torr). 


The approach calls for a general 2.5 year survey interval when the gauged thickness 
is greater than the “thickness at which annual surveys are required” (tannua), and a 1 
year survey interval when the gauged thickness is less than the “thickness at which 
annual surveys are required” (tannual). 


The overall average corrosion for primary support members and the hull girder 
cross-section is given by deducting half the local corrosion addition (0.5tcorr) from all 
structural elements comprising the respective cross-sections. 


The assessment of local scantlings is performed based on the hull girder stresses 
given by the net hull girder properties, e.g. based on a global overall average 


JULY 2012 


SECTION 2.4/ PAGE 7 


SECTION 2 - RULE PRINCIPLES COMMON STRUCTURAL RULES FOR OIL TANKERS 


corrosion of the hull girder, and the local stresses based on the net thickness of the 
local member under consideration, e.g. based on full local corrosion. It is assumed 
that the structure may corrode locally to the maximum allowed and that the hull 
girder may reduce to the maximum allowed overall hull girder corrosion. 


4.3.4.7 The assessment of global (hull girder and primary support member) scantlings is 
based on the overall global corrosion, e.g. half the full local corrosion for all 
structural members simultaneously. The assumption is that the full local corrosion 
will not occur globally and hence a lesser average value of assumed corrosion is 
appropriate. Individual structural elements may corrode to the maximum corrosion 
addition and this is taken into account in the buckling assessment. 


4.3.4.8 As fatigue is an accumulative assessment the scantlings and stresses used for the 
assessment are to be taken as the representative mean value over the design life. 
The mean corrosion over the design life is given as half the corrosion assumed for 
scantling strength assessment. Local stresses are thus calculated based on half the 
full local corrosion addition and hull girder stresses are calculated based on half the 
overall global corrosion. Half the global overall corrosion is found by deduction of 
one quarter of the full local corrosion addition of all structural elements 
simultaneously. 


4.3.4.9 The actual amount of wastage allowed in service is taken as: 


(a) locally: the full corrosion addition less an amount for typical wastage between 
the survey periods 


(b) globally: the full global overall corrosion addition less an amount for typical 
wastage between the survey periods. The global wastage is monitored in service 
by evaluating the current global characteristics of the vessel. 


4.3.5 Intact structure 


4.3.5.1 All strength calculations are based on the assumption that the structure is intact. 
The residual strength of the ship in a structurally damaged condition is not assessed. 


4.3.5.2 No benefit is given in the assessment of structural capability for the presence of 
coatings or similar corrosion protection systems. 


4.4 Materials and Welding 


4.4.1 Materials 


4.4.1.1 The Rule requirements associated with the selection of materials for structural 
components is based on the location, design temperature (see 3.1.7.4 and 3.1.8.4), 
membrane, through thickness forces and criticality of the component. The 
requirements comply with IACS UR S6. 


4.4.1.2 The Rule requirements are based on the assumption that the material is 
manufactured in accordance with the allowable under thickness rolling tolerances 
specified in IACS UR W13. 


4.4.2 Welding 
4.4.2.1 The Rule requirements for weld type, size and materials are based on the following 
considerations: 
(a) joint type 
(b) criticality of the joint 
(c) magnitude, type and direction of the stresses in the joint 
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(d) material properties of the parent and weld material 
(e) weld gap size. 


4.5 Assessment/Acceptance Criteria 


4.5.1 Design methods 


4.5.1.1 


4.5.1.2 


4.5.1.3 


4.5.1.4 


The criteria for the assessment of the scantlings are based on one of the following 

design methods: 

(a) Working Stress Design (WSD) method, also known as the permissible or 
allowable stress method 


(b) Partial safety Factor (PF) method, also known as Load and Resistance Factor 
Design (LRFD). 


For both WSD and PF, two design assessment conditions and corresponding 
acceptance criteria are given. These conditions are associated with the probability 
level of the combined loads, A and B: 

(a) condition A is applicable to design load combinations based on ‘expected’ 
characteristic load values, typically covered by the static design load 
combinations 

(b) condition B is applicable to design load combinations based on ‘extreme’ 
characteristic load values, typically covered by the static + dynamic load 
combinations. 


The WSD method has the following composition: 
Wa CNR for condition A 


St- 


Wat Wan SMR for condition B 

Where: 

Wetat simultaneously occurring static loads (or load effects in terms 
of stresses) 

Wayn simultaneously occurring dynamic loads. The dynamic loads 
are typically a combination of local and global load 
components 

R characteristic structural capacity (e.g. yield stress or buckling 
capacity) 

Ni permissible utilisation factor (resistance factor). The utilisation 


factor includes consideration of uncertainties in loads, 
structural capacity and the consequence of failure 


The PF method has the following composition: 


R DA 
Ystat1WV stat + Yayn-1 W dyn S A for condition A 
R 


R PI 
Ystat-2 W tat + Yayn-2 Wayn S for condition B 
Y 


R 


Where: 


[stati partial safety factor that accounts for the uncertainties related 
to static loads 
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Wetat simultaneously occurring static loads (or load effects in terms 
of stresses) 

Yayr-i partial safety factor that accounts for the uncertainties related 
to dynamic loads 

Wayn simultaneously occurring dynamic loads. The dynamic loads 
are typically a combination of local and global load 
components 

R characteristic structural capacity (e.g. yield stress, ultimate 


hull girder stress) 


YR partial safety factor that accounts for the uncertainties related 
to structural capacity 


4.5.1.5 The acceptance criteria for both the WSD method and PF method are calibrated for 
the various requirements such that consistent and acceptable safety level for all 
combinations of static and dynamic load effects are achieved. 


4.6 Principle of Safety Equivalence 


4.6.1 General 


4.6.1.1 Novel designs deviating from the design basis or structural arrangements covered 
by the Rules will be subject to special consideration. The principle of equivalence is 
to be applied to the novel design, hence it must be demonstrated that the structural 
safety of the novel design is at least equivalent to that intended by the Rules. 


4.6.1.2 The principle of equivalence may be applied to alternative calculation methods. 


4.6.1.3 A systematic review process was undertaken in developing these Rules. This 
identified and evaluated the likely consequences of hazards due to operational and 
environmental influences on tanker structural configurations and arrangements 
covered by these Rules. For novel designs, dependent on the nature of the deviation, 
it may be necessary to conduct an independent systematic review to document 
equivalence with the Rules. 
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5 APPLICATION OF PRINCIPLES 


5.1 Overview of the Application of Principles 


5.1.1 General 


5.1.1.1 This Sub-Section shows how the design principles described in Sub-Section 4 have 
been applied in the development of the rule requirements. 


5.2 Structural Design Process 


5.2.1 Overview of the structural design process 


5.2.1.1 An overview of the structural design process applied in the Rules is shown in Figure 
2.5.1. 


5.2.1.2 The strength and acceptable safety of the hull and the structural elements is verified 
through the application of the following Rule requirements: 
(a) prescriptive scantling requirements 
e minimum requirements 
e load-capacity based requirements 
(b) design verification requirements based on load-capacity methods 
e hull girder ultimate strength 
e strength assessment using the Finite Element (FE) analysis 


e fatigue assessment 
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Figure 2.5.1 
Overview of Structural Design Process 
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5.3 Minimum Requirements 


5.3.1 General 


5.3.1.1 The minimum requirements are usually in one of the following forms: 


(a) minimum thickness, which is independent of the yield stress, these are based on 
service experience and are usually expressed in the following format: 


t=A+BL 

Where: 

A, B constants 

L rule length, as defined in Section 4/1.1.1.1 


(b) minimum stiffness and proportion, which are based on prescriptive buckling 
requirements 


5.4 Load-capacity Based Requirements 


5.4.1 General 


5.4.1.1 In general, the Working Stress Design (WSD) method is applied in the requirements, 
except for the hull girder ultimate strength criteria where the Partial safety Factor 
(PF) method is applied. The partial safety factor format is applied for this highly 
critical failure mode to better account for uncertainties related to static loads, 
dynamic loads and capacity formulations. 


5.4.1.2 The identified load scenarios are addressed by the Rules in terms of design loads, 
design format and acceptance criteria set, as given in Table 2.5.3. The table is 
schematic and only intended to give an overview. 


5.4.1.3 The load scenarios addressed by the rules cover operations such as seagoing 
conditions, loading and unloading, tank testing conditions, ballast water exchange 
situations, special operations in harbour (e.g. propeller inspection afloat condition) 
and accidental flooding. 


5.4.1.4 The design load combinations that represent the identified load scenarios are given 
in Section 7/6 and are denoted by S (static loads), S+D (statict+dynamic loads), and 
A (accidental loads). In addition, the Rules address impact loads and sloshing loads 
as given in Section 7/4 and fatigue loads as given in Section 7/3. 


5.4.1.5 For the strength requirements, the considered loads cover the most severe 
operational loads that occur, hence the cargo tank finite element analysis and load- 
capacity based scantling requirements are based on rule loading conditions which 
simulate the worst possible loading conditions within the operating limits of the 
vessel. 


5.4.1.6 For the fatigue requirements the considered loads cover an expected load history 
and representative loading conditions covering the ships’ intended service are 
applied. 


5.4.1.7 The acceptance criteria are categorised into three acceptance criteria sets. These are 
explained below and shown in Tables 2.5.2 and 2.5.3. The specific acceptance 
criteria set that is applied in the WSD rule requirements is dependent on the 
probability level of the characteristic combined load. 


5.4.1.8 The acceptance criteria set AC1 is applied when the combined characteristic loads 
are frequently occurring, typically for the static design load combinations, but also 
applied for the sloshing design loads. This means that the loads occur on a frequent 
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5.4.1.9 


5.4.1.10 


or regular basis. The allowable stress for a frequent load is lower than for an 
extreme load to take into account effects of: 

(a) repeated yield 

(b) allowance for some dynamics 

(c) margins for operational mistakes. 


The acceptance criteria set AC2 is typically applied when the combined 
characteristic loads are extreme values, e.g. typically for the statictdynamic design 
load combinations. High utilisation (y; in Table 2.5.1) of the structural capacity (Ri in 
Table 2.5.1) is allowed in such cases because the considered loads are extreme loads 
with a low probability of occurrence. 


The acceptance criteria set AC3 is typically applied for capacity formulations based 
on the plastic collapse models such as those that are applied to address bottom 
slamming and bow impact loads. 
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Table 2.5.1 
Load Scenarios and Corresponding Rule Requirements 
Load Scenarios Rule Requirements 
Design Load , 
Combination Design Format Acceptance 
Loads ENA eee er 
ö ù (specified in (specified in Criteria Set 
eration i ; 
p (that tlie vessel is exposed Section 7/6) Sections 8 and 9) (specified in 
to and is to withstand) Sections 8 and 9) 
Ref. | Notation see Note 1 
no 
Seagoing operations 
Static and dynamic loads i n 1. Sc+ St + De + Di < y2 R1 AC2 
in heavy weather 2, Ys Sct yp De < Ro/yr2 AC2 
; Impact loads in heavy 
imp S 
Transit Sone 2 | Impact Sit Dimp $143 Rp AC3 
Internal sloshing loads 3 | Sloshing Sc + Dsm $1 Ri ACI 
Cyclic wave loads 4 Fatigue DM < dni/Ni - 
BWE by flow 
through or Static and dynamic loads 5 S+D SotSi+ De+ DiS Rt AC? 
sequential in heavy weather 
methods 
Harbour and sheltered operations 
Loading, Typical maximum loads 
unloading during loading, unloading 6 S Sc + SL < yı Rı AC1 
and ballasting | and ballasting operations 
Typical maximum loads 
Tank testing during tank testing 7 S Sct StS q1 Ri AC1 
operations 
Typical maximum loads 
Special during special operations 
conditionsin | in harbour, e.g. propeller 8 S Sct SL < yı R1 AC1 
harbour inspection afloat or dry- 
docking loading conditions 
Accidental condition 
Tepicaly mam lgads for water tight boundaries ee 
Accidental on internal watertight 9 A 1. St $ q2 Rı 
flooding subdivision structure due for collision bulkhead 
to accidental flooding AC1 
2, S; < yı Ri 
Note 
1. The symbols defined in this column are defined in the text of 5.4 
Where: 
De dynamic global load 
Di dynamic local load 
DM cumulative fatigue damage ratio 
Se static global load 
SL static local load 
Ri structural capacity 
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5.4.2 Design loads for scantling requirements and strength assessment (FEM) 


5.4.2.1 


5.4.2.2 


5.4.2.3 


5.4.2.4 


5.4.2.5 


5.4.2.6 


5.4.2.7 


5.4.2.8 


5.4.2.9 


The structural assessment of compartment boundaries, e.g. bulkheads, is based on 
the worst possible loading, hence conditions are assessed with a full tank on one 
side and an empty tank on the other side. The situation with the tank content 
reversed is also considered. Similarly the shell envelope is assessed for conditions at 
the deepest draught without internal filling and at the lowest draught with internal 
filling. 


The standard loading patterns to be used in the strength assessment (FEM) are 
given in Appendix B, Tables B.2.3 and B.2.4 for tankers with two oil-tight longitudinal 
bulkheads and one centreline oil-tight longitudinal bulkhead respectively. The 
corresponding information for the scantling requirements is given in Section 8. 


To ensure consistency of approach, standardised rule values for parameters such as 
GM, Rn Tsc and Cy, are applied to calculate the rule load values. 


The probability level of the dynamic global and local loads (Ds, D: and Dimp in Table 
2.5.1) is 108 and are derived using the long term statistical approach specified in 
4.2.6.2. 


The probability level of the sloshing loads (Dsm in Table 2.5.1) is 104 which is a load 
that occurs frequently. 


The design load combinations corresponding to the identified load scenarios 
produce realistic design load sets suitable for the design and verification of the 
structural capability. Design load sets apply all the applicable simultaneously acting 
static and dynamic local load components (S: and Dz in Table 2.5.1, which are 
usually pressure load components) and static and dynamic global load components 
(Sc and De in Table 2.5.1, which is usually hull girder bending moment) for the 
design of a particular or group of structural members. The relevant design load sets 
for the scantling requirements are given in Sections 8/2 to 8/5. The design load sets 
for the Finite Element analysis are referred to as load cases and are given in 
Appendix B. 


The simultaneously occurring dynamic loads are specified by applying a dynamic 
load combination factor to the envelope dynamic load values given in Section 7/3. 
The dynamic load combination factors that define the dynamic load cases are given 
in Section 7/6.4 for the structural strength assessment (FE) and in Section 7/6.5 for 
the scantling requirements. 


The dynamic load combination factors have been derived using the equivalent 
design wave approach to provide realistic simultaneously occurring dynamic loads 
components suitable for structural assessment. 


For the determination of design loads for the hull girder ultimate strength 
requirement given in Section 9/1, the operational loads (i.e. ship loading conditions) 
and the environmental loads (ie. hull girder wave bending moments) are 
maximised for sagging conditions for seagoing conditions. The characteristic value 
for the still water hull girder sagging bending moments M.w is based on the 
maximum value from the seagoing conditions specified in Section 8/1. The 
characteristic value for the wave hull girder sagging bending moments Mwy is given 
in Section 7/3. 


5.4.3 Design loads for fatigue requirements 


5.4.3.1 


For the fatigue requirements given in Section 9/3 and Appendix C, the load 
assessment is based on the expected load history and an average approach is 
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5.4.3.2 


5.4.3.3 


5.4.3.4 


5.4.3.5 


5.4.3.6 


applied. The expected load history for the design life is characterised by the 10+ 
probability level of the dynamic load value, the load history for each structural 
member is represented by Weibull probability distributions of the corresponding 
stresses. 


The considered wave-induced loads include: 

(a) hull girder loads (i.e., vertical and horizontal bending moments) 

(b) dynamic wave pressures 

(c) dynamic tank pressures. 

The fatigue analysis is calculated for two representative loading conditions covering 
the ship’s intended operation. These two conditions are: 

(a) full load homogeneous conditions at design draught 

(b) normal ballast condition. 


The proportion of the ship’s sailing life in the full load condition is 50% and in 
ballast 50%. It is assumed that 15% of the ships’ life is in harbour/sheltered water. It 
is consequently assumed that the ship will be sailing in open waters in full load 
condition for 42.5% of the ship’s life and in the ballast condition for 42.5% of the 
ship’s life. 

The load values are based on actual parameters corresponding to the applied 
loading conditions, e.g. GM, C;, etc., and the applicable draughts at amidships is 
used. The actual values are taken from specified loading conditions in the loading 
manual. 


The simultaneously occurring dynamic loads are accounted for by combination of 
stresses due to the various dynamic load components. The stress combination 
procedure is given in Appendix C. 


Still water loads and static sea and tank pressures from the actual loading 
conditions are used to determine the mean stress effect. 


5.4.4 Structural response analysis 


5.4.4.1 


In general, the following approaches are applied for determination of the structural 
response to the applied design load combinations 


(a) Beam theory 
e used for prescriptive requirements 
(b) FE analysis 
e coarse mesh for cargo hold model 
e fine mesh for local models 


e very fine mesh for fatigue assessment 
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5.4.5 Structural capacity assessment 


5.4.5.1 


5.4.5.2 


5.4.5.3 


5.4.5.4 


The considered failure modes in the Rules are yield (plastic deformation), buckling, 
brittle fracture and fatigue. Structural failure due to yield and buckling is primarily 
controlled by the strength requirements, brittle fracture is primarily controlled by 
the requirements for material selection and welding, and fatigue failure is primarily 
controlled by the high cycle fatigue requirements. 


Generally, the capacity models applied in the prescriptive rules, i.e., the scantling 
requirements in Section 8, are based on simple beam theory and include elastic yield 
and plastic capacity models. The buckling capacity is assessed using simplified 
buckling capacity models or by a more theoretical non-linear analysis procedure. 


The design verification requirements are based on a linear elastic finite element 
analysis, a detailed prescriptive fatigue assessment procedure and a simplified 
ultimate strength assessment procedure. There is also a finite element based fatigue 
assessment procedure for some structural members, such as the hopper knuckle. 


The application of the net thickness approach to assess the structural capacity is 
specified in Section 6/3.3. 


5.4.6 Acceptance criteria 


5.4.6.1 The acceptance criteria applied in the working stress design requirements are given 
as acceptance criteria sets shown in Tables 2.5.2 and 2.5.3. There are slight variations 
within each set depending on the relative contribution of local and global loads, 
static and dynamic loads and the structural member being considered. The specific 
acceptance criteria are given in the detailed rule requirements in Section 8 and 9/2. 
Table 2.5.2 
Principal Acceptance Criteria - Rule Requirements 
Plate panels and Local Primary Support : 
Support Members Members ataih pncermem Pers 
Acceptance Yield Buckling Yield Buckling Yield Buckling 
criteria set 
Control of Control of 
70-80% of stiffness and 70-75% stiffness and 75% of 
ACI: yield proportions. of yield | proportions. yield NA 
stress Usage factor stress Pillar stress 
typically 0.8 buckling 
Control of Control of 
90-100% stiffness and 85% of | stiffnessand | 90-100% ee 
AC2: of yield proportions. yield proportions. | of yield s oa 
stress Usage factor stress Pillar stress a 9 y 
typically 1.0 buckling l 
; Control of ; Control of 
AC3: eae stiffness and Paame stiffness and NA NA 
criteria : criteria ; 
proportions proportions 
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Table 2.5.3 
Principal Acceptance Criteria - Design Verification - FE Analysis 
Global cargo tank analysis Local fine mesh analysis 
Acceptance Yield Buckling Yield 


criteria set 


Control of stiffness local mesh as 136% of yield 


f and proportions. stress 
AC1: 60-80% of yield stress ; 
Usage factor typically | averaged stresses as global 
i analysis 
Control of stiffness local mesh as 170% of yield 
. and proportions. stress 
AC2: 80-100% of yield stress 


Usage factor typically | averaged stresses as global 
1.0 analysis 


5.4.6.2 The purpose of applying different sets is to achieve a consistent and acceptable 
safety level for all combinations of static and dynamic loads and to account for 
different capacity models. 


5.5 Materials 


5.5.1 General 


5.5.1.1 Higher material properties are selected for highly critical structural elements which 
are subjected to high loads in order to reduce the risk of propagation of brittle 
fracture. 


5.6 Application of Rule Requirements 


5.6.1 Minimum requirements 


5.6.1.1 These specify the minimum scantling requirements which are to be applied 
irrespective of all other requirements, hence thickness below the minimum are not 
allowed. 


5.6.2 Load based prescriptive requirements 


5.6.2.1 These provide scantling requirements for all plating, local support members, most 
primary support members and the hull girder and cover all structural elements 
including deckhouses, foundations for deck equipment, etc. 


5.6.2.2 In general, these requirements explicitly control one particular failure mode and 
hence several requirements may be applied to assess one particular structural 
member. 
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5.6.3 Design verification - hull girder ultimate strength 


5.6.3.1 The requirements for the ultimate strength of the hull girder are based on a Partial 
safety Factor (PF) method, see 4.5. A safety factor is assigned to each of the basic 
variables, the still water bending moment, wave bending moment and ultimate 
capacity. The safety factors were determined using a structural reliability 
assessment approach, the long term load history distribution of the wave bending 
moment was derived using ship motion analysis techniques suitable for 
determining extreme wave bending moments. 


5.6.3.2 The purpose of the hull girder ultimate strength verification is to demonstrate that 
one of most critical failure modes of a double hull tanker is controlled. 


5.6.4 Design verification - global finite element analysis 


5.6.4.1 The global finite element analysis is used to verify the scantlings given by the load- 
capacity based prescriptive requirements. The analysis is required because the 
prescriptive requirements do not take into account the complex interactions 
between the ship’s structural components, complex local structural geometry, 
change in thicknesses and member section properties as well as the complex load 
regime with sufficient accuracy. Hence the global finite element analysis is 
necessary to verify the proposed scantlings. 


5.6.4.2 A linear elastic three dimensional finite element analysis of the cargo region (a FE 
model length of three tanks is required) is carried out to assess and verify the 
structural response of the proposed hull girder and primary support members and 
assist in specifying the scantling requirements for the primary support members. 
The purpose with the finite element analysis is to verify that the stresses and 
buckling capability of the primary support members are within acceptable limits for 
the applied design loads. 


5.6.5 Design verification - fatigue assessment 


5.6.5.1 The fatigue assessment is required to verify that the fatigue life of critical structural 
details is adequate. A prescriptive fatigue requirement is applied to details such as 
end connections of longitudinal stiffeners using an SN curve approach based on 
geometric details, i.e. Class F, F2, etc. A hot spot fatigue assessment procedure using 
finite element analysis is applied to details such as the hopper knuckle. In both cases, 
the fatigue assessment method is based on the Palmgren-Miner linear damage 
model. 


5.6.6 Relationship between the prescriptive scantling requirements and the 
strength assessment (FEM) 


5.6.6.1 The prescriptive minimum requirements define the minimum acceptable scantlings. 
These may not to be reduced by any form of alternative calculations such as load- 
capacity prescriptive requirements or strength analysis such as FEM. 


5.6.6.2 The section modulus and/or shear area of a primary support member and/or the 
cross sectional area of a primary support member cross tie may be reduced to 85% 
of the prescriptive requirements provided that the reduced scantlings comply with 
the strength assessment (FEM). 


5.6.6.3 The philosophy is that a coarse approach should be more conservative than a 
detailed approach. Hence, the prescriptive requirements are generally more 
conservative than the corresponding requirements based on strength assessment 
(FEM). 
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1 NOTATIONS 
1.1 Notations 


1.1.1 General 


1.1.1.1 Ships fully complying with the requirements of these Rules and the specific 
requirements of the assigning Classification Society relating to construction, survey 
and equipment will be eligible to be assigned with character symbols and a ship 
type notation appropriate to the assigning Classification Society. 


1.1.1.2 In addition to 1.1.1.1, ships fully complying with the requirements of these Rules 
will also be assigned the notation CSR. 
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2 DOCUMENTATION, PLANS AND DATA REQUIREMENTS 
2.1 Documentation and Data Requirements 


2.1.1 Loading information 


2.1.1.1 Loading guidance information containing sufficient information to enable the 
master of the ship to maintain the ship within the stipulated operational limitations 
is to be provided onboard the ship. The loading guidance information is to include 
an approved loading manual and loading computer system complying with the 
requirements given in Sections 8/1.1.2 and 8/1.1.3 respectively. 


2.1.2 Submission of calculation data and results 


2.1.2.1 Where calculations have been carried out in accordance with the procedures given 
in the Appendices of these Rules, one copy of the following supporting information 
is to be submitted as applicable: 
(a) reference to the calculation procedure and technical program used 
(b) a description of the structural modelling 
(c) asummary of the analysis parameters including properties and boundary 
conditions 
(d) details of the loading conditions and the means of applying loads 
(e) acomprehensive summary of calculation results 
(f) sample calculations where appropriate. 


2.1.2.2 In general, submission of large volumes of input and output data associated with 
programs, such as finite element analysis, will not be required. 


2.1.2.3 The responsibility for error free specification and input of program data and the 
subsequent correct transposal of output resides with the designer. 


2.1.3 Use of computer software for rule calculations 


2.1.3.1 In general, any rule computation program recognised by the Classification Society 
may be employed to determine scantlings according to these Rules provided the 
implementation given in 5.1 is complied with. 


2.1.3.2 A computer program that has been demonstrated to produce reliable results to the 
satisfaction of the Classification Society is regarded as a recognised program. Where 
the computer programs employed are not supplied or recognised by the 
Classification Society, full particulars of the computer program, including example 
calculation output, are to be submitted. It is recommended that the designers 
consult the Classification Society on the suitability of the computer programs 
intended to be used prior to the commencement of any analysis work. 


2.2 Submission of Plans and Supporting Calculations 


2.2.1 General 


2.2.1.1 In general, the main categories and lists of information required are given in 2.2.2. 
Additional requirements for some items are also given in subsequent sections as 
applicable. 
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22.1.2 


2.2.1.3 


2.2.1.4 


Plans are generally to be submitted in triplicate, but one copy only is necessary for 
supporting documents and calculations. Additional copies may be required 
according to the individual Classification Society requirements. 


Plans are to contain all necessary information to fully define the structure, including 
construction details, materials, welding and loads imposed on the structure by 
equipment and systems as appropriate. 


Plans are to include information related to the renewal thickness as specified in 
Section 12. 


2.2.2 Plans and supporting calculations 


2.2.2.1 


In general, plans covering the following items are to be submitted: 


(a) main scantling plans: 


e midship sections showing longitudinal and transverse structural members 


e construction profiles/ plans showing all main longitudinal structural elements 
along the ships length including decks, inner bottom, bulkheads, double side 
stringers and double bottom girders 


e shell expansion 


e main oil-tight and watertight transverse bulkheads including primary support 
members 


(b) loading guidance information: 


e preliminary loading manual 

e final loading manual 

e details of the design basis, see Section 8/1.1.2 
e test conditions for the loading instrument 
detailed construction plans: 


e cargo tank construction plans showing the variations in detail arrangements 
and scantlings of double bottom floors, double side webs and other transverse 
primary support members 


e fore end 

e aft end 

e engine room construction including the engine and thrust bearing seating 
e deckhouses and superstructures 


(d) detail design plans except where the information is already included on plans 


listed in (a) and (c): 

e sternframe 

e hull penetration plans 

e welding 

e bilge keels 

e booklet of standard design details 

e anchoring and mooring equipment 

e pillar and girder support arrangements for decks 


e access arrangements through double bottom and side skin spaces in the cargo 
tank region 


e details and arrangements of openings and attachments to the hull structure for 
means of access for inspection purposes 
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(e) plans detailing support structures except where the information is already 
included on plans listed in (a) to (d): 


e anchoring windlass and chain stopper 
e mooring winches 
e masts, derrick posts or cranes 
e emergency towing equipment 
e other deck equipment or fittings 
2.2.2.2 The following supporting documents are to be submitted: 


a) general arrangement 


( 

(b 
(c 
( 
( 


a 


capacity plan 


a 


lines plan or equivalent 
d 
e 


x 


dry-docking plan, where developed 


a 


freeboard plan or equivalent, showing freeboards and items relative to the 
conditions of assignment 
2.2.2.3 The following supporting calculations are to be submitted: 

(a) calculation of the equipment number. 


2.2.2.4 Plans of items not covered by these Rules are to be submitted according to the 
individual Classification Society requirements. 


2.2.3 Plans to be supplied onboard the ship 

2.2.3.1 One copy of the following plans indicating the new-building and renewal thickness 
for each structural item: 

a) main scantling plans as given in 2.2.2.1(a) 

b) one copy of the final approved loading manual, see 2.1.1 

c) one copy of the final loading instrument test conditions, see Section 8/1.1.3 

d) detailed construction plans as given in 2.2.2.1(c) 

e) welding 


( 
( 
( 
( 
( 
( 


f) details of the extent and location of higher tensile steel together with details of 
the specification and mechanical properties, and any recommendations for 
welding, working and treatment of these steels 

(g) details and information on use of special materials, such as aluminium alloy, 

used in the hull construction. 


(h) towing and mooring arrangements plan, see Section 11/3.1.6.16 
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3 SCOPE OF APPROVAL 


3.1 General 


3.1.1 Rule application 


3.1.1.1 


3.1.1.2 


3.1.1.3 


Further to the information contained in Section 1/1.1.2 and Section 1/1.2.1, the Rules 
cover the scantling requirements for the classification of new double hull tankers of 
150m or greater in length. 


The attention of owners, designers, and builders is directed to the regulations of 
international, national, canal, and other authorities dealing with those requirements 
which may affect structural aspects, in addition to or in excess of the classification 
requirements. 


Other aspects of the structural design not covered by these Rules are to be 
addressed using the rules of the individual Classification Society. 


3.2 Classification 


3.2.1 General 


32.1.1 


3.2.1.2 


The documentation, plans and data requirements specified in Sub-Section 2 are to be 
submitted. Each individual Classification Society will review such documentation to 
verify compliance with the requirements. 


An appropriate term to indicate that the plans, reports or documents have been 
reviewed for compliance with these Rules will be used according to the procedures 
of the individual Classification Society. 


3.3 Requirements of National and International Regulations 


3.3.1 Responsibility 


3.3.1.1 


3.3.1.2 


It is the responsibility of the designer to ensure that the design complies with the 
current National and International regulations applicable to the vessel. 


Classification Societies are not responsible for assessing compliance with 
International and National regulations as part of the general classification approval 
process. However, a Classification Society may enter into an agreement under 
which they are explicitly instructed to review and approve a vessel design for 
compliance with specified regulations. This approval may be accepted as proof of 
compliance on behalf of a Flag Administration provided the Classification Society 
has been designated as a suitable recognised by that Flag Administration in 
accordance with SOLAS Regulations XI/1. 


3.3.2 Review procedure 


3.3.2.1 


When compliance is reviewed by the Flag Administration, the vessel is to be issued 
with certificates indicating compliance with National and International regulations 
by the Flag Administration. For ships with arrangements and equipment that are 
required to comply with the following requirements, and applicable amendments 
thereto, and where not issued by the Flag Administration, the applicable convention 
certificates are to be issued by the Classification Society or by an IACS member 
when authorised: 


(a) International Convention on Load Lines, 1966 
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(b) International Convention for the Safety of Life at Sea, 1974, and its Protocol of 1978 

(c) International Convention for the Prevention of Pollution from Ships, 1973, and as 
modified by the Protocol of 1978 relating thereto. 

For dual class ships, convention certificates may be issued by either Classification 

Society with which the ship is classed, provided this is recognised in a formal dual 

class agreement with the Classification Societies classing the ship and that both 

societies are authorised by the Flag Administration. 
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4 EQUIVALENCE PROCEDURE 


4.1 General 


4.1.1 Rule applications 


4.1.1.1 


4.1.1.2 


4.1.1.3 


These Rules apply in general to double hull oil tankers of normal form, proportions, 
speed and structural arrangements. Relevant design parameters defining the 
assumptions made are given in Section 2/3. 


The Rules are applicable to steel ships of welded construction. Other materials for 
use in hull construction will be specially considered. 


Special consideration will be given to the application of the Rules incorporating 
design parameters which are outside the design basis of Section 2/3, for example: 

(a) increased fatigue life 

(b) increased corrosion additions 

(c) increased cargo density. 


4.1.2 Novel designs 


4.1.2.1 


4.1.2.2 


4.1.2.3 


4.1.2.4 


Ships of novel design, i.e. those of unusual form, proportions, speed and structural 
arrangements outside those reflected in Section 2/3.1.2 of these Rules will be 
specially considered according to the contents of this sub-section. 


Information is be submitted to the Classification Society to demonstrate that the 
structural safety of the novel design is at least equivalent to that intended by the 
Rules. 


In such cases, the Classification Society is to be contacted at an early stage in the 
design process to establish the applicability of the Rules and additional information 
required for submission. 


Dependent on the nature of the deviation, a systematic review may be required to 
document equivalence with the Rules. 


4.1.3 Alternative calculation methods 


4.1.3.1 


Where indicated in specific sections of the Rules, alternative calculation methods to 
those shown in the Rules may be accepted provided it is demonstrated that the 
scantlings and arrangements are of at least equivalent strength to those derived 
using the Rule calculation method. 
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5 CALCULATION AND EVALUATION OF SCANTLING REQUIREMENTS 
5.1 Determination of Scantling Requirements for Plates 


5.1.1 Determination of scantlings of plate strakes - idealisation of plate panels 


5.1.1.1 Scantlings of plate strakes are to be derived based on the idealisation of the as-built 


structure as a series of Elementary Plate Panels (EPP). 


5.1.1.2 An EPP is the unstiffened part of the plating between stiffeners. The plate panel 
length, lepp, and breadth, Sepp, of the EPP are defined in relation to the longest and 


shortest plate edges respectively, as shown in Figure 3.5.1. 


5.1.1.3 For strength assessment, the idealisation of EPP may be different and take into 


account the mesh arrangement in the FEM model. 


Figure 3.5.1 
Elementary Plate Panel Definition 
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PSM or 
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Longitudinal/horizontal framing Transverse/ vertical framing 


5.1.14 The required scantling of a plate strake is to be taken as the greatest value required 

for each EPP within that strake as given by: 

(a) an EPP positioned entirely within the strake boundaries, e.g. EPP2 in Figure 3.5.2 

(b) an EPP with a strake boundary weld seam bisecting it predominantly in the 
direction of the long edge of the EPP, e.g. EPP1, 3, 4 and 6 in Figure 3.5.2 

(c) an EPP with a strake boundary weld seam bisecting it predominantly in the 
direction of the short edge of the EPP within more than half the EPP breadth, Sepp, 
from the edge, e.g. EPP1 and EPP2 in Figure 3.5.3(a). 
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Figure 3.5.2 
Determining Elementary Plate Panels for a Strake 
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5.1.2 Determination of scantlings of elementary plate panels for scantling 
requirements 


5.1.2.1 The required scantling of each elementary plate panel is to be calculated based on a 
Load Calculation Point (LCP) defined as: 


(a) for longitudinal framing, at the mid length of the EPP measured along the global 
x-axis at its lower edge. For horizontal plating the load calculation point is to be 
taken at the outboard y-value of the EPP. See Figure 3.5.3(a) 


(b) for transverse framing, at the mid length of the EPP measured along the global 
x-axis at the lower edge of strake. For horizontal plating the load calculation 
point is to be taken at the outboard y-value of the EPP. See Figure 3.5.3(b) 


(c) for horizontal framing on vertical transverse structure, at the lower edge of the 
elementary plate panel at the point of outboard y-value of the EPP. See Figure 
3.5.3(c) 


(d) for vertical framing on vertical transverse structure, at the greatest y-value of the 
lower edge of the EPP or at the lower edge of strake. See Figure 3.5.3(d) 


5.1.2.2 Both the local pressure and hull girder stress used for the calculation of the local 
scantling requirements are to be taken at the LCP. 


5.1.3 Determination of scantlings of elementary plate panels for hull girder 
strength 


5.1.3.1 The required scantlings of the elementary plate panels are to satisfy the hull girder 
bending and hull girder shear requirements of Section 8/1. 


5.1.3.2 The required thickness of each elementary plate panel, with respect to buckling, is 
to be calculated based on stresses taken at the mid length of the EPP measured 
along the global x-axis. 


5.1.3.3 The buckling evaluation is to be calculated using the stress distribution across the 
width of the panel defined with a reference stress taken at the edge with maximum 
stress and reduced stress at the other edge given as a fraction, ¥, defined in Table 
10.3.1, of the reference stress. 
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5.1.3.4 The required scantling of a plate strake is to be taken as the greatest value required 
for each EPP within that strake as given by: 
(a) an EPP positioned entirely within the strake boundaries, e.g. EPP2 in Figure 3.5.2 
(b) an EPP with a strake boundary weld seam bisecting it predominantly in the 
direction of the long edge of the EPP, e.g. EPP 1, 3, 4 and 6 in Figure 3.5.2 


(c) an EPP with a strake boundary weld seam bisecting it predominantly in the 
direction of the short edge of the EPP within more than half the EPP breadth, 
Sepp, from the edge, e.g. EPP 1 and 2 in Figure 3.5.3(a). 


5.1.4 Determination of scantlings of elementary plate panels for FEM strength 
assessment 


5.1.4.1 The required scantlings of elementary plate panels are to be derived from the plate 
mesh element with maximum utilisation, see Section 9/2. 


Figure 3.5.3 
Example of Load Calculation Point for Typical Structural Configurations 
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Figure 3.5.3 (Continued) 
Example of Load Calculation Point for Typical Structural Configurations 
(c) Horizontal Framing on Transverse Structure 
Strake considered p : 
air aha ee | a ee aie Smee eo aa ee 
2 H EPP6 N EPP3’ 
3 — H — s s mm s o mm a oa | t- |— a errr ae a na mm a mm a o a fll ig — 
3 . 3 i LCP6.. LCP3:.. 
H a 5 | "EPPS EPP2 ` l 
[e] H 
g — [eei L E ee ES See l 
g x Saa] LĊP5 LĊP2 | 
2 i EPP4. EPP1. | 
i p> 
EEES Nees tale Piece — ME eg E oe Sa ec Se ee ee (= 
LCP4 LCP1 
Cross section PSM or PSM or PSM or l 
Stiffener Stiffener Stiffener | 
Global z-axis 
Global y-axis nil 
(d) Vertical Framing on Transverse Structure 
Ship's 
Strake considered ¢ 
| 
$ PSM 
ge] ae l 
vo e 
E : cl; l 
; N E ee ee a e a 
g i| EPP8 | EPP7 į EPP6 į EPP5 į EPP4 | EPP3 į EPP2 | EPP1 || | 
n l : i ` l : ` l : ` l : ` : ` l : ` l l 
A ae senate oe ok . : sol are y | 
Ip ; D Ea d: Bolen Ais k yl 
ay At: A p a — pR; E: Ñ; E | 
KILCP8 `“ LCP7 ~LCP6 “~LCP5 LCP4 “L LCP3 “;LCP2 yLCP1 f | av 
i i i i i i i l 
Cross section PSM PSM l 
Global z-axis 
Global y-axis ai 


5.2 Determination of Scantlings of Stiffeners 


5.2.1 Determination of scantlings of stiffeners - idealisation of stiffeners 


5.2.1.1 Scantlings of individual stiffeners are to be derived based on the idealisation of the 
as-built structure as a series of stiffened panels. 


5.2.1.2 A stiffened panel consists of a single idealised stiffener profile and effective plate 
flange supporting a boundary of one or more elementary plate panels. The 
arrangement of stiffened panels is based on the idealisation of the structure 
according to the elementary plate panel definition in 5.1.1. 


5.2.1.3 Scantlings of stiffeners based on requirements in Section 8 may be decided based on 
the concept of grouping designated sequentially placed stiffeners of equal scantlings. 
The scantling of the group is to be taken as the greater of the following: 
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(a) the average of the required scantling of all stiffeners within a group 
(b) 90% of the maximum scantling required for any one stiffener within the group. 


The concept of grouping is not applicable to fatigue requirements as given in Section 
9/3 and Appendix C. 


5.2.2 Determination of scantlings of stiffened panels for scantling requirements 
and fatigue 


5.2.2.1 The required scantling of a stiffened panel is to be based on a pressure load 
calculation point defined as: 


(a) mid point of the overall span, lmu, of the stiffener between primary support 
members, see Figure 3.5.4 


(b) at the connection of the stiffener to the plating. 


Figure 3.5.4 
Definition of Overall Span of Stiffeners, lpn 
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5.2.2.2 For longitudinal and horizontal framing the design pressure is to be taken as the 
pressure at the mid point of the overall span. 
5.2.2.3 


For transverse and vertical framing the design pressure is to be taken as the greater 
of the following: 


Pms KN/m? 


(Ponai +Pond-2 ) 
2 


Where: 


kN/m? 
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5.2.2.4 


5.2.2.5 


Pns calculated pressure at mid point of overall span, lun, in KN/m?2 
Pend-1 calculated pressure at 1st end of overall span, in KN/ m2 

Pena-2 calculated pressure at 274 end of overall span, in KN/ m2 

ljun overall span, in m, see Figure 3.5.4 


The section modulus requirements given in these Rules relate to the reference point 
giving the minimum section modulus. In general, this will be on the outer surface of 
the faceplate. The reference point for calculation of section modulus for typical 
profiles is shown in Figure 3.5.5. 


The hull girder stress used for calculation of local scantling requirements for 
stiffeners is to be taken at the reference point as shown in Figure 3.5.5 


Reference Point for Calculation of Section Modulus and Hull Girder Stress 


Figure 3.5.5 


for Local Scantling Assessment 
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5.2.3 


5.2.3.1 


5.2.3.2 


5.2.4 


5.2.4.1 


5.2.5 
5.2.5.1 


5.2.5.2 


5.2.5.3 


5.2.5.4 


5.2.6 
5.2.6.1 


5.2.6.2 


5.2.6.3 


5.2.6.4 


5.2.6.5 


Determination of scantlings of stiffened panels for hull girder buckling 
strength 


The required scantling of a stiffened panel, with respect to buckling, is to be based 
on the axial stress calculated at the attachment point of the stiffener to the plate and 
at the mid length of the stiffener measured along the global x-axis. 


The required scantling as given in 5.2.3.1 applies to stiffeners outside of a distance s 
from the support, where s is the stiffener spacing. 


Determination of scantlings of stiffened panels for FEM strength 
assessment 


The required scantlings of the stiffened panel are to be based on the derivation of 
applied stresses in accordance with Section 9/2. 


Shear area requirements of stiffeners 


Requirements for the shear area and/or web thickness of stiffeners are given in 
Section 8. 


The requirements in Section 8 are to be calculated based on the load point defined in 
5.2.2 and the effective span as given in Section 4/2.1.2. 


The requirements in Section 8 are to be evaluated against the actual shear area of the 
stiffener, based on the effective shear height of the stiffener as given in Section 
4/2.4.2 and based on the specified minimum yield of the stiffener. 


The effect of brackets may be included in the calculation of the effective span, but no 
part of the bracket is to be included in the calculation of the actual shear area. 


Bending requirements of stiffeners 


Requirements for the section modulus and moment of inertia of stiffeners are given 
in Section 8. 


The requirements in Section 8 are to be calculated based on the load point defined in 
5.2.1 and the effective span as given in Section 4/2.1.1. 


The requirements in Section 8 are to be evaluated against the actual section 
modulus/moment of inertia of the stiffener. The stiffener web and flanges are to be 
included in the calculation of actual sectional properties. 


The effect of brackets may be included in the calculation of the effective span, but no 
part of the bracket is to be included in the calculation of section modulus/ moment 
of inertia. 


When the stiffener is of a higher strength material than the attached plate, the yield 
stress used for the calculation of the section modulus requirements in Section 8 is in 
general not to be greater than 1.35 times the minimum specified yield stress of the 
attached plate. If the yield stress of the stiffener exceeds this limitation the following 
criterion is to be satisfied: 


Z net-plt 


Oyd-sif S (a 7 longl) + lons| N/mm? 


Where: 
Oya-sf Specified minimum yield stress of the material of the stiffener, in N/mm? 


Oya-pt specified minimum yield stress of the material of the attached plate, in 
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N/mm? 


One maximum hull girder stress of sagging and hogging (S+D), in N/mm, as 
defined in Table 8.2.5 and Table 8.4.3 for stiffeners in cargo tank region and 
machinery spaces respectively and not to be taken as less than 0.4 Gya-pi: 


Znet net section modulus, in way of face plate/free edge of the stiffener, in cm 


Znetpt Net section modulus, in way of the attached plate of stiffener, in cm3 


5.2.7 Evaluation of slanted stiffeners 


5.2.7.1 


The shear area and section modulus requirements for local support members are 
valid about an axis parallel to the plate flange. If the angle g between the stiffener 
web and the attached plating is less than 75 degrees, see Figure 4.2.14, then the 
actual shear area and section modulus is to be adjusted in accordance with Sections 
4/2.4.2 and 2.4.3. The angle between the stiffener web, y, and the attached plating is 
not to be less than 50 degrees. 


5.3 Calculation and Evaluation of Scantling Requirements for Primary Support 
Members 


5.3.1 Load application point for primary support members 


5.3.1.1 


The design pressure for primary support members is generally taken at the mid 
point of the load area. The design pressures for the primary support members are 
defined for individual members as given in Section 8. 


5.3.2 Shear requirements of primary support members 


5.3.2.1 


5.3.2.2 


5.3.2.3 


Requirements for shear area and/or web thickness of primary support members are 
given in Section 8. 


These requirements are to be calculated based on the load point defined in 5.3.1 and 
the effective span as given in Section 4/2.1.5. 


These requirements are to be evaluated against the actual shear area and the 
specified minimum yield of the web plate of the primary support member. The 
actual shear area of the primary support member is defined in Section 4/2.5.1. The 
effect of brackets may be included in the calculation of effective span, but are not to 
be included in the calculation of actual shear area. 


5.3.3 Bending requirements of primary support members 


5.3.3.1 


5.3.3.2 


5.3.3.3 


5.3.3.4 


Requirements for section modulus and moment of inertia of primary support 
members are given in Section 8 and Section 10, respectively. 


These requirements are to be calculated based on the load point defined in 5.3.1 and 
the effective span as given in Section 4/2.1.4. 


These requirements are to be evaluated against the actual section modulus/moment 
of inertia of the primary support member. Web and flanges are included in the 
calculation of actual sectional properties. The effect of brackets may be included in 
calculation of effective span, but are not to be included in the calculation of section 
modulus/moment of inertia. 


Where it is impracticable to fit a primary support member with the required web 
depth, then it is permissible to fit a member with reduced depth provided that the 
fitted member has equivalent moment of inertia or deflection to the required 
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member. The required equivalent moment of inertia is to be based on an equivalent 
section given by the effective width of plating at mid span with required plate 
thickness, web of required depth and thickness and face plate of sufficient width 
and thickness to satisfy the required mild steel section modulus. All other rule 
requirements, such as minimum thicknesses, slenderness ratio, section modulus and 
shear area, are to be satisfied for the member of reduced depth. The equivalent 
moment of inertia may be also demonstrated by an equivalent member having the 
same deflection as the required member. 


5.4 Rounding of Calculated Thickness 


5.4.1 Required gross thickness 


5.4.1.1 


5.4.1.2 


The minimum required gross thickness of any member to be fitted at the new- 
building stage, exclusive of any owners’ extras, is to be taken as the rounded net 
thickness required plus the appropriate corrosion addition. 


The required net thickness is given by rounding the calculated net thickness to the 
nearest half millimetre. For example: 

(a) for 10.75 < teac-net < 11.25 mm the Rule required thickness is 11mm 

(b) for 11.25 < teac-net < 11.75 mm the Rule required thickness is 11.5mm. 
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SECTION 4 


BASIC INFORMATION 
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1 DEFINITIONS 


1.1 Principal Particulars 


1.1.1 L, rule length 


1.1.1.1 


L, the rule length, is the distance on the waterline at the scantling draught, from the 
forward side of the stem to the centreline of the rudder stock, in metres. L is not to 
be less than 96%, and need not be greater than 97%, of the extreme length on the 
summer load waterline. In ships with an unusual stern and bow arrangement the 
length, L, will be specially considered. 


1.1.2 Lz, load line length 


1.1.2.1 


Lı, the load line length is defined in the International Convention on Load Lines. 


1.1.3 Moulded breadth 


1.1.3.1 


B, the moulded breadth, is the maximum breadth of the ship, measured amidships 
to the moulded line of the frame, in metres. 


1.1.4 Moulded depth 


1.1.4.1 


D, the moulded depth, is the vertical distance, in metres, amidships, from the 
moulded baseline to the moulded deck line of the uppermost continuous deck 
measured at deck at side. On vessels with a rounded gunwale, D is to be measured 
to the continuation of the moulded deck line. 


1.1.5 Draughts 


1.1.5.1 


1.1.5.2 


1.1.5.3 


1.1.5.4 


1.1.5.5 


T, the draught in metres, is the summer load line draught for the ship in operation, 
measured from the moulded base line at amidships. Note this may be less than the 
maximum permissible summer load waterline draught. 


Tia, is the minimum design ballast draught, in metres, at which the strength 
requirements for the scantlings of the ship are met. The minimum design ballast 
draught is not to be greater than the minimum draught of ballast conditions 
including ballast water exchange operation, measured from the moulded base line 
at amidships, for any ballast loading condition in the loading manual including 
both departure and arrival conditions. 


That-n, the normal ballast draught in metres, is the draught at departure given for the 
normal ballast condition in the loading manual, measured from the moulded base 
line at amidships, see Section 8/1.1.2.3. The normal ballast condition is the ballast 
condition in compliance with condition specified in Section 8/1.1.2.2 a). 


Thu, the full load design draught in metres, is the draught at departure given for the 
homogeneous full load condition in the loading manual, measured from the 
moulded base line at amidships, see Section 8/1.1.2.3. 


Ts, is the maximum design draught, in metres, at which the strength requirements 
for the scantlings of the ship are met. 


1.1.6 Amidships 


1.1.6.1 


Amidships is to be taken as the middle of the rule length, L. 
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1.1.7 Moulded displacement 


1.1.7.1 A, the moulded displacement, in tonnes, corresponding to the underwater volume 
of the ship, at draught Ts, in sea water with a density of 1.025t/ m8. 


1.1.8 Maximum service speed 


1.1.8.1 V, the maximum ahead service speed, in knots, means the greatest speed which the 
ship is designed to maintain in service at her deepest sea-going draught at the 
maximum propeller RPM and corresponding engine MCR (Maximum Continuous 
Rating). 


1.1.9 Block coefficient 
1.1.9.1 Cr, the block coefficient at the scantling draught, is defined as: 


da 
LBwtTsc 

Where: 

V moulded displacement volume at the scantling draught, in m3 

L rule length, as defined in 1.1.1.1 

Bu. moulded breadth measured amidships, in m, at the scantling 

draught waterline 
Tsc scantling draught, as defined in 1.1.5.5 


1.1.9.2 Crrrc, the block coefficient at considered loading condition, is defined as: 
V LC 


Cere LBy, Tic 

Where: 

VIC moulded displacement volume at the Tic, in m? 

L rule length, as defined in 1.1.1.1 

Bw moulded breadth measured amidships, in m, at the Tic 

Trc draught at amidships, in m, in the loading condition being 
considered. 
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1.1.10 Length between perpendiculars 


1.1.10.1 Lpp, the length between perpendiculars, is the distance, in metres, on the scantling 
draught waterline from the fore side of the stem to the after side of the rudder post, 
or to the centre of the rudder stock if there is no rudder post. 


1.1.11 The forward perpendicular 

1.1.11.1 F.P., the forward perpendicular, is the perpendicular at the intersection of the 
scantling draught waterline with the fore side of the stem. The F.P. is the forward 
end of the rule length, L. 

1.1.12 The aft perpendicular 

1.1.12.1 A.P., the aft perpendicular, is the perpendicular at the aft end of the rule length, L, 
measured from the F.P. 

1.1.13 Load line block coefficient 


1.1.13.1 C, the load line block coefficient, is defined in the International Convention on Load 
Lines as follows: 


V 
Where 
V; moulded displacement volume at the moulded draught, Tz, in 
m3 
Lı load line length, as defined in 1.1.2.1 
B moulded breadth, in m, as defined in 1.1.3.1 
TL the moulded draught measured to the waterline at 85 per cent 


of the least moulded depth, in m 


1.1.14 Deadweight 


1.1.14.1 DWT, is the deadweight of the ship, in tonnes, floating in water with a specific 
gravity of 1.025, at the summer load line draught. 


1.2 Position 1 and Position 2 


1.2.1 Position 1 

1.2.1.1 Position 1 is defined as any location upon exposed freeboard and raised 
quarterdecks, and exposed superstructure decks within the forward 0.25Lr. 

1.2.2 Position 2 


1.2.2.1 Position 2 is defined as any location upon exposed superstructure decks abaft the 
forward 0.25L1. 
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1.3 Type ‘A’ and Type ‘B’ Freeboard Ships 


1.3.1 ICLL definition 
1.3.1.1 A Type ‘A’ or Type ‘P’ freeboard ship is as defined in the International Convention on 
Load Lines. 


1.4 Coordinate System 


1.4.1 Origin and orientation 


1.4.1.1 The coordinate system used within these Rules is shown in Figure 4.1.1. Motions 
and displacements are considered positive in the forward, up and to port direction. 
Angular motions are considered positive in the clockwise direction about the x, y or 
Z axis. 


Figure 4.1.1 
Coordinate System 
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1.5 Naming Convention 


1.5.1 Bulkhead nomenclature 


1.5.1.1 Figures 4.1.2, 4.1.3 and 4.1.4 show the common structural nomenclature used within 
these Rules. 


Figure 4.1.2 
Corrugated Transverse Bulkhead Nomenclature 
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Figure 4.1.3 
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Figure 4.1.4 
Mid Cargo Hold Transverse Section 
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1.6 Symbols 


1.6.1 General 


1.6.1.1 The symbols and subscripts used within these Rules are defined locally. The 
principal particulars, as defined in 1.1, may be referred to within text without 
reference. 


1.7 Units 


1.7.1 General 


1.7.1.1 The following units are used within these Rules. The units to be used within 
equations are given locally. 


(a) General: 


e dimensions/ distances m 
e primary spacings m 
e secondary spacings mm 
e area m? 
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e volume 
e mass 
e velocity 
e acceleration 
(b) Hull girder properties: 
e dimensions 
e area 
e section modulus 
e moment of inertia 
e moment of area 
(c) Stiffener properties: 
e dimensions 
e area 
è section modulus 
è inertia 
e length/effective length 
e span 
(d) Plating dimensions: 
e breadth 
e length 
e thickness 
(e) Loads: 
e pressures 
e loads 
e bending moment 
e shear force 
(f) Miscellaneous: 
e yield strength 
e stress 
e deflections 
e modulus of elasticity 
e density 
e displacement 
e angle 
e calculated angle 
e period 
e frequency 
e ship speed 


knots 
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1.8 Glossary 


1.8.1 Definitions of terms 


1.8.1.1 The terms in Table 4.1.1 are used within these Rules to describe the items which their 


respective definitions describe. 


Table 4.1.1 
Definitions of Terms 

Terms Definition 

Accommodation A deck used primarily for the accommodation of the crew 

deck 

Accommodation A portable set of steps on a ship’s side for people boarding from small 

ladder boats or from a pier 

Aft peak The area aft of the aft peak bulkhead 

Aft peak bulkhead | The first main transverse watertight bulkhead forward of the stern 

Aft peak tank The compartment in the narrow part of the stern aft of the aft peak 
bulkhead 

Anchor a device which is attached to anchor chain at one end and lowered into 
the sea bed to hold a ship in position; it is designed to grip the bottom 
when it is dragged by the ship trying to float away under the influence of 
wind and current; usually made of heavy casting or casting 

Ballast tank A compartment used for the storage of water ballast 

Bay The area between adjacent transverse frames or transverse bulkheads 

Bilge keel A piece of plate set perpendicular to a ship’s shell along the bilges to 
reduce the rolling motion 

Bilge plating The area of curved plating between the bottom shell and side shell. To be 
taken as follows: From the start of the curvature at the lower turn of bilge 
on the bottom to the lesser of, the end of curvature at the upper turn of 
the bilge on the side shell or 0.2D above the baseline/local centreline 
elevation 

Bilge strake The lower strake of bilge plating 

Boss The boss of propeller is the central part to which propeller blades are 


attached and through which the shaft end passes 


Bottom shell 


The shell envelope plating forming the predominantly flat bottom 
portion of the shell envelope including the keel plate 


Bow The structural arrangement and form of the forward end of the ship 
Bower Anchor An anchor carried at the bow of the ship 
Bracket An extra structural component used to increase the strength of a joint 


between two structural members 


Bracket toe 


The narrow end of a tapered bracket 


Breakwater Inclined and stiffened plate structure on a weather deck to break and 
deflect the flow of water coming over the bow 

Breast hook A triangular plate bracket joining port and starboard side structural 
members at the stem 

Bridge An elevated superstructure having a clear view forward and at each side, 
and from which a ship is steered 

Bulb profile A stiffener utilising an increase in steel mass on the outer end of the web 
instead of a separate flange 

Bulkhead A structural partition wall sub-dividing the interior of the ship into 


compartments 


Bulkhead deck 


The uppermost continuous deck to which transverse watertight 
bulkheads and shell are carried 


Bulkhead stool 


The lower or upper base of a corrugated bulkhead 
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Table 4.1.1 (Continued) 
Definitions of Terms 


Terms Definition 

Bulkhead structure | The transverse or longitudinal bulkhead plating with stiffeners and 
girders 

Bulwark The vertical plating immediately above the upper edge of the ship’s side 
surrounding the exposed deck(s) 

Bunker A compartment for the storage of fuel oil used by the ship's machinery 

Cable A rope or chain attached to the anchor 

Camber The upward rise of the weather deck from both sides towards the 
centreline of the ship 

Cargo tank A boundary bulkhead separating cargo tanks 

bulkhead 

Cargo area The part of the ship that contains cargo tanks and cargo/slop tanks and 


adjacent areas including ballast tanks, fuel tanks, cofferdams, void spaces 
and also including deck areas throughout the entire length and breadth 
of the part of the ship over the mentioned spaces. It includes the collision 
bulkhead and the transverse bulkhead at the aft end of the cargo block. 


Carlings A stiffening member used to supplement the regular stiffening 
arrangement 

Casing The covering or bulkhead around or about any space for protection 

Cellular A structural arrangement where there are two closely spaced boundaries 

construction and internal diaphragm plates arranged in such a manner to create small 
compartments 

Centreline girder A longitudinal member located on the centreline of the ship 

Chain Connected metal rings or links used for holding anchor, fastening timber 
cargoes, etc. 

Chain locker A compartment usually at the forward end of a ship which is used to 
store the anchor chain 

Chain pipe A section of pipe through which the anchor chain enters or leaves the 
chain locker 

Chain stopper A device for securing the chain cable when riding at anchor as well as 


securing the anchor in the housed position in the hawse pipe, thereby 
relieving the strain on the windlass 


Coaming The vertical boundary structure of a hatch or skylight 

Cofferdams The spaces between two bulkheads or decks primarily designed as a 
safeguard against leakage of oil from one compartment to another 

Collar plate A patch used to, partly or completely, close a hole cut for a longitudinal 


stiffener passing through a transverse web 
Collision bulkhead | The foremost main transverse watertight bulkhead 


Companionway A weathertight entrance leading from a ship’s deck to spaces below 
Compartment An internal space bounded by bulkheads or plating 
Confined space A space identified by one of the following characteristics: limited 


openings for entry and exit, unfavourable natural ventilation or not 
designed for continuous worker occupancy 


Corrugated A bulkhead comprised of plating arranged in a corrugated fashion 

bulkhead 

Cross ties Large transverse structural members joining longitudinal bulkheads and 
used to support them against hydrostatic and hydrodynamic loads 

Deck A horizontal structure element that defines the upper or lower boundary 
of a compartment 

Deck house A decked structure other than a superstructure, located on the freeboard 
deck or above. 

Deck structure The deck plating with stiffeners, girders and supporting pillars 
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Table 4.1.1 (Continued) 
Definitions of Terms 
Terms Definition 
Deep tank any tank which extends between two decks or the shell/inner bottom 
and the deck above or higher 


Discharges Any piping leading through the ship’s sides for conveying bilge water, 
circulating water, drains etc. 

Docking bracket A bracket located in the double bottom to locally strengthen the bottom 
structure for the purposes of docking 


Double bottom The shell plating with stiffeners below the top of the inner bottom and 
structure other elements below and including the inner bottom plating 
Doubler Small piece of plate which is attached to a larger area of plate that 


requires strengthening in that location. Usually at the attachment point 
of a stiffener 


Double skin Double skin member is defined as a structural member where the 

member idealized beam comprises webs, with top and bottom flanges formed by 
attached plating 

Duct keel A keel built of plates in box form extending the length of the cargo tank. 


It is used to house ballast and other piping leading forward which 
otherwise would have to run through the cargo tanks 


Enclosed The superstructure with bulkheads forward and/or aft fitted with 

superstructure weather tight doors and closing appliances 

Engine room A transverse bulkhead either directly forward or aft of the engine room 

bulkhead 

Face plate The section of a stiffening member attached to the plate via a web and is 
usually parallel to the plated surface 

Flange The section of a stiffening member, typically attached to the web, but is 


sometimes formed by bending the web over. It is usually parallel to the 
plated surface 


Flat bar A stiffener comprising only of a web 

Floor A bottom transverse member 

Forecastle A short superstructure situated at the bow 

Fore peak The area of the ship forward of the collision bulkhead 

Fore peak deck A short raised deck extending aft from the bow of the ship 

Freeboard deck Generally the uppermost complete deck exposed to weather and sea, 
which has permanent means of closing all exposed openings 

Freeing port An opening in the bulwarks to allow water shipped on deck to run freely 
overboard 

Gangway The raised walkway between superstructure, such as between the 
forecastle and bridge, or between the bridge and poop 

Girder A collective term for primary supporting structural members 

Gudgeon A block with a hole in the centre to receive the pintle of a rudder; located 
on the stern post, it supports and allows the rudder to swing 

Gunwale The upper edge of the ship’s sides 

Gusset A plate, usually fitted to distribute forces at a strength connection 
between two structural members 

Hatch ways Openings, generally rectangular, in a ship’s deck affording access into 
the compartment below 

Hawse pipe Steel pipe through which the hawser or cable of anchor passes, located in 
the ship's bow on either side of the stem, also known as spurling pipe 

Hawser Large steel wire or fibre rope used for towing or mooring 

Hopper plating Plating running the length of a compartment sloping between the inner 
bottom and vertical portion of inner hull longitudinal bulkhead 

HP Holland Profile 
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Terms Definition 

Independent tank | A self supporting tank 

Inner hull The innermost plating forming a second layer to the hull of the ship 

Intercostal Longitudinal member between the floors or frames of a ship; it is non- 
continuous 

JIS Japanese industrial standard profile 

Keel The main structural member or backbone of a ship running longitudinal 
along centreline of bottom. Usually a flat plate stiffened by a vertical 
plate on its centreline inside the shell 

Knuckle A discontinuity in a structural member 

Lightening hole A hole cut in a structural member to reduce its weight 

Limber hole A small drain hole cut in a frame or plate to prevent water or oil from 


collecting 


Local support 


Local support members are defined as local stiffening members which 


members only influence the structural integrity of a single panel, e.g. deck beams 

Longitudinal A longitudinal bulkhead located on the centreline of the ship 

centreline 

bulkhead 

Longitudinal hull | Structural members that contribute to the longitudinal strength of the 

girder structural hull girder, including: deck, side, bottom, inner bottom, inner hull 

members longitudinal bulkheads including upper sloped plating where fitted, 
hopper, bilge plate, longitudinal bulkheads, double bottom girders and 
horizontal girders in wing ballast tanks 

Longitudinal hull | Structural members that contribute to strength against hull girder 

girder shear vertical shear loads, including: side, inner hull longitudinal bulkheads, 

structural hopper, longitudinal bulkheads and double bottom girders 

members 

Manhole A round or oval hole cut in decks, tanks, etc., for the purpose of 
providing access 

Margin plate The outboard strake of the inner bottom and when turned down at the 
bilge the margin plate (or girder) forms the outer boundary of the double 
bottom 

Notch A discontinuity in a structural member caused by welding 

Oil fuel tank A tank used for the storage of fuel oil 

Pillar A vertical support placed between decks where the deck is unsupported 
by the shell or bulkhead 

Pintle Vertical pin on a rudder’s forward edge that enables the rudder to hang 


onto the stern post and swing when it fits into the gudgeon 


Pipe tunnel 


The void space running in the midships fore and aft lines between the 
inner bottom and shell plating forming a protective space for bilge, 
ballast and other lines extending from the engine room to the tanks 


Poop The space below an enclosed superstructure at the extreme aft end of a 
ship 

Poop deck The first deck above the shelter deck at the aft end of a ship 

Primary support Members of the beam, girder or stringer type which ensure the overall 

members structural integrity of the hull envelope and tank boundaries, e.g. double 
bottom floors and girders, transverse side structure, deck transverses, 
bulkhead stringers and vertical webs on longitudinal bulkheads 

Rudder A device, usually of an aerofoil or flat section, that is used to steer a ship. 
A common type has a vertical fin at the stern and is able to move from 35 
degrees port to 35 degrees starboard; rudders are characterised by their 
area, aspect ratio, and shape 
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Definitions of Terms 


Terms Definition 

Scallop A hole cut into a stiffening member to allow continuous welding of a plate 
seam 

Scarfing bracket | A bracket used between two offset structural items 

Scantlings The physical dimensions of a structural item 

Scupper Any opening for carrying off water from a deck, either directly or through 
piping 

Scuttle A small opening in a deck or elsewhere, usually fitted with a cover or lid 
or a door for access to a compartment 

Shedder plates Slanted plates that are fitted to minimise pocketing of residual cargo in 


way of corrugated bulkheads 


Sheer strake 


The top strake of a ship’s side shell plating 


Shelf plate A horizontal plate located on the top of a bulkhead stool 

Shell envelope The shell plating forming the effective hull girder 

plating 

Side shell The shell envelope plating forming the side portion of the shell envelope 
above the bilge plating 

Single skin Single skin member is defined as a structural member where the idealized 

member beam comprises a web, with a top flange formed by attached plating and a 
bottom flange formed by a face plate 

Skylight A deck opening fitted with or without a glass port light and serving as a 
ventilator for engine room, quarters, etc. 

Slop tank A tank in an oil tanker which is used to collect the oil and water mixtures 
from cargo tanks after tank washing 

Spaces Separate compartments including tanks 

Stay Bulwark and hatch coaming brackets 

Stem The piece of bar or plating at which a ship's outside plating terminates at 


forward end 


Stern frame 


The heavy strength member in single or triple screw ships, combining the 
rudder post 


Stern tube A tube through which the shaft passes to the propeller; and acts as an after 
bearings for the shafting and may be water or oil lubricated 

Stiffener A collective term for secondary supporting structural members 

Stool A structure supporting tank bulkheads 

Strake A course, or row, of shell, deck, bulkhead, or other plating 

Strength deck The uppermost continuous deck 

Stringer Horizontal girders linking vertical web frames 

Stringer plate The outside strake of deck plating 

Superstructure A decked structure on the freeboard deck, extending from side to side of 
the ship or with the side plating not being inboard of the shell plating 
more than 0.04B. 

Tank top The horizontal plating forming the bottom of a cargo tank 

Towing pennant | A long rope which is used to effect the tow of a ship 

Transom The structural arrangement and form of the aft end of the ship 


Transverse ring 


All transverse material appearing in a cross-section of the ship's hull, in 
way of a double bottom floor, vertical web and deck transverse girder 


Transverse web 
frame 


The primary transverse girders which join the ships longitudinal structure 


Tripping bracket 


A bracket used to strengthen a structural member under compression, 
against torsional forces 


‘Tween deck 


An abbreviation of between decks, placed between the upper deck and the 
tank top in the cargo tanks 
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Table 4.1.1 (Continued) 
Definitions of Terms 


Terms Definition 

Ullage The quantity represented by the unoccupied space in a tank 

Void An enclosed empty space in a ship 

Wash bulkhead A perforated or partial bulkhead in a tank 

Watertight Watertight means capable of preventing the passage of water through the 
structure under a head of water for which the surrounding structure is 
designed 

Weather deck A deck or section of deck exposed to the elements which has means of 
closing weathertight, all hatches and openings 

Weathertight Weathertight means that in any sea conditions water will not penetrate 
into the ship 

Web The section of a stiffening member attached perpendicular to the plated 


surface 


Wind and water 
strakes 


The strakes of a ship's side shell plating between the ballast and the 
deepest load waterline 


Windlass 


A machine for lifting and lowering the anchor chain 


Wing tank 


The space bounded by the inner hull longitudinal bulkhead and side shell 


RCN 2 to July 2008 version (effective from 1 July 2010) 
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2 STRUCTURAL IDEALISATION 


2.1 Definition of Span 


2.1.1 Effective bending span of local support members 


2.1.1.1 


2.1.1.2 


2.1.1.3 


2.1.1.4 


2.1.1.5 


2.1.1.6 


2.1.1.7 


The effective bending span, lvag, of a stiffener is defined for typical arrangements in 
2.1.1.3 to 2.1.1.7. Where arrangements differ from those shown in Figure 4.2.1 
through Figure 4.2.8, span definition may be specially considered. 


The effective bending span may be reduced due to the presence of brackets, 
provided the brackets are effectively supported by the adjacent structure, otherwise 
the effective bending span is to be taken as the full length of the stiffener between 
primary member supports. 


If the web stiffener is sniped at the end or not attached to the stiffener under 
consideration, the effective bending span is to be taken as the full length between 
primary member supports unless a backing bracket is fitted, see Figure 4.2.2. 


The effective bending span may only be reduced where brackets are fitted to the 
flange or free edge of the stiffener. Brackets fitted to the attached plating on the side 
opposite to that of the stiffener are not to be considered as effective in reducing the 
effective bending span. 


The effective bending span, la, for stiffeners forming part of a double skin 
arrangement is to be taken as shown in Figure 4.2.1. 


The effective bending span, loa, for stiffeners forming part of a single skin 
arrangement is to be taken as shown in Figure 4.2.2. 


For stiffeners supported by a bracket on one side of primary support members, the 
effective bending span is to be taken as the full distance between primary support 
members as shown in Figure 4.2.2(a). If brackets are fitted on both sides of the 
primary support member, the effective bending span is to be taken as in Figures 
4.2.2(b), (c) and (d). 
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Figure 4.2.1 
Effective Bending Span of Stiffeners Supported by Web Stiffeners 
(Double Skin Construction) 
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Figure 4.2.2 
Effective Bending Span of Stiffeners Supported by Web Stiffeners 
(Single Skin Construction) 


sem a a R 


| 


Bpa 
, 
ee 


VAIVA 


2.1.1.8 Where the face plate of the stiffener is continuous along the edge of the bracket, the 
effective bending span is to be taken to the position where the depth of the bracket 
is equal to one quarter of the depth of the stiffener, see Figure 4.2.3. 
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2.1.1.9 


Figure 4.2.3 
Effective Bending Span for Local Support Members 
with Continuous Face Plate along Bracket Edge 


A Span , 


For the calculation of the span point, the bracket length is not to be taken greater 
than 1.5 times the length of the arm on the bulkhead or base. 


2.1.2 Effective shear span of local support members 


2.1.2.1 


2;1:2:2 


2:12:32 


2.1.2.4 


2.20 


2.1.2.6 


The effective shear span, lsm, of a stiffener is defined for typical arrangements in 
2.1.2.5 to 2.1.2.7. Effective bending span for other arrangements will be specially 
considered. 


The effective shear span may be reduced due to the presence of brackets provided 
the brackets are effectively supported by the adjacent structure, otherwise the 
effective shear span is to be as the full length as given in 2.1.2.4. 


The effective shear span may be reduced for brackets fitted on either the flange or 
the free edge of the stiffener, or for brackets fitted to the attached plating on the side 
opposite to that of the stiffener. If brackets are fitted at both the flange or free edge 
of the stiffener, and to the attached plating on the side opposite to that of the 
stiffener the effective shear span may be calculated using the longer effective 
bracket arm. 


The effective shear span may be reduced by a minimum of s/4000 m at each end of 
the member, regardless of support detail, hence the effective shear span, Isnr, is not to 
be taken greater than: 


loy = l ~ : 
2000 
Where: 
l full length of the stiffener between primary support members, 
in m 
s stiffener spacing, in mm, as defined in 2.2.1 


The effective shear span, lə, for stiffeners forming part of a double skin 
arrangement is to be taken as shown in Figure 4.2.4. 


The effective shear span, lsn, for stiffeners forming part of a single skin arrangement 
is to be taken as shown in Figure 4.2.5. 
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Figure 4.2.4 
Effective Shear Span of Stiffeners Supported by Web Stiffeners 
(Double Skin Construction) 


min. 


3/4000 


Line 
1-s/2000 


et La 
| Loe | 


1-s/2000 


JULY 2012 SECTION 4.2/PAGE5 


SECTION 4 - BASIC INFORMATION COMMON STRUCTURAL RULES FOR OIL TANKERS 


Figure 4.2.5 
Effective Shear Span of Stiffeners Supported by Web Stiffeners 
(Single Skin Construction) 


3/4000 —> - 


shr 


shr 


shr 


Figure 4.2.6 
Effective Shear Span for Local Support Members 
with Continuous Face Plate along Bracket Edge 
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2A Ad 


2.1.2.8 


2.1.3 
2.1.3.1 


2.1.4 
2.1.4.1 


2.1.4.2 


2.1.4.3 


2.1.4.4 


2.1.4.5 


2.1.4.6 


2.1.4.7 


2.1.4.8 


Where the face plate of the stiffener is continuous along the curved edge of the 
bracket, the effective shear span is to be taken as shown in Figure 4.2.6. 


For curved and/or long brackets (high length/height ratio) the effective bracket 
length is to be taken as the maximum inscribed 1:1.5 bracket as shown in Figure 
4.2.4(c) and Figure 4.2.5(c). 


Effect of hull form shape on span of local support members 


The full length of the stiffener between primary support members, l, is to be 
measured along the flange for stiffeners with a flange, and along the free edge for 
flat bar stiffeners. For curved stiffeners the span is defined as the chord length 
between span points. The calculation of the effective span is to be in accordance 
with requirements given in 2.1.1. 


Effective bending span of primary support members 


The effective bending span, liag, of a primary support member may be taken as less 
than the full length of the member between supports provided that suitable end 
brackets are fitted. 


For arrangements where the primary support member face plate is not carried 
continuously around the edge of the bracket, i.e. the bracket is welded to the 
primary support member, the span point at each end of the member, between which 
the effective bending span is measured, is to be taken at the point where the depth 
of end bracket measured from the face of the member is equal to one half the depth 
of the member, as shown in Figure 4.2.7(b). The effective bracket used to define the 
span point is to be taken as given in 2.1.4.4. 


For brackets where the face plate of the primary support member is continuous 
along the face of the bracket, i.e. the bracket is integral part of the primary support 
member, the span point is to be taken at the position where the depth of the bracket 
is equal to one quarter the depth of the member, see Figures 4.2.7(a), (c) and (d). The 
effective bracket used to define the span point is to be taken as given in 2.1.4.4. 


The effective bracket is defined as the maximum size of triangular bracket with a 
length to height ratio of 1.5 that just fits inside the as fitted bracket, for curved 
brackets the tangent point is to be used to define the fit, see Figure 4.2.7 for examples. 


For straight brackets with a length to height ratio greater than 1.5, the span point is 
to be taken to the effective bracket; for steeper brackets the span point is to be taken 
to the as fitted bracket. 


For curved brackets the span point is to be measured taken to the fitted bracket at 
span positions above the tangent point between fitted bracket and effective bracket. 
For span positions below the tangent point the span point is to be measured to the 
effective bracket. 


For arrangements where the primary support member face plate is carried on to the 
bracket and backing brackets are fitted the span point need not be taken greater 
than to the position where the total depth reaches twice the depth of the primary 
support member. Arrangements with small and large backing brackets are shown in 
Figure 4.2.7(e) and (f). 


For arrangements where the height of the primary support member is maintained 
and the face plate width is increased towards the support the effective bending span 
may be taken to a position where the face plate breadth reaches twice the nominal 
breadth. 


JULY 2012 SECTION 4.2/ PAGE 7 


SECTION 4 - BASIC INFORMATION 


COMMON STRUCTURAL RULES FOR OIL TANKERS 


Effective Span of Primary Support Member for Bending Assessment 


Figure 4.2.7 


a) Integral bracket with 
continuous curved face plate 


Bending span 


of bracket) 


b) Separate welded brackets 


Bending span 


effective length 
of bracket) 


c) Integral straight bracket with continuous face 
plate - length to height ratio > 1.5 


Bending span 


of bracket) 


d) Integral straight bracket with continuous face 
plate - length to height ratio < 1.5 


Bending span 
A & SP: 


1x 


heya] 


(effective length 
of bracket) 


e) Small back bracket 


Bending span 


hy y a 


a 


f) Large back bracket 


Bending span 
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2.1.5 Effective shear span of primary support members 


2.1.5.1 The span point at each end of the primary support member, between which the 
shear span is measured, is to be taken at the toe of the effective brackets supporting 
the member, where the toes of effective brackets are as shown in Figure 4.2.8. The 
effective bracket used to define the toe point is given in 2.1.4.4. 


2.1.5.2 For arrangements where the effective backing bracket is larger than the effective 
bracket in way of face plate, the shear span is to be taken as the mean distance 
between toes of the effective brackets as shown in Figure 4.2.8 (f). 
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Figure 4.2.8 
Effective Span of Primary Support Member for Shear Assessment 


a) Integral bracket with 
continuous curved face plate 


b) Separate welded brackets 


Shear span 


Shear span 


ie 


(effective length 
of bracket) 


of bracket) 


d) Integral straight bracket with continuous face 
plate - length to height ratio < 1.5 


c) Integral straight bracket with continuous face 
plate - length to height ratio > 1.5 


Shear span Shear span 


(effective leng 
of bracket) 


(effective length 
of bracket) 


e) Small back bracket f) Large back bracket 


Shear span Shear span 
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2.2 Definition of Spacing and Supported Breadth 


2.2.1 Supported load breadth of local support members 


2.2.1.1 


The mean of the stiffener spacings on each side is to be used for the calculation of 
the effective plate flange of stiffeners and the load breadth supported by a stiffener, 
s, see Figure 4.2.9. 


2.2.2 Spacing and supporting load breadth of primary support members 


2.2.2.1 


2,2.2;2 


Primary support member spacing, S, for the calculation of the effective plate flange 
of primary support members is to be taken as the mean spacing between adjacent 
primary support members, as shown in Figure 4.2.9. 


Unless specifically defined elsewhere in the Rules, the loading breadth supported 
by a girder is defined as half the sum of the primary support member spacing on 
each side, see Figure 4.2.9. 


2.2.3 Effective spacing of curved plating 


2.2.3.1 


For curved plating the stiffener spacing or the primary support member spacing, s 
or S, is to be measured on the mean chord between members. 


Figure 4.2.9 
Supported Load Breadth and Breadth of Attached Plating 
for Local and Primary Support Members 


a, b; 


D gi "| 


|} ------------}---------------+ 


l 
l 
l 
l 
l < sS > 
l 
l « > 
l 0.25(a,+a,) 1 0.25(b,+b,) 
l 
l 
l \ 
l \ 
l \ 
l \ 
l | 
l \ 
l | 
l \ 
l | 
L | 
p - 
a, b, 
Note 
1. The mean breadth is to be taken as 0.25 (a, + a2 + bı + bo), where a1, az, bı, b2 are the 
spacings between local and primary support members at ends as appropriate. 
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2.3 Effective Breadth of Plating 


2.3.1 Effective breadth of attached plate of local support members for strength 
evaluation 


2.3.1.1 The effective breadth as defined in 2.3.1.2 is applicable to the scantling requirements 
of stiffeners as given in Section 8. 
2.3.1.2 The effective breadth of the attached plate, bg to be used for calculating the 


combined section modulus of the stiffener and attached plate is to be taken as the 
mean stiffener spacing, s, as given in 2.2.1. However, where the attached plate net 
thickness, tp-net, is less than 8mm, the effective breadth is not to be taken greater than 
600mm. 


2.3.2 Effective breadth of attached plate and flanges of primary support members 
for strength evaluation 


2.3.2.1 


2.3:2.2 


2.3.2.3 


The effective breadths as defined in 2.3.2.2 to 2.3.2.4 are applicable to the scantling 
requirements of primary support members as given in Section 8. 


At the end of the span where no effective end bracket is fitted, the effective breadth 


of attached plate, b-g, for calculating the section modulus and/or moment of inertia 
of a primary support member is to be taken as: 


Is T 


25 


be =0.67 Ssin . for 


bep =0.675 M for 


Where: 


mean spacing of primary support member as defined in 2.2.2 


at position considered, in m 
loag effective bending span, as defined in 2.1.4, in m 


Note sin() is to be calculated in radians 


At mid span, the effective breadth of attached plate, beg, for calculating the section 
modulus and/or moment of inertia of a primary support member is to be taken as: 


. | T lrag E ) 

b,, =S sin| — m for <9 

elf a 2] SJ3 

loa 

bee =1.05 m for | == |>9 

` Ga 
Where: 
S mean spacing of primary support member as defined in 2.2.2 


at position considered, in m 
lbag effective bending span, as defined in 2.1.4, in m 


Note sin() is to be calculated in radians 


JULY 2012 


SECTION 4.2/ PAGE 12 


SECTION 4 - BASIC INFORMATION COMMON STRUCTURAL RULES FOR OIL TANKERS 


2.3.2.4 At the end of the span where an effective end bracket is fitted, the effective breadth 
of attached plate, bg, for calculating the section modulus of a primary support 
member is to be taken as the mean values of those given by 2.3.2.2 and 2.3.2.3. A 
bracket is considered effective when the length as defined in Figure 4.2.7 is equal or 
greater than 0.1Dnag. 


2.3.2.5 The free flange of primary support members of single skin construction may 
generally be considered fully effective provided tripping bracket arrangements are 
fitted as required in Section 10/2.3.3. For curved face plates see 2.3.4. 


2.3.3 Effective breadth of attached plate of local support members for fatigue 
strength evaluation 


2.3.3.1 The effective breadths as defined in 2.3.3.2 and 2.3.3.3 are applicable to the fatigue 
strength evaluation of local support members as given in Section 9/3 and Appendix C. 


2.3.3.2 At the ends of the span and in way of end brackets and supports, the effective 
breadth of attached plating, beg to be used for calculating the combined section 
modulus of the stiffener and attached plate is to be taken as: 


1 
1000!nig(1-—-) 10001 (I=) 


be = 0.67 s sin| Z v3 POR for <3 
6 2s 2s 
1 
10001 (1 - —) 
bey =0.67s mm for v3 33 
2s 
Where: 
s stiffener spacing, in mm, as defined in 2.2.1 
lvag effective bending span, as defined in 2.1.1, in m 


Note sin() is to be calculated in radians 


2.3.3.3 At mid span, the effective breadth of attached plate, b-g, to be used for calculating 
the combined section modulus of the stiffener and attached plate is to be taken as: 


10001 

b= 5 sin ua bds mm for ee Js 

18 s43 s43 

1 
bep =1.05 mm for [oe o 
s43 

Where 
S stiffener spacing, in mm, as defined in 2.2.1 
lbag effective bending span, as defined in 2.1.1, in m 


Note sin() is to be calculated in radians 
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2.3.4 


2.3.4.1 


2.3.4.2 


Effective area of curved face plates or attached plating of primary support 
members 


The effective area as defined in 2.3.4.2 and 2.3.4.3 is applicable to primary support 
members as follows: 


(a) deriving the effective net area of curved face plates and curved attached plating 
for calculating the section modulus of primary support members for the 
scantling requirements in Section 8 


(b) deriving the effective net area of curved face plates, modelled by beam elements, 
for the strength assessment (FEM) in Section 9/2 and Appendix B 


The effective net area of curved face plates or attached plating of primary support 
members, Aegfnetso, is to be taken as: 


Apenetso = Cf ttnetso bf mm? 


Where: 
Cy flange efficiency coefficient as shown in Figure 4.2.10 
al Vf t f—net50 
=Cr B but not to be taken greater than 1.0 
1 
C : i i 
"fl P 0.643 (sinh £ = £ = an £ cos p) E 
sinh’ 2 + sin^ p 
unsymmetrical face plates, see Curve 1 in Figure 4.2.10 
.78 (sinh i hf- 
_ 0.78 (sinh 8 ead lees EA) for attached plating 
sinh’ £ + sin^ p 
of box girders with two webs, see Curve 2 in Figure 4.2.10 
= Io E for attached plating of box girders 
sinh £ + sin B 
with multiple webs, see Curve 3 in Figure 4.2.10 
1.285 b 

p ————— rad 

Alf t f—net50 
bı = 0.5 (by - tw-netso) for symmetrical face plates 

=b; for unsymmetrical face plates 

= Sw —tw-netso for attached plating of box girders 
Sw spacing of supporting webs for box girders, in mm 
tfnet50 net flange thickness 

= tf-grs = O.5teorr mm 

for calculation of C;and J for unsymmetrical face plates téneiso 

is not to be taken greater than tw-netso 
tfgrs gross flange thickness, in mm 
tw-net50 net web plate thickness 

=fw-grs — 0.5tcorr mm 
tw-grs gross web thickness, in mm 
corr corrosion addition, as given in Section 6/3.2 
Tf radius of curved face plate or attached plating, in mm 
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by breadth of face plate or attached plating, in mm 


2.3.4.3 The effective net area of curved face plates supported by radial brackets, or attached 
plating supported by cylindrical stiffeners, Acgnetso, is given by: 


3r¢ t f-netso +C ¢ s? 

Aeff-net50 -( Weer i t f-net50 by mm? 
3rf t f-net50 + S; 

Where: 

C; as defined in 2.3.4.2 

Efnet50 net flange thickness, as defined in 2.3.4.2 

Sr spacing of tripping brackets or web stiffeners or stiffeners 
normal to the web plating, in mm, see Figure 4.2.11 

by breadth of face plate or attached plating, in mm, see Figure 
4.2.11 

Tf radius of curved face plate or attached plating, in mm, see 


Figure 4.2.11 


Figure 4.2.10 
Effective Width of Curved Face Plates for Alternative Structural Configurations 


b, 
b = by 
0.7 Curve 3 | | -> 


Curve 2 


0.5 e—a] 
Cf Curve 1 


0.4 
0.3 
b, b, b, 
“TL fo 
0.1 > k H Ta 
b, b b, 
0 
0 1 2 3 b 4 5 6 7 


1 


le É f-nets0 
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Figure 4.2.11 
Curved Shell Panel and Face Plate 


2.3.4.4 The effective area given in 2.3.4.2 and 2.3.4.3 is only applicable to faceplates and 
attached plating of primary support members. This is not to be applied for the area 
of web stiffeners parallel to the face plate. 


2.4 Geometrical Properties of Local Support Members 


2.4.1 Calculation of net section properties for local support members 


2.4.1.1 The net section modulus, moment of inertia and shear area properties of local 
support members are to be calculated using the net thicknesses of the attached plate, 
web and flange. 


2.4.1.2 The description of the net dimensions for typical profiles is given in Figure 4.2.12. 
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Profile 


Figure 4.2.12 
Net Sectional Properties of Local Support Members 
Reduction Methodology 
Local Support Members 


Eo-net 


e 


L - Profile 


Flat bar - Profile 


Fonet 


| 
p-grs p-net 


= 
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Figure 4.2.12 (Continued) 
Net Sectional Properties of Local Support Members 


Pp 


w-net 


Eos 
p-grs 


L2 - Profile 


w-net 


i 


be net 


Dip 
p-grs 


Enel 


IIIN 
\) 


ters onei 


Bulb Profile and Similar Profiles The net cross-sectional area, the moment of inertia 
about the y-axis and the associated neutral axis 
position of the profile is to be determined assuming 
the corrosion magnitude 0.5t-orr deducted from the 
surface of the profile cross-section 


(RCN 2, effective from 1 July 2008)) 
2.4.1.3 (void) (RCN 2, effective from 1 July 2008) 
2.4.1.4 (void) (RCN 2, effective from 1 July 2008) 


2.4.1.5 (void) (RCN 2, effective from 1 July 2008) 


Figure 4.2.13 
(void) (RCN 2, effective from 1 July 2008) 
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Table 4.2.1 
(void) (RCN 2, effective from 1 July 2008) 


Table 4.2.2 
(void) (RCN 2, effective from 1 July 2008) 


2.4.2 Effective elastic sectional properties of local support members 


2.4.2.1 The net elastic shear area, Ashr-ci-net, of local support members is to be taken as: 


Ves + Bee a sin Po 


Ahane 100 cm? 

Where: 

hsif stiffener height, including face plate, in mm. See also 2.4.1.2 
ty-net net thickness of attached plate, in mm 

tw-net net web thickness, in mm 

Po angle between the stiffener web and attached plating, see 


Figure 4.2.14, in degrees. Qv is to be taken as 90 degrees if the 
angle is greater than or equal to 75 degrees 


2.4.2.2 The effective shear depth of stiffeners, ds, is to be taken as: 


dz, E (hay + a )sin QP. mm 


Where: 

hse stiffener height, including face plate, in mm. See also 2.4.1.2 
ty-net net thickness of attached plate, in mm 

Po angle between the stiffener web and attached plating, see 


Figure 4.2.14, in degrees. Qy is to be taken as 90 degrees if the 
angle is greater than or equal to 75 degrees 


2.4.2.3 The elastic net section modulus, Zei_g-net of local support members is to be taken as: 


Zel- g-net = Zstfnet sin Pw cm? 


Where: 

Zstfnet net section modulus of corresponding upright stiffener, i.e. 
when œ is equal to 90 degrees, in cm’. See also 2.4.1.2 

Po angle between the stiffener web and attached plating, see 


Figure 4.2.14, in degrees. Qv is to be taken as 90 degrees if the 
angle is greater than or equal to 75 degrees 


2.4.3 Effective plastic section modulus and shear area of stiffeners 


2.4.3.1 The net plastic shear area, Ashr-pi-net, of local support members is to be taken as: 


= ( aif ®t nat Jonet sin Po 


A shr-pl-net T 100 cm2 
Where: 
hs stiffener height, including face plate, in mm. See also 2.4.1.2 
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ty-net net thickness of attached plate, in mm 
tw-net net web thickness, in mm 
Qo angle between the stiffener web and the plate flange, see 


Figure 4.2.14, in degrees. Qv is to be taken as 90 degrees if the 
angle is greater than or equal to 75 degrees 


Figure 4.2.14 
Angle between Stiffener Web and Plate Flange 


2.4.3.2 The effective net plastic section modulus, Zpt-net, of local support members is to be 
taken as: 


Z = ds d, 7 bee sing, + (2 y -1) A-net (hpa sin Qy =b cos 9) 
pares 2000 1000 


Where: 


cm 


fu web shear stress factor 
=0.75 for flanged profile cross-sections with n = 1 or 2 
=1.0 for flanged profile cross-sections with n = 0 and for 

flat bar stiffeners 

n number of moment effective end supports of each member 
=0,1or2 
A moment effective end support may be considered where: 

(a) the stiffener is continuous at the support 


(b) the stiffener passes through the support plate while it is 
connected at it’s termination point by a carling (or 
equivalent) to adjacent stiffeners 


(c) the stiffener is attached to a abutting stiffener effective in 
bending (not a buckling stiffener) or bracket. The bracket 
is assumed to be bending effective when it is attached to 
another stiffener (not a buckling stiffener). 

dw depth of stiffener web, in mm: 
= hsf- tenet for T, L (rolled and built up) and L2 profiles 
= hs for flat bar and L3 profiles 
to be taken as given in Table 4.2.3 and Table 4.2.4 for bulb 
profiles 


hse stiffener height, in mm, see Figure 4.2.12 


y = 0.25 (1+./3+12B) 
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B 


Agnet 


by 


b /f-ctr 


Nf-ctr 


dedge 


fo 


tinet 


tw-net 


Pw 


= 0.5 for all cases, except L profiles without a mid span 
tripping bracket 
10642 wnet fo l tonet 
80 bFtf-net Ny-cr 2bp 
but not to be taken greater than 0.5 for L (rolled and built-up) 
profiles without a mid span tripping bracket 
net cross-sectional area of flange, in mm2: 
= br tener in general 
=0 for flat bar stiffeners 


breadth of flange, in mm, see Figure 4.2.12. For bulb profiles, 
see Table 4.2.3 and Table 4.2.4 


distance from mid thickness of stiffener web to the centre of 
the flange area: 
= 0.5(b f -tw-grs ) for rolled angle profiles 


=0 for T profiles 
as given in Table 4.2.3 and Table 4.2.4 for bulb profiles 


height of stiffener measured to the mid thickness of the 
flange: 

= hay- 0.5 tenet for profiles with flange of rectangular shape 
except for L3 profiles 

= fsf- deage - 0.5 tenet for L3 profiles 

as given in Table 4.2.3 and 4.2.4 for bulb profiles 


distance from upper edge of web to the top of the flange, in 
mm. For L3 profiles, see Figure 4.2.12 


= 1.0 in general 

= 0.8 for continuous flanges with end bracket(s). A 
continuous flange is defined as a flange that is not 
sniped and continuous through the primary support 
member 

= 0.7 for non-continuous flanges with end bracket(s). A non- 
continuous flange is defined as a flange that is sniped at 
the primary support member or terminated at the 
support without aligned structure on the other side of 
the support 


length of stiffener flange between supporting webs, in m, but 
reduced by the arm length of end bracket(s) for stiffeners with 
end bracket(s) fitted 

net flange thickness, in mm 

= 0 for flat bar stiffeners 

as given in Table 4.2.3 and Table 4.2.4 for bulb profiles 


net web thickness, in mm 


angle between the stiffener web and the plate flange, see 
Figure 4.2.14, in degrees. xis to be taken as 90 degrees if the 
angle is greater than or equal to 75 degrees 
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Table 4.2.3 
Characteristic Flange Data for HP Bulb Profiles (see Figure 4.2.15) 
hse dw Dp-grs” teers” Dy-ctr Np-ctr 
(mm) | (mm) | (mm) | (mm) | (mm | (mm) 
200 171 40 14.4 10.9 188 
220 188 44 16.2 12.1 206 
240 205 49 17.7 13.3 225 
260 221 53 19.5 14.5 244 
280 238 57 21.3 15.8 263 
300 255 62 22.8 16.9 281 
320 271 65 25.0 18.1 300 
340 288 70 26.4 19.3 318 
370 313 77 28.8 21.1 346 
400 338 83 31.5 22.9 374 
430 363 90 33.9 24.7 402 
Note 
1. Characteristic flange data converted to net scantlings are 

given as: 

bf = bpgr + 2 tw-net 

tenet = tfgrs” - teorr 

tonei = hoge ee 


Table 4.2.4 
Characteristic Flange Data for JIS Bulb Profiles (see Figure 4.2.15) 
hei dw bi-grs* ttgr bfctr Np-ctr 
(mm) (mm) (mm) (mm) (mm) (mm) 
180 156 34 11.9 9.0 170 
200 172 39 13.7 10.4 188 
230 198 45 15.2 11.7 217 
250 215 49 17.1 12.9 235 
Note 


1. 


Characteristic flange data converted to net scantlings are 


given as: 


by = Degrs” + 2 tw-net 


tfnet = tigr - corr 


tw-net = tw-grs ~ tcorr 
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Figure 4.2.15 
Characteristic Data for Bulb Profiles 
Dect 
A 
p=. 
hy 
heor 

a, — 

Y Y 


2.5 Geometrical Properties of Primary Support Members 


2.5.1 Effective shear area of primary support members 


2.5.1.1 For calculation of the shear area of primary support members the web height, hw, is 
to be taken as the moulded height of the primary support member. 


2.5.1.2 For single and double skin primary support members, the effective net shear area, 
Asnr-nets0, is to be taken as: 


Ashr-nets0 = 0.01 hn tew-netso SINPw cm? 


Where: 


hn 


hw 


hn, hn, 
hns, hna 


tw-net5 0 


for a single skin primary support member, see Figure 4.2.16, 
the effective web height, in mm, is to be taken as the lesser of: 


(a) hw 
(b) hns + hns 
(c) hn + hna + hna 


for a double skin primary support member, the same principle 
is to be adopted in determining the effective web height. 


web height of primary support member, in mm 


as shown in Figure 4.2.16 


net web thickness 


= tw-grs - 0.5 torr mm 
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tw-grs gross web thickness, in mm 
teorr corrosion addition, as given in Section 6/3.2, in mm 
Pw angle between the web and attached plating, see Figure 4.2.14, 


in degrees. @w is to be taken as 90 degrees if the angle is 
greater than or equal to 75 degrees 


(RCN 2, effective from 1 July 2008) 


Figure 4.2.16 
Effective Shear Area in way of Openings 


| 
NS h 
w 
hi 
; Eo-net50 
| Png | 


Note 
The figure shows effective web height for a single skin primary support member. 


The effective web height of a double skin primary support member follows the 
same principles. 


2.5.1.3 Where an opening is located at a distance less than hw/3 from the cross-section 
considered, h, is to be taken as the smaller of the net height and the net distance 
through the opening. See Figure 4.2.16. 

2.5.1.4 Where a girder flange of a single skin primary support member is not parallel to the 
axis of the attached plating, the effective net shear area, A sh-netso, is to be taken as: 
Asnr-netso = 0.01 hn tw-neiso + 1.3 Af-net50 sin 20sin 0 cm2 
Where: 
Afnesso net flange/face plate area 

= 0.01 be tf-netso cm? 
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by breadth of flange or face plate, in mm 


Efnet50 net flange thickness 


= t fers = O.5 torr mm 


tfgrs gross flange thickness, in mm 
corr corrosion addition, as given in Section 6/3.2, in mm 
0 angle of slope of continuous flange, see Figure 4.2.17 


tw-net50 net web thickness, as defined in 2.5.1.2, in mm 


hn effective web height, as defined in Figure 4.2.16, in mm 


Figure 4.2.17 
Effective Shear Area in way of Brackets 


A 


‘f-net50 


by met50 


2.5.2 Effective section modulus of primary support members 


2.5.2.1 The net section modulus of primary support members is to be calculated using the 
net thicknesses of the attached plate, web and face plate (or top attached plate for 
double skin girders), where the net thicknesses are to be taken as: 
tw-nets0 = tw-grs— O.5tcorr mMm, for the net web thickness 
ty-net50 = tp-grs— O.5tcorr mMm, for the net lower attached plate thickness 
trnetso = tegrs— O.5tcorr Mm, for the net upper attached plate or face plate 
Where: 
t-grs gross web thickness, in mm 
ty-grs gross thickness of lower attached plate, in mm 
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tegrs gross thickness of upper attached plate or face plate, in mm 
teorr corrosion addition, as given in Section 6/3.2, in mm 
Note 


See 2.3.4 for curved face plates of primary support members 


Where angle between the primary support member web and the plate 
flange is less than 75 degrees, the section modulus is to be directly 
calculated 


(RCN 2, effective from 1 July 2008) 


2.6 Geometrical Properties of the Hull Girder Cross-Section 


2.6.1 Vertical hull girder section modulus 


2.6.1.1 


2.6.1.2 


2.6.1.3 


The effective vertical hull girder section modulus, Z., at any vertical distance, z, 
above the baseline is defined by: 


L, 
v =r eo mê 
|Z- Zya 

where: 

I, vertical hull girder moment of inertia, of all longitudinally 
continuous members in cross section under consideration, after 
deduction of openings as given in 2.6.3, in m4 

a distance from the structural member under consideration to the 
baseline, in m 

ZNA distance from the baseline to the horizontal neutral axis of the 


hull girder cross-section, in m 


For calculation of the vertical net hull girder section modulus for the strength 
assessment, Zo-netso, required by Section 8, the vertical net hull girder moment of 
inertia and position of horizontal neutral axis is to be calculated based on gross 
thickness minus the corrosion addition 0.5fcor of all effective structural members 
comprising the hull girder section, where trr is as defined in Section 6/3.2. 


For calculation of vertical net hull girder section modulus for the fatigue assessment, 
Zv-net75, required by Section 9/3, the vertical net hull girder moment of inertia and 
position of horizontal neutral axis is to be calculated based on gross thickness minus 
the corrosion addition 0.25t.or of all effective structural members comprising the 
hull girder section, where teor is as defined in Section 6/3.2. 


2.6.2 Horizontal hull girder section modulus 


2.6.2.1 


The effective horizontal hull girder section modulus, Zn, at any transverse 
coordinate, y, is to be taken as: 


I 
Z, = —— m 
ly — Una | 
where: 
In horizontal hull girder moment of inertia, of all longitudinally 


continuous members in cross section under consideration, after 
deduction of openings as given in 2.6.3, in m4 
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2.6.2.2 


2.6.2.3 


y transverse coordinate, in m 


YNA distance from the centreline to the vertical neutral axis of the hull 
girder cross section, in m 


For calculation of the horizontal net hull girder section modulus for the strength 
assessment, Zi-netso, required by Section 8, the horizontal net hull girder moment of 
inertia and position of vertical neutral axis is to be calculated based on gross 
thickness minus the corrosion addition 0.5tcorr of all effective structural members 
comprising the hull girder section, where for, is as defined in Section 6/3.2. 


For calculation of the horizontal net hull girder section modulus for fatigue 
assessment, Zj-net75, aS required in Section 9/3, the net horizontal hull girder moment 
of inertia and position of vertical neutral axis is to be calculated based on gross 
thickness minus the corrosion addition 0.25t.or of all effective structural members 
comprising the hull girder section, where torr is as defined in Section 6/3.2. 


2.6.3 Effective area for calculation of hull girder moment of inertia and section 
modulus 


2.6.3.1 


2.6.3.2 


2.6.3.3 


2.6.3.4 


2.6.3.9 


The effective hull girder sectional area includes all the longitudinally continuous 
structural members after deduction of openings. The structural members given in 
2.6.3.2 are not to be included in the effective hull girder sectional area. The 
definition of openings to be deducted and deduction free openings are given in 
2.6.3.4 - 2.6.3.9. The definition of effective area in way of non-continuous bulkheads 
and decks is given in 2.6.3.10. 


The following structural members are not to be considered as effectively 
contributing to the hull girder sectional area as they do not provide sufficient 


structural continuity and are therefore to be excluded in the calculation: 
(a) superstructures which do not form a strength deck 
(b) deck houses 

(c) vertically corrugated bulkheads 

(d) bulwarks and gutter plates 

(e) bilge keels 

( 


f) sniped or non-continuous longitudinal stiffeners if the cross-section under 
consideration is closer than twice the height of the stiffener from the end of the 
stiffener. 


The following definitions of opening are to be applied: 


(a) large openings are openings exceeding 2.5m in length and/or 1.2m in breadth, 
where the length is measured along the global x-axis of the ship as defined in 
Figure 4.1.1 

(b) small openings are openings that are not large openings i.e. manholes, 
lightening holes, etc. 

(c) isolated openings are openings spaced not less than 1m apart in the ship’s 
transverse/ vertical direction 


Large openings and small openings that are not isolated are to be deducted from the 
sectional area used in the section modulus calculation. 


Isolated small openings in longitudinal stiffeners or girders are to be deducted if 
their depth exceeds 25% of the web depth. 


JULY 2012 


SECTION 4.2/ PAGE 27 


SECTION 4 - BASIC INFORMATION COMMON STRUCTURAL RULES FOR OIL TANKERS 


2.6.3.6 


When several openings are located in or adjacent to the same cross-section, the total 
equivalent breadth of the combined openings, Xba, is to be deducted, see 2.6.3.7 to 
2.6.3.8 and Figure 4.2.18. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


2.6.3.7 


2.6.3.8 


2.6.3.9 


2.6.3.10 


Isolated small openings need not be deducted provided that the sum of their 
breadths, or shadow area breadths, in one transverse section does not reduce the 
hull girder section modulus at deck or baseline by more than 3%. Alternatively 
isolated small openings need not to be deducted provided the total equivalent 
breadth of small openings, Xbsm, is less than: 


Ebm 006b t Eby] m 


Where: 

Lbs total equivalent breadth of small openings, see Figure 4.2.18 
= Pemi + Dsm2+ bsm3 m 

Bsect the breadth of the ship at the section being considered, in m 

LDiaed total equivalent breadth of combined openings specified in 


2.6.3.7, in m 


The effect of the shadow area of deductible openings is to be taken into 
account. 


When calculating the total equivalent breadth of small openings, X0sm, each opening 
is assumed to have a longitudinal shadow area, see Figure 4.2.18. This shadow area 
is obtained by drawing two tangent lines with an angle of 15 degrees to the 
longitudinal axis of the ship. 


Full or partial compensation of openings may be provided by increasing the 
sectional area of the plating, longitudinal stiffeners or girders, or other suitable 
structure. The compensation area is to extend well beyond the forward and aft end 
of the opening. Any local edge reinforcement of the opening is not to be included in 
the effective area of the hull girder section modulus calculations. Compensation is 
not necessary for openings which are not required to be deducted in accordance 
with 2.6.3.7. 


When calculating the ineffective area in way of large openings and in way of non- 
continuous decks and longitudinal bulkheads, the effective area is to be taken as 
shown in Figure 4.2.19. The shadow area, which indicates the area that is not 
effective, is obtained by drawing two tangent lines with an angle of 15 degrees to 
the longitudinal axis of the ship. 
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Figure 4.2.18 
Calculation of equivalent Breadth 


Global x-axis 
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Figure 4.2.19 
Effective Area in way of Non-Continuous Decks and Bulkheads 


CC 


Effective area Non-effective area 


2.6.4 Effective vertical hull girder shear area 


2.6.4.1 


2.6.4.2 


2.6.4.3 


2.6.4.4 


The effective net hull girder vertical shear area includes the net plating area of the 
side shell including the bilge, the inner hull including the hopper side and the 
outboard girder under and the longitudinal bulkheads including the double bottom 
girders in line. 


For calculation of the net hull girder vertical shear area, the net plating area is to be 
calculated based on the net thickness, tneiso, given by the gross thickness minus the 
corrosion addition 0.5tcr of all effective structural members given in 2.6.4.1. Where 
tcorr is as defined in Section 6/3.2. 


For longitudinal strength members forming the web of the hull girder which are 
inclined to the vertical, the area of the member to be included in the shear force 
calculation is to be based on the projected area onto the vertical plane. See Figure 
4.2.20. 


The calculation of the net effective shear area for vertical and horizontal corrugated 
bulkheads is to be based on the net effective equivalent thickness, teg-netso, given by: 
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beg 
tog—net50 = 0.5(tw-grs + t f-grs )— = — 0.5t corr mm 
bw-cg F b f-cg 
Where: 
Fois gross corrugation web thickness, in mm 
tfgrs gross corrugation flange thickness, in mm 
beg projected length of one corrugation, in mm, as defined in 
Figure 4.2.20 
buw-cg breadth of corrugation web, in mm, as defined in Figure 4.2.20 
biceg breadth of corrugation flange, in mm, as defined in Figure 
4.2.20 
Fon corrosion addition, as defined in Section 6/3.2 


2.6.4.5 The equivalent net corrugation thickness, teg-neso, is only applicable for the 
calculation of the effective area, Aefneso and shear force distribution factor, fi, as 
defined in Section 8/1.3.2.2. 


Figure 4.2.20 
Effective Shear Area 
Actual Calculation 
--«5-------- eee 
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3 STRUCTURE DESIGN DETAILS 
3.1 Standard Construction Details 


3.1.1 Details to be submitted 


3.1.11 <A booklet of standard construction details is to be submitted for review. It is to 
include the following: 


(a) the proportions of built-up members to demonstrate compliance with 
established standards for structural stability, see Section 10 


(b) the design of structural details which reduce the harmful effects of stress 
concentrations, notches and material fatigue; such as: 


e details of the ends, at the intersections of members and associated brackets 
e shape and location of air, drainage, and/or lightening holes 
e shape and reinforcement of slots or cut-outs for internals 


e elimination or closing of weld scallops in way of butts, ‘softening’ of bracket 
toes, reduction of abrupt changes of section or structural discontinuities 


e proportion and thickness of structural members to reduce fatigue response 
due to engine, propeller or wave induced cyclic stresses, particularly for 
higher strength steels. 


3.2 Termination of Local Support Members 


3.2.1 General 


3.2.1.1 In general, structural members are to be effectively connected to adjacent 
structures to avoid hard spots, notches and stress concentrations. 


3.2.1.2 Where a structural member is terminated, structural continuity is to be maintained 
by suitable back-up structure fitted in way of the end connection of frames, or the 
end connection is to be effectively extended with additional structure and 
integrated with an adjacent beam, stiffener, etc. 


3.2.1.3 All types of stiffeners (longitudinals, beams, frames, bulkhead stiffeners) are to be 
connected at their ends. However, in special cases sniped ends may be permitted. 
Requirements for the various types of connections (bracketed, bracketless or 
sniped ends) are given in 3.2.3 to 3.2.5. 


3.2.2 Longitudinal members 


3.2.2.1 All longitudinals are to be kept continuous within the 0.4L amidships cargo tank 
region. In special cases, in way of large openings, foundations and partial girders, 
the longitudinals may be terminated, but end connection and welding is to be 
specially considered. 


3.2.2.2 Where continuity of strength of longitudinal members is provided by brackets, the 
correct alignment of the brackets on each side of the primary support member is 
to be ensured, and the scantlings of the brackets are to be such that the combined 
stiffener/ bracket section modulus and effective cross-sectional area are not less 
than those of the member. 
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3.2.3 Bracketed connections 


3.2.3.1 At bracketed end connections, continuity of strength is to be maintained at the 
stiffener connection to the bracket and at the connection of the bracket to the 
supporting member. The brackets are to have scantlings sufficient to compensate 
for the non-continuous stiffener flange or non-continuous stiffener. 


3.2.3.2 The arrangement of the connection between the stiffener and the bracket is to be 
such that at no point in the connection, the section modulus is less than that 
required for the stiffener. 


3.2.3.3 Minimum net bracket thickness, tokt-nes is to be taken as: 


O d- 
bea = (2 + fots) eee ) | ee mm, but is not to be less than 6mm and 
o 
yd-bkt 


need not be greater than 13.5mm 


Where: 
fokt 0.2 for brackets with flange or edge stiffener 
0.3 for brackets without flange or edge stiffener 
Zrl-net net rule section modulus, for the stiffener, in cm?. In the case of two 


stiffeners connected, it need not be taken as greater than that of the 
smallest connected stiffener 


Oya-sf specified minimum yield stress of the material of the stiffener, in 
N/mm? 


Oyd-rkt specified minimum yield stress of the material of the bracket, in N/ mm2 


3.2.3.4 Brackets to provide fixity of end rotation are to be fitted at the ends of 
discontinuous local support members, except as otherwise permitted by 3.2.4. The 
end brackets are to have arm lengths, loxs not less than: 
lokt = Coxe Leet mm, but is not to be less than: 
bkt-net 

- 1.8 times the depth of the stiffener web for connections where the end of 

the stiffener web is supported and the bracket is welded in line with the 
stiffener web or with offset necessary to enable welding, see Figure 4.3.1 (c) 


- 2.0 times for other cases, see Figure 4.3.1(a), (b) and (d) 


Where: 

Cokt 65 for brackets with flange or edge stiffener 
70 for brackets without flange or edge stiffener 

Zrint net rule section modulus, for the stiffener, in cm3. In the case of two 
stiffeners connected, it need not be taken as greater than that of the 
smallest connected stiffener 

tokt-net minimum net bracket thickness, as defined in 3.2.3.3 


(RCN 2, effective from 1 July 2008) 


3.2.3.4bis In case of different arm lengths the lengths of the arms, measured from the 
plating to the toe of the bracket, are to be such that the sum of them is greater than 
2Ipxt and each arm not to be less than 0.8/bx:, where lox is as defined in 3.2.3.4. 


RCN 2 to July 2008 version (effective from 1 July 2010) 
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Figure 4.3.1 
Bracket Arm Length 


Note: 


- For stiffeners of configuration (b) that are not lapped, the bracket arm length lokt is 
not to be less than the stiffener height hei. 

- For stiffener arrangements similar to (c ) and (d) where the smaller attached 
stiffener, labelled as hsis,is connected to a primary support member or bulkhead, 
the height of the bracket is not to be less than the height of the attached stiffener, 
hs. 

(RCN 2, effective from 1 July 2008) 


3.2.3.5 The proportions and edge stiffening of brackets are to be in accordance with the 
requirements of Section 10/2.4. Where an edge stiffener is required, the depth of 
stiffener web, dw, is not to be less than: 
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Z 
= af jinek mm, but is not to be less than 50mm 
2000 
Where: 
Zrl-net net rule section modulus, for the stiffener, in cm8. In the case of 


two stiffeners connected, it need not be taken as greater than that 
of the smallest connected stiffener 


3.2.4 Bracketless connections 


3.2.4.1 


3.2.4.2 


3.2.4.3 


Local support members, for example longitudinals, beams, frames and bulkhead 
stiffeners forming part of the hull structure, are generally to be connected at their 
ends, in accordance with the requirements of 3.2.2 and 3.2.3. 


Where alternative connections are adopted, the proposed arrangements will be 
specially considered. 


The design of end connections and their supporting structure is to be such as to 
provide adequate resistance to rotation and displacement of the joint. 


3.2.5 Sniped ends 


3.2.5.1 Stiffeners with sniped ends may be used where dynamic loads are small and 
where the incidence of vibration is considered to be small, i.e. structure not in the 
stern area and structure not in the vicinity of engines or generators, provided the 
net thickness of plating supported by the stiffener, tp-nes is not less than: 
Pk 
tenet =G | (10007 - z) r 
RCN 1 to July 2008 version (effective from 1 February 2010) 
Where: 
l stiffener span, in m 
S stiffener spacing, in mm, as defined in 2.2 
P design pressure for the stiffener for the design load set being 
considered, in kKN/m?. The design load sets and method to derive 
the design pressure are to be taken in accordance with the following 
criteria, which define the acceptance criteria set to be used: 
a) Table 8.2.5 in the cargo tank region 
b) Section 8/3.9.2.2 in the area forward of the forward cargo tank, 
and in the aft end 
c) Section 8/4.8.1.2 in the machinery space 
d) Section 8/6.2.4.1 and 6.2.5.3 as applicable for the particular 
structure under consideration 
RCN 1 to July 2008 version (effective from 1 February 2010) 
RCN 1 to July 2010 version (effective from 1 July 2012) 
k higher strength steel factor, as defined in Section 6/1.1.4 
C1 coefficient for the design load set being considered, to be taken as: 
=1.2 for acceptance criteria set AC1 and sloshing design load 
=1.1 for acceptance criteria set AC2 
JULY 2012 SECTION 4.3/ PAGE 4 


COMMON STRUCTURAL RULES FOR OIL TANKERS 


SECTION 4 - BASIC INFORMATION COMMON STRUCTURAL RULES FOR OIL TANKERS 


RCN 1 to July 2008 version (effective from 1 February 2010) 
RCN 1 to July 2010 version (effective from 1 July 2012) 


3.2.5.2 Bracket toes and sniped end members are, in general, to be kept within 25mm of 
the adjacent member. The maximum distance is not to exceed 40mm unless the 
bracket or member is supported by another member on the opposite side of the 
plating. Special attention is to be given to the end taper by using a sniped end of 
not more than 30 degrees. The depth of toe or sniped end is, generally, not to 
exceed the thickness of the bracket toe or sniped end member, but need not be less 
than 15mm. 


3.2.5.3 The end attachments of non-load bearing members may be snipe ended. The 
sniped end is to be not more than 30 degrees and is generally to be kept within 
50mm of the adjacent member unless it is supported by a member on the opposite 
side of the plating. The depth of the toe is generally not to exceed 15mm. 


3.2.6 Air and drain holes and scallops 


3.2.6.1 Air and drain holes and scallops are to be kept at least 200mm clear of the toes of 
end brackets, end connections and other areas of high stress concentration 
measured along the length of the stiffener toward the mid-span and 50mm 
measured along the length in the opposite direction. See Figure 4.3.2(b). Openings 
that have been fitted with closing plates, such as scallops, may be permitted in 
way of block fabrication butts. In areas where the shear stress is less than 60 
percent of the allowable limit, alternative arrangements may be accepted. 
Openings are to be well-rounded. Figure 4.3.2(a) shows some examples of air and 
drain holes and scallops. In general, the ratio of a/b, as defined in Figure 4.3.2(a), 
is to be between 0.5 and 1.0. In fatigue sensitive areas further consideration may 
be required with respect to the details and arrangements of openings and scallops. 
RCN 1 to July 2010 version (effective from 1 July 2012) 
Figure 4.3.2(a) 
Examples of Air and Drain Holes and Scallops 


Note 


The details shown in this figure are for guidance and illustration only. 
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Figure 4.3.2(b) 
Location of Air and Drain Holes 


3.2.7 Special requirements 


3.2.7.1 Closely spaced scallops or drain holes, i.e. where the distance between 
scallops/ drain holes is less than twice the width b as shown in Figure 4.3.2(a), are 
not permitted in longitudinal strength members or within 20% of the stiffener 
span measured from the end of the stiffener. Widely spaced air or drain holes may 
be permitted provided that they are of elliptical shape or equivalent to minimise 
stress concentration and are, in general, cut clear of the weld connection. 


3.3 Termination of Primary Support Members 


3.3.1 General 


3.3.1.1 Primary support members are to be arranged to ensure effective continuity of 
strength. Abrupt changes of depth or section are to be avoided. Primary support 
members in tanks are to form a continuous line of support and, wherever possible, 
a complete ring system. 


3.3.1.2 The members are to have adequate lateral stability and web stiffening, and the 
structure is to be arranged to minimise hard spots and other sources of stress 
concentration. Openings are to have well-rounded corners and are to be located 
considering the stress distribution and buckling strength of the panel. 


3.3.2 End connection 


3.3.2.1 Primary support members are to be provided with adequate end fixity by brackets 
or equivalent structure. The design of end connections and their supporting 
structure is to provide adequate resistance to rotation and displacement of the 
joint and effective distribution of the load from the member. 


3.3.2.2 The ends of brackets are generally to be soft-toed. The free edges of the brackets 
are to be stiffened. Scantlings and details are given in 3.3.3. 
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3.3.2.3 Where primary support members are subject to concentrated loads additional 
strengthening may be required, particularly if these are out of line with the 
member web. 


3.3.2.4 In general, ends of primary support members or connections between primary 
support members forming ring systems are to be provided with brackets. 
Bracketless connections may be applied provided that there is adequate support of 
the adjoining face plates. 


3.3.3 Brackets 


3.3.3.1 In general, the arm lengths of brackets connecting primary support members are 
not to be less than the web depth of the member, and need not be taken as greater 
than 1.5 times the web depth. The thickness of the bracket is, in general, not to be 
less than that of the girder web plate. 


3.3.3.2 For a ring system where the end bracket is integral with the webs of the members 
and the face plate is carried continuously along the edges of the members and the 
bracket, the full area of the largest face plate is to be maintained close to the mid 
point of the bracket and gradually tapered to the smaller face plates. Butts in face 
plates are to be kept well clear of the bracket toes. 


3.3.3.3 Where a wide face plate abuts a narrower one, the taper is generally not to be 
greater than 1 in 4. Where a thick face plate abuts against a thinner one and the 
difference in thickness is greater than 4mm, the taper of the thickness is not to be 
greater than 1 in 3. 


3.3.3.4 Face plates of brackets (typical brackets similar to those indicated in Figure 4.2.7b) 
are to have a net cross-sectional area, Afne, which is not to be less than: 


= 2 
Ak ne TN Lykt-edget bkt—net cm 
Where: 


lnkt-edge length of free edge of bracket, in m. For brackets that are curved the 
length of the free edge may be taken as the length of the tangent at the 
midpoint of the free edge. If lokteage is greater than 1.5m, 40 percent of the 
face plate area is to be in a stiffener fitted parallel to the free edge and a 
maximum 0.15m from the edge 


tokt-net minimum net bracket thickness, in mm, as defined in 3.2.3.3 


3.3.4 Bracket toes 


3.3.4.1 The toes of brackets are not to land on unstiffened plating. Notch effects at the 
toes of brackets may be reduced by making the toe concave or otherwise tapering 
it off. In general, the toe height is not to be greater than the thickness of the 
bracket toe, but need not be less than 15mm. The end brackets of large primary 
support members are to be soft-toed. Where any end bracket has a face plate, it is 
to be sniped and tapered at an angle not greater than 30°. 


3.3.4.2 Where primary support members are constructed of higher strength steel, 
particular attention is to be paid to the design of the end bracket toes in order to 
minimise stress concentrations. Sniped face plates, which are welded onto the 
edge of primary support member brackets, are to be carried well around the 
radiused bracket toe and are to incorporate a taper not greater than 1 in 3. Where 
sniped face plates are welded adjacent to the edge of primary support member 
brackets, adequate cross-sectional area is to be provided through the bracket toe at 
the end of the snipe. In general, this area, measured perpendicular to the face plate 
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is to be not less than 60 percent of the full cross-sectional area of the face plate, see 
Figure 4.3.3. 


Figure 4.3.3 
Bracket Toe Construction 


Bracket toe area 


Face plate area 


Note 


The details shown in this figure are only used to illustrate items 
described in the text and are not intended to represent design guidance 
or recommendations. 


3.4 Intersections of Continuous Local Support Members and Primary Support 
Members 


3.4.1 General 


3.4.1.1 Cut-outs for the passage of stiffeners through the web of primary support 
members, and the related collaring arrangements, are to be designed to minimize 
stress concentrations around the perimeter of the opening and on the attached 
web stiffeners. 


3.4.1.2 Cut-outs in way of cross-tie ends and floors under bulkhead stools or in high 
stress areas are to be fitted with “full” collar plates, see Figure 4.3.4. 


3.4.1.3 Lug type collar plates are to be fitted in cut-outs where required for compliance 
with the requirements of 3.4.3, and in areas of significant stress concentrations, e.g., 
in way of primary support member toes. See Figure 4.3.5 for typical lug 
arrangements. 


3.4.14 When, in the following locations, the calculated direct stress, Ow, in the primary 
support member web stiffener according to 3.4.3.5 exceeds 80% of the permissible 
values a soft heel is to be provided in way of the heel of primary support member 
web stiffeners: 


(a) connection to shell envelope longitudinals below the scantling draught, Tsc 
(b) connection to inner bottom longitudinals. 


A soft heel is not required at the intersection with watertight bulkheads and 
primary support members, where a back bracket is fitted or where the primary 
support member web is welded to the stiffener face plate. The soft heel is to have a 
keyhole, similar to that shown in Figure 4.3.6(c). 


RCN 1 to July 2010 version (effective from 1 July 2012) 
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Figure 4.3.4 
Collars for Cut-outs in Areas of High Stress 


R=0,2b 
(min. 25 mm) 


RCN 2 to July 2008 version (effective from 1 July 2010) 


3.4.2 Details of cut-outs 


3.4.2.1 In general, cut-outs are to have rounded corners and the corner radii, R, are to be 
as large as practicable, with a minimum of 20 percent of the breadth, b, of the cut- 
out or 25mm, whichever is greater, but need not be greater than 50mm, see Figure 
4.3.4. Consideration will be given to other shapes on the basis of maintaining 
equivalent strength and minimizing stress concentration. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


3.4.3 Connection between primary support members and intersecting stiffeners 
(local support members) 


3.4.3.1 The cross-sectional areas of the connections are to be determined from the 
proportion of load transmitted through each component in association with its 
appropriate permissible stress. 


3.4.3.2 The total load, W, transmitted through the connection to the primary support 
member is given by: 


W =Ps| S- s }10 kN 
2000 


Where: 


P design pressure for the stiffener for the design load set being 
considered, in kKN/m?. The design load sets, method to 
derive the design pressure and applicable acceptance criteria 
set are to be taken in accordance with the following criteria, 
which define the Acceptance Criteria Set to be used: 


Table 8.2.5 in the cargo tank region 


Section 8/ 3.9.2.2 in the area forward of the forward cargo 
tank 


Section 8/3.9.2.2 in the aft end 

Section 8/ 4.8.1.2 in the machinery space 

Section 8/ 6.2.4.1 if subjected to sloshing loads 

Section 8/ 6.3.5.1 if subjected to bottom slamming loads 
Section 8/ 6.4.5.1 if subjected to bow impact loads 


S primary support member spacing, in m, as defined in Section 
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4/2.2 
s stiffener spacing, in mm, as defined in Section 4/2.2 


For stiffeners having different primary support member spacing, S, and/or 
different pressure, P, at each side of the primary support member, the average 
load for the two sides is to be applied, e.g. vertical stiffeners at transverse 
bulkhead. 


3.4.3.3 The load, Wi, transmitted through the shear connection is to be taken as follows. 
If the web stiffener is connected to the intersecting stiffener: 
A1- 
Wi =W| da +————"*_|_ kN 
4f. Aw-net + A1-net 

If the web stiffener is not connected to the intersecting stiffener: 

W, =W 

Where: 

W the total load, in kN, as defined in 3.4.3.2 

Oa panel aspect ratio, not to be taken greater than 0.25 
rok: 

1000S 

S primary support member spacing, in m 

s stiffener spacing, in mm 

At-net effective net shear area of the connection, to be taken as the 
sum of the components of the connection: 
Ay a-net + Bian st cm? 
in case of a slit type slot connections area, A1-nes is given by: 
A-net = 2st si lO? cm? 
in case of a typical double lug or collar plate connection 
area, A1-net, is given by: 
AG ie} = ph a ame cm? 

Atd-net net shear connection area excluding lug or collar plate, as 
given by the following and Figure 4.3.5: 
Aandi = la E o-net 10 i cm? 

la length of direct connection between stiffener and primary 
support member web, in mm 

tw-net net web thickness of the primary support member, in mm 

Atc-net net shear connection area with lug or collar plate, given by 
the following and Figure 4.3.5: 

~2 

Ar ees = Filte-net 10 cm? 

le length of connection between lug or collar plate and primary 
support member, in mm 

tc-net net thickness of lug or collar plate, not to be taken greater 
than the net thickness of the adjacent primary support 
member web, in mm 
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fi 


Aw-net 


shear stiffness coefficient: 
=1.0 for stiffeners of symmetrical cross section 


=140/w for stiffeners of asymmetrical cross section 
but is not to be taken as greater than 1.0 


the width of the cut-out for an asymmetrical stiffener, 
measured from the cut-out side of the stiffener web, in mm, 
as indicated in Figure 4.3.5 


effective net cross-sectional area of the primary support 
member web stiffener in way of the connection including 
backing bracket where fitted, as shown in Figure 4.3.6, in 
cm?. If the primary support member web stiffener 
incorporates a soft heel ending or soft heel and soft toe 
ending, Aw-net, is to be measured at the throat of the 
connection, as shown in Figure 4.3.6. 


the collar load factor defined as follows: 


for intersecting stiffeners of symmetrical cross section: 


= 1.85 for Avw-net < 14 
=1.85-0.0441(Awni-14) for  14<Awne $31 
= 1.1 = 0.013(Aw-net = 31) for 31 < Awe < 58 
= 0.75 for Aw-net > 58 


for intersecting stiffeners of asymmetrical cross section: 


= 0.68 + 0.0172 l 


w-net 
where: 
l; = 1. for a single lug or collar plate connection to the 
primary support member 
= 1; for a single sided direct connection to the primary 
support member 
= mean of the connection length on both sides, i.e., in the 


case of a lug or collar plus a direct connection, 
ls = 0.5(1-+12) 


3.4.3.4 The load, W2, transmitted through the primary support member web stiffener is to 
be taken as follows. 


If the web stiffener is connected to the intersecting stiffener: 


W: -Wiza nT kN 


4 fcAw-net F A1-net 


If the web stiffener is not connected to the intersecting stiffener: 


147 = 0 
Where: 
W 

Oa 

S 


the total load, in KN, as defined in 3.4.3 2 


panel aspect ratio 
i Ss 
1000S 


primary support member spacing, in m 
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s stiffener spacing, in mm 

A-net effective net shear area of the connection, in cm2, as defined 
in 3.4.3.3 

fe collar load factor, as defined in 3.4.3.3 

Aw-net effective net cross-sectional area of the primary support 


member web stiffener , in cm2, as defined in 3.4.3.3 


3.4.3.5 The values of Aw-net, Awe-net and Arne are to be such that the calculated stresses 
satisfy the following criteria: 
for the connection to the primary support member web stiffener away 
from the weld: 
Ow < O perm 
for the connection to the primary support member web stiffener in way 
of the weld: 
Owe = O perm 
for the shear connection to the primary support member web: 
To = T perm 
Where: 
On direct stress in the primary support member web stiffener at 
the minimum bracket area away from the weld connection: 
10W. 
= 2 N/mm? 
w-net 
O oc direct stress in the primary support member web stiffener in 
way of the weld connection: 
10W. 
= 2 N / mm? 
we—net 
Try shear stress in the shear connection to the primary support 
member 
10W. 
= 1 N/mm? 
A1-net 
Aw-net effective net cross-sectional area of the primary support 
member web stiffener, in cm?, as defined in 3.4.3.3 
Awc-net effective net area of the web stiffener in way of the weld as 
shown in Figure 4.3.6, in cm? 
At-net effective net shear area of the connection, in cm2, as defined 
in 3.4.3.3 
Wi load transmitted through the shear connection, in kN, as 
defined in 3.4.3.3 
W2 load transmitted through the web stiffener, in kN, as defined 
in 3.4.3.4 
Derin permissible direct stress given in Table 4.3.1 for the applicable 
acceptance criteria, see 3.4.3.2, in N/mm? 
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a permissible shear stress given in Table 4.3.1 for the applicable 
acceptance criteria, see 3.4.3.2, in N/mm? 


3.4.3.5 bis 1 When total load, W, is bottom slamming or bow impact loads the following 
criteria apply in lieu of 3.4.3.3-3.4.3.5. 


0.9W < (Ainett perm + Avnet perm) KN 
10 

At-net effective net shear area in cm? of the connection, as defined in 
3.4.3.3. 

Aw-net effective net cross sectional area in cm? of the primary 
support member web stiffener in way of the connection 
including backing bracket where fitted, as defined in 3.4.3.3. 

Operm permissible direct stress given in Table 4.3.1 for AC-3, in 
N/mm? 

Tperm permissible shear stress given in Table 4.3.1 for AC-3, in 
N/mm? 


RCN 1 to July 2008 version (effective from 1 February 2010) 


3.4.3.6 Where a backing bracket is fitted in addition to the primary support member web 
stiffener, it is to be arranged on the opposite side to, and in alignment with the 
web stiffener. The arm length of the bracket is to be not less than the depth of the 
web stiffener and its net cross-sectional area through the throat of the bracket is to 
be included in the calculation of Aw-ne: as shown in Figure 4.3.6. 


3.4.3.7 Lapped connections of primary support member web stiffeners or tripping 
brackets to local support members are not permitted in the cargo tank region, e.g., 
lapped connections between transverse and longitudinal local support members. 


3.4.3.8 Fabricated stiffeners having their face plate welded to the side of the web, leaving 
the edge of the web exposed, are not recommended for side shell and longitudinal 
bulkhead longitudinals. Where such sections are connected to the primary 
support member web stiffener, a symmetrical arrangement of connection to the 
transverse members is to be incorporated. This may be implemented by fitting 
backing brackets on the opposite side of the transverse web or bulkhead. In way 
of the cargo tank region, the primary support member web stiffener and backing 
brackets are to be butt welded to the intersecting stiffener web. 


3.4.3.9 Where the web stiffener of the primary support member is parallel to the web of 
the intersecting stiffener, but not connected to it, the offset primary support 
member web stiffener may be located as shown in Figure 4.3.7. The offset primary 
support member web stiffener is to be located in close proximity to the slot edge. 
See also Figure 4.3.7. The ends of the offset web stiffeners are to be suitably tapered 
and softened. 


3.4.3.10 Alternative arrangements will be specially considered on the basis of their ability 
to transmit load with equivalent effectiveness. Details of calculations made 
and/or testing procedures and results are to be submitted. 


3.4.3.11 The size of the fillet welds is to be calculated according to Section 6/5 based on the 
weld factors given in Table 4.3.2. For the welding in way of the shear connection 
the size is not to be less than that required for the primary support member web 
plate for the location under consideration. 
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Permissible Stresses for Connection between Stiffeners and Primary Support Members 


Table 4.3.1 


Item Direct Stress, Operm, in N/mm? Shear Stress, Tperm, in N/mm2 
Acceptance Criteria Set Acceptance Criteria Set 
See 3.4.3.2 See 3.4.3.2 
ACI AC2 AC3 AC1 AC2 AC3 
Sa support member web 0.83 0a © Ou Or f J - 
Primary support member web 
stiffener to intersecting stiffener in 
way of weld connection: 
double continuous fillet 0.58 Ga) | 0.70 oa © Oud = z z 
partial penetration weld 0.83 o6) Oa 2) Ojd - = 7 
Primary support member stiffener 
to intersecting stiffener in way of 0.50 Oya 0.60 Oya Oyd Š s = 
lapped welding 
Shear connection including lugs or 
collar plates: 
single sided connection - - - 0.71 Ta 0.85 Tya Tyd 
double sided connection - - - 0.83 Tya Tyd Tyd 


Where: 


Tperm permissible shear stress, in N/mm? 
Operm permissible direct stress, in N/mm? 
Oyd minimum specified material yield stress, in N/mm? 
Tyd Oya, in N/mm2 
V3 
Note 


1. The stress computation on plate type members is to be performed on the basis of net thicknesses, whereas 
gross values are to be used in weld strength assessments, see 3.4.3.11. 
2. The root face is not to be greater than one third of the gross thickness of the primary support member 


stiffener. 


3. Allowable stresses may be increased by 5 percent where a soft heel is provided in way of the heel of the 


primary support member web stiffener. 


Table 4.3.2 


Weld Factors for Connection between Stiffeners and Primary Support Members 


Item 


Weld factor 


Primary support member stiffener to intersecting stiffener 


0.6 Owe / Operm 
not to be less than 0.38 


Shear connection inclusive lug or collar plate 0.38 

aia connection Re jak lug or snes Are ak web ni of Nemes 
ra support member is not connected to the intersection are belessa odi 
Where: 

Tw shear stress, as defined in 3.4.3.5 

Ow as defined in 3.4.3.5 

Tperm permissible shear stress, in N/mm2, see Table 4.3.1 

Operm permissible direct stress, in N/mm? see Table 4.3.1 
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Figure 4.3.5 
Symmetric and Asymmetric Cut outs 
Primary support member Primary support member 
web stiffener web stiffener 


a) double lug or collar plates b) slit type slot connection 
8 P yp 

Primary support member Primary support member 

web stiffener web stiffener 


(c) direct connection without (d) lug or collar plate and 
lug or collar plate direct connection 


Primary support member 
web stiffener 


(e) lug or collar plate and 
direct connection 


Note 


The details shown in this figure are only used to illustrate symbols and definitions and are not intended to 
represent design guidance or recommendations. 
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Figure 4.3.6 
Primary Support Member Web Stiffener Details 


A =t 


‘w-net ws-net w 


=t d 


ws-net “we 


‘we-net 


w-net ws-net w 


A =t d 


we-net ws-net “we 


‘ws-net 


ws-net 


(a) straight heel no bracket (b) soft toe and soft heel 


d d 


= + 
w-net tnei w1 tos2-net w2 


+t 


we-net tost-net Awer ws2-net de i 


t 


ws2-net 


max. 15mm 


bost-net 


© keyhole in way of soft heel (d) symmetrical soft toe brackets l 
Where 
tws-nety twst-net ANA tws2-net net thickness of the primary support member web 


stiffener/ backing bracket, in mm 


dw, dw1 and dw2 minimum depth of the primary support member web 
stiffener/ backing bracket, in mm 


Awe, dwer ANA dwc? length of connection between the primary support member web 
stiffener / backing bracket and the local support stiffener, in mm 


Note 


Except where specific dimensions are noted for the details of the keyhole in way of the soft heel, see 3.4.1.4, the 
details shown in this figure are only used to illustrate symbols and definitions and are not intended to 
represent design guidance or recommendations. 
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Figure 4.3.7 
Offset Primary Support Member Web Stiffeners 


Primary Supporting Member 
Web Stiffener Offset 
From Intersecting Stiffener 


Stiffener view 'A'-'A' 


‘A! 


3.5 Openings 


3.5.1 General 
3.5.1.1 Openings are to have well rounded corners. 


3.5.1.2 Manholes, lightening holes and other similar openings are to be avoided in way of 
concentrated loads and areas of high shear. In particular, manholes and similar 
openings are to be avoided in high stress areas unless the stresses in the plating 
and the panel buckling characteristics have been calculated and found satisfactory. 
Examples of high stress areas include: 


(a) in vertical or horizontal diaphragm plates in narrow cofferdams/ double plate 
bulkheads within one-sixth of their length from either end 


(b) in floors or double bottom girders close to their span ends 
(c) above the heads and below the heels of pillars. 


Where larger openings than given by 3.5.2 or 3.5.3 are proposed, the arrangements 
and compensation required will be specially considered. 


3.5.2 Manholes and lightening holes in single skin sections not requiring 
reinforcement 


3.5.2.1 Openings cut in the web with depth of opening not exceeding 25 percent of the 
web depth and located so that the edges are not less than 40 percent of the web 
depth from the faceplate do not generally require reinforcement. The length of 
opening is not to be greater than the web depth or 60 percent of the local support 
member spacing, whichever is greater. The ends of the openings are to be 
equidistant from the corners of cut outs for local support members. 


3.5.3 Manholes and lightening holes in double skin sections not requiring 
reinforcement 


3.5.3.1 Where openings are cut in the web and are clear of high stress areas, 
reinforcement of these openings is not required provided that the depth of the 
opening does not exceed 50 percent of the web depth and is located so that the 
edges are well clear of cut outs for the passage of local support members. 


3.5.4 Manholes and lightening holes requiring reinforcement 


3.5.4.1 Manholes and lightening holes are to be stiffened as required by 3.5.4.2 and 3.5.4.3. 
The stiffening requirements of 3.5.4.2 and 3.5.4.3 may be modified where 
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alternative arrangements are demonstrated as satisfactory with regards to stress 
and stability, in accordance with analysis methods described in Section 9/2. 


3.5.4.2 The web plate is to be stiffened at openings when the mean shear stress, as 
determined by application of the requirements of Section 8 or Section 9/2, is greater 
than 50N/mm/? for acceptance criteria set AC1 or greater than 60N/mm? for 
acceptance criteria set AC2. The stiffening arrangement is to ensure buckling 
strength as required by Section 10 under application of the loading as required in 
Section 8 or Section 9/2. 


3.5.4.3 On members contributing to longitudinal strength, stiffeners are to be fitted along 
the free edges of the openings parallel to the vertical and horizontal axis of the 
opening. Stiffeners may be omitted in one direction if the shortest axis is less than 
400mm, and in both directions if length of both axes is less than 300mm. Edge 
reinforcement may be used as an alternative to stiffeners. See Figure 4.3.8. 


Figure 4.3.8 
Web Plate with Large Openings 
Example 1 
Example 2 
| Example 3 


3.6 Local Reinforcement 


3.6.1 Reinforcement at knuckles 


3.6.1.1 Whenever a knuckle in a main member (shell, longitudinal bulkhead etc.) is 
arranged, adequate stiffening is to be fitted at the knuckle to transmit the 
transverse load. This stiffening, in the form of webs, brackets or profiles, is to be 
connected to the transverse members to which they are to transfer the load (in 
shear). See Figure 4.3.9. 


3.6.1.2 In general, for longitudinal shallow knuckles, closely spaced carlings are to be 
fitted across the knuckle, between longitudinal members above and below the 
knuckle. Carlings or other types of reinforcement need not be fitted in way of 
shallow knuckles that are not subject to high lateral loads and/or high in-plane 
loads across the knuckle, such as deck camber knuckles. 


3.6.1.3 Generally, the distance between the knuckle and the support stiffening described 
in 3.6.1.1 is not to be greater than 50mm. 
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Figure 4.3.9 
Example of Reinforcement at Knuckles 
Section, in way of Horizontal girder at 
typical hopper upper hopper knuckle 
View A-A 
Vertical 
Web 


Vertical 
Web 


3.6.2 Reinforcement for openings and attachments associated with means of 
access for inspection purposes 


3.6.2.1 Local reinforcement is to be provided taking into account proper location and 
strength of all attachments to the hull structure for access for inspection purposes. 


3.7 Fatigue Strength 


3.7.1 General 


3.7.1.1 Structural details are to be designed for compliance with the requirements of 
fatigue strength as specified in Section 9/3. 
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SECTION 5 


STRUCTURAL ARRANGEMENT 
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1 GENERAL 
1.1 Introduction 


1.1.1 Scope 


1.1.1.1 This section covers the general structural arrangement requirements for the ship, 
which are based on or derived from National and International regulations, see 
Sections 2/2.1.1 and 3/3.3. 
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2 WATERTIGHT SUBDIVISION 


2.1 Watertight Bulkhead Arrangement 


2.1.1 General 


2.1.1.1 


All ships are to be provided with watertight bulkheads arranged to subdivide the 
hull into watertight compartments in accordance with the following requirements. 


2.1.2 Minimum number and disposition of watertight bulkheads 


2.1.2.1 


21.2.2 


2.1.2.3 


2.1.2.4 


The following watertight bulkheads are to be fitted on all ships: 
(a) a collision bulkhead, see 2.2.1.1 

(b) an aft peak bulkhead 

(c) a bulkhead at each end of the machinery space. 


The bulkheads in the cargo tank region are to be spaced at uniform intervals so far 
as practicable. 


The applicable number and disposition of bulkheads are to be arranged to suit the 
requirements for subdivision, floodability and damage stability, and are to be in 
accordance with the requirements of National regulations. 


The number of openings in watertight bulkheads is to be kept to a minimum. Where 
penetrations of watertight bulkheads and internal decks are necessary for access, 
piping, ventilation, electrical cables, etc., arrangements are to be made to maintain 
the watertight integrity. Additional requirements apply to collision bulkheads in 
Section 8/3.6.2. 


2.2 Position of Collision Bulkhead 


2.2.1 General 


2.2.1.1 


222 


2.2.1.3 


A collision bulkhead is to be fitted on all ships and is to extend to the freeboard 
deck. It is to be located between 0.05L; or 10m, whichever is less, and 0.08Lz aft of 
the reference point, where the load line length, Lr, is as defined in Section 4/1.1.2.1 
and the reference point is as defined in 2.2.1.2. Proposals for location of the collision 
bulkhead aft of 0.08Lz will be specially considered. 


For ships without bulbous bows the reference point is to be taken where the 
forward end of Li coincides with the forward side of the stem, on the waterline 
which Lr is measured. For ships with bulbous bows, it is to be measured from the 
forward end of L; a distance x forward; where x is to be taken as the lesser of the 
following: 


(a) half the distance, from the forward end of Lz and the extreme forward end of the 
bulb extension 

(b) 0.015LL 

(c) 3.0m. 

In general, the collision bulkhead is to be in one plane, however, the bulkhead may 


have steps or recesses provided they are in compliance with the limits prescribed in 
2.2.1.1 and 2.2.1.2. 
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2.3 Position of Aft Peak Bulkhead 


2.3.1 General 


2.3.1.1 An aft peak bulkhead, enclosing the stern tube and rudder trunk in a watertight 
compartment, is to be provided. Where the shafting arrangements make enclosure 
of the stern tube in a watertight compartment impractical, alternative arrangements 
will be specially considered. The aft peak bulkhead location on ships powered 
and/or controlled by equipment that do not require the fitting of a stern tube 
and/or rudder trunk will also be subject to special consideration. 


2.3.1.2 The aft peak bulkhead may terminate at the first deck above the summer load 
waterline, provided that this deck is made watertight to the stern or to a watertight 
transom floor. 
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3 DOUBLE HULL ARRANGEMENT 
3.1 General 


3.1.1 Protection of cargo tanks 


3.1.1.1 Every tanker is to be provided with double bottom tanks and spaces, and double 
side tanks and spaces, in accordance with 3.2 and 3.3. The double bottom and 
double side tanks and spaces, protect the cargo tanks or spaces, and are not to be 
used for the carriage of oil cargoes. 

3.1.2 Capacity of ballast tanks 


3.1.2.1 The capacity of the segregated ballast tanks shall be so determined that the ship 
may operate safely on ballast voyages without recourses to the use of cargo tanks 
for water ballast. The capacity of ballast shall be at least such that, in any ballast 
condition at any part of the voyage, including the conditions consisting of 
lightweight plus segregated ballast only, the ships draught and trim can meet the 
requirements in 3.1.2.2 to 3.1.2.4. 


3.1.2.2 The moulded draught amidships, Tinia, excluding any hogging or sagging correction, 
is not to be less than: 


Timid =2.0+0.02L m 
Where: 
L rule length, as defined in Section 4/1.1.1.1, in m 


3.1.2.3 The draughts at the F.P. and A.P. are to correspond to those determined by the 
draught amidships, as given in 3.1.2.2, and in association with a trim by the stern 
not greater than 0.015L (m). 


3.1.24 The draught at the A.P. is not to be less than that required to obtain full immersion 
of the propeller(s). 


3.1.3 Limitation of size and arrangement of cargo tanks 


3.1.3.1 Cargo tanks are to be of a size and arrangement that hypothetical oil outflow from 
side and bottom damage, anywhere in the length of the ship, is limited. 


3.2 Double Bottom 


3.2.1 Double bottom depth 
3.2.1.1 The minimum double bottom depth, dæ, is to be taken as the lesser of: 


di = T m, but not less than 1.0m 

dp =2.0 m 

Where 

B moulded breadth, in m, as defined in Section 4/1.1.3.1 
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3.3 Double Side 


3.3.1 Double side width 
3.3.1.1 The minimum double side width, was, is to be taken as the lesser of: 


Wys =0.5+ nE m, but not less than 1.0m 
20000 


W,,=2.0 m 
Where: 


DWT deadweight of the ship, in tonnes, as defined in Section 
4/1.1.14.1 
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4 SEPARATION OF SPACES 
4.1 Separation of Cargo Tanks 


4.1.1 General 


4.1.1.1 The cargo pump room, cargo tanks, slop tanks and cofferdams are to be positioned 
forward of machinery spaces. Main cargo control stations, control stations, 
accommodation and service spaces are to be positioned aft of cargo tanks, slop 
tanks, and spaces which isolate cargo or slop tanks from machinery spaces, but not 
necessarily aft of the oil fuel bunker tanks and ballast tanks. 


4.2 Cofferdam Spaces 


4.2.1 General 


4.2.1.1 Cofferdam spaces are to be kept gas-tight. Where applicable, access requirements to 
permit internal inspections, are to be in accordance with 5.3. 
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5 ACCESS ARRANGEMENTS 


5.1 Access Into and Within Spaces in, and Forward of, the Cargo Tank Region 


5.1.1 General 


5.1.1.1 


5.1.1.2 


5.1.1.3 


5.1.1.4 


5.1.1.5 


Access into and within spaces in, and forward of, the cargo tank region is to satisfy 
the International Convention for the Safety of Life at Sea, 1974, as amended, Chapter II-1, 
Part A-1, Regulation 3-6, as required by the Flag Administration, for details and 
arrangements of openings and attachments to the hull structure. This will be 
reviewed in conjunction with the structural requirements. In addition, the 
requirements of 5.1.1.2 to 5.1.1.5 are to be complied with. 


Where a duct keel or pipe tunnel is fitted provision is to be made for at least two 
exits to the open deck arranged at a maximum distance from each other. The duct 
keel or pipe tunnel is not to pass into machinery spaces. The aft access may lead 
from the pump room to the duct keel. Where an aft access is provided from the 
pump room to the duct keel, the access opening from the pump room to the duct 
keel is to be provided with an oil-tight cover plate or a watertight door. Mechanical 
ventilation is to be provided and such spaces are to be sufficiently ventilated prior 
to entry. A notice board is to be fitted at each entrance to the pipe tunnel stating that 
before any attempt is made to enter, the ventilating fan must have been in operation 
for a sufficient period. In addition, the atmosphere in the tunnel is to be sampled by 
a gas monitor, and where an inert gas system is fitted in cargo tanks, an oxygen 
monitor is to be provided. 


Where a watertight door is fitted in the pump room for access to the duct keel, the 
scantlings of the watertight door are to comply with the requirements of the 
individual Classification Society and the following additional requirements: 


(a) the watertight door is to be capable of being manually closed from outside the 
main pump room entrance, in addition to bridge operation. A means of 
indicating whether the door is open or closed is to be provided locally and on 
the bridge. 


(b) anotice is to be affixed at each operating position to the effect that the 
watertight door is to be kept closed during normal operations of the ship, 
except when access to the pipe tunnel is required. 


At least one horizontal access opening of 600mm by 800mm clear opening is to be 
fitted in each horizontal girder in the vertical wing ballast space and weather deck 
to assist in rescue operations. Where an opening of 600mm by 800mm is not 
permitted due to structural arrangements, a 600mm by 600mm clear opening will be 
accepted. 


Special consideration will be given to any proposals to fit permanent 
repair/maintenance access openings with oil-tight covers in cargo tank bulkheads. 
Attention is drawn to the relevant National regulations concerning load line and oil 
outflow aspects of such arrangements. 
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MATERIALS AND WELDING 
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1 STEEL GRADES 
1.1 Hull Structural Steel 


1.1.1 Scope 


1.1.1.1 Materials used during construction are to comply with the Rules for Materials of the 
individual Classification Society. Use of other materials and the corresponding 
scantlings will be specially considered. 


1.1.2 Strength 


1.1.2.1 Steel having a specified minimum yield stress of 235N/mm? is regarded as normal 
strength hull structural steel. Steel having a higher specified minimum yield stress 
is regarded as higher strength hull structural steel. 


1.1.3 Material grades 

1.1.3.1 Material grades of hull structural steels are referred to as follows: 
(a) A, B, Dand E denote normal strength steel grades 
(b) AH, DH and EH denote higher strength steel grades. 


1.1.4 Higher strength steel factor 


1.1.4.1 For the determination of hull girder section modulus, where higher strength hull 
structural steel is used, a higher strength steel factor, k is given in Table 6.1.1. 


Table 6.1.1 
Values of k 
Specified minimum yield stress, N/mm? k 
235 1.00 
265 0.93 
315 0.78 
340 0.74 
355 0.72 
390 0.68 
Note 
1. Intermediate values are to be calculated by linear interpolation. 


1.1.5 Through thickness property 


1.1.5.1 Where tee or cruciform connections employ partial or full penetration welds, and 
the plate material is subject to significant tensile strain in a direction perpendicular 
to the rolled surfaces, consideration is to be given to the use of special material with 
specified through thickness properties, in accordance with the Rules for Materials of 
the individual Classification Society. These steels are to be designated on the 
approved plan by the required steel strength grade followed by the letter Z (e.g. 
EH36 Z). 


1.1.6 Steel castings and forgings 

1.1.6.1 Steel castings or forgings that are used for stern frames, rudder frames, rudder 
stocks, propeller shaft brackets and other major structural items are to be in 
accordance with the Rules for Materials of the individual Classification Society. 
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1.2 Application of Steel Materials 


1.2.1 Selection of material grades 


1.2.1.1 Steel materials for particular locations are not to be of lower grades than those given 
in Table 6.1.2 for the material class given in Table 6.1.3. 


1.2.2 Applicable thickness 


1.2.2.1 For application of Table 6.1.2 and Table 6.1.3, the steel grade is to correspond to the 
as-built thickness. 


1.2.3 Operation in areas with low air temperature 

1.2.3.1 For ships intended to operate for long periods in areas with a lowest mean daily 
average temperature below -10 degrees C (i.e. regular service during winter to 
Arctic or Antarctic waters) the materials in exposed structures will be specially 
considered. 

RCN 2 to July 2008 version (effective from 1 July 2010) 

RCN 1 to July 2010 version (effective from 1 July 2012) 


Table 6.1.2 
Material Grades 
Thickness, t Material Class 
inmm I II Hl 
t<15 A, AH A, AH A, AH 
15 <t<20 A, AH A, AH B, AH 
20 <t<25 A, AH B, AH D, DH 
25 <t<30 A, AH D, DH D, DH 
30 <t<35 B, AH D, DH E, EH 
35 <t<40 B, AH D, DH E, EH 
40 <t<51 D, DH E, EH E, EH 
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Table 6.1.3 
Material Class or Grade of Structural Members 

Structural member category Material Class or Grade 
Within 0.4L Outside 0.4L 
Amidships 

Secondary 

Longitudinal bulkhead strakes, other than those 

belonging to primary category Class I Grade A®/AH 


Deck plating exposed to weather other than that 
belonging to primary or special category 

Side plating 

Primary 

Bottom plating including keel plate 

Strength deck plating, excluding that belonging to the 
special category (0 (1) 

Continuous longitudinal members above strength deck, Class II Grade A®) /AH 
excluding longitudinal hatch coamings (1) 

Uppermost strake in longitudinal bulkheads (1°) 

Vertical strake (hatch side girder) and upper sloped strake 
in top wing tank 

Special 

Sheer strake at strength deck (@)@)(10) (1) 

Stringer plate in strength deck (2)@)@9) 11) 

Deck strake at longitudinal bulkhead, excluding deck 


a in way of inner hull longitudinal bulkhead ©) Class III ( ae de 
Strength deck plating at outboard corners of cargo hatch Doi aipe) 
openings (11) 

Bilge strake (6) 

Continuous longitudinal hatch coamings (1) 

Other Categories 

Plating for stern frames, rudder horns and shaft brackets - Class II 
Longitudinal strength members of strength deck Grade B /AH - 


plating for ships with single strength deck ( 

Strength members not referred to in above categories ©) Grade A®) /AH | Grade A®) /AH 

Note 

i Not to be less than E/EH within 0.4L amidships in vessels with length, L, exceeding 250m. 

2. Single strakes required to be of material class III or E/EH are, within 0.4L amidships, to have breadths 
not less than 800 + 5L mm, but need not be greater than 1800mm. 

3. A radius gunwale plate may be considered to meet the requirements for both the stringer plate and 
the sheer strake, provided it extends generally 600mm inboard and vertically. 

4. For tankers having a breadth, B, exceeding 70m, the centreline strake and the strakes in way of the 

longitudinal bulkheads port and starboard, are to be class III. 

(void) 

To be not lower than D/DH within 0.6L amidships of vessels with length, L, exceeding 250m. 

(void) 

Grade B/ AH to be used for plate thickness more than 40mm. For engine foundation heavy plates, 

Grade B/ AH to be used for plate thickness more than 30mm. However, engine foundation heavy 

plates outside 0.6L amidships may be of Grade A/ AH. 

9. The material class used for reinforcement and the quality of material (i.e. whether normal or higher 
strength steel) used for welded attachments, such as spill protection bars and bilge keel, is to be 
similar to that of the hull envelope plating in way. Where attachments are made to round gunwale 
plates, special consideration will be given to the required grade of steel, taking account of the 
intended structural arrangements and attachment details. 

10. The material class for deck plating, sheer strake and upper strake of longitudinal bulkhead within 
0.4L amidships is also to be applied at structural breaks of the superstructure, irrespective of position. 

11. To be not lower than B/ AH within 0.4L amidships for ships with single strength deck. 


RCN 2 to July 2008 version (effective from 1 July 2010) 
RCN 1 to July 2010 version (effective from 1 July 2012) 
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1.2.4 Guidance for repairs 


1.2.4.1 


Where materials are used in the construction, which are not in accordance with the 
Rules for Materials of the individual Classification Society, a set of plans showing 
the following information, for each material, is to be placed aboard the vessel in 
addition to those normally retained on the vessel: 


(a) material specification and applicable thickness 
(b) welding procedure 
(c) location and extent of application. 


1.3 Aluminium Alloys 


1.3.1 General 


1.3.1.1 


1.3.1.2 


L315 


The use of aluminium alloys in superstructures, deckhouses, hatch covers, 
helicopter platforms, or other local components will be specially considered. A 
specification of the proposed alloys and their proposed method of fabrication is to 
be submitted for approval. 


Details of the proposed method of joining any aluminium and steel structures are to 
be submitted for approval. 


Material requirements and scantlings are to comply with the Rules for Materials of 
the individual Classification Society. 


1.3.2 Incendiary sparking on impact with steel 


1.3.2.1 


Aluminium may, under certain circumstances give rise to incendiary sparking on 
impact with oxidized steel. A particular risk is where an aluminium component is 
dragged or rubbed against the uncoated steel structure creating a thin smear of 
aluminium on the surface. Subsequent high energy impact by a rusted component 
on that smear could generate an incendiary spark capable of igniting any 
surrounding inflammable gas. The following requirements are therefore to be 
complied with: 


(a) aluminium fittings in tanks used for the carriage of oil, and in cofferdams and 
pump rooms are to be avoided 


(b) where fitted, aluminium fittings, units and supports, in tanks used for the 
carriage of oil, cofferdams and pump rooms are to satisfy the requirements of 
2.1.2 for aluminium anodes 


(c) the underside of heavy portable aluminium structures such as gangways, etc., is 
to be protected by means of a hard plastic or wood cover, or other approved 
means, in order to avoid the creation of smears. Such protection is to be 
permanently and securely attached to the structures. 
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2 CORROSION PROTECTION INCLUDING COATINGS 


2.1 Hull Protection 


2.1.1 General 


2.1.1.1 


2.1.1.2 


2.1.1.3 


2.1.1.4 


2.1.1.5 


2.1.1.6 


2.1.1.7 


All dedicated seawater ballast tanks are to have an efficient corrosion prevention 
system, as required by SOLAS Reg. II-1/3-2, see Section 2/2.1.1. 


For ships contracted for construction on or after 8 December 2006, the date of IMO 
adoption of the amended SOLAS Regulation II-1/3-2, by which an IMO 
“Performance standard for protective coatings for ballast tanks and void spaces” 
will be made mandatory, the coatings of internal spaces subject to the amended 
SOLAS Regulation are to satisfy the requirements of the IMO performance standard. 
For ships contracted for construction on or after 1 July 2012, the IMO performance 
standard is to be applied as interpreted by IACS UI SC 223 and UI SC 227. In 
applying IACS UI SC 223, “Administration” is to be read to be the “Classification 
Society”. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


Consistent with IMO Resolution A.798(19) and IACS UI SC 122, the selection of the 
coating system, including coating selection, specification, and inspection plan, are to 
be agreed between the shipbuilder, coating system supplier and the owner, in 
consultation with the Classification Society, prior to commencement of construction . 
The specification for the coating system for these spaces is to be documented and 
this documentation is to be verified by the Classification Society and is to be in full 
compliance with the coating performance standard. 


The shipbuilder is to demonstrate that the selected coating system with associated 
surface preparation and application methods is compatible with the manufacturing 
processes and methods. 


The shipbuilder is to demonstrate that the coating inspectors have proper 
qualification as required by the IMO standard. 


The attending surveyor of the Classification Society will not verify the application of 
the coatings but will review the reports of the coating inspectors to verify that the 
specified shipyard coating procedures have been followed. 


Where anodes are fitted in ballast tanks, ballast tank anode distribution drawings 
are to be submitted for approval. Such drawings are to include details of the 
connections to the hull, e.g. welding details. 


2.1.2 Internal cathodic protection systems 


2.1.2.1 


2.1.2.2 


When a cathodic protection system is to be fitted to steel structures in tanks used for 
liquid cargo with flash point below 60°C, a plan of the fitting arrangement is to be 
submitted for approval. The arrangements will be considered for safety against fire 
and explosion. This approval also applies to adjacent tanks. 


Permanent anodes in tanks made of, or alloyed with magnesium are not acceptable, 
except in tanks solely intended for water ballast that are not adjacent to cargo tanks. 
Impressed current systems are not to be used in cargo tanks due to the development 
of chlorine and hydrogen that can result in an explosion. Aluminium anodes are 
accepted, however, in tanks with liquid cargo with flash point below 60°C and in 
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adjacent ballast tanks, aluminium anodes are to be located so a kinetic energy of not 
more than 275] is developed in the event of their loosening and becoming detached. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


2.1.2.3 


2.1.2.4 


2.1.2.5 


2.1.2.6 


2.1.2.7 


2.1.2.8 


Aluminium anodes are to be located in such a way that they are protected from 
falling objects. They are not to be located under tank hatches or Butterworth 
openings unless protected by adjacent structure. 


All anodes are to be attached to the structure in such a way that they will remain 
securely fastened both initially and during service. The following methods are 
acceptable: 


(a) steel core connected to the structure by continuous fillet welds of sufficient cross 
section 


(b) attachment by properly secured through-bolts or other positive locking devices. 
Attachment by clamps fixed with setscrews is to be by approved means. 


Anode steel cores bent and directly welded to the steel structure are to be of a 
material complying with the requirements for grade A of the Rules for Materials of 
the individual Classification Society. 


Anodes are to be attached to stiffeners or aligned in way of stiffeners on plane 
bulkhead plating, but they are not to be attached to the shell. The two ends are not 
to be attached to separate members which are capable of relative movement. 


Where cores or supports are welded to local support members or primary support 
members, they are to be kept clear of end supports, toes of brackets and similar 
stress raisers. Where they are welded to asymmetrical members, the welding is to be 
at least 25mm away from the edge of the web. In the case of stiffeners or girders 
with symmetrical face plates, the connection may be made to the web or to the 
centreline of the face plate, but well clear of the free edges. Generally, anodes are 
not to be fitted to a face plate of higher strength steel. 


Tanks in which anodes are installed, are to have sufficient holes for the circulation 
of air to prevent gas from collecting in pockets. 


2.1.3 Paint containing aluminium 


2.1.3.1 


Paint containing aluminium is not to be used in positions where cargo vapours may 
accumulate unless it has been shown by appropriate tests that the paint to be used 
does not increase the incendiary sparking hazard. Tests need not be performed for 
coatings with less than 10 percent aluminium by weight. 
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3 CORROSION ADDITIONS 
3.1 General 


3.1.1 Introduction 


3.1.1.1 The required net thickness of steel structures is to be increased by the corrosion 
addition as specified in this Sub-Section. 


3.1.1.2 The corrosion additions given in this Sub-Section are applicable to carbon- 
manganese steels, see 1.1. Application of corrosion additions for other materials, 
such as stainless steel, is to be in accordance with the requirements of the individual 
Classification Society. 


3.1.1.3 The application of the corrosion additions in rule calculations is given in 3.3. 
3.2 Local Corrosion Additions 


3.2.1 General 


3.2.1.1 The local corrosion additions, tor, for structural members are to be taken as: 


tor = tas $9.5 mm 
Where: 
twas total wastage allowance of the considered structural member, 


in mm, as given in Section 12/1.4.2.2 


3.2.1.2 The local corrosion additions, torr, for typical structural elements in the cargo tank 
region are given in Table 6.3.1 and Figure 6.3.1. 
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Table 6.3.1 
Corrosion Addition, teor, for Typical Structural Elements Within the Cargo Tank Region 
Corrosion 
Category of contents Addition 
tcorr, iN mm 
Internal members and plate boundary between spaces with the same category of contents 
Face plate of PSM Within 3m below top of tank ®© 4.5 
Elsewhere 3.5 
ithi (1) 
li and between ballast Oihermember Within 3m below top of tank 4.0 
water tanks Elsewhere 3.0 
Stiffeners on Within 3m below top of tank ® 4.5 
boundaries to heated Isewh 35 
cargo tanks Elsewhere ; 
Within 3m below t f tank ®© 4.0 
Face plate of PSM Ea O tei C aN 
In and between cargo oil Elsewhere 3.5 
tanks Within 3m below top of tank ©) 4.0 
Other members 
Elsewhere 2.5 
Exposes TOMO pner Support members on deck 2.5 
on both sides PP ` 
In and between void Spaces not normally accessed, e.g. access only via bolted manhole 20 
spaces openings, pipe tunnels, etc. ` 
In and between dry Internals of deckhouses, machinery spaces, pump room, store 15 
spaces rooms, steering gear space, etc. , 
Plate boundary between spaces having a different category 
Within 3m below top of tank ® 4.0 
Unheated cargo tank Inner bottom plating 4.0 
Boundary between ballast Elsewhere 3.0 
tank and cargo oil tank Within 3m below top of tank () 4.5 
Heated cargo tank Inner bottom plating 4.5 
Elsewhere 3.5 
Boundary between ballast | Weather deck plating 4.0 
tank and atmosphere or Within 3m below top of tank 3.5 
Other members() 
sea Elsewhere 3.0 
Boundary between ballast | Within 3m below top of tank 3.0 
tank and void or dry 
space Elsewhere 2.5 
Boundary between cargo i 
4. 
tank and atmosphere Weather deck plating 0 
Boundary between cargo | Within 3m below top of tank ® 3.0 
tank and void spaces Elsewhere 2.5 
Boundary between cargo | Within 3m below top of tank ® 3.0 
tank and dry spaces Elsewhere 2.0 


Note 

1. Only applicable to cargo and ballast tanks with weather deck as the tank top 

2. 0.5mm to be added for side plating in the quay contact region defined in Section 8/Figure 8.2.2 

3. Heated cargo oil tanks are defined as cargo tanks arranged with any form of heating capability 
(RCN 1, effective from 1 April 2007) 
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3.3 Application of Corrosion Additions 


3.3.1 General 


3.3.1.1 


3.3.1.2 


3.3.1.3 


The application of corrosion additions described in 3.3.2 to 3.3.7 is to be applied 
unless otherwise specified in the specific rule requirements. 


Compliance with the Rules may be performed either by: 

(a) comparison of the proposed gross scantling with the gross required, in which 
case the applicable corrosion addition is added to the net requirement of the 
Rules 

(b) comparison of the proposed net scantling with the net required, in which case 
the applicable corrosion addition is deducted from the gross proposed. 

Methods (a) and (b) are suitable for assessment of thickness. Method (b) is the most 

suitable for assessment of section properties, e.g. section modulus, area and moment 

of inertia. 


The gross scantlings specified in 3.3.2 to 3.3.7 used to derive the net scantlings are to 
exclude any owner's extra thicknesses, see also Section 2/4.3.4.3. 


3.3.2 Application for hull girder longitudinal strength calculations 


3.3.2.1 


3.3.2.2 


The calculation of hull girder stresses for the assessment of longitudinal strength as 
given in Section 8/1 is to be based on the net hull girder sectional properties 
calculated by deducting half the corrosion addition, i.e. -0.5tcorr, from the gross 
thickness of all structural elements comprising the hull girder cross-section. 


The local buckling capacity of plates and stiffeners subject to hull girder stresses are 
to be calculated based on the net scantlings, as given in Section 8/1.4.2. The net 
scantling is calculated by deducting the full corrosion addition, i.e. -1.0t-or, from the 
gross thickness. 


3.3.3 Application for scantling assessment of plates and local support members 


3.3.3.1 


3.3.3.2 


3.3.3.3 


3.3.3.4 


The required gross thickness for plates and local support members are calculated by 
adding the full corrosion addition, i.e. +1.0fcn, to the net thickness required in 
accordance with the scantling requirements in Sections 4/3.4 and 8/2 to 8/7. 


The net sectional properties of local support members are calculated by deducting 
the full corrosion addition, i.e. -1.0tcor, from the web, flange and attached plate 
gross thicknesses as described in Section 4/2.4.1 and are to comply with required 
section modulus, moment of inertia and shear area as given in Sections 4/3.4 and 8/2 
to 8/7. 


The calculation of hull girder stresses for the strength assessment of members under 
combined local and global loading is to be based on the net hull girder sectional 
properties calculated by deducting half the corrosion addition, i.e. -0.5tcorr, from the 
gross thickness of all structural elements comprising the hull girder cross-section. 


The required minimum gross thickness of plates and local support members is 
calculated by adding the full corrosion addition, i.e. +1.Otcor, to the minimum net 
thickness requirements given in Section 8/2.1.5. 
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3.3.4 Application of corrosion additions for scantling strength assessment of 
primary support members 


3.3.4.1 The required gross thickness of primary support members is calculated by adding 
half the corrosion addition, i.e. +0.5fcorr, to the net thickness required in accordance 
with the strength requirements in Section 8/2.6 and 8/3 to 8/7. 


3.3.4.2 The net sectional properties of primary support members are to be calculated by 
deducting half the corrosion addition, i.e. -0.5tcorr, from the web and flange gross 
thicknesses, and are to comply with the required section modulus, moment of 
inertia and area as given in Section 8/2.6 and 8/3 to 8/7. 


3.3.4.3 The required minimum gross thickness of primary support members is calculated 
by adding the full corrosion addition, i.e. +1.0fcor, to the minimum net thickness 
requirement given in Section 8/2.1.6.1, 8/3.1.4.1, 8/4.1.5.1, 8/5.1.4.1, 8/6.3.7.5, 8/6.4.5.4 
and 10/2.3. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


3.3.5 Application of corrosion additions for hull girder ultimate strength analysis 


3.3.5.1 The calculation of the hull girder ultimate capacity, Mu, as given in Section 9/1, is to 
be based on the net hull girder sectional properties calculated by deducting half the 
corrosion addition, i.e. -0.5tcorr, from the gross thickness of all structural elements 
comprising the hull girder cross-section. 


3.3.5.2 The buckling capacity of the structural elements used to derive the hull girder 
ultimate capacity is to be calculated by deducting half the corrosion addition, i.e. - 
0.5tcorr, from the gross thicknesses of the plates and stiffener webs and flanges. 


3.3.6 Application of corrosion additions for strength assessment by finite 
element analysis 


3.3.6.1 For the cargo tank structural strength analysis, as given in Section 9/2.2 and Appendix 
B/2, the finite element model is to be modelled with thicknesses calculated by 
deducting half the corrosion addition, i.e. -0.5tcor, from the gross thickness of all 
structural elements. 


3.3.6.2 The local buckling capacity of plates and stiffeners are to be calculated by deducting 
the full corrosion addition, i.e. -1.Ot.or, from the gross thickness. 


3.3.6.3 The local fine mesh structural strength analysis models, as given in Section 9/2.3 and 
Appendix B/3, are to be modelled with thicknesses calculated by deducting half the 
corrosion addition, i.e. -0.5t:orr, from the gross thickness. The specified fine mesh 
areas are to be modelled by deduction of the full corrosion addition, i.e. -1.0tcorr, 
from the gross thickness. 


3.3.7 Application of corrosion additions for fatigue strength assessment 


3.3.7.1 The calculation of hull girder stresses for the fatigue strength assessment, as given 
in Section 9/3 and Appendix C/1, is to based on the net fatigue hull girder sectional 
properties, calculated by deducting a quarter of the corrosion addition, i.e. -0.25tcorr, 
from the gross thickness of all structural elements comprising the hull girder cross 
section. 


3.3.7.2 The calculation of stresses in local support members from lateral load for the fatigue 
strength assessment, as given in Section 9/3 and Appendix C/1, are to be based on 
deducting half the corrosion addition, i.e. -0.5t:0rr, from the stiffener web, flange and 
attached plate. 
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3.3.7.3 


3.3.7.4 


For hot spot stress (FE based) approach, as given in Section 9/3 and Appendix C/2, the 
FE model of the hopper knuckle is to be modelled with thickness calculated by 
deducting a quarter of the corrosion addition, i.e. -0.25tor, from the gross 
thicknesses. The very fine mesh areas are to be modelled by deduction of half the 
corrosion addition, i.e. -0.5tcorr, from the gross thickness. 


As an alternative to 3.3.7.3, the hopper fatigue FE model may be made in 
accordance with requirements for FE strength model, i.e. all areas at -O.5tcorr, as 
described in 3.3.6.1. However the calculated stress range is then to be corrected by 
the factor fioaei as described in Appendix C/2.4.2.7. 
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4 FABRICATION 


4.1 General 


4.1.1 Workmanship 


4.1.1.1 


All workmanship is to be of commercial marine quality and acceptable to the 
Surveyor. Welding is to be in accordance with the requirements of Sub-Section 5. 
Any defect is to be rectified to the satisfaction of the Surveyor before the material is 
covered with paint, cement or any other composition. 


4.1.2 Fabrication standard 


4.1.2.1 


4.1.2.2 


4.1.2.3 


Structural fabrication is to be carried out, in accordance with ‘IACS Recommendation 
47, Shipbuilding and Repair Quality Standard for New Construction’ or a recognised 
fabrication standard which has been accepted by the Classification Society prior to 
the commencement of fabrication/ construction. 


The fabrication standard to be used during fabrication/construction is to be made 
available to the attending representative of the Classification Society, prior to the 
commencement of the fabrication/ construction. 


The fabrication standard is to include information, to establish the range and the 
tolerance limits, for the items specified as follows: 


(a) Cutting edge 
e the slope of the cut edge and the roughness of the cut edges 
(b) Flanged longitudinals and brackets and built-up sections 
e the breadth of flange and depth of web, angle between flange and web, and 
straightness in plane of flange or at the top of face plate 
(c) Pillars 
e the straightness between decks, and cylindrical structure diameter 
(d) Brackets and small stiffeners 
e the distortion at the free edge line of tripping brackets and small stiffeners 
(e) Sub-assembly stiffeners 
e details of snipe end of secondary face plates and stiffeners 
(f) Plate assembly 


e for flat and curved blocks the dimensions (length and breadth), distortion and 
squareness, and the deviation of interior members from the plate 


(g) Cubic assembly 


e in addition to the criteria for plate assembly, twisting deviation between 
upper and lower plates, for flat and curved cubic blocks 


(h) Special assembly 


e the distance between upper and lower gudgeons, distance between aft edge of 
propeller boss and aft peak bulkhead, twist of stern frame assembly, deviation 
of rudder from shaft centreline, twist of rudder plate, and flatness, breadth 
and length of top plate of main engine bed. Where boring out of the propeller 
boss and stern frame, skeg or solepiece is carried out at a late stage of 
construction, it is to be carried out after completing the major part of the 
welding of the aft part of the ship. Where block boring is used, the shaft 
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alignment is to be carried out using a method and sequence submitted to and 
recognized by the Classification Society. The fit-up and alignment of the 
rudder, pintles and axles, are to be carried out after completing the major part 
of the welding of the aft part of the ship. The contacts between the conical 
surfaces of pintles, rudder stocks and rudder axles are to be checked before 
the final mounting. 


RCN 1 to July 2010 version (effective from 1 July 2012) 
(i) Butt joints in plating 
e alignment of butt joint in plating 
(j) Cruciform joints 
e alignment measured on the median line and measured on the heel line of 
cruciform joints 
(k) Alignment of interior members 


e alignments of flange of T longitudinals, alignment of panel stiffeners, gaps in 
T joints and lap joints, and distance between scallop and cut outs for 
continuous stiffeners in assembly and in erection joints 


(1) Keel and bottom sighting 
e deflections for whole length of the ship, and for the distance between two 
adjacent bulkheads, cocking-up of fore body and of aft body, and rise of floor 
amidships 
(m) Dimensions 
e dimensions of length between perpendiculars, moulded breadth and depth at 
midship, and length between aft edge of propeller boss and main engine 
(n) Fairness of plating between frames 


e deflections between frames of shell, tank top, bulkhead, upper deck, 
superstructure deck, deck house deck and wall plating 


(o) Fairness of plating in way of frames 


e deflections of shell, tank top, bulkhead, strength deck plating and other 
structures measured in way of frames 


4.2 Cold Forming 


4.2.1 Special structural members 


4.2.1.1 


For highly stressed components of the hull girder where notch toughness is of 
particular concern (e.g. items required to be Class III in Table 6.1.3, such as radius 
gunwales and bilge strakes) the inside bending radius, in cold formed plating, is not 
to be less than 10 times the gross plate thickness for carbon-manganese steels (hull 
structural steels, see 1.1). The allowable inside bending radius may be reduced 
below 10 times the gross plate thickness, providing the additional requirements 
stated in 4.2.3 are complied with. 


4.2.2 Other members 


4.2.2.1 


For main structural members, e.g. corrugated bulkheads and hopper knuckles, the 
inside bending radius, in cold formed plating, is not to be less than 4.5 times the 
gross plate thickness for carbon-manganese steels (hull structural steels, see 1.1). 
The allowable inside bending radius may be reduced below 4.5 times the gross plate 
thickness, providing the additional requirements stated in 4.2.3 are complied with. 
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4.2.3 Additional requirements 


4.2.3.1 


When steel is formed below 650°C with a radius of less than 10 or 4.5 times the 
gross plate thickness for special and other members, respectively, supporting data is 
to be provided. As a minimum, the following additional requirements are to be 
complied with: 


(a) the steel is to be of grade D/DH or higher 


(b) the material is impact tested in the strain-aged condition and satisfies the 
requirements stated herein. The deformation is to be equal to the maximum 
deformation to be applied during production, calculated by the formula 
bors (2% pag +b ers), Where tors is the gross thickness of the plate material and Frag is 


the bending radius. One sample is to be plastically strained at the calculated 
deformation or 5%, whichever is greater and then artificially aged at 250°C for 
one hour then subject to Charpy V-notch testing. The average impact energy 
after strain ageing is to meet the impact requirements specified for the grade of 
steel used. 


(c) 100% visual inspection of the deformed area is to be carried out. In addition, 
random checks by magnetic particle testing are to be carried out. 


The bending radius is in no case to be less than twice the gross plate thickness. 


4.3 Hot Forming 


4.3.1 Temperature requirements 


4.3.1.1 


4.3.1.2 


Steel is not to be formed between the upper and lower critical temperatures. If the 
forming temperature exceeds 650°C for as-rolled, controlled rolled, thermo- 
mechanical controlled rolled or normalised steels, or is not at least 28°C lower than 
the tempering temperature for quenched and tempered steels, mechanical tests are 
to be made to assure that these temperatures have not adversely affected both the 
tensile and impact properties of the steel. Where curve forming or fairing, by line or 
spot heating, is carried out in accordance with 4.3.2.1 these mechanical tests are not 
required. 


Confirmation is required to demonstrate the mechanical properties after further 
heating meet the requirements specified by a procedure test using representative 
material, when considering further heating other than in 4.3.1.1 of thermo- 
mechanically controlled steels (TMCP plates) for forming and stress relieving. 


4.3.2 Line or spot heating 


4.3.2.1 Curve forming or fairing, by linear or spot heating, is to be carried out using 
approved procedures in order to ensure that the properties of the material are not 
adversely affected. Heating temperature, on the surface, is to be controlled so as not 
to exceed the maximum allowable limit applicable to the plate grade. 

44 Welding 


4.4.1 General 


4.4.1.1 


All welding is to be carried out by approved welders, in accordance with approved 
welding procedures, using approved welding consumables and is to comply with 
the Rules for Materials of the individual Classification Society. 
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4.4.2 Welding sequence 


4.4.2.1 


4.4.2.2 


4.4.2.3 


Consideration is to be given to the assembly sequence and the effect on the overall 
shrinkage of plate panels, assemblies, etc., resulting from the welding processes 
employed. Welding is to proceed systematically, with each welded joint being 
completed in the correct sequence, without undue interruption. 


Where practicable, welding is to commence at the centre of a joint and proceed 
outwards, or at the centre of an assembly and progress outwards towards the 
perimeter so that each part has freedom to move in one or more directions. 


Generally, the welding of stiffener members, including transverses, frames, girders, 
etc., to welded plate panels by automatic processes is to be carried out in such a way 
as to minimize angular distortion of the stiffener. 


4.4.3 Arrangements at junctions of welds 


4.4.3.1 


Welds are to be made flush in way of the faying surface where stiffening members, 
attached by continuous fillet welds, cross the completely finished butt or seam 
welds. Similarly, butt welds in webs of stiffening members are to be completed and 
made flush with the stiffening member before the fillet weld is made. The ends of 
the flush portion are to run out smoothly without notches or sudden changes of 
section. Where these conditions cannot be complied with, a scallop is to be arranged 
in the web of the stiffening member. Scallops are to be of a size, and in a position, 
that a satisfactory return weld can be made. 


4.44 Leak stoppers 


4.4.4.1 


Where structural members pass through the boundary of a tank, leakage into the 
adjacent space could be hazardous or undesirable, and full penetration welding is to 
be adopted for the members for at least 150mm on each side of the boundary. 
Alternatively, a small scallop of suitable shape may be cut in the member close to 
the boundary outside of the compartment, and carefully welded all around. 
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5 WELD DESIGN AND DIMENSIONS 
5.1 General 


5.1.1 Scope 
5.1.1.1 In general, weld sizes are based on the Rule gross thickness values. 


5.1.1.2 Requirements for welding sequence, qualification of welders, welding procedures 
and welding consumables are given in 4.4. 


5.1.2 Plans and specifications 


5.1.2.1 Plans and/or specifications showing weld sizes and weld details are to be 
submitted for approval for each new construction project. 


5.1.2.2 Where reductions in weld sizes are proposed the requirements given in 5.9 are to be 
applied and the following details are to be included in the welding specification: 
(a) proposed weld gap size 
(b) proposed welding consumable. 


5.1.3 Tolerance requirements 


5.1.3.1 The gaps between the faying surfaces of members being joined are to be kept to a 
minimum or in accordance with approved specification. 


5.1.3.2 Where the gap between the members joined by fillet welds exceeds 2mm, the weld 
size is to be increased in accordance with 5.7.1.6. 


5.1.4 Special precautions 


5.1.4.1 Welding is to be based on approved welding procedure specifications where small 
fillets are used to attach heavy plates or sections. Special precautions, such as the 
use of preheating, low-hydrogen electrodes or low-hydrogen welding processes, are 
accepted. 


5.1.4.2 When heavy structural members are attached to relatively light plating, the weld 
size and sequence may require modification. 


5.2 Butt Joints 


5.2.1 General 


5.2.1.1 Joints in the plate components of stiffened panel structures are generally to be 
joined by butt welds. Typical types of butt welds with corresponding edge 
preparation are shown in Figure 6.5.1. 


5.2.1.2 All types of butt joints are to be welded from both sides. Before welding is carried 
out on the second side, unsound weld metal is to be removed at the root by a 
suitable method. Butt welding from one side will only be permitted for specific 
applications with an approved welding procedure specification. 
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Figure 6.5.1 
Typical Butt Welds 


Single bevel butt 
4 


mo 
A 
at 


gap 


Double bevel butt 
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Double vee butt, uniform bevels 
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Single vee butt, one side welding with backing strip (temporary or permanent) 


Note 


1. The above figures are shown for guidance only. Actual details and dimensions 
are to be in accordance with a recognised fabrication standard. See 4.1.2.1 


5.2.2 
5.2.2.1 


5.2.2.2 


5.2.2.3 


5.2.2.4 


Thickness difference in butt welds 


Abrupt change of section is to be avoided where plates of different thicknesses are 
butt welded. 


Where plates to be joined differ in thickness by more than 4mm, a suitable transition 
taper is to be provided. The transition may be formed by tapering the thicker 
member, or by specifying a weld joint design which provides the required transition. 


For the transverse butts in longitudinal strength members, the transition taper 
length is to be not less than three times the offset. 


Differences in thickness greater than 4mm and without transition taper may be 
accepted for specific applications. 
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5.3 Tee or Cross Joints 


5.3.1 General 


5.3.1.1 


5.3.1.2 


The connection of primary support members and stiffener web/end connections 
and joints formed by plating abutting on another plate panel is generally to be made 
by fillet welds sized in accordance with 5.7 and Figure 6.5.2. Examples of other 


typical tee or cross joint weld arrangements are shown in Figure 6.5.3. 


Where the connection is highly stressed or otherwise considered critical, a partial or 
full penetration weld is to be achieved by bevelling the edge of the abutting plate. 


See 5.3.4 and Figure 6.5.3. 


Figure 6.5.2 
Typical Tee or Cross Joint Fillet Welds 


Tee fillet 


t 


i» 
Sei 


Note 


1. The above figure is shown for guidance only. Actual details and dimensions 
are to be in accordance with a recognised fabrication standard. See 4.1.2.1. 


Figure 6.5.3 
Other Typical Tee and Cross Joint Welds 


Small angle fillet 


Notes 


1. The above figures are shown for guidance only. Actual details and dimensions 
are to be in accordance with a recognised fabrication standard. See 4.1.2.1. 
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5.3.2 Continuous welding 


5.3.2.1 Continuous welding is to be adopted in the following locations: 
(a) all fillet welds where higher strength steel is used 


(b) boundaries of weathertight decks and erections, including hatch coamings, 
companionways and other openings 


(c) boundaries of tanks and watertight compartments 


(d) all structures in ballast and fresh water tanks and the ballast and fresh water 
tank bulkhead stiffeners 


(e) all structures in the aft peak and the aft peak bulkhead stiffeners 
(f) all structures in the fore peak tank/void 


(g) all welding inside tanks intended for crude oil, petroleum products, chemicals, 
edible liquids or fresh water cargoes 


(h) welding in way of all end connections, including end brackets, lugs, scallops, 
and at the orthogonal connections with other members 


(i) all lap welds in the main hull 


(j) primary support members and stiffener members to bottom shell in the 0.3L 
forward region 


(k) flat bar longitudinals to plating 


(1) the attachment of minor fittings to higher strength steel plating and other 
connections or attachments. 


5.3.3 Intermittent welding 
5.3.3.1 Where continuous welding is not required, intermittent welding may be applied. 


5.3.3.2 Where beams, stiffeners, frames, etc, are intermittently welded and pass through 
slotted girders, shelves or stringers, there is to be a pair of matched intermittent 
welds on each side of every intersection. In addition, the beams, stiffeners and 
frames are to be efficiently attached to the girders, shelves and stringers. 


5.3.4 Full or partial penetration corner or tee joints 


5.3.4.1 Where high tensile stresses act through an intermediate plate (see Figure 6.5.4), 
increased fillet welds or penetration welds are to be used as required by 5.8. 
Examples of such structures are: 

(a) connection of hopper to inner hull 

(b) longitudinal/transverse bulkhead primary support member end connections to 
the double bottom 

(c) connection of corrugated bulkhead lower stool side plates to shelf plate and 
inner bottom/hopper tank 

(d) connections of gusset plates to corrugated bulkheads 

(e) connection of double bottom floors, lower hopper tank webs and double bottom 
girders below corrugated bulkhead flanges and gusset plates for corrugated 
bulkheads configured without lower stools 

(f) structural elements in double bottoms below bulkhead primary support 
members and stool plates. 
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5.3.4.2 


5.3.4.3 


Figure 6.5.4 
Abutting Plate Panel 


Tension 


Abutting Plate 
Thickness 


l 


root 


Full or partial penetration welds, with maximum root face, loot = tp-grs/ 3, where lLrootis 
the weld root face length and tp-grs is the gross plate thickness, as shown in Figure 
6.5.4, are to be used in the connection of hopper sloped plating to inner bottom. 


Full penetration welds are to be used in the following connections: 
a) lower end of vertical corrugated bulkhead connections 
b) lower end of gusset plates fitted to corrugated bulkheads 


( 

( 

(c) rudder horns and shaft brackets to shell structure 
(d) rudder side plating to rudder stock connection areas 
( 


e) edge reinforcements within 0.6L amidships to the strength deck, sheer strake, 
bottom and bilge plating, when the transverse dimensions of the opening 
exceeds 300mm, see Figure 6.5.5. Where collar plates are fitted in way of pipe 
penetrations, the collar plate is to be welded by a continuous fillet weld. 


(f) abutting plate panels with gross plate thickness, tp-grs, as shown in Figure 6.5.4, 
less than or equal to 12mm, forming outer shell boundaries below the scantling 
draught, Ts, including, but not limited to; sea chests, rudder trunks, and 
portions of transoms. For gross plate thickness, tp-g¢rs, greater than 12mm, partial 
penetration welding with a maximum root face length Loot = tp-grs/ 3 is acceptable. 


(g) crane pedestals and associated bracketing and support structure, as required by 
Section 11/3.1.4.14. 
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Figure 6.5.5 
Examples of Suitable Edge Reinforcements 


Butt Weld 


A <«— Full Penetration 


b > 300mm 


View A-A 


5.4 Lapped Joints 


5.4.1 General 


5.4.1.1 


5.4.1.2 


5.4.1.3 


Overlaps may be adopted for end connections where the connection is not subject to 
high tensile or compressive loading. 


Where overlaps are adopted, the width of the overlap, Wp, is not to be less than 
three times, but not greater than four times, the gross thickness of the thinner of the 
plates being joined. See Figure 6.5.6. Where the gross thickness of the thinner plate 
being joined has a thickness of 25mm or more the overlap will be subject to special 
consideration. 


The overlaps for lugs and collars in way of cut-outs for the passage of stiffeners 
through webs and bulkhead plating are not to be less than three times the gross 
thickness of the lug but need not be greater than 50mm. The joints are to be 
positioned to allow adequate access for completion of sound welds. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


5.4.1.4 


The faying surfaces of lap joints are to be in close contact and both edges of the 
overlap are to have continuous fillet welds. 


Figure 6.5.6 
Lapped Joints 


Fillet weld in lap joint 


Dray 


5.4.2 Overlapped end connections 


5.4.2.1 


Lapped end connections, where accepted by the Rules, are to have continuous 
welds on each edge with leg length, leg, as shown in Figure 6.5.6, such that the sum 
of the two leg lengths is not less than 1.5 times the gross thickness of the thinner 
plate. 
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5.4.3 Overlapped seams 


5.4.3.1 


Overlapped seams are to have continuous welds on both edges, of the sizes 
required by Table 6.5.1 for the boundaries of tank or watertight bulkheads. Seams 
for plates with a gross thickness of 12.5mm or less, which are clear of tanks, may 
have one edge with intermittent welds in accordance with Table 6.5.1 for watertight 
bulkhead boundaries. 


5.5 Slot Welds 


5.5.1 General 


5.5.1.1 


5.5.1.2 


Slot welds may be specially approved for particular applications. Typical 
applications are indicated in 5.5.2 and 5.5.3, and typical arrangements are shown in 
Figure 6.5.7. 


Slots are to be well-rounded and have a minimum slot length, lso of 75mm and 
width, Wsiot, of twice the gross plate thickness. Where used in the body of doublers 
and similar locations, such welds are in general to be spaced a distance, Ssjor, Of 2Isiot 
to 3lso but not greater than 250mm. 


Figure 6.5.7 
Slot Welds 


Slot welding 
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slot slot slot 
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gap 


5.5.2 Closing plates 


5.5.2.1 For the connection of plating to internal webs, where access for welding is not 
practicable, the closing plating may be attached by slot fillet welds to face plates 
fitted to the webs. 

5.5.2.2 Slots are to be well rounded and have a minimum slot length, Lst of 90mm and a 
minimum width, wsio:, of twice the gross plate thickness. Slots cut in plating are to 
have smooth, clean and square edges and are in general to be spaced a distance, Ssiot, 
not greater than 140mm. Slots are not to be filled with welding. 

5.5.3 (void) 

5.5.3.1 (void) 


5.6 Stud Welds 


5.6.1 General 


5.6.1.1 


Where permanent or temporary studs are to be attached by welding to main 
structural parts in areas subject to high stress, the proposed location of the studs is 
to be submitted for approval. 
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5.7 Determination of the Size of Welds 


5.7.1 General 
5.7.1.1 The following weld sizes are to be rounded to the nearest half millimetre. 


5.7.1.2 The leg length, leg, as shown in Figure 6.5.8, of continuous, lapped or intermittent 
fillet welds, in association with the requirements of 5.7.2 to 5.7.5, is not to be taken 
as less than: 


(a) Leg = fitp-grs 
(b) Lieg = Syif waal pes + t cap 
(c) Leg as given in Table 6.5.2 


Where: 
fi = 0.30 for double continuous welding 
= 0.38 for intermittent welding 
tp-grs the gross plate thickness, in mm. Is generally to be taken as 
that of the abutting member (member being attached). See 
5.7.1.5 
fja correction factor taking into account the yield strength of the 
weld deposit: 
1)"°( 235)” 
= (=) í | but is not to be taken as less than 0.707 
k O weld 
Oweld minimum yield stress of the weld deposit, and is not to be less 
than: 
305N/mm? for welding of normal strength steel 
375N/mm/? for welding of higher strength steels with yield 
strength of 265 to 355N/ mm? 
400 N/mm‘? for welding of higher strength steel with yield 
strength of 390N/ mm2? 
See 5.9.4 for additional requirements that are to be applied 
where the weld size is determined based on a weld deposit 
yield strength that exceeds the specified minimum value 
k higher strength steel factor, as defined in 1.1.4. k is to be based 
on the material of the abutting member 
fuel weld factor depending on the type of structural member, see 
5.7.2, 5.7.3 and 5.7.5 
f correction factor for the type of weld: 
1.0 for double continuous fillet 
Ser for intermittent or chain welding 
Liat 
leet the actual length of weld fillet, clear of crater, in mm 
Sctr the distance between successive weld fillets, from centre to 
centre, in mm 
teap allowance for weld gap (lesser gaps may be permitted, see 


5.9.2): 
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=2.0mm for tp-grs > 6.5mm. 


= 125 = 4) mm for tp-grs < 6.5mm 
2 


5.7.1.3 The throat size is not to be less than 1,,,//2 , where the leg length, lrg, is as shown in 


Figure 6.5.8. 


leg 


5.7.14 The leg size for matched fillet welds either side of an intersection with intermittent 
welding is not to be greater than 0.62t,-¢rs or 6.5mm, whichever is the lesser. 


5.7.1.5 Where the gross web thickness of the abutting longitudinal stiffener is greater than 
15mm and exceeds the thickness of the table member (e.g. plating), the welding is to 
be double continuous and the leg length of the weld is to be not less than the 
greatest of the following: 


(a) 0.3 times the gross thickness of the table member. The table member thickness 
used need not be greater than 30mm 


(b) 0.27 times the gross thickness of the abutting member plus 1.0mm. The leg size 
need not be greater than 8.0mm 


(c) as given by Table 6.5.2 for stiffeners to plating. 


5.7.1.6 Where the gap between members being joined exceeds 2mm and is not greater than 
5mm, the weld leg size is to be increased by the amount of the opening in excess of 
2mm. Where the opening between members is greater than 5mm, corrective 
measures are to be taken, in accordance with an approved welding procedure 
specification. 


Figure 6.5.8 
Weld Definitions 
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l = leg size in mm 
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t = throat size in mm 


throat 


5.7.2 Welding of fillet joints of main structural components 


5.7.2.1 General weld factors for the connections of the structural components of the hull are 
given in Table 6.5.1. 


5.7.2.2 Where components of the hull form a part of a double skin primary support 
member the requirements of 5.7.4 are also to be applied. 


5.7.2.3 Where high tensile stresses act through an intermediate plate (see Figure 6.5.4), 
increased fillet welds or penetration welds are to be used as required by 5.8. 
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5.7.3 Welding of primary support members 


5.7.3.1 Weld factors for the connections of the web plating of primary support members are 
given in Table 6.5.4. 


5.7.3.2 Where the minimum weld size is determined by the requirements of 5.7.1.2(b) the 
weld connections to shell, decks or bulkheads are to take account of the material lost 
in the cut out where stiffeners pass through the member. In cases where the web 
plating and the width of the notch exceeds 15 percent of the stiffener spacing, the 
size of the weld leg length is to be multiplied by: 


0.85s 
ly 
Where: 
s stiffener spacing, in mm 
lw length of web plating between notches, in mm, see Figure 6.5.9 


Figure 6.5.9 
Lost Material in Web Cut-outs for Stiffeners 


width of cut-out 


5.7.4 Welding of end connections of primary support members 


5.7.4.1 Welding of end connections of primary support members (i.e. transverse frames 
and girders) is to be such that the weld area, Awea, is to be equivalent to the Rule 
gross cross-sectional area of the member. In terms of weld leg length, lieg, this is to be 
taken as by: 


hyt —Qrs 
=141f,,; —= mm 


Lieg 2 


ep 
Where: 
hv web height of primary support member, in mm, see Figure 
6.5.10 
tp-grs rule gross thickness of the primary support member, in mm 
lep total length of deposit of weld metal, in mm. Generally this 
can be taken as twice lwea shown in Figure 6.5.10 for a double 
continuous fillet weld 
fya correction factor taking into account the yield strength of the 


weld deposit, as defined in 5.7.1.2 
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In no case is the size of weld to be less than that calculated in accordance with 
5.7.1.2, using a minimum weld factor, fwela, of 0.48 in tanks or 0.38 elsewhere. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


Figure 6.5.10 
End Connection of Primary Support Members 


+h +l = loa 


weld 


Note 


1. The length lwe is the length of the welded connection. The total length of the weld deposit Izep 
is, for double continuous fillet welds, twice the length of the welded connection lweia 


5.7.5 Welding at the ends of stiffeners 


5.7,0;) 


5.7.5.2 


5.7.5.3 


5.7.5.4 


Welding of longitudinals to plating is to be double continuous at the ends of the 
longitudinals. In way of transverses the length of the double continuous weld is to 
be equal the depth of the longitudinal, or the depth of the end bracket, whichever is 
greater. 


For deck longitudinals, a matched pair of welds is required at the intersection of 
longitudinals with transverses. 


The welding of stiffener (i.e. longitudinals, beams and bulkhead stiffeners) end 
connections is to be not less than as required by Table 6.5.5. Where two requirements 
are given, the greater is to be complied with. The area of weld, Awea, indicated in 
Table 6.5.5, is to be applied to each arm of the bracket or lapped connection. 


Where a longitudinal strength member is cut at a primary support structure and the 
continuity of strength is provided by brackets, the weld area, Awe, based on the 
effective throat times the length of the weld, is to be not less than the gross cross- 
sectional area of the member. If the longitudinal strength member is of high 
strength steel, the weld area, Awa, is to be multiplied by fya, the correction factor 
taking into account the yield strength of the weld deposit as defined in 5.7.1.2. 
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5.7.5.5 Where the stiffener member passes through, and is supported by the web of a 
primary support member, the weld connection is to be in accordance with the 
requirements of Section 4/3.4.3.11. 


5.7.5.6 Where intermittent welding is permitted, unbracketed stiffeners of shell, watertight 
and oil-tight bulkheads, and house fronts are to have double continuous welds for 
one-tenth of their length at each end. Unbracketed stiffeners of non-tight structural 
bulkheads, deck house sides and aft ends are to have a pair of matched intermittent 
welds at each end. 


5.8 Weld for Structures Subject to High Tensile Stresses 


5.8.1 Minimum leg size 


5.8.1.1 Where high tensile stresses act through an intermediate plate, see Figure 6.5.11, the 
minimum leg length, leg, of double continuous welds is to be taken as: 


0.75 
lng = 1.92 = o2 (5-03) root fee +2.0 mm 


O veld 270 tp-grs 
Where: 
o maximum tensile stress in plate being attached, in N/mm? 
Lroot root face length, in mm 
ty-grs gross thickness of plate being attached, in mm 
Oweld as defined in 5.7.1.2, where Gyeia is limited to the maximum 


value permitted by the limits imposed on correction factor 
taking into account the yield strength of the weld deposit, fya, 
as defined in 5.7.1.2 


Figure 6.5.11 
Welds Subject To High Tensile Stresses 


Tension 


Root face 
l 


root 


Jh 
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5.9 Reduced Weld Size 


5.9.1 General 


5.9.1.1 Reduction in fillet weld sizes that are required by 5.7 may be specially approved in 
accordance with either 5.9.2, 5.9.3 or 5.9.4. 


5.9.1.2 Where any of the methods for reduction of the weld size are adopted, the specific 
requirements giving justification for the reduction are to be indicated on the 
drawings. The drawings are to document the weld design and dimensioning 
requirements for the reduced weld leg length and the required weld leg length 
given by 5.7 without the permitted leg length reduction. Also, notes are to be added 
to the drawings to describe the difference in the two leg lengths and the 
requirements for their application. 


5.9.2 Controlled gaps 


5.9.2.1 Where quality control facilitates working to a gap between members of 1mm or less, 
a reduction in fillet weld leg size of 0.5mm is permitted. 


5.9.3 Deep penetration welding 


5.9.3.1 Where an approved automatic deep penetration procedure is used and quality 
control facilitates are working to a gap between members of 1mm or less, the weld 
factors given in Tables 6.5.1, 6.5.2(c) and (d), 6.5.4 and 6.5.5 may be reduced by 15 
percent. Reductions of up to 20 percent, but not more than the fillet weld leg size of 
1.5mm, will be accepted provided that the Shipyard is able to consistently meet the 
following requirements: 


(a) the welding is performed to a suitable process selection confirmed by welding 
procedure tests covering both minimum and maximum root gaps 

(b) the penetration at the root is at least the same amount as the reduction into the 
members being attached 


(c) demonstrate that an established quality control system is in place. 


5.9.4 Controlled welding consumables 


5.9.4.1 Where quality control systems are in place which ensure that the grade of welding 
consumable used is higher than the minimum required for the particular strength 
steel being welded, the welding consumables that are used may have a weld 
deposit material yield strength that is greater than the minimums specified in 5.7.1.2 
and the size of the weld may be determined based on the yield strength of the 
higher grade welding consumable. 


5.10 End Connections of Pillars and Cross Ties 


5.10.1 Effective weld area 


5.10.1.1 The end connections of pillars and cross ties are to have an effective fillet weld area 
(weld throat multiplied by weld length) not less than: 


235 0.75 
Aza =f AggP cm? 
weld 
Where: 
Agrs gross cross-sectional area, for the pillar or cross tie, in m? 
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P design pressure load, for the structure under consideration, in 
kN/m? 

Orveld minimum yield stress of the deposit, as given in 5.7.1.2, where 
Owed is limited to the maximum value permitted by the limits 
imposed on fya in 5.7.1.2 

f = 0.05 when pillar or cross tie is in compression only 


= 0.14 when pillar or cross tie is in tension 


5.11 Alternatives 


5.11.1 General 


5.11.1.1 The foregoing are considered minimum requirements for electric-arc welding in 
hull construction, but alternative methods, arrangements and details will be 
specially considered for approval. 


5.11.1.2 The leg length limits given in Table 6.5.2 are to be complied with in all cases. 
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Table 6.5.1 
Weld Factors 


Weld Factor 


Items 


Remarks 


froeld 


(1) General application 


except as required by 
items 2-11 


Watertight boundaries 


Other decks to shell and bulkheads (except 
where forming tank boundaries) 


Longitudinals, with gross web thickness 
greater than 15mm, to plating 


E Oe N e 


0.43 


0.30 generally continuous 
a 
0.18 in tanks 


“or extent of end bracket if 


0.21 
greater 


see 5.7.1.5 ty-grs aS defined in 5.7.1.5 


(2) Bottom construction in cargo tank region 


(1) 


Non-tight centre girder: to keel 


Non-tight boundaries of floors and girders 


Floors and girder to inner bottom in way of: 


Connection between floors and girders 


Docking brackets 


0.30 


0.15 mid half span 


0.36 (1) 


0.30 
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Table 6.5.1 (Continued) 
Weld Factors 


Weld Factor 


Items 


field 


Remarks 


(3) Side construction in cargo tank region 


including bilge hopper 
tanks, (1) 


Vertical webs to inner hull bulkhead 


Vertical webs end connection 


(4) Cargo tank bulkhead construction 


including pump room 
and cofferdam, () 


Longitudinal and transverse oil-tight bulkhead 


Vertical corrugation 


at lower end 


Connection between primary support 
members 


see 5.3.4 


see Table 6.5.4 


(5) Structures in machinery space 


Floors to main engine foundation girders 
Floors/ girders to shell and inner bottom 
Main engine foundation girders to top plate 
and primary hull structure 


auxiliary diesels (>350kw) 


Partial 
penetration 


0.40 


edge to be prepared with 
maximum root 0.33tp-¢rs 
deep penetration 


girders to shell and inner bottom 


flat of bottom forward 


side shell stringers to shell 


Brackets supporting engine foundation 0.21 
(6) Construction in 0.25L forward 
ee In way Of flat of bottom: s e 
E floors to shell and inner bottom a B ns 
0.28 


(7) Aft peak construction 


above waterline 


0.18 
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Table 6.5.1 (Continued) 


Weld Factors 


Items 


Weld Factor 


fioeld 


Remarks 


(8) Superstructures and deck houses 


(9) Closing Arrangements 


Cleats and fittings 


oil-tight joints 


Outside 


Hatch covers: 


at end of stiffener (bracketed) 


Elsewhere 


0.43 


0.46 


0.46 


0.38 


ne aaa a aaa 


Where tp-grs > 11.5mm, lieg 
need not exceed 0.62 ty. 
grs- Penetration welding 
may be required 
depending on desi 


(10) Deck 


Equipment 


Mooring equipment seats 


Masts, derrick posts, crane pedestals, etc., to 0.43 


00 
0.43 


(11) Miscellaneous fittings and equipment 


Scuppers and discharge to deck 


Bilge keel ground bars to shell 


Bulwark attachment to deck 


Fabricated anchors 


Ventilators, air pipes, etc., coaming to deck 0.43 


0.55 


0.43 


see Table 11.3.1 


full penetration 


Note 


3. Weld 


factors are minimum values. 


1. The weld size is to be increased for areas with high tensile stress, see 5.8. 


2. Unbracketed stiffeners and webs of hatch covers are to be welded continuously to the plating 
and to the face plate for a length, at the ends, equal to the end depth of the member. 
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Table 6.5.2 
Leg Size 


Item Minimum Leg 
Size, mm 


(a) Gross plate thickness tp-grs < 6.5mm ©) 


(c) Welds within 3m below top of ballast and 
cargo tanks?) ) 


(d) All welds in cargo tank region, except in (c) 


Note 

1. In all cases, the limiting value is to be taken as the greatest of the 
applicable values given above. 

2. Only applicable to cargo and ballast tanks with weather deck as the tank 
top. 

3. See 5.9 for provisions to reduce minimum leg size. 
A reduction to 5.5mm leg size for the secondary structural elements 
such as carling, buckling stiffeners and tripping brackets may be applied 
without additional gap control. 


5. For superstructure and deck houses, the minimum leg length may be 
taken as 3.5mm. 


(RCN 2, effective from 1 July 2008) 
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Table 6.5.3 
Weld Connection of Strength Deck Plating to Sheer Strake 
Stringer Weld type 
gross plate thickness, 
in mm 
ty-grs < 15 Double continuous fillet weld with a leg size of 0.60 tp-grs + 2.0mm 


Single vee preparation to provide included angle of 50° with root face 

length Loot < tp-grs /3 in conjunction with a continuous fillet weld with a 

weld factor of 0.35 

15 < tp-grs < 20 
or 

Double vee preparation to provide included angle of 50° with root face 


length Lroot < tp-grs /3 


Double vee preparation to provide included angle of 50° with root face 


> 
tp-grs > 20 length Loot < tp-grs /3, but not to be greater than 10mm 


Where ty-grs = gross thickness of stringer plate, in mm 


50° 


o jra 


1 or 
single vee preparation double vee preparation 
Note 
1. Welding procedure, including joint preparation, is to be specified and approved for individual 
builders. 


2. Where structural members pass through the boundary of a tank a leak stopper is to be arranged in 
accordance with 4.4.4. 


3. Alternative connections will be specially considered. 
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Table 6.5.4 
Connection of Primary Support Members 


Primary Support 
Weld f 
Member eld factor, fweid 
gross face area, in cm? PR 
Not Position In tanks In dry spaces 
Greater 
than greater To face To To face To 
than plate plating plate plating 
30.0 At ends 0.20 0.26 0.20 0.20 
Remainder 0.12 0.20 0.12 0.15 
30.0 65.0 At ends 0.20 0.38 0.20 0.20 
Remainder 0.12 0.26 0.12 0.15 
65.0 95.0 At ends 0.42 0.59 8) 0.20 0.30 
Remainder 0.30 (2) 0.42 0.15 0.20 
95.0 130.0 At ends 0.42 0.59 6) 0.30 0.42 
Remainder 0.30 2 0.42 0.20 0.30 
130.0 At ends 0.59 © 0.59 6) 0.42 0.59 8) 
Remainder 0.42 0.42 0.30 0.42 
Note 


1. The weld factors ‘at ends’ are to be applied for 0.2 times the overall length of the member 
from each end, but at least beyond the toe of the member end brackets. On vertical webs, the 
increased welding may be omitted at the top, but is to extend at least 0.3 times overall length 
from the bottom. 


Weld factor 0.38 to be used for cargo tanks. 


Where the web plate thickness is increased locally to meet shear stress requirements, the 
weld size may be based on the gross web thickness clear of the increased area, but is to be 
not less than weld factor of 0.42 based on the increased gross thickness. 


4. Inregions of high stress, see 5.3.4, 5.7.4 and 5.8. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


Table 6.5.5 
Stiffener End Connection Welds 
Connection Weld area, Aweid, in cm2 Weld 
Factor, 
fweld (1) 
(1) Stiffener welded direct to plating eer e 0.38 


whichever is the greater 


(2) Bracketless connection of stiffeners, stiffener 
lapped to bracket or bracket lapped to stiffener: 


a) indry space 1.2 |Z 0.26 
ry P grs 


(b) in tank KA Z ra 0.38 


(c) main frame to tank side bracket in 0.15L 


forward as (a) or (b) 0.38 

(3) Bracket welded to face of stiffener and bracket _ 0.38 

connection to plating ` 

Where: 

Asifers gross cross sectional area of the stiffener, in cm? 

Aveld weld area, in cm?, and is calculated as total length of weld, in cm, times throat 
thickness, in cm (Where the gap exceeds 2mm the weld size is to be increased. See 
5.7.1.6) 

Zgrs the gross section modulus required, in cm, of the stiffener on which the scantlings of 
the bracket are based 

Note 


1. For minimum weld fillet sizes, see Table 6.5.2. 
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1 INTRODUCTION 
11 General 


1.1.1 Application 


1.1.1.1 This section provides in detail the loads and load combinations for the scantling 
calculations. The loads cover load scenarios in harbour and at sea, see Section 2/5.4, 
dividing the loads into static load components, dynamic load components, sloshing 
loads and impact loads. 


1.2 Definitions 


1.2.1 Coordinate system 

1.2.1.1 The applied coordinate system x, y, z is as defined in Section 4/1.4.1.1. 

1.2.1.2 The direction of the incident waves are specified by the angle J between the x-axis 
and the propagating wave direction as shown in Figure 7.1.1. Examples given: 
(a) head sea is waves propagating in the negative x-direction, 
(b) beam sea is waves propagating in the positive or negative y-direction, 


(c) oblique sea is waves propagating in a direction between head and beam sea (or 
following and beam sea), and 


(d) following sea is waves propagating in positive x-direction. 


Figure 7.1.1 
Definition of Wave Heading 


^ Aian 
direction 


1.2.2 Sign conventions 

1.2.2.1 Positive motions, as shown in Figure 7.1.2, are defined as: 
(a) positive surge is translation along positive x-axis (forward) 
b) positive sway is translation along positive y-axis (towards port side of vessel) 
c) positive heave is translation along positive z-axis (upwards) 


( 
( 
(d) positive roll is starboard down and port side up 
(e) positive pitch is bow down and stern up 

( 


f) positive yaw is bow rotating towards portside of vessel and stern towards 
starboard side. 
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Figure 7.1.2 
Definition of Positive Motions 


heave 


1. 


Note 


This figure shows the rotation axis and not the coordinate system. 


1.2.2.2 


1.2.2.3 


Positive accelerations are defined as: 
(a) positive longitudinal acceleration is acceleration along positive x-axis (forward) 


(b) positive transverse acceleration is acceleration along positive y-axis (towards 
portside of vessel) 


(c) positive vertical acceleration is acceleration along positive z-axis (upwards). 


The sign convention of positive vertical hull girder shear force is shown in Figure 
7.1.3. 


Figure 7.1.3 
Positive Vertical Shear Force 


(+) 


1.2.2.4 


The sign conventions of positive hull girder bending moments are shown in Figures 
7.1.4 and 7.1.5, and are defined as: 


(a) positive vertical bending moment is a hogging moment and negative vertical 
bending moment is a sagging moment 


(b) positive horizontal bending moment is tension on the starboard side and 
compression on the port side. 


Figure 7.1.4 
Positive Vertical Bending Moment 
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Figure 7.1.5 
Positive Horizontal Bending Moment 
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2 STATIC LOAD COMPONENTS 


2.1 Static Hull Girder Loads 


2.1.1 Permissible hull girder still water bending moment 


2T-1.1 


2.1.1.2 


2.1.1.3 


2.1.1.4 


2.1.1.5 


2.1.1.6 


The designer is to provide the permissible hull girder hogging and sagging still 
water bending moment limits for seagoing, Msw-perm-sea, and harbour/ sheltered water 
operations, Msw-perm-harb. 


The permissible hull girder hogging and sagging still water bending moment limits 
are to be given at each transverse bulkhead in the cargo area, at the middle of cargo 
tanks, at the collision bulkhead, at the engine room forward bulkhead and at the 
midpoint between the fwd and aft engine room bulkhead. 


The permissible hull girder hogging and sagging still water bending moment 
envelope is given by linear interpolation between values at the longitudinal 
positions given in 2.1.1.2. 


The permissible hull girder hogging and sagging still water bending moment 
envelopes are to be included in the loading manual as required in Section 8/1.1.2. 


The permissible hull girder hogging and sagging still water bending moment 
envelopes for seagoing operations, Msw-perm-sea are to envelop the minimum hull 
girder hogging and sagging still water bending moments given in 2.1.2.1 and 2.1.2.2 
and the most severe hogging and sagging hull girder still water bending moments 
calculated for any seagoing loading condition given in the loading manual. The 
requirements for the loading conditions are given in Section 8/1.1.2. 


The permissible hull girder hogging and sagging still water bending moment 
envelopes for harbour/sheltered water operation, Msw-perm-harb, are to envelop the 
minimum hull girder hogging and sagging still water bending moments given in 
2.1.2.3 and the most severe hogging and sagging hull girder still water bending 
moments calculated for any harbour/ sheltered water loading condition given in the 
loading manual and are not to be less than the permissible envelopes for seagoing 
operation, Msw-perm-sea. 

Guidance note: 

It is recommended that, for initial design, the permissible hull girder hogging and sagging still water 
bending moment envelopes are at least 5% above the hull girder still water bending moment envelope 


from the loading conditions in the loading manual, to account for growth and design margins during 
the design and construction phase of the ship. 


2.1.2 Minimum hull girder still water bending moment 


2.1.2.1 The minimum hull girder hogging and sagging still water bending moment for 
seagoing operations, Msw-min-sea-mid, at amidships is to be taken as: 
for hogging: 
M sw-min-sea-mid = Ísea (Zo-min O perm—sea 108 — Mwv-hog ) kNm 
which is identical to 
Momosi = 0.01 Cy 12 B (11.97 = 1.9C; ) kNm 
for sagging: 
M sw-min-sea-mid = frsea (Zo-min O perm—sea 108 + M wv-sag ) kNm 
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which is identical to 
M zomin =— 0.05185 Cy 12 B (Cy +0.7) kNm 


Where: 

frea -0.85 for sagging 
1.0 for hogging 

Zo-min rule minimum hull girder section modulus as given in Section 
8/1.2.2.2, in m3 

Operm-sea allowable seagoing hull girder bending stress at midships, as 
defined in Section 8/1.2.3.2, in N/mm2 

Mwv-hog envelope values of hogging vertical wave bending moment at 
midships as defined in 3.4.1.1, in KNm 

Mwv-sag envelope values of sagging vertical wave bending moment at 
midships as defined in 3.4.1.1, in KNm 

Cov wave coefficient, as defined in 3.4.1.1 

L rule length, , in m, as defined in Section 4/1.1.1.1 

B moulded breadth, in m, as defined in Section 4/1.1.3.1, in m 

Cp block coefficient, as defined in Section 4/1.1.9.1 


2.1.2.2 The minimum hull girder hogging and sagging still water bending moment for 
seagoing operations, Msw-min-sea, at any longitudinal position is to be taken as: 


M Beer ee = ta M pte id kNm 
Where: 
fiw 1.0 within 0.4L amidships 


0.15 at 0.1L from A.P. or F.P. 

0 at A.P. and F.P. 

intermediate fw values are to be obtained by linear 
interpolation, see Figure 7.2.1 


2.1.2.3 The minimum hull girder hogging and sagging still water bending moment for 
harbour/sheltered water operations, Msw-min-narv, at any longitudinal position is to be 
taken as: 
Mw—min-harb = 1.25 Msw-min—sea kNm 
Where: 


Mbsw-min-sea corresponding minimum hull girder hogging and sagging 
still water bending moment for seagoing operation at the 
section under consideration, see 2.1.2.1 and 2.1.2.2 
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Figure 7.2.1 
Still Water Bending Moment Distribution 


few 


1.0 


2.1.3 Still water shear force 


2.1.3.1 


2.1.3.2 


213:3 


2.1.3.4 


2.1.3.5 


2.1.3.6 


The designer is to provide the permissible hull girder positive and negative still 
water shear force limits for seagoing, Qsw-perm-sea and harbour/sheltered water 
operations, Qsw-perm-harb- 


The permissible hull girder positive and negative still water shear force limits are to 
be given at each transverse bulkhead in the cargo area, at the middle of cargo tanks, 
at the collision bulkhead and at the engine room forward bulkhead. 


The permissible hull girder positive and negative still water shear force envelope is 
given by linear interpolation between values at the longitudinal positions given in 
23:2. 


The permissible hull girder positive and negative still water shear force envelopes 
are to be included in the loading manual as required in Section 8/1.1.2. 


The permissible hull girder positive and negative still water shear force envelopes 
for seagoing operation, Qsw-perm-sea, are to envelope the minimum hull girder positive 
and negative still water shear forces given in 2.1.4.1, 2.1.4.2 and the most severe 
positive and negative hull girder still water shear forces for any seagoing loading 
condition given in the loading manual. The requirements for the loading conditions 
are given in Section 8/1.1.2. 


The permissible hull girder positive and negative still water shear force envelopes 
for harbour operation, Qsw-perm-harb, are to envelop the minimum hull girder positive 
and negative still water shear forces given in 2.1.4.3, 2.1.4.4 and the most severe 
positive and negative hull girder still water shear forces for any harbour/sheltered 
water loading condition given in the loading manual and are not to be less than the 
permissible envelopes for seagoing operation, Qsw-perm-sea. 

Guidance note: 


It is recommended that, for initial design, the permissible hull girder still water shear force envelopes 
are at least 10% above the hull girder shear force envelope from the loading conditions in the loading 
manual, to account for growth and design margins during the design and construction phase of the 
ship. 
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2.1.4 Minimum hull girder still water shear force 


2.1.4.1 


2.1.4.2 


For ships with two longitudinal bulkheads, the minimum hull girder positive and 
negative still water shear force for seagoing operation, Qsw-min-sea, in Way of 


transverse bulkheads between centre cargo tanks, is to be taken as: 
0.225 Biocail KT sc 

Qsw-min-sea == Max kN 
0.52 [0.98 (Ver + 2Vsr )— 0.7 Bioctl y Tx | 


and taken as the maximum value of Qsw-min-seı calculated for cargo/ ballast 
tanks forward and aft of the transverse bulkhead 


Where: 

p density of cargo/sea water, not to be taken less than 1.025 
tonnes/m? 

g acceleration due to gravity, 9.81 m/s? 

Biocal local breadth at Tsc at the middle length of the tank under 
consideration, in m 

ly length of cargo tank under consideration, taken at the 
forward or aft side of the transverse bulkhead under 
consideration, in m 

Tsc scantling draught, in m, as defined in Section 4/1.1.5.5 

Vcr volume of centre cargo tank, taken for the cargo tank on the 
forward or aft side of the transverse bulkhead under 
consideration, in m3 

Vsr volume of side cargo tank, taken for the cargo tank on the 


forward or aft side of the transverse bulkhead under 
consideration, in m3 


For ships with centreline longitudinal bulkhead, the minimum hull girder positive 
and negative still water shear force for seagoing operation, Qsw-min-sea, in way of 
transverse bulkheads between cargo tanks is to be taken as: 


O siiin sea =i 0.4 0g B ical ik Tsc kN 


and taken as the maximum value of Qsw-min-sea calculated for cargo/ ballast 
tanks forward and aft of the transverse bulkhead 


Where: 

p density of cargo/sea water, not to be taken less than 1.025 
tonnes /m3 

g acceleration due to gravity, 9.81 m/s? 

Biocal local breadth at Tsc at the middle length of the tank under 
consideration, in m 

Li length of cargo tank under consideration, taken at the 
forward or aft side of the transverse bulkhead under 
consideration, in m 

Tsc scantling draught, in m, as defined in Section 4/1.1.5.5 
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2.1.4.3 For ships with two longitudinal bulkheads, the minimum hull girder positive and 
negative still water shear force for harbour/sheltered water operation, Qsw-min-harv, in 
way of transverse bulkheads between centre cargo tanks, is to be taken as: 
0.275 PgB tocail kT sc 
Qsw-min-harb =+ max kN 
0.5 pg [0.98 (Ver + 2Vsr )—0.6Biocall y Tse | 
and taken as the maximum value of Qsw-min-narv calculated for cargo/ballast 
tanks forward and aft of the transverse bulkhead 
Where: 
p density of cargo/sea water, not to be taken less than 1.025 
tonnes /m$ 
g acceleration due to gravity, 9.81 m/s? 
Biocal local breadth at Tsc at the middle length of the tank under 
consideration, in m 
Lik length of cargo tank under consideration, taken at the 
forward or aft side of the transverse bulkhead under 
consideration, in m 
Tsc scantling draught, in m, as defined in Section 4/1.1.5.5 
Vcr volume of centre cargo tank, taken for the cargo tank on the 
forward or aft side of the transverse bulkhead under 
consideration, in m8 
Vsr volume of side cargo tank, taken for the cargo tank on the 
forward or aft side of the transverse bulkhead under 
consideration, in m3 
2.1.4.4 For ships with centreline longitudinal bulkhead, the minimum hull girder positive 


and negative still water shear force for harbour/sheltered water operation, 
Qsw-min-hart, in way of transverse bulkheads between cargo tanks, is to be taken as: 


Qsw—min—harb =+ 0.45 PgB tocail kT sc kN 


and taken as the maximum value of Qsw-mnin-narp calculated for cargo/ballast 
tanks forward and aft of the transverse bulkhead 


Where: 

p density of cargo/sea water, not to be taken less than 1.025 
tonnes / m3 

g acceleration due to gravity, 9.81 m/s? 

Biocat local breadth at Tsc at the middle length of the tank under 
consideration, in m 

lik length of cargo tank under consideration, taken at the 
forward or aft side of the transverse bulkhead under 
consideration, in m 

Tse scantling draught, in m, as defined in Section 4/1.1.5.5 
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2.2 Local Static Loads 


2.2.1 General 


2.2.1.1 The following static loads are considered: 
(a) static sea pressure 
(b) static tank pressure 
(c) tank overpressure 
(d) static deck load 


2.2.2 Static sea pressure 
2.2.2.1 The static sea pressure, Piys, is to be taken as: 


Phys = pswg(Trc =z) kN/m2 


Where: 

Z vertical coordinate of load point, in m, and is not to be greater 
than Tic, see Figure 7.2.2 

Psw density of sea water, 1.025tonnes / m3 

Trc draught in the loading condition being considered, in m 

g acceleration due to gravity, 9.81m/ s2 


Figure 7.2.2 
Static Sea Pressure 


2.2.3 Static tank pressure 

2.2.3.1 The static tank pressure, Pin-tk, is to be taken as: 
Pin-tk = pgz KN/m? 
Where: 


Zik vertical distance from highest point of tank, excluding small 
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hatchways, to the load point, see Figure 7.2.3, in m 


p density of liquid in the tank, is not to be taken as less than 
0.9 for liquid cargo for fatigue strength 
1.025 otherwise 


see Section 2/3.1.8, in tonnes /m? 


g acceleration due to gravity, 9.81m/s? 


2.2.3.2 The static tank pressure, Pinsir, in the case of overfilling or filling during flow 
through ballast water exchange, is to be taken as: 


Rinzai = Psw QZ air kN/m2 


Where: 

Zair vertical distance from top of air pipe or overflow pipe to the 
load point, whichever is the lesser, see Figure 7.2.3, in m 
= Zik + hair 

Psw density of sea water, 1.025tonnes / m 

g acceleration due to gravity, 9.81m/s? 

Nair height of air pipe or overflow pipe, in m, is not to be taken less 


than 0.76m above highest point of tank, excluding small 
hatchways. For tanks with tank top below the weather deck 
the height of air-pipe or overflow pipe is not to be taken less 
than 0.76m above deck at side unless a lesser height is 
approved by the flag Administration. See also Figure 7.2.3. 


Figure 7.2.3 
Pressure-Heads and Distances used for Calculation of Static Tank Pressure 


oad Point 
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2.2.3.3 The added overpressure due to sustained liquid flow through air pipe or overflow 
pipe in the case of overfilling or filling during flow through ballast water exchange, 
Parop, is to be taken as 25 kKN/m2. Additional calculations may be required where 
piping arrangements may lead to a higher pressure drop, for example long pipes or 
arrangements such as bends and valves. 


2.2.3.4 The pressure, Pin-food, in compartments and tanks in a flooded or damaged condition 
is to be taken as: 


Pin- flood = Psw QZ flood kN/m2 


Where: 

Z flood vertical distance from the load point to the deepest 
equilibrium waterline in damaged condition obtained from 
applicable damage stability calculations or to freeboard deck if 
the damage waterline is not given, in m 

Psw density of sea water, 1.025tonnes/ m3 

g acceleration due to gravity, 9.81m/s? 


2.2.3.5 The tank testing pressure, Pin-tes is to be taken as the greater of the following, see 
also the testing requirements in Table 11.5.1: 


Pin—test = Psw QZ test kN/m2 
Pin-test = Psw 82 tk oh Poalve kN/m? 


Where: 
Ztest vertical distance to the load point, is to be taken as the greater 
of the following, in m: 
(a) top of overflow 
(b) 2.4 m above top of tank 
Zik vertical distance from highest point of tank, excluding small 
hatchways, to the load point, see Figure 7.2.3, in m 
Psw density of sea water, 1.025tonnes/ m3 
g acceleration due to gravity, 9.81m/s? 
Poate setting of pressure relief valve, if fitted, is not to be taken less 


than 25kN/m2 


2.2.4 Static deck pressure from distributed loading 

2.2.4.1 The pressure on decks and inner bottom, Pst is to be taken as: 
Pota = Pateck KN/m2 
Where: 


Pieck uniformly distributed pressure on lower decks and decks 
within superstructures, including platform decks in the main 
engine room and for other spaces with heavy machinery 
components, in KN/m2. Pieck is not to be taken less than 
16kN/m2. Design pressures for decks of deck houses are 
provided in Section 11/1.4. 
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2.2.5 Static deck loads from heavy units 


2.2.5.1 The scantlings of structure in way of heavy units of cargo and equipment are to 
consider gravity forces acting where the mass is 20 tonnes or greater. The load 
acting on supporting structures and securing systems for heavy units of cargo, 
equipment or structural components, Fsta, is to be taken as: 


F stat = Mung kN 


Where: 
Mun mass of unit, in tonnes 
g acceleration due to gravity, 9.81m/s? 
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3 DYNAMIC LOAD COMPONENTS 


3.1 General 


3.1.1 Basic components 


3.1.1.1 
3.1.1.2 


Formulas for ship motions and accelerations are given in this sub-section. 

Formulas for the envelope value of the basic dynamic load components are also 
given. The basic load components are: 

(a) vertical wave bending moment and shear force 

(b 
(c 
( 


d) dynamic tank pressures. 


wa 


horizontal wave bending moment 


wa” 


dynamic wave pressure 


3.1.2 Envelope load values 


3.1.2.1 


3.1.2.2 


3.1.2.3 


3.1.2.4 


The envelope loads for scantling requirements and strength assessment are given at 
a 108 probability level, while the envelope loads for fatigue strength are given at a 
10+ probability level. 


For scantling requirements and strength assessments, correction factors to account 
for non-linear effects and operational considerations in heavy weather are given. 


For fatigue strength a factor adjusts the envelope load from a 10% probability level 
to a 10+ probability level. A speed correction factor is applicable where appropriate. 


The envelope value is the long term value, at a given probability level, taking into 
consideration the effect of all wave headings. 


3.1.3 Metacentric height and roll radius of gyration 


3.1.3.1 The metacentric height, GM, and roll radius of gyration, frott-gyr, associated with the 
rule loading conditions or specified draughts are specified in Table 7.3.1. 
Table 7.3.1 
GM and roll-gyr 
Tic GM Yroll-gyr 
Loaded at deep draught between 0.9Ts: and Tsc 0.12B 0.35B 
Loaded on reduced draught 0.6T sc 0.24B 0.40B 
In ballast Thal, Toat-n 0.33B 0.45B 
Where: 
B moulded breadth, in m, as defined in Section 4/1.1.3.1 
Trc draught in the loading condition being considered, in m 
Tsc scantling draught, in m, as defined in Section 4/1.1.5.5 
Toal minimum design ballast draught, in m, as defined in Section 4/1.1.5.2 
Toal-n normal ballast draught, in m, as defined in Section 4/1.1.5.3 
3.1.3.2 For the optional loading conditions, GM is to be taken as the corrected metacentric 
height given in the loading manual. Where GM for optional loaded or 
gale/emergency ballast conditions is not specified, GM is to be taken as 0.12B for 
mean draught greater or equal to 0.9T:, and 0.24B for mean draught equal or less 
than 0.6T;,.. For optional loading conditions with a mean draught other than the 
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values defined, GM is to be obtained by linear interpolation based on values for 
0.6T sc and 0.9T sc. 


3.1.3.3 Troil-gy for optional loaded or gale/emergency ballast conditions is, unless provided 
based on the loading manual, to be taken as 0.35B for mean draught greater or equal 
to 0.9Ts, and 0.4B for mean draught equal or less than 0.6Ts.. For optional loading 
conditions with a mean draught other than the values defined above, froii-gyr may be 
obtained by linear interpolation based on values for 0.6Ts-and 0.9Tsc. 


3.1.3.4 For the loading conditions used for fatigue strength, GM is to be taken as the 
corrected metacentric height given in the loading manual. If not available, GM is to 
be taken as specified in Table 7.3.1 for ballast condition and according to the 
procedure described in 3.1.3.2 for full load condition. froi-gy is, unless based on the 
loading condition, to be taken as specified in Table 7.3.1 for ballast condition and 
according to the procedure described in 3.1.3.3 for full load condition. 


3.2 Motions 


3.2.1 General 


3.2.1.1 The envelope values for ship motions are given at a 10° probability level. 


3.2.2 Roll motion 
3.2.2.1 The natural roll period, Ur, is to be taken as: 


Uron = —— secs 

Where: 

GM metacentric height, in m, as defined in 3.1.3 
Troll-gyr roll radius of gyration, in m, as defined in 3.1.3 


3.2.2.2 The roll angle, 0, is to be taken as: 
50 


d= ace (1.25 -0.025U jon) for rads 
Where: 
fox 1.2 for ships without bilge keels 
1.0 for ships with bilge keels 
B moulded breadth, in m, as defined in Section 4/1.1.3.1 
Uron roll period, in secs, as defined in 3.2.2.1 


3.2.3 Pitch motion 
3.2.3.1 The characteristic pitch period, Upitn, is to be taken as: 


2 
U pitch = fv Joo (1+ fiL s 


Where: 


fv = 10 +H = -067] 
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Tic 
T = 
f Tsc 
Vo vessel speed, in knots, is to be taken as: 
0 for scantling requirements and strength assessment 


0.75V for fatigue strength 


V maximum service speed, in knots, as defined in Section 
4/1.1.8.1 

Tsc scantling draught, in m, as defined in Section 4/1.1.5.5 

Tic draught in the loading condition being considered, in m 

L rule length, in m, as defined in Section 4/1.1.1.1 


3.2.3.2 The pitch angle, @, is to be taken as: 


0.25 
p= oeo 2) CE radians 
Cp L 180 
Where 
Vi vessel speed, in knots. Is to be taken as V, but not to be taken 
as less than 10 
V maximum service speed, in knots, as defined in Section 
4/1.1.8.1 
Co block coefficient, as defined in Section 4/1.1.9.1 
L rule length, in m, as defined in Section 4/1.1.1.1 


3.3 Ship Accelerations 


3.3.1 General 


3.3.1.1 The envelope values for combined translatory accelerations due to motion in six 
degrees of freedom are given. The transverse and longitudinal components of 
acceleration include the component of gravity due to roll and pitch. 


3.3.2 Common acceleration parameter 


3.3.2.1 The common acceleration parameter, do, is to be taken as: 


ao = (1.58 — 0.47C, (= + 7 - ad 

Where: 

Co block coefficient, as defined in Section 4/1.1.9.1 
L rule length, in m, as defined in Section 4/1.1.1.1 


3.3.3 Vertical acceleration 


3.3.3.1 The envelope vertical acceleration, m, at any position, is to be taken as: 


= 2 2 2 2 
Ay = F prov sf a + A itch-z + Aron—z m/s 


Where: 
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3.3.3.2 


3.3.3.3 


Aheave vertical acceleration due to heave, is to be taken as: 
= fvaog m/s? 
Apitch-z vertical acceleration due to pitch, is to be taken as: 
2 
= (o3 $ as} Ta : Ix-0.45L| m/s? 
Aroll-z vertical acceleration due to roll, is to be taken as: 
2n y 
= 124 ae ly] m/s? 
ao common acceleration parameter, as defined in 3.3.2.1 
g acceleration due to gravity, 9.81m/ s2 
p pitch angle, in rads, as defined in 3.2.3.2 
Upitch pitch period, in secs, as defined in 3.2.3.1 
L rule length, in m, as defined in Section 4/1.1.1.1 
0 roll angle, in rads, as defined in 3.2.2.2 
Uron roll period, in secs, as defined in 3.2.2.1 
x longitudinal coordinate, in m 
y transverse coordinate, in m 
forob as defined in 3.3.3.2 and 3.3.3.3 as appropriate 
fv as defined in 3.3.3.2 and 3.3.3.3 as appropriate 
For scantling requirements and strength assessment: 
fro is to be taken as 1.0 
fv is to be taken as 1.0 


For fatigue strength: 


forob is to be taken as 0.45 
2 
fv = (=) [12 = at 
Co 1000 
Where: 
Cy-tc block coefficient for considered loading condition, as defined 
in Section 4/1.1.9.2 
Cp block coefficient, as defined in Section 4/1.1.9.1 
L rule length, in m, as defined in Section 4/1.1.1.1 


3.3.4 Transverse acceleration 


3.3.4.1 The envelope transverse acceleration, a, at any position, is to be taken as: 
at = F prov V nee + (g sin + Aroll-y )? m/s2 
Where: 
Asway transverse acceleration due to sway and yaw, is to be taken as: 
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Aroll-y 


fprob 


=0.39a0 m/s? 
transverse acceleration due to roll, is to be taken as: 


Qn y 
= Rron m/s? 
í Uoi ) / 


roll angle, in rads, as defined in 3.2.2.2 


roll period, in secs, as defined in 3.2.2.1 
=Z- (2 + Ze) or z— (2) , whichever is the greater, in m 


acceleration due to gravity, 9.81m/ s2 

common acceleration parameter, as defined in 3.3.2.1 
draught in the loading condition being considered, in m 
moulded depth, as defined in Section 4/1.1.4.1 

vertical coordinate, in m 


as defined in 3.3.4.2 or 3.3.4.3 as appropriate 


3.3.4.2 For scantling requirements and strength assessment: 


fprob 


is to be taken as 1.0 


3.3.4.3 For fatigue strength: 


fprob 


is to be taken as 0.5 


3.3.5 Longitudinal acceleration 


3.3.5.1 The envelope longitudinal acceleration, ding, at any position, is to be taken as: 


2 
L 
Ging = 0.7 f prob Ja x 5 (g SIN@ T A pitch—x } 


Where: 


Asurge 


Apitch-x 


P. 
Upi tch 


R pitch 


longitudinal acceleration due to surge, is to be taken as: 
=0.29a0 m/s? 

longitudinal acceleration due to pitch, is to be taken as: 
= fvp(27 /Upitch)? Rpitcn m/s? 

pitch angle, in rads, as defined in 3.2.3.2 


pitch period, in secs, as defined in 3.2.3.1 
pitch radius and is to be taken as the greater of 


¢ Ze) (2) . 
z—-| —+—— or z-] — ],inm 
4 2 2 


acceleration due to gravity, 9.81m/s? 

common acceleration parameter, as defined in 3.3.2.1 
draught in the loading condition being considered, in m 
moulded depth, in m, as defined in Section 4/1.1.4.1 


rule length, in m, as defined in Section 4/1.1.1.1 
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Z vertical coordinate, in m 

fprob as defined in 3.3.5.2 and 3.3.5.3 as appropriate 

fv as defined in 3.3.5.2 and 3.3.5.3 as appropriate 
3.3.5.2 For scantling requirements and strength assessment: 

fro is to be taken as 1.0 

fv is to be taken as 1.0 


3.3.5.3 For fatigue strength: 
fprob is to be taken as 0.5 
fv is to be taken as 1.7 


3.4 Dynamic Hull Girder Loads 


3.4.1 Vertical wave bending moment 


3.4.1.1 The envelope hogging and sagging vertical wave bending moments, Mwv-hogand 
Mwo-sag, are to be taken as: 


M wo-hog = f prov 0.19 fuv-vC ww L2 BC, 


kN 
M wo-sag = —f prob 0.11 fwv-vC wL? BIC, + 0.7) 5 
Where: 
fovv distribution factor for vertical wave bending moment along 
the vessel length, see 3.4.1.2 or 3.4.1.3 as appropriate 
Cwv wave coefficient to be taken as: 
3 
= 1075-( =" for 150 < L < 300 
100 
= 10.75 for 300 < L < 350 
3 
= 1075-(+} for 350 < L < 500 
150 
rule length, in m, as defined in Section 4/1.1.1.1 
moulded breadth, in m, as defined in Section 4/1.1.3.1 
Co block coefficient, as defined in Section 4/1.1.9.1 


3.4.1.2 For scantling requirements and strength assessment: 
fooo-v distribution factor for vertical wave bending moment along 
the vessel length, is to be taken as: 
0.0 at A.P. 
1.0 for 0.4L to 0.65L from A.P. 
0.0 at F.P. 


intermediate values to be obtained by linear interpolation, 
see Figure 7.3.1 


fprob is to be taken as 1.0 
L rule length, in m, as defined in Section 4/1.1.1.1 
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Figure 7.3.1 
Vertical and Horizontal Wave Bending Moment Distribution 
for Scantling Requirements and Strength Assessment 


> 
3.4.1.3 For fatigue strength: 
foov-v distribution factor for vertical wave bending moment along 
the vessel length, is to be taken as: 
0.0 atA-P. 


0.1 at 0.1L from A.P. 

1.0 for 0.4L to 0.65L from A.P. 
0.1 at 0.9L from A.P. 

0.0 at F.P. 


intermediate values to be obtained by linear interpolation, 
see Figure 7.3.2 


fprob is to be taken as 0.5 
L rule length, in m, as defined in Section 4/1.1.1.1 
Figure 7.3.2 


Vertical and Horizontal Wave Bending Moment Distribution for Fatigue Strength 


I I 

I I 
0.0 O.1L 0.4L 0.65L 0.9L 1.0L 
A.P. F.P. 
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3.4.2 Horizontal wave bending moment 


3.4.2.1 The envelope horizontal wave bending moment, Muwv-n, is to be taken as: 


Mwo-h = F prob (0.3 F a )fwo-hCuwL?TrcCp kNm 


2000 
Where: 
foo-h distribution factor for wave horizontal bending moment along 
the vessel length, see 3.4.2.2 or 3.4.2.3 as appropriate 
Cw wave coefficient, as defined in 3.4.1.1 
L rule length, in m, as defined in Section 4/1.1.1.1 
Tic draught in the loading condition being considered, in m 
Cp block coefficient, as defined in Section 4/1.1.9.1 


3.4.2.2 For scantling requirements and strength assessment: 

fov-n distribution factor for wave horizontal bending moment along 
the vessel length, is to be taken as: 
0.0 at A.P. 
1.0 for 0.4L to 0.65L from A.P. 
0.0 at F.P. 
intermediate values to be obtained by linear interpolation, see 
Figure 7.3.1 

forob is to be taken as 1.0 


L rule length, in m, as defined in Section 4/1.1.1.1 


3.4.2.3 For fatigue strength: 
frown distribution factor for wave horizontal bending moment along 
the vessel length, is to be taken as: 
0.0 at A.P. 
0.1 at 0.1L from A.P. 
1.0 for 0.4L to 0.65L from A.P. 
0.1 at 0.9L from A.P. 


0.0 at F.P. 
intermediate values to be obtained by linear interpolation, see 
Figure 7.3.2 

fprov is to be taken as 0.5 

L rule length, in m, as defined in Section 4/1.1.1.1 


3.4.3 Vertical wave shear force 


3.4.3.1 The envelope positive and negative vertical wave shear forces, Qwv-pos and Qwv-neg, are 
to be taken as: 
Qwo-pos = 0.3 fgwv-posC ww LB (Co + 0.7) 


kN 
Qwv-neg = —0.3 fgwv-negC ww LB(Cp + 0.7) 
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Where: 


fi wo-pos distribution factor for positive vertical wave shear force along 


the vessel length and is to be taken as: 

0.0 at A.P. 

ar for 0.2L to 0.3L from A.P. 
(Ce +0.7) 

0.7 for 0.4L to 0.6L from A.P. 

1.0 for 0.7L to 0.85L from A.P. 


0.0 at F.P. 


Sfrwv-neg distribution factor for negative vertical wave shear force along 


the vessel length and is to be taken as: 


0.0 at A.P. 
0.92 for 0.2L to 0.3L from A.P. 
0.7 for 0.4L to 0.6L from A.P. 


pa- for 0.7L to 0.85L from A.P. 
(Ce aE 0.7) 


0.0 at F.P. 


intermediate values of fjwv-pos and fqwv-neg are to be obtained by 
linear interpolation, see Figure 7.3.3 and Figure 7.3.4 
respectively. 


wave coefficient, as defined in 3.4.1.1 

rule length, in m, as defined in Section 4/1.1.1.1 
moulded breadth, in m, as defined in Section 4/1.1.3.1 
block coefficient, as defined in Section 4/1.1.9.1 


Figure 7.3.3 
Positive Vertical Wave Shear Force Distribution 


1.0 Ẹ-------------------------------------- 
1.59C, 
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Figure 7.3.4 
Negative Vertical Wave Shear Force Distribution 


0,92 ---------- 
1.73C, 


C, + 0.7 
0.7 


o-oo ---------------} --4-5 


eee eee 


0.0 0.2L 0.3L 0.4L 0.6L 0.7L 0.85L 1.0L 
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3.5 Dynamic Local Loads 


3.5.1 General 


3.5.1.1 


3.5.1.2 
3.5.1.3 


3.5.1.4 


3.5.1.5 


This section provides the envelope values for dynamic wave pressure, dynamic 
tank pressure, green sea load and dynamic deck loads. 


The envelope dynamic wave pressures are given in 3.5.2 


The envelope green sea load given in 3.5.3 only applies to scantling requirements 
and strength assessment. The green sea load for fatigue strength is to be taken as 0. 


The envelope dynamic tank pressure is a combination of the inertial components 
due to vertical, transverse and longitudinal acceleration. The envelope dynamic 
tank pressure components are given in 3.5.4. 


The envelope dynamic deck loads are given in 3.5.5 and 3.5.6. 


3.5.2 Dynamic wave pressure 


3.5.2.1 


The envelope dynamic wave pressure, Pex-ayn, is to be taken as the greater of the 
following: 


135B ocal 135Biocal 
Py =2 forov fni- Py + ——— - 1.2(T; kN/m?2 
1 =2 fy fcr [ 1 MB +75) 2(Trc - Ja B+ ee y / 
Biocal iadadivay a + frCo 0.25Bilocal + 0.8C wo 0. 7+ 2z fi 
14 TE 
P> = 26 f prob fni-P2 B 0.25B 2 kN/m2 
local . local Z 
+| —— 6+ frCy ——— 0.7 + 
gn ag [ Te Z) $ 


Where: 


Boca local breadth at the waterline, for considered draught, not to be 
taken less than 0.5B, in m 


0 roll angle, in rads, as defined in 3.2.2.2 
Py = (3 fe +0.8)Cwo 
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3.5.2.2 


Cwo wave coefficient, as defined in 3.4.1.1 

L rule length, in m, as defined in Section 4/1.1.1.1 

B moulded breadth, in m, as defined in Section 4/1.1.3.1 
Tic draught in the loading condition being considered, in m 
Ts  scantling draught, in m, as defined in Section 4/1.1.5.5 

C, block coefficient, as defined in Section 4/1.1.9.1 


E aia N T 


E 4ly| 
fr = 0.25 fy B —1 for ly| < 0.25 Biocal 
local 
_,{ 4yl 
= fv -1 for ly > 0.25 Bocal 
Biocal 
T 
fo ST 
f: =Cpt+ hoe at, and aft of A.P. 
4Co 
= Cp between 0.2L and 0.7L from A.P. 
=C, = at, and forward of F.P. 
b 


intermediate values to be obtained by linear interpolation 
fing =1.0 at, and aft of A.P. 
=0.7 for 0.2L to 0.7L from A.P. 
=1.0 at, and forward of F.P. 
intermediate values to be obtained by linear interpolation 
y transverse coordinate, in m 
Z vertical coordinate, in m 
fai, fnt-P2, fprov, and fv are given in 3.5.2.2 for scantling requirements and 


strength assessment application and in 3.5.2.3 for fatigue strength. 


For scantling requirements and strength assessment, the envelope maximum 
dynamic wave pressure, Pex-may see Figure 7.3.5, and minimum dynamic wave 
pressure, Pex-min, see Figure 7.3.6, are to be taken as: 


Pex-max = Pex-dyn kKN/m2 below still waterline 
= Pw- 10(z = Tic) kN/m2 for Trc <z<Tic + a 
Pwr 
=0 kN/m? for z > Tic +—— 
10 
Pex-min =- Pexan KN/m2 below still waterline 
=0 kN/m? above still waterline 


Pex-min is not to be taken as less than —Pswg(Tic - z) 
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Where: 


P ex-dyn 


envelope dynamic wave pressure, in kKN/m?, as defined in 
3.5.2.1 with: 


foro = 1.0 
fu-pr = 0.9 
fut-p2 = 0.65 
fv =10 


pressure at waterline, to be taken as Pex-dyn at still waterline, in 
kN/m2 


draught in the loading condition being considered, in m 
density of sea water, 1.025 tonnes / m3 


vertical coordinate, in m 


Transverse Distribution of Maximum Dynamic Wave Pressure 
for Scantling Requirements and Strength Assessment 


Figure 7.3.5 
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Figure 7.3.6 
Transverse Distribution of Minimum Dynamic Wave Pressure 
for Scantling Requirements and Strength Assessment 


A 


l “Pew 8(T c2) 


LC 


3.5.2.3 The dynamic wave pressure pseudo-amplitude (half range), Pex-amp for fatigue 
strength, see Figure 7.3.7, is to be taken as: 


4 3 : 
Pecan =0 kN/m? ae F Trc + hw or D, whichever is the 


=0.5 Pwr kN/m?  atstill waterline 


for z < Trc - hw or 0, whichever is the 


= 2 
Perim KN/m greater 


Intermediate values between the still waterline and z = Trc - hw: to be 
obtained by linear interpolation 


Where: 
hwr dynamic wave pressure head at the still waterline, is to be 
taken as: 
=Pw/10 m 
Pwr pressure at waterline, and is to be taken as Pex-max at still 
waterline, in kN/ m2 
Pe ae envelope maximum dynamic wave pressure is to be taken as 
the greater of Pı and P2, in kKN/m2 
Tic draught in the loading condition being considered, in m 
D moulded depth, in m, as defined in Section 4/1.1.4.1 
Pi as defined in 3.5.2. , in kN/ m2, with: 
foros = 0.5 
fa- = 1.0 


JULY 2012 SECTION 7.3/ PAGE 13 


SECTION 7 - LOADS 


COMMON STRUCTURAL RULES FOR OIL TANKERS 


P2 


[1.0 at, and aft of 0.7L 
ie 1.5 at, and forward of F.P. 
intermediate values of fy to be obtained by linear interpolation 


as defined in 3.5.2.1, in KN/m2, with: 


prob =0.5 
fut-p2 = 1.0 
fv = 1.0 


vertical coordinate, in m 


Transverse Distribution of Dynamic Wave Pressure Amplitude for Fatigue Strength 


Figure 7.3.7 


7 


Boca / 2 


B oca / 4 


3.5.3 Green sea load 


3.5.3.1 The envelope green sea load on the weather deck, Pwax, is to be taken as the greater 


of the following: 
Puak = fi-ak (fop Pi-wt —10zar-r) KN/M? 
Pwdk = 0.8 f2-ak (Po_w1 —10Za-r ) kN/m2 


Prodk = 34.3 kN/m2 


Where: 
L 
- =0.8 + — 
fi-ak a 
f2-ak — 0.5 + ae 
Bwak 
fop =1.0 atand forward of 0.2L from A.P. 


=0.8 atand aft of A.P. 


intermediate values to be obtained by linear interpolation 
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Piw Pı pressure at still waterline for considered draught, in 
kN/m2, see 3.5.2.1 
Pow P»2 pressure at still waterline for considered draught, in 
kN/m2, see 3.5.2.1 
Zdk-T distance from the deck to the still waterline at the applicable 
draught for the loading condition being considered, in m 
NA. local breadth at the weather deck, in m 
L rule length, in m, as defined in Section 4/1.1.1.1 
y transverse coordinate of load point, in m 


3.5.4 Dynamic tank pressure 


3.5.4.1 The envelope dynamic tank pressure, Pin», due to vertical tank acceleration is to be 


taken as: 


Pin-v = pav(zo -z) kN/m? for strength assessment and scantling 


requirements 


Pin-v = pav|zo -z| kN/m? for fatigue strength 


Where: 
p 


lv 


Zo 


density of liquid in the tank, in tonnes/ m5, and is not to be 
taken as less than: 


0.9 for cargo tanks for fatigue strength 
1.025 otherwise, 
see Section 2/3.1.8 


envelope vertical acceleration, in m/s’, as defined in 3.3.3.1, 
and is to be taken at tank centre of gravity 


vertical coordinate of load point, in m 


vertical coordinate of reference point, see 6.3.7 for scantling 
requirements and strength assessment, and 3.5.4.5 for fatigue 
strength, inm 


3.5.4.2 The envelope dynamic tank pressure, Pin- due to transverse acceleration is to be 


taken as: 


Pint = fut Par(yo -y) KN/m2 for strength assessment and scantling 


requirements 
Pin- = at lyo = y| kN/m2 for fatigue strength 
Where: 
p density of liquid in the tank, in tonnes/m‘, and is not to be 


taken as less than: 

0.9 for cargo tanks for fatigue strength 
1.025 otherwise, 

see Section 2/3.1.8 
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fult- 


Yo 


factor to account for ullage in cargo tanks, and is to be taken as: 


0.67 for cargo tanks, including cargo tanks designed for 
filling with water ballast 


1.0 for ballast and other tanks 


envelope transverse acceleration, in m/s?, as defined in 3.3.4.1, 
and is to be taken at tank centre of gravity 


transverse coordinate of load point, in m 


transverse coordinate of reference point, see 6.3.7 for scantling 
requirements and strength assessment, and 3.5.4.5 for fatigue 
strength, in m 


3.5.4.3 The envelope dynamic tank pressure, Pin-ing, due to longitudinal acceleration is to be 


taken as: 
Pin-ing = full-ing Ping (xo — x) for strength assessment and 
kN/m? scantling requirements 
Pin-ing = PAing|Xo -x| KN/m2 for fatigue strength 
Where: 
p density of tank liquid, in tonnes/m‘°, and is not to be taken as 
less than: 
0.9 for cargo tanks for fatigue strength 
1.025 otherwise, see Section 2/3.1.8 
full-ng factor to account for ullage in cargo tanks, and is to be taken 
as: 
0.62 for cargo tanks, including cargo tanks designed for 
filling with water ballast 
1.0 for ballast and other tanks 
Ang envelope longitudinal acceleration, in m/s?, as defined in 
3.3.5.1, and is to be taken at tank centre of gravity 
x longitudinal coordinate of load point, in m 
Xo longitudinal coordinate of reference point, see 6.3.7 for 


scantling requirements and strength assessment, and 3.5.4.5 
for fatigue strength, in m 


3.5.4.4 For scantling requirements and strength assessment the simultaneous acting 
dynamic tank pressure, Pin-dyn, is to be taken as the summation of the components 
for the considered dynamic load case, see 6.3.7. 


3.5.4.5 For fatigue strength the dynamic tank pressure amplitude, Pinamp on a tank 
boundary with adjacent tank empty, is to be taken as: 


Pin —amp = foPin-v a fun- ft Pint T futt-ing fing Pin-ing kN/m2 


Where: 
P in-v 


Pint 


envelope dynamic tank pressure due to vertical acceleration, 
in kN/m2, as defined in 3.5.4.1 


envelope dynamic tank pressure due to transverse 
acceleration, in kN/m2, as defined in 3.5.4.2 
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3.5.4.6 


Pin-ing envelope dynamic tank pressure due to longitudinal 
acceleration, in kN/ m2, as defined in 3.5.4.3 


fuit factor to account for ullage in cargo tanks, not to be taken less 
than 0.0 nor greater than 1.0 
_ [zo —2|+ hron 
2hroll 
= 1.0 for ballast tanks 


for cargo tanks 


full-ng factor to account for ullage in cargo tanks, not to be taken less 
than 0.0 nor greater than 1.0 


Zo — Z| + M pitch 
= [20 Athn for cargo tanks 


2N pitch 

= 1.0 for ballast tanks 

hron roll height = “afoul 

iyin pitch height = a a 

forov is to be taken as 0.5 

0 roll angle, in rads, as defined in 3.2.2.2 

p pitch angle, in secs, as defined in 3.2.3.2 

bys tank breadth at the top of the tank, see Figure 7.3.8, in m 

lj tank length at the top of the tank, in m 

Xo longitudinal coordinate of reference point, and is to be taken 
as the middle of tank length at the top of the tank, in m 

Yo transverse coordinate of reference point, and is to be taken as 
the middle of tank breadth at the top of the tank, see Figure 
7.3.8, in m 

Zo vertical coordinate of reference point, and is to be taken as the 


highest point of the tank, excluding small hatchways, see 
Figure 7.3.8, in m 


fo pressure combination factor, as given in Table 7.3.2 
ft pressure combination factor, as given in Table 7.3.2 
fing pressure combination factor, as given in Table 7.3.2 


For fatigue strength the dynamic tank pressure amplitude, Pin-amp, on a longitudinal 
tank boundary with adjacent tank full, is to be taken as: 


Pin-amp = fo |Pin-v-1 — Pin-vo-2| + f | fun-t-tk1 Pint_na + fi wlt-t-1k2 Pint- 


kN/m2 
+ fing| fun—ing—11 Pin-ing-tk1 — f ull-ing-tk2 Pin-ing-tk2 
Where: 
Pin-v-tk1 dynamic tank pressure due to vertical acceleration in tank 1, in 
kN/m2 
Pin-v-tk2 dynamic tank pressure due to vertical acceleration in tank 2, in 
kN/m2 
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Pinta dynamic tank pressure due to transverse acceleration in tank 1, 
in kKN/m2 

Pin-t-2 dynamic tank pressure due to transverse acceleration in tank 2, 
in kKN/m2 

Pining- dynamic tank pressure due to longitudinal acceleration in tank 
1, in kN/m? 

Pintng-k2 dynamic tank pressure due to longitudinal acceleration in tank 
2, in kN/m? 

fuit-t-tk1 factor to account for ullage for tank 1, as defined in 3.5.4.5 

full-t-t12 factor to account for ullage for tank 2, as defined in 3.5.4.5 

full-ing-tk1 factor to account for ullage for tank 1, as defined in 3.5.4.5 

full-ing-tk2 factor to account for ullage for tank 2, as defined in 3.5.4.5 

fo pressure combination factor, as given in Table 7.3.2 

fi pressure combination factor, as given in Table 7.3.2 

fing pressure combination factor, as given in Table 7.3.2 


Tank 1 and 2 are adjacent tanks with common longitudinal boundary 


Table 7.3.2 
Pressure Combination Factors for Fatigue Assessment 
Cargo tanks Ballast tanks 
f 0.9 0.9 
fi 0.9 0.6 
fing 0.4 0.4 
Figure 7.3.8 


Dynamic Tank Pressure Load and Reference Points for Fatigue Strength 


fs 
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3.5.4.7 


For fatigue strength by hot spot stress (FE) approach, the dynamic tank pressure 
amplitudes due to vertical, transverse and longitudinal accelerations, illustrated in 
Figure 7.3.9 are to be taken as: 


Pin-v = My (Zo —z) in kN/m2 
Pin-t = fun pas (yo -y) in kN/m2 
Pin-ing = full-ing Paing (xo = x) in kN/m2 


Where: 

p density of liquid in the tank, in tonnes/m‘°, and is not to be 
taken as less than: 
0.9 for cargo tanks 
1.025 otherwise, 
see Section 2/3.1.8 

fuit factor to account for ullage in cargo tanks, as defined in 3.5.4.5 

full-ing factor to account for ullage in cargo tanks, as defined in 3.5.4.5 

x longitudinal coordinate of load point, in m 

y transverse coordinate of load point, in m 

Z vertical coordinate of load point, in m 

Xo longitudinal coordinate of reference point, and is to be taken 
as the middle of the tank length at the top of the tank, in m 

Yo transverse coordinate of reference point, and is to be taken as 
the middle of the tank breadth at the top of the tank, in m 

Zo vertical coordinate of reference point, and is to be taken as the 
highest point in the tank, in m 

Ay envelope vertical acceleration, in m/s2, as defined in 3.3.3.1, at 
tank centre of gravity 

at envelope transverse acceleration, in m/s2, as defined in 3.3.4.1, 
at tank centre of gravity 

Aing envelope longitudinal acceleration, in m/s2, as defined in 


3.3.5.1, at tank centre of gravity 


JuLy 2012 


SECTION 7.3/ PAGE 19 


SECTION 7 - LOADS COMMON STRUCTURAL RULES FOR OIL TANKERS 


Figure 7.3.9 (a) 
Dynamic Tank Pressure due to Vertical Acceleration for Fatigue Strength 


Figure 7.3.9 (b) 
Dynamic Tank Pressure due to Transverse Acceleration for Fatigue Strength 
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Figure 7.3.9 (c) 
Dynamic Tank Pressure due to Longitudinal Acceleration for Fatigue Strength 
Illustrated for a Cargo Tank 


a S2 


> xX 


f 


3.5.5 Dynamic deck pressure from distributed loading 


3.5.5.1 The envelope dynamic deck pressure, Péeck-ayn, on decks, inner bottom and hatch 
covers is to be taken as: 


Paeck—-dyn T Preck i kN/ m2 


Where: 

Ay envelope vertical acceleration, in m/s2, as defined in 3.3.3.1 

Pieck uniformly distributed pressure on lower decks and decks 
within superstructure, in kN/ m2, as defined in 2.2.4.1 

g acceleration due to gravity, 9.81 m/s? 


3.5.6 Dynamic loads from heavy units 


3.5.6.1 The envelope dynamic deck loads, Fy, F, Fing acting vertically, transversely and 
longitudinally on supporting structures and securing systems for heavy units of 
cargo, equipment or structural components are to be taken as: 


F,=m,,a, kN 

F.=m,,a, kN 

Fing = Mun Ting kN 

Where: 

Mun mass of unit, in tonnes 

A» envelope vertical acceleration, in m/s?, as defined in 3.3.3.1, at 


centre of gravity of considered unit 


at envelope transverse acceleration, in m/s?, as defined in 3.3.4.1, 
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at centre of gravity of considered unit 


Aling envelope longitudinal acceleration, in m/s?, as defined in 
3.3.5.1, at centre of gravity of considered unit 


JULY 2012 SECTION 7.3 / PAGE 22 


SECTION 7 - LOADS COMMON STRUCTURAL RULES FOR OIL TANKERS 


4 SLOSHING AND IMPACT LOADS 
4.1 General 


4.1.1 Load Components 


4.1.1.1 Sloshing pressures in tanks, and bow impact and bottom slamming pressures are 
given in this sub-section. 


4.2 Sloshing Pressure in Tanks 


4.2.1 Application and limitations 


4.2.11 The sloshing pressures given in 4.2.2 to 4.2.4 are pressures induced by free 
movement of the tank liquids as a result of ship motions. 


4.2.1.2 The given pressures do not include the effect of impact pressures due to high 
velocity impacts with tank boundaries or internal structures. For tanks with a 
maximum effective sloshing breadth, bsm, greater than 0.56B or a maximum effective 
sloshing length, lsm greater than 0.13L at any filling height from 0.05/Mnax to 0.95hmax, 
an additional impact assessment is to be carried out in accordance with the 
individual Classification Society procedures. The effective sloshing lengths and 
breadths, lsn and bs, are calculated using the equations in 4.2.2.1 and 4.2.3.1 
respectively. 


4.2.2 Sloshing pressure due to longitudinal liquid motion 


4.2.2.1 The sloshing pressure in way of transverse tight and wash bulkheads due to 
longitudinal liquid motion, Psm-ng, for a particular filling height, is to be taken as: 


1.71sn \ L 
Psin-in = lsn s 0.4 — 0.39 — ——— ee kN m2 
Ih-Ing = P8 afal ( 7 l / 

Where: 

p density of liquid in the tank, in tonnes/ m8, and is not to be 
taken as less than 1.025 

lsn effective sloshing length, at considered filling height as given 
in 4.2.2.3 and 4.2.2.4 for transverse tight bulkheads and 
transverse wash bulkheads respectively, in m 

h f 2 

fan = 1-07- M ) 

L rule length, in m, as defined in Section 4/1.1.1.1 

hfn filling height, measured from inner bottom, in m, see Figure 
7.4.1 

Amax maximum tank height excluding small hatchways, measured 
from inner bottom, in m, see Figure 7.4.1 

g acceleration due to gravity, 9.81 m/s? 


4.2.2.2 The sloshing pressure due to longitudinal liquid motion, Psm-ing, is to be taken as a 
constant value over the full tank depth and is to be taken as the greater of the 
sloshing pressures calculated for filling heights from 0.05/ingx to 0.95himax, in 0.05hmax 
increments. 
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4.2.2.3 For calculation of sloshing pressures in way of transverse tight bulkheads, the 
effective sloshing length, lsm, is to be taken as: 


(1 + Nwash-twash—t \(1 ae fof Auf Vik 
(1 + Nwash-t \(1 F fof ) 


lsm = 


Where: 
Nwash-t number of transverse wash bulkheads in the tank 
Qvash-t transverse wash bulkhead coefficient, 

= A opn-wash-t 

A tk-t-h 

see Figure 7.4.1 
Qof transverse web frame coefficient, 

= Aopn-wf-h 

A tk-t-h 


see Figure 7.4.2 
for tanks with changing shape along the length and/or with web 
frames of different shape the transverse web frame coefficient, Quy 
may be taken as the weighted average of all web frame locations in 
the tank given as 
n Aopn-wfh-i 
Dit Atk-th - i 


Nwf 
Aopn-wash-t total area of openings in the transverse section in way of the wash 
bulkhead below the considered filling height, in m? 
A tk-t-h total transverse cross sectional area of the tank below the considered 
filling height, in m? 
Aopnwfh the total area of openings in the transverse section in way of the web 


frame below the considered filling height, in m2 


fof factor to account for number of transverse web frames and 
transverse wash bulkheads in the tank: 


=Nw/(1 + Nwash-t) 


Nuf number of transverse web frames, excluding wash bulkheads, in the 
tank 
lien length of cargo tank, at considered filling height, in m 
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Figure 7.4.1 
Transverse Wash Bulkhead Coefficient 
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Figure 7.4.2 
Transverse Web Frame Coefficient 
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4.2.2.4 For calculation of sloshing pressures in way of transverse wash bulkheads, the 
effective sloshing length, Ism, is to be taken as: 


ae [1 F (n wash-t — 1)Æwash-t la + fuf uf Vien 


ls 
j (1 + Nwash-t \(1 + fuf ) 


Where: 
Nwash-t number of transverse wash bulkheads in the tank 
QChoash-t transverse wash bulkhead coefficient, 

_ Aopn-wash-t 

 Abeth 


see Figure 7.4.1 
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4.2.2.5 


4.2.2.6 


Qof transverse web frame coefficient, 
_ Aopn-wfh 
Aten 
see Figure 7.4.2 


for tanks with changing shape along the length and/or with 
web frames of different shape the transverse web frame 
coefficient, Qs may be taken as the weighted average of all 
web frame locations in the tank given as 


` Aopn-wf-h -i 
i=1 Attn -i 


Nwf 


Aopn-wash-t the total area of openings in the transverse section in way of 
the wash bulkhead below the considered filling height, in m2 


Atk-t-h total transverse cross sectional area of the tank below the 
considered filling height, in m2 


Aopn-wf-h the total area of openings in the transverse section in way of 
the web frame below the considered filling height, in m2 


fof factor to account for number of transverse web frames and 
transverse wash bulkheads in the tank: 


=Nw/(1 + Nwash-t) 


Nuf number of transverse web frames, excluding wash bulkheads, 
in the tank 
Laken length of cargo tank, at considered filling height, in m 


For tanks with internal web frames the sloshing pressure acting on a web frame 
adjacent to a transverse tight or wash bulkhead, Psm-wņ provided it is located within 
0.25 lsn from the bulkhead, is to be taken as: 


2. 
Sw 
Psm-wf = Psth-ing (i = i f ) kN/m2 


slh 


Where: 

Psth-ing sloshing pressure acting on bulkhead due to longitudinal 
liquid motion, as given in 4.2.2.1 

Swf distance from bulkhead to web frame under consideration, in 
m 

lsm effective sloshing length, at considered filling height as 


defined in 4.2.2.3 and 4.2.2.4 for transverse tight and wash 
bulkheads respectively, in m 


The distribution of pressure across the web frame is given in Figure 7.4.3. 


For tanks with internal bulkhead stringers and/or web frames, the distribution of 
sloshing pressure, Psm, across these members is shown in Figure 7.4.3. 
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Figure 7.4.3 
Sloshing Pressure Distribution on Stringers and Web Frames 
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4.2.3 Sloshing pressure due to transverse liquid motion 


4.2.3.1 


The sloshing pressure in way of longitudinal tight and wash bulkheads due to 
transverse liquid motion, Psm-, for a particular filling height, is to be taken as: 


Pant =7 pgfan ( = = 0.3} kN/m2 

Where: 

p density of liquid in the tank, in tonnes/m‘, and is not to be 
taken as less than 1.025 

bsin effective sloshing breadth, see 4.2.3.3 and 4.2.3.4 for 
longitudinal tight bulkheads and longitudinal wash 
bulkheads respectively, not to be taken less than 0.3B, in m. 

GM metacentric height, is to be taken as 0.33B for calculation of 


sloshing pressures in ballast tanks and 0.24B for calculation of 
sloshing pressure in cargo tanks 
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hs 2 
fan =j -207 eee 
hmax 
B moulded breadth, in m, as defined in Section 4/1.1.3.1 
hfn filling height, measured from inner bottom, in m, see Figure 
7.4.1 
himax maximum tank height excluding small hatchways, measured 
from inner bottom, in m, see Figure 7.4.1 
g acceleration due to gravity, 9.81m/s2 
4.2.3.2 The sloshing pressure due to transverse liquid motion, Psm- is to be taken as a 
constant value over the full tank depth and is to be taken as the greater of the 
sloshing pressures calculated for filling heights from 0.05hmar to 0.95hmax, in 0.05hmar 
increments. 
4.2.3.3 For calculation of sloshing pressures in way of longitudinal tight bulkheads the 
effective sloshing breadth, bsm, is to be taken as: 
bon A (1 + N wash-Ing Æ wash-ing (1 + fera@gra Yun 
(1 a, N wash-Ing \(1 F fera ) 
Where: 
Nwash-Ing number of longitudinal wash bulkheads in the tank 
Ohvash-Ing longitudinal wash bulkhead coefficient 
_ Abopn-wash-Ing 
Atk-Ing-h 
Apri girder coefficient 
PA Aopn-grd-h 
A tk-Ing-h 
Aopn-wash-ng total area of openings in the longitudinal section in way of the 
wash bulkhead below the considered filling height, in m? 
A tk-ing-h total longitudinal cross sectional area of the tank below the 
considered filling height, in m2 
Aopn-gra-h total area of openings in the longitudinal section below the 
considered filling height, in m2 
fora factor to account for longitudinal girders and longitudinal 
wash bulkheads in the tank: 
=Ngra/(1 + Nwash-Ing) 
Nerd number of longitudinal girders, excluding longitudinal wash 
bulkheads, in the tank 
Din tank breadth at considered filling height, in m 
4.2.3.4 For calculation of sloshing pressures in way of longitudinal wash bulkheads the 


effective sloshing breadth, bsn, is to be taken as: 


[1 g5 (Nwvash-ing = 1)@vash-ng la + Ff gr O gra WB et 
(1 + Nwash-Ing \(a + f gra ) 


bsn = 


Where: 
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Nwash-Ing number of longitudinal wash bulkheads in the tank 
Avash-Ing longitudinal wash bulkhead coefficient 

= Aopn-wash-Ing 

Atk-Ing-h 

Ord girder coefficient 

= Aopn-grd-h 

Atk-Ing-h 

Aopn-wash-ing total area of openings in the longitudinal section in way of the 


wash bulkhead below the considered filling height, in m2 


A tk-ing-h total longitudinal cross sectional area of the tank below the 
considered filling height, in m2 


Aopn-gra-h total area of openings in the longitudinal section below the 
considered filling height, in m2 


fogra factor to account for longitudinal girders and longitudinal 
wash bulkheads in the tank: 


=Nngr/(1 + Nwash-Ing) 


Nerd number of longitudinal girders, excluding longitudinal wash 
bulkheads, in the tank 
bik tank breadth at considered filling height, in m 


4.2.3.5 For tanks with internal longitudinal girders or webframes, the sloshing pressure on 
the girder/webframe adjacent to a longitudinal wash bulkhead, Psin-gra, provided it 
is located within 0.25bsm from the bulkhead, is to be taken as: 


2 
Pain-gra = Psin-t f = ns ) kN/ m2 


slh 
Where: 
Psth-t sloshing pressure acting on bulkhead due to transverse liquid 
motion, in kN/m2, see 4.2.3.1 
Serd distance from longitudinal bulkhead to longitudinal girder 
being considered, in m 
bsin effective sloshing breadth, see 4.2.3.3 and 4.2.3.4 for 


longitudinal tight bulkheads and longitudinal wash 
bulkheads respectively, in m 


4.2.3.6 For tanks with internal longitudinal stringers and or girders/webframes, the 
distribution of sloshing pressure across these members is shown in Figure 7.4.4. 
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Figure 7.4.4 
Pressure Distribution on Stringers and Longitudinal Girders 
Deck 
0.25by, 
(As for stringer 2) 
Longitudinal 
Bulkhead in =9-9P an- 


P 


slh-t 


(As for stringer 2) 


4.24 Minimum sloshing pressure 


4.2.4.1 The minimum sloshing pressure, Psm-min in cargo and ballast tanks except tanks of 
cellular construction is to be taken as 20kN/ m2. 


4.2.4.2 The minimum sloshing pressure, Psin-min, in cellular construction ballast tanks is to be 
taken as 12kN/m2. 
4.3 Bottom Slamming Loads 


4.3.1 Application and limitations 
4.3.1.1 The slamming loads in this section apply to ships with C, 2 0.7 and bottom 
slamming draught 2 0.01L and < 0.045L. 
4.3.2 Slamming pressure 
4.3.2.1 The bottom slamming pressure, Psim, is to be taken as the greater of: 
Psim-mt = fstm1309Csim-mte* KN/m? for empty ballast tanks 
Paim— full = fim 130 8 sim— full“ — Cav P8Zbal KN/m?2 for full ballast tanks 


Where: 
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4.3.2.2 
4.3.2.3 


4.3.2.4 


4.3.2.5 


g acceleration due to gravity, 9.81 m/s2 

foim longitudinal slamming distribution factor, see Figure 7.4.5, is 
to be taken as: 
0 at 0.5L 


Lat [0.175 -0.5(Cw —0.7)|L from F.P. 

Lat [0.1-0.5(Cy —0.7)|L from F.P. 

0.5 at, and forward of F.P. 

intermediate values to be obtained by linear interpolation. 


Chi block coefficient, Cy, as defined in Section 4/1.1.9.1, but not to 
be taken less than 0.7 or greater than 0.8 


slamming coefficient for empty ballast tanks 


Cslm-m 0.2 
mm enog 10.5 T) 
L 
slamming coefficient for full ballast tanks 
Csim-full T eg 
BEE eat Ob cn 103 at 
L 
C1 is to be taken as: 
0 for L < 180m 


= —0.0125(L -180)°”” for L > 180m 


Trpmt design slamming ballast draught at F.P. with ballast tanks 
within the bottom slamming region empty as defined in 
4.3.2.3, in m 


Trp design slamming ballast draught at F.P. with ballast tanks 
within the bottom slamming region full as defined in 4.3.2.4, 


inm 
Cav dynamic load coefficient, to be taken as 1.25 
L rule length, in m, as defined in Section 4/1.1.1.1 
Zball vertical distance from tank top to load point, in m 


The designer is to provide the design slamming draughts Trp-m and Trp-pui. 


The design slamming draught at the F.P., Trpin, is not to be greater than the 
minimum draught at the F.P. indicated in the loading manual for all seagoing 
conditions wherein the ballast tanks within the bottom slamming region are empty. 
This includes any loading conditions with tanks inside the bottom slamming region 
that use the “sequential” ballast water exchange method. 


The design slamming draught at the F.P., Trp, is not to be greater than the 
minimum draught at the F.P. indicated in the loading manual for any seagoing 
conditions wherein the ballast tanks within the bottom slamming region are full. 
This includes any loading condition with tanks inside the bottom slamming region 
that use the “flow-through” ballast water exchange method. 


The loading guidance information is to clearly indicate the design slamming 
draughts and the ballast water exchange method used for each ballast tank, see 
Section 8/1.1. 
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Figure 7.4.5 
Longitudinal Distribution of Slamming Pressure 
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4.4 Bow Impact Loads 


4.4.1 


Application and limitations 


4.41.1 The bow impact pressure applies to the side structure in the area forward of 0.1L aft 


of F.P. and between the waterline at draught Toa and the highest deck at side. 


4.4.2 Bow impact pressure 


4.4.2.1 The bow impact pressure, Pin, is to be taken as: 


Pog = 1.025 fin CimV in Sinyo KN/m2 
Where: 
fim 0.55 at0.1L aft of F.P. 
0.9 at 0.0125L aft of F.P. 
1.0 at and forward of F.P. 
intermediate values to be obtained by linear interpolation 
Vim impact speed, in m/s 
=0.514V fod SiN Got +VL 
Viva forward speed, in knots 
= 0.75V but is not to be taken as less than 10 
V service speed, in knots, as defined in Section 4/1.1.8.1 
Qol local waterline angle at the position considered, but is not to be 
taken as less than 35 degrees, see Figure 7.4.6. 
local bow impact angle measured normal to the shell from the 
Yeol horizontal to the tangent line at the position considered but is not 


to be less than 50 degrees, see Figure 7.4.6. 
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Cim 1.0 for positions between draughts Trai 
and Tsc 


7 (hp —2ho) 
= | 1+ cos?[90 ae for positions above draught Tsc 


hp vertical distance from the waterline at draught Ts: to the highest 
deck at side, see Figure 7.4.6, in m 

h, vertical distance from the waterline at draught Tso, to the position 
considered, see Figure 7.4.6, in m 

L rule length, in m, as defined in Section 4/1.1.1.1 

Tsc scantling draught, in m, as defined in Section 4/1.1.5.5 

That minimum design ballast draught, in m, for the normal ballast 


condition as defined in Section 4/1.1.5.2 
WL; waterline at the position considered, see Figure 7.4.6 
Guidance Note 


Where local bow impact angle measured normal to the shell, Yw, is not available, this angle may be taken 
as: 


Yul =tan-1 tan fp 
COS Qwi 
Where 
Ppi local body plan angle at the position considered from the horizontal to the tangent line, but is 


not to be less than 35 degrees 
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Figure 7.4.6 
Definition of Bow Geometry 
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5 ACCIDENTAL LOADS 
5.1 Flooded Condition 


5.1.1 Local Pressure 


5.1.1.1 The pressure in compartments and tanks in flooded condition or damaged 
condition is to be taken as Pin-flooa, see 2.2.3.4. 
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6 COMBINATION OF LOADS 
6.1 General 


6.1.1 Application 


6.1.1.1 The design load combinations S, S + D, and A are to be used for scantling 
calculations for the scantling requirements and strength assessment (by FEM). 
design load combinations are defined in Section 2/4.2.2 and the relevant loads and 
load combination are to be taken as given in 6.2. 


6.1.1.2 The dynamic loads, D, consist of several dynamic load cases. For each dynamic load 
case, the envelope load values as given in Sub-Section 3 are multiplied with dynamic 
load combination factors to give simultaneously acting dynamic loads. The 
procedures for calculating the simultaneously acting dynamic loads are given in 6.3. 
The dynamic load combination factors are given in 6.4 for strength assessment (by 
FEM) and in 6.5 for scantling requirements. 


6.2 Design Load Combination 


6.2.1 General 
6.2.1.1 The design load combinations are given in Table 7.6.1. 


Table 7.6.1 
Design Load Combinations 
Design Load Combination 


S S+D A 

Load components 
M>-total Msw-harb Msw-sea + Mw = 
Mh-total = Mh = 
Q Qsw-harb Qsw-sea + Quo - 
Weather Deck - Prodk-dyn - 
Pex | Hull envelope Prys Prys +Puvv-dyn - 


the greater of 
a) Pin-test Pin-tet Pin-dyn Pin-flood 
b) Pin-air + Parop 
the greater of 
a) Pin-test Pin-airt Parop + Pin-ayn Pin-flood 
b) Pin-air + Parop 


Ballast tanks (BWE with 
sequential filling method) 


Ballast tanks (BWE with flow- 
through method) 


Cargo tanks including cargo 
tanks designed for filling with 


the greater of 


Pin-tkt P valve ~ 25+ 
a) Pin-test 


water ballast b) Pin-tk + Poate Pry 
the greater of 
Other tanks with liquid filling | a) Pin-test Pin-tet Pin-dyn Pin-fiood 
b) P in-air 
Watertight boundaries - = Pin-flood 
Pa Internal decks for dry spaces Pstat Pstat + Pak-ayn - 
Decks for heavy units Fstat Fstat + Fak-dyn = 


RCN 1 to July 2010 version (effective from 1 July 2012) 


JULY 2012 


SECTION 7.6/ PAGE 1 


SECTION 7 - LOADS COMMON STRUCTURAL RULES FOR OIL TANKERS 


Table 7.6.1 (Continued) 
Design Load Combinations 


Note: 
1. Separate load requirements may be specified in strength assessment (FEM) and scantling 
requirements. 
Where: 
Mo-total design vertical bending moment, in kNm 
Msw-perm-taro permissible hull girder hogging and sagging still water bending 
Beh see 2.1.1 
moment envelopes for harbour/sheltered water operation, in kKNm 
Msw-perm-sea permissible hull girder hogging and sagging still water bending see 2.1.1 
moment envelopes for seagoing operation, in kNm ~ 
Mw vertical wave bending moment for a considered dynamic load case, see 6.3.2.1 
in kNm 
Mh-total design horizontal bending moment, in kNm 
Mn horizontal wave bending moment for a considered dynamic load see 6.3.3.1 
case, in kNm 
Q design vertical shear force, in kN 
Qsw-perm-harb permissible hull girder positive and negative still water shear force see 2.1.3 
limits for harbour/sheltered water operation, in kN a 
Qsw-perm-sea permissible hull girder positive and negative still water shear force 
Aia i A see 2.1.3 
limits for seagoing operation, in kN 
Quv vertical wave shear force for a considered dynamic load case, inkN see 6.3.4.1 
Pex design sea pressure, in kN/m? 
Phys static sea pressure at considered draught, in kN/m? see 2.2.2.1 
Prwo-dyn dynamic wave pressure for a considered dynamic load case, in see 6.3.5 
kN/m? 
Prak-dyn green sea load for a considered dynamic load case, in kN/m? see 6.3.6 
Pin design tank pressure, in kN/m? 
Pin-test tank testing pressure, in kN/m? see 2.2.3.5 
Pin-air static tank pressure in the case of overfilling or filling during flow see 2.2.3.2 
through ballast water exchange, in kN/m? 
Parop added overpressure due to liquid flow through air pipe or see 2.2.3.3 
overflow pipe, in kN/m? 
Proalve setting of pressure relief valve, in KN/m? see 2.2.3.5 
Pin-tk static tank pressure, in kN/m? see 2.2.3.1 
Pin-dyn dynamic tank pressure for a considered dynamic load case, in see 6.3.7 
kN/m2 
Pin-flood pressure in compartments and tanks in flooded or damaged 
aru Wd see 2.2.3.4 
condition, in kN/m7? 
Postat static pressure on decks and inner bottom, in kN/ m2 see 2.2.4.1 
Pak design deck pressure, in kN/m? 
Pak-dyn dynamic deck pressure on decks, inner bottom and hatch covers 
: : f see 6.3.8.1 
for a considered dynamic load case, in kN/m? 
Fstat load acting on supporting structures and securing systems for see 2.2.5.1 


heavy units of cargo, equipment or structural components, in KN 

dynamic load acting on supporting structures and securing 

systems for heavy units of cargo, equipment or structural see 6.3.8.2 
components, in kN 


Fak-dyn 


6.3 Application of Dynamic Loads 


6.3.1 Heading correction factor and dynamic load combination factors 
6.3.1.1 The heading correction factor, fp, is to be taken as: 


f =0.8 for beam sea dynamic load cases 
=1.0 forall other dynamic load cases 
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6.3.1.2 The dynamic load combination factors used for the calculations of the 
simultaneously acting dynamic loads, are to be taken as given in Table 7.6.2 for 
strength assessment by FEM, see 6.4. Dynamic load factors are to be taken as given 
in Table 7.6.4 to Table 7.6.9 for scantling assessment, see 6.5. 


6.3.2 Vertical wave bending moment for a considered dynamic load case 


6.3.2.1 The simultaneously acting vertical wave bending moment, Mw, is to be taken as: 


Mw = fp fmo Mw-hog kNm for finv >0 

Mw = — fp f mo Mwv-sag kNm for finv <0 

Where: 

Mwv-hog hogging vertical wave bending moment, in kNm, as defined 
in 3.4.1.1 

Mwv-sag sagging vertical wave bending moment, in kNm, as defined in 
3.4.1.1 

fro dynamic load combination factor for vertical wave bending 


moment for considered dynamic load case, see 6.3.1.2 


fe heading correction factor, as defined in 6.3.1.1 


6.3.3 Horizontal wave bending moment for a considered dynamic load case 


6.3.3.1 The simultaneously acting horizontal wave bending moment, Mn, is to be taken as: 


Mi = fe fimn M w-h kNm 


Where: 

Mwv-h horizontal wave bending moment, in kNm, as defined in 3.4.2 

finn dynamic load combination factor for horizontal wave bending 
moment for considered dynamic load case, see 6.3.1.2 

fe heading correction factor, as defined in 6.3.1.1 


6.3.4 Vertical wave shear force for a considered dynamic load case 


6.3.4.1 The simultaneously acting vertical wave shear force, Qw, is to be taken as: 


Qwo = fe fav Qwo-pos kN for fy 20 

Quv = — fp fav Qwv-neg kN for fs 0 

Where: 

Qwv-pos envelope positive vertical wave shear force, in kN, as 
defined in 3.4.3 

Qwv-neg envelope negative vertical wave shear force, in KN, as 
defined in 3.4.3 

fio dynamic load combination factor for vertical wave shear 


force for considered dynamic load case, see 6.3.1.2 


fe heading correction factor, as defined in 6.3.1.1 
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6.3.5 Dynamic wave pressure distribution for a considered dynamic load case 


6.3.5.1 


6.3.5.2 


The simultaneously acting dynamic wave pressure, Pwv-dyn, for the port and 
starboard side within the cargo tank region for a considered dynamic load case is to 
be taken as follows, but not to be less than -Pswg(Tic - z) below still waterline or less 
than 0 above still waterline: 


+ le —P.,) between centreline and start of bilge 
. local 


P wv-dyn = F ctr 
Pie E Z Basina between end of bilge and still 

Tic waterline 
Proo-ayn = Pwr — 10(z — Tic) for side-shell above still waterline 


intermediate values of Pwv-dyn around the bilge are to be obtained by linear 
interpolation along the vertical distance 


Where: 

Perr dynamic wave pressure at bottom centreline, to be taken as: 
= fetrPex-max kN/m2 

Priige dynamic wave pressure at z = 0 and y = Bioca/2, to be taken as: 
= foilgePex-max KN/M? 

Pw. dynamic wave pressure at waterline, to be taken as: 
= fwrPex-max KN/m2 

Pex-max envelope maximum dynamic wave pressure, in KN/m?, as 
defined in 3.5.2.2 

fu. dynamic load combination factor for dynamic wave pressure 
at still waterline for considered dynamic load case, see 6.3.1.2 

foiige dynamic load combination factor for dynamic wave pressure 
at bilge for considered dynamic load case, see 6.3.1.2 

for dynamic load combination factor for dynamic wave pressure 
at centreline for considered dynamic load case, see 6.3.1.2 

Biocal local breadth at waterline for considered draught , in m 

Trc draught in the loading condition being considered, in m 

y transverse coordinate, in m 

Z vertical coordinate, in m 

Pow density of sea water, 1.025tonnes/ m3 

g acceleration due to gravity, 9.81m/ s2 


The simultaneously acting dynamic wave pressure for the port and starboard side 
outside the cargo region, Pwv-dyn for a considered dynamic load case is to be 
obtained by linear interpolation between Per and Pwi, but not to be taken less than 
-Pg (Trc - z) below still waterline or less than 0 above still waterline. 


z 

Boa BaT m (P,, -P.,) between bottom centreline and still waterline 
LC 

Pov-dyn = Pwr —10(z — Tic ) above still waterline 
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Where: 

Perr dynamic wave pressure at bottom centreline, and is to be taken as: 
fetrPex-max KN/m2 

Pw dynamic wave pressure at still waterline, and is to be taken as: 
fwLPer-mas KN/m2 

Pex-max envelope maximum dynamic wave pressure, in KN/m?, as defined 
in 3.5.2.2 

fu. dynamic load combination factor for dynamic wave pressure at 
still waterline for considered dynamic load case, see 6.3.1.2 

fer dynamic load combination factor for dynamic wave pressure at 
centreline for considered dynamic load case, see 6.3.1.2 

Trc draught in the loading condition being considered, in m 

Z vertical coordinate, in m 

Pow density of sea water, 1.025tonnes / m3 

g acceleration due to gravity, 9.81m/s? 


6.3.5.3 Figure 7.6.1 to Figure 7.6.3 illustrates simultaneously acting dynamic wave pressures. 
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Figure 7.6.1 
Dynamic Wave Pressure for Head Sea Dynamic Load Cases 
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Figure 7.6.2 
Dynamic Wave Pressure for Beam and Oblique Sea Dynamic Load Cases 
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Figure 7.6.3 
Pressure Distribution for Wave Crest and Wave Trough for Forward and Aft 


6.3.6 Green sea load for a considered dynamic load case 
6.3.6.1 The simultaneously acting green sea load on the weather deck, Pwak-ayn, for strength 
assessment is obtained by linear interpolation between Pwadk-pt and Pwak-stv: 


The green sea load at the port side, Pwak-pt, is to be taken as the greater of: 
Proat-pt= fi-ae(fwr fopPi-we —10za-r) KN/m2 


Prodk-pt = 0.8( fw P2-w1 —10Za-r ) kN/m2 


Poak-pt is not to be taken as less than 34.3 kN/m? when fw = 1.0 and the 
ship's draught used in the design load case is greater or equal to 0.9Tsc 
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6.3.6.2 


The green sea load at the starboard side, Pwdk-sw, is to be taken as the 
greater of: 


Proak-stb = fide (fw fopPi-we —10za-r) = kKN/m? 
Prodk-sth = 0.8( fwr P2-w1 —10Za-r ) kN/m2 


Poak-sw is not to be taken as less than 34.3 KN/m2 when fw = 1.0 and the 
ship's draught used in the design load case is greater or equal to 0.9Tsc 


Prar-pt ANA Puwar-sw are NOt to be taken as less than 0. 


Where: 
L 
: =0.8 + — 

m 750 

fop =1.0 atand forward of 0.2L from A.P. 
=0.8 atand aft of A.P. 
intermediate values to be obtained by linear interpolation 

Piw Pı pressure at still waterline for considered draught, in 
kN/m2, see 3.5.2.1 

Pow P»2 pressure at still waterline for considered draught, in 
kN/m2, see 3.5.2.1 

fu. dynamic load combination factor for dynamic wave pressure 
at still waterline for considered dynamic load case, see 6.3.1.2 

Zdk-T distance from the deck to the still waterline at the applicable 
draught for the loading condition being considered, in m 

L rule length, in m, as defined in Section 4/1.1.1.1 


The simultaneously acting green sea load on the weather deck, Pwak-ayn, for scantling 
requirements is to be taken as the greater of: 


Prodk—ayn = fat Uf foo Pr-wa. -1024-r) kN/m? 

but is not to be taken as less than 34.3kN/m? when fw, = 1.0 and the ship's 
draught used in the design load case is greater or equal to 0.9Tsc 

Proak—dyn = 0.8 foa (f wPowe —10Zq-r) KN/M? 


but is not to be taken as less than 34.3kN/ m2 when fw: = 1.0 and 
fak =1.0 and the ship's draught used in the design load case is greater or 
equal to 0.9Tsc 


Prodk-dyn =0 
Where: 
L 
fi-ak = 0.8 + 750 
y| 
foak =0.5 + YL 
Bwak 
fop =1.0 atand forward of 0.2L from A.P. 
=0.8 atand aft of A.P. 
intermediate values to be obtained by linear interpolation 
Piw P pressure at still waterline for considered draught, in kN/m? 
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Pow Pz pressure at still waterline for considered draught, in kKN/m2 


fu. dynamic load combination factor for dynamic wave pressure 
at still waterline for considered dynamic load case, see 6.3.1.2 


y transverse coordinate, in m 

Zdk-T distance from the deck at side to the still waterline at the 
applicable draught for the loading condition being considered, 
inm 

Bwak local breadth at the weather deck, in m 

L rule length, in m, as defined in Section 4/1.1.1.1 


6.3.7 Dynamic tank pressure for a considered dynamic load case 


6.3.7.1 The simultaneously acting dynamic tank pressure, Pin-dyn, for tanks in the cargo 
region, is to be taken as: 


Pin—ayn = fe (fo Pin-v oe ft Pint F fing Pin-ng ) kN/m2 

Where: 

Pinv envelope dynamic tank pressure due to vertical acceleration as 
defined in 3.5.4.1 with reference point Zo taken as: 
(a) top of tank 


(b) top of air pipe/ overflow for ballast tanks designed for 
BWE by flow-through method 


see Figure 7.6.4, in kN/m? 
Pin-t envelope dynamic tank pressure due to transverse 


acceleration as defined in 3.5.4.2 with reference point yo taken 
as: 


(a) tank top towards port side for f; > 0 
(b) tank top towards starboard side for f; < 0 
see Figure 7.6.5, in kN/m? 
Pin-ing envelope dynamic tank pressure due to longitudinal 


acceleration as defined in 3.5.4.3 with reference point xo taken 
as: 


(a) forward bulkhead for fing > 0 
(b) aft bulkhead of the tank for fing < 0 
see Figure 7.6.6, in KN/m? 
fo dynamic load combination factor for vertical acceleration for 


considered dynamic load case. fv is to be taken as appropriate 
to the tank location, see 6.3.1.2 


fi dynamic load combination factor for transverse acceleration 
for considered dynamic load case, see 6.3.1.2 


fing dynamic load combination factor for longitudinal acceleration 
for considered dynamic load case. fing is to be taken as most 
appropriate dependent on tank location, see 6.3.1.2 


fe heading correction factor, as defined in 6.3.1.1 


Xo longitudinal coordinate of reference point, in m 
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Yo transverse coordinate of reference point, in m 

Zo vertical coordinate of reference point, in m 

Note 

1. For a non-parallel tank, yo should be selected from either forward or aft bulkhead 


corresponding to the reference point xo. If the longitudinal load combination factor 
fing = 0, yo should be selected from the bulkhead with the greater breadth. 


2. The vertical, transverse and longitudinal acceleration is to be taken at the centre of 
gravity of the tank under consideration. 


6.3.7.2 The simultaneously acting dynamic tank pressure for tanks outside the cargo region, 
Pin-ayn, is to be taken as: 


Pin-dyn = fp (a Pin-v + |f: Pnl T | fing Pin-ing |) kN/m? 


Where: 

Pinv envelope dynamic wave pressure due to vertical acceleration 
as given in 3.5.4.1 with reference point zo taken as: 

(a) top of tank 

(b) top of air pipe for ballast tanks design for BWE by flow 
through 

see Figure 7.6.5, in KN/m? 

Pint envelope dynamic tank pressure due to transverse 
acceleration as given in 3.5.4.2 using (yo - y) as extreme 
breadth of tank, in kN/m? 

Pin-ng envelope dynamic tank pressure due to longitudinal 
acceleration as given in 3.5.4.3 using (xo - x) as extreme length 
of tank, in kN/m? 

fo-mia dynamic load combination factor for vertical acceleration for 
considered dynamic load case, see 6.3.1.2 

fi dynamic load combination factor for transverse acceleration 
for considered dynamic load case, see 6.3.1.2 

fing dynamic load combination factor for longitudinal acceleration 
for considered dynamic load case, see 6.3.1.2 

fp heading correction factor, as defined in 6.3.1.1 

Xo longitudinal coordinate of reference point, in m 

Yo transverse coordinate of reference point, in m 

Zo vertical coordinate of reference point, in m 
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Figure 7.6.4 
Dynamic Tank Pressure in Cargo Tank (Left) and Ballast Tank (Right) due to Positive 
and Negative Vertical Tank Acceleration 


Note 


For ballast tank which is designed for ballast water exchange by flow-through method, 
reference point Zo is to be taken as top of air pipe/overflow of the tank. 


JULY 2012 SECTION 7.6/ PAGE 12 


SECTION 7 - LOADS COMMON STRUCTURAL RULES FOR OIL TANKERS 


Figure 7.6.5 
Dynamic Tank Pressure in Cargo Tank (Left) and Ballast Tank (Right) due to 
Negative and Positive Transverse Tank Acceleration 


Yoy «+ 


Reference H> YoY Reference H> YoY 
Point i Point R 
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Figure 7.6.6 
Dynamic Tank Pressure in Tanks due to Positive and Negative Longitudinal 
Acceleration 


Aing 


6.3.8 Dynamic deck loads for a considered dynamic load case 


6.3.8.1 The simultaneously acting dynamic deck load for uniformly distributed load, Pak-dyn, 
on the enclosed upper deck, where a forecastle or poop is fitted, and also on all 


lower decks, is to be taken as: 


Pak—dyn = fb fo-mia Paeck-dyn kN/m? 


Where: 

Pdeck-dyn envelope dynamic deck pressure on decks, inner bottom and 
hatch covers, in kN/m?, as defined in 3.5.5.1 

fo-mid dynamic load combination factor for vertical acceleration for 
considered dynamic load case, see 6.3.1.2 

fe heading correction factor, as defined in 6.3.1.1 


6.3.8.2 The simultaneously acting dynamic vertical force for heavy units, Fak-dyn, acting on 
supporting structures and securing systems for heavy units of cargo, equipment or 
structural components, is to be taken as: 


Fik-dyn = fp fo-midFo kN 
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Where: 


Fy 


fo-mid 


tp 


envelope vertical dynamic load from heavy units, in KN, as 
defined in 3.5.6 


dynamic load combination factor for vertical acceleration for 
the considered dynamic load case, see Table 7.6.2 and Table 
7.6.4 to 7.6.9 


heading correction factor, as defined in 6.3.1.1 


6.4 Dynamic Load Cases and Dynamic Load Combination Factors for Strength 


Assessment 


6.4.1 General 


6.4.1.1 


For strength assessment (FEM) the dynamic load cases given in Table 7.6.2 are to be 
applied in accordance with the requirements of Appendix B for Design Load 
Combination S + D. The simultaneously acting dynamic load cases are to be derived 
using the dynamic load combination factors given in Table 7.6.2. 
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6.5 Dynamic Load Cases and Dynamic Load Combination for Scantling 
Requirements 


6.5.1 General 
6.5.1.1 


6.5.1.2 


6.5.1.3 


6.5.1.4 


For the scantling requirements the dynamic load cases are to be applied in 
accordance with the design load sets given in Table 8.2.7 through Table 8.2.9 for the 
design load combination S + D. The simultaneously acting dynamic load cases are 
to be derived using the dynamic load combination factors given in Table 7.6.4 to 
Table 7.6.9. 


The Dynamic Load Combination Factor (DLCF) table to be used depends on the 
longitudinal position being considered and is specified in Figure 7.6.7 and Table 7.6.3. 


Each dynamic load case in the DLCF tables maximises one or more dynamic load 
components. The minimised dynamic load components are to be calculated by 
multiplying all the dynamic load combination factors for a dynamic load case by 
-1.0. The scantling requirements are to be evaluated for all maximised and 
minimised dynamic load cases. 


Load parameters to be used for the calculations are to be taken as specified in Table 


Figure 7.6.7 
Illustration of Structural Regions 


Cargo Region 


8.2.8 and Table 8.2.9. 
F.P 


A.P. ioe] 0.85L 
wa ma me at al 
Machinery space Mid and aft cargo Forward cargo Forward 
and aft end tank region tank region end 
Table 7.6.3 
Dynamic Load Combination Factor Tables used for Structural Region and Loading 
Condition 
Structural Machinery Space Midand att Forward cargo 
: cargo tank f Forward end 
region and Aft End : tank region 
region 
. where the tank where the tank forward of 
on ee aftot mae LCG is aft of LCG is at or foremost 
P ares 0.85L forward of 0.85L bulkhead 
Loaded DLCF Table 7.6.8 Table 7.6.4 Table 7.6.6 Table 7.6.8 
Ballast DLCF Table 7.6.9 Table 7.6.5 Table 7.6.7 Table 7.6.9 
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1 LONGITUDINAL STRENGTH 


1.1 Loading Guidance 


1.1.1 General 


1.1.1.1 


1.1.1.2 
1.1.1.3 


1.1.1.4 


1.1.1.5 


All ships are to be provided with loading guidance information containing 
sufficient information to enable the master of the ship to maintain the ship within 
the stipulated operational limitations. The loading guidance information is to 
include an approved Loading Manual and Loading Computer System complying 
with the requirements given in 1.1.2 and 1.1.3 respectively. 


The loading guidance information is to be based on the final data of the ship. 


Modifications resulting in changes to the main data of the ship (lightship weight, 
buoyancy distribution, tank volumes or usage, etc), require the Loading Manual to 
be updated and re-approved, and subsequently the Loading Computer System to be 
updated and re-approved. However, new loading guidance need not be re- 
submitted provided that the resulting draughts, still water bending moments and 
shear forces do not differ from the originally approved data by more than 2%. 


The loading guidance is to be prepared in a language understood by the users. If 
this language is not English, a translation into English shall be included. When 
applicable a document translating the language of the input and output data for the 
Loading Computer System into English is to be provided. 


The loading guidance information is to include the following statement, to ensure 
the crew are aware of the operational limitations for minimum draught forward: 


The scantlings are approved for a minimum draught forward, at F.P. In sea conditions 
where slamming is likely to occur, the forward draught is not to be less than the following: 


(a) ...m with double bottom ballast tanks No(s)... filled, or 
(b) ...m with double bottom ballast tanks No(s)... empty 


1.1.2 Loading Manual 


1.1.2.1 


1.1.2.2 


The Loading Manual is a document that: 


(a) describes the loading conditions on which the design and approval of the ship 
has been based for seagoing- and harbour/ sheltered water operation 


(b) describes the results of the calculations of still water bending moments, shear 
forces and where applicable, limitations due to torsional and lateral loads 


(c) describes relevant operational limitations as given in 1.1.2.7. 
The following loading conditions and design loading and ballast conditions upon 


which the approval of the hull scantlings is based are, as a minimum, to be included 
in the Loading Manual: 


(a) Seagoing conditions including both departure and arrival conditions 


e homogeneous loading conditions including a condition at the scantling draft 
(homogeneous loading conditions shall not include filling of dry and clean 
ballast tanks at departure condition) 

RCN 1 to July 2010 version (effective from 1 July 2012) 

¢ anormal ballast condition where: 


=" the ballast tanks may be full, partially full or empty. Where partially full 
options are exercised, the conditions in 1.1.2.5 are to be complied with 
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e all cargo tanks are to be empty including cargo tanks suitable for the carriage 
of water ballast at sea 

e the propeller is to be fully immersed, and 

e the trim is to be by the stern and is not to exceed 0.015L, where L is as 
defined in Section 4/1.1.1 


e a heavy ballast condition where: 


e the draught at the forward perpendicular is not to be less than that for the 
normal ballast condition 

e ballast tanks in the cargo tank region or aft of the cargo tank region may be 
full, partially full or empty. Where the partially full options are exercised, 
the conditions in 1.1.2.5 are to be complied with 

e the fore peak water ballast tank is to be full. If upper and lower fore peak 
water ballast tanks are fitted, the lower is required to be full. The upper fore 
peak tank may be full, partially full or empty. 

e If upper and lower fore peak tanks are fitted and only one of them is 
designated as water ballast tank, the other may be empty. 
RCN 2 to July 2008 version (effective from 1 July 2010) 

e all cargo tanks are to be empty including cargo tanks suitable for the 
carriage of water ballast at sea 

e the propeller is to be fully immersed 

e the trim is to be by the stern and is not to exceed 0.015L, where L, is as 
defined in Section 4/1.1.1 


e any specified non-uniform distribution of loading 


e conditions with high density cargo including the maximum design cargo 
density, when applicable 


e mid-voyage conditions relating to tank cleaning or other operations where 
these differ significantly from the ballast conditions 


e conditions covering ballast water exchange procedures with the calculations 
of the intermediate conditions just before and just after ballasting and/or 
deballasting any ballast tank 

Harbour/ sheltered water conditions 

e conditions representing typical complete loading and unloading operations 

e docking condition afloat 

e propeller inspection afloat condition, in which the propeller shaft centre line is 
at least Dprop/ 4 above the waterline in way of the propeller, where Drop is the 
propeller diameter 

(b) Additional design conditions 

e a design ballast condition in which all segregated ballast tanks in the cargo 
tank region are full and all other tanks are empty including fuel oil and fresh 
water tanks. 


Guidance Note 

The design condition specified in (c) is for assessment of hull strength and is not intended for ship 
operation. This condition will also be covered by the IMO 73/78 SBT condition provided the 
corresponding condition in the Loading Manual only includes ballast in segregated ballast tanks 
in the cargo tank region. 


(RCN 1, effective from 1 April 2007) (RCN 2, effective from 1 July 2008) 


1.1.2.3 The calculation for the departure conditions are to be based on full tanks according 
to the applicable stability regulations for filling of tanks; note bunker tanks are not 


to be taken less than 95% full and other consumables are to be taken at 100% 
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1.1.2.4 


1.1.2.5 


1.1.2.6 


1.1.2.7 


1.1.2.8 


capacity. Arrival conditions are to be based on 10% of the maximum capacity of 
bunker, fresh water and stores. 


Where the amount and disposition consumables at any intermediate stage of the 
voyage are considered more severe than of those described in 1.1.2.3, calculations 
for such intermediate conditions are also to be submitted for approval. 


Ballast loading conditions involving partially filled peak and/or other ballast tanks 
in any departure, arrival or intermediate condition are not permitted to be used as 
design loading conditions unless, for all filling levels between empty and full, the 
resulting stress levels are within the stress and buckling acceptance criteria. For 
design purposes this criteria will be satisfied if the stress levels are within the stress 
and buckling acceptance criteria for loading conditions with the appropriate tanks 
full, empty and partially filled at intended level in any departure, arrival or 
intermediate condition. The corresponding full, empty and partially filled tank 
conditions are to be considered as design conditions for calculation of the still water 
bending moment and shear force, but these do not need to comply with propeller 
immersion and trim requirements as specified in 1.1.2.2(a). Where multiple ballast 
tanks are intended to be partially filled, all combinations of full, empty or partially 
filled at intended levels for those tanks are to be investigated. These requirements 
are not applicable to ballast water exchange using the sequential method. 

(RCN 2, effective from 1 July 2008) 


In cargo loading conditions, the requirements for partially filled ballast tanks as 
specified in 1.1.2.5 are applicable to the peak ballast tanks only. 
(RCN 2, effective from 1 July 2008) 


The Loading Manual is to include the design basis and operational limitations upon 
which the approval of the hull scantlings are based. The information listed in Table 
8.1.1 is to be included in the Loading Manual. 


The approval of the hull scantlings is based on the rule defined loading patterns and 
the loading conditions given in the Loading Manual. 


Table 8.1.1 
Design Parameters 


Parameter 


Permissible limits of still water bending moments (seagoing operation and 
harbour/sheltered water operation) 


Permissible limits of still water shear forces (seagoing operation and 
harbour/sheltered water operation) 


Scantling draught, Tsc 


Design minimum ballast draught at midships, Tha 


Design slamming draught forward with forward double bottom ballast tanks 
filled, Trp-full 


Design slamming draught forward with forward double bottom ballast tanks 
empty, Trp-mt 


Maximum allowable cargo density 


Maximum cargo density in any loading condition in Loading Manual 


Description of the ballast exchange operations including any limitations 


Design speed 
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1.1.2.9 


1.1.2.10 


1.1.2.11 


The following additional loading conditions are to be included in the Loading 
Manual if the ship is specifically approved and intended to be operated in such 
conditions: 


(a) sea-going ballast conditions including water ballast carried in one or more cargo 
tanks which are intended for use in emergency situations as allowed by 
MARPOL Regulation 13. (Ship approved for loading pattern A8 of Table B.2.3 or 
B7 of Table B.2.4) 


(b) seagoing loading conditions where the net static upward load on the double 
bottom exceeds that given with the combination of an empty cargo tank and a 
mean ship’s draught of 0.9Tsc 


(c) seagoing loading conditions with cargo tanks less than 25% full with the 
combination of mean ship’s draught greater than 0.9Tsc 


(d) seagoing loading conditions where the net static downward load on the double 
bottom exceeds that given with the combination of a full cargo tank at a cargo 
density of 1.025 tonnes/m? and a mean ship's draught of 0.6Tsc 


(e) for ships arranged with cross ties in the centre cargo tank , seagoing loading 
conditions showing a non-symmetric loading pattern where the difference in 
filling level between corresponding port and starboard wing cargo tanks 
exceeds 25% of the filling height in the wing cargo tank (Ship approved for 
loading pattern A7 of Table B.2.3) 


This sub-section is not intended to prevent any other loading conditions to be 
included in the Loading Manual, nor is it intended to replace in any way the 
required Loading Manual/ Instrument. 


A tanker may in actual operation be loaded differently from the design loading 
conditions specified in the Loading Manual, provided limitations for longitudinal 
and local strength as defined in the Loading Manual and Loading Instrument 
onboard and applicable stability requirements are not exceeded. 


1.1.3 Loading computer system 


1.1.3.1 


1.1.3.2 


1.1.3.3 


1.1.3.4 


1.1.3.5 


The loading computer system, is to be a system, which unless stated otherwise is 
digital and that can easily and quickly ascertain whether operational limitations are 
exceeded for any loading condition. 


The loading computer system is to be approved based on the Rules of the individual 
Classification Society. 


The loading computer system is to be capable of producing any specific loading 
condition and verify that these comply with all the operational limitations given in 
1.1.2.2, and provide plots including input and output. 


If any of the operational limitations are not checked, the user is to be properly 
informed when using the system, and by the plots provided, so that each such item 
is verified by other means. The loading computer system is as a minimum to verify 
that the following are satisfied: 


(a) draught limitations 


(b) still water bending moments and shear forces are reported at the specified 
locations/read-out points. 


The final test conditions for the loading computer are to be based on conditions 
given in the final Loading Manual. The test conditions are subject to approval and 
the shear forces and bending moments calculated by the loading computer system, 
at each read out point, are to be within 0.02Qsw-perm Or 0.02Msw-perm Of the results given 
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1.1.3.6 


in the loading manual, where Qsw-perm and Msw-perm are the assigned permissible shear 
force and bending moment at each read out point respectively. 


Before a loading computer system is accepted, all relevant aspects of the computer, 
including but not limited to the following, are to be demonstrated to the Surveyor: 
(a) verification that the final data of the ship has been used 

(b) verification that the relevant limits for all read-out points are correct 


(c) that the operation of the system after installation onboard, is in accordance with 
the approved test conditions 


(d) that the approved test conditions are available onboard 
(e) that an operational manual is available onboard. 


1.2 Hull Girder Bending Strength 


1.2.1 General 


1.2.1.1 


1.2.1.2 


1.2.1.3 


1.2.1.4 


The net vertical hull girder section modulus, Zv-nets0, is to be equal to or greater than 
the requirements given by 1.2.2.2 and 1.2.3.2. The net vertical hull girder moment of 
inertia, [p-netso, as defined in Section 4/2.6.1.1 is to be equal to or greater than the 
requirement given by 1.2.2.1. 


Scantlings of all continuous longitudinal members of the hull girder based on 
moment of inertia and section modulus requirement in 1.2.2.1 and 1.2.2.2 are to be 
maintained within 0.4L midships. 


The hull girder section modulus requirements in 1.2.3 apply along the full length of 
the hull girder, from A.P. to F.P. 


Structural members included in the hull girder section modulus are to satisfy the 
buckling criteria given in 1.4. 


1.2.2 Minimum requirements 


1.2.2.1 At the midship cross section the net vertical hull girder moment of inertia about the 
horizontal neutral axis, Ip-neiso, is not to be less than the rule minimum vertical hull 
girder moment of inertia, Iv-min defined as: 
Io-min = 2.7C woL3B(Cy +0.7)-10-8 = m4 
Where: 
Giz wave coefficient as defined in Table 8.1.2 
L rule length, in m, as defined in Section 4/1.1.1.1 
B moulded breadth, in m, as defined in Section 4/1.1.3.1 
Co block coefficient, as defined in Section 4/1.1.9.1 but is not to be 
taken as less than 0.70 
Table 8.1.2 
Wave Coefficient Cu» 
rule length Cw 
150 < L < 300 10.75 - [(300 - L) / 100]3/2 
300 < L < 350 10.75 
350 < L < 500 10.75 - [(L - 350) / 150]3/2 
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1.2.2.2 At the midship cross section the net vertical hull girder section modulus, Zo-min, at 
the deck and keel is not to be less than the rule minimum hull girder section 
modulus, Zo-min, defined as: 
Zomin =0-9KC pol B(C, +0.7)-10° m3 
Where: 
k higher strength steel factor, as defined in Section 6/1.1.4 
Cwo wave coefficient as defined in Table 8.1.2 
L rule length, in m, as defined in Section 4/1.1.1.1 
B moulded breadth, in m, as defined in Section 4/1.1.3.1 
CG block coefficient, as defined in Section 4/1.1.9.1 but is not to be 
taken as less than 0.70 
RCN 1 to July 2010 version (effective from 1 July 2012) 
1.2.2.3 The net hull girder section modulus at keel, Zonetsox, is to be calculated in 
accordance with Section 4/2.6.1.2 and taking z at the keel. 
1.2.2.4 The net hull girder section modulus at deck, Zv-netso-a is to be calculated in 
accordance with Section 4/2.6.1.2 and taking z at the effective deck height, see 1.2.2.5. 
1.2.2.5 The effective deck height from the horizontal neutral axis for the hull girder section 


modulus, Za-cg, is to be taken as: 


Zdk-eff = Zdk-side —2NA-netso  ™M 

When no effective longitudinal strength members are positioned above a 
line extending from moulded deck line at side to a position 
(Zak-side-ZNA-nets0) / 0.9 from the neutral axis at the centreline 


Zak-off = (Zy — ZNA-nets0 {os +02 s ) m 


When any effective longitudinal strength members are positioned above a 
line extending from moulded deck line at side to a position 


(Zak-side-ZNA-nets0) / 0.9 from the neutral axis at the centreline 


Where: 

Zy distance from the baseline to top of the continuous strength 
member at a distance y from the centreline, in m, giving the 
largest value of Zak- see Figure 8.1.1 

ZNA-net50 distance from baseline to horizontal neutral axis, in m, see 
Figure 8.1.1 

Yel distance from the top of the continuous strength member to 
the centreline of the ship, in m, giving the largest value of 
Zak, See Figure 8.1.1 

B moulded breadth, in m, as defined in Section 4/1.1.3.1 

Zdk-side distance from the baseline to the moulded deck line at side, in 


m, see Figure 8.1.1 
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Figure 8.1.1 
Position for Calculation of Section Modulus Deck 


| 
g 
Zakel 0-9 T 
(Zan side 2NA-netso/ 9-9 ‘ 
z 
y 
Y Yy y 
z NA 
-side ZNA-net50 
y y Yy 


(Z t-side ZNA-ne50/ 0.9 


; NA 


-net50 


(b) Ship with large camber 


1.2.3 Hull girder requirement on total design bending moment 


1.2.3.1 The net vertical hull girder section modulus requirement as defined in 1.2.3.2 is to 
be assessed for both hogging and sagging conditions. 


1.2.3.2 The net hull girder section modulus about the horizontal neutral axis, Zv-net50, is not 
to be less than the rule required hull girder section modulus, Zv-re based on the 
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permissible still-water bending moment and design wave bending moment defined 


as: 


sw—perm 


+M 


WU-U0 


0 


perm 


10° m3 


permissible hull girder hogging or sagging still water 
bending moment as given in Table 8.1.3, in kNm 


hogging or sagging vertical wave bending moment, in kKNm 
as given in Table 8.1.3 


permissible hull girder bending stress as given in Table 8.1.3, 


in N/mm? 


Table 8.1.3 
Loads and Corresponding Acceptance Criteria for Hull Girder Bending Assessment 
Still water Wave 
Design load bending bending Permissible hull girder bending stress, 
combination moment, moment, Sperm ® 
Msw-perm Mwv-v 
143/k within 0.4L amidships 
(5) M sw-perm-harb 0 at and forward of 0.9L from A.P. 
105/k and 
at and aft of 0.1L from A.P. 
190/k within 0.4L amidships 
(S +D) Msw-perm-sea Mov-0 at and forward of 0.9L from A.P. 
140/k and 
at and aft of 0.1L from A.P 
Where: 


Msw-permtars permissible hull girder hogging and sagging still water bending moment for 
harbour/ sheltered water operation, in kNm, as defined in Section 7/2.1.1 


Msw-perm-sea permissible hull girder hogging and sagging still water bending moment for seagoing 
operation, in kNm, as defined in Section 7/2.1.1 


Muwv-v hogging and sagging vertical wave bending moments, in kNm, as defined in Section 
7/3.4.1 
Muyv-v is to be taken as: 
Mw-hog for assessment with respect to hogging vertical wave bending moment 


Mvv-sag for assessment with respect to sagging vertical wave bending moment 


k higher strength steel factor, as defined in Section 6/1.1.4 


Note 


1. Opern is to be linearly interpolated between values given. 
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1.3 Hull Girder Shear Strength 


1.3.1 General 


1.3.1.1 


The hull girder shear strength requirements apply along the full length of the hull 
girder, from A.P to F.P. 


1.3.2 Assessment of hull girder shear strength 


1.3.2.1 


1.3.2.2 


The net hull girder shear strength capacity, Qv-netso, as defined in 1.3.2.2 is not to be 
less than the required vertical shear force, Qv-reg as indicated in the following: 


oe = OF a beth + oe kN 
Where: 


Qsw-perm permissible hull girder positive or negative still water shear 
force as given in Section 7/2.1.3, in kN 

Quv vertical wave positive or negative shear force as defined in 
Section 7/3.4.3, in KN 


The permissible positive and negative still water shear forces for seagoing and 
harbour/sheltered water operations, Qsw-perm-sea aNd Qsw-perm-harb are to satisfy: 


Orem Ss Qo-nets0 at Q eine kN 
for maximum permissible positive shear force 


O sperm aS Q,,-net50 =O oneg kN 
for minimum permissible negative shear force 


Where: 

Qsw-perm permissible hull girder still water shear force as given in Table 
8.1.4, in kN 

Qo-neis0 net hull girder vertical shear strength to be taken as the 
minimum for all plate elements that contribute to the hull 
girder shear capacity 
= T ij—permt ij—net50 N 

10009, 

Tij-perm permissible hull girder shear stress, Tperm, as given in Table 
8.1.4, in N/mm? , for plate ij 

Quwv-pos positive vertical wave shear force, in KN, as defined in Table 
8.1.4 

Qwo-neg negative vertical wave shear force, in kN, as defined in Table 
8.1.4 

tij-net50 equivalent net thickness, tnetso, for plate ij, in mm. For 
longitudinal bulkheads between cargo tanks, tnetso is to be 
taken as fsfe-netso and ter-k aS Appropriate, see 1.3.3.1 and 1.3.4.1 

tnet50 net thickness of plate, in mm 
= t ope — O.5 tory 

ters gross plate thickness, in mm. The gross plate thickness for 
corrugated bulkheads is to be taken as the minimum of tw-grs 
and tpgrs, in mm 

tw-grs gross thickness of the corrugation web, in mm 
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Efgrs gross thickness of the corrugation flange, in mm 
corr corrosion addition, in mm, as defined in Section 6/3.2 
qv unit shear flow per mm for the plate being considered and 


based on the net scantlings. Where direct calculation of the 
unit shear flow is not available, the unit shear flow may be 
taken equal to: 


= [1e l . 10° mm- 
v-net50 
fi shear force distribution factor for the main longitudinal hull 
girder shear carrying members being considered. For 
standard structural configurations f; is as defined in Figure 
8.1.2 


q1-net50 first moment of area, in cm? ,about the horizontal neutral axis 
of the effective longitudinal members between the vertical 
level at which the shear stress is being determined and the 
vertical extremity, taken at the section being considered. The 
first moment of area is to be based on the net thickness, tnet50 


RCN 1 to July 2010 version (effective from 1 July 2012) 


To-net50 net vertical hull girder section moment of inertia, in m4, as 
defined in Section 4/2.6.1.1 


Table 8.1.4 
Loads and Corresponding Acceptance Criteria for Hull Girder Shear 
Assessment 
Design load Still water shear ves Permissible shear 
eee shear force, 
combination force, Qsw-perm Quo stress, Tperm 
Harbour /sheltered 
water operations Qsw-perm-harb 0 105/k for plate ij 
(S) 
Seagoing 
operations Qsw-perm-sea Quv 120/k for plate ij 
(S +D) 
Where: 
Qsw-perm-harb permissible positive or negative hull girder still water shear 
force for harbour operation, in kN, as defined in Section 7/2.1.3 
Qsw-perm-sea permissible positive or negative hull girder still water shear 
force for seagoing operation, in kN, as defined in Section 
7/2.1.3 
Quv positive or negative vertical wave shear, in kN, as defined in 
Section 7/3.4.3. Qw is to be taken as: 
Qwv-pos for assessment with respect to maximum positive 
permissible still water shear force 
Qwv-neg for assessment with respect to minimum negative 
permissible still water shear force 
plate ij for each plate j, index i denotes the structural member of 
which the plate forms a component 
k higher strength steel factor, as defined in Section 6/1.1.4 
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Figure 8.1.2 
Shear Force Distribution Factors 


Hull configuration 


fi factors 


Outside cargo region (no longitudinal bulkhead) 


Side shell 
f= 0.5 
Outside cargo region (centreline bulkhead) 
Side shell 
fı =0.231 + 0.076 "=" Arnao 
3-net50 
Longitudinal bulkhead 
Ay 
f = 0.538 - 0.152 — ==- I-nets0 
3-net50 
One centreline bulkhead Side shell 
A A, 
fı =0.055 + 0.097 — ==- Ineo 0,020 =o 
2—net50 3-net50 
Inner hull 
A A 
fa =0.193 — 0.059 — ===- Inet 0,058 e0 
2—net50 3—net50 


Longitudinal bulkhead 
Ca 5 fs =0.504—0,076 Leo — 0.156 Aan 


2—net50 3—net50 
Two longitudinal bulkheads Side shell 
= 0.028 + 0.087 ——“*+ Arneo + 0.023 — Ay-neis0 
1 
2—net50 3—net50 
Inner hull 
A A 
fa =0.119 — 0.038 ——#" neto 0,072 —2anet50_ 
2-net50 3—net50 
Longitudinal bulkhead 
A A 
Í: = 0.353 — 0.049 #0. 1-net50 — 0.095 Zanes 2-net50 
2-net50 3—net50 
1 index for the structural member under consideration: 


1, for the side shell 
2, for the inner hull 
3, for the longitudinal bulkhead 
Ai-net50 net area as defined in Section 4/2.6.4 and based on deduction of 0.5tcorr, of the structural 
member, i, at one side of the section under consideration. The area A3-netso for the 
centreline bulkhead is not to be reduced for symmetry around the centreline. 
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1.3.3 Shear force correction for longitudinal bulkheads between cargo tanks 


1.3.3.1 For longitudinal bulkheads between cargo tanks the effective net plating thickness 
of the plating above the inner bottom, tsf-neiso for plate ij, used for calculation of hull 
girder shear strength, Qo..netso, is to be corrected for local shear distribution and is 


given by: 

bf-nets0 = bers —9-St oo ta mm 

Where: 

ters gross plate thickness, in mm 

teorr corrosion addition, in mm, as defined in Section 6/3.2 

ta thickness deduction for plate ij, in mm, as defined in 1.3.3.2 


1.3.3.2 The vertical distribution of thickness reduction for shear force correction is assumed 
to be triangular as indicated in Figure 8.1.3. The thickness deduction, ta, to account 
for shear force correction is to be taken as: 


t= dQ; k _ _Xoik |- 2z e) 
hyn ij-perm 0.5L Py 


Where: 

6Q3 shear force correction for longitudinal bulkhead as defined in 
1.3.3.3 and 1.3.3.5 for ships with one or two longitudinal 
bulkheads respectively, in kN. 

li length of cargo tank, in m 

hon height of longitudinal bulkhead, in m, defined as the distance 
from inner bottom to the deck at the top of the bulkhead, as 
shown in Figure 8.1.3 

Xbik the minimum longitudinal distance from section considered to 
the nearest cargo tank transverse bulkhead, in m. To be taken 
positive and not greater than 0.51 

Zp the vertical distance from the lower edge of plate ij to the base 
line, in m. Not to be taken as less than ha, 

hav height of double bottom, in m, as shown in Figure 8.1.3 

Gij-perm permissible hull girder shear stress, Tperm, in N/mm? for plate 
1J 
= 120/ki 

kij higher strength steel factor, k, for plate ij as defined in Section 
6/1.1.4 
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Figure 8.1.3 
Shear Force Correction for Longitudinal Bulkheads 


1.3.3.3 For ships with a centreline bulkhead between the cargo tanks, the shear force 


1.3.3.4 


1.3.3.5 


correction in way of transverse bulkhead, ôQ;, is to be taken as: 


5Q,= 0.5K,F, kN 


Where: 
Ks correction factor, as defined in 1.3.3.4 
Fa maximum resulting force on the double bottom in a tank, in 


kN, as defined in 1.3.3.7 


For ships with a centreline bulkhead between the cargo tanks, the correction factor, 


K3, in way of transverse bulkheads is to be taken as: 


1 
K, =| 0.40} 1-——— |- 
? í =) fs 


Where: 
n number of floors between transverse bulkheads 
f shear force distribution factor, see Figure 8.1.2 


For ships with two longitudinal bulkheads between the cargo tanks, the shear force 


correction, 6Q3, is to be taken as: 


5Q;=0.5K;E, kN 


Where: 
Ks correction factor, as defined in 1.3.3.6 
Fa maximum resulting force on the double bottom in a tank, in 


kN, as defined in 1.3.3.7 


1.3.3.6 For ships with two longitudinal bulkheads between the cargo tanks, the correction 


factor, Ks, in way of transverse bulkhead is to be taken as: 
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Where: 
n number of floors between transverse bulkheads 
r ratio of the part load carried by the wash bulkheads and floors 
from longitudinal bulkhead to the double side and is given by: 
1 
r= ; 
Ay_net50 2 x 10 Deo (n, + IAs. neso 
Ay ne150 ni Ay ne150 lig (n, Ap _nets0 + R) 
Note: for preliminary calculations, r may be taken as 0.5 
lik length of cargo tank, between transverse bulkheads in the side 
cargo tank, inm 
bso 80% of the distance from longitudinal bulkhead to the inner 
hull longitudinal bulkhead, in m, at tank mid length 
Ar-net50 net shear area of the transverse wash bulkhead, including the 
double bottom floor directly below, in the side cargo tank, in 
cm?, taken as the smallest area in a vertical section. Ar-neiso is to 
be calculated with net thickness given by tgrs - 0.5teorr 
A1-net50 net area, as shown in Figure 8.1.2, in m? 
Az net50 net area, as shown in Figure 8.1.2, in m? 
A3-net50 net area, as shown in Figure 8.1.2, in m? 
f shear force distribution factor, as shown in Figure 8.1.2 
ns number of wash bulkheads in the side cargo tank 
R total efficiency of the transverse primary support members in 
the side tank 
= A 
n— Ns =ne 
R= -1-1 em 
2 7 
2 
y sig 300b Ao-net50 
I psm-net50 
AQ-net50 net shear area, in cm2, of a transverse primary support 
member in the wing cargo tank, taken as the sum of the net 
shear areas of floor, cross ties and deck transverse webs. 
Ag-netso is to be calculated using the net thickness given by 
ters - O.5tcorr, The net shear area is to be calculated at the mid 
span of the members. 
Tpsm-net50 net moment of inertia for primary support members, in cm4, of 


a transverse primary support member in the wing cargo tank, 
taken as the sum of the moments of inertia of transverses and 
cross ties. It is to be calculated using the net thickness given by 
ters - O.5tcorr, The net moment of inertia is to be calculated at the 
mid span of the member including an attached plate width 
equal to the primary support member spacing 
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ters gross plate thickness, in mm 


torr corrosion addition, in mm, as defined in Section 6/3.2 


1.3.3.7 The maximum resulting force on the double bottom in a tank, Fy, is to be taken as: 


Fo T 8|Wer + Wowsr E PowbalgT nean kN 
Where: 
Wer weight of cargo, in tonnes, as defined in Table 8.1.5 
Wewsr weight of ballast, in tonnes, as defined in Table 8.1.5 
bp breadth, in m, as defined in Table 8.1.5 
Lik length of cargo tank, between watertight transverse bulkheads 
in the wing cargo tank, inm 
T mean draught at the mid length of the tank for the loading condition 
considered, in m. 
g acceleration due to gravity, 9.81 m/s? 
Pow density of sea water, 1.025 tonnes / m’ 
Table 8.1.5 
Design Conditions for Double Bottoms 
Structural 
Configuration Wer Per á 
Ships with one weight of cargo weight of ballast maximum breadth 
longitudinal in cargo tanks,in | between port and between port and 
bulkhead tonnes, using a starboard inner starboard inner sides 
minimum sides, in tonnes at mid length of 
specific gravity of tank, in m, as shown 
1.025 tonnes / m? in Figure 8.1.4 
Ships with two weight of cargo weight of ballast maximum breadth of 
longitudinal in the centre below the centre the centre cargo tank 
bulkheads tank, in tonnes, cargo tank, in at mid length of 
using a tonnes tank, in m, as shown 
minimum in Figure 8.1.4 
specific gravity of 
1.025 tonnes / m? 


1.3.3.8 The maximum resulting force on the double bottom in a tank, Fw, is in no case to be 
less than that given by the rule minimum conditions given in Table 8.1.6. 
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Table 8.1.6 
Rule Minimum Conditions for Double Bottoms 
Structural Configuration Positive/negative Minimum condition 
force, Fay 
Ships with one longitudinal | Max positive net 0.9Ts: and empty cargo and ballast tanks 
bulkhead vertical force, Fap+ 
Max negative net 0.6Ts< and full cargo tanks and empty 
vertical force, Fa- ballast tanks 
Ships with two longitudinal | Max positive net 0.9T;; and empty cargo and ballast tanks 
bulkheads vertical force, Fap+ 
Max negative net 0.6Tsc and full centre cargo tank and empty 
vertical force, Fa- ballast tanks 
Figure 8.1.4 


Tank Breadth to be Included for Different Tanker Types 


Cargo 
Tank 
Starboard 


1.3.4 Shear force correction due to loads from transverse bulkhead stringers 


1.3.4.1 In way of transverse bulkhead stringer connections, within areas as specified in 
Figure 8.1.6, the equivalent net thickness of plate used for calculation of the hull 
girder shear strength, tst- where the index k refers to the identification number of 
the stringer, is not to be taken greater than: 


= T str 
Estr- — © sfe—net50 í v mm 


T ij-perm 

Where: 

E sfe-net50 effective net plating thickness, in mm, as defined in 1.3.3.1 and 
calculated at the transverse bulkhead for the height 
corresponding to the level of the stringer 

Tij-perm permissible hull girder shear stress, Tperm, for plate ij 


= 120/kij N/mm? 
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kij higher strength steel factor, k, for plate ij as defined in Section 
6/1.1.4 
Tstr = Qorx N / mm2 
lirt sfe—net50 
lsir connection length of stringer, in m, see Figure 8.1.5 
Qstr-k shear force on the longitudinal bulkhead from the stringer in 


loaded condition with tanks abreast full 


=0.8F 4 [i inte | kN 


hpg 


RCN 1 to July 2010 version (effective from 1 July 2012) 


Pstr-k total stringer supporting force, in KN, as defined in 1.3.4.2 

hav the double bottom height, in m, as shown in Figure 8.1.6 

hoik height of bulkhead, in m, defined as the distance from inner 
bottom to the deck at the top of the bulkhead, as shown in 
Figure 8.1.6 

Zstr the vertical distance from baseline to the considered stringer, 
in m. 


1.3.4.2 The total stringer supporting force, Fs, in way of a longitudinal bulkhead is to be 


taken as: 
p , Publ +h) gy 
str—k 9 

Where: 

Psi pressure on stringer, in kN/m2, to be taken as: 10h 

het the height from the top of the tank to the midpoint of the load 
area between //2 below the stringer and 1/2 above the 
stringer, in m 

hr the vertical distance from the considered stringer to the 
stringer below. For the lowermost stringer, it is to be taken as 
80 % of the average vertical distance to the inner bottom, in m 

hk the vertical distance from the considered stringer to the 
stringer above. For the uppermost stringer, it is to be taken as 
80 % of the average vertical distance to the upper deck, in m 

Dstr load breadth acting on the stringer, in m, see Figure 8.1.7 and 


8.1.8 
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Effective Connection Length of Stringer 


Figure 8.1.5 


stringer connection length 
l 


DN 


str 
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Figure 8.1.6 
Region for Stringer Correction, t;, for a Tanker with Three Stringers 
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Figure 8.1.7 
Load Breadth of Stringers for Ships with a Centreline Bulkhead 


Buttress 
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1.3.4.3 Where reinforcement is provided to meet the above requirement, the reinforced 
area based on tsx is to extend longitudinally for the full length of the stringer 
connection and a minimum of one frame spacing forward and aft of the bulkhead. 
The reinforced area shall extend vertically from above the stringer level and down 
to 0.5h; below the stringer, where h, the vertical distance from the considered 
stringer to the stringer below is as defined in 1.3.4.2. For the lowermost stringer the 
plate thickness requirement fsx is to extend down to the inner bottom, see Figure 
8.1.6. 


Figure 8.1.8 
Load Breadth of Stringers for Ships with Two Inner Longitudinal Bulkheads 


Buttress 


Notes 
1. bs is the breadth of wing cargo tank, in m. 
2. ber is the breadth of centre cargo tank, in m. 


1.4 Hull Girder Buckling Strength 


1.4.1 General 


1.4.1.1 These requirements apply to plate panels and longitudinals subject to hull girder 
compression and shear stresses. These stresses are to be based on the permissible 
values for still water bending and shear forces given in Section 7/2.1, and wave 
bending moments and shear forces given in Section 7/3.4. 
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1.4.1.2 


1.4.1.3 


The hull girder buckling strength requirements apply along the full length of the 
ship, from A.P to F.P. 


For the purposes of assessing the hull girder buckling strength in this sub-section, 
the following are to be considered separately: 
(a) axial hull girder compressive stress to satisfy requirements in 1.4.2.6 and 1.4.2.8 


(b) hull girder shear stress to satisfy requirements in 1.4.2.7. 


1.4.2 Buckling assessment 


1.4.2.1 The buckling assessment of plate panels and longitudinals is to be determined 
according to Section 103.1 with hull girder stresses calculated on net hull girder 
sectional properties. 
1.4.2.2 The buckling strength for the buckling assessment is to be derived using local net 
scantlings, tnes as follows: 
net = ee = LOE cory mm 
Where: 
ters gross plate thickness, in mm 
teorr corrosion addition, in mm, as defined in Section 6/3.2 
1.4.23 The hull girder compressive stress due to bending, Ohg-neiso, for the buckling 
assessment is to be calculated using net hull girder sectional properties and is to be 
taken as the greater of the following: 
Z-Z —ne May erm—sea + Mo 
sa ( NA=net50 X p ) 10° N A 
I v-net50 
O hg-net50 z F N/mm2 
Where: 
Msw-permsea permissible still water bending moment for seagoing 
operation, in kNm, as defined in Section 7/2.1.1, with signs 
as given in 1.4.2.4 
Mov-v hogging and sagging vertical wave bending moments, in 
kNm, as defined in Section 7/3.4.1, with signs as given in 
1.4.2.4 
Mw- is to be taken as: 
Muv-hog for assessment with the hogging still water bending 
moment 
Mwv-sag for assessment with the sagging still water bending 
moment 
Z distance from the structural member under consideration to 
the baseline, in m 
ZNA-net50 distance from the baseline to the horizontal neutral, in m, 
see Figure 8.1.1 
To-net50 net vertical hull girder section moment of inertia, in m4, as 
defined in Section 4/2.6.1.1 
k higher strength steel factor, as defined in Section 6/1.1.4.1 
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1.4.2.4 


1.4.2.5 


1.4.2.6 


The sagging bending moment values of Msw-perm-sea and Mw» are to be taken for 
members above the neutral axis. The hogging bending moment values are to be 
taken for members below the neutral axis. 


The design hull girder shear stress for the buckling assessment, Trg-netso, is to be 
calculated based on net hull girder sectional properties and is to be taken as: 


10004, 


= 2 
T hg-net50 = (cere + On| N/mm 


ij—net50 


Where: 
Qsw-perm-sea positive and negative still water permissible shear force for 
seagoing operation, in kN, as defined in Section 7/2.1.3 


Quo positive or negative vertical wave shear, in kN, as defined in 
Section 7/3.4.3. 


Qw is to be taken as: 
Qwv-pos for assessment with the positive permissible still water 
shear force 
Qwv-neg for assessment with the negative permissible still water 
shear force 

fij-net50 net thickness for the plate ij, in mm 
Sfij-grs — O.5teorr 

tij-grs gross plate thickness of plate ij, in mm. The gross plate 


thickness for corrugated bulkheads is to be taken as the 
minimum of tw-grs and ttgr, in mm 


tw-grs gross thickness of the corrugation web, in mm 

tfgrs gross thickness of the corrugation flange, in mm 

teorr corrosion addition, in mm, as defined in Section 6/3.2 

qo unit shear per mm for the plate being considered as defined in 
1.3.2.2 

Note 

1. Maximum of the positive shear (still water + wave) and negative shear (still water + 


wave) is to be used as the basis for calculation of design shear stress 


2. All plate elements ij that contribute to the hull girder shear capacity are to be 
assessed. See also Table 8.1.4 and Figure 8.1.2 


3. The gross rule required thicknesses is to be calculated considering shear 
force correction. 

4. For longitudinal bulkheads between cargo tanks, tij-nesso is to be taken as 
tsfe-netso and tetas appropriate. 

RCN 2 to July 2008 version (effective from 1 July 2010) 


The compressive buckling strength, of plate panels, is to satisfy the following 
criteria: 
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7 = H allow 

Where: 

1 buckling utilisation factor 
O hg-net50 

O o 

Ong-net50 hull girder compressive stress based on net hull girder 
sectional properties, in N/mm? as defined in 1.4.2.3 

Or critical compressive buckling stress, Oxcr OF Oycr as appropriate, 
in N/mm2, as specified in Section 10/3.2.1.3. The critical 
compressive buckling stress is to be calculated for the effects 
of hull girder compressive stress only. The effects of other 
membrane stresses and lateral pressure are to be ignored. The 
net thickness given as fers — tcorr as described in Section 6/3.3.2.2 
is to be used for the calculation of O. 

Mallow allowable buckling utilisation factor: 
= 1.0 for plate panels at or above 0.5D 
= 0.90 for plate panels below 0.5D 

ters gross plate thickness, in mm 

corr corrosion addition, in mm, as defined in Section 6/3.2 


(RCN 1, effective from 1 April 2007) 


1.4.2.7 The shear buckling strength, of plate panels, is to satisfy the following criteria: 


7] 3 Hallow 

Where: 

1 buckling utilisation factor 
The—net50 

Tor 

Thg-net50 design hull girder shear stress, in N/mm?, as defined in 1.4.2.5 

Ter critical shear buckling stress, in N/ mmz, as specified in Section 
10/3.2.1.3. The critical shear buckling stress is to be calculated 
for the effects of hull girder shear stress only. The effects of 
other membrane stresses and lateral pressure are to be 
ignored. The net thickness given as ters — tcorr as described in 
Section 6/3.3.2.2 is to be used for the calculation of Te 

Hallow allowable buckling utilisation factor 
=0.95 

ters gross plate thickness, in mm 

tcorr corrosion addition, in mm, as defined in Section 6/3.2 


1.4.2.8 The compressive buckling strength of longitudinal stiffeners is to satisfy the 
following criteria: 
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7] Ss H allow 

Where: 

1 greater of the buckling utilisation factors given in Section 
10/3.3.2.1 and Section 10/3.3.3.1. The buckling utilisation factor 
is to be calculated for the effects of hull girder compressive 
stress only. The effects of other membrane stresses and lateral 
pressure are to be ignored. 

Mallow allowable buckling utilisation factor: 


= 1.0 for stiffeners at or above 0.5D 


= 0.90 for stiffeners below 0.5D 
(RCN 1, effective from 1 April 2007) 


1.5 Hull Girder Fatigue Strength 


1.5.1 General 


1.5.1.1 The following provides a simplified fatigue control measure against the dynamic 
hull girder stresses in the longitudinal deck structure. 


1.5.1.2 The requirements in 1.5.1.3 are not mandatory, but are recommended to be applied 
in the early design phase in order to give an indication of the required hull girder 
section modulus for compliance with the mandatory fatigue requirements specified 
in Section 9/3 and Appendix C. 


1.5.1.3 The fatigue life for the deck structure as required by Section 9/3 and Appendix C is 
normally satisfied providing the net vertical hull girder section modulus at the 
moulded deck line at side, Zo-neiso, as defined in Section 4/2.6.1.1, is not less than the 
required hull girder section modulus, Zv-fa, defined as: 


Z = M wo-hog =M ozsag m3 
ou 1000R,,, 

Where: 

Mwv-hog hogging vertical wave bending moment for fatigue, in kNm, 
as defined in Section 7/3.4.1 

Mwv-sag sagging vertical wave bending moment for fatigue, in kNm, as 
defined in Section 7/3.4.1 

Rai allowable stress range, in N/mm2 
= 0.17L + 86 for class F-details 
= 0.15L + 76 for class F2-details 

L rule length, in m, as defined in Section 4/1.1.1.1 


1.6 Tapering and Structural Continuity of Longitudinal Hull Girder Elements 


1.6.1 Tapering based on minimum hull girder section property requirements 


1.6.1.1 Scantlings of all continuous longitudinal members of the hull girder based on the 
moment of inertia and section modulus requirements given in 1.2.2 are to be 
maintained within 0.4L of amidships. 


1.6.1.2 Scantlings outside of 0.4L amidships as required by the rule minimum moment of 
inertia and section modulus as given in 1.2.2 may be gradually reduced to the local 
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requirements at the ends provided the hull girder bending and buckling 
requirements, along the full length of the ship, as given in 1.2.3 and 1.4 are complied 
with. For tapering of higher strength steel, see 1.6.2 and 1.6.3.. 


1.6.2 Longitudinal extent of higher strength steel 


1.6.2.1 Where used, the application of higher strength steel is to be continuous over the 
length of the ship up to locations where the longitudinal stress levels are within the 
allowable range for mild steel structure, see Figure 8.1.9. 


Figure 8.1.9 
Longitudinal Extent of Higher Strength Steel 


Equivalent mild steel 


H.S. steel line 


1.6.3 Vertical extent of higher strength steel 


1.6.3.1 The vertical extent of higher strength steel, Znis, used in the deck or bottom and 
measured from the moulded deck line at side or keel is not to be taken less than the 
following, see also Figure 8.1.10. 


(ox 
_ perm 
Zhts = of} z | m 
Oo; 


RCN 1 to July 2010 version (effective from 1 July 2012) 


Where: 

Z1 distance from horizontal neutral axis to moulded deck line 
or keel respectively, in m 

o1 to be taken as ox or ox for the hull girder deck and keel 
respectively, in N/mm? 

Oak hull girder bending stress at moulded deck line given by: 


M 


sw—perm—sea a WU-V0 


T (Zat-side = ZNA-net50) -10 N/ mm 
v—net50 
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Oki 


Operm 


Msw-perm-sea 


Move 


I o-net50 


Zdk-side 
Zkl 


ZNA-net50 


ki 


hull girder bending stress at keel given by: 
M +M 


sw—perm—sea Wwv-v 


(Za-netso — Zk)” io” N/mm? 


Ty -net50 
permissible hull girder bending stress as given in Table 8.1.3 
for design load combination S+D, in N/mm? 
RCN 1 to July 2010 version (effective from 1 July 2012) 


permissible hull girder still water bending moment for 
seagoing operation, in kNm, as defined in Section 7/2.1.1 


hogging and sagging vertical wave bending moments, in 
kNm, as defined in Section 7/3.4.1 
Mw- is to be taken as: 


Mov-tog for assessment with respect to hogging vertical wave 
bending moment 


Mov-sag for assessment with respect to sagging vertical wave 
bending moment 


net vertical hull girder moment of inertia, in m4, as defined 
in Section 4/2.6.1.1 


distance from baseline to moulded deck line at side, in m 
vertical distance from the baseline to the keel, in m 
distance from baseline to horizontal neutral axis, in m 


higher strength steel factor for the area i defined in Figure 
8.1.10. The factor, k, is defined in Section 6/1.1.4 
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Figure 8.1.10 
Vertical Extent of Higher Strength Steel 


steel 
with material 
factor k, 


1.6.4 Tapering of plate thickness due to hull girder shear requirement 


1.6.4.1 


Longitudinal tapering of shear reinforcement is permitted, provided that for any 
longitudinal position the requirements given in 1.3.2 are complied with. Control of 
the shear strength at intermediate positions is to be carried out by linear 
interpolation of permissible shear limits at the bulkhead and in the middle of the 
tank. 


1.6.5 Structural continuity of longitudinal bulkheads 


1.6.5.1 


Suitable scarphing arrangements are to be made to ensure continuity of strength 
and the avoidance of abrupt structural changes. In particular longitudinal 
bulkheads are to be terminated at an effective transverse bulkhead and large 
transition brackets shall be fitted in line with the longitudinal bulkhead. 


1.6.6 Structural continuity of longitudinal stiffeners 


1.6.6.1 


1.6.6.2 


Where longitudinal stiffeners terminate, and are replaced by a transverse system, 
adequate arrangements are to be made to avoid an abrupt changeover. 


Where a deck longitudinal stiffener is cut, in way of an opening, compensation is to 
be arranged to ensure structural continuity of the area. The compensation area is to 
extend well beyond the forward and aft end of the opening and not be less than the 
area of the longitudinal that is cut. Stress concentration in way of the stiffener 
termination and the associated buckling strength of the plate and panel are to be 
considered. 
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2 CARGO TANK REGION 
2.1 General 


2.1.1 Application 


2.1.1.1 The requirements of this Sub-Section apply to the hull structure within the cargo 
tank region of the ship, for the shell, deck, inner bottom and bulkhead plating, 
stiffeners and primary support members. 


2.1.2 Basis of scantlings 


2.1.2.1 The net scantlings described in this Sub-Section are related to gross scantlings as 
follows: 


(a) for application of the minimum thickness requirements specified in 2.1.5 and 
2.1.6, the gross thickness is obtained from the applicable requirements by 
adding the full corrosion additions specified in Section 6/3 


(b) for plating and local support members, the gross thickness and gross cross 
sectional properties are obtained from the applicable requirements by adding 
the full corrosion additions specified in Section 6/3 

(c) for primary support members, the gross shear area, gross section modulus, and 
other gross cross sectional properties are obtained from the applicable 
requirements by adding one half of the relevant full corrosion addition specified 
in Section 6/3 

(d) for application of the buckling requirements of Section 10/3, the gross thickness 
and gross cross-sectional properties are obtained from the applicable 
requirements by adding the full corrosion additions specified in Section 6/3. 


2.1.3 Evaluation of scantlings 


2.1.3.1 The following scantling requirements are based on the assumption that all 
structural joints and welded details are designed and fabricated, such that they are 
to be compatible with the anticipated working stress levels at the locations 
considered. The loading patterns, stress concentrations and potential failure modes 
of structural joints and details during the design of highly stressed regions are to be 
considered. Structural design details are to comply with the requirements given in 
Section 4/3. 


2.1.3.2 The scantlings are to be assessed to ensure that the strength criteria are satisfied at 
all longitudinal positions, where applicable. 


2.1.3.3 Local scantling increases are to be applied where applicable to cover local 
variations, such as increased spacing, increased stiffener spans and green sea 
pressure loads. Local scantling increases may also be required to cover fore end 
strengthening requirements, see Section 8/3. 


2.1.4 General scantling requirements 


2.1.4.1 The hull structure is to comply with the applicable requirements of: 
(a) hull girder longitudinal strength, see Section 8/1 
(b) strength against sloshing and impact loads, see Section 8/6 
(c) hull girder ultimate strength, see Section 9 
(d) strength assessment (FEM), see Section 9 
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2.1.4.2 


2.1.4.3 


2.1.4.4 


2.1.4.5 


2.1.4.6 


2.1.4.7 


2.1.4.8 


(e) fatigue strength, see Section 9/3 
(f) buckling and ultimate strength, see Section 10. 


The net section modulus, shear areas and other sectional properties of the local and 
primary support members are to be determined in accordance with Section 4/2. 


The section modulus, shear areas and other sectional properties of the local and 
primary support members apply to the areas clear of the end brackets. 


The spans of the local and primary support members are defined in Section 4/2.1. 


The moments of inertia for the primary support members are to be determined in 
association with the effective attached plating at the mid span as specified in Section 
4/2.3.2.3. 


Limber, drain and air holes are to be cut in all parts of the structure, as required, to 
ensure the free flow to the suction pipes and escape of air to the vents. See also 
Section 4/3. 


All shell frames and tank boundary stiffeners are in general to be continuous, or are 
to be bracketed at their ends, except as permitted in Sections 4/3.2.4 and 4/3.2.5. 
Enlarged stiffeners (with or without web stiffening) used for Permanent Means of 
Access (PMA) are to comply with the following requirements: 
a) Buckling strength including proportion (slenderness ratio) requirements for 
primary support members as follows: 
e For stiffener web, see Section 10/2.3.1.1 (a), 10/3.2. 
e For stiffener flange, see Section 10/2.3.1.1 (b), 10/2.3.3.1. 
e — For web stiffeners, see Section 10/2.3.2.1, 10/2.3.2.2, 10/3.3. 
Note: Note 1 of table 10.2.1 is not applicable. 
b) Buckling strength of longitudinal PMA platforms without web stiffeners may 


also be ensured using the criteria for local support members in Section 10/2.2 
and Section 10/3.3, including Note 1 of Table 10.2.1, provided shear buckling 
strength of web is verified in line with Section 10/3.2. 


c) All other requirements for local support members as follows: 
e — Corrosion additions: requirements for local support members 
e Minimum thickness: requirements for local support members 
e Fatigue: requirements for local support members 


Note: For primary support members (or part of it) used as a PMA platform the 
requirements for primary support members are to be applied. 


2.1.5 Minimum thickness for plating and local support members 


pas Bore | 


The thickness of plating and stiffeners in the cargo tank region is to comply with the 
appropriate minimum thickness requirements given in Table 8.2.1. 
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Table 8.2.1 
Minimum Net Thickness for Plating and Local Support Members 
in the Cargo Tank Region 
Scantling Location AE E 
(mm) 
Keel plating 6.5+0.03L2 
Shell —  [pemmmmmmmmumnmanmnannnnnnanaennnnenenea 
Bottom shell/bilge/side shell 4.5+0.03L2 
Upper Deck 4.5+0.02L2 
Plating 
Other structure Non-tight bulkheads, bulkheads 
between dry spaces and other 4.5+0.01L2 
plates in general 
Local Local support members on tight boundaries 3.5+0.015L2 
support Pere peee] 
members Local support members on other structure 2.5+0.015L2 
Tripping brackets 5.0+0.015L2 
Where: 
Lo rule length, L, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m 


RCN 1 to July 2008 version (effective from 1 February 2010) 


2.1.6 Minimum thickness for primary support members 


2.1.6.1 The thickness of web plating and face plating of primary support members in the 
cargo tank region is to comply with the appropriate minimum thickness 
requirements given in Table 8.2.2. 


Table 8.2.2 
Minimum Net Thickness for Primary Support Members 
in Cargo Tank Region 
. . Net Thickness 
Scantling Location 
(mm) 
Double bottom centreline girder 5.5+0.025L2 
Other double bottom girders 5.5+0.02L2 
Double bottom floors, web plates of side transverses and stringers in 5.0+0.015L. 
double hull 
Web and flanges of vertical web frames on longitudinal bulkheads, 
horizontal stringers on transverse bulkhead, deck transverses (above and 5.5+0.015L2 
below upper deck) and cross ties. 
Where: 
Lo rule length, L, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m 


2.2 Hull Envelope Plating 


2.2.1 Keel plating 


2.2.1.1 Keel plating is to extend over the flat of bottom for the complete length of the ship. 
The breadth, by, is not to be less than: 


b, =800+5L, mm 
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2:2:1;2 


Where: 


Lo rule length, L, as defined in Section 4/1.1.1.1, but not to be 
taken greater than 300m 


The thickness of the keel plating is to comply with the requirements given in 2.2.2. 


2.2.2 Bottom shell plating 


2:221 


The thickness of the bottom shell plating is to comply with the requirements in Table 
8.2.4. 


2.2.3 Bilge plating 


2.2.3.1 


2:2.9;2 


The thickness of bilge plating is not to be less than that required for the adjacent 
bottom shell, see 2.2.2.1, or adjacent side shell plating, see 2.2.4.1, whichever is the 
greater. 

The net thickness of bilge plating, tne without longitudinal stiffening is not to be 
less than: 


3r? St Pex 


trt =——-———_. mm 
100 
Where: 
Pex design sea pressure for the design load set 1 calculated at the 


lower turn of bilge, in kN/m2 


r effective bilge radius 
=%+0.5(a+b) mm 


ro radius of curvature, in mm. See Figure 8.2.1 

St distance between transverse stiffeners, webs or bilge brackets, 
inm 

a distance between the lower turn of bilge and the outermost 


bottom longitudinal, in mm, see Figure 8.2.1 and 2.3.1.2. Where 
the outermost bottom longitudinal is within the curvature, 
this distance is to be taken as zero. 


b distance between the upper turn of bilge and the lowest side 
longitudinal, in mm, see Figure 8.2.1 and 2.3.1.2. Where the 
lowest side longitudinal is within the curvature, this distance 
is to be taken as zero. 


Where plate seam is located in the straight plate just below the lowest stiffener on 
the side shell, any increased thickness required for the bilge plating does not have to 
extend to the adjacent plate above the bilge provided that the plate seam is not more 
than s,/4 below the lowest side longitudinal. Similarly for flat part of adjacent 
bottom plating, any increased thickness for the bilge plating does not have to be 
applied provided that the plate seam is not more than S,/4 beyond the outboard 
bottom longitudinal. Regularly longitudinally stiffened bilge plating is to be 
assessed as a stiffened plate. The bilge keel is not considered as “longitudinal 
stiffening” for the application of this requirement. 
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Figure 8.2.1 
Unstiffened Bilge Plating 
i 
Tt, 
2.2.3.3 Where bilge longitudinals are omitted, the bilge plate thickness outside 0.4L 


amidships will be considered in relation to the support derived from the hull form 
and internal stiffening arrangements. In general, outside of 0.4L amidships the bilge 
plate scantlings and arrangement are to comply with the requirements of ordinary 
side or bottom shell plating in the same region. Consideration is to be given where 
there is increased loading in the forward region. 


2.2.4 Side shell plating 


2.2.4.1 


2.2.4.2 


2.2.4.3 


The thickness of the side shell plating is to comply with the requirements in Table 
8.2.4. 


The net thickness, tne, of the side plating within the range as specified in 2.2.4.3 is 
not to be less than: 


0.25 
i= 26| : vor] mm 


1000 On 
Where: 
s stiffener spacing, in mm, as defined in Section 4/2.2 
B moulded breadth, in m as defined in Section 4/1.1.3.1 
T sc scantling draught, in m, as defined in Section 4/1.1.5.5 
Oya specified minimum yield stress of the material, in N/mm? 


The thickness in 2.2.4.2 is to be applied to the following extent of the side shell 
plating, see Figure 8.2.2: 
(a) longitudinal extent: 

e between a section aft of amidships where the breadth at the waterline exceeds 
0.9B, and a section forward of amidships where the breadth at the waterline 
exceeds 0.6B 

(b) vertical extent: 

e between 300mm below the minimum design ballast waterline, Toa, amidships 

to 0.25Tsc or 2.2m, whichever is greater, above the draught Tsc. 
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Figure 8.2.2 
Extent of Side Shell Plating 
breadth greater breadth greater 
than 0.9B than 0.6B 


the greater of 
0.25T.. or 2.2m 


waterline at T, 


minimum design ballast 
‘waterline amidships 


2.2.5 Sheer strake 
2.2.5.1 The sheer strake is to comply with the requirements in 2.2.4. 


2.2.5.2 The welding of deck fittings to rounded sheer strakes is to be avoided within 0.6L of 
amidships. 


2.2.5.3 Where the sheer strake extends above the deck stringer plate, the top edge of the 
sheer strake is to be kept free from notches and isolated welded fittings, and is to be 
smooth with rounded edges Grinding may be required if the cutting surface is not 
smooth. Drainage openings with a smooth transition in the longitudinal direction 
may be permitted. 


2.2.6 Deck plating 


2.2.6.1 The thickness of the deck plating is to comply with the requirements given in Table 
8.2.4. 


2.3 Hull Envelope Framing 


2.3.1 General 


2.3.1.1 The bottom shell, inner bottom and deck are to be longitudinally framed in the 
cargo tank region. The side shell, inner hull bulkheads and longitudinal bulkheads 
are generally to be longitudinally framed. Where the side shell is longitudinally 
framed, the inner hull bulkheads are to be similarly constructed. Suitable 
alternatives which take account of resistance to buckling will be specially 
considered. 


2.3.1.2 Where longitudinals are omitted in way of the bilge, a longitudinal is to be fitted at 
the bottom and at the side close to the position where the curvature of the bilge 
plate starts. The distance between the lower turn of bilge and the outermost bottom 
longitudinal, a, is generally not to be greater than one-third of the spacing between 
the two outermost bottom longitudinals, sa. Similarly, the distance between the 
upper turn of the bilge and the lowest side longitudinal, b, is generally not to be 
greater than one-third of the spacing between the two lowest side longitudinals, sp. 
See Figure 8.2.1. 
(RCN 2, effective from 1 July 2008) 


2.3.1.3 The longitudinals are to comply with the requirements of continuity given in Section 
4/3.2. 
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2.3.2 Scantling criteria 


2.3.2.1 The section modulus, and thickness, of the hull envelope framing is to comply with 
the requirements given in Tables 8.2.5 and 8.2.6. 


2.3.2.2 Where the side shell longitudinal or the vertical stiffener is inclined to the 
longitudinal or vertical axis, respectively, the span is to be taken in accordance with 
Section 4/2.1.3. 


2.3.2.3 For curved stiffeners, the span is to be taken in accordance with Section 4/2.1.3. 
2.4 Inner Bottom 


2.4.1 Inner bottom plating 


2.4.1.1 The thickness of the inner bottom plating is to comply with the requirements given 
in Table 8.2.4. 


2.4.1.2 In way of a welded hopper knuckle, the inner bottom is to be scarfed to ensure 
adequate load transmission to surrounding structure and reduce stress 
concentrations. 


2.4.1.3 In way of corrugated bulkhead stools, where fitted, particular attention is to be 
given to the through-thickness properties, and arrangements for continuity of 
strength, at the connection of the bulkhead stool to the inner bottom. For 
requirements for plates with specified through-thickness properties, see Section 
6/1.1.5. 


2.4.2 Inner bottom longitudinals 
2.4.2.1 The section modulus and web plate thickness of the inner bottom longitudinals are 
to comply with the requirements given in Tables 8.2.5 and 8.2.6. 


2.5 Bulkheads 


2.5.1 General 


2.5.1.1 The inner hull and longitudinal bulkheads are generally to be longitudinally 
framed, and plane. Corrugated bulkheads are to comply with the requirements 
given in 2.5.6. 


2.5.1.2 Where bulkheads are penetrated by cargo or ballast piping, the structural 
arrangements in way are to be adequate for the loads imparted to the bulkheads by 
the hydraulic forces in the pipes. 

2.5.2 Longitudinal tank boundary bulkhead plating 


2.5.2.1 The thickness of the longitudinal tank boundary bulkhead plating is to comply with 
the requirements given in Table 8.2.4. 


2.5.2.2 Inner hull and longitudinal bulkheads are to extend as far forward and aft as 
practicable and are to be effectively scarfed into the adjoining structure. 
2.5.3 Hopper side structure 


2.5.3.1 Knuckles in the hopper tank plating are to be supported by side girders and 
stringers, or by a deep longitudinal. 
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2.5.4 Transverse tank boundary bulkhead plating 


2.5.4.1 The thickness of the transverse tank boundary bulkhead plating is to comply with 
the requirements given in Table 8.2.4. 


2.5.5 Tank boundary bulkhead stiffeners 


2.5.5.1 The section modulus and web thickness of stiffeners, on longitudinal or transverse 
tank boundary bulkheads, are to comply with the requirements given in Tables 8.2.5 
and 8.2.6. 


2.5.6 Corrugated bulkheads 


2.5.6.1 The scantling requirements relating to corrugated bulkheads defined in 2.5.6 and 
2.5.7 are net requirements. The gross scantling requirements are obtained from the 
applicable requirements by adding the full corrosion additions specified in Section 
6/3. 


2.5.6.2 In general, corrugated bulkheads are to be designed with the corrugation angles, ¢, 
between 55 and 90 degrees, see Figure 8.2.3. 


2.5.6.3 The global strength of corrugated bulkheads, lower stools and upper stools, where 
fitted, and attachments to surrounding structures are to be verified with the cargo 
tank FEM model in the midship region, see Section 9/2. The global strength of 
corrugated bulkheads outside of midship region are to be considered based on 
results from the cargo tank FEM model and using the appropriate pressure for the 
bulkhead being considered. Additional FEM analysis of cargo tank bulkheads 
forward and aft of the midship region may be necessary if the bulkhead geometry, 
structural details and support arrangement details differ significantly from 
bulkheads within the mid cargo tank region. 


2.5.6.4 The net thicknesses, tnet, of the web and flange plates of corrugated bulkheads are to 
be taken as the greatest value calculated for all applicable design load sets, as given 
in Table 8.2.7, and given by: 


top = 0.0158 b ld mm 
net i p 


al yd 
Where: 
P design pressure for the design load set being considered, 
calculated at the load point defined in Section 3/5.1, in KN/m2 
by breadth of plate: 
=b; for flange plating, in mm. See Figure 8.2.3 
=b» for web plating, in mm. See Figure 8.2.3 
Ca permissible bending stress coefficient: 
=0.75 for acceptance criteria set AC1 
=0.90 for acceptance criteria set AC2 
Oyd specified minimum yield stress of the material, in N/mm? 


2.5.6.5 Where the corrugated bulkhead is built with flange and web plate of different 
thickness, then the thicker net plating thickness, fin-net, is to be taken as the greatest 
value calculated for all applicable design load sets, as given in Table 8.2.7, and given 


by: 


JULY 2012 SECTION 8.2/ PAGE 8 


SECTION 8 - SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


0.0005 b, |P| ‘ 
m-net Ta «SE n=net mm 
C, Oya 
Where: 
tn-net net thickness of the thinner plating, either flange or web, in 
mm 
bp breadth of thicker plate, either flange or web, in mm 
P design pressure for the design load set being considered, 


calculated at the load point defined in Section 3/5.1, in KN/ m? 
Ca permissible bending stress coefficient: 

=0.75 for acceptance criteria set AC1 

=0.90 for acceptance criteria set AC2 


Oyd specified minimum yield stress of the material, in N/mm? 
2.5.7 Vertically corrugated bulkheads 
2.5.7.1 In addition to the requirements of 2.5.6, vertically corrugated bulkheads are also to 
comply with the requirements of 2.5.7. 
2.5.7.2 The net plate thicknesses as required by 2.5.7.5 and 2.5.7.6 are to be maintained for 
two thirds of the corrugation length, leg, from the lower end, where leg is as defined 
in 2.5.7.3. Above that, the net plate thickness may be reduced by 20%. 
2.5.7.3 The net web plating thickness of the lower 15% of the corrugation, tw-net, is to be 
taken as the greatest value calculated for all applicable design load sets, as given in 
Table 8.2.7, and given by the following. This requirement is not applicable to 
corrugated bulkheads without a lower stool, see 2.5.7.9. 
1000Q,, 
bpne igh, y mm 
dg Ci eg Tyd 
Where: 
Qeg design shear force imposed on the web plating at the lower 
end of the corrugation 
— Seg leg BP, T P,| kN 
8000 
P, design pressure for the design load set being considered, 
calculated at the lower end of the corrugation, in KN/m2 
E design pressures for the design load set being considered, 
calculated at the upper end of the corrugation, in kN/m? 
Seg spacing of corrugation, in mm. See Figure 8.2.3 
leg length of corrugation, which is defined as the distance 
between the lower stool and the upper stool or the upper end 
where no upper stool is fitted, in m, see Figure 8.2.3 
deg depth of corrugation, in mm. See 2.5.7.4 and Figure 8.2.3 
Ct-cg permissible shear stress coefficient 
=0.75 for acceptance criteria set AC1 
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= 0.90 for acceptance criteria set AC2 


Tyd O ja 
=— N/mm? 
V3 
Oyd specified minimum yield stress of the material, in N/mm? 
2.5.74 The depth of the corrugation, deg, is not to be less than: 
1000 Zo 
= mm 
s 15 
Where: 
leg length of corrugation, which is defined as the distance 
between the lower stool or the inner bottom if no lower stool 
is fitted and the upper stool or the upper end where no upper 
stool is fitted, in m, see Figure 8.2.3 
2.5.7.5 The net thicknesses of the flanges of corrugated bulkheads, ttnet for two thirds of the 
corrugation length from the lower end are to be taken as the greatest value 
calculated for all applicable design load sets, as given in Table 8.2.7, and given by 
the following. This requirement is not applicable to corrugated bulkheads without a 
lower stool, see 2.5.7.9. 
0.00657 Be! 0 pde-max 
É f-net = L e mm 
Cg 
Where: 
Obdg-max maximum value of the vertical bending stresses in the flange. 
The bending stress is to be calculated at the lower end and at 
the mid span of the corrugation length 
_ 1000Mcg N/mm? 
Zcg—act-net 
Meg as defined in 2.5.7.6 
Zeg-act-net actual net section modulus at the lower end and at the mid 
length of the corrugation, in cm? 
by breadth of flange plating, in mm. See Figure 8.2.3 
bw breadth of web plating, in mm. See Figure 8.2.3 
Cy coefficient 
- 
= 7.65 — 0.26 [i 
hy 
2.5.7.6 The net section modulus at the lower and upper ends and at the mid length of the 
corrugation (le/2) of a unit corrugation, Zcg-net, are to be taken as the greatest value 
calculated for all applicable design load sets, as given in Table 8.2.7, and given by 
the following. 
RCN 2 to July 2008 version (effective from 1 July 2010) 
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_ 1000 M, ; 

cg—net 

$ Cisie Ov" 
Where: 
Meg = C; |P Seg ke kNm 

12000 

k Ta kN/m? 
P, P. design pressure for the design load set being considered, 


calculated at the lower and upper ends of the corrugation, 

respectively, in kKN/m?: 

(a) for transverse corrugated bulkheads, the pressures are to 
be calculated at a section located at bx/2 from the 
longitudinal bulkheads of each tank 

(b) for longitudinal corrugated bulkheads, the pressures are to 
be calculated at the ends of the tank, i.e., the intersection of 
the forward and aft transverse bulkheads and the 


longitudinal bulkhead 
bik maximum breadth of tank under consideration measured at 
the bulkhead, in m 
Seg spacing of corrugation, in mm. See Figure 8.2.3 
lo effective bending span of the corrugation, measured from the 


mid depth of the lower stool to the mid depth of the upper 
stool, or upper end where no upper stool is fitted, in m, see 
Figure 8.2.3 


log length of corrugation, which is defined as the distance 
between the lower stool and the upper stool or the upper end 
where no upper stool is fitted, in m, see Figure 8.2.3 


Ci the relevant bending moment coefficients as given in Table 
8.2.3 
Cs-cg permissible bending stress coefficient 


at the mid length of the corrugation length, leg: 


= ca but not to be taken as greater than 0.75 for acceptance 
criteria set AC1 


= ce but not to be taken as greater than 0.90 for acceptance 
criteria set AC2 

at the lower and upper ends of corrugation length, Leg: 

= 0.75 for acceptance criteria set AC1 

= 0.90 for acceptance criteria set AC2 


Ce 225 125 for B > 1.25 
L P 
=1.0 for p < 1.25 
í t feu 
tf net E 
by breadth of flange plating, in mm, see Figure 8.2.3 
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tenet net thickness of the corrugation flange, in mm 
E modulus of elasticity, in N/mm2 
Oyd specified minimum yield stress of the material, in N/ mm2 
Table 8.2.3 
Values of C; 
Bulkhead At lower end of lg | At mid length of lg | At upper end of leg 
Transverse Bulkhead Ci Cm1 0.65Cm1 
Longitudinal Bulkhead C3 Cin3 0.65Cing 
Where: 
=a,+b, Au but is not to be taken as less than 0.60 
Dix 
Cy A f : 
=a, -b, |” for transverse bulkhead with no lower stool, but is not to be taken 
bx 
as less than 0.55 
=0.95- 0.41 
A1 Rut 
=1.0 for transverse bulkhead with no lower stool 
-agag A 
bı Ry 
=0.13 for transverse bulkhead with no lower stool 
=A, +b, Aa but is not to be taken as less than 0.55 
m m bax 
Cnt =a. -bp Aa for transverse bulkhead with no lower stool, but is not to be taken 
m m by 
as less than 0.60 
= 0.63 + 0:25 
Am1 Ry 
= 0.85 for transverse bulkhead with no lower stool 
-_0.25— 0.11 
bint Ry 
= 0.34 for transverse bulkhead with no lower stool 
=a,+b, Aa but is not to be taken as less than 0.60 
lag 
c =a, -b, Aa for longitudinal bulkhead with no lower stool, but is not to be 
i l 
taken as less than 0.55 
=0.86— 0.35 
43 Ry 
=1.0 for longitudinal bulkhead with no lower stool 


RCN 1 to July 2010 version (effective from 1 July 2012) 
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Table 8.2.3 (Continued) 
Values of C; 
= —0.17 + ud 
b3 bl 
= 0.13 for longitudinal bulkhead with no lower stool 
= Ay; + Dns Ag but is not to be taken as less than 0.55 
Lik 
Cm 
3 = a3 — b, Au for longitudinal bulkhead with no lower stool, but is not to be 
m. mM. l 
taken as less than 0.60 
=0.32+ ue 
Am3 bl 
= 0.85 for longitudinal bulkhead with no lower stool 
-0.12 — 0.10 
bing bl 
= 0.19 for longitudinal bulkhead with no lower stool 
Ri _ Aw £ $ li 1+ Dav-t for transverse bulkheads 
ib bip st 
Re -Âu £ yw J: +: Ms for longitudinal bulkheads 
ib ib sl 
An cross sectional area enclosed by the moulded lines of the transverse bulkhead upper 
stool, in m? 
=0__if no upper stool is fitted 
Aa cross sectional area enclosed by the moulded lines of the longitudinal bulkhead upper 
stool, in m? 
=0__if no upper stool is fitted 
Ant cross sectional area enclosed by the moulded lines of the transverse bulkhead lower 
stool, in m2 
Abi cross sectional area enclosed by the moulded lines of the longitudinal bulkhead lower 
stool, in m2 
Dav-t average width of transverse bulkhead lower stool, in m. See Figure 8.2.3 
bav-l average width of longitudinal bulkhead lower stool, in m. See Figure 8.2.3 
hist height of transverse bulkhead lower stool, in m. See Figure 8.2.3 
hsi height of longitudinal bulkhead lower stool, in m. See Figure 8.2.3 
bip breadth of cargo tank at the inner bottom level between hopper tanks, or between the 
hopper tank and centreline lower stool, in m. See Figure 8.2.3 
bak breadth of cargo tank at the deck level between upper wing tanks, or between the 
upper wing tank and centreline deck box or between the corrugation flanges if no 
upper stool is fitted, in m. See Figure 8.2.3 
lip length of cargo tank at the inner bottom level between transverse lower stools, in m. 
See Figure 8.2.3 
lak length of cargo tank at the deck level between transverse upper stools or between the 
corrugation flanges if no upper stool is fitted, in m. See Figure 8.2.3 
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RCN 2 to July 2008 version (effective from 1 July 2010) 
RCN 1 to July 2010 version (effective from 1 July 2012) 
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2.5.7.7 For tanks with effective sloshing breadth, bs, greater than 0.56B or effective 
sloshing length lsm greater than 0.13L, additional sloshing analysis is to be carried 
out to assess the section modulus of the unit corrugation in accordance with the 
requirements of the individual Classification Society. 


2.5.7.8 For ships with a moulded depth, see Section 4/1.1.4, equal to or greater than 16m, a 
lower stool is to be fitted in compliance with the following requirements: 


(a) general: 
e the height and depth are not to be less than the depth of the corrugation 
e the lower stool is to be fitted in line with the double bottom floors or girders 


e the side stiffeners and vertical webs (diaphragms) within the stool structure 
are to align with the structure below, as far as is practicable, to provide 
appropriate load transmission to structures within the double bottom. 


(b) stool top plating: 


e the net thickness of the stool top plate is not to be less than that required for 
the attached corrugated bulkhead and is to be of at least the same material 
yield strength as the attached corrugation 


e the extension of the top plate beyond the corrugation is not to be less than the 
as-built flange thickness of the corrugation. 


(c) stool side plating and internal structure: 


e within the region of the corrugation depth from the stool top plate the net 
thickness of the stool side plate is not to be less than 90% of that required by 
2.5.7.2 for the corrugated bulkhead flange at the lower end and is to be of at 
least the same material yield strength 


e the net thickness of the stool side plating and the net section modulus of the 
stool side stiffeners is not to be less than that required by 2.5.2, 2.5.4 and 2.5.5 
for transverse or longitudinal bulkhead plating and stiffeners 


e the ends of stool side vertical stiffeners are to be attached to brackets at the 
upper and lower ends of the stool 


e continuity is to be maintained, as far as practicable, between the corrugation 
web and supporting brackets inside the stool. The bracket net thickness is not 
to be less than 80% of the required thickness of the corrugation webs and is to 
be of at least the same material yield strength 


e scallops in the diaphragms in way of the connections of the stool sides to the 
inner bottom and to the stool top plate are not permitted. 


2.5.7.9 For ships with a moulded depth, see Section 4/1.1.4, less than 16m, the lower stool 
may be eliminated provided the following requirements, in addition to the 
requirements of 2.5.7.6, are complied with: 
RCN 2 to July 2008 version (effective from 1 July 2010) 
(a) general: 


e double bottom floors or girders are to be fitted in line with the corrugation 
flanges for transverse or longitudinal bulkheads, respectively 


e brackets/carlings are to be fitted below the inner bottom and hopper tank in 
line with corrugation webs. Where this is not practicable gusset plates with 
shedder plates are to be fitted, see item (c) below and Figure 8.2.3 


e the corrugated bulkhead and its supporting structure is to be assessed by 
Finite Element (FE) analysis in accordance with Section 9/2. In addition the 
local scantlings requirements of 2.5.6.4 and 2.5.6.5 and the minimum 
corrugation depth requirement of 2.5.7.4 are to be applied. 
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(b) inner bottom and hopper tank plating: 


the inner bottom and hopper tank in way of the corrugation is to be of at least 
the same material yield strength as the attached corrugation, and ‘Z’ grade 
steels as given in Section 6/1.1.5 are to be used unless plate through thickness 
properties are documented for approval. 


RCN 1 to July 2008 version (effective from 1 February 2010) 
RCN 1 to July 2010 version (effective from 1 July 2012) 


(c) supporting structure: 


within the region of the corrugation depth below the inner bottom the net 
thickness of the supporting double bottom floors or girders is not to be less 
than the net thickness of the corrugated bulkhead flange at the lower end and 
is to be of at least the same material yield strength 


the upper ends of vertical stiffeners on supporting double bottom floors or 
girders are to be bracketed to adjacent structure 


brackets/carlings arranged in line with the corrugation web are to have a 
depth of not less than 0.5 times the corrugation depth and a net thickness not 
less than 80% of the net thickness of the corrugation webs and are to be of at 
least the same material yield strength 


cut outs for stiffeners in way of supporting double bottom floors and girders 
in line with corrugation flanges are to be fitted with full collar plates 


where support is provided by gussets with shedder plates, the height of the 
gusset plate, see h; in Figure 8.2.3, is to be at least equal to the corrugation 
depth, and gussets with shedder plates are to be arranged in every 
corrugation. The gusset plates are to be fitted in line with and between the 
corrugation flanges. The net thickness of the gusset and shedder plates are 
not to be less than 100% and 80%, respectively, of the net thickness of the 
corrugation flanges and are to be of at least the same material yield strength. 
Also see 2.5.7.11. 


scallops in brackets, gusset plates and shedder plates in way of the 
connections to the inner bottom or corrugation flange and web are not 
permitted. 


2.5.7.10 In general, an upper stool is to be fitted in compliance with the following 
requirements: 


(a) general: 


where no upper stool is fitted, finite element analysis is to be carried out to 
demonstrate the adequacy of the details and arrangements of the bulkhead 
support structure to the upper deck structure 


side stiffeners and vertical webs (diaphragms) within the stool structure are to 
align with adjoining structure to provide for appropriate load transmission 


brackets are to be arranged in the intersections between the upper stool and 
the structure on deck 


(b) stool bottom plating: 


the net thickness of the stool bottom plate is not to be less than that required 
for the attached corrugated bulkhead and is to be of at least the same material 
yield strength as the attached corrugation 


the extension of the bottom plate beyond the corrugation is not to be less than 
the attached as-built flange thickness of the corrugation. 
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(c) stool side plating and internal structure: 


e within the region of the corrugation depth above the stool bottom plate the 
net thickness of the stool side plate is to be not less than 80% of that required 
by 2.5.7.2 for the corrugated bulkhead flange at the upper end where the same 
material is used. If material of different yield strength is used the required 
thickness is to be adjusted by the ratio of the two material factors (k). k is 
defined in Section 6/1.1.4.1 


e the net thickness of the stool side plating and the net section modulus of the 
stool side stiffeners is not to be less than that required by 2.5.2, 2.5.4 and 2.5.5 
for the transverse or longitudinal bulkhead plating and stiffeners 


e the ends of stool side vertical stiffeners are to be attached to brackets at the 
upper and lower ends of the stool 


e scallops in the diaphragms in way of the connections of the stool sides to the 
deck and to the stool bottom plate are not permitted. 


2.5.7.11 Where gussets with shedder plates or shedder plates (slanting plates) are fitted at 
the end connection of the corrugation to the lower stool or to the inner bottom, 


appropriate means are to be provided to prevent the possibility of gas pockets 
being formed by these plates. 


2.5.7.12 Welding for all connections and joints is to comply with Section 6/. 


2.5.8 Non-tight bulkheads 


2.5.8.1 Non-tight bulkheads (wash bulkheads), where fitted, are to be in line with 
transverse webs, bulkheads or similar structures. They are to be of plane 
construction, horizontally or vertically stiffened, and are to comply with the 
sloshing requirements given in 6.2. In general, openings in the non-tight bulkheads 


are to have generous radii and their aggregate area is not to be less than 10% of the 
area of the bulkhead. 
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Figure 8.2.3 


Definition of Parameters for Corrugated Bulkhead 
(Tankers with Longitudinal Bulkhead at Centreline) 


bx A 


CL 


dl 
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Table 8.2.4 
Thickness Requirements for Plating 
The minimum net thickness, tnes is to be taken as the greatest value for all applicable design load sets, as given 
in Table 8.2.7, and given by: 
tne = 0.0158, 5 L mn 
a? yd 
Where: 
P design pressure for the design load set being considered and calculated at the load calculation 
point defined in Section 3/.1, in kN/m?2 
VA correction factor for the panel aspect ratio 
=1.2-— $ — butis not to be taken as greater than 1.0 
21007, 
s as defined in Section 4/2.2, in mm 
ly length of plate panel, to be taken as the spacing of primary support members, S, unless carlings 
are fitted, in m 
Oyd specified minimum yield stress of the material, in N/mm? 
Ca permissible bending stress coefficient for the design load set being considered 
=ß,- 4, [or but not to be taken greater than Ca-max 
Oy 
Aco ept Bae Structural Member Pa Qn Ca-max 
Criteria Set 
Ko Longitudinally stiffened 0.9 0.5 0.8 
Longitudinal plating 
AC1 Strength Members | Transversely or vertically 
stiffened plating 02 Pe os 
Other members 0.8 0 0.8 
— Longitudinally stiffened 1.05 05 0.95 
Longitudinal plating 
AC? Strength Members seit oe 1.05 10 0.95 
Other members, including watertight boundary 1.0 0 10 
plating 
Ong hull girder bending stress for the design load set being considered and calculated at the load 
calculation point defined in Section 3/5.1.2 
-( (z = Sahin) Motoa _ YMa-totat po N/mm? 
To-nei50 Ir-nets0 
Mo-total design vertical bending moment at the longitudinal position under consideration for the design 
load set being considered, in kNm. The still water bending moment, Msw-perm, is to be taken with 
the same sign as the simultaneously acting wave bending moment, Mwy, see Table 7.6.1 
Mo-total design horizontal bending moment at the longitudinal position under consideration for the 
design load set being considered, in kNm 
To-net50 net vertical hull girder moment of inertia, at the longitudinal position being considered, as 
defined in Section 4/2.6.1, in m4 
Th-net50 net horizontal hull girder moment of inertia, at the longitudinal position being considered, as 
defined in Section 4/2.6.2, in m4 
y transverse coordinate of load calculation point, in m 
z vertical coordinate of the load calculation point under consideration, in m 
ZNA-net50 distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m 
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Table 8.2.5 
Section Modulus Requirements for Stiffeners 


The minimum net section modulus, Znes is to be taken as the greatest value calculated for all applicable design 
load sets, as given in Table 8.2.7, and given by: 


E Pl slag 


net 
Frig C, Oya 


cmê 


Where: 
P 


foag 


Ong 


M: v-total 


Mbh-total 
I v-net50 
Th-net50 


y 


Z 


ZNA-net50 


design pressure for the design load set being considered and calculated at the load calculation 
point defined in Section 3/5.2, in kN/m2 

bending moment factor: 

for continuous stiffeners and where end connections are fitted consistent with idealisation of the 
stiffener as having as fixed ends: 

=12 for horizontal stiffeners 

=10 for vertical stiffeners 

for stiffeners with reduced end fixity see Sub-section 7. 

effective bending span, in m, as defined in Section 4/2.1.1 

as defined in Section 4/2.2, in mm 

specified minimum yield stress of the material, see also Section 3/5.2.6.5, in N/mm? 
permissible bending stress coefficient for the design load set being considered, to be taken as: 


Sign of Hull Girder Side Pressure Acting Acceptance Criteria 
Bending Stress, Ong On 
Tension (+ve) Stiffener side Ong a, | hg 
Ong 
Compression (-ve) PAIESE but not to be taken greater than Cs-max 
Tension (+ve) Plate side C= Cona 
Compression (-ve) Stiffener side > wi 
aoe ept ance Structural Member Bs a Comar 
Criteria Set 
ACI Longitudinal strength member 0.85 1.0 0.75 
Transverse or vertical member 0.75 0 0.75 
Longitudinal strength member 1.0 1.0 0.9 
AC2 Transverse or vertical member 0.9 0 0.9 
Watertight boundary Stiffeners 0.9 0 0.9 


hull girder bending stress for the design load set being considered and calculated at the 
reference point defined in Section 3/5.2.2.5 

= (z z Finas) M,.- total y Miotal 10° N/mm2 

I I 

design vertical bending moment at longitudinal position under consideration for the design 
load set being considered, in kNm. 
Mbv-totai is to be calculated in accordance with Table 7.6.1 using the permissible hogging or 
sagging still water bending moment, Msw-perm, to be taken as: 


v—net50 h-net50 


Msw-perm 
Stiffener Location Pressure acting on Pressure acting on 
Plate Side Stiffener Side 
Above Neutral Axis Sagging SWBM Hogging SWBM 
Below Neutral Axis Hogging SWBM Sagging SWBM 


design horizontal bending moment at longitudinal position under consideration for the design 
load set being considered, see Table 7.6.1, in kNm 

net vertical hull girder moment of inertia, at the longitudinal position being considered, as 
defined in Section 4/2.6.1, in m4 

net horizontal hull girder moment of inertia, at the longitudinal position being considered, as 
defined in Section 4/2.6.2, in m4 

transverse coordinate of the reference point defined in Section 3/5.2.2.5, in m 

vertical coordinate of the reference point defined in Section 3/5.2.2.5, in m 

distance from the baseline to the horizontal neutral axis, as defined in Section 42.6.1, in m 
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Table 8.2.6 
Web Thickness Requirements for Stiffeners 
The minimum net web thickness, tw-net, is to be taken as the greatest value calculated for all applicable design 
load sets, as given in Table 8.2.7, and given by: 
t = fon (P| 5 Lo Him 
w-net 
d sy C, Tya 
Where: 
P design pressure for the design load set being considered and calculated at the load calculation 
point defined in Section 3/5.1, in kN/ m2 
fahr shear force distribution factor: 
for continuous stiffeners and where end connections are fitted consistent with idealisation of 
the stiffener as having as fixed ends: 
=0.5 for horizontal stiffeners 
=0.7 for vertical stiffeners 
for stiffeners with reduced end fixity, see Sub-section 7 
Ashr as defined in Section 4/2.4.2.2, in mm 
Ci permissible shear stress coefficient for the design load set being considered, to be taken as: 
=0.75 for acceptance criteria set AC1 
=0.90 for acceptance criteria set AC2 
s as defined in Section 4/2.2, in mm 
ltr effective shear span, in m, see Section 4/2.1.2 
Tyd — Cya N/mm? 
J3 
Oyd specified minimum yield stress of the material, in N/mm? 
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Table 8.2.7 
Design Load Sets for Plating and Local Support Members 
Design Load 
Structural Member| Load c Draught Comment Diagrammatic Representation 
Set 23 omponent 
1 Pex Tsc 
Keel, Sea pressure only 
Bottom Shell, 2 Pex Tse 
Bilge, - 
Side Shell 7 Pin- Pox Tn | Net pressure difference 
Sheer strake between water ballast 
8 P,- P 0.25T. pressure and sea 
vice Ñ pressure 
1 P T Green sea pressure only 
i F or other loads on deck 
In way 
of cargo 
tanks 3 Pin 0.6Tsc 
4 Pin - Cargo pressure only 
11 Pin-flood z 
1 P T Green sea pressure only 
Deck a 4 or other loads on deck 
In way 
of other 
tanks 5 Pin Thal 
Water ballast or other 
6 Pin 0.25Ts | iqui 
iquid pressure only 
11 Pin-flood ig 
9 Pu Toi Distributed or l : 
concentrated loads ee, (LIE ILLIA 
Any only. Simultaneously aa 
location i 
10 Pa 7 occurring green sea 
pressure may be 
ignored 
3 Pin 0.6T 
Cargo pressure only 
4 Pin = 
Inner Bottom, 
Inner hull, 5 Pin Thal 
Mopper sie 6 P 0.25T. Water ballast or other 
a ~~ = | liquid pressure only 
11 Pin-flood om 
Pressure from one side 
3 Pin 0.6T only. 
Full cargo tank with 
Longitudinal adjacent cargo tank 
Bulkhead, 4 Pin - empty: 
Centreline Two cases are to be 
Bulkhead evaluated: 
1. Inner empty, 
11 Pin-flood - outer full 
2. Inner full, 
outer empty 
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Table 8.2.7 (Continued) 
Design Load Sets for Plating and Local Support Members 


Design 
ounce Load toad Draught Comment Diagrammatic Representation 
Member Set (2,3) Component 


In way 3 Pin 0.6T Pressure from one side 
of only. 
cargo 4 Pin 5 Full cargo tank with 
Transverse! tanks m adjacent fwd or aft 


Bulkhead 


Pin-food - cargo tank empty. 


In way 5 Pin Thal Need to evaluate 2 
of cases 
other € Pin 0.25T sc 1) Fwd empty, aft full — 
tanks 11 Pin-flood = 2) Fwd full, aft empty 


Other tank 5 Pin Toal only. 
boundaries, e.g. Full tank with adjacent UU U 
Girders, Floors, 6 Pin 0.25T.. tank empty. 
Stringers Need to evaluate 2 


Pressure from one side 


11 Pin-flood a cases, see above 


Where: 
Tsc 

Thal 
Notes 
1. 


scantling draught, in m, as defined in Section 4/1.1.5.5 


minimum design ballast draught, in m, as defined in Section 4/1.1.5.2 


Specification of design load combination, load component, acceptance criteria and other load parameters for each 
design load set are given in Table 8.2.8 


When the ship's configuration cannot be described by the above, then the applicable Design Load Sets to determine 
the scantling requirements of structural boundaries are to be selected so as to specify a full tank on one side with the 
adjacent tank or space empty. The boundary is to be evaluated for loading from both sides. Design Load Sets are to 
be selected based on the tank or space contents and are to maximise the pressure on the structural boundary, the 
draught to use is to be taken in accordance with the Design Load Set and this table. Design Load Sets covering the S 
and S+D design load combinations are to be selected. See Note 4 and Table 8.2.8. 


The boundaries of void and dry space not forming part of the hull envelope are to be evaluated using Design Load 
Set 11. See Note 2. 


Design load sets (DLS) for some structural members not covered by the above: 

For the boundaries of a stool water ballast tank with the cargo tank: 

° DLSs 5, 6 and 11 are to be applied for pressure from the WB tank side 

° DLSs 3, 4 and 11 for pressure from the cargo tank side 

For a double bottom girder separating two water ballast tanks or separating a water ballast and fuel oil tank: 
° DLSs 5, 6 and 11 are to be applied for pressure from each side in turn 

For the boundary of a stool void space to the cargo tank: 

° DLSs 3, 4 and 11 for pressure from the cargo tank side 

° DLS 11 for pressure from the void space side 


JULY 2012 


SECTION 8.2/ PAGE 22 


SECTION 8 - SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


Table 8.2.8 
Specification of Design Load Combination, Acceptance Criteria and 
other Load Parameters for each Design Load Set 


Design Design Load Parameters for Calculating Load 
els Acceptance 
Load Load Component () Combination Criteria Set Components 
Set (2) DLCF ©) GM Troll-gyr 
Hull envelope (PSM and LSM) 
Loaded 
+ 
1 Seaaeesutes S+D AC2 DLCE 0.12B 0.35B 
2 Re S AC1 
Cargo tank boundaries (PSM and LSM) 
Loaded 
+ 
3 Cone S+D AC2 DLCE 0.24B 0.40B 
4 a, S AC1 
Boundaries of water ballast and other tanks (PSM and LSM) 
5 Water ballast or other liquid tank S+D AC2 Bape 0.33B 0.45B 
pressures 
6 P in S AC1 
F Ballast 
7 Net water ballast minus sea S+D AC2 DLCE 0.33B 0.45B 
pressures 
8 P in T P ex S AC1 
Decks (LSM and PSM) 
9 | Distributed and concentrated loads S+D AC2 Ballast 0.33B 0.45B 
DLCF 
on deck 
10 Pax S AC1 
Watertight boundaries (LSM and PSM) 
u Accidental flooding A AC? 
P in-flood 
Hull envelope (PSM) 
12 Net cargo pressure minus sea S+D AC2 ena 0.24B 0.40B 
pressure 
13 Pin = Pex S AC1 
Loaded 
14 S+D AC2 DLCE 0.12B 0.35B 
Average cargo and sea pressure Loaded 
+ 
15 (Pin + Pa)/2 S+D AC2 DLCE 0.24B 0.40B 
16 S ACI 
Where: 
PSM Primary Support Members 
LSM Local Support Members 
DLCF Dynamic Load Combination Factors 
Pin Pex Pak Pin-fiood aS given in Table 7.6.1 and as shown in Table 8.2.7 or Table 8.2.9 
B moulded breadth, in m, as defined in Section 4/1.1.3.1 
Note 
1. Structural members are to be designed using all design load sets which are applicable. This 


table gives the pressure load component of the design load set. The hull girder bending 
moments are given in Tables 8.2.4 and 8.2.5 for local support members. 

2. This column specifies which column in the design load combination table is to be applied for 
each design load set, see Table 7.6.1. Where S denotes the static design load combination, S+D 
denotes the static plus dynamic design load combination and A denotes the accidental design 
load combination. 

3. This column specifies which dynamic load combination factor table is to be used for the 
deviation of the pressure components and global load components, see Table 7.6.1 
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2.6 Primary Support Members 


2.6.1 General 


2.6.1.1 


2.6.1.2 


2.6.1.3 


2.6.1.4 


2.6.1.5 


2.6.1.6 


2.6.1.7 


2.6.1.8 


The scantlings of the primary support members in the cargo tank region for the 
extents shown in Figure 8.2.4 are to be in accordance with the requirements of 2.6.1.2 
to 2.6.1.7. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


The section modulus and shear area criteria for primary support members 
contained in 2.6 apply to structural configurations shown in Figure 2.3.1 and are 
applicable to the following structural elements: 


a) floors and girders within the double bottom; 
b) deck transverses fitted below the upper deck; 


( 

( 

(c) side transverses within double side structure; 

(d) vertical web frames on longitudinal bulkheads with or without cross ties; 
( 


e) horizontal stringers on transverse bulkheads, except those fitted with buttresses 
or other intermediate supports; and 


(f) cross ties in wing cargo and centre cargo tanks. 
RCN 2 to July 2008 version (effective from 1 July 2010) 


The scantlings of primary support members are to be verified by the Finite Element 
(FE) cargo tank structural analysis defined in Section 9/2. 


The section modulus and/or shear area of a primary support member and/or the 
cross sectional area of a primary support member cross tie may be reduced to 85% 
of the prescriptive requirements provided that the reduced scantlings comply with 
the FE cargo tank structural analysis and with 2.1.6. 


In general, primary support members are to be arranged in one plane to form 
continuous transverse rings. Brackets forming connections between primary 
support members of the ring are to be designed in accordance with Section 4/3.3.3. 


Webs of the primary support members are to be stiffened in accordance with Section 
10/2.3. 


Webs of the primary support members are to have a depth of not less than given by 
the requirements of 2.6.4.1, 2.6.6.1 and 2.6.7.1, as applicable. Lesser depths may be 
accepted where equivalent stiffness is demonstrated. See 3/5.3.3.4. Primary support 
members that have open slots for stiffeners are to have a depth not less than 2.5 
times the depth of the slots. 

The scantlings of the first primary support members from the transverse bulkhead 
are to be in accordance with Section 8/7, 2.6.1.3, 2.6.1.4, 2.6.1.5, 2.6.1.6, 2.6.4.3 and 
2.6.4.4. In the application of 2.6.4.3 and 2.6.4.4 only the design green sea pressure is 
to be considered. 


RCN 2 to July 2008 version (effective from 1 July 2010) 
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Figure 8.2.4 
Depiction of Applicable Extents 


Transverse primary support members 


within cargo/ballast tanks 
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Transverse 
Bulkhead 


Horizontal stringers on 
transverse bulkhead 


2.6.2 Design load sets and permissible stress coefficients for primary support 
members 


iven in 


2.6.2.1 The design load sets for the evaluation of the primary support members are g 


Table 8.2.9. 


Table 8.2.10. 


iven in 


t members are g 


2.6.2.2 The permissible bending and shear stress coefficients for the evaluation of the 
primary suppor 
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Table 8.2.9 
Design Load Sets for Primary Support Members 
Design 
Structural | Load Load ; i . 
Member Set | Component Draught Comment Diagrammatic Representation 
(1,5, 6) 
1 Pex 0.9T s O — | |__ 
aT Sea pressure only 
ounie 2 Pex Tse 
bottom 
floors and 12 Pin- Pow 0.6T x Net pressure 
girders ©) difference between | __| A = 
13 Pa- Pa W cargo pressure and sea 
i pressure 
1 Pex 0.9T sc — — — = 
Sea pressure only 
Side 2 Pex Tsc 
YY 
transverses 
8) 3 Pin 0.6T sc 
Cargo pressure only | —4 — —-4 — 
4 Pin = 
QO / 
Green sea pressure | —4 — —-4 
1 Pa Ta only or other loads on 
Deck deck 
ME 
transverses 
3 Pin 0.6T sc 
Cargo pressure only | —4 — — — 
4 Pin iei 
Ae 
3 Pin 0.6T,, | Pressure from one side 
only. — ji) sl Ie 
: Full cargo tank with 
Mene 4 Pin - adjacent cargo tank ( 
web frames 
a empty 
longitudinal] 3 Pin 0.6T,, Pressure from one side 
bulkheads only. 
Full cargo tank with | — i ~ 
4 Pin 5 adjacent cargo tank ( 
empty 
Pressure from one side 
3 Pin 0.6Tsc only. 
Full cargo tank with 
Horizontal adjacent forward or aft 
stringers on 4 Pin 7 cargo tank empty. 
transverse Two cases are to be 
bulkhead evaluated: 
1. forward empty/aft 
11 Pin-flood = full 
2. forward full/aft 
empty 
Pin-pt + Pin-stb 
Cross tiesin) ° 2 O6Te | fun wing cargo tanks, 
centre tanks j ? centre tank empty. 
14 Pin F Pox To 
2 
Cross ties in 15 Pin + Pox 06T Full centre tank, wing 
wing tanks 2 D cargo tanks empty. 
16 Pin + Pox Ti 
2 
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Table 8.2.9 (Continued) 
Design Load Sets for Primary Support Members 


design pressure from port side wing cargo tank, in kN/m? 
design pressure from starboard side wing cargo tank, in kN/m2 
scantling draught, in m, as defined in Section 4/1.1.5.5 


minimum design ballast draught, in m, as defined in Section 4/1.1.5.2 


Specification of design load combination, load component, acceptance criteria set and other load 
parameters for each design load set are given in Table 8.2.8. 


See 1.1.2.9(b) 


Draughts specified for bottom floors, girders and side transverses are based on operational limits 
specified in 1.1.2. Where the optional loading conditions exceed the minimum Rule required loading 
conditions the draughts will be subject to special consideration. 


For tankers with two oil-tight longitudinal bulkheads, the draught is to be taken as 0.25T;.. For tankers 
with a centreline bulkhead, the draught is to be taken as 0.33Tsc. 


When the ship’s configuration cannot be described by the structural members or structural 
configurations identified above, then the applicable Design Load Sets to determine the scantling 
requirements of primary support member are to be selected so as to specify all applicable cases from 
the following: 


e a full tank on one side of the member with the tank or space on the other side empty 

e a full tank on one side of the member with the external pressure minimised 

e external pressure maximised with the adjacent tank or space empty 

The boundary is to be evaluated for loading from both sides. Design Load Sets are to be selected based 
on the tank or space contents and are to maximise the net pressure on the structural boundary, the 
draught to use is to be taken in accordance with the Design Load Set and this table. Design Load Sets 
covering the S and S+D design load combinations are to be selected. Design Load Set 11 may also need 


to be applied, depending on the particular structural configuration. See Note 4 on Table 8.2.7 and Table 
8.2.8. 


For a void or dry space, the pressure component from the void side is to be ignored, except where 
Design Load Set 11 needs to be applied. 


Table 8.2.10 
Permissible Stress Coefficients, Cs-pr and C;»,, for Primary Support Members 
Acceptance criteria set | Permissible bending stress | Permissible shear stress 
coefficient, Cs-pr coefficient, Ci-pr 
AC1 0.70 0.70 
AC2 0.85 0.85 
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2.6.3 Floors and girders in double bottom 


2.6.3.1 Continuous double bottom girders are to be arranged at the centreline or duct keel, 
at the hopper side and in way of longitudinal bulkheads and bulkhead stools. Plate 
floors are to be arranged in way of transverse bulkheads and bulkhead stools. 


2.6.3.2 The net shear area, Ashr-netso, of the floors at any position in the floor is not to be less 


than: 
10 
A shr-net50 = Š cm? 
Cipi Tja 
Where: 
Q design shear force 
= FsnrP S Lap kN 
fonr shear force distribution factor 
2y; 
= ie k z Yi l but not to be taken as less than 0.2 
shr 
frnr-i shear force distribution factor at the end of the span, Ish, as 
given in Table 8.2.11 
lsnr effective shear span, of the double bottom floor, in m, as 
shown in Figure 8.2.6. In way of bracket ends, the effective 
shear span is measured to the toes of the effective end bracket, 
as defined in Section 4/2.1.5. Where the floor ends on a girder 
at a hopper or stool structure, the effective shear span is 
measured to a point that is one-half of the distance from the 
girder to the adjacent bottom and inner-bottom longitudinal, 
as shown in Figure 8.2.6. 
Yi distance from the considered cross-section of the floor to the 
nearest end of the effective shear span, lsnr, in m 
S primary support member spacing, in m, as defined in Section 
4/2.2.2 
P design pressure for the design load set being considered, 
calculated at mid point of effective shear span, lsnr, of a floor 
located midway between transverse bulkheads or transverse 
bulkhead and wash bulkhead, where fitted, in kKN/m2 
Cipr permissible shear stress coefficient for primary support 
member as given in Table 8.2.10 
Tyd oO 
i =“ N / mm2 
V3 
Oyd specified minimum yield stress of the material, in N/mm? 
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Table 8.2.11 
Shear Force Distribution Factors of Floors 
Wing Tank 
Centre tank 
: At hopper 
Structural Configuration (fsnr3 in Figure ene knuckle end 
8.2.5) i A o (ferr 1 in Figure 
RSi 8.2.5) 
Ships with centreline : 0.4 06 
longitudinal bulkhead 
Ships with two longitudinal 
bulkheads 0.5 0.50 0.65 
Figure 8.2.5 


Floor Shear Force Distribution Factors of Floors 


| 


yi ir is fan 


AJ 


fan i 
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Figure 8.2.6 
Effective Shear Span of Floors 


Typical arrangement with hopper and end bracket 


Typical arrangement with hopper and stool 


2.6.3.3 For double bottom centre girders where no longitudinal bulkhead is fitted above, 
the net shear area, Ashr-netso, Of the double bottom centre girder in way of the first bay 
from each transverse bulkhead and wash bulkhead, where fitted, is not to be less 


than: 


shr—net50 ~~ 


Where: 
Q 


snr 


10Q 
Ci. 


yd 


cm? 
t—pr 


design shear force 


= 0.211; n Play)? kN 


effective shear span, of the double bottom floor, in m, as 
shown in Figure 8.2.6. In way of bracket ends, the effective 
shear span is measured to the toes of the effective end bracket, 
as defined in Section 4/2.1.5. Where the floor ends on a girder 
at a hopper or stool structure, the effective shear span is 
measured to a point that is one-half of the distance from the 
girder to the adjacent bottom and inner-bottom longitudinal, 
as shown in Figure 8.2.6. 


design pressure for the design load set being considered, 
calculated at mid point of effective shear span, lsn, of a floor 


JULY 2012 


SECTION 8.2/ PAGE 30 


SECTION 8 - SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


located midway between transverse bulkheads or transverse 
bulkhead and wash bulkhead, where fitted, in KN/ m2 


nı a Ly 
= 0.00935 (=) — 0.163 (=) + 1.289 
S S 
= =13- (=) 
12 
S double bottom floor spacing, in m, as defined in Section 4/2.2.2 
Crpr permissible shear stress coefficient for primary support 
member as given in Table 8.2.10 
Tyd Oud 
=—— N/mm? 
5 / 
Oyd specified minimum yield stress of the material, in N/ mm2 


2.6.3.4 For double bottom side girders where no longitudinal bulkhead is fitted above, the 
net shear area, Ashr-netso, Of the double bottom side girder in way of the first bay from 
each transverse bulkhead and wash bulkhead, where fitted, is not to be less than: 


10 

A shr-net50 = EO cm? 
Cipi Tja 

Where: 

Q design shear force 
= 0.1413 na Plg kN 

n 

í = 1.072 — 0.0357 (=) 
= =12- (=) 
18 

Isr effective shear span, of the double bottom floor, in m, as 
shown in Figure 8.2.6. In way of bracket ends, the effective 
shear span is measured to the toes of the effective end bracket, 
as defined in Section 4/2.1.5. Where the floor ends on a girder 
at a hopper or stool structure, the effective shear span is 
measured to a point that is one-half of the distance from the 
girder to the adjacent bottom and inner-bottom longitudinal, 
as shown in Figure 8.2.6. 
double bottom floor spacing, in m, as defined in Section 4/2.2.2 

P design pressure for the design load set being considered, 
calculated at mid point of effective shear span, lsn, of a floor 
located midway between transverse bulkheads or transverse 
bulkhead and wash bulkhead, where fitted, in KN/ m2 

Ctpr permissible shear stress coefficient for primary support 
member as given in Table 8.2.10 

Tyd oO 


= N/mm? 


V3 
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Oyd specified minimum yield stress of the material, in N/mm2 


2.6.4 Deck transverses 


2.6.4.1 


The web depth of deck transverses is not to be less than: 


(a) 0.20 lvag-at for deck transverses in the wing cargo tanks of ships with 
two longitudinal bulkheads 

(b) 0.13 lvag-at for deck transverses in the centre cargo tanks of ships 
with two longitudinal bulkheads. The web depth of deck 
transverses in the centre cargo tank is not to be less than 
90% of that of the deck transverses in the wing cargo tank 

(c) 0.10 loaga for the deck transverses of ships with a centreline 
longitudinal bulkhead. 

(d) See also 2.6.1.7 


Where: 


lodg-dt effective bending span of the deck transverse, in m, see Section 
4/2.1.4 and Figure 8.2.7, but is not to be taken as less than 60% 
of the breadth of the tank at the location being considered 


2.6.4.2 The moment of inertia of the deck transverses, with associated deck plating, is to 
comply with Section 10/2.3.2.3 to control the overall deflection of the deck structure. 
2.6.4.3 The net section modulus of deck transverses is not to be less than Zin-netso aNd Zex-nets0 
as given by the following. The net section modulus of the deck transverses in the 
wing cargo tanks is also not to be less than required for the deck transverses in the 
centre tanks. 
1000 M; 
Zin—net50 = — cm? 
Cs-pr O yd 
1000 Me, 
Zex-net50 = — cm? 
Cs_pr O yd 
Where: 
Min design bending moment due to cargo pressure, in kNm, to be 
taken as: 
(a) for deck transverses in wing cargo tanks of ships with two 
longitudinal bulkheads, and for deck transverses in cargo 
tanks of ships with a centreline longitudinal bulkhead: 
=0.0429 P „a S bee +M,, butis not to be taken as 
less than M, 
(b) for deck transverses in centre cargo tank of ships with two 
longitudinal bulkheads: 
= 0.0429, P a S A +M „ butis not to be taken as 
less than M, 
Mst bending moment transferred from the side transverse 
=Cst Ba Pin-st S ee kNm 
where a cross tie is fitted in a wing cargo tank and Ipdg-st-ct iS 
greater than 0.7lvag-s then lvag-st in the above formula may be 
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taken as lvag-st-ct. 


Mow bending moment transferred from the vertical web frame on 
the longitudinal bulkhead 


= Cow Bow Pin-vw S log coe kNm 


where Ipag-ow-ct is greater than 0.7lvag-vw, then Ipag-vw in the above 
formula may be taken as lvag-vw-ct. 


for vertically corrugated bulkheads, Mow is to be taken equal to 
bending moment in upper end of corrugation over the spacing 
between deck transverses 


Mo minimum bending moment 


=0.083 Pin-at Slag-at? KNm 


Mex design bending moment due to green sea pressure 


=0.067 Porat S lodg—at” kNm 


Pin-at design cargo pressure for the design load set being 
considered, calculated at mid point of effective bending span, 
Inag-at, Of the deck transverse located at mid tank, in kN/ m2 


Pin-st corresponding design cargo pressure in wing cargo tank for 
the design load set being considered, calculated at the mid 
point of effective bending span, lvag-s, of the side transverse 
located at mid tank, in kKN/m2 


Pin-vw corresponding design cargo pressure in the centre cargo tank 
of ships with two longitudinal bulkheads for the design load 
set being considered, calculated at mid point of effective 
bending span, lvag-vw, of the vertical web frame on the 
longitudinal bulkhead located at mid tank, in kN/ m2 


Pex-at design green sea pressure for the design load set being 
considered, calculated at mid point of effective bending span, 
Indg-dt, Of the deck transverse located at mid tank, in kN/m? 


4 =1-5| -| butis not to be taken as less than 0.6 
Thag—at 
Ytoe distance from the end of effective bending span, Ipdg-a, to the 


toe of the end bracket of the deck transverse, in m 


Bst Liga I 
= 0,9) et Ga but is not to be taken as less than 0.10 
lydg-dt st 
or greater than 0.65 
Bow begs. 
= 0.9) a7 ta but is not to be taken as less than 0.10 
lydg-dt vw 
or greater than 0.50 
S primary support member spacing, in m, as defined in Section 
4/2.2.2 
lvdg-dt effective bending span of the deck transverse, in m, see Section 


4/2.1.4 and Figure 8.2.7, but is not to be taken as less than 60% 
of the breadth of the tank at the location being considered 
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lbag-st 


l bdg-st-ct 


l bdg-vw 


l bdg-vw-ct 


effective bending span of the side transverse, in m, between 
the deck transverse and the bilge hopper, see Section 4/2.1.4 
and Figure 8.2.7 


effective bending span of the side transverse, in m, between 
the deck transverse and the mid depth of the cross tie, where 
fitted in wing cargo tank, see Section 4/2.1.4 


effective bending span of the vertical web frame on the 
longitudinal bulkhead, in m, between the deck transverse and 
the bottom structure, see Section 4/2.1.4 and Figure 8.2.7. 


effective bending span of the vertical web frame on 
longitudinal bulkhead, in m, between the deck transverse and 
the mid depth of the cross tie, see Section 4/2.1.4 


net moment of inertia of the deck transverse with an effective 
breadth of attached plating specified in Section 4/2.3.2.3, in cm4 


net moment of inertia of the side transverse with an effective 
breadth of attached plating specified in Section 4/2.3.2.3, in cm4 


net moment of inertia of the longitudinal bulkhead vertical 
web frame with an effective breadth of attached plating 
specified in Section 4/2.3.2.3, in cm4 


as defined in Table 8.2.12 
as defined in Table 8.2.12 


permissible bending stress coefficient for primary support 
member as given in Table 8.2.10 


specified minimum yield stress of the material, in N/ mm2 


Table 8.2.12 
Values of cst and Cow for Deck Transverses 


Structural Configuration Cst Cow 


Ships with centreline longitudinal bulkhead 0.056 z 


Ships with 
two 
longitudinal 
bulkheads 


Cross tie in 
centre cargo 
tank 


Mow based on. Thdg-vw-ct 


Msi based on lbag-st or Mow 
based on Ipag-ow 


Cross ties in 
wing cargo 
tanks 


Mes based on lbdg-st-ct or Mow 
based on lodg-vw-ct 


0.044 


Msi based on lbag-st or Mow 
based on lvag-vw 


0.041 


2.6.4.4 The net shear area of deck transverses is not to be less than Asnrin-netso and A snr-ex-net50 


as given by: 
Ashr-in—net50 = cm2 
t-pr Tyd 
10 Qex 
Ashr-ex-net50 yg a a cm? 
Ci-pr Tyd 
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Where: 
Qin 


Qex 


Pin-at 


P ex-dt 


C1 


b ctr 


design shear force due to cargo pressure 
= 0.65 Pin-at Slr +€1dDbcr Spg KN 


design shear force due to green sea pressure 
= 0.65 Pox—dt S Ishr kN 


design cargo pressure for the design load set being considered, 
calculated at mid point of effective bending span, Inag-at, of the 
deck transverse located at mid tank, in kKN/m2 


design green sea pressure for the design load set being 
considered, calculated at mid point of effective bending span, 
Ipag-at, Of the deck transverse located at mid tank, in kKN/m2 


primary support member spacing, in m, as defined in Section 
4/2.2.2 


effective shear span, of the deck transverse, in m, see Section 
4/2.1.5 


effective bending span of the deck transverse, in m, see Section 
4/2.1.4 and Figure 8.2.7, but is not to be taken as less than 60% of 
the breadth of the tank at the location being considered 


= 0.04 in way of wing cargo tanks of ships with two 
longitudinal bulkheads 


= 0.00 in way of centre tank of ships with two longitudinal 
bulkheads 


= 0.00 for ships with a centreline longitudinal bulkhead 
moulded depth, in m, as defined in Section 4/1.1.4 
breadth of the centre tank, in m 


density of liquid in the tank, in tonnes/ m5, not to be taken less 
than 1.025, see Section 2/3.1.8 


acceleration due to gravity, 9.81 m/s? 


permissible shear stress coefficient for primary support member 
as given in Table 8.2.10 


o 
=- N/mm? 


V3 


specified minimum yield stress of the material, in N/ mm2 
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Figure 8.2.7 
Definition of Spans of Deck, Side Transverses, Vertical Web Frames on Longitudinal 
Bulkheads and Horizontal Stringers on Transverse Bulkheads 


bdg-st 


bdg-st 
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Figure 8.2.7 (Continued) 
Definition of Spans of Deck, Side Transverses, Vertical Web Frames on Longitudinal 
Bulkheads and Horizontal Stringers on Transverse Bulkheads 


Lagat 


fal 


bdg-st 
st lvag-vw 6 


Tr. Bhd. 


lyag-hs ] | | 


2.6.5 Side transverses 


2.6.5.1 The net shear area, Asnr-neiso, of side transverses is not to be less than: 


10 
A gir —net50 = ae cm? 
Cee Tja 
Where: 
Q design shear force as follows, in kN: 
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=Q, for upper part of the side transverse 


=Q, for lower part of the side transverse 
Qu = S[c, la (Py + P,)-h, ea 


where a cross tie is fitted in a wing cargo tank and ls+ct is 
greater than 0.71.1, then lsin the above formula is to be taken 
as lstct. 


Qı to be taken as the greater of the following: 
(a) S[er lsa (P, + Py) - hy P] 
(b) 0.35c; Sla (P, +P) 
() 12Q, 


where a cross tie is fitted in a wing cargo tank and lst-ct is 
greater than 0.71.1, then lsin the above formula is to be taken 
as Istct. 


Py design pressure for the design load set being considered, in 
kN/m2, calculated at mid tank as follows: 


(a) where deck transverses are fitted below deck, P, is to be 
calculated at mid height of upper bracket of the side 
transverse, hu 


(b) where deck transverses are fitted above deck, P, is to be 
calculated at the elevation of the deck at side, except in 
cases where item (c) applies 


(c) where deck transverses are fitted above deck and the inner 
hull longitudinal bulkhead is arranged with a top wing 
structure as follows: 


e the breadth at top of the wing structure is greater than 
1.5 times the breadth of the double side and 


e the angle along a line between the point at base of the 
slope plate at its intersection with the inner hull 
longitudinal bulkhead and the point at the intersection 
of top wing structure and deck is 30 degrees or more to 
vertical 


P, is to be calculated at mid depth of the top wing 
structure 


P; corresponding design pressure for the design load set being 
considered, calculated at mid height of bilge hopper, hı, 
located at mid tank, in kKN/ m2. 


Ist length of the side transverse, in m, and is to be taken as 
follows: 


(a) where deck transverses are fitted below deck, I. is the 
length between the flange of the deck transverse and the 
inner bottom, see Figure 8.2.7 


(b) where deck transverses are fitted above deck, |< is the 


length between the elevation of the deck at side and the 
inner bottom 


lst-ct length of the side transverse, in m, and is to be taken as 
follows: 
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(a) where deck transverses are fitted below deck, Is: is the 
length between the flange of the deck transverse and mid 
depth of cross tie, where fitted in wing cargo tank 

(b) where deck transverses are fitted above deck, I. is the 
length between the elevation of the deck at side and mid 
depth of the cross tie, where fitted in wing cargo tank 


S primary support member spacing, in m, as defined in Section 
4/2.2.2 
hu effective length of upper bracket of the side transverse, in m, 


and is to be taken as follows: 


(a) where deck transverses are fitted below deck, h, is as 
shown in Figure 8.2.7 and as described in Section 4/2.1.5. 

(b) where deck transverses are fitted above deck, h, is to be 
taken as 0.0, except in cases where item (c) applies. 

(c) where deck transverses are fitted above deck and the inner 
hull longitudinal bulkhead is arranged with a top wing 
structure as follows: 


e the breadth at top of the wing structure is greater than 
1.5 times the breadth of the double side, and 

e the angle along a line between the point at base of the 
slope plate at its intersection with the inner hull 
longitudinal bulkhead and the point at the intersection 
of top wing structure and the deck is 30 degrees or more 
to vertical 

h, is to be taken as the distance between the deck at side 

and the lower end of slope plate of the top wing structure. 


hi height of bilge hopper, in m, as shown in Figure 8.2.7 
c,andc as defined in Table 8.2.13 


Ci-pr permissible shear stress coefficient for primary support 
member as given in Table 8.2.10 


Tyd Oo 
-=-= N / mm? 
V3 
Oyd specified minimum yield stress of the material, in N/ mm2 
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Table 8.2.13 
Values of c, and c; for Side Transverses 
Structural Configuration Cu Cl 
Equal to Equal to 

Number of side stringers eo or greater ee or greater 

ee _ | than three ee | than three 
Ships with a centreline longitudinal bulkhead 

Cross tie in centre cargo tank 0.12 0.09 0.29 0.21 
Ships with 
two C ; Qu or Qı based 
longitudinal os on Ist-ct 
Ikh 
bulkheads cargo tanks AN Qı based 0.08 0.20 
On tist 


2.6.5.2 


The shear area over the length of the side transverse is to comply with the 
following: 


(a) the required shear area for the upper part is to be maintained over the upper 
0.2 Lae 


(b) the required shear area for the lower part is to be maintained over the lower 
0.2 Lshr 


(c) where Q, and Q; are determined based on lsc the required shear area for the 
lower part is also to be maintained below the cross tie 


(d) for ships without cross ties in the wing cargo tanks, the required shear area 
between the upper and lower parts is to be reduced linearly towards 50% of the 
required shear area for the lower part at mid span 


(e) for ships with cross ties in the wing cargo tanks, the required shear area along 
the span is to be tapered linearly between the upper and lower parts 
Note 


When materials of different yield stress are employed, appropriate adjustments are to be made to 
account for differences in material yield stress 


Where: 


lenr effective shear span of the side transverse, in m 
=l —h, —h, where Q, and Q; are determined based on ls: 


= l-a —h, where Q, and Q; are determined based on Ist-ct 


Ist, Ist-ct, Mu, hi, Quand Q; as defined in 2.6.5.1 


2.6.6 Vertical web frames on longitudinal bulkhead 


2.6.6.1 


The web depth of the vertical web frame on the longitudinal bulkhead is not to be 
less than: 


(a) 0.14 lodgow for ships with a centreline longitudinal bulkhead 
(b) 0.09 lvagvw for ships with two longitudinal bulkheads 

(c) see also 2.6.1.7 

Where: 


lvdgvw effective bending span of the vertical web frame on the 
longitudinal bulkhead, see 2.6.6.2 and Figure 8.2.7 
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2.6.6.2 The net section modulus, Zyes0, of the vertical web frame is not to be less than: 


1000 M 


M design bending moment, in kNm, as follows: 


Ses TE for upper part of the web frame 


=c,PS EN for lower part of the web frame 


where a cross tie is fitted and lvag-vw-ct is greater than 0.7lvag-vw, 
then lvagvw in the above formula is to be taken as lvag-vw-ct. 


P design pressure for the design load set being considered, 
calculated at mid point of the effective bending span, lbdg-ow, of 
the vertical web frame located at mid tank, in kN/m2 


effective bending span of the vertical web frame on the 
longitudinal bulkhead, between the deck transverse and the 
bottom structure, in m, see Section 4/2.1.4 and Figure 8.2.7. 


l bdg-vw 


effective bending span of the vertical web frame on 
longitudinal bulkhead, between the deck transverse and mid 
depth of the cross tie on ships with two longitudinal 
bulkheads, in m, see Section 4/2.1.4 


l bdg-vw-ct 


S primary support member spacing, in m, as defined in Section 
4/2.2.2 


Cs-pr permissible bending stress coefficient as given in Table 8.2.10 
Oyd specified minimum yield stress of the material, in N/ mm2 


cuandcı as defined in Table 8.2.14 


Table 8.2.14 
Values of c, and c; for Vertical Web Frame on Longitudinal Bulkheads 
Structural Configuration Cu cl 
Ships with a centreline longitudinal bulkhead 0.057 0.071 
Cross tiein | M based on lvag-vw-ct 0.057 0.071 
Ships with Cene 
fwo cargo tank | M based on Ipag-ow 0.012 0.028 
a Cross ties | M based on lagnosi 0.057 0.071 
HAS ACS in wing 
cargo tanks | M based on lvdg-vw 0.016 0.032 


2.6.6.3 The section modulus over the length of the vertical web frame on the longitudinal 
bulkhead is to comply with the following: 
(a) the required section modulus for the upper part is to be maintained over the 
upper 0.2 lvag-vw OF 0.2 Lndg-ow-ct, as applicable 
(b) the required section modulus for the lower part is to be maintained over the 
lower 0.2 lvag-vw OF 0.2 lbdg-vw-ct, as applicable 
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(c) where the required section modulus is determined based on Ipdg-ow-ct, the required 
section modulus for the lower part is also to be maintained below the cross tie 


(d) the required section modulus between the upper and lower parts is to be 
reduced linearly to 70% of the required section modulus for the lower part at 
mid span 

Note 


When materials of different yield stress are employed, appropriate adjustments are to be made to 
account for differences in material yield stress. 


Where: 


lvag-vw ANA Ipdg-vw-ct as defined in 2.6.6.2 


2.6.6.4 The net shear area, Asnr-neiso, of the vertical web frame is not to be less than: 


10Q 
Phi! jose = Ct. 


yd 


cm? 
t—pr 


Where: 


Q design shear force as follows, in kN: 
=Q, for upper part of the web frame 


=Q; for lower part of the web frame 
Qu =S [ey low (Pu + Pi) ~My Pal 
where a cross tie is fitted in a centre or wing cargo tank and lvw-ct 
is greater than 0.7lvw, then lvw in the above formula is to be taken 
as low-ct. 
Qı to be taken as the greater of the following: 
(a) S[ci low (Py + Py) - hy Pi] 
(b) Cy Sylow (Pu + Pi) 
(c) 12Q, 


where a cross tie is fitted in a centre or wing cargo tank and lvw-ct 
is greater than 0.7lvw, then lw in the above formula is to be taken 
as low-ct. 


P, design pressure for the design load set being considered, 
calculated at mid height of upper bracket of the vertical web 
frame, hu, located at mid tank, in kN/m2 


P, design pressure for the design load set being considered, 
calculated at mid height of lower bracket of the vertical web 
frame, h; located at mid tank, in KN/m2 


low length of the vertical web frame, in m, between the flange of the 
deck transverse and the inner bottom, see Figure 8.2.7 


low-ct length of the vertical web frame, in m, between the flange of the 
deck transverse and mid depth of the cross tie, where fitted 


S primary support member spacing, in m, as defined in Section 
4/2.2.2 


Ny effective length of upper bracket of the vertical web frame, in m, 
as shown in Figure 8.2.7 and as described in Section 4/2.1.5 


hy effective length of lower bracket of the vertical web frame, in m, 
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2.6.6.5 


as shown in Figure 8.2.7 and as described in Section 4/2.1.5 
c,and c; as defined in Table 8.2.15 


Cw 0.57 for ships with a centreline longitudinal bulkhead 
0.50 for ships with two longitudinal bulkheads 


Ctpr permissible shear stress coefficient for primary support member 
as given in Table 8.2.10 


Tyd oO 
a =“ N /mm2 
V3 
Oyd specified minimum yield stress of the material, in N/mm? 
Table 8.2.15 

Values of c, and c; for Vertical Web Frame on Longitudinal Bulkhead 
Structural Configuration Cu Cl 
Ships with a centreline longitudinal bulkhead 

; ; 0.17 0.28 
Ships with two Qu or Qı based on ljug 
longitudinal 
bulkheads Q, or Q; based on lw 0.075 0.18 


The shear area over the length of the vertical web frame on the longitudinal 
bulkhead is to comply with the following: 


(a) the required shear area for the upper part is to be maintained over the upper 
0.2 liir 


(b) the required shear area for the lower part is to be maintained over the lower 
0.2 Ishr 


(c) where Q, and Q; are determined based on lvw-c the required shear area for the 
lower part is also to be maintained below the cross tie 


(d) for ships without cross ties in the wing or centre cargo tanks, the required shear 
area between the upper and lower parts is to be reduced linearly towards 50% 
of the required shear area for the lower part at mid span 


(e) for ships with cross ties in the wing or centre cargo tanks, the required shear 
area along the span is to be tapered linearly between the upper and lower parts 


Note 


When materials of different yield stress are employed, appropriate adjustments are to be made to 
account for differences in material yield stress. 


Where: 


lenr effective shear span of the side transverse 
= lw —h, — hı where Q, and Q; are determined based on low 


where Q, and Q; are determined based on lvw-ct 


low, low-ct, hy, hy Qu and Qı as defined in 2.6.6.4 
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2.6.7 Horizontal stringers on transverse bulkheads 
2.6.7.1 The web depth of horizontal stringers on transverse bulkhead is not to be less than: 
(a) 0.28 lvag-ns for horizontal stringers in wing cargo tanks of ships with 
two longitudinal bulkheads 


(b) 0.20 lodgers for horizontal stringers in centre tanks of ships with two 
longitudinal bulkheads, but the web depth of horizontal 
stringers in centre tank is not to be less than required 
depth for a horizontal stringer in wing cargo tanks 


(c) 0.20 lodgers for horizontal stringers of ships with a centreline 


longitudinal bulkhead 
(d) see also 2.6.1.7. 
Where: 
loag-ns effective bending span of the horizontal stringer, in m, but is 


not to be taken as less than 50% of the breadth of the tank at 
the location being considered, see Section 4/2.1.4 and Figure 
8.2.7 


2.6.7.2 The net section modulus, Zneiso, of the horizontal stringer over the end 0.2lvag-ns is not 
to be less than: 


1000 M 
Z net50 = C o. 
s—pr Ova 
Where: 
M design bending moment: 
=cPS Iie kNm 
P design pressure for the design load set being considered, 
calculated at mid point of effective bending span, lvag-hs, and at 
mid point of the spacing, S, of the horizontal stringer, in 
kN/m2 
S sum of the half spacing (distance between stringers) on each 
side of the horizontal stringer under consideration, in m 
lhdg-hs effective bending span of the horizontal stringer, in m, but is 
not to be taken as less than 50% of the breadth of the tank at 
the location being considered, see Section 4/2.1.4 and Figure 
8.2.7 
c 0.073 for horizontal stringers in cargo tanks of ships with a 
centreline bulkhead 
0.083 for horizontal stringers in wing cargo tanks of ships 
with two longitudinal bulkheads 
0.063 for horizontal stringers in the centre tank of ships with 
two longitudinal bulkheads 
Cs-pr permissible bending stress coefficient as given in Table 8.2.10 
Oyd specified minimum yield stress of the material, in N/ mm2 


2.6.7.3 The required section modulus at mid effective bending span is to be taken as 70% of 
that required at the ends, intermediate values are to be obtained by linear 
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2.6.7.4 


2.6.7.5 


interpolation. When materials of different yield stress are employed, appropriate 
adjustments are to be made to account for differences in material yield stress. 


The net shear area, Ashr-netso, of the horizontal stringer over the end 0.2 I. is not to be 
less than: 


1 

A hr-net50 = ee cm? 
ore Tyd 

Where: 

Q design shear force 
=0.5 PSl} kN 

P design pressure for the design load set being considered, 
calculated at mid point of effective bending span, lvag-ns, and at 
mid point of the spacing, S, of the horizontal stringer, in 
kN/m2 

S sum of the half spacing (distance between stringers), on each 
side of the horizontal stringer under consideration, in m 

Isnr effective shear span of the horizontal stringer, in m, see 
Section 4/2.1.5 

Cipr permissible shear stress coefficient as given in Table 8.2.10 

Tyd Oo 

i -“_ N / mm? 
V3 
Oyd specified minimum yield stress of the material, in N/ mm2 


The required shear area at mid effective shear span is to be taken as 50% of that 
required in the ends, intermediate values are to be obtained by linear interpolation. 
When materials of different yield stress are employed, appropriate adjustments are 
to be made to account for differences in material yield stress. 


2.6.8 Cross ties 


2.6.8.1 The maximum applied design axial load on cross ties, Wi, is to be less than or equal 
to the permissible load, Wet-perm, as given by: 
Wet = Wet—perm 
Where: 
Wee applied axial load 
=Pb,S kN 
Wet-perm permissible load 
=0.1 A c4-net50 Net Cor kN 
P maximum design pressure for all the applicable design load 
sets being considered, calculated at centre of the area supported 
by the cross tie located at mid tank, in kN/m2 
bet where cross tie is fitted in centre cargo tank: 
=0.5 lbdg-ow 
where cross ties are fitted in wing cargo tanks: 
= 0.5 lrdgow, for design cargo pressure from the centre cargo 
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tank 
= 0.5 Indg-st for design sea pressure 
lbdg-ow effective bending span of the vertical web frame on the 
longitudinal bulkhead, in m, see Section 4/2.1.4 and Figure 8.2.7. 
lodg-st effective bending span of the side transverse, in m, see Section 
4/2.1 and Figure 8.2.7. 
S primary support member spacing, in m, as defined in Section 
4/2.2.2 
Net utilisation factor, to be taken as: 


= 0.65 for acceptance criteria set AC1 
= 0.75 for acceptance criteria set AC2 
RCN 1 to July 2008 version (effective from 1 February 2010) 


Our critical buckling stress in compression of the cross tie, in 
N/mm, as calculated using the net sectional properties in 
accordance with Section 10/3.5.1, where the effective length of 
the cross tie is to be taken as follows, in m: 


(a) for cross tie in centre tank: 


distance between the flanges of longitudinal stiffeners on 
the starboard and port longitudinal bulkheads to which the 
cross tie’s horizontal stiffeners are attached 


(b) for cross tie in wing tank: 
distance between the flanges of longitudinal stiffeners on 
the longitudinal bulkhead to which the cross tie’s horizontal 
stiffeners are attached, and the inner hull plating 


Act-net50 net cross sectional area of the cross tie, in cm? 


2.6.8.2 Special attention is to be paid to the adequacy of the welded connections for the 
transmission of the forces, and also to the stiffening arrangements, in order to 
provide effective means for transmission of the compressive forces into the webs. 
Particular attention is to be paid to the welding at the toes of all end brackets of the 
cross ties. 


2.6.8.3 Horizontal stiffeners are to be located in line with, and attached to, the longitudinals 
at the ends of the cross ties. 


2.6.9 Primary support members located beyond 0.4L amidships 


2.6.9.1 If a cargo tank FE analysis is not available for the region outside of 0.4L amidships, 
the requirements given in 2.6.9.2 and 2.6.9.3 may be used to obtain the scantlings of 
primary support members located beyond 0.4L of amidships. Scantlings used for 
the 0.4L amidships are to be those required by Sections 8/2 and Section 9/2, see 2.6.1.3 
and 2.6.1.4. 


2.6.9.2 The net section modulus of primary support members, Zend-netso, located beyond 0.4L 
of amidships is not to be less than: 
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Z mid—net50 O yd—mid Mena 


Zend-net50 = cm? 
a O yd-end M nia 

Where: 

Mena bending moment, in kNm, for the structural member under 
consideration located beyond 0.4L amidships, calculated in 
accordance with corresponding requirements of 2.6.3 to 2.6.8 
and using the design pressure specified for the given location 

M nia bending moment, in kNm, for the corresponding structural 


member and location of cross section, amidships, obtained 
from the corresponding requirements of 2.6.2 to 2.6.8 


Zmid-netso Net section modulus at the flange of the corresponding 
structural member and location of cross section amidships, in 


cm 

Oyd-end specified minimum yield stress of the flange of the structural 
member under consideration located beyond 0.4L amidships, 
in N/mm2 

Oyd-mid specified minimum yield stress of the flange of the structural 


member under consideration amidships, in N/mm? 


2.6.9.3 The net shear area for primary support members, Ashr-end-netso, located beyond 0.4L 
amidships is not to be less than: 


A shr-mid-net50 T yd—mid Qena 
A shr-end-net50 = cm? 
T yd—end Q mia 
Where: 
Qend shear force, in kN, for the structural member under 


consideration located beyond 0.4L of amidships, calculated 
in accordance with the corresponding requirements of 2.6.3 
to 2.6.8 and using the design pressure, specified for the 
given location 


Qrmia shear force, in KN, for the corresponding structural member 
and corresponding location of cross section, amidships, 
obtained from the requirements of 2.6.2 to 2.6.8 


Ashr-mid-netso shear area of corresponding structural member and location 
of cross section amidships, in cm? 


Tyd-end Ovd -end 
© B 

Tyd-mid O yd—mid 
o B 

Oyd-end specified minimum yield stress of the structural member 
under consideration located beyond 0.4L amidships, in 
N/mm? 

Oyd-mid specified minimum yield stress of the structural member 


under consideration amidships, in N/mm? 
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3 FORWARD OF THE FORWARD CARGO TANK 


3.1 General 


3.1.1 
3.1.1.1 


3.1.1.2 


3.1.2 
3.1.2.1 


3.1.2.2 


3.1.2.3 


3.1.2.4 


3.1.2.5 


3.1.2.6 


Application 


The requirements of this Sub-Section apply to structure forward of the forward end 
of the foremost cargo tank. Where the forward end of the foremost cargo tank is aft 
of 0.1L of the ship's length, measured from the F.P., special consideration will be 
given to the applicability of these requirements and the requirements of Section 8/2. 


The net scantlings described in this Sub-Section are related to gross scantlings as 
follows: 


(a) for application of the minimum thickness requirements of 3.1.4, the gross 
thickness is obtained from the applicable requirements by adding the full 
corrosion additions specified in Section 6/3. 


(b) for plating and local support members, the gross thickness and gross cross 
sectional properties are obtained from the applicable requirements by adding 
the full corrosion additions specified in Section 6/3 


(c) for primary support members, the gross shear area, gross section modulus and 
other gross cross sectional properties are obtained from the applicable 
requirements by adding one half of the relevant full corrosion additions 
specified in Section 6/3 

(d) for application of buckling requirements of Section 10/2 the gross thickness and 
gross cross sectional properties are obtained from the applicable requirements 
by adding the full corrosion additions specified in Section 6/3. 


General scantling requirements 


The hull structure is to comply with the applicable requirements of: 
(a) hull girder longitudinal strength, see Section 8/1 

(b) strength against sloshing and impact loads, see Section 8/6 

(c) buckling/ultimate strength, see Section 10. 


The deck plating thickness and supporting structure are to be suitably reinforced in 
way of the anchor windlass and other deck machinery, and in way of cranes, masts 
and derrick posts. See Section 11/3. 


The net section modulus, shear area and other sectional properties of local and 
primary support members are to be determined in accordance with Section 4/2. 


The section modulus and web thickness of the local support members apply to the 
areas Clear of the end brackets. The section modulus and cross sectional shear areas 
of the primary support members are to be applied as required in the notes to Table 
8.3.5. 


The scantling criteria are based on assumptions that all structural joints and welded 
details are designed and fabricated such that they are compatible with the 
anticipated working stress levels at the locations considered. The loading patterns, 
stress concentrations and potential failure modes of structural joints and details 
during the design of highly stressed regions are to be considered. Structural design 
details are to comply with the requirements in Section 4/3. 


Limber, drain and air holes are to be cut in all parts of the structure, as required, to 
ensure free flow to the suction pipes and the escape of air to the vents. 
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Arrangements are to be made for draining the spaces above deep tanks. See also 
Section 4/3. 


3.1.2.7 Web stiffeners are to be fitted on primary support members at each longitudinal on 
the side and bottom shell. Alternative arrangements may be accepted where 
adequacy of stiffener end connections and strength of adjoining web and bulkhead 
plating is demonstrated. 


3.1.3 Structural continuity 


3.1.3.1 Scantlings of the shell envelope, upper deck and inner bottom are to be tapered 
towards the forward end. See also 1.6. 


3.1.3.2 In the transition zone aft of the fore peak into the forward cargo tank, due 
consideration is to be given to the arrangement of major longitudinal members in 
order to avoid abrupt changes in section. Structures within the fore peak, such as 
flats, decks, horizontal ring frames or side stringers, are to be scarphed effectively 
into the structure aft into the cargo tank. Where such structures are in line with 
longitudinal members aft of the forward cargo tank bulkhead fitting of tapered 
transition brackets may be used. 


3.1.3.3 Where inner hull or longitudinal bulkhead structures terminate at the forward 
bulkhead of the forward cargo tank, adequate backing structure is to be provided 
together with tapering brackets to ensure continuity of strength. 


3.1.3.4 Longitudinal framing of the strength deck is to be carried as far forward as 
practicable. 


3.1.3.5 All shell frames and tank boundary stiffeners are to be continuous, or are to be 
bracketed at their ends, except as permitted in Sections 4/3.2.4 and 4/3.2.5. 
3.1.4 Minimum thickness 


3.1.4.1 In addition to the thickness, section modulus and stiffener web shear area 
requirements as given in this Sub-Section, the thickness of plating and stiffeners in 
the forward region are to comply with the appropriate minimum thickness 
requirements given in Table 8.3.1. 


3.2 Bottom Structure 


3.2.1 Plate keel 

3.2.1.1 A flat plate keel is to extend as far forward as practical and is to satisfy the scantling 
requirements given in 2.2.1. 

3.2.2 Bottom shell plating 

3.2.2.1 The thickness of the bottom shell plating is to comply with the requirements in 
3.9.2.1. 

3.2.3 Bottom longitudinals 


3.2.3.1 Bottom longitudinals are to be carried as far forward as practicable. Beyond this, 
suitably stiffened frames are to be fitted. 


3.2.3.2 The section modulus and thickness of the bottom longitudinals are to comply with 
the requirements in 3.9.2.2 and 3.9.2.3. 
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Table 8.3.1 
Minimum Net Thickness of Structure Forward of the Forward Cargo Tank 
Scantling Location Net TMi RERE 
(mm) 
Keel plating See 2.1.5.1 
Shell rn 
Bottom shell/bilge/side shell plating See 2.1.5.1 
Upper Deck See 2.1.5.1 
See 2.1.5.1 
Plating 
Non-tight bulkheads, bulkheads 
between dry spaces and other plates See 2.1.5.1 
Other structure in general 
Breasthooks 6.5 
Floors and bottom girders 5.5 + 0.02L2 
Web plating of primary support members 6.5 + 0.015L2 
Local support members See 2.1.5.1 
Tripping brackets See 2.1.5.1 
Where: 
Lo rule length, L, in m, as defined in Section 4/1.1.1.1, but need not be taken greater than 
300m. 


RCN 1 to July 2008 version (effective from 1 February 2010) 


3.2.4 Bottom floors 


3.2.4.1 


Bottom floors are to be fitted at each web frame location. The minimum depth of the 
floor at the centreline is to be not to be less than the required depth of the double 
bottom of the cargo tank region. See Section 5/3.2.1.1. 


3.2.5 Bottom girders 


3.2.5.1 


3.2.9.2 


3.2.5.3 


A supporting structure is to be provided at the centreline either by extending the 
centreline girder to the stem or by providing a deep girder or centreline bulkhead. 


Where a centreline girder is fitted, the minimum depth and thickness is not to be 
less than that required for the depth of the double bottom in the cargo tank region, 
and the upper edge is to be stiffened. Where a centreline wash bulkhead is fitted, 
the lowest strake is to have thickness not less than required for a centreline girder. 


Where a longitudinal wash bulkhead supports bottom transverses, the details and 
arrangements of openings in the bulkhead are to be configured to avoid areas of 
high stresses in way of the connection of the wash bulkhead with bottom 
transverses. 


3.2.6 Plate stems 


3.2.6.1 


3.2.6.2 


Plate stems are to be supported by stringers and flats, and by intermediate 
breasthook diaphragms spaced not more than 1500mm apart, measured along the 
stem. Where the stem radius is large, a centreline support structure is to be fitted. 


Between the minimum design ballast draught, Tia at the stem and the scantling 
draught, Tsc, the plate stem net thickness, tstem-net, is not to be less than: 
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1, = 
Pega ae mm, but need not be taken as greater than 21mm 
Where: 
L2 rule length, L, in m, as defined in Section 4/1.1.1.1, but need not 
be taken greater than 300m 
Ova specified minimum yield stress of the material, in N/mm? 


Above the scantling draught the thickness of the stem plate may be tapered to the 
requirements for the shell plating at the upper deck. 


Below the minimum design ballast draught the thickness of the stem plate may be 
tapered to the requirements for the plate keel. 
3.2.7 Floors and girders in spaces aft of the collision bulkhead 


3.2.7.1 Floors and girders which are aft of the collision bulkhead and forward of the 
forward cargo tank, are to comply with the requirements in 3.2.4 and 3.2.5 and are 
to comply with the shear area requirements in 3.9.3.3. 


3.3 Side Structure 


3.3.1 Side shell plating 


3.3.1.1 The thickness of the side shell plating is to comply with the requirements in 3.9.2.1. 
Where applicable, the thickness of the side shell plating is to comply with the 
requirements in 2.2.4.2. 


3.3.1.2 Where a forecastle is fitted, the side shell plating requirements are to be applied to 
the plating extending to the forecastle deck elevation. 

3.3.2 Side shell local support members 

3.3.2.1 Longitudinal framing of the side shell is to be carried as far forward as practicable. 


3.3.2.2 The section modulus and thickness of the hull envelope framing is to comply with 
the requirements in 3.9.2.2 and 3.9.2.3. 


3.3.2.3 End connections of longitudinals at transverse bulkheads are to provide adequate 
fixity, lateral support, and where not continuous are to be provided with soft-nosed 
brackets. Brackets lapped onto the longitudinals are not to be used. 


3.3.3 Side shell primary support structure 
3.3.3.1 In general, the spacing of web frames, S as defined in Section 4/2.2.2, is to be taken as: 
S=2.6+0.005L2 m, but not to be taken greater than 3.5m 


Where: 


L2 rule length, L, as defined in Section 4/1.1.1.1, but is not to be 
taken greater than 300m 


3.3.3.2 In general, the transverse framing forward of the collision bulkhead stringers are to 
be spaced approximately 3.5m apart. Stringers are to have an effective span not 
greater than 10m, and are to be adequately supported by web frame structures. Aft 
of the collision bulkhead, where transverse framing is adopted, the spacing of 
stringers may be increased. 
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3.3.3.3 Perforated flats are to be fitted to limit the effective span of web frames to not 
greater than 10m. 


3.3.3.4 The scantlings of web frames supporting longitudinal frames, and stringers and/or 
web frames supporting transverse frames in the forward region are to be 
determined from 3.9.3, with the following additional requirements: 
(a) where no cross ties are fitted: 

e the required section modulus of the web frame is to be maintained for 60% of 
the effective span for bending, measured from the lower end. The value of the 
bending moment used for calculation of the required section modulus of the 
remainder of the web frame may be appropriately reduced, but not greater 
than 20% 

e the required shear area of the lower part of the web frame is to be maintained 
for 60% of the shear span measured from the lower end. 

(b) where one cross tie is fitted: 

e the effective spans for bending and shear of a web frame or stringer are to be 
taken ignoring the presence of the cross tie. The shear forces and bending 
moments may be reduced to 50% of the values that are calculated ignoring the 
presence of the cross ties. For a web frame, the required section modulus and 
shear area of the lower part of the web frame is to be maintained up to the 
cross tie, and the required section modulus and shear area of the upper part of 
the web frame is to be maintained for the section above the cross tie 

e cross ties are to satisfy the requirements of 2.6.8 using the design loads 
specified in Table 8.3.8. 

(c) configurations with multiple cross ties are to be specially considered, in 
accordance with 3.3.3.4(d) 

(d) where complex grillage structures are employed the suitability of the scantlings 
of the primary support members is to be determined by more advanced 
calculation methods. 


3.3.3.5 The web depth of primary support members is not to be less than 14% of the 
bending span and is to be at least 2.5 times as deep as the slots for stiffeners if the 
slots are not closed. 


3.4 Deck Structure 


3.4.1 Deck plating 


3.4.1.1 The thickness of the deck plating is to comply with the requirements in 3.9.2.1 with 
the applicable lateral pressure, green sea and deck loads. 
3.4.1.2 (void) 
RCN 1 to July 2008 version (effective from 1 February 2010) 


3.4.2 Deck stiffeners 


3.4.2.1 The section modulus and thickness of deck stiffeners are to comply with the 
requirements in 3.9.2.2 and 3.9.2.3, with the applicable lateral pressure, green sea 
and deck loads. 


3.4.3 Deck primary support structure 


3.4.3.1 The section modulus and shear area of primary support members are to comply 
with the requirements in 3.9.3. 
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3.4.3.2 The web depth of primary support members is not to be less than 10% and 7% of the 
unsupported span in bending in tanks and in dry spaces, respectively, and is not to 
be less than 2.5 times the depth of the slots if the slots are not closed. Unsupported 
span in bending is bending span as defined in Section 4/2.1.4 or in case of a grillage 
structure, the distance between connections to other primary support members. 


RCN 1 to July 2008 version (effective from 1 February 2010) 
3.4.3.3 In way of concentrated loads from heavy equipment, the scantlings of the deck 
structure are to be determined based on the actual loading. See also Section 11/3. 
3.4.4 Pillars 


3.4.4.1 Pillars are to be fitted in the same vertical line wherever possible and effective 
arrangements are to be made to distribute the load at the heads and heels of all 
pillars. Where pillars support eccentric loads, they are to be strengthened for the 
additional bending moment imposed upon them. 


3.4.4.2 Tubular and hollow square pillars are to be attached at their heads and heels by 
efficient brackets or doublers/insert plates, where applicable, to transmit the load 
effectively. Pillars are to be attached at their heads and heels by continuous welding. 
At the heads and heels of pillars built of rolled sections, the load is to be distributed 
by brackets or other equivalent means. 


3.4.4.3 Pillars in tanks are to be of solid section. Where the hydrostatic pressure may result 
in tensile stresses in the pillar, the tensile stress in the pillar and its end connections 
is not to exceed 45% of the specified minimum yield stress of the material. 


3.4.4.4 The scantlings of pillars are to comply with the requirements in 3.9.5. 
3.4.4.5 Where the loads from heavy equipment exceed the design load of 3.9.5, the pillar 
scantlings are to be determined based on the actual loading. 


3.5 Tank Bulkheads 


3.5.1 General 

3.5.1.1 Tanks may be required to have divisions or deep wash plates in order to minimise 
the dynamic stress on the structure. 

3.5.2 Construction 

3.5.2.1 In no case are the scantlings of tank boundary bulkheads to be less than the 
requirements for watertight bulkheads. 

3.5.3 Scantlings of tank boundary bulkheads 

3.5.3.1 The thickness of tank boundary plating is to comply with the requirements in 3.9.2.1. 


3.5.3.2 The section modulus and thickness of stiffeners are to comply with the 
requirements in 3.9.2.2 and 3.9.2.3. 


3.5.3.3 The section modulus and shear area of primary support members are to comply 
with the requirements in 3.9.3. 


3.5.3.4 Web plating of primary support members is to have a depth of not less than 14% of 
the unsupported span in bending, and is not to be less than 2.5 times the depth of 
the slots if the slots are not closed. 


RCN 1 to July 2008 version (effective from 1 February 2010) 
3.5.3.5 Scantlings of corrugated bulkheads are to comply with the requirements in 3.9.4. 
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3.6 Watertight Boundaries 


3.6.1 General 


3.6.1.1 


Watertight boundaries are to be fitted in accordance with Section 5/2. 


3.6.2 Collision bulkhead 


3.6.2.1 


3.6.2.2 
3.6.2.3 


3.6.2.4 


The scantlings of structural components of the collision bulkheads are to comply 
with the requirements in 3.6.3, as applicable. Additionally, the collision bulkhead is 
to comply with the requirements in 3.6.2.2 to 3.6.2.4. 


The position of the collision bulkhead is to be in accordance with Section 5/2.2. 


Doors, manholes, permanent access openings or ventilation ducts are not to be cut 
in the collision bulkhead below the freeboard deck. Where the collision bulkhead is 
extended above the freeboard deck, the number of openings in the extension is to be 
kept to a minimum compatible with the design and proper working of the ship. The 
openings are to be fitted with weathertight closing appliances. The collision 
bulkhead may be pierced by pipes necessary for dealing with the contents of tanks 
forward of the bulkhead, provided the pipes are fitted with valves capable of being 
operated from above the freeboard deck. The valves are generally to be fitted on the 
collision bulkhead inside the fore peak and are not to be fitted inside the cargo tank. 


Compartments forward of the collision bulkhead may not be arranged for the 
carriage of flammable liquids. 


3.6.3 Scantlings of watertight boundaries 


3.6.3.1 
3.6.3.2 


3.6.3.3 


3.6.3.4 


The thickness of boundary plating is to comply with the requirements in 3.9.2.1. 


The section modulus and thickness of stiffeners are to comply with the 
requirements in 3.9.2.2 and 3.9.2.3. 


The section modulus and shear area of primary support members are to comply 
with the requirements in 3.9.3. 


Web plating of primary support members is to have a depth of not less than 10% of 
the unsupported span in bending, and is not to be less than 2.5 times the depth of 
the slots if the slots are not closed. 


RCN 1 to July 2008 version (effective from 1 February 2010) 


3.6.3.5 


Scantlings of corrugated bulkheads are to comply with the requirements in 3.9.4. 


3.7 Superstructure 


3.7.1 Forecastle structure 


3.7.1.1 


Forecastle structures are to be supported by girders with deep beams and web 
frames, and in general, arranged in complete transverse belts and supported by 
lines of pillars extending down into the structure below. Deep beams and girders 
are to be arranged, where practicable, to limit the spacing between deep beams, web 
frames, and/or girders to about 3.5m. Pillars are to be provided as required by 3.4.4. 
Main structural intersections are to be carefully developed with special attention 
given to pillar head and heel connections, and to the avoidance of stress 
concentrations. 
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3.7.2 
3.7.2.1 


Forecastle end bulkhead 


The details and scantlings of the forecastle end bulkhead are to meet the 
requirements of Section 11/1.4. 


3.8 Miscellaneous Structures 


3.8.1 
3.8.1.1 


3.8.1.2 


3.8.2 
3.8.2.1 


3.8.2.2 


3.8.2.3 


3.8.2.4 


3.8.2.5 


3.8.2.6 


3.8.3 
3.8.3.1 


3.8.4 
3.8.4.1 


Pillar bulkheads 


Bulkheads that support girders, or pillars and longitudinal bulkheads which are 
fitted in lieu of girders, are to be stiffened to provide supports not less effective than 
required for stanchions or pillars. The acting load and the required net cross 
sectional area of the pillar section are to be determined using the requirements of 
3.4.4. The net moment of inertia of the stiffener is to be calculated with a width of 
40tne where tner is the net thickness of plating, in mm. 


Pillar bulkheads are to comply with the following requirements: 
(a) the distance between bulkhead stiffeners is not to exceed 1500mm 


(b) where corrugated, the depth of the corrugation is not to be less than 100mm. 


Bulbous bow 


Where a bulbous bow is fitted, the structural arrangements are to be such that the 
bulb is adequately supported and integrated into the fore peak structure. 


At the forward end of the bulb the structure is generally to be supported by 
horizontal diaphragm plates spaced about 1m apart in conjunction with a deep 
centreline web. 


In general, vertical transverse diaphragm plates are to be arranged in way of the 
transition from the peak framing to the bulb framing. 


In way of a wide bulb, additional strengthening in the form of a centreline wash 
bulkhead is generally to be fitted. 


In way of a long bulb, additional strengthening in the form of transverse wash 
bulkheads or substantial web frames is to be fitted. 


The shell plating is to be increased in thickness at the forward end of the bulb and 
also in areas likely to be subjected to contact with anchors and chain cables during 
anchor handling. The increased plate thickness is to be the same as that required for 
plated stems given in 3.2.6. 


Chain lockers 


Chain lockers are to meet the requirements of Section 11/4.2.9. 


Bow thruster tunnels 


The net thickness of the tunnel plating, tiunnet, is not to be less than as required for 
the shell plating in the vicinity of the bow thruster. In addition, tin-net is not to be 
taken less than: 


tan-ne = 0-008d,,,, +1.8 mm 

Where: 

diun inside diameter of the tunnel, in mm, but not to be taken less 
than 970mm 
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3.8.4.2 Where the outboard ends of the tunnel are provided with bars or grids, the bars or 
grids are to be effectively secured. 


3.9 Scantling Requirements 


3.9.1 General 


3.9.1.1 The design load sets are to be applied to the structural requirements for the local 
support and primary support members as given in Table 8.3.8. The static and 
dynamic load components are to be combined in accordance with Table 7.6.1 and the 
procedure given in Section 7/6.3. 


3.9.2 Plating and local support members 


3.9.2.1 For plating subjected to lateral pressure, the net plating thickness, tnet is to be taken 
as the greatest value calculated for all applicable design load sets, as given in Table 
8.3.8, and given by: 


= IPI 
tae = 0.015805 T mm 


a~ yd 


Where: 


Op correction factor for the panel aspect ratio 
s 
21001, 


, but not to be greater than 1.0 


P design pressure for the design load set being considered, 
calculated at the load calculation point defined in Section 
3/5.1.2, in KN/ m2? 


s stiffener spacing, in mm , as defined in Section 4/2.2 


lp length of plate panel, to be taken as the spacing of primary 
support members, unless carlings are fitted, in m 


Ca permissible bending stress coefficient for the acceptance 
criteria set being considered, as given in Table 8.3.2 


Ovd specified minimum yield stress of the material, in N/ mm2 


Table 8.3.2 
Permissible Bending Stress Coefficient for Plating 
Acceptance 
criteria set 


ACI All plating 0.80 


Structural member Ca 


Hull envelope platin 0.95 
AC? pe p 8 


Internal boundary plating ®© 1.00 


Note 


1. Collision bulkhead plating is to be evaluated for design load set 11 
(accidental flooding) using acceptance criteria set AC1 
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3.9.2.2 For stiffeners subjected to lateral pressure, the net section modulus, Zne is to be 
taken as the greatest value calculated for all applicable design load sets, as given in 
Table 8.3.8, and given by: 


E Psha 
ist Frage sF ya 


Where: 


cm? 


P design pressure for the design load set being considered, 
calculated at the load calculation point defined in Section 
3/5.2.2, in kN/m2 


s stiffener spacing, in mm , as defined in Section 4/2.2 
effective bending span, as defined in Section 4/2.1.1, in m 


foag bending moment factor: 


for continuous stiffeners and where end connections are fitted 
consistent with idealisation of the stiffener as having fixed 
ends: 


12 for horizontal stiffeners 

10 for vertical stiffeners 
for other configurations the bending moment factor may be 
taken as in Table 8.3.5. 


C; permissible bending stress coefficient for the acceptance 
criteria set being considered, as given in Table 8.3.3 


Ov specified minimum yield stress of the material, in N/ mm2 


Table 8.3.3 
Permissible Bending Stress Coefficient for Stiffeners 
Acceptance 
criteria set 


ACI All stiffeners 0.75 
AC2 All stiffeners ®© 0.90 


Structural member C; 


Note 


1. Collision bulkhead stiffeners are to be evaluated for design load set 
11 (accidental flooding) using acceptance criteria set AC1 


3.9.2.3 For stiffeners subjected to lateral pressure, the net web thickness based on shear 
area requirements, tw-ne is to be taken as the greatest value calculated for all 
applicable design load sets, as given in Table 8.3.8, and given by: 


fonr P |s hay 
w-net Sr e m 
donr C, Tya 
Where: 
P design pressure for the design load set being considered, 
calculated at the load calculation point defined in Section 
3/5.2.2, in KN/ m2 
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fonr 


shear force factor: 


for continuous stiffeners and where end connections are fitted 
consistent with idealisation of the stiffener as having fixed 
ends: 


0.5 for horizontal stiffeners 
0.7 for vertical stiffeners 


for other configurations the shear force factor may be taken as 
in Table 8.3.5. 


stiffener spacing, in mm , as defined in Section 4/2.2 
effective shear span, as defined in Section 4/2.1.2, in m 


effective web depth of stiffeners, in mm, as defined in Section 
4/2.4.2.2 


permissible shear stress coefficient for the acceptance criteria 
set being considered, as given in Table 8.3.4 


= — N/mm? 


specified minimum yield stress of the material, in N/ mm2 


Table 8.3.4 
Permissible Shear Stress Coefficient for Stiffeners 


Acceptance 


iene Structural member Cr 
criteria set 


ACI All stiffeners 0.75 


AC2 All stiffeners ®© 0.90 


Note 


1. Collision bulkhead stiffeners are to be evaluated for design load set 
11 (accidental flooding) using acceptance criteria set AC1 
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Table 8.3.5 
Bending Moment and Shear Force Factors, fig and fonr 


Bending moment and shear force 
Load and boundary condition factor (based on load at mid span, 
where load varies) 


Position 1 2 3 


Load 1 2 3 foaga foag2 fodg3 
model Support Field Support fori 5 fonr3 


12.0 24.0 12.0 
0.50 - 0.50 


- 14.2 8.0 
0.38 - 0.63 


AOT > 0.50 s 0.50 


EOT 
GRLA GR 
A ALLL 


15.0 23.3 10.0 


- 16.8 7.5 
0.20 - 0.80 


The bending moment factor fvag for the support positions are applicable for a distance of 0.2lvag 
from the end of the effective bending span for both local and primary support members. 


The shear force factor fsı for the support positions are applicable for a distance of 0.2lsnr from 

the end of the effective shear span for both local and primary support members. 

3. Application of fiag and fir for local support members: 

(a) the section modulus requirement of local support members is to be determined using the 
lowest value of fidg1 , fodg2 and fags 


(b) the shear area requirement of local support members is to be determined using the 
greatest value of fiir and fenr3. 
4. Application of foag and fir for primary support members: 
(a) the section modulus requirement within 0.2Ipag from the end of the effective span is 


generally to be determined using the applicable fvagı and fodgs, however foag is not to be 
taken greater than 12 


(b) the section modulus of mid span area is to be determined using fiag =24, or foag2 from the 
table if lesser 
(c) the shear area requirement of end connections within 0.2lsnr from the end of the effective 
span is to be determined using fsnr = 0.5 or the applicable fsnrı or fours, whichever is greater 
(d) for models A through E the value of fnr may be gradually reduced outside of 0.2Ishr 
towards 0.5fs:, at mid span where fiir is the greater value of fsnr1 and fonra. 
5. For other load models see Table 8.7.1. 


JULY 2012 SECTION 8.3/ PAGE 12 


SECTION 8 


- SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


3.9.3 Primary support members 


3.9.3.1 


3.9.3.2 


3.9.3.3 


For primary support members intersecting with or in way of curved hull sections, 
the effectiveness of end brackets is to include allowance for the curvature of the hull. 
For side transverse frames, the requirements may be reduced due to the presence of 
cross ties, see 3.3.3.4. 


For primary support members subjected to lateral pressure, the net section modulus, 
Znets0, is to be taken as the greatest value for all applicable design load sets, as given 
in Table 8.3.8, and given by: 


P\SI;, 
Zetso = 1000 eS eae cm3 
Forage Oya 
Where: 


P design pressure for the design load set being considered, calculated 
at the load calculation point defined in Section 3/5.3.3, in KN/m2 


S primary support member spacing, in m, as defined in Section 
4/2.2.2 


lbag effective bending span, as defined in Section 4/2.1.4, in m 
foag bending moment factor, as given in Table 8.3.5 


Cs permissible bending stress coefficient for the acceptance criteria set 
being considered, as given in Table 8.3.6 


Oyd specified minimum yield stress of the material, in N/mm2 


Table 8.3.6 
Permissible Bending Stress Coefficient for Primary Support Members 
Acceptance 
criteria set 


AC1 All boundaries, including decks and flats 0.70 
AC2 All boundaries, including decks and flats © 0.85 
Note 


1. Collision bulkhead primary support members are to be evaluated for 
design load set 11 (accidental flooding) using acceptance criteria set AC1 


Structure attached to primary support member Cs 


For primary support members subjected to lateral pressure, the effective net shear 
area, Ashr-nets0, iS to be taken as the greatest value for all applicable design load sets, 
as given in Table 8.3.8, and given by: 


PISI 
A snr-net50 =o fae PS ha cm? 
C, Toa 

Where: 

P design pressure for the design load set being considered, 
calculated at the load calculation point defined in Section 
3/5.3.2, in KN/m2 

S primary support member spacing, in m, as defined in Section 
4/2.2.2 

lenr effective shear span, as defined in Section 4/2.1.5, in m 
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3.9.3.4 


fonr shear force factor, as given in Table 8.3.5 


C: permissible shear stress coefficient for the acceptance criteria 
set being considered, as given in Table 8.3.7 


o 
Tya =€ N/mm 
V3 
Od specified minimum yield stress of the material, in N/mm? 
Table 8.3.7 
Permissible Shear Stress Coefficient for Primary Support Members 
Acceptance ; 
erir sel Structure attached to primary support member C: 
AC1 All boundaries, including decks and flats 0.70 
AC2 All boundaries, including decks and flats © 0.85 
Note 
1. Collision bulkhead primary support members are to be evaluated for design 
load set 11 (accidental flooding) using acceptance criteria set AC1 


Primary support members are to generally be analysed with the specific methods as 
described for the particular structure type. More advanced calculation methods may 
be necessary to ensure that nominal stress level for all primary support members 
are less than the permissible stresses and stress coefficients given in 3.9.3.2 and 
3.9.3.3 when subjected to the applicable design load sets. 


3.9.4 Corrugated bulkheads 


3.9.4.1 


Special consideration will be given to the approval of corrugated bulkheads where 
fitted. 


Guidance Note 


Scantling requirements of corrugated bulkheads in the cargo tank region may be used as a basis, see 
2.5.6 and 2.5.7. 


3.9.5 Pillars 


3.9.5.1 The maximum load on a pillar, Wyi, is to be taken as the greatest value calculated 
for all applicable design load sets, as given in Table 8.3.8, and is to be less than or 
equal to the permissible pillar load as given by the following equation, where 
Whili-perm is based on the net properties of the pillar. 
W oi < W pit- perm 
Where: 
Wpin applied axial load on pillar 
=P bDa-sup La—sup + Whit—upr kN 
Whitt-perm permissible load on a pillar 
= 0. LA pit-net50 1 pit O crb kN 
P design pressure for the design load set being considered, 
calculated at centre of the deck area supported by the pillar 
being considered, in kKN/m2 
ba-sup mean breadth of area supported, in m 
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la-sup mean length of area supported, in m 

W pitl-upr axial load from pillar or pillars above, in kN 

A pill-net50 net cross section area of the pillar, in cm? 

Mill utilisation factor for the design load set being considered: 


=0.5 for acceptance criteria set AC1 
=0.6 for acceptance criteria set AC2 


Ocrb critical buckling stress in compression of pillar based on the 


net sectional properties calculated in accordance with Section 
10/3.5.1, in N/mm2 
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Table 8.3.8 


Design Load Sets for Plating, Local Support Members and Primary Support Members 


Type of Total Suppor. /sDesien Load External Diagrammatic 
and Primary Support Toad Component | Draught Comment Representation 
Member Set © P 8 P 
1 Pex Tse 
Sea pressure only 
2: Pex Tse 
Shell Envelope 
5 Pin Toal Tank pressure only. 
Sea pressure to be 
6 Pin 0.25Tsc ignored 
External Decks 1 Pex Tse Green sea pressure only 
5 Pin Thal 
Tank Boundaries z $ jEr Be ae one 
andro Wanie Er: Full tank with adjacent 
Boundaries tank empty 
11 P in-flood - P 
Distributed or 
z Pa Ta concentrated loads only. 
Internal and External Adacent tanks erm 
Decks or Flats J pty. 
10 P Tya Green sea pressure may 
a ý be ignored 
Where: 
Tse scantling draught, in m, as defined in Section 4/1.1.5.5 
Toal minimum design ballast draught, in m, as defined in Section 4/1.1.5.2 
Notes 
1. The specification of design load combinations and other load parameters for the design load sets are 
given in Table 8.2.8 
2. When the ship’s configuration cannot be described by the above, then the applicable Design Load 
Sets to determine the scantling requirements of structural boundaries are to be selected so as to 
specify a full tank on one side with the adjacent tank or space empty. The boundary is to be 
evaluated for loading from both sides. Design Load Sets are to be selected based on the tank or 
space contents and are to maximise the pressure on the structural boundary, the draught to use is to 
be taken in accordance with the Design Load Set and this table. Design Load Sets covering the S and 
S+D design load combinations are to be selected. See Note 4 on Table 8.2.7 and Table 8.2.8. 
3. The boundaries of void and dry space not forming part of the hull envelope are to be evaluated 
using Design Load Set 11. See Note 2. 
JULY 2012 SECTION 8.3/ PAGE 16 


SECTION 8 - SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


4 MACHINERY SPACE 


4.1 General 


4.1.1 Application 


4.1.1.1 


4.1.1.2 


4.1.2 
4.1.2.1 


4.1.2.2 


4.1.2.3 


4.1.2.4 


4.1.2.5 


The requirements of this Sub-Section apply to machinery spaces situated in the aft 
end region, aft of the aftermost cargo tank bulkhead and forward of, and including, 
the aft peak bulkhead. 


The net scantlings described in this Sub-Section are related to gross scantlings as 
follows: 


(a) for application the minimum thickness requirements of 4.1.5, the gross thickness 
is obtained from the applicable requirements by adding the full corrosion 
additions as specified in Section 6/3. 


(b) for plating and local support members, the gross thickness and gross cross 
sectional properties are obtained from the applicable requirements by adding 
the full corrosion additions as specified in Section 6/3. 


(c) for primary support members, the gross shear area, gross section modulus and 
other gross cross sectional properties are obtained from the applicable 
requirements by adding one half of the relevant full corrosion additions as 
specified in Section 6/3. 

(d) for application of buckling requirements of Section 10/2 the gross thickness and 
gross cross sectional properties are obtained from the applicable requirements 
by adding the full corrosion additions as specified in Section 6/3. 


General scantling requirements 


The hull structure is to comply with the applicable requirements of: 
(a) hull girder longitudinal strength, see Section 8/1 

(b) strength against sloshing and impact loads, see Section 8/6 

(c) buckling/ultimate strength, see Section 10. 


The net section modulus, shear area and other sectional properties of local and 
primary support members are to be determined in accordance with Section 4/2. 


The section modulus and web thickness of the local support members apply to the 
areas clear of the end brackets. The section modulus and cross sectional shear areas 
of the primary support members are to be applied as required in the notes to Table 
8.3.5. 


The scantling criteria are based on assumptions that all structural joints and welded 
details are designed and fabricated such that they are compatible with the 
anticipated working stress levels at the locations considered. The loading patterns, 
stress concentrations and potential failure modes of structural joints and details 
during the design of highly stressed regions are to be considered. Structure design 
details are to comply with the requirements in Section 4/3. 


Limber, drain and air holes are to be cut in all parts of the structure, as required, to 
ensure the free flow to the suction pipes and the escape of air to the vents. 
Arrangements are to be made for draining the spaces above tanks. See also Section 
4/3. 
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4.1.3 Structural continuity 


4.1.3.1 


4.1.3.2 


4.1.3.3 


4.1.3.4 


4.1.3.5 


4.1.4 
4.1.4.1 


4.1.4.2 


4.1.4.3 


4.1.4.4 


4.1.4.5 


4.1.4.6 


Scantlings of the shell envelope, upper deck and inner bottom are to be properly 
tapered towards the aft end. See also 1.6. 


Suitable arrangements are to be made to ensure continuity of strength and the 
avoidance of abrupt discontinuities when structure that contributes to the main 
longitudinal strength of the ship is omitted in way of the machinery space. 


Where inner hull or longitudinal bulkhead structures terminate at the forward 
engine room bulkhead, adequate backing structure is to be provided together with 
tapering brackets to ensure continuity of strength. 


All shell frames and tank boundary stiffeners are to be continuous throughout, or 
are to be bracketed at their ends, except as permitted in Sections 4/3.2.4 and 4/3.2.5. 


Longitudinal primary support members, lower decks, and bulkheads arranged in 
the engine room are to be aligned with similar structures in the cargo tank region, as 
far as practicable. Where direct alignment is not possible, suitable scarphing 
arrangements such as taper brackets are to be provided. 


Arrangements 


Where openings in decks/bulkheads are provided in the machinery space, the 
arrangements are to ensure support for deck, side, and bottom structure. 


All parts of the machinery, shafting, etc., are to be supported to distribute the loads 
into the ship’s structure. The adjacent structure is to be suitably stiffened. 


Primary support members are to be positioned giving consideration to the provision 
of through stiffeners and in-line pillar supports to achieve an efficient structural 
design. 


These requirements are formulated assuming conventional single screw, single 
engine propulsion arrangements. Twin-screw or multi-engine vessels, or vessels of 
higher power, may require additions to the scantlings of the structure and the area 
of attachments, which are proportional to the weight, power and proportions of the 
machinery especially where the engines are positioned relatively high in proportion 
to the width of the bed plate. 


The foundations for main propulsion units, reduction gears, shaft and thrust 
bearings, and the structure supporting those foundations are to maintain the 
required alignment and rigidity under all anticipated conditions of loading. 
Consideration is to be given to the submittal of the following plans to the machinery 
manufacturer for review: 

(a) foundations for main propulsion units 

(b) foundations for reduction gears 

(c) foundations for thrust bearings 

(d) structure supporting (a), (b) and (c). 

A cofferdam is to be provided to separate the cargo tanks from the machinery space. 
Pump room, ballast tanks, or fuel oil tanks may be considered as cofferdams for this 
purpose. 


4.1.5 Minimum thickness 


4.1.5.1 


In addition to the requirements for thickness, section modulus and shear area, as 
given in 4.2 to 4.8, the thickness of plating and stiffeners in the machinery space is to 
comply with applicable minimum thickness requirements given in Table 8.4.1. 
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Table 8.4.1 
Minimum Net Thickness of Structure in the Machinery Space 
Scantling Location Net Tvelenese 
(mm) 
Keel platin See 2.1.5.1 
Shell Resch som ENS | IN che nea 
Bottom shell/bilge/side shell plating See 2.1.5.1 
Upper deck See 2.1.5.1 
Hull internal tank boundaries See 2.1.5.1 
Plating pin 
Non-tight bulkheads, bulkheads 
between dry spaces and other plates in See 2.1.5.1 
Other structure general 
Lower decks and flats 3.3 + 0.0067s 
Inner bottom 6.5 + 0.02L2 
Bottom centreline girder See 2.1.6.1 
Floors and bottom longitudinal girders off centreline 5.5 + 0.02L2 
Web plating of primary support members 5.5 + 0.015 L2 
Local support members See 2.1.5.1 
Tripping brackets See 2.1.5.1 
Where: 
L2 rule length, L, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m 
S stiffener spacing, in mm, as defined in Section 4/2.2 


RCN 1 to July 2008 version (effective from 1 February 2010) 


4.2 Bottom Structure 


4.2.1 General 


4.2.1.1 


In general, a double bottom is to be fitted in the machinery space. The depth of the 
double bottom is to be at least the same as required in the cargo tank region, see 
Section 5/3.2.1. Where the depth of the double bottom in the machinery space differs 
from that in the adjacent spaces, continuity of the longitudinal material is to be 
maintained by sloping the inner bottom over a suitable longitudinal extent. Lesser 
double bottom height may be accepted in local areas provided that the overall 
strength of the double bottom structure is not thereby impaired. 

(RCN 2, effective from 1 July 2008) 


4.2.2 Bottom shell plating 


4.2.2.1 


The keel plate breadth is to comply with the requirements in Section 8/2.2.1.1. 


4.2.2.2 The thickness of the bottom shell plating (including keel plating) is to comply with 


the requirements in 4.8.1.1. 


4.2.3 Bottom shell stiffeners 


4.2.3.1 


The section modulus and thickness of bottom shell stiffeners are to comply with the 
requirements in 4.8.1.2 and 4.8.1.3. 
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4.2.4 Girders and floors 


4.2.4.1 The double bottom is to be arranged with a centreline girder. 
(RCN 2, effective from 1 July 2008) 


4.2.4.2 Full depth bottom girders are to be arranged in way of the main machinery to 
effectively distribute its weight, and to ensure rigidity of the structure. The girders 
are to be carried as far forward and aft as practicable, and suitably supported at 
their ends to provide distribution of loads from the machinery. The girders are to 
be tapered beyond their required extent. 


4.2.4.3 Where fitted, side girders are to align with the bottom side girders in the adjacent 
space. 


4.2.4.4 Where the double bottom is transversely framed, plate floors are to be fitted at 
every frame. 


4.2.4.5 Where the double bottom is longitudinally framed, plate floors are to be fitted at 
every frame under the main engine and thrust bearing. Outboard of the engine and 
bearing seatings, the floors may be fitted at alternate frames. 


4.2.4.6 Where heavy equipment is mounted directly on the inner bottom, the thickness of 
the floors and girders is to be suitably increased. 
4.2.5 Inner bottom plating 


4.2.5.1 Where main engines or thrust bearings are bolted directly to the inner bottom, the 
net thickness of the inner bottom plating is to be at least 19mm. Hold-down bolts 
are to be arranged as close as possible to floors and longitudinal girders. Plating 
thickness and the arrangements of hold-down bolts are also to consider the 
manufacturer’ s recommendations. 

4.2.6 Sea chests 


4.2.6.1 Where the inner bottom or double bottom structure forms part of a sea chest, the 
thickness of the plating is not to be less than that required for the shell at the same 
location, taking into account the maximum unsupported width of the plating. 


4.3 Side Structure 


4.3.1 General 


4.3.1.1 The scantlings of the side shell plating and longitudinals are to be properly tapered 
from the midship region towards the aft end. 


4.3.1.2 A suitable scarphing arrangement of the longitudinal framing is to be arranged 
where the longitudinal framing terminates and is replaced by transverse framing. 


4.3.1.3 Stiffeners and primary support members are to be supported at their ends. 


4.3.2 Side shell plating 


4.3.2.1 The thickness of the side shell plating is to comply with the requirements in 4.8.1.1. 
Where applicable, the thickness of the side shell plating is to comply with the 
requirements in 2.2.4.2. 


4.3.3 Side shell local support members 


4.3.3.1 The section modulus and thickness of side longitudinal and vertical stiffeners are to 
comply with the requirements in 4.8.1.2 and 4.8.1.3. 
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4.3.3.2 
4.3.3.3 


4.3.4 
4.3.4.1 


4.3.4.2 


4.3.4.3 


4.3.4.4 


4.3.4.5 


(void) 


End connections of longitudinals at transverse bulkheads are to provide fixity, 
lateral support, and when not continuous are to be provided with soft-nosed 
brackets. Brackets lapped onto the longitudinals are not to be fitted. 


Side shell primary support members 


Web frames are to be connected at the top and bottom to members of suitable 
stiffness, and supported by deck transverses. 


The spacing of web frames in way of transversely framed machinery spaces is 
generally not to exceed five transverse frame spaces. 


The section modulus and shear area of primary support members are to comply 
with the requirements in 4.8.2. 


The web depth is to be not less than 2.5 times the web depth of the adjacent frames 
if the slots are not closed. 


Web plating of primary support members is to have a depth of not less than 14% of 
the unsupported span in bending. 


44 Deck Structure 


4.4.1 
4.4.1.1 


4.4.1.2 


4.4.1.3 


4.4.1.4 


4.4.1.5 


4.4.1.6 


4.4.1.7 


4.4.1.8 


4.4.2 
4.4.2.1 
4.4.2.2 


General 


All openings are to be framed. Attention is to be paid to structural continuity. 
Abrupt changes of shape, section or plate thickness are to be avoided. 


The corners of the machinery space openings are to be of suitable shape and design 
to minimise stress concentrations. 


In way of machinery openings, deck or flats are to have sufficient strength where 
they are intended as effective supports for side transverse frames or web frames. 


Where a transverse framing system is adopted, deck stiffeners are to be supported 
by a suitable arrangement of longitudinal girders in association with pillars or pillar 
bulkheads. Where fitted, deck transverses are to be arranged in line with web 
frames to provide end fixity and transverse continuity of strength. 


Where a longitudinal framing system is adopted, deck longitudinals are to be 
supported by deck transverses in line with web frames in association with pillars or 
pillar bulkheads. 


Machinery casings are to be supported by a suitable arrangement of deck 
transverses and longitudinal girders in association with pillars or pillar bulkheads. 
In way of particularly large machinery casing openings, cross ties may be required. 
These are to be arranged in line with deck transverses. 


The structural scantlings are to be not less than the requirement for tank boundaries 
if the deck forms the boundary of a tank. 


The structural scantlings are to be not less than the requirement for watertight 
bulkheads if the deck forms the boundary of a watertight space. 

Deck scantlings 
The plate thickness of deck plating is to comply with the requirements in 4.8.1.1. 


The section modulus and thickness of deck stiffeners are to comply with the 
requirements in 4.8.1.2 and 4.8.1.3. 


JULY 2012 SECTION 8.4/ PAGE 5 


SECTION 8 - SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


4.4.2.3 The web depth of deck stiffeners is to be not less than 60mm. 


4.4.2.4 The section modulus and shear area of primary support members are to comply 
with the requirements in 4.8.2. 


4.4.2.5 The web depth of primary support members is not to be less than 10% and 7% of the 
unsupported span in bending in tanks and in dry spaces, respectively, and is not to 
be less than 2.5 times the depth of the slots if the slots are not closed. Unsupported 
span in bending is bending span as defined in Section 4/2.1.4 or in case of a grillage 
structure the distance between connections to other primary support members. 


RCN 1 to July 2008 version (effective from 1 February 2010) 


4.4.2.6 In way of concentrated loads from heavy equipment, the scantlings of the deck 
structure are to be determined based on the actual loading. 


4.4.3 Pillars 


4.4.3.1 Pillars are to be fitted in the same vertical line wherever possible, and effective 
arrangements are to be made to distribute the load at the heads and heels of all 
pillars. Where pillars support eccentric loads, they are to be strengthened for the 
additional bending moment imposed upon them. 


4.4.3.2 Tubular and hollow square pillars are to be attached at their heads and heels by 
efficient brackets, or doublers/insert plates, where applicable, to transmit the load 
effectively. Pillars are to be attached at their heads and heels by continuous 
welding. At the heads and heels of pillars built of rolled sections, the load is to be 
distributed by brackets or other equivalent means. 


4.4.3.3 In double bottoms under widely spaced pillars, the connections of the floors to the 
girders, and of the floors and girders to the inner bottom, are to be suitably 
increased. Where pillars are not directly above the intersection of plate floors and 
girders, partial floors and intercostals are to be fitted as necessary to support the 
pillars. Manholes are not to be cut in the floors and girders below the heels of 
pillars. 


4.4.3.4 Pillars in tanks are to be of solid section. Where the hydrostatic pressure may result 
in tensile stresses in the pillar, the tensile stress in the pillar and its end connections 
is not to exceed 45% of the specified minimum yield stress of the material. 


4.4.3.5 The scantlings of pillars are to comply with the requirements in 4.8.4. 


4.4.3.6 Where the pillar loads from heavy equipment exceed the design load required by 
4.8.4, the pillar scantlings are to be determined based on the actual loading. 


4.5 Machinery Foundations 


4.5.1 General 


4.5.1.1 Main engines and thrust bearings are to be effectively secured to the hull structure 
by foundations of strength that is sufficient to resist the various gravitational, thrust, 
torque, dynamic, and vibratory forces which may be imposed on them. 


4.5.1.2 In the case of higher power internal combustion engines or turbine installations, the 
foundations are generally to be integral with the double bottom structure. 
Consideration is to be given to substantially increase the inner bottom plating 
thickness in way of the engine foundation plate or the turbine gear case, and the 
thrust bearing, see Figure 8.4.1, Type 1. 


4.5.1.3 For main machinery supported on foundations of Type 2, as shown in Figure 8.4.1, 
the forces from the engine into the adjacent structure are to be distributed as 
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uniformly as possible. Longitudinal members supporting the foundation are to be 
aligned with girders in the double bottom, and transverse stiffening is to be 
arranged in line with the floors, see Figure 8.4.1, Type 2. 


4.5.1.4 For ships with open floors in the machinery space, the foundations are generally to 
be arranged above the level of the top of the floors and securely bracketed, see 
Figure 8.4.1, Type 3. 


Figure 8.4.1 
Machinery Foundations 


See Note 1 See Note 1 See Note 1 


Seat integral with tank top Seat integral with tank top Built up seat Built up seat 
Centre recessed Centre recessed 
Type 1 Type 2 
See Note 1 See Note 1 


I I 
Seat with open floors Seat with open floors 
Centre recessed 


Type 3 


Note 


1. Brackets are to be as large as possible. Brackets may be omitted to avoid interference with the 
girders of the engine foundation, in accordance with recommendations of the engine manufacturer. 


4.5.2 Foundations for internal combustion engines and thrust bearings 


4.5.2.1 In determining the scantlings of foundations for internal combustion engines and 
thrust bearings, consideration is to be given to the general rigidity of the engine and 
to its design characteristics with regard to out of balance forces. 


4.5.2.2 Generally two girders are to be fitted in way of the foundation for internal 
combustion engines and thrust bearings. 
Guidance Note 


In general, the gross thickness of foundation top plates is not to be less than 45mm, where the 
maximum continuous output of the propulsion machinery is 3500kw or greater. 


4.5.3 Auxiliary foundations 


4.5.3.1 Auxiliary machinery is to be secured on foundations that are of suitable size and 
arrangement to distribute the loads from the machinery evenly into the supporting 
structure. 
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4.6 Tank Bulkheads 


4.6.1 General 

4.6.1.1 Tanks may be required to have divisions or deep wash plates to minimise the 
dynamic stress on the structure. 

4.6.2 Construction 

4.6.2.1 In no case are the scantlings of tank boundary bulkheads to be less than the 
requirements for watertight bulkheads. 

4.6.3 Scantlings of tank boundary bulkheads 


4.6.3.1 The thickness of tank boundary plating is to comply with the requirements in 
4.8.1.1. 


4.6.3.2 The section modulus and thickness of stiffeners are to comply with the 
requirements in 4.8.1.2 and 4.8.1.3. 


4.6.3.3 The section modulus and shear area of primary support members are to comply 
with the requirements in 4.8.2. 


4.6.3.4 Web plating of primary support members is to have a depth of not less than 14% of 
the unsupported span in bending and not less than 2.5 times the depth of the slots if 
the slots are not closed. 


RCN 1 to July 2008 version (effective from 1 February 2010) 
4.7 Watertight Boundaries 


4.7.1 General 

4.7.1.1 Watertight boundaries within the machinery space are to be fitted in accordance 
with Section 5/2. 

4.7.2 Scantlings of watertight boundaries 


4.7.2.1 The thickness of watertight boundary plating is to comply with the requirements in 
4.8.1.1. 


4.7.2.2 The section modulus and thickness of stiffeners are to comply with the 
requirements in 4.8.1.2 and 4.8.1.3. 


4.7.2.3 The section modulus and shear area of primary support members are to comply 
with the requirements in 4.8.2. 


4.7.2.4 Web plating of primary support members is to have a depth of not less than 10% of 
the unsupported span in bending and not less than 2.5 times the depth of the slots if 
the slots are not closed. 


RCN 1 to July 2008 version (effective from 1 February 2010) 
4.8 Scantling Requirements 


4.8.1 Plating and local support members 


4.8.1.1 For plating subjected to lateral pressure the net plating thickness is to comply with 
the requirements in 3.9.2.1, but using the permissible bending stress coefficient, Ci, 
defined in Table 8.4.2. 
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4.8.1.2 


For stiffeners subjected to lateral pressure the net section modulus requirement is to 


comply with the requirements in 3.9.2.2, but using the permissible bending stress 
coefficient, Cs, defined in Table 8.4.3. 


4.8.1.3 


For stiffeners subjected to lateral pressure the net web thickness based on shear area 


requirements is to comply with the requirements in 3.9.2.3. 


Table 8.4.2 
Permissible Bending Stress Coefficient for Plating 


The permissible bending stress coefficient, C,, for the design load set being considered is to be taken as: 


Ong 


Mo-total 


I v-net50 


Zz 
ZNA-net50 


Oyd 


C,=B,- a sl but not to be taken greater than Ca-max 
Oy 
Where: 
Ba, Qa, Ca-max Acceptance 1 
ine M Cis 
Criteria Set Structural Member fa G PERA 
Longitudinally stiffened 
Longitudinal plating 0.9 0.5 0.8 
Strengt Transversely or vertically 
AC1 
Se stiffened plating 0.9 1.0 0.8 
Other members 0.8 0 0.8 
Longitudinally stiffened 
Longitudinal plating 1.05 0.5 0.95 
Strength - 
Members Transversely or vertically To a re 
Be stiffened plating i i; : 
Other members, including watertight 
boundary plating 1.0 0 1.0 


hull girder bending stress for the design load set being considered and calculated at the load 
calculation point defined in Section 3/5.1.2 


= (z <7 a M,-total 10° N/ mm2 


v-net50 


design vertical bending moment at the longitudinal position under consideration for the design 
load set being considered, in kNm. The still water bending moment, Msw-perm, is to be taken 
with the same sign as the simultaneously acting wave bending moment, Mw, see Table 7.6.1 


net vertical hull girder moment of inertia, at the longitudinal position being considered, as 
defined in Section 4/2.6.1, in m4 


vertical coordinate of the load calculation point under consideration, in m 
distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m 


specified minimum yield stress of the material, in N/ mm2 
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Table 8.4.3 
Permissible Bending Stress Coefficient for Stiffeners 
The permissible bending stress coefficient C; is to be taken as: 


Sign of Hull Girder Side that Pressure is Acting 2108 
: Acceptance Criteria 
Bending Stress, Ong On 
Tension (+ve) Stiffener side C,=B.- a Ps 
sS Ss S Oya 
Compression (-ve) Plate side but not to be taken greater 
than Cs-max 
Tension (+ve) Plate side 
Cs = Cs-max 
Compression (-ve) Stiffener side 
Where: 
Bs, Os, Cs-max permissible bending stress factors and are to be taken as: 
Acceptance 
Criteria Set Structural Member Bs A Csiniat 
er Longitudinally effective stiffeners 0.85 1.0 0.75 
Other stiffeners 0.75 0 0.75 
Longitudinally effective stiffeners 1.0 1.0 0.9 
AC2 Other stiffeners 0.9 0 0.9 

Watertight boundary stiffeners 0.9 0 0.9 

Ong hull girder bending stress for the design load set being considered and calculated at the 
reference point defined in Section 3/5.2.2.5 
= (z = Z NA-net50 ) Mo total pio N/mm2 
I v-net50 

Mbo-total design vertical bending moment at longitudinal position under consideration for the design 


load set being considered, in kNm 


Mbv-totai is to be calculated in accordance with Table 7.6.1 using the sagging or hogging still water 
bending moment 


Msw-perm 
Stiffener Location Pressure acting on Pressure acting on 
Plate Side Stiffener Side 

Above Neutral Axis Sagging SWBM Hogging SWBM 

Below Neutral Axis Hogging SWBM Sagging SWBM 
Iv-net50 net vertical hull girder moment of inertia, at the longitudinal position being considered, as 

defined in Section 4/2.6.1, in m4 

z vertical coordinate of the reference point defined in Section 3/5.2.2.5, in m 
ZNA-net50 distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m 
Oyd specified minimum yield stress of the material, in N/mm? 


4.8.2 Primary support members 


4.8.2.1 For primary support members intersecting with or in way of curved hull sections, 
the effectiveness of end brackets is to include allowance for the curvature of the 
hull. 


4.8.2.2 For primary support members subjected to lateral pressure the net section modulus 
requirement is to comply with the requirements in 3.9.3.2. 
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4.8.2.3 For primary support members subjected to lateral pressure the net cross sectional 
area of the web is to comply with the requirements in 3.9.3.3. 


4.8.2.4 Primary support members are to generally be analysed with the specific methods as 
described for the particular structure type. More advanced calculation methods may 
be required to ensure that nominal stress level for all primary support members are 
less than permissible stresses and stress coefficients given in 3.9.3.2 and 3.9.3.3 when 
subjected to the applicable design load sets. 


4.8.3 Corrugated bulkheads 
4.8.3.1 Special consideration will be given to the approval of corrugated bulkheads where 
fitted. 


Guidance Note 


Scantling requirements of corrugated bulkheads in the cargo tank region may be used as a basis, see 
2.5.6 and 2.5.7. 


4.8.4 Pillars 


4.8.4.1 The maximum load on a pillar is to be less than the permissible pillar load as given 
by the requirements in 3.9.5. 
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5 AFT END 


5.1 General 


5.1.1 
5.1.1.1 


5.1.1.2 


5.1.1.3 


5.1.2 
5.1.2.1 


5.1.2.2 


5.1.2.3 


5.1.2.4 


5.1.2.5 


Application 
The requirements of this Sub-Section apply to structure located between the aft 
peak bulkhead and the aft end of the ship. 
The requirements of this Sub-Section do not apply to the following: 
(a) rudder horns 


(b) structures which are not integral with the hull, such as rudders, steering nozzles 
and propellers 


(c) other appendages permanently attached to the hull. 


Where such items are fitted, the requirements of the individual Classification 
Society are to be complied with. 


The net scantlings described in 5.1 to 5.7 are related to gross scantlings as follows: 


(a) for application the minimum thickness requirements of 5.1.4, the gross thickness 
is obtained from the applicable requirements by adding the full corrosion 
additions specified in Section 6/3. 


(b) for plating and local support members, the gross thickness and gross cross 
sectional properties are obtained from the applicable requirements by adding 
the full corrosion additions specified in Section 6/3 


(c) for primary support members, the gross shear area, gross section modulus and 
other gross cross sectional properties are obtained from the applicable 
requirements by adding one half of the relevant full corrosion additions 
specified in Section 6/3 

(d) for application of buckling requirements of Section 10/2 the gross thickness and 
gross cross sectional properties are obtained from the applicable requirements 
by adding the full corrosion additions specified in Section 6/3. 


General scantling requirements 


The hull structure is to comply with the applicable requirements of: 
(a) hull girder longitudinal strength, see Section 8/1 

(b) strength against sloshing and impact loads, see Section 8/6 

(c) buckling/ultimate strength, see Section 10. 


The deck plating thickness and supporting structure are to be suitably reinforced for 
the steering gear, mooring windlasses, and other deck machinery. See Section 11/3. 


The net section modulus, shear area and other sectional properties of local and 
primary support members are to be determined in accordance with Section 4/2. 


The section modulus and web thickness of the local support members apply to the 
areas clear of the end brackets. The section modulus and cross sectional shear areas 
of the primary support members are to be applied as required in the notes to Table 
8.3.5. 


The scantling criteria are based on assumptions that all structural joints and welded 
details are designed and fabricated such that they are compatible with the 
anticipated working stress levels at the locations considered. The loading patterns, 
stress concentrations and potential failure modes of structural joints and details 
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5.1.2.6 


during the design of highly stressed regions are to be considered. Structure design 
details are to comply with the requirements in Section 4/3. 


Limber, drain and air holes are to be cut in all parts of the structure, as required, to 
ensure the free flow to the suction pipes and the escape of air to the vents. 
Arrangements are to be made for draining the spaces above deep tanks. See also 
Section 4/3. 


5.1.3 Structural continuity 


5.1.3.1 


5.1.3.2 


5.1.3.3 
5.1.3.4 


Scantlings of the shell envelope, upper deck and inner bottom are to be tapered 
towards the aft end. See also 1.6. 


In transition zones forward of the aft peak into the machinery space, due 
consideration is to be given to the tapering of primary support members. 


Longitudinal framing of the strength deck is to be carried aft to the stern. 


All shell frames and tank boundary stiffeners are in general to be continuous, or are 
to be bracketed at their ends, except as permitted in Sections 4/3.2.4 and 4/3.2.5. 


5.1.4 Minimum thickness 


5.1.4.1 In addition to the thickness, section modulus and stiffener web shear area 
requirements as given in 5.2 to 5.7, the thickness of plating and stiffeners in the aft 
end region is to comply with the appropriate minimum thickness requirements 
given in Table 8.5.1. 
Table 8.5.1 
Minimum Net Thickness of Structure Aft of the Aft Peak Bulkhead 
Scantling Location Net Ihung 
(mm) 
Keel platin See 2.1.5.1 
Shell Lemm i O O n ek 
Bottom shell/bilge/side shell plating See 2.1.5.1 
Upper Deck See 2.1.5.1 
Plating Hull internal tank boundaries See 2.1.5.1 
Non-tight bulkheads, bulkheads 
Other structure between dry spaces and other plates See 2.1.5.1 
in general 
Pillar bulkheads 7.5 
Bottom girders and aft peak floors 5.5 + 0.02L2 
Web plating of primary support members 6.5 + 0.015L2 
Local support members See 2.1.5.1 
Tripping brackets See 2.1.5.1 
Where: 
Lo rule length, L, as defined in Section 4/1.1.1.1, but need not be taken greater than 300m 


RCN 1 to July 2008 version (effective from 1 February 2010) 
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5.2 Bottom Structure 


5.2.1 General 


5.2.1.1 


5.2.1.2 


Floors are to be fitted at each frame space in the aft peak and carried to a height at 
least above the stern tube. Where floors do not extend to flats or decks they are to be 
stiffened by flanges at their upper end. 


The centreline bottom girder is to extend as far aft as is practicable and is to be 
attached to the stern frame. 


5.2.2 Aft peak floors and girders 


5.2.2.1 


5.2.2.2 


The height of stiffeners, hs on the floors and girders are to be not less than: 


hs = 80.0 li mm, for flat bar stiffeners 
hsg = 70.0 lip mm, for bulb profiles and flanged stiffeners 


Where: 
lsif length of stiffener as shown in Figure 8.5.1, in m 


In conjunction with the requirements of 5.2.2.1, stiffeners are to be provided with 
end brackets as follows: 


(a) brackets are to be fitted at the lower and upper ends when lsi exceeds 4m 
(b) brackets are to be fitted at the lower end when lst exceeds 2.5m. 


Where: 
lı total length of stiffener as shown in Figure 8.5.1, in m 


Figure 8.5.1 


Stiffening of Floors and Girders in the Aft Peak 


a) when Isp > 4 b) when lig: > 2.5 c) when lst < 2.5 


5.2.2.3 


Heavy plate floors are to be fitted in way of the aft face of the horn and in line with 
the webs in the rudder horn. They may be required to be carried up to the first deck 
or flat. In this area, cut outs, scallops or other openings are to be kept to a minimum. 
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5.2.3 Stern frames 


5.2.3.1 Stern frames may be fabricated from steel plates or made of cast steel. For applicable 
material specifications and steel grades see Table 6.1.3. Stern frames of other 


5:2:3;2 


5.2.3.3 


5.2.3.4 


material or construction will be specially considered. 


Scantlings below the propeller boss on stern frames for single screw vessels are to 


comply with the requirements in 5.2.3.3 or 5.2.3.4, as applicable. 


Fabricated stern frames are to satisfy the following criteria: 


(a) ts 22.25/L mm 


grs = 


(b) Wy, 2450 mm 


sin — 


Cay 
f 
a 1 +f wn 
Wstn 
Where 
tors gross thickness of side plating, in mm 
Wetn width of stern frame, in mm, see Figure 8.5.2a 


length of stern frame, in mm, see Figure 8.5.2a 
L rule length, as defined in Section 4/1.1.1.1 

C; = 9600 

Cast stern frames are to satisfy the following criteria: 


(a) Lie 3.0VL mm, but not to be less than 25mm 


(b) Pie Z 1-25tigrs mm 
1.5 
(c) (hi + bors ) > C,L 
Die 
we 1 E í = ) 
Wsin 
Where: 
LEN gross thickness of casting at end, in mm, see Figure 8.5.2b 
Biss gross thickness of casting at mid length, in mm, see Figure 
8.5.2b 
Wein width of stern frame, in mm, see Figure 8.5.2b 
Tig length of stern frame, in mm, see Figure 8.5.2b 
L rule length, as defined in Section 4/1.1.1.1 
C; = 8400 


The thickness of butt welding to shell plating may be tapered below tı with a length 
of taper that is at least three times the offset. The castings are to be cored out to 
avoid large masses of thick material likely to contain defects and are to maintain a 
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5.2.3.5 


5.2.3.6 


5.2.3.7 


5.2.3.8 


relatively uniform section throughout. Suitable radii are to be provided in way of 
changes in section. 


Above the propeller boss, the scantlings are to be in accordance with 5.2.3.2 to 
5.2.3.4 except that in the upper part of the propeller aperture, where the hull form is 
full and centreline supports are provided, the thickness may be reduced to 80% of 
the applicable requirements in 5.2.3.2 to 5.2.3.4. 


Where round bars are used at the aft edge of stern frames, their scantlings and 
connection details are to facilitate welding. 


Ribs or horizontal brackets of thickness not less than 0.8tgs or 0.8tı-grs are to be 
provided at suitable intervals, where tg; and tı-grsare as defined in 5.2.3.3 and 5.2.3.4. 
When tgs or fr-grs is reduced in accordance with 5.2.3.5, a proportionate reduction in 
the thickness of ribs or horizontal brackets may be made. 


Rudder gudgeons are to be an integral part of the stern frame and are to meet the 
requirements of the individual Classification Society. 


Figure 8.5.2 
Stern Frame 


l 


stn 
a Fabricated 
loin /2 


4 


5.3 Shell Structure 


5.3.1 Shell plating 


5.3.1.1 The net thickness of the side shell and transom plating, tne, is to comply with the 
requirements in 3.9.2.1 and is not to be less than: 
to, =0.035(L, —42)+0.009s mm 
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Where: 

L2 rule length, L, as defined in Section 4/1.1.1.1, but need not be 
taken greater than 300m 

s stiffener spacing, in mm, as defined in Section 4/2.2 


5.3.1.2 The net plating thickness of shell, tne, attached to the stern frame is to comply with 
the requirements in 3.9.2.1 and is not to be less than: 


t a =0.094(L, —43)+0.009s mm 


Where: 

L2 rule length, L, as defined in Section 4/1.1.1.1, but need not be 
taken greater than 300m 

s stiffener spacing, in mm, as defined in Section 4/2.2 


5.3.1.3. In way of the boss and heel plate, the shell net plating thickness, tnes is not to be less 
than: 


tre =0.105(L, —47)+0.011s mm 


Where: 

L2 rule length, L, as defined in Section 4/1.1.1.1, but need not be 
taken greater than 300m 

s stiffener spacing, in mm, as defined in Section 4/2.2 


5.3.1.4 Within the extents specified in 2.2.4.3, the thickness of the side shell plating is to 
comply with the requirements in 2.2.4.2. 


5.3.1.5 Heavy shell plates are to be fitted locally in way of the heavy plate floors as 
required by 5.2.2.3. Outboard of the heavy floors, the heavy shell plates may be 
reduced in thickness in as gradual a manner as practicable. Where the horn plating 
is radiused into the shell plating, the radius at the shell connection, r, is not to be 


less than: 
r=150+0.8L2 mm 
Where: 
Lo rule length, L, as defined in Section 4/1.1.1.1, but need not be 


taken greater than 300m 


5.3.2 Shell local support members 

5.3.2.1 The section modulus and thickness of the hull envelope framing are to comply with 
the requirements in 3.9.2.2 and 3.9.2.3. 

5.3.3 Shell primary support members 


5.3.3.1 The requirements of 5.3.3 apply to single side skin construction supported by 
system of vertical webs and/or horizontal stringers or flats. 


5.3.3.2 Where a longitudinal framing system is adopted, longitudinals are to be supported 
by vertical primary support members extending from the floors to the upper deck. 
Deck transverses are to be fitted in line with the web frames. 
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5.3.3.3 


5.3.3.4 


5.3.3.5 


Where a transverse framing system is adopted, frames are to be supported by 
horizontal primary support members spanning between the vertical primary 
support members. 


The scantlings of web frames supporting; longitudinal framing, stringers and 
transverse framing are to be determined from 3.9.3. 


The web depth of primary support members is not to be less than 14% of the 
bending span and is to be at least 2.5 times as deep as the slots for stiffeners if the 
slots are not closed. 


5.4 Deck Structure 


5.4.1 


5.4.1.1 
5.4.1.2 


5.4.2 
5.4.2.1 


5.4.3 
5.4.3.1 


5.4.3.2 


5.4.3.3 


5.4.4 


5.4.4.1 


5.4.4.2 


5.4.4.3 


5.4.4.4 


Deck plating 


The thickness of the deck plating is to comply with the requirements in 3.9.2.1. 
(void) 
RCN 1 to July 2008 version (effective from 1 February 2010) 


Deck stiffeners 


The section modulus and thickness of deck stiffeners are to comply with the 
requirements in 3.9.2.2 and 3.9.2.3. 


Deck primary support members 


The section modulus and shear area of primary support members are to comply 
with the requirements in 3.9.3. 


The web depth of primary support members is not to be less than 10% and 7% of the 
unsupported span in bending in tanks and in dry spaces, respectively, and is not to 
be less than 2.5 times the depth of the slots if the slots are not closed. Unsupported 
span in bending is bending span as defined in Section 4/2.1.4 or in case of a grillage 
structure the distance between connections to other primary support members. 


RCN 1 to July 2008 version (effective from 1 February 2010) 


In way of concentrated loads from heavy equipment, the scantlings of the deck 
structure are to be determined based on the actual loading. See also Section 11/3. 


Pillars 


Pillars are to be fitted in the same vertical line wherever possible and effective 
arrangements are to be made to distribute the load at the heads and heels of all 
pillars. Where pillars support eccentric loads, they are to be strengthened for the 
additional bending moment imposed upon them. 


Tubular and hollow square pillars are to be attached at their heads and heels by 
efficient brackets, or doublers/insert plates, where applicable, to transmit the load 
effectively. Pillars are to be attached at their heads and heels by continuous welding. 
At the heads and heels of pillars built of rolled sections, the load is to be distributed 
by brackets or other equivalent means. 


Pillars in tanks are to be of solid section. Where the hydrostatic pressure may result 
in tensile stresses in the pillar, the tensile stress in the pillar and its end connections 
is not to exceed 45%of the specified minimum yield stress of the material. 


The scantlings of pillars are to comply with the requirements in 3.9.5. 
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5.4.4.5 Where the loads from heavy equipment exceed the design load of 3.9.5, the pillar 
scantlings are to be determined based on the actual loading. 


5.5 Tank Bulkheads 


5.5.1 General 

5.5.1.1 Tanks may be required to have divisions or deep wash structures to minimise the 
dynamic stress on the structure. 

5.5.2 Construction 

5.5.2.1 In no case are the scantlings of tank boundary bulkheads to be less than the 
requirements for watertight bulkheads. 

5.5.3 Scantlings of tank boundary bulkheads 

5.5.3.1 The thickness of tank boundary plating is to comply with the requirements in 3.9.2.1. 


5.5.3.2 The section modulus and thickness of stiffeners are to comply with the 
requirements in 3.9.2.2 and 3.9.2.3. 


5.5.3.3 The section modulus and shear area of primary support members are to comply 
with the requirements in 3.9.3. 


5.5.3.4 Web plating of primary support members is to have a depth of not less than 14% of 
the unsupported span in bending and not less than 2.5 times the depth of the slots if 
the slots are not closed. 


RCN 1 to July 2008 version (effective from 1 February 2010) 
5.6 Watertight Boundaries 


5.6.1 General 

5.6.1.1 Watertight boundaries are to be fitted in accordance with Section 5/2. 

5.6.1.2 The number of openings in watertight bulkheads is to be kept to a minimum 
compatible with the design and operation of the ship. Where penetrations of 
watertight bulkheads and internal decks are necessary for access, piping, 
ventilation, electrical cables, etc., arrangements are to be made to maintain the 
watertight integrity. 

5.6.2 Aft peak bulkhead 

5.6.2.1 Anaft peak bulkhead complying with Section 5/2.3 is to be provided. 

5.6.2.2 The scantlings of structural components of the aft peak bulkhead are to comply with 
the requirements in 5.5 and 5.6.3, as applicable. 

5.6.3 Scantlings of watertight boundaries 

5.6.3.1 The thickness of boundary plating is to comply with the requirements in 3.9.2.1. 


5.6.3.2 The section modulus and thickness of stiffeners are to comply with the 
requirements in 3.9.2.2 and 3.9.2.3. 


5.6.3.3 The section modulus and shear area of primary support members are to comply 
with the requirements in 3.9.3. 
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5.6.3.4 Web plating of primary support members is to have a depth of not less than 10% of 
the unsupported span in bending and not less than 2.5 times the depth of the slots if 
the slots are not closed. 


RCN 1 to July 2008 version (effective from 1 February 2010) 
5.7 Miscellaneous Structures 


5.7.1 Pillar bulkheads 


5.7.1.1 Bulkheads that support girders, or pillars and longitudinal bulkheads which are 
fitted in lieu of girders, are to be stiffened to provide supports not less effective than 
required for stanchions or pillars. The acting load and the required net cross 
sectional area of the pillar section is to be determined using the requirements of 
5.4.4, The net moment of inertia of the stiffener is to be calculated with a width of 
40tnet of the plating, where tne: is net plating thickness in mm. 


5.7.1.2 Pillar bulkheads are to meet the following requirements: 
(a) the distance between bulkhead stiffeners is not to exceed 1500mm 


(b) where corrugated, the depth of the corrugation is not to be less than 100mm. 


5.7.2 Rudder trunk 


5.7.2.1 The scantlings of the rudder trunk are to be in accordance with the shell plating and 
framing in 5.3.1 and 5.3.2. Where the rudder trunk is open to the sea, a seal or 
stuffing box is to be fitted above the deepest load waterline to prevent water from 
entering the steering gear compartment. 


5.7.3 Stern thruster tunnels 


5.7.3.1 The net thickness of the tunnel plating, tun-nes is not to be less than required for shell 
plating in the vicinity of the thruster. In addition ttun-net is not to be taken less than: 


tan-ne = 9-008d,,,, +1.8 mm 

Where: 

diun inside diameter of the tunnel, in mm, but not to be taken less 
than 970 mm 


5.7.3.2 Where the outboard ends of the tunnel are provided with bars or grids, the bars or 
grids are to be effectively secured. 
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6 EVALUATION OF STRUCTURE FOR SLOSHING AND IMPACT LOADS 
6.1 General 


6.1.1 Application 


6.1.1.1 The requirements of this Sub-Section cover the strengthening requirements for 
localised sloshing loads that may occur in tanks carrying liquid and local impact 
loads that may occur in the forward structure. The sloshing and impact loads to be 
applied in 6.2 to 6.4 are described in Section 7/4. 


6.1.1.2 The net scantlings described in this Sub-Section are related to gross scantlings as 

follows: 

(a) for plating and local support members, the gross thickness and gross cross 
sectional properties are obtained from the applicable requirements by adding 
the full corrosion additions specified in Section 6/3 

(b) for primary support members, the gross sectional area, gross section modulus 
and other gross cross sectional properties are obtained from the applicable 
requirements by adding one half of the full corrosion additions specified in 
Section 6/3. 


6.1.2 General scantling requirements 


6.1.2.1 The requirements of 6.2 to 6.4 are to be applied in addition to the applicable 
requirements in Section 8. 


6.1.2.2 Local scantling increases due to impact or sloshing loads are to be made with due 
consideration given to details and avoidance of hard spots, notches and other 
harmful stress concentrations. 


6.2 Sloshing in Tanks 


6.2.1 Scope and limitations 


6.2.11 The requirements of 6.2 specify the scantling requirements for boundary and 
internal structure of tanks subject to sloshing loads, as given in Section 7/4.2, due to 
the free movement of liquid in tanks. 


6.2.1.2 The structure of cargo tanks, slop tanks, ballast tanks and large deep tanks, e.g. fuel 
oil bunkering tanks and main fresh water tanks, are to be assessed for sloshing. 
Small tanks do not need to be assessed for sloshing pressures. 


6.2.1.3 All cargo and ballast tanks are to have scantlings suitable for unrestricted filling 
heights. 

6.2.1.4 The following structural members are to be assessed: 
(a) plates and stiffeners forming boundaries of tanks 
(b) plates and stiffeners on wash bulkheads 
(c) web plates and web stiffeners of primary support members located in tanks 
(d) tripping brackets supporting primary support members in tanks. 

6.2.1.5 For tanks with effective sloshing breadth, bsm greater than 0.56B or effective 
sloshing length, lsn greater than 0.13L, an additional sloshing impact assessment is 
to be carried out in accordance with the individual Classification Society’s 


procedures. The effective sloshing length, l:n, and breadth, bsin, are defined in Section 
7/4.2.2 and Section 7/4.2.3 respectively. 
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6.2.2 Application of sloshing pressure 


6.2.2.1 


6.2.2.2 


6.2.2.3 


6.2.2.4 


The following tanks are to be assessed for the design sloshing pressures Psm-ng and 
Psn-+ in accordance with 6.2.2.2 to 6.2.2.5: 


(a) cargo and slop tanks 
(b) fore peak and aft peak ballast tanks 
(c) other tanks which allow free movement of liquid, except as follows: 


e where the effective sloshing length is less than 0.03L, calculations involving 
Psh-ng are not required and 
e where the effective sloshing breadth is less than 0.32B, calculations involving 
Psm- are not required. 
The design sloshing pressure for other tanks mentioned in 6.2.1.2 is to be taken as 
the minimum sloshing pressure, Psm-min, as defined in Section 7/4.2.4. 


The design sloshing pressure due to longitudinal liquid motion, Psm-ing, as defined in 
Section 7/4.2.2.1 is to be applied to the following members as shown in Figure 8.6.1: 
(a) transverse tight bulkheads 

(b) transverse wash bulkheads 

(c) stringers on transverse tight and wash bulkheads 

( 


d) plating and stiffeners on the longitudinal bulkheads, deck and inner hull which 
are between the transverse bulkhead and the first web frame from the bulkhead 
or the bulkhead and 0.25].i,, whichever is lesser. 


In addition to 6.2.2.2, the first web frame next to a transverse tight or wash bulkhead 
if the web frame is located within 0.251. from the bulkhead, as shown in Figure 8.6.1, 
is to be assessed for the web frame reflected sloshing pressure, Psinws as defined in 
Section 7/4.2.2.5. 


The minimum sloshing pressure, Psm-min as defined in Section 7/4.2.4 is to be applied 
to all other members. 
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Figure 8.6.1 
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6.2.2.5 The design sloshing pressure due to transverse liquid motion, Psn- as defined in 


6.2.2.6 


Section 7/4.2.3.1, is to be applied to the following members as shown in Figure 8.6.2: 
(a) longitudinal tight bulkhead 

(b) longitudinal wash bulkhead 

(c) horizontal stringers on longitudinal tight and wash bulkheads 

( 


d) plating and stiffeners on the transverse tight bulkheads including stringers and 
deck which are between the longitudinal bulkhead and the first girder from the 
bulkhead or the bulkhead and 0.25bsm whichever is lesser. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


In addition to 6.2.2.5, the first girder next to longitudinal tight or wash bulkhead if 
the girder is located within 0.25b:m from the longitudinal bulkhead, as shown in 
Figure 8.6.2, is to be assessed for the reflected sloshing pressure, Psin-gra as defined in 
Section 7/4.2.3.5. 
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Figure 8.6.2 
Application of Sloshing Loads due to Transverse Liquid Motion 
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6.2.2.7 The minimum sloshing pressure, Psm-min as defined in Section 7/4.2.4, is to be applied 
to all other members. 


6.2.2.8 The sloshing pressures due to transverse and longitudinal fluid motion are assumed. 
to act independently. Structural members are therefore to be evaluated based on the 
greatest sloshing pressure due to longitudinal and transverse fluid motion. 


6.2.3 Sloshing assessment of plating forming tank boundaries and wash 
bulkheads 


RCN 2 to July 2008 version (effective from 1 July 2010) 


6.2.3.1 The net thickness of plating forming tank boundaries and wash bulkheads, tnes 
subjected to sloshing pressures is not to be less than: 


= 0.0158a, s 


Es 
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Where: 
Op 


Od 


correction factor for the panel aspect ratio 
s 
21001), 


but not to be taken as greater than 1.0 


stiffener spacing, in mm, as defined in Section 4/2.2 


length of plate panel, to be taken as the spacing of primary 
support members, S, unless carlings are fitted, in m 


the greater of Psin-ing, Psin- Or Psin-min aS Specified in 6.2.2 


permissible plate bending stress coefficient as given in Table 
8.6.1 


specified minimum yield stress of the material, in N/mm2 


RCN 2 to July 2008 version (effective from 1 July 2010) 


6.2.4 Sloshing assessment of stiffeners on tank boundaries and wash bulkheads 
RCN 2 to July 2008 version (effective from 1 July 2010) 


6.2.4.1 The net section modulus, Zne, of stiffeners on tank boundaries and wash bulkheads 
subjected to sloshing pressures is not to be less than: 


2 
o Pms lrag 


net — 
Í bdg C, O a 


Where: 


lhag 


cm? 


effective bending span, of stiffener, as defined in Section 4/2.1, 
inm 

permissible bending stress coefficient as given in Table 8.6.2 
the greater of Psm-ing, Psm-t Or Psinmin as Specified in 6.2.2 
stiffener spacing, in mm, as defined in Section 4/2.2 

specified minimum yield stress of the material, in N/mm? 


bending moment factor: 


=12 for stiffeners fixed against rotation at each end. This is 
generally to be applied for scantlings of all 
continuous stiffeners 


=8 for stiffeners with one or both ends not fixed against 
rotation. This is generally to be applied to 
discontinuous stiffeners 

for other configurations the bending moment factor may be 

taken as given in Table 8.3.5 


RCN 2 to July 2008 version (effective from 1 July 2010) 


6.2.5 Sloshing assessment of primary support members 


6.2.5.1 Web plating, web stiffeners and tripping brackets on stringers, girders and web 
frames in cargo and ballast tanks are to be assessed based on sloshing pressures as 
given in 6.2.2. 
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6.2.5.2 The web plating net thickness of primary support members, tne, is not to be less 


than: 
tnet = 0.0158 a, s 


Where: 


Gy 


Pon 


Ca 


Oyd 


P. slh 


aO yd 


correction factor for the panel aspect ratio 


sja but not to be taken as greater than 1.0 
21001, 


stiffener spacing, in mm, as defined in Section 4/2.2 


length of plate panel, mean spacing between local support 
members on the long edges of the panel, typically between 
tripping brackets, in m 


the greater of Psin-ing, Psin-t, Psin-wf Psin-gra OF Psin-min aS Specified in 
6.2.2. The pressure is to be calculated at the load application 
point, defined in Section 3/5.1.2, taking into account the 
distribution over the height of the member, as shown in 
Figure 8.6.1 


permissible plate bending stress coefficient as given in Table 
8.6.1 


specified minimum yield stress of the material, in N/mm? 


6.2.5.3 The net section modulus, Zn, of each individual stiffener on the web plating of 
primary support members subjected to sloshing pressures is not to be less than: 


Pon 


C; 
foag 


2 
Pn $ lag 


Zra = 
Soag C, Oa 


Where: 


cms 


the greater of Psin-ing, Psin-, Psin-wf Psin-gra OF Psin-min aS Specified in 
6.2.2. The pressure is to be calculated at the load application 
point taking into account the distribution over the height of 
the member, as shown in Figure 8.6.1 and 8.6.2. 


stiffener spacing, in mm, as defined in Section 4/2.2 

effective bending span, in m, of web stiffener as defined in 

Section 4/2.1 

permissible bending stress coefficient as given in Table 8.6.2 

bending moment factor 

=12 for stiffeners fixed against rotation at each end. This is 
generally to be applied for scantlings of all 
continuous stiffeners 

=8 for stiffeners with one or both ends not fixed against 
rotation. This is generally to be applied to 
discontinuous stiffeners 

for other configurations the bending moment factor may be 

taken as given in Table 8.3.5 


specified minimum yield stress of the material, in N/mm? 
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6.2.5.4 The net section modulus, Znen in way of the base of tripping brackets supporting 
primary support members in cargo and ballast tanks is not to be less than: 


1000 Pun Sirip l 
net Z e em? 
2C, Oy, 

Where: 

Psn the greater of Psm-ing, Psin-t, Psih-wf Psin-gra and Psm-min as defined in 
6.2.2. The average pressure may be calculated at mid point of 
the tripping bracket taking into account the distribution as 
shown in Figure 8.6.1 and 8.6.2 

Strip mean spacing, between tripping brackets or other primary 
support members or bulkheads, in m 

lirip length of tripping bracket, see Figure 8.6.3, in m 

C; permissible bending stress coefficient for tripping brackets 
=0.75 

Od specified minimum yield stress of the material, in N/mm? 


6.2.5.4bis The effective breadth of the attached plate to be used for calculating the section 
modulus of the tripping bracket supporting primary support members is to be 
taken as 1/3 the length of the tripping bracket, lirip, as given in 8/6.2.5.4. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


6.2.5.5 The net shear area, Asnr-net, after deduction of cut-outs and slots, of tripping brackets 
supporting primary support members in cargo and ballast tanks is not to be less 


than: 
| i Soole 
slh rip “trip 
shr-net T 10 —~ cm? 
C,T 54 

Where: 

Pon the greater of Psm-ing, Psin- Psih-wf Psin-gra and Psm-min as defined in 
6.2.2. The average pressure may be calculated at mid point of 
the tripping bracket taking into account the distribution as 
shown in Figure 8.6.1 and 8.6.2 

Strip mean spacing, between tripping brackets or other primary 
support members or bulkheads, in m 

lirip length of tripping bracket, see Figure 8.6.3, in m 

C: permissible shear stress coefficient, as given in Table 8.6.3 

; o, 
ki =- N/mm? 
V3 
Od specified minimum yield stress of the material, in N/mm? 
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Figure 8.6.3 
Effective Length of Tripping Bracket 


Lip 


Table 8.6.1 
Allowable Plate Bending Stress Coefficient, C,, for Assessment of Sloshing on Plates 


The permissible bending stress coefficient for the design load set being considered is to be taken as: 


C,=B,- 4 rs but not to be taken greater than Ca-max 


Oya 


Where: 


Qar Pa Ca-max permissible bending stress factors and are to be taken as follows 


Acceptance 


Criteria Set Structural Member Ba Qn Cre’ 


Longitudinal strength members in 
the cargo tank region including but 
not limited to : 


- deck 
- longitudinal plane bulkhead 


Longitudinally 


stiffened plating 0:3 oe 0.8 


Transversely or 
vertically 0.9 1.0 0.8 
stiffened plating 


- horizontal corrugated 
longitudinal bulkhead 

- longitudinal girders and stringers 

AC1 within the cargo tank region 


Other strength members including: 

- vertical corrugated longitudinal bulkhead 
- transverse plane bulkhead 

- transverse corrugated bulkhead 0.8 0 0.8 
- transverse stringers and web frames 


- plating of tank boundaries and primary support 
members outside the cargo tank region 


Ong hull girder bending stress for the design load set being considered and calculated at the load 
calculation point defined in Section 3/5.1.2 


— £ — ZNA-net50 ) Mg-perm-sea po N/mm? 


Ly net50 
Zz vertical coordinate of the load calculation point under consideration, in m 
ZNA-net50 distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m 
Msw-perm-sea permissible hull girder hogging and sagging still water bending moment for seagoing operation 


at the location being considered, in kNm. The greatest of the sagging and hogging bending 
moment is to be used, see Section 7/2.1. 


To-net50 net vertical hull girder moment of inertia, at the longitudinal position being considered, as 
defined in Section 4/2.6.1, in m4 


Oyd specified minimum yield stress of the material, in N/mm? 
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Table 8.6.2 
Allowable Bending Stress Coefficient, Cs, for Assessment of Sloshing on Stiffeners 


The permissible bending stress coefficient for the design load set being considered is to be taken as: 


C, =b- a [Ons but not to be taken greater than Cs-max 


Cyd 


Where: 


Os, Bs, Csmax permissible bending stress factors and are to be taken as follows: 


Acceptance 


Criteria Set Structural Member b a Cimas 


Longitudinal strength members in 
the cargo tank region including but 
not limited to: 


Longitudinal 


stiffeners 0.85 | 1.0 0.75 


- deck stiffeners 

- stiffeners on longitudinal 
bulkheads 

- stiffeners on longitudinal girders 

AC1 and stringers within the cargo 

tank region 


Transverse or 
vertical 0.7 0 0.7 
stiffeners 


Other strength members including: 
- stiffeners on transverse bulkheads 
- stiffeners on transverse stringers and web frames 0.75 | 0 0.75 


- stiffeners on tank boundaries and primary support 
members outside the cargo tank region 


Ong hull girder bending stress for the design load set being considered at the reference point 
defined in Section 3/5.2.2.5 


= £ = Zanan) My.y-perm-sea po N/mm? 


I ov—net50 
Zz vertical coordinate of the reference point defined in Section 3/5.2.2.5, in m 
ZNA-net50 distance from the baseline to the horizontal neutral axis, as defined in Section 4/2.6.1, in m 
Msw-perm-sea permissible hull girder hogging and sagging still water bending moment for seagoing 


operation at the location being considered, in kNm. 


Msw-perm-sea 
Stiffener Location Pressure acting on Pressure acting on 
Plate Side Stiffener Side 
Above Neutral Axis Sagging SWBM Hogging SWBM 
To-net50 net vertical hull girder moment of inertia, at the longitudinal position being considered, as 


defined in Section 4/2.6.1, in m4 


Oyd specified minimum yield stress of the material, in N/ mm2 


RCN 2 to July 2008 version (effective from 1 July 2010) 


Table 8.6.3 
Permissible Shear Stress Coefficient 
Acceptance 
Criteria Set Structural member Cr 
AC1 Tripping brackets 0.75 


JULY 2012 SECTION 8.6/ PAGE 9 


SECTION 8 - SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


6.3 Bottom Slamming 


6.3.1 Application 


6.3.1.1 


6.3.1.2 


6.3.1.3 


6.3.1.4 


Where the minimum draughts forward, Trp: or Trp, as specified in Section 
7/4.3.2.1, is less than 0.045L, the bottom forward is to be additionally strengthened 
to resist bottom slamming pressures. 


The draughts for which the bottom has been strengthened are to be indicated on the 
shell expansion plan and loading guidance information, see 1.1. 


The scantlings described in 6.3 are net scantlings, which are related to gross 
scantlings as described in 6.1.1.2. The section modulus and shear area of the primary 
support members is to be determined as specified in Section 4/2.5. 


The section modulus and web thickness of the local support members apply to the 
areas clear of the end brackets. The cross sectional shear areas of primary support 
members are to be applied as required by 6.3.7.3 and 6.3.7.4. 


6.3.2 Extent of strengthening 


6.3.2.1 


6.3.2.2 


The strengthening is to extend forward of 0.3L from the F.P. over the flat of bottom 
and adjacent plating with attached stiffeners up to a height of 500mm above the 
baseline, see Figure 8.6.4. 


Figure 8.6.4 
Extent of strengthening against bottom slamming 


Area of 
strengthenin: 
8 8 D RAAT 


Saas 


0.3L 
F.P. 


| 500mm 


Outside the region strengthened to resist bottom slamming the scantlings are to be 
tapered to maintain continuity of longitudinal and/or transverse strength. 


6.3.3 Design to resist bottom slamming loads 


6.3.3.1 


The design of end connections of stiffeners in the bottom slamming region is to 
ensure end fixity, either by making the stiffeners continuous through supports or by 
providing end brackets complying with Section 4/3.2.3. Where it is not practical to 
comply with this requirement the net plastic section modulus, Zpral-net, for 
alternative end fixity arrangements is not to be less than: 


Zplaltnet = LOZ piner m3 
f bdg 
Where: 
Zpl-net net plastic section modulus, in cm8, as required by 6.3.5.1 
foas bending moment factor 


= gi +5) 
2 
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Ns = 0 for both ends with low end fixity (simply supported) 
= 1 for one end equivalent to built in and one end simply 
supported 
6.3.3.2 Scantlings and arrangements at primary support members, including bulkheads, 


are to comply with 6.3.7. 


6.3.4 Hull envelope plating 


6.3.4.1 


The net thickness of the hull envelope plating, tnes is not to be less than: 


E 0.0158 a@,s | Pin 


net mm 
Cy CO ya 
Where: 
Op correction factor for the panel aspect ratio 
=1.2-—* but not to be taken as greater than 1.0 
21001, 
s stiffener spacing, in mm, as defined in Section 4/2.2 
lp length of plate panel, to be taken as the spacing between 


primary support members (see Section 4/2.2.2) or panel 
breakers, in m 


Potm bottom slamming pressure as given in Section 7/4.3 and 
calculated at the load calculation point defined in Section 
3/5.1.2, in KN/m2 

Ca plate capacity correction coefficient 
=1.3 

Ca permissible bending stress coefficient 


= 1.0 for acceptance criteria set AC3 


Oyd specified minimum yield stress of the material, in N/mm2 


6.3.5 Hull envelope stiffeners 


6.3.5.1 


The net plastic section modulus, Zpi-ne of each individual stiffener, is not to be less 
than: 


Py sla” 
Z pl-net = eae cm? 
Frag Cs Cya 

Where: 

Psim bottom slamming pressure as given in Section 7/4.3 and 
calculated at the load calculation point defined in Section 
3/5.2.2, in KN/m? 

s stiffener spacing, in mm, as defined in Section 4/2.2 

lbag effective bending span, as defined in Section 4/2.1.1, in m 

fodg bending moment factor 


JuLy 2012 


SECTION 8.6/ PAGE 11 


SECTION 8 - SCANTLING REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 
n 
=8 1+— 
2 
Ns = 2.0 for continuous stiffeners or where stiffeners are 
bracketed at both ends 


6.3.5.2 


6.3.5.3 


6.3.6 


6.3.6.1 


see 6.3.3.1 for alternative arrangements 
C; permissible bending stress coefficient 
= 0.9 for acceptance criteria set AC3 
Oyd specified minimum yield stress of the material, in N/mm? 
The net web thickness, tw-ne of each longitudinal is not to be less than: 


P. sl 


slm°"shr 


Eo-net I on mm 
2d C; Tya 

Where: 

lenr effective shear span, as defined in Section 4/2.1.2, in m 

s stiffener spacing, in mm, as defined in Section 4/2.2 

Psim bottom slamming pressure as given in Section 7/4.3 and 
calculated at the load calculation point defined in Section 
3/5.2.2, in KN/ m2 

dshr effective web depth of stiffener, in mm, as defined in Section 
4/2.4.2.2 

C: permissible shear stress coefficient 
= 1.0 for acceptance criteria set AC3 

o 
Tyd = T N/mm? 
Oyd specified minimum yield stress of the material, in N/mm? 


The slenderness ratio of each longitudinal is to comply with Section 10/2. 


Definition of idealised bottom slamming load area for primary support 
members 


The scantlings of items in 6.3.7 are based on the application of the slamming 
pressure defined in Section 7/4.3 to an idealised area of hull envelope plating, the 
slamming load area, Asım, given by: 


“AERC; 
Where: 
L rule length, as defined in Section 4/1.1.1.1 
B moulded breadth, in m, as defined in Section 4/1.1.3.1 
Cp block coefficient, as defined in Section 4/1.1.9.1 
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6.3.7 Primary support members 


6.3.7.1 The size and number of openings in web plating of the floors and girders is to be 
minimised considering the required shear area as given in 6.3.7.2. 


6.3.7.2 The net shear area, Ashr-neiso, of each primary support member web at any position 
along its span is not to be less than: 


A snr-net50 = 19 Lan cm? 
C Tya 
Where: 
Qsim the greatest shear force due to slamming for the position being 


considered, in KN, based on the application of a patch load, 
Fsm to the most onerous location, as determined in accordance 
with 6.3.7.3 


C: permissible shear stress coefficient 


= 0.9 for acceptance criteria set AC3 


oO 
aud nls N/mm2 


V3 
Oya specified minimum yield stress of the material, in N/mm? 


6.3.7.3 For simple arrangements of primary support members, where the grillage affect 
may be ignored, the shear force, Qsim, is given by: 


Q sim F To Jais En kN 


Where: 

fot Correction factor for the proportion of patch load acting on a 
single primary support member 
=0.5 i saf +2) 

fam patch load modification factor 

b 

=0.5 3 , but not to be greater than 1.0 

faist factor for the greatest shear force distribution along the span, 
see Figure 8.6.5 

Fsm =P sim lstm Dstm 

Psim bottom slamming pressure as given in Section 7/4.3 and 
calculated at the load calculation point defined in Section 
3/5.3.2, in KN/m2 

lsm extent of slamming load area along the span 
= Am m, but not to be greater than Is, 

Isr effective shear span, as defined in Section 4/2.1.5, in m 

bsim breadth of impact area supported by primary support 
member 
= Aum m, but not to be greater than S 

Asim as defined in 6.3.6.1 
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S primary support member spacing, in m, as defined in Section 
4/2.2.2 


Figure 8.6.5 
Distribution of faist along the Span of Simple Primary Support Members 


Frist 


1.00 


0.55 


1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
= 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Span 
Point 
Where: 
s stiffener spacing 
lehr effective shear span, in m, as defined in Section 4/2.1.5 


6.3.7.4 For complex arrangements of primary support members, the greatest shear force, 
Qsim, at any location along the span of each primary support member is to be 
derived by direct calculation in accordance with Table 8.6.4. 


Table 8.6.4 
Direct Calculation Methods for Derivation of Qsim 
Type of analysis Beam theory Double bottom grillage 
Longitudinal extent to be one 
Overall span of member cargo tank length 
Model extent between effective bending Transverse extent to be 
supports between inner hopper knuckle 


and centreline 


Floors and girders to be fixed 


Assumed end fixity of floors | Fixed at ends at boundariesof ihe model 


Note 
1. The envelope of greatest shear force along each primary support member is to be derived 
by applying the load patch to a number of locations along the span, see 6.3.7.2. 


6.3.7.5 The net web thickness, tw-net, of primary support members adjacent to the shell is not 
to be less than: 


Sw Oya 
tw-net “ZnAl Daz 
70 \ 235 
RCN 1 to July 2010 version (effective from 1 July 2012) 


Where: 
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Sw plate breadth, in mm, taken as the spacing between the web 
stiffening 
Oyd specified minimum yield stress of the material, in N/mm2 


6.3.8 Connection of longitudinals to primary support members 


6.3.8.1 Longitudinals are, in general, to be continuous. Where this not practicable end 
brackets complying with 4/3.2.3 are to be provided. 


6.3.8.2 The scantlings in way of the end connections of each longitudinal are to comply 
with the requirements of Section 4/3.4. 


6.4 Bow Impact 


6.4.1 Application 


6.4.1.1 The side structure in the area forward of 0.1L from the F.P. is to be strengthened 
against bow impact pressures. 


6.4.1.2 The scantlings described in 6.4 are net scantlings, which are related to gross 
scantlings as described in 6.1.1.2. 


6.4.1.3 The section modulus and web thickness of the local support members apply to the 
areas clear of the end brackets. The section modulus of the primary support member 
is to apply along the bending span clear of end brackets and cross sectional areas of 
the primary support member is to be applied at the ends/supports and may be 
gradually reduced along the span and clear of the ends/supports following the 
distribution of faist indicated in Figure 8.6.5. 


6.4.2 Extent of strengthening 


6.4.2.1 The strengthening is to extend forward of 0.1L from the F.P. and vertically above the 
minimum design ballast draught, Tia, defined in Section 4/1.1.5.2. See Figure 8.6.6. 


Figure 8.6.6 
Extent of Strengthening Against Bow Impact 


Area of 
strengthening 


T 


bal 


6.4.2.2 Outside the strengthening region as given in 6.4.2.1 the scantlings are to be tapered 
to maintain continuity of longitudinal and/or transverse strength. 


6.4.3 Design to resist bow impact loads 


6.4.3.1 In the bow impact region, longitudinal framing is to be carried as far forward as 
practicable. 


6.4.3.2 The design of end connections of stiffeners in the bow impact region are to ensure 
end fixity, either by making the stiffeners continuous through supports or by 
providing end brackets complying with Section 4/3.2.3. Where it is not practical to 
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6.4.3.3 


6.4.3.4 


comply with this requirement the net plastic section modulus, Zprairnet, for 
alternative end fixity arrangements is not to be less than: 


16Zi-ne 

Zeune = et cm$ 
hire 

Where: 
Zpl-net effective net plastic section modulus, required by 6.4.5, in cm? 
foag bending moment factor 

= (1 + r) 

2 

Ns = 0 for both ends with low end fixity (simply supported) 


= 1.0 for one end equivalent to built in and one end simply 
supported 


Scantlings and arrangements at primary support members, including decks and 
bulkheads, are to comply with 6.4.7. In areas of greatest bow impact load the 
adoption of web stiffeners arranged perpendicular to the hull envelope plating and 
the provision of double sided lug connections are, in general to be applied. 


The main stiffening direction of decks and bulkheads supporting shell framing is to 
be arranged parallel to the span direction of the supported shell frames, to protect 
against buckling. 


6.4.4 Side shell plating 


6.4.4.1 


The net thickness of the side shell plating, tnes is not to be less than: 


tuet = 9.0158 a, 5 [Eim mm 
C0 ya 


Where: 

VA correction factor for the panel aspect ratio 
=12-—$ but is not to be taken as greater than 1.0 

21001, 

s stiffener spacing, in mm, as defined in Section 4/2.2 

ly length of plate panel, to be taken as the spacing between the 
primary support members, see Section 4/2.2.2, or panel 
breakers, in m 

Pim bow impact pressure as given in Section 7/4.4 and calculated at 
the load calculation point defined in Section 3/5.1.2, in KN/m? 

Ca permissible bending stress coefficient 
= 1.0 for acceptance criteria set AC3 

Oyd specified minimum yield stress of the material, in N/mm? 


6.4.5 Side shell stiffeners 


6.4.5.1 The effective net plastic section modulus, Zpr-net, of each stiffener, in association with 


the effective plating to which it is attached, is not to be less than: 
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6.4.5.2 


6.4.5.3 
6.4.5.4 


Patli 
AJ fi bdg C, 7 a 
Where: 
Pim bow impact pressure as given in Section 7/4.4 and calculated at 
the load calculation point defined in Section 3/5.2.2, in KN/ m2 
s stiffener spacing, in mm, as defined in Section 4/2.2 
lag effective bending span, as defined in Section 4/2.1.1, in m 
fodg bending moment factor 
= gf + t) 
2 
Ns = 2.0 for continuous stiffeners or where stiffeners are 
bracketed at both ends 
see 6.4.3.2 for alternative arrangements 
RCN 1 to July 2010 version (effective from 1 July 2012) 
C; permissible bending stress coefficient 
= 0.9 for acceptance criteria set AC3 
Oyd specified minimum yield stress of the material, in N/mm? 


The net web thickness, tw-ne of each stiffener is not to be less than: 
P. sl 


ba — im °*shr mm 
2d ,CyT yd 
Where: 
lenr effective shear span, as defined in Section 4/2.1.2, in m 
s stiffener spacing, in mm, as defined in Section 4/2.2 
Pim bow impact pressure as given in Section 7/4.4 and calculated at 
the load calculation point defined in Section 3/5.2.2, in KN/ m2 
dshr effective web depth of stiffener, in mm, as defined in Section 
4/2.4.2.2 
C: permissible shear stress coefficient 
= 1.0 for acceptance criteria set AC3 
Tya Oya 
=— N/mm? 
B / 
Oyd specified minimum yield stress of the material, in N/mm? 


The slenderness ratio of each longitudinal is to comply with Section 10/2. 
The minimum net thickness of breasthooks/diaphragm plates, tw-nes is not to be less 
than: 
o 
bea 2 a mm 
70 \ 235 
Where: 
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s spacing of stiffeners on the web, as defined in Section 4/2.2, in 
mm. Where no stiffeners are fitted s is to be taken as the depth 
of the web 

Oyd specified minimum yield stress of the material, in N/mm? 


6.4.6 Definition of idealised bow impact load area for primary support members 


6.4.6.1 The scantlings of items in 6.4.7 are based on the application of the bow impact 
pressure, as defined in Section 7/4.4, to an idealised area of hull envelope plating, 
where the bow impact load area, Asim, is given by: 


LALBC, 3 
sim Z ann m 
1000 
Where: 
L rule length, as defined in Section 4/1.1.1.1 
B moulded breadth, in m, as defined in Section 4/1.1.3.1 
Co block coefficient, as defined in Section 4/1.1.9.1 


6.4.7 Primary support members 


6.4.7.1 Primary support members in the bow impact region are to be configured to ensure 
effective continuity of strength and the avoidance of hard spots. 


6.4.7.2 To limit the deflections under extreme bow impact loads and ensure boundary 
constraint for plate panels, the spacing, S, measured along the shell girth of web 
frames supporting longitudinal framing or stringers supporting transverse framing 
is not to be greater than: 


S =3+0.008L2 m 
Where: 


Lo rule length, L, as defined in Section 4/1.1.1.1, but not to be 
taken greater than 300m 


6.4.7.3 End brackets of primary support members are to be suitably stiffened along their 
edge. Consideration is to be given to the design of bracket toes to minimise abrupt 
changes of cross-section. 


6.4.7.4 Tripping arrangements are to comply with Section 10/2.3.3. In addition, tripping 
brackets are to be fitted at the toes of end brackets and at locations where the 
primary support member flange is knuckled or curved. 


6.4.7.5 The net section modulus of each primary support member, Znetso, is not to be less 


than: 
2 
VAY = 1000 Jode-pi Pn Daim F sa lya cm 
Í, bdg Co yd 
Where: 
fodg-pt correction factor for the bending moment at the ends and 
considering the patch load 
= che —Bf gn + 6 foim 
faim patch load modification factor 
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l 


— “slm 


lig 
lsm extent of bow impact load area along the span 

= Ae, m, but not to be taken as greater than [pag 
Asim bow impact load area, in m2, as defined in 6.4.6.1 
hag effective bending span, as defined in Section 4/2.1.4, in m 
Pim bow impact pressure as given in Section 7/4.4 and 


calculated at the load calculation point defined in Section 
3/5.3.1, in KN / m2 
RCN 1 to July 2010 version (effective from 1 July 2012) 


bsim breadth of impact load area supported by the primary 
support member, to be taken as the spacing between 
primary support members as defined in Section 4/2.2.2, 
but not to be taken as greater than [sim, in m 


feag bending moment factor 


= 12 for primary support members with end fixed 
continuous face plates, stiffeners or where stiffeners are 
bracketed in accordance with Section 4/3.3 at both ends 


C; permissible bending stress coefficient 
= 0.8 
Oyd specified minimum yield stress of the material, in N/mm2 


RCN 2 to July 2008 version (effective from 1 July 2010) 


6.4.7.6 The net shear area of the web, Asnnetso, of each primary support member at the 
support/toe of end brackets is not to be less than: 


_ ee Pn Psi! shr 5 
shr-net50 cm: 
C, Ta 
Where: 
fot patch load modification factor 
— l i 
Loir 
lsm extent of bow impact load area along the span 
=,/A,,, M, but not to be taken as greater than Isr 
I snr effective shear span, as defined in Section 4/2.1.5, in m 
Pim bow impact pressure as given in Section 7/4.4 and calculated at 
the load calculation point defined in Section 3/5.3.2, in KN/ m2 
bsim breadth of impact load area supported by the primary support 
member, to be taken as the spacing between primary support 
members as defined in Section 4/2.2.2, but not to be taken as 
greater than [sm, in m 
C: permissible shear stress coefficient 
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= 0.75 for acceptance criteria set AC3 


Tyd O vd 
=— N/mm 
B / 
Oyd specified minimum yield stress of the material, in N/mm? 


6.4.7.7 The net web thickness of each primary support member, tw-ne, including 
decks/ bulkheads in way of the side shell is not to be less than: 


Pin Diim 
Ee re =a Go eats mm 
SIN Py O crb 

Where: 

Pim bow impact pressure as given in Section 7/4.4 and calculated at 
the load calculation point defined in Section 3/5.3.2 or at the 
intersection of the side shell with the deck/ bulkhead, in 
kN/m2 

Dsim breadth of impact load area supported by the primary support 
member, to be taken as spacing between primary support 
members as defined in Section 4/2.2.2, but not to be taken as 
greater than [sm, in m 

Qo angle, in degrees, between the primary support member web 
and the shell plate, see Figure 8.6.7 

Ocrb critical buckling stress in compression of the web of the 


primary support member or deck/ bulkhead panel in way of 
the applied load given by Section 10/3.2.1, in N/mm? 


Figure 8.6.7 
Angle between Shell Primary Member and Shell Plate 


6.4.8 Connection of stiffeners to primary support members 


6.4.8.1 Stiffeners are, in general, to be continuous. Where this not practicable end brackets 
complying with Section 4/3.2.3 are to be provided. 


6.4.8.2 The scantlings of the end connection of each stiffener are to comply with Section 
4/3.4. 
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7 APPLICATION OF SCANTLING REQUIREMENTS TO OTHER STRUCTURE 
7.1 General 


7.1.1 Application 


7.1.1.1 The requirements of this Sub-Section apply to plating, local and primary support 
members where the basic structural configurations or strength models assumed in 
Section 8/2 to 8/5 are not appropriate. These are general purpose strength 
requirements to cover various load assumptions and end support conditions. These 
requirements are not to be used as an alternative to the requirements of Section 8/2 
to 8/4 where those sections can be applied. 


7.1.1.2 The net scantlings described in 7.2 are related to gross scantlings as follows: 


(a) for plating and local support members, the gross thickness and gross cross- 
sectional properties are obtained from the requirements of 7.2.2 by adding the 
full corrosion additions specified in Section 6/3. 

(b) for primary support members, the gross shear area, gross section modulus and 
other gross cross-sectional properties are obtained from the requirements of 
7.2.3 by adding one half of the relevant full corrosion additions specified in 
Section 6/3. 


7.1.1.3 These requirements are to be applied in conjunction with all other appropriate 
requirements in Sections 8, 9 and 10 for the particular structural member under 
consideration, including longitudinal strength, minimum thickness, proportions 
and structural stability, strength assessment (FEM), fatigue and hull girder ultimate 
strength. 


7.1.1.4 The requirements for local and primary support members are to be specially 
considered when the member is: 
(a) part of a grillage structure 
(b) subject to large relative deflection between end supports 
(c) where the load model or end support condition is not given in Table 8.7.1. 


7.1.1.5 The application of alternative or more advanced calculation methods will be 
specially considered. 


7.2 Scantling Requirements 


7.2.1 General 


7.2.1.1 The design load sets to be applied to the structural requirements for the local and 
primary support members are given in Table 8.7.2, as applicable for the particular 
structure under consideration. The static and dynamic load components are to be 
combined in accordance with Table 7.6.1 and the requirements given in Section 7/6.3. 


7.2.2 Plating and local support members 


7.2.2.1 For plating subjected to lateral pressure the net thickness, tnes is to be taken as the 
greatest value for all applicable design load sets given in Table 8.7.2, and given by: 


tuet = 9.0158 4, P mm 
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Where: 
VA correction factor for the panel aspect ratio 
-$ 
21001, 

P design pressure for the design load set being considered, 
calculated at the load calculation point defined in Section 
3/5.1.2, in KN/ m? 

s stiffener spacing, in mm, as defined in Section 4/2.2 

ly length of plate panel, to be taken as the spacing of primary 
support members, S, unless carlings are fitted, in m 

Ca permissible bending stress coefficient for the design load set 
being considered, as given in Tables 8.2.4, 8.3.2 or 8.4.2, as 
applicable for the individual member being considered 

Oyd specified minimum yield stress of the material, in N/mm? 


7.2.2.2 For stiffeners subjected to lateral pressure, point loads, or some combination thereof, 
the net section modulus requirement, Znet, is to be taken as the greatest value for all 
applicable design load sets given in Table 8.7.2, and given by: 


Plea 3, for lateral load 
ni =e cmë, for lateral pressure loads 
Foals Oud 
1000 Flo nae 
nt = SO cm, for point loads 
Sts C, O a 
Pst y 1000F, hug 


a 


D2 


foa —i foa -j 
Zuk n cm, for a combination of loads 
C, Oya 

Where: 

P design pressure for the design load set being considered, 
calculated at the load calculation point defined in Section 
3/5.2.2, in KN/m2 

s stiffener spacing, in mm, as defined in Section 4/2.2 

loag effective bending span, as defined in Section 4/2.1.1 

foag bending moment factor 
for continuous stiffeners and where end connections are fitted 
consistent with idealization of the stiffener as having fixed 
ends: 

= 12 for horizontal stiffeners 
= 10 for vertical stiffeners 
for other configurations the bending moment factor may be 
taken as in Table 8.7.1 
C; permissible bending stress coefficient for the design load set 


being considered as given in Tables 8.2.5, 8.3.3 or 8.4.3, as 
applicable for the individual member being considered 
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7.2.2.3 


Oyd specified minimum yield stress of the material, in N/mm2 
F point load for the design load set being considered, in kN 
i indices for load component i 
j indices for load component j 


For stiffeners subjected to lateral pressure, point loads, or some combination thereof, 
the net web thickness, tw-ne, based on shear area requirements is to be taken as the 
greatest value for all applicable design load sets given in Table 8.7.2, and given by: 


— Fory [Pl sli 
w-net T 
donr CiT ya 


shr 


1000 fo, |F] 


w-net T 
donr Cya 


t mm, for lateral pressure loads 


mm, for point loads 


PAER mm, for a combination of loads 

donr Cl yg 

Where: 

P design pressure for the design load set being considered, 
calculated at the load calculation point defined in Section 
3/5.2.2, in KN/m2 

fonr shear force factor 
for continuous stiffeners and where end connections are fitted 
consistent with idealization of the stiffener as having fixed 
ends: 

= 0.5 for horizontal stiffeners 

= 0.7 for vertical stiffeners 
for other configurations the shear force factor may be taken as 
in Table 8.7.1. 

s stiffener spacing, in mm, as defined in Section 4/2.2 

lenr effective shear span, as defined in Section 4/2.1.2 

dshr as defined in Section 4/2.4.2.2 

C: permissible shear stress coefficient for the design load set 
being considered as given in Tables 8.2.6 or 8.3.4, as applicable 
for the individual member being considered 

Tya O yd 
=—— N/mm? 
B / 

Od specified minimum yield stress of the material, in N/mm2 

F point load for the design load set being considered, in kN 

1 indices for load component i 

j indices for load component j 
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7.2.3 Primary support members 


7.2.3.1 


7.2.3.2 


7.2.3.3 


7.2.3.4 


The requirements in 7.2.3 are applicable where the primary support member is 
idealised as a simple beam. More advanced calculation methods may be required to 
ensure that nominal stress level for all primary support members are less than the 
permissible stresses and stress coefficients given in 7.2.3.4 and 7.2.3.5 when 
subjected to the applicable design load sets. See also 7.1.1.4. 


The section modulus and web thickness of the local support members apply to the 
areas clear of the end brackets. The section modulus and cross sectional shear areas 
of the primary support member are to be applied as required in the notes of Table 
8.7.1. 


For primary support members intersecting with or in way of curved hull sections, 
the effectiveness of end brackets is to include an allowance for the curvature of the 
hull. 


For primary support members the net section modulus requirement, Znetso, is to be 
taken as the greatest value for all applicable design load sets given in Table 8.7.2, 
and given by: 
1000 [PIS lga 
net50 Faz Ç. O v4 
1000 Flag 


net50 T 
foag C, Oyaq 


cm8, for lateral pressure loads 


cm8, for point loads 


1000P, S Tinie 1000F, Lag 
n 
f bdg-i fi bdg-j 


Zas = lM CR, for a combination of loads 
C, Oya 

Where: 

P design pressure for the design load set being considered, 


calculated at the load calculation point defined in Section 
3/5.3.3, in KN/m2 


S primary support member spacing, in m, as defined in Section 
4/2.2.2 

loag effective bending span, as defined in Section 4/2.1.4 

feag bending moment factor, as given in Table 8.7.1. 

C; permissible bending stress coefficient for the design load set 


being considered as given in Tables 8.2.10 or 8.3.6, as 
applicable for the individual member being considered 


Oyd specified minimum yield stress of the material, in N/mm2 
F point load for the design load set being considered, in kN 
i indices for load component i 
j indices for load component j 
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7.2.3.5 For primary support members the net shear area of the web, Asnr-neiso, is to be taken 
as the greatest value for all applicable design load sets given in Table 8.7.2, and 


given by: 


A es 


shr—net5O ~~ 


shr—net50 = 


A snr—net50 z 
loads 


Where: 
P 


10 f P\SL,, 
C,T ya 
10 f F| 


——— cm? for point loads 
C,T a 


C, Toa 


cm, for lateral pressure loads 


cm2, for a combination of 


design pressure for the design load set being considered, 
calculated at the load calculation point defined in Section 
3/5.3.2, in KN/ m2 


primary support member spacing, in m, as defined in Section 
4/2.2.2 


effective shear span, as defined in Section 4/2.1.5 
shear force factor, as given in Table 8.7.1 


permissible shear stress coefficient for the design load set 
being considered as given in Tables 8.2.10 or 8.3.7, as 
applicable for the individual member being considered 


N/mm? 


specified minimum yield stress of the material, in N/mm? 
point load for the design load set being considered, in kN 
indices for load component i 


indices for load component j 
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Table 8.7.1 
Values of frag and fsnr 
indana bounday ee roer and shear force Pere 
conditus actor (based on load at mid span pplication 
where load varies) 
Position ® 1 2 3 
3 3 1 2 3 foagi foag2 fodgs 
- &| Support | Field | Support fina - fans 
j 4 | 120 24.0 12.0 Bar it etpe 
Y Gf ends. 
A ay Jo 0.50 Uniform pressure 
k i ; 7 ' distribution 
Built in one end 
5 - 14.2 8.0 plus simply 
B Z supported one end. 
COLE, a 0.38 S 0.63 Uniform pressure 
distribution 
Simply supported, 
5 8.0 z (both ends are free 
C to rotate). 
IER DIT 0.50 i 0.50 Uniform pressure 
distribution 
y| 150 23 10.0 AEE oe 
D y Z Linearly varying 
y pressure 
É 030 7 on distribution 
Built in one end 
4 - 16.8 7.5 plus simply 
E Y supported one end. 
ÆA Y Linearly varying 
ces 0.20 - 0.80 pressure 
distribution 
j x : 20 Cantilevered beam. 
F COO Uniform pressure 
A - = 1.0 distribution 
; oa F 8.0 8.0 8.0 PON 
y yj ends. 
G yy Yj Single point load in 
y Z ae i hie the centre of the 
a Z\ : span 
J i y 1° i J? Built in at both 
Y Yj a° (l-a) 20° (l-a) a(l — a} ends. 
H | 7 f Single point load, 
Z Z a>(3l — 2a) i (l—a} (l+2a) | with load anywhere 
Y f P 1 in the span 
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Table 8.7.1 (Continued) 
Values of foag and fonr 


Load and boundary Bending moment and shear Application 
conditions force factor (based on load at 
mid span where load varies) 


Position ®©) 1 2 3 


2 3 foagi foag2 fodgs 
Field | Support fonra - fanrs 


- 4 : Simply supported. 

I Single point load in 
the centre of the 

p R 0.5 : 0.5 span 


E 2 
a - l S Simply supported. 
j a(l- a) Single point load, 


a frost load anywhere 
p l > T 7 a along the span 


= 
> 1 
&| Support 


1/2 


Note 


1. The bending moment factor fvag for the support positions are applicable for a distance of 
0.2lvag from the end of the effective bending span for both local and primary support 
members. 


2: The shear force factor fsı for the support positions are applicable for a distance of 0.2lsnr 
from the end of the effective shear span for both local and primary support members. 
3. Application of foag and fr for local support members: 


(a) the section modulus requirement of local support members is to be determined 
using the lowest value of fvoag1 , frdg2 and fags 


(b) the shear area requirement of local support members is to be determined using the 
greatest value of fiir and fenr3. 


4. Application of frag and far for primary support members: 


(a) the section modulus requirement within 0.214 from the end of the effective span is 


generally to be determined using the applicable fvagı and fogs, however foag is not to be 
taken greater than 12 


(b) the section modulus of mid span area is to be determined using frig =24, or fodg2 from 
the table if lesser 
(c) the shear area requirement of end connections within 0.2lsn from the end of the 


effective span is to be determined using fsnr = 0.5 or the applicable fsnr1 or fonra, 
whichever is greater 


(d) for models A through F the value of fi, may be gradually reduced outside of 0.2lsnr 
towards 0.5fs, at mid span where fsnr is the greater value of fsnrı and fonra. 


l effective span, lvag and Is as applicable 


lbag as defined in Section 4/2.1.1 for local support members and Section 4/2.1.4 for primary 
support members 


lsnr as defined in Section 4/2.1.2 for local support members and Section 4/2.1.5 for primary 
support members 
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Table 8.7.2 
Design Load Sets for Plating, Local Support Members and Primary Support Members 
s Ein a rae oe Load External Conmènt Diagrammatic 
UPP ry Component | Draught seas Representation 


Support Member Set © 


1 Pex Tse 
Sea pressure only 
2 Pex Tse 


Shell Envelope 
5 Pin Tal Tank pressure only. 
Sea pressure to be 
6 Pin 0.25Tsc ignored 
(ne 
External Decks 1 Pex T sc Green sea pressure only 


Cargo Tank 4 Ps, 
Boundaries Full tank with adjacent 


Pressure from one 
side only 


11 ae E tank empty 


5 Pin Toal 


11 P in-flood F 


Internal and External 
Decks or Flats 


Other Tank Pressure from one side 
Boundaries or only 

Watertight 6 Pin 0.25T s Full tank with adjacent 

Boundaries tank empty 


Distributed or 
concentrated loads only. 
Adjacent tanks empty. 
Green sea pressure may 
be ignored 


9 Par Thal 


10 Pak Toal 


scantling draught, in m, as defined in Section 4/1.1.5.5 


minimum design ballast draught, in m, as defined in Section 4/1.1.5.2 


The specification of design load combinations, and other load parameters for the design load sets 
are given in Table 8.2.8 


When the ship’s configuration cannot be described by the above, then the applicable Design Load 
Sets to determine the scantling requirements of structural boundaries are to be selected so as to 
specify a full tank on one side with the adjacent tank or space empty. The boundary is to be 
evaluated for loading from both sides. Design Load Sets are to be selected based on the tank or 
space contents and are to maximise the pressure on the structural boundary, the draught to use is 
to be taken in accordance with the Design Load Set and this table. Design Load Sets covering the S 
and S+D design load combinations are to be selected. See Note 4 on Table 8.2.7 and Table 8.2.8. 


The boundaries of void and dry space not forming part of the hull envelope are to be evaluated 
using Design Load Set 11. See Note 2. 
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1 HULL GIRDER ULTIMATE STRENGTH 
1.1 General 


1.1.1 Application 


1.1.1.1 The hull girder ultimate bending capacity in sagging is to be evaluated and checked 
to ensure it satisfies the following criteria. The criteria are applicable to intact ship 
structures, in extreme at sea conditions. They do not cover hogging, harbour or 
damaged conditions. 


1.1.1.2 The scantling requirements in this Sub-Section are to be applied to any cross section 
along the entire vessel’s length and are in addition to all other requirements within 
the rules. 


RCN 1 to July 2010 version (effective from 1 July 2012) 
1.1.1.3 Outside the 0.4L region of amidships the plate and stiffeners may be gradually 
reduced towards the local requirements at the ends. 


1.2 Rule Criteria 


1.2.1 Vertical hull girder ultimate bending capacity 
1.2.1.1 The vertical hull girder ultimate bending capacity is to satisfy the following criteria: 
M 
YsMsw + YwMwv-sag < a 


R 


Where: 

Msw sagging still water bending moment, in kNm, to be taken as 
specified in Table 9.1.1. 

Mowv-sag sagging vertical wave bending moment, in kNm, to be taken 
as the midship sagging value defined in Section 7/3.4.1.1 

Mu sagging vertical hull girder ultimate bending capacity, in 


kNm, as defined in Appendix A/1.1.1 


Ys, Yw, Yr are the partial safety factors for the design load combinations 
given in 1.4 


1.3 Hull Girder Bending Moment Capacity 


1.3.1 Calculation of capacity 


1.3.1.1 The hull girder ultimate bending capacity, Mu, in sagging is to be calculated 
according to Appendix A/1.1.1. 


1.3.1.2 The effective area for the hull girder ultimate strength capacity assessment is 
specified in Section 8/1.2.1. 


1.3.1.3 The capacity is to be based on net scantlings using a corrosion addition, 0.5tcorr, see 
Section 6/3.2 
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1.4 Partial Safety Factors 


1.4.1 General 


1.4.1.1 The partial safety factors given in Table 9.1.1 apply when Mu is calculated according 
to the single step method in Appendix A/2.1 or the incremental method in A/2.2. The 
partial safety factors are given for two different design load combinations and both 
combinations are to be satisfied. Note that the definition of Msw is different for each 
combination. 


Table 9.1.1 
Partial Safety Factors 
Design load | Definition of Still Water Bending 
combination Moment, Maw 


Ys Yw YR 


Permissible sagging still water 
a) bending moment, Msw-perm-sea, in KNm, 1.0 1.2 1.1 
see Section 7/2.1.1 


Maximum sagging still water bending 


moment for operational seagoing 
R homogeneous full load condition, KN oe 
Mew-fut, in kNm, see note 1 
Where: 
ys partial safety factor for the sagging still water bending moment 


yw partial safety factor for the sagging vertical wave bending moment covering 
environmental and wave load prediction uncertainties 

YR partial safety factor for the sagging vertical hull girder bending capacity 
covering material, geometric and strength prediction uncertainties 


Notes 


1 The maximum sagging still water bending moment is to be taken from the 
departure condition with the ship homogeneously loaded at maximum draught 
and corresponding arrival and any mid-voyage conditions. 
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2 STRENGTH ASSESSMENT (FEM) 


2.1 General 


2.1.1 Application 


yd ee | 


2.1.1.2 


2.1.1.3 


2.1.1.4 


2.1.1.5 


A strength assessment of the hull structure using finite element analysis is 
mandatory. 
The finite element analysis consists of two parts: 


(a) cargo tank analysis to assess the strength of longitudinal hull girder structural 
members, primary supporting structural members and transverse bulkheads. 


(b) fine mesh analysis to assess detailed stress levels in local structural details. 


A flow diagram showing the minimum requirement of finite element analysis is 
shown in Figure 9.2.1. 


The structural assessment is to be carried out in accordance with the requirements 
given in Appendix B. The structural assessment is to verify that the acceptance 
criteria specified in 2.2.5 and 2.3.5 are complied with. 


The application of the scantlings verified by the structural assessment within the 
cargo tank region is to be in accordance with 2.4. 


JuLy 2012 


SECTION 9.2/PAGE 1 


SECTION 9 - DESIGN VERIFICATION COMMON STRUCTURAL RULES FOR OIL TANKERS 


Figure 9.2.1 
Rule Minimum Requirement on Finite Element Analysis 


Cargo Tank FE 
Analysis 


y y 


Midship Cargo Region Fore and Aft Cargo Regions 


Strength assessment of transverse 

bulkheads, longitudinal hull girder 

and primary supporting structural 
members 


Assessment of longitudinal hull 
girder shear structural members 
against vertical hull girder shear 
loads 
(see note) 


Stress 
assessment 


Stress 
assessment 


Buckling 
assessment 


Buckling 
assessment 


! 


Local Fine Mesh FE Analysis 


| 
f Y ! i ! 


Typical transverse Transverse Typical Corrugated Typical longitudinal 
web frame, transverse bulkhead transverse bulkhead stiffeners of double 
web frame adjacent to horizontal web frame bottom and deck, and 

transverse bulkhead stringers and Conhectaniotlower adjoining vertical 
and web frame of buttress corrugation to stiffener of transverse 
wash bulkhead Upper hopper below supporting bulkhead 

Main bracket toes and Main bracket toes, knuckle structure or gusset End brackets and 

openings heels and openings connection plate (if fitted) attached web stiffeners 


FE fine mesh 


Screenin, 
8 stress 


criteria 


assessment 


Very Fine Mesh FE 
Fatigue Analysis 


Lower hopper knuckle 
(see Section 9/3.3) 


Note 


1. The strength assessment of longitudinal hull girder shear structural members, as defined in 2.2.1.1 and 
Section 4/Table 4.1.1, against hull girder vertical shear loads in way of transverse bulkheads may be based 
on the midship cargo tank finite element model with modification of plate and stiffener properties where 
appropriate, see Appendix B/1.1.1 and Appendix B/2.2.1. 
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2.1.2 Submission of results 


2.1.2.1 


A detailed report of the structural analysis is to be submitted to demonstrate 
compliance with the specified structural design criteria. This report shall include the 
following information: 


(a) list of plans used including dates and versions 


(b) detailed description of structural modelling including all modelling 
assumptions and any deviations in geometry and arrangement of structure 
compared with plans 


(c) plots to demonstrate correct structural modelling and assigned properties 


(d) details of material properties, plate thickness, beam properties used in the 
model 


(e) details of boundary conditions 


(f) details of all loading conditions reviewed with calculated hull girder shear force 
and bending moment distributions 


(g) details of applied loads and confirmation that individual and total applied loads 
are correct 


(h) plots and results that demonstrate the correct behaviour of the structural model 
under the applied loads 


(i) summaries and plots of global and local deflections 


(j) summaries and sufficient plots of stresses to demonstrate that the design criteria 
are not exceeded in any member 


(k) plate and stiffened panel buckling analysis and results 
(1) tabulated results showing compliance, or otherwise, with the design criteria 


(m) proposed amendments to structure where necessary, including revised 
assessment of stresses, buckling and fatigue properties showing compliance 
with design criteria. 


2.1.3 Computer programs 


2.1.3.1 


2.1.3.2 


2.1.3.3 


In general, any finite element computation program recognised by the Classification 
Society may be employed to determine the stress and deflection of the hull structure, 
provided that the combined effects of bending, shear, axial and torsional 
deformations are considered. 


The computer program used for the assessment of panel buckling capability is to 
take account of the combined interaction of bi-axial compressive stresses, shear 
stress and lateral pressure loads, as required by Section 10/4. 


A computer program that has been demonstrated to produce reliable results to the 
satisfaction of the Classification Society is regarded as a recognised program. 
Where the computer programs employed are not supplied or recognised by the 
Classification Society, full particulars of the computer program, including 
calculation output, are to be submitted for approval. It is recommended that the 
designers consult the Classification Society on the suitability of the computer 
programs intended to be used prior to the commencement of any analysis work. 
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2.2 Cargo Tank Structural Strength Analysis 


2.2.1 Objective and scope 


2.2.1.1 The analysis is to cover at least the assessment of: 


(a) longitudinal hull girder structural members, primary supporting structural 
members and transverse bulkheads in the midship cargo tank region, and 


(b) longitudinal hull girder shear structural members in way of transverse 
bulkheads against hull girder vertical shear loads within the cargo area. These 
structural members include side shell, inner hull longitudinal bulkheads 
including upper sloped plate where fitted, hopper, longitudinal bulkheads and 
double bottom girders as defined in Section 4/Iable 4.1.1. The required 
strengthening in way of transverse bulkheads for hull girder shear loads in the 
forward, midship or aft cargo region may be based on the maximum hull girder 
shear force within the region considered. Alternatively assessment may be 
carried out to determine the strengthening requirement in way of individual 
transverse bulkhead position. The details are given in Appendix B/1.1.1. 


2.2.1.2 The required strengthening in way of transverse bulkheads for hull girder shear 
loads in the forward, midship or aft cargo region may be based on the maximum 
hull girder shear force within the region considered. Alternatively assessment may 
be carried out to determine the strengthening requirement in way of individual 
transverse bulkhead position. The details are given in Appendix B/1.1.1 


2.2.1.3 The analysis is to verify that the following are within the acceptance criteria under 
the applied static and dynamic loads: 


(a) stress level in the plating of longitudinal hull girder structural members, 
primary support structural members and transverse bulkheads, face plate of 
primary support members modelled by plate or rod elements. 


(b) buckling capability of plates and stiffened panels. 


2.2.2 Structural modelling 


2.2.2.1 The modelling scantlings of the cargo tank finite element model are to be based on 
net scantlings as described in Section 6/3.3.6.1 and Appendix B/2.2.1.5. 


2.2.2.2 The length of the cargo tank finite element model is to cover three cargo tank 
lengths. Where the tanks in the midship cargo region are of different lengths, the 
middle tank of the finite element model is to represent the cargo tank of the greatest 
length. All main longitudinal and transverse structural elements are to be 
represented in the finite element model. These include inner and outer shell, double 
bottom floor and girder system, transverse and vertical web frames, stringers, 
transverse and longitudinal bulkhead structures. All plating and stiffeners, 
including web stiffeners, on these structural elements are to be modelled. 


2.2.2.3 The mesh of the finite element model is to follow the stiffening system of the 
structure as far as practical, and is to represent the actual plate panels between 
stiffeners. 


2.2.24 The structure modelling is to be in accordance with the requirements given in 
Appendix B/2.2. 
2.2.3 Loads and loading conditions 


2.2.3.1 The combinations of the ship static and dynamic loads which are likely to impose 
the most onerous load regimes on the hull structure are to be investigated in the 
structural analysis. 
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Dow 


2.2.3.3 


The standard load cases to be used in the structural analysis are given in Appendix 
B/2.3.1. These load cases cover seagoing conditions (design load combination S + D) 
and harbour/ tank testing conditions (design load combination S). 


Where the loading conditions specified by the designer are not covered by the 
standard load cases then these additional loading conditions are to be examined, see 
also Appendix B/2.3.1. 


2.2.4 Load applications and boundary conditions 


2.2.4.1 


2.2.4.2 


All simultaneously acting hull girder and local loads are to be applied to the model. 
The application of local and hull girder loads to the finite element model is to be in 
accordance with the requirement given in Appendix B/2.4 and B/2.5. 


The boundary conditions to be applied are given in Appendix B/2.6. 


2.2.5 Acceptance criteria 


2.2.5.1 


2.2.5.2 


2.2.5.3 


2.2.5.4 


2.2.5.5 


Verification of results against the acceptance criteria is to be carried out in 
accordance with Appendix B/2.7. 


Verification of results against the acceptance criteria is to be carried out for all 
structural members within the longitudinal extent of the middle tanks of the three 
tank FE model, and the regions forward and aft of the middle tanks up to the extent 
of the transverse bulkhead stringer and buttress structure. For the assessment of 
shear strength in way of transverse bulkheads against hull girder shear loads, stress 
level and buckling capability of inner hull longitudinal bulkheads including upper 
sloped plate where fitted, side shell, longitudinal bulkheads, hopper and bottom 
longitudinal girders are to be verified against the acceptance criteria. See also 
Appendix B/2.7.1. 


The structural analysis is to demonstrate that the permissible von Mises stress 
criteria and utilisation factor against buckling for plate and stiffened panels 
specified in Tables 9.2.1 and 9.2.2 are not exceeded. 


Capacity models used for the assessment of local buckling capability of plate and 
stiffened panels are to be based on deduction of full corrosion addition thickness 
from the plate and stiffeners, as described in Section 6/3.3.6.2 and Appendix B/2.7.3. 


Where a lower stool is not fitted to a transverse or longitudinal corrugated bulkhead, 
the maximum permissible stresses and buckling utilisation factors given in Tables 
9.2.1 and 9.2.2 are to be reduced by 10% for the corrugation and below supporting 
structure within the extent defined as follows: 


(a) Full height of the corrugation 

(b) Supporting structure for a transverse corrugated bulkhead - longitudinally 
within half a web frame space forward and aft of the bulkhead 

(c) Supporting structure for a longitudinal corrugated bulkhead - transversely 
within three longitudinal stiffener spacings from each side of the bulkhead. 
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Table 9.2.1 
Maximum Permissible Stresses 


Structural component Yield utilisation factor 


Internal structure in tanks 


Plating of all non-tight structural members or 
including transverse web frame structure, wash Ay $1.0 (load combination S + D) 
bulkheads, internal web, horizontal stringers, 
floors and girders. Face plate of primary support Ay < 0.8 


(load combination S) 
members modelled using plate or rod elements 


Structure on tank boundaries 


Plating of deck, sides, inner sides, hopper plate, Ay < 0.9 (load combination S + D) 
bilge plate, plane and corrugated cargo tank 


longitudinal bulkheads. Tight floors, girders and 
webs Ay < 0.72 (load combination S) 


Ay < 0.8 (load combination S + D) 
Plating of inner bottom, bottom, plane transverse 


bulkheads and corrugated bulkheads. 


Ay < 0.64 (load combination S) 


Where: 
A, yield utilisation factor 
= Tom for plate elements in general 
Cyd 
= Prod for rod elements in general 
yd 
Ovum von Mises stress calculated based on membrane stresses at element’s centroid, in 
N/mm? 
Orod axial stress in rod element, in N/mm? 
Oyd specified minimum yield stress of the material, in N/mm2, but not to be taken as 
greater than 315 N/mm? for load combination S + D in areas of stress concentration @) 
Note 


1. Structural items given in the table are for guidance only. Stresses for all parts of the FE 
model specified in 2.2.5.2 are to be verified against the permissible stress criteria. See also 
Appendix B/2.7.1 


2. Areas of stress concentration are corners of openings, knuckle joints, toes and heels of 
primary supporting structural members and stiffeners 


3. | Where a lower stool is not fitted to a transverse or longitudinal corrugated bulkhead, the 
maximum permissible stresses are to be reduced by 10% in accordance with 2.2.5.5. 


4. The yield utilisation factor for plane and corrugated longitudinal bulkheads between cargo 
tanks may be taken as for non-tight structural members for FE load cases where either both 
sides of the bulkhead are empty or both sides are loaded. The water-tight bottom girder 
under the longitudinal bulkhead is to be treated as a tight structural member. 


(RCN 1, effective from 1 April 2007) 
RCN 2 to July 2008 version (effective from 1 July 2010) 
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Table 9.2.2 
Maximum Permissible Utilisation Factor Against Buckling 


Structural component Buckling utilisation factor 


Plate and stiffened panels ©) 


n <1.0 (load combination S + D) 


n <0.8 (load combination S) 


Web plate in way of openings 


n <1.0 (load combination S + D) 


7 <0.8 (load combination S) 


Pillar buckling of cross tie 


n $0.75 (load combination S + D) 


structure 
n $0.65 (load combination S) 
Corrugated bulkheads n <0.9 (load combination S + D) 
- flange buckling 
- column buckling n <0.72 (load combination S) 
Where: 
n utilisation factor against buckling calculated in accordance with Appendix D/s and 
Appendix B/2.7.3. Also see Section 10/3.4.1 for web plate in way of openings and 
Section 10/3.5.1 for cross tie structure 
Note 
1. Buckling capability of curved panels (e.g. bilge plate), face plate and tripping bracket of 


primary supporting members are not assessed based on finite element stress result 


Where a lower stool is not fitted to a transverse or longitudinal corrugated bulkhead, the 
maximum permissible buckling utilisation factors are to be reduced by 10% in accordance 
with 2.2.5.5 


Permissible buckling utilisation factors specified in this table are applicable for the 
reference advanced buckling method given in Appendix D/1.1.2. If alternative buckling 
procedures are used the permissible utilisation factors are to be assessed and if required 
adjusted to meet acceptance criteria for equivalence specified in Appendix D/1.1.2. 


RCN 1 to July 2008 version (effective from 1 February 2010) 


2.3 Local Fine Mesh Structural Strength Analysis 


2.3.1 Objective and scope 


2.3.1.1 


For tankers of conventional arrangements, as a minimum requirement, the 
following areas in the midship cargo region are to be investigated: 


(a) main bracket toes and openings at critical locations and upper hopper knuckle 
joint of a typical transverse web frame located in the midship tank. Where a 
wash bulkhead is fitted, main bracket toes and openings at critical locations of 
transverse and vertical webs 


(b) main bracket toes and openings at critical locations on a typical transverse web 
frame adjacent to a transverse bulkhead in way of the transverse bulkhead 
horizontal stringers 

(c) main bracket toes, heels and openings at critical locations of horizontal stringers, 
connection of transverse bulkhead to double bottom girder or buttress of a 
typical transverse bulkhead 

(d) connections of transverse and longitudinal corrugated bulkheads to bottom 
stool or inner bottom and double bottom supporting structure if a lower stool is 


JULY 2012 


SECTION 9.2/ PAGE 7 


SECTION 9 - DESIGN VERIFICATION COMMON STRUCTURAL RULES FOR OIL TANKERS 


2.3.1.2 


2.3.1.3 


2.3.1.4 


2.3.2 
23.2.1 


2.3.2.2 


2.3.2.3 


2.3.2.4 


not fitted. If a gusset plate is fitted the connection between the corrugation and 
the upper corners of the gusset are to be assessed 


(e) end brackets and attached web stiffeners of typical longitudinal stiffeners of 
double bottom and deck, and adjoining vertical stiffener of transverse bulkhead. 
If longitudinal stiffeners are fitted above the deck then the connection in way of 
the transverse bulkhead are to be assessed. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


The selection of critical locations on the structural members described in 2.3.1.1 to 
perform fine mesh analysis is to be in accordance with Appendix B/3.1. 


Where the stress level in areas of stress concentration on structural members not 
specified in 2.3.1.1 exceeds the acceptance criteria of the cargo tank analysis, a fine 
mesh analysis is to be carried out to demonstrate satisfactory scantlings. 


Where the geometry can not be adequately represented in the cargo tank finite 
element model, a fine mesh analysis may be used to demonstrate satisfactory 
scantlings. In such cases the average stress within an area equivalent to that 
specified in the cargo tank analysis (typically s by s) is to comply with the 
requirement given in Table 9.2.1. See also Note 1 of Table 9.2.3. 


Structural modelling 


The fine mesh structural models are to be in accordance with the requirements 
given in Appendix B/3.2. 


The fine mesh analysis may be carried out by means of a separate local finite 
element model with fine mesh zones, in conjunction with the boundary conditions 
obtained from the cargo tank model, or by incorporating fine mesh zones into the 
cargo tank model. 


The extent of the local finite element models is to be such that the calculated stresses 
at the areas of interest are not significantly affected by the imposed boundary 
conditions and application of loads. Detailed requirements on the extension of local 
finite element models are given in Appendix B/3.2. 


The fine mesh zone is to represent the localised area of high stress. The finite 
element mesh size within the fine mesh zones is to be not greater than 50mm x 
50mm. The extent of the fine mesh zone is to be in accordance with Appendix B/3.2. 
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2.3.2.5 The fine mesh models are to be based on the net scantlings in accordance with 
Section 6/3.3.6.3 and Appendix B/3.2. 

2.3.3 Loads and loading conditions 

2.3.3.1 Fine mesh detailed stress analysis is to be carried out for the standard load cases, 
and any other specifically specified load cases, required by 2.2.3. 

2.3.4 Load applications and boundary conditions 

2.3.4.1 The application of loads and boundary conditions to the finite element model is to 
be in accordance with the requirements given in Appendix B/3.4. 

2.3.5 Acceptance criteria 


2.3.5.1 Verification of stress results against the acceptance criteria is to be carried out in 
accordance with Appendix B/3.5. 


2.3.5.2 The structural assessment is to demonstrate that the von Mises stresses obtained 
from the fine mesh finite element analysis do not exceed the maximum permissible 
stress criteria specified in Table 9.2.3. 
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Table 9.2.3 
Maximum Permissible Membrane Stresses for Fine Mesh Analysis 


Element stress Yield utilisation factor 


Element not adjacent to weld 


Ay <1.7 (load combination S + D) 


Ay < 1.36 (load combination S) 


Ay 1.5 (load combination S + D) 
Element adjacent to weld 
Ay $1.2 (load combination S) 
Where: 
Ay yield utilisation factor 
=k Gm for plate element 
235 
k Ova 
= 10 for rod or beam element 
235 
Ovm von Mises stress calculated based on membrane stress at element’s centroid, in 
N/mm? 
Orod axial stress in rod element, in N/mm? 
k higher strength steel factor, as defined in Section 6/1.1.4 but not to be taken as less than 
0.78 for load combination S + D 
Note 
1. Where the von Mises stress of the elements in the cargo tank FE model in way of the area 


under investigation by fine mesh exceeds its permissible value specified in Table 9.2.1, 
average von Mises stress, obtained from the fine mesh analysis, calculated over an area 
equivalent to the mesh size of the cargo tank finite element model is to be less than the 
permissible value specified in Table 9.2.1 


The maximum permissible stresses are based on the mesh size of 50mm x 50mm. Where a 
smaller mesh size is used, an average von Mises stress calculated in accordance with 
Appendix B/3.5.1 over an area equal to the specified mesh size may be used to compare with 
the permissible stresses. 


Average von Mises stress is to be calculated based on weighted average against element 
areas: 


where 

Ovm-av is the average von Mises stress 

Ovm-i is the von Mises stress of the ith plate element within the area considered 
Aj is the area of the ith plate element within the area considered 

n is the number of elements within the area considered 


Stress averaging is not to be carried across structural discontinuities and abutting structure 
Where a lower stool is not fitted to a transverse or longitudinal corrugated bulkhead, the 
maximum permissible stresses are to be reduced by 10% for the areas under investigation 
by fine mesh analysis. 
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2.4 Application of Scantlings in Cargo Tank Region 


2.4.1 General 


2.4.1.1 


2.4.1.2 


2.4.1.3 


2.4.1.4 


The application of the scantlings that comply with the requirements of the finite 
element strength assessment, to the structure within the cargo tank region, is to be 
in accordance with the requirements given in this sub-section. 


The application given in this sub-section assumes that the same material yield 
strength of the structure is maintained throughout the cargo tank region. Where 
steel having a different yield strength is applied, the required scantlings are to be 
assessed. 


The scaling procedure given in this sub-section is based on scantlings that satisfied 
the requirements given in Section 9/2 and Appendix B. 


The net thickness and sectional properties for plating and local support members 
described in this sub-section are to be based on deduction of full corrosion addition, 
as specified in Section 6/Iable 6.3.2, from the gross scantlings. The gross thickness of 
plating, web and face plate of local support members are to be obtained by adding 
the full corrosion addition to the net thickness. 


2.4.2 Application of scantlings to deck 


2.4.2.1 


2.4.2.2 


The scantlings of deck plating and deck longitudinal stiffeners are to be maintained 
longitudinally within 0.4L amidships. The scantlings of deck plating and deck 
longitudinal stiffeners at a given transverse location within 0.4L amidships are not 
to be taken as less than the maximum of that required for the corresponding 
transverse location along the length of the middle tanks of the cargo tank finite 
element model required by Appendix B/1.1.1.5. 


Outside 0.4L amidships, the scantlings of the deck plating and deck longitudinal 
stiffeners may be tapered to that required by Section 8 at the ends of the cargo tank 
region. 


2.4.3 Application of scantlings to inner bottom 


2.4.3.1 


2.4.3.2 


2.4.3.3 


The thickness of inner bottom plating may vary along the length and breadth of a 
tank. 


The scantlings of the inner bottom plating and longitudinal stiffeners of midship 
cargo tanks are not to be less than that required for the corresponding location of 
the middle tanks of the cargo tank finite element model required by Appendix 
B/1.1.1.5. These scantlings are to be maintained for all tanks within the cargo region, 
other than the fore-most and aft-most cargo tanks. 


For the fore-most and aft-most cargo tanks, the scantlings of the inner bottom 
longitudinal stiffeners are not to be less than the scantling requirements for the 
midship cargo tanks provided that the spacing of primary support members are not 
reduced in the forward and/or aft cargo tank. The minimum net thickness of the 
inner bottom plate, tip-net, is given by: 


0.25 
leag Sip 
s 


ee 


mm 


ee Eip-net-mid 
ib—-mid 
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where: 


tib-net-mid required net thickness of the inner bottom plating for the 
corresponding location in the midship tank, in mm 


lag effective bending span, of floor at location under 
consideration, in accordance with Figure 4.2.7, inm 


lvdg-mid effective bending span, of floor at corresponding location in 
midship tank, defined in accordance with Figure 4.2.7, in m 


Sib spacing between longitudinal stiffeners at location under 
consideration, in mm 


Sib-mid spacing between longitudinal stiffeners at corresponding 
location in midship tank, in mm 


2.4.4 Application of scantlings to bottom 


2.4.4.1 The scantlings of bottom longitudinal stiffeners are to be maintained longitudinally 
within 0.4L amidships. The scantlings of the bottom longitudinal stiffener at a given 
transverse location within 0.4L amidships are not to be less than the maximum of 
that required for the corresponding transverse location along the length of the 
middle tanks of the cargo tank finite element model required by Appendix B/1.1.1.5. 
2.4.4.2 Outside 0.4L amidships, the scantlings of the bottom longitudinal stiffeners may be 
tapered to that required by Section 8 at the ends of the cargo region. 
2.4.4.3 The thickness of the bottom plating may vary along the length and breadth of a tank. 
The bottom plate thicknesses of midship tanks are not to be less than that required 
for the corresponding location of the middle tanks of the cargo tank finite element 
model required by Appendix B/1.1.1.5. These thicknesses are to be maintained for all 
tanks within the cargo region, other than the fore-most and aft-most cargo tanks. 
2.4.4.4 For the fore-most and aft-most cargo tanks, the required minimum net thickness of 
the bottom plating, toim-net, is to be obtained as follows: 
1 0.25 
Éytm-net = Éyim-net-mid “8 =i mm 
Lydg—mid Sbtm-mid 
where: 
totm-net-mid required net thickness of the bottom plating for the 
corresponding location in the midship tank, in mm 
lag effective bending span, of floor at location under 
consideration, in accordance with Figure 4.2.7, in m 
lvdg-mid effective bending span, of floor at corresponding location in 
midship tank, defined in accordance with Figure 4.2.7, in m 
Sbtm spacing between longitudinal stiffeners at location under 
consideration, in mm 
Sbtm-mid spacing between longitudinal stiffeners at corresponding 
location in midship tank, in mm 
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2.4.5 Application of scantlings to side shell, longitudinal bulkheads and inner 
hull longitudinal bulkheads 


2.4.5.1 


2.4.5.2 


2.4.5.3 


2.4.5.4 


2.4.5.5 


The scantlings of plating and longitudinal stiffeners of side shell, longitudinal 
bulkheads and inner longitudinal bulkheads within 0.15D from the deck are to be 
maintained longitudinally within 0.4L amidships. The scantlings of plating and 
longitudinal stiffener at a given height are not to be less than the maximum of that 
required for the corresponding vertical location along the length of the middle tanks 
of the cargo tank finite element model required by Appendix B/1.1.1.5. Outside 0.4L 
amidships, the scantlings of the plating and stiffeners within 0.15D from the deck 
may be tapered to that required by Section 8 at the ends of the cargo tank region. 


The plate thickness of side shell, longitudinal bulkheads and inner hull longitudinal 
bulkheads, including hopper plating, outside 0.15D from the deck may vary along 
the length and height of a tank. The plate thickness away from the transverse 
bulkheads is not to be less than that required for the corresponding location of the 
middle tanks of the cargo tank finite element model required by Appendix B/1.1.1.5. 
These scantlings are to be maintained for all tanks within the cargo region, other 
than the fore-most and aft-most cargo tanks. For the fore-most and aft-most cargo 
tanks, the minimum net thickness of the side shell, longitudinal bulkheads or inner 
hull longitudinal bulkheads (including hopper plating) plating outside 0.15D from 
the deck is given by: 


S 
lnet = Í net-mid mm 
mid 
Where: 
tnet-mid required net thickness for corresponding location in the 
midship tank, in mm 
s spacing between longitudinal stiffeners at location under 
consideration, in mm 
Smid spacing between longitudinal stiffeners at corresponding 


location in midship tank, in mm 


The plate thickness of side shell, longitudinal bulkheads and inner hull longitudinal 
bulkheads, including hopper plating, in way of transverse bulkheads required for 
strengthening against hull girder shear loads is not to be less than that required by 
Appendix B/1.1.1.6, B/1.1.1.7 and B/1.1.1.8. Within 0.15D from the deck, the plate 
thicknesses in way of transverse bulkheads are not to be taken as less than that 
required by 2.4.5.1. Outside 0.15D from the deck, the plate thicknesses in way of 
transverse bulkheads are not to be taken as less than that required by 2.4.5.2. 


The scantlings of longitudinal stiffeners of side shell, longitudinal bulkheads, inner 
longitudinal bulkheads and hopper plate at a given height, outside 0.15D from the 
deck, are not to be less than that required for the corresponding vertical location of 
the middle tanks of the cargo tank finite element model as required by Appendix 
B/1.1.1.5. These scantlings are to be maintained for all tanks within the cargo region. 


The plate thickness required for strengthening against hull girder shear loads of the 
side shell, longitudinal bulkheads and inner hull longitudinal bulkheads in way of a 
transverse bulkhead is to be taken as the greater from the corresponding vertical 
location of the forward and aft transverse bulkhead of the middle tanks of the cargo 
tank finite element model as required by Appendix B/1.1.1.5. All relevant 
requirements in other sections of the Rules are also to be complied with. 
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RCN 1 to July 2010 version (effective from 1 July 2012) 


2.4.6 Application of scantlings to transverse bulkheads 


2.4.6.1 


The scantlings of transverse bulkhead plating, stiffeners and horizontal stringers 
may vary along the height and breadth of the bulkhead. The scantlings at a given 
location are not to be less than the maximum required at the corresponding location 
of both middle tank end transverse bulkheads of the cargo tank finite element 
model as required by Appendix B/1.1.1.5. 


2.4.7 Application of scantlings to primary structural support members 


2.4.7.1 


2.4.7.2 


The web thickness of primary structural support members may vary along the 
length, breadth and height of a tank. The scantlings of the primary structural 
support members are not to be less than that required for the corresponding 
location of the middle tanks of the cargo tank finite element model required by 
Appendix B/1.1.1.5. These scantlings are to be maintained for all tanks within the 
cargo region, other than the fore-most and aft-most cargo tanks. 


Scantling requirements for primary support members in the fore-most and aft-most 
cargo tanks are to be determined by scaling the scantlings of the corresponding 
structural members in the midship tanks in accordance with Section 8/2.6.9. 


2.4.8 Structural details and openings 


2.4.8.1 


Arrangement and scantlings of openings and structural details of primary structural 
members, complying with the requirements of Appendix B/3, are to be applied to the 
corresponding structural members in all tanks within the cargo tank region. 
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3 FATIGUE STRENGTH 
3.1 Fatigue Evaluation 


3.1.1 General 


3.1.1.1 This Sub-Section, together with Appendix C, gives the minimum Rule requirements 
for design against fatigue failure for the structural details stipulated in these Rules. 
Structural details at other locations that are considered to be critical may require 
assessment using a procedure consistent with that contained in these Rules. 


3.1.1.2 The fatigue criteria, applicable to a broad range of structural details and 
arrangements, are to be used for the assessment of fatigue strength utilising 
numerical techniques. 


3.1.1.3 The fatigue analysis is to be carried out using either a ‘nominal stress approach’ or a 
‘hot spot stress approach’ depending on the structural details, as specified in 3.4. The 
procedure is illustrated in Figure 9.3.1. 


3.1.1.4 In a nominal stress approach, stresses in a structural component are calculated by 
using either analytical methods (e.g. a beam model) or using numerical methods 
(e.g. a coarse finite element mesh), based on the applied loads and the structural 
properties of the component. 


3.1.1.5 In a hot spot stress approach, local stresses at a critical location (hot spot) where 
fatigue cracks may initiate are evaluated by numerical methods (e.g. a fine mesh 
finite element analysis). The analysis takes into account the influence of structural 
discontinuities due to the geometry of the connection but excludes the effects of 
welds. 


3.2 Fatigue Criteria 


3.2.1 Corrosion model 


3.2.1.1 Net thicknesses in accordance with Section 6/3.3.7 are to be used in the fatigue 
assessment. 


3.2.2 Loads 


3.2.2.1 The loads specified in Section 7/3, which are based on the North Atlantic wave 
environment, are to be used for the fatigue assessment. Other secondary cyclic 
loading, such as slamming, low cycle, or vibration induced fatigue, which may 
result in significant levels of stress range over the expected lifetime of the vessel, 
although not within the scope of these Rules, may need to be specially considered. 


3.2.2.2 These Rules assume a 10+ probability level of exceedance for the purposes of load 
application and fatigue strength assessment. 


3.2.3 Acceptance criteria 


3.2.3.1 The criteria stated in this sub-section and Appendix C are presented as a comparison 
of fatigue strength of the structure (capacity), and fatigue inducing loads (demands), 
in the form of a fatigue damage parameter, DM, see Appendix C/1.4.1.1. The 
calculated fatigue damage, DM, is to be less than or equal to 1 for the design life of 
the ship, which is not to be taken as less than 25 years. 
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Schematic of Fatigue Assessment Process 
(For Each Location or Structural Detail) 


Figure 9.3.1 
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DM <1 


3.3 Locations to Apply 


3.3.1 Longitudinal structure 


3.3.1.1 


A fatigue strength assessment is to be carried out and submitted for the end 


connections of longitudinal stiffeners to transverse bulkheads, including wash 
bulkheads and web frames within the cargo tank region, located on the bottom 
shell, inner bottom, side shell, inner hull longitudinal bulkheads, longitudinal 


bulkheads and strength deck. 


A fatigue strength assessment is to be carried out for scallops in way of block joints 


3.3.1.2 


on the strength deck within the cargo tank region. 


3.3.2 Transverse structure 


3.3.2.1 


A fatigue strength assessment is to be carried out and submitted for the knuckle 


between inner bottom and hopper plate for at least one transverse frame close to 
amidships. The total stress range for fatigue assessment is to be determined from a 
fine mesh finite element analysis. 
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3.4 Fatigue Assessment Methods 


3.4.1 Nominal stress approach 


3.4.1.1 The nominal stress approach, as described in Appendix C/1, is to be used for the 
fatigue evaluation of the following items: 
(a) longitudinal stiffener end connections to the transverse bulkheads, including 
wash bulkheads, and web frames on the bottom, inner bottom, side shell, inner 
hull longitudinal bulkheads, longitudinal bulkheads and strength deck. 


(b) scallops in way of block joints on the strength deck as described in Appendix 
C/1.6. 


3.4.2 Hot spot stress approach 


3.4.2.1 The hot spot stress approach, as described in Appendix C/2, is to be used for the 
fatigue evaluation of the following items: 


(a) knuckle between inner bottom and hopper plate. 


3.4.3 Alternative direct calculation approach 


3.4.3.1 Where it is considered necessary to carry out a fatigue assessment using an 
alternative direct calculation approach, not applying the loads specified in Section 
7/3, it is to be based on the individual Classification Society’s procedures. However, 
in no case are the scantlings to be lower than those which would be required by 
3.4.1 and 3.4.2. 
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SECTION 10 


BUCKLING AND ULTIMATE 
STRENGTH 
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1 GENERAL 


1.1 Strength Criteria 


1.1.1 Scope 


1.1.1.1 


1.1.1.2 


1.1.1.3 


1.1.1.4 


This Section contains the strength criteria for buckling and ultimate strength of local 
support members, primary support members and other structure such as pillars, 
corrugated bulkheads and brackets. These criteria are to be applied as specified in 
Section 8 for determining the initial structural scantlings and also Section 9 for the 
design verification. 


All structural elements are to comply with the stiffness and proportions 
requirements specified in Sub-Section 2. 


For each structural member the characteristic buckling strength is to be taken as the 
most unfavourable/ critical buckling mode. 


The strength criteria are to be based on the following assumptions and limitations in 

respect to buckling and ultimate strength control in design: 

(a) the buckling strength of stiffeners is to be greater than the plate panels they 
support 

(b) the primary support members supporting stiffeners are to have sufficient inertia 
to prevent out of plane buckling of the primary member, see 2.3.2.3 

(c) all stiffeners with their associated effective plate are to have moments of inertia 
to provide adequate lateral stability, see 2.2.2 

(d) the proportions of local support members and primary support members are to 
be such that local instability is prevented 

(e) tripping of primary support members (e.g. torsional instability) is to be 
prevented by fitment of tripping brackets or equivalents, see in 2.3.3 

(f) the web plate of primary support members is to be such that elastic buckling of 
the plate between web stiffeners is prevented 

(g) for plates with openings, the buckling strength of the areas surrounding the 
opening or cut out and any edge reinforcements are adequate, see 3.4.1 and 2.4.3. 
RCN 1 to July 2010 version (effective from 1 July 2012) 
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2 STIFFNESS AND PROPORTIONS 


2.1 Structural Elements 


2.1.1 General 


2.1.1.1 All structural elements are to comply with the applicable slenderness or 
proportional ratio requirements in 2.2 to 2.3. 


2.1.1.2 The following requirements are based on net scantlings, see also Section 6/3. 


2.1.1.3 For structural idealisation and definitions see Section 4/2. 


2.2 Plates and Local Support Members 


2.2.1 Proportions of plate panels and local support members 


2.2.1.1 The net thickness of plate panels and stiffeners is to satisfy the following criteria: 


(a) plate panels 


tnei 2 G EE 
235 


C 


(b) stiffener web plate 


bala > fv [Oya 
Cw \ 235 


(c) flange/face plate 


t f-net 


Where: 


> 


b f-out Oya 
C; 1235 


plate breadth, in mm, taken as the spacing between the 
stiffeners, as defined in Section 4/2.2.1 


net thickness of plate, in mm 

depth of stiffener web, in mm, as given in Table 10.2.1 

net web thickness, in mm 

breadth of flange outstands, in mm, as given in Table 10.2.1 
net flange thickness, in mm 

slenderness coefficients, as given in Table 10.2.1 


specified minimum yield stress of the material, in N/mm? 
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Table 10.2.1 
Slenderness Coefficients 
Item Coefficient 

hull envelope and tank boundaries 100 
plate panel, C 

other structure 125 

angle and T profiles 75 
stiffener web plate, Cw bulb profiles 41 

flat bars 22 
flange/face plate®, Cy angle and T profiles 12 


Note 
1. The total flange breadth, b; for angle and T profiles is not to be less than: bs =0.25dw 


2. Measurements of breadth and depth are based on gross scantlings 


Where: 

tnet net thickness of plate, in mm 

dw depth of web plate, in mm 

tw-net net web thickness, in mm 

bf-out breadth of flange outstands, in mm 
tf-net net flange thickness, in mm 


Be out Be out 


_ 


o = i ji 
a, a, d, d 


Flat bars Bulb flats Angles T bars 
(RCN 1, effective from 1 April 2007) 


2.2.2 Stiffness of stiffeners 


2.2.2.1 The minimum net moment of inertia about the neutral axis parallel to the attached 
plate, Ine, of each stiffener with effective breadth of plate equal to 80% of the 
stiffener spacing s, is given by: 


Oya 
Inet = Ce Anet a cm+#4 


ee 235 

Where: 

leif length of stiffener between effective supports, in m 

Anet net sectional area of stiffener including attached plate 
assuming effective breadth of 80% of stiffener spacing s, in 
cm? 

s stiffener spacing, in mm, as defined in Section 4/2.2.1 

Oyd specified minimum yield stress of the material of the attached 
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plate, in N/mm? 
C slenderness coefficient: 


= 1.43 for longitudinals subject to hull girder stresses 
= 0.72 for other stiffeners 


2.3 Primary Support Members 


2.3.1 Proportions of web plate and flange/face plate 


2.3.1.1 The net thicknesses of the web plates and face plates of primary support members 
are to satisfy the following criteria: 


(a) web plate 


i E NA 
w-net Co 235 


(b) flange/face plate 


De out 0 


bog mie 
EE Ce, N05 
Where: 
Sw plate breadth, in mm, taken as the spacing between the web 


stiffeners. For web plates with stiffening parallel to the 
attached plate the spacing may be corrected in accordance 
with Appendix D/Fig. 5.6. 


tw-net net web thickness, in mm 
br-out breadth of flange outstand, in mm 
tinet net flange thickness, in mm 
Cw slenderness coefficient for the web plate 
=100 
C; slenderness coefficient for the flange/ face plate 
=12 
Oyd specified minimum yield stress of the material, in N/mm2 


2.3.2 Stiffness requirements 


2.3.2.1 The web and flange net thicknesses of web stiffeners are not to be less than specified 
in 2.2.1. 


2.3.2.2 The net moment of inertia of each web stiffener, Inc, with effective breadth of plate 
equal to 80% of stiffener spacing s, is not to be less than as defined in Table 10.2.2. 
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Table 10.2.2 
Stiffness Criteria for Web Stiffening 


Mode 


Inertia requirements, cm4 


(a) web stiffeners parallel to the 
flanges of the primary support 
member 


= CPA, 2% 


Ts net 
235 


(b) web stiffeners normal to flanges 
of the primary support member 


BADDANI 


oO 
Ba =VTAXIO™T s*y m| 252 > pe 
s “10001 / 235 


Where: 


C 


= 1.43 for longitudinal stiffeners in cargo tank region 
= 0.72 for other stiffeners 


length of web stiffener, in m. 

For web stiffeners welded to local support members (LSM), the length is to be 
measured between the flanges of the local support members. 

For sniped web stiffeners the length is to be measured between the lateral 
supports e.g. the total distance between the flanges of the primary support 
member as shown for Mode (b). 


Anet net section area of web stiffener including attached plate assuming effective 
breadth of 80% of stiffener spacing s, in cm? 
s spacing of stiffeners, in mm, as defined in Section 4/2.2.1 
tw-net net web thickness of the primary support member, in mm 
Oyd specified minimum yield stress of the material of the web plate of the primary 
support member, in N/mm? 
2.3.2.3 The net moment of inertia for primary support members, Iprm-netso, Supporting 


stiffeners subject to axial compressive stresses, including effective plate width at 
mid span, is not to be less than: 


lia 
~ I net cm4 


I psm-net50 =300 


S3s 
Where: 
loag bending span of primary support member, in m 
S distance between primary support members, in m 
s spacing of stiffeners, in mm, as defined in Section 4/2.2.1 
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Inet maximum required moment of inertia, as given in 2.2.2.1, for 
stiffeners within the central half of the bending span, in cm4 


2.3.3 Spacing between flange supports or tripping brackets 


2.3.3.1 


The torsional buckling mode of primary support members is to be controlled by 
flange supports or tripping brackets. The unsupported length of the flange of the 
primary support member, i.e. the distance between tripping brackets, sii, is not to 
be greater than: 


Ae oes (2 


A m, but need not be less than Spkt-min 
w—net50 0, 
Ce T 3 : ) x 


Where: 
by breadth of flange, in mm 
C slenderness coefficient: 


= 0.022 for symmetrical flanges 
= 0.033 for one sided flanges 


Ag-net50 net cross-sectional area of flange, in cm? 
Avw-netso net cross-sectional area of the web plate, in cm? 


Oyd specified minimum yield stress of the material, in N/mm? 


= 3.0m for primary support members in the cargo tank region, 
on tank boundaries or on the hull envelope including external 
decks 

= 4.0m for primary support members in other areas 


Sbkt-min 


2.4 Other Structure 


2.4.1 Proportions of pillars 


2.4.1.1 


2.4.1.2 


For I-sections the thickness of the web plate and the flange thickness is to comply 
with 2.2.1.1. 


The thickness of thin walled box sections is to comply with 2.2.1.1(b). The radius of 
circular tube sections is to be less than 50 times the net thickness of the pillar. 


2.4.2 Proportions of brackets 


2.4.2.1 The net thickness of end brackets, toki-net, is except as specified in 2.4.2.2 not to be less 
than: 
dru O a 
ARTA —~ mm 
bkt t C 235 
Where: 
dokt depth of brackets, in mm. See Table 10.2.3 
C slenderness coefficient as defined in Table 10.2.3 
Oyd specified minimum yield stress of the material, in N/mm2 
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2.4.2.2 Where it can be demonstrated that the bracket is only subjected to tensile stresses, 
e.g. in way of internal brackets in a tank surrounded by void space, the requirement 
in 2.4.2.1 need not be complied with. 
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Table 10.2.3 
Buckling Coefficient, C, for Proportions of Brackets 


Mode C 


(a) Brackets without edge stiffener 


bkt 


Where: 
0.25 < Ë <1.0 
bkt 
dyp 
(b) Brackets with edge stiffener 
C=70 


bkt 


Where: 


lort effective length of edge of bracket, in mm 
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2.4.2.3 Tripping brackets on primary support members are to be stiffened by a flange or 
edge stiffener if the effective length of the edge, lik, is greater than: 


Lye = 7 ok—nee MM 
Where: 
tokt-net bracket thickness, in mm 


2.4.3 Requirements to edge reinforcements in way of openings and bracket edges 


2.4.3.1 The depth of stiffener web, dw, of edge stiffeners in way of openings and bracket 
edges is not to be less than: 


d,=Cl 5 3 : mm, or 50 mm, whichever is greater 

Where: 

l length of edge stiffener, in m 

Oyd specified minimum yield stress of the material, in N/mm? 
C slenderness coefficient 


75 for end brackets 
50 for tripping brackets 
50 for edge reinforcements in way of openings 


2.4.3.2 The net thickness of the web plate and flange of the edge stiffener is not to be less 
than that required in 2.2.1. 
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3 PRESCRIPTIVE BUCKLING REQUIREMENTS 


3.1 General 


3.1.1 Scope 

3.1.1.1 This Sub-Section contains the methods for determination of the buckling capacity, 
definitions of buckling utilisation factors and other measures necessary to control 
buckling of plate panels, stiffeners and primary support members. 


3.1.1.2 The buckling utilisation factor, y, is to satisfy the following criteria: 


N SN atow 

Where: 

Hallow allowable buckling utilisation factor as defined in Section 8 
and Section 9 

n buckling utilisation factor, as defined in 3.2.1.1, 3.3.2.2, 3.3.3.1, 


3.4.1.1 and 3.5.1.1 


3.1.1.3 For structural idealisation and definitions see also Section 4/2. The thickness and 
section properties of plates and stiffeners are to be taken as specified by the 


appropriate rule requirements. 
3.2 Buckling of Plates 


3.2.1 Uni-axial buckling of plates 
3.2.1.1 The buckling utilisation factor, 7, for uni-axial stress is to be taken as: 


= Ox 

1z a for compressive stresses in x-direction 
xcr 

y= y for compressive stresses in y-direction 

O yer 

ig 

=== for shear stress 
cr 

Where: 

Ox, Oy actual compressive stresses, in N/mm? 

T actual shear stress, in N/ mm2 

Oxcr, Oycr critical compressive stress, in N/mm2, as defined in 


3.2.1.3 


Ter critical shear stress, in N/mm2, as defined in 3.2.1.3 


3.2.1.2 Reference degree of slenderness, to be taken as: 


je 
Ko, 
Where: 
K buckling factor, see Table 10.3.1 
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OE reference stress, in N/mm? 
t 2 
-o9s 
la 
E modulus of elasticity, 206 000 N/mm? 
tnet net thickness of plate panel, in mm 
la length of the side of the plate panel as defined in Table 


10.3.1, in mm 


Oyd specified minimum yield stress of the material, in N/mm? 


3.2.1.3 The critical stresses, Oxcr, Oycr OF Ter, Of plate panels subject to compression or shear, 
respectively, is to be taken as: 


O vcr > C; O ya 
O yer =Cy Oya 
O a 
t= C, T 
3 

Where: 


Ca Cs C; reduction factors, as given in Table 10.3.1 
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Table 10.3.1 


Buckling Factor and Reduction Factor for Plane Plate Panels 


Case Stress ratio y | Aspect ratio & Buckling factor K Reduction factor C 
8.4 Cy =1 for 1 <A, 
y+. c, =e[F- E) for A > Ae 
2 r 
a>l K = 7.63 -y (6.26 -10 Where; 
Hi y2 c = (1.25-0.12y) < 1.25 
c 0.88 
K =5.975(1-yy’ Age ac 1 28) 
2 1 R+F2(H-R 
l>y20 azı K(i) Ss cy =«(5 1 2) 
a (w +1.1) 
2 79 Where: 
Kali = eee) c= (1.25 —0.12y) < 1.25 
1<as<is es a R=A(1-A/c) for A< A 
— (13.9 -10y) R =0.22 for A> A. 
me rr à. =0.5c (1+ /1-0.88/c) 
0>y>-l K=/1+ us x 
L a?) 1.1 F= 1-1) c, 20 
y ; 0.91 
G Ge POTENIE 32 =}? -0.5 and 1<12 <3 
Ta oy) ci, =1 for o, due to direct loads ©) 
aa ae ¥ cı =(1-1/a) = 0 for o, due to bending (in general) ® 
: 1< <3 3(d-y) fe cı =0 for o, due to bending in extreme 
E 4 K = i v) 5.975 load cases (e.g. w/t. bhds.) 
ar E 24 
y<-l 1-w) c(T + VT? -4 
K =| ———| 3.9675 4 1 
a 3 d-y) a T=A+——+= 
4 154 3 


1 _ 4 
+ 0.5375 (=) +1.87 
Q 


HILƏNJALS 4LVWILIN ANY ONITAIONA - OT NOLLOES 
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Table 10.3.1 (Continued) 
Buckling Factor and Reduction Factor for Plane Plate Panels 


K=K’r 
K’ = K according to Case 5 
r = opening red. factor 


r=/1- d, jole 
al, l; 


Uig 0.7 and d < 0.7 


al l; 


a 


C,=1 


C 


T 


_ 0.84 


Case Stress ratio y | Aspect ratio a Buckling factor K Reduction factor C 
3 2 
: TEE g = 40.425 +1/0°) 
3w +1 
l 0 
fat a g K =4(0.425 +1/a) (1+4) 
yo; WO. O>we2-1 
= < 
bo EE cP for 1<0.7 
=——— for A>0.7 
[a4] +" +051 
0, wo, 
ba I | lzy 2-1 a>0 K =[0495 + Lae 
al, . 
5 K =K, ¥3 
- a>1 k,=[5.34+4] 
34 
0<&<1 K, =a 


for A < 0.84 
for A > 0.84 
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Table 10.3.1 (Continued) 
Buckling Factor and Reduction Factor for Plane Plate Panels 


Where: 

y the ratio between smallest and largest compressive stress as shown for Case 1-4 
l; length in mm, of the shorter side of the plate panel for Cases 1 and 2 

L, length in mm, of the side of the plate panel as defined for Cases 3, 4, 5 and 6 

a aspect ratio of the plate panel 


Edge boundary conditions: 
--------- plate edge free 
plate edge simply supported 


(1) Cases listed are general cases. Each stress component (0x, dy) is to be understood in local coordinates. 
(2) cı due to bending (in general) corresponds to straight edges (uniform displacement) of a plate panel integrated in a large structure. 
This value is to be applied for hull girder buckling and buckling of web plate of primary support members in way of openings. 


(3) cı for direct loads corresponds to a plate panel with edges not restrained from pull-in which may result in non-straight edges 
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3.3 Buckling of Stiffeners 


3.3.1 Critical compressive stress 


3.3.1.1 The buckling utilisation factor of stiffeners is to be taken as the maximum of the 
column and torsional buckling mode as given in 3.3.2 and 3.3.3. 


3.3.2 Column buckling mode 


3.3.2.1  Stiffeners are to be verified against the column buckling mode as given in 3.3.2.2 
with the allowable buckling utilisation factor, falow, see 3.1.1.2. Stiffeners not 
subjected to lateral pressure and that have a net moment of inertia, Inen complying 
with 3.3.2.4 have acceptable column buckling strength and need not be verified 
against 3.3.2.2. 


3.3.2.2 The buckling utilisation factor for column buckling of stiffeners is to be taken as: 
_ 0,40, 
yd 


Where: 


Ox compressive axial stress in the stiffener, in N/mm2, in way of 
the midspan of the stiffener. See Section 3/5.2.3.1 


Ov bending stress at the midspan of the stiffener according to 
3.3.2.3, in N/mm? 
Oyd specified minimum yield stress of the material, in N/mm? 


3.3.2.3 The bending stress, or, in N/mm2, in the stiffener is equal to: 


M,+M, 
Oy = a 
1000 Z net 
Where: 
Znet net section modulus of stiffener, in cm8, including effective 


breadth of plating according to 3.3.4.1 

a) if lateral pressure is applied to the stiffener: 
Znet is the section modulus calculated at flange if the lateral 
pressure is applied on the same side as the stiffener. 
Znet is the section modulus calculated at attached plate if 
the lateral pressure is applied on the side opposite to the 
stiffener. 

b) if no lateral pressure is applied on the stiffener: 
Znet is the minimum section modulus among those 
calculated at flange and attached plate. 


Mı bending moment, in Nmm, due to the lateral load P 
2 
s 
P lateral load, in kN/m? 
s stiffener spacing as defined in Section 4/2.2.1, in mm 
leif span of stiffener, in m, equal to spacing between primary 


support members 
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Mo bending moment, in Nmm, due to the lateral deformation w of 
stiffener 
P, 
=F; ed where ( c, — P, )>0 
C f = P z 
Fr ideal elastic buckling force of the stiffener, in N 
2 
=| Z |EI, 10? 
Log 
E modulus of elasticity, 206 000 N/mm? 
Inet moment of inertia, in cmé, of the stiffener including effective 


width of attached plating according to 3.3.4.1. Ine: is to comply 
with the following requirement: 


3 
> S tnet 10-4 


La 
net 12 


tnet net thickness of plate flange, to be taken as the mean thickness 
of the two attached plate panels, in mm 


Pz nominal lateral load, in N/mm?, acting on the stiffener due to 
membrane stresses, 0x, 0y and t, in the attached plate in way 
of the stiffener midspan: 


2 
b net TS 
= oal = +2c, 0, +427; 


s 1000 Lay 
Oxl 
=Ox i + Aes N/mm? 
S tnet 
Tı 


=| T — tnet Oy E ar a reas 20 
(10001,,,)2 5? 


with mı and mz taken equal to 
1000 1.4, 
m,=147 m,=0.49 for ————22.0 
s 


1000 Ly 


S 


m, =1.96 m, =0.37 for < 2.0 


Ox compressive axial stress in the stiffener, in N/mm?, in way of 
the midspan of the stiffener. See Section 3/5.2.3.1 


Anet net sectional area of the stiffener without attached plating, in 
mim? 
Cy factor taking into account the membrane stresses in the 


attached plating acting perpendicular to the stiffener’s axis 
=0.5(1+y) for 0<y <1 


NPE fory <0 
1-y 
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y edge stress ratio for Case 2 according to Table 10.3.1 
Oy membrane compressive stress in the attached plating acting 
perpendicular to the stiffener’s axis, in N/m? 
T shear membrane stress in the attached plating, in N/mm? 
Oyd specified minimum yield stress of the material, in N/mm2 
w deformation of stiffener, in mm 
=Wo +W1 
Wo assumed imperfection, in mm. 


an Ue ae 10 
250 250 


For stiffeners sniped at both ends wois not to be taken less 
than the distance from the midpoint of attached plating to the 
neutral axis of the stiffener calculated with the effective width 
of the attached plating according to 3.3.4.1 


W1 deformation of stiffener at midpoint of stiffener span due to 
lateral load P, in mm. In case of uniformly distributed load the 
w1 is to be taken as: 


Psy. i 
~ 384-EI,., 
Cf elastic support provided by the stiffener, in N/mm? 
2 
=F, ~+(1+c,)10-° 
sif 
Cp 7 1 
4 
ie O91 [Bias 1) 
Ca S net 
10007 5 
bee ee a 
2s 10001.,, 1000 
1000 ay?) 2 
ee eee for Isp < 5 
2s 1000 


3.3.2.4 Stiffeners not subjected to lateral pressure are considered as complying with the 
requirements of 3.3.2.2 if their net moments of inertia, in cm‘, satisfy the following 
requirement: 


2 2 
P,1, w,\e,—-O.5t- n+) L 
> 100-2 le; f ) stf 


pret ag 2 10° 
T H allow ya ake Ex 
Where: 
ef distance from connection to plate (C as shown in Figure 10.3.1) to 


centre of flange, in mm 
= (dw —0.5tf-net) for bulb flats 
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=(dw +0.5tf-net) for angles and T bars 


dw depth of web plate, in mm, as shown in Figure 10.3.1 

tenet net flange thickness, in mm 

Mallow allowable buckling utilisation factor as defined in Section 8 and 
Section 9 

Note 


Other parameters are as defined in 3.3.2.3 


3.3.3 Torsional buckling mode 


3.3.3.1 The torsional buckling mode is to be verified against the allowable buckling 
utilisation factor, Yalow, see 3.1.1.2. The buckling utilisation factor for torsional 
buckling of stiffeners is to be taken as: 


= Ox 
a= Cr Oy 
Where: 
Ox compressive axial stress in the stiffener, in N/mm, in way of 
the midspan of the stiffener. See Section 3/5.2.3.1 
Cr torsional buckling coefficient 
=1.0 for Ars0.2 
= TOE for Ar> 0.2 
p =0.5(1+0.21(Ar — 0.2) + 44) 
A, reference degree of slenderness for torsional buckling 
mp pl 
OET 
Opr reference stress for torsional buckling, in N/mm? 
n 2 fg +0385 
p-net t 
RCN 1 to July 2008 version (effective from 1 February 2010) 
Oya specified minimum yield stress of the material, in N/mm? 
E modulus of elasticity, 206 000 N/mm? 
I p-net net polar moment of inertia of the stiffener about point C, in 
cm4, as shown in Figure 10.3.1 and Table 10.3.2 
RCN 1 to July 2008 version (effective from 1 February 2010) 
IT-net net St. Venant’s moment of inertia of the stiffener, in cm’, as 
shown in Table 10.3.2 
RCN 1 to July 2008 version (effective from 1 February 2010) 
Tonet net sectorial moment of inertia of the stiffener about point C, 


in cmé as shown in Figure 10.3.1 and Table 10.3.2 
RCN 1 to July 2008 version (effective from 1 February 2010) 
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E degree of fixation 
13 
3 S| epf —vU. tf net 
arloa p a 
RCN 1 to July 2008 version (effective from 1 February 2010) 
l; torsional buckling length to be taken equal the distance 
between tripping supports, in m 
dw depth of web plate, in mm 
tw-net net web thickness, in mm 
by flange breadth, in mm 
t f-net net flange thickness, in mm 
ef distance from connection to plate (C in Figure 10.3.1) to centre 
of flange, in mm 
= (dw —0.5tf-net) for bulb flats 
=(dw +0.5tf-net) for angles and T bars 
Acne net web area, in mm2 
= (ef = 0.5t f-net ) tw-net 
A f-net net flange area, in mm? 
= br t f-net 
s stiffener spacing as defined in Section 4/2.2.1, in mm 
Figure 10.3.1 
Stiffener cross sections 
b 
— 


Note: 


1. Measurements of breadth and depth are based on gross scantlings as described in 
Section 4/2.4.1.2. 
2. Characteristic flange data for bulb profiles are given in Appendix C/Table C.1.2 
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Table 10.3.2 
Moments of Inertia 
Sechan Flat bars Bulb flats, angles and T bars 
property 
3 = 
Tp-net di tnne saa (er Dob fonet L + A f-net e+ jo 
3x104 3 
3 
IT-net dy Fonet 1-0.63 foshe (e; = 0.54 ner ae 1-063 a 
3x10 4 ee 
w 3x10 er ie ner 
+ 
b j T t =ne. 
— 1= 0.63 2. 
3x10 b f 
I o-net dÈ tÈ ner for bulb flats and angles: 
36x10% A f-net ef bi A f-net + 2.6A v-net 
12x10‘ AFi F A ocnt 
for T bars: 
3 2 
Deb pner €F 
12x10° 


3.3.4 Effective breadth of attached plating 


3.3.4.1 The effective breadth of attached plating of ordinary stiffeners is to be taken as: 


Dog = min(C,s, Xs s) 
Where: 


1000 2 V 1000 2 V? 1000 Zy 
g, =0.0035 ——“ | -0.0673 ——“ | +0.4422} —— |-0.0056 < 1.0 
S S 


S 
s stiffener spacing as defined in Section 4/2.2.1, in mm 
Cx average reduction factor for buckling of the two attached plate 


panels, according to Case 1 in Table 10.3.1 


members 


span of stiffener, in m, equal to spacing between primary support 


leg effective span of stiffeners in m 


leg = lap if simply supported at both ends 
leg= 0.6ls if fixed at both ends 


(RCN 2, effective from 1 July 2008) 


3.4 Primary Support Members 


3.4.1 Buckling of web plate of primary support members in way of openings 


3.4.1.1 


The web plate of primary support members with openings is to be assessed for 


buckling based on the combined axial compressive and shear stresses. The web 
plate adjacent to the opening on both sides is to be considered as individual 
unstiffened plate panels as shown in Table 10.3.3. The buckling utilisation factor, y, 


is to be taken as: 
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3.4.1.2 


Jom) [eaelv3 i 


ve E Oya C? Oya 

Where: 

Oa average compressive stress in the area of web plate being 
considered according to case: 1, 2 or 3 in Table 10.3.1, in 
N/mm? 

Tav average shear stress in the area of web plate being 
considered according to case 5 or 6 in Table 10.3.1, in 
N/mm? 

Oyd specified minimum yield stress of the material, in 
N/mm? 

e=1+C4 exponent for compressive stress 

e, =1+CC exponent for shear stress 

C=C; reduction factor according to Case 1 or 3, Table 10.3.1 

C=C; reduction factor according to Case 2, Table 10.3.1 

C: reduction factor according to Case 5 or 6, Table 10.3.1 


The reduction factors, Cy or Cy in combination with C,, of the plate panel(s) of the 
web adjacent to the opening is to be taken as shown in Table 10.3.3. 


Table 10.3.3 
Reduction Factors 


Mode Cx Cy C: 


(a) without edge reinforcements 


Separate A common 
reduction factors | reduction factor is 
are to be applied | to be applied to 

to areas P1 and areas P1 and P2 
P2 using Case 3, | using Case 6, 
Table 10.3.1, with | Table 10.3.1 for 
edge stress ratio: | area marked: 


y =1.0 
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Table 10.3.3 (Continued) 
Reduction Factors 


C, for Case 1 or 
C,, for Case 2, 


see Table 10.3.1 
with stress ratio 


y =1.0 


Mode Cx Cy C: 
(b) with edge reinforcements 
KK Separa Sda 
reduction factors | reduction factors 
are to be applied | are to be applied 
for areas P1 and for areas P1 and 
P2 using: P2 using Case 5, 
Table 10.3.1 


RRR ARR RR ARR RAR ARR ARRAS NISSAN 


Panels P1 and P2 are to be evaluated 
in accordance with (a). Panel P3 is to 
be evaluated in accordance with (b) 


Note 


P1, P2, etc. 


1. Web panels to be considered for buckling in way of openings are shown shaded and numbered 


3.5 Other Structures 


3.5.1 Struts, pillars and cross ties 


3.5.1.1 The critical buckling stress for axially compressed struts, pillars and cross ties is to 


be taken as the lesser of the column and torsional critical buckling stresses. 


buckling utilisation factor, y, is to be taken as: 


_ O w 
q = 
0 cr 
Where 
On average axial compressive stress in the member, in N/mm? 
Oor minimum critical buckling stress according to 3.5.1.2, in 


N/mm? 


3.5.1.2 The critical buckling stress in compression, Oc, for each mode is to be taken as: 
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Oy =O, for Op $0.50 54 


O vd 
Oy -|1 - re Jo for op >0.50 4 
E 


Where: 

OE elastic compressive buckling stress, in N/mm2, given for each 
buckling mode, see 3.5.1.3 to 3.5.1.5 

Oyd specified minimum yield stress of the material, in N/ mm2 


3.5.1.3 The elastic compressive column buckling stress, oz, of pillars subject to axial 
compression is to be taken as: 


O; = 0.001 fg 2 N/mm? 


pill—net50" pill 
Where: 


Inet50 net moment of inertia about the weakest axis of the cross- 
section, in cm4 


Apill-netso net cross-sectional area of the pillar, in cm? 


fend end constraint factor: 
1.0 where both ends are pinned 
2.0 where one end is pinned and the other end is fixed 
4.0 where both ends are fixed 


A pillar end may be considered fixed when effective brackets 
are fitted. These brackets are to be supported by structural 
members with greater bending stiffness than the pillar. 


Column buckling capacity for cross tie shall be calculated 
using fena equal to 2.0 and span as defined in 8/2.6.8.1 


RCN 1 to July 2008 version (effective from 1 February 2010) 
E modulus of elasticity, 206 000, in N/mm? 
lyin unsupported length of the pillar, in m 


3.5.1.4 The elastic torsional buckling stress, ogr, with respect to axial compression of pillars 
is to be taken as: 


GI oo net50 + 0.001 Fend EC warp 


Orr = = N/mm? 
I pol—net50 I pol-net50! pill 
Where 
G shear modulus 
E 
~ 2(1+ v) 
E modulus of elasticity, 206 000, in N/mm? 
v Poisson’s ratio, 0.3 
Tsv-net50 net St. Venants moment of inertia, in cm4, see Table 10.3.4 
Tpot-net50 net polar moment of inertia about the shear centre of cross 


section, in cm4 
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= 2 2 
~ I -net50 + I -net50 + A net50 (y2 +29 


fend end constraint factor: 
1.0 where both ends are pinned 
2.0 where one end is pinned and the other end is fixed 
4.0 where both ends are fixed 


Elastic torsional buckling capacity for cross tie shall be 
calculated using fena equal to 2.0 and span as defined in 
8/2.6.8.1 


RCN 1 to July 2008 version (effective from 1 February 2010) 


Cwarp warping constant, in cmé, see Table 10.3.4 
pin unsupported length of the pillar, in m 
Yo position of shear centre relative to the cross-sectional centroid, 


in cm, see Table 10.3.4 


Zo position of shear centre relative to the cross-sectional centroid, 
in cm, see Table 10.3.4 


Anet50 net cross-sectional area, in cm2 
Ty-net50 net moment of inertia about y-axis, in cm4 
Iz-net50 net moment of inertia about z-axis, in cm4 


3.5.1.5 For cross-sections where the centroid and the shear centre do not coincide, the 
interaction between the torsional and column buckling mode is to be examined. The 
elastic torsional/column buckling stress, ogrr, with respect to axial compression is to 
be taken as: 


1 
O ETF a +0pr)- (o; +0pr) Ge | 


2¢ 
Where: 
4 af lyo? +20 Anero 
Lpol-net50 
Yo Position of shear centre relative to the cross-sectional centroid, 
in cm, see Table 10.3.4 
Zo position of shear centre relative to the cross-sectional centroid, 


in cm, see Table 10.3.4 
Anet50 net cross-sectional area, in cm2 


Ipol-net50 net polar moment of inertia about the shear centre of cross 
section, as defined in 3.5.1.4 


OET elastic torsional buckling stress, as defined in 3.5.1.4 
OE elastic column compressive buckling stress, as defined in 
3.5.1.3 
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Table 10.3.4 
Cross Sectional Properties 


double symmetrical sections 


1 
I so—net50 = 3 (2; t$ net50 + dwt? net50 Jo- cmt 


netso 


dob? t f-net50 


1 Cwarp = 4. 10-6 cm6 


Table 10.3.4 (Continued) 
Cross Sectional Properties 


single symmetrical sections 


1 3 3 -4 
T 59-net50 = 3 lb, EF net50 + dott io-net50 ho cmt 


Fy net50 
yo = 0 cm 
EE DEE R P 0.542 st onets wa 
= cm 
netso 0 d t +b t 
wt” w—net50 f° f-net50 


Det -neso + Adapts ne 
Carp = f} f-net50 t £50 10° cmé 
144 


1 3 3 -4 
I v-net50 = 3 lb, FF _net50 + 2d oytt w-net50 jo cmt 


yo = 0 cm 
i 2 -1 2 -1 
scoala! we Ly ee O.5 dir twneso10" 
0o = 
2d yt Ey —net50 + b; É f-net50 do E wo-net50 +b É f-net50 /6 


m 
Fe net50 


A _ bi dÈ i tw-net50 (Bdwttw-nets0 + 2b fut f-net50 ) 10-6 
warp 


i Se C cm6 
b 12(6dwttw-nets0 T b fut f-net50 ) 
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ne 3 net50 


1 — 
Lso-net50 = Spathan pa 2b pot o-nes0 a b pat ¢5-net50 a J10 j 
cm4 
yo = 0 cm 
ear (D5 vt t f3-net50 + 0.5d2, tw-net50 ) 10-1 rae 
Dept tw-net50 + Dey t f1-net50 F 2b s> t f2-net50 + Des t f3-net50 
Leb. d 2 
C raip = Tp z? Ẹ f2 “fil + ie wt =z, éme 
200 10 
ba —t -ne P t —ne bry t —ne b; 
ia a ( fl — bf a) fineso | P f2 T f2-net50 OF y10-4 am 
12 2 
3 
I += bia É f2-net50 107 cm4 
d 12 
3 
I z= bis É f3-net50 107 cm4 
f 12 
Indy 
: ee VESPER AG Sean 
I fit I f3 


Note 


2. 


1. All dimensions of thickness, breadth and depth are in mm 


Cross sectional properties not covered by this table are to be obtained by direct calculation. 


3.5.2 Corrugated bulkheads 


3.5.2.1 


Local buckling of a unit flange of corrugated bulkheads is to be controlled according 


to 3.2.1.1, for Case 1, as shown in Table 10.3.1, applying stress ratio y= 1.0. 


3.5.2.2 


The overall buckling failure mode of corrugated bulkheads subjected to axial 


compression is to be checked for column buckling according to 3.5.1 (e.g. 
horizontally corrugated longitudinal bulkheads, vertically corrugated bulkheads 
subject to localised vertical forces). End constraint factor corresponding to pinned 
ends is to be applied except for fixed end support to be used in way of stool with 
width exceeding 2 times the depth of the corrugation. 
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4 ADVANCED BUCKLING ANALYSES 


4.1 General 


4.1.1 Assessment 


4.1.1.1 For the assessment of buckling of plates and stiffened panels subjected to combined 
stress fields, the advanced buckling assessment method is to be followed. 

4.1.1.2 The advanced buckling assessment method is to consider the following effects in 
deriving the buckling capacity: 
(a) non linear geometrical behaviour 
(b) inelastic material behaviour 
(c) initial imperfections (geometrical out-of flatness of plate and stiffeners) 
(d) welding residual stresses 
(e) interactions between structural elements; plates, stiffeners, girders etc. 
(f) simultaneous acting loads; bi-axial compression/ tension, shear and lateral 

pressure 

(g) boundary conditions 

4.1.1.3 All effects are to be modelled to represent a lower bound of structural strength. The 
modelling shape and amplitude of geometrical imperfections is to be such that they 
trigger the most critical failure modes. 

4.1.14 The buckling strength is to be derived in accordance with the method described in 
Appendix D. 

4.1.1.5 Alternative advanced buckling analysis tools may be used provided they give 
comparable results with the bench mark results obtained from implementing the 
advanced buckling methodology described in Appendix D. 

4.1.1.6 Theoretical background, assumptions, models, verifications, calibrations, etc., for 
alternative advanced buckling analysis are to be submitted for review and 
acceptance. 
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1 HULL OPENINGS AND CLOSING ARRANGEMENTS 


1.1 Shell and Deck Openings 


1.1.1 General 


1.1.1.1 


1.1.1.2 


For closing appliances for openings in superstructures, deck house sides and ends 
see 1.4. For overflows and vents, and for discharges and inlets, see 1.5. 


For testing requirements, see Sub-Section 5. 


1.1.2 Cargo tank hatches - materials 


1.1.2.1 


1.1.2.2 


Covers for access hatches, tank cleaning and other openings for cargo tanks and 
adjacent spaces are to be manufactured from the following material: 


(a) normal strength steel in accordance with Section 6/1 


(b) non-ferrous material such as bronze or brass may be considered; however, 
aluminium alloy is not to be used for covers of any opening to cargo tanks and 
spaces adjacent thereto 


(c) synthetic materials may also be considered, taking into account their fire 
resistance and physical and chemical properties in relation to the intended 
operating conditions. Details of the properties of the material, the design of the 
cover, and the method of manufacture are to be submitted for approval. 


The hatch cover packing material is to be compatible with the cargoes that are 
intended to be carried and is to be effectively held in place. 


1.1.3 Cargo tank access coamings 


1.1.3.1 


1.1.3.2 


The height of the hatch coaming above the upper surface of the freeboard deck is 
not to be less than 600mm. Lower heights may be permitted by the Flag 
Administration. The top of the hatch coaming is also not to be lower than the 
highest point of the tank over which it is fitted and is to be of sufficient height for 
the purpose of damage stability. 


The gross thickness of the coaming plate is not to be less than 10mm. Where the 
coaming height, as fitted, exceeds 600mm, the thickness may be required to be 
increased or edge stiffening fitted. The scantlings of coaming plates of tank access 
coamings that enclose an area of 1.2m? or more, and/or those that are not 
configured with a well rounded shape, may be subject to additional requirements. 


1.1.4 Cargo tank access hatch covers 


1.1.4.1 


1.1.4.2 


1.1.4.3 


1.1.4.4 


The gross thickness of unstiffened plate covers with an area less than 1.2m? is not to 
be less than 12.5mm. The gross thickness of covers of a larger area will need to be 
increased or the cover will require stiffening. 


Flat and unstiffened covers on circular hatchways are to be secured by fastenings 
with a spacing of not more than 600mm. 


On rectangular hatchways, the spacing of fastenings is generally not to be greater 
then 450mm and the distance between hatch corners, and adjacent fastenings, is not 
to be greater than 230mm. 


The requirements of 1.1.4.1 to 1.1.4.3 do not apply to dished covers or covers of 
other specially approved design. 


JULY 2012 


SECTION 11.1/ PAGE 1 


SECTION 11 - GENERAL REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


1.1.4.5 


Where the cover is hinged, adequate stiffening of the coaming and cover in way of 
the hinge is to be provided. In general, hinges are not to be considered securing 
devices for the cover and should be designed so as to prevent the gasket from being 
over tightened. 


1.1.5 Machinery access openings - protection 


1.1.5.1 


1.1.5.2 


1.1.6 
1.1.6.1 


1.1.6.2 


1.1.6.3 


1.1.6.4 


1.1.6.5 


1.1.6.6 


1.1.6.7 


1.1.6.8 


1.1.6.9 


1.1.6.10 


Machinery casings are generally to be protected by an enclosed poop or bridge; or 
by a deck house structure complying with the strength requirements of 1.4. 


Where a vessel is intended to operate at the freeboard allowed by the International 
Convention on Load Lines for Type-A freeboard vessels, the height of such structure is 
not to be less than 2.3m. The bulkheads at the forward ends of these structures are 
to have scantlings at least equivalent to those required for bridge-front bulkheads, 
see 1.4.9 and 1.4.13. 


Small hatches on the exposed fore deck 


Openings to forward spaces as defined in 1.1.6.2 are to comply with the 
requirements of 1.1.6.3 to 1.1.6.14. 


These requirements apply to small hatches (generally openings 2.5m? or less) on the 
exposed deck within 0.25L from the F.P. and at a height less than 0.1L or 22m, 
whichever is less, from the summer load water line at the location of the hatch. 


Hatches designed for emergency escape need not comply with 1.1.6.9(a), 1.1.6.9(b), 
1.1.6.13 and 1 1.6.14. 


For small rectangular steel hatch covers, the plate thickness, stiffener arrangement 
and scantlings are to be in accordance with Table 11.1.1 and Figure 11.1.1. 


Stiffeners, where fitted, are to be aligned with the metal to metal contact points 
required by 1.1.6.10 and 1.1.6.11. See also Figure 11.1.1. Primary stiffeners are to be 
continuous. All stiffeners are to be welded to the inner edge stiffener. See Figure 
11.1.2. 


The upper edge of the hatchway coaming is to be suitably reinforced by a horizontal 
member, normally not more than 190mm from the upper edge of the coaming. 


For small hatch covers of circular or similar shape, the cover plate thickness and 
reinforcement is to provide strength and stiffness equivalent to the requirements for 
small rectangular hatches. 


For small hatch covers constructed of materials other than normal strength steel, the 
required scantlings are to provide equivalent strength and stiffness. 


The primary securing devices are to be such that the hatch cover can be secured in 
place and be made weathertight by means of a closing mechanism employing any 
one of the following methods: 


(a) butterfly nuts tightening onto forks (clamps) 

(b) quick acting cleats, or 

(c) a central locking device. 

Dogs (twist tightening handles) with wedges are not acceptable. 

The hatch cover is to be fitted with a gasket of elastic material. This is to be designed 
to allow a metal to metal contact at a designed compression and to prevent over 


compression of the gasket by green sea forces that may cause the securing devices to 
be loosened or dislodged. 
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1.1.6.11 


1.1.6.12 


1.1.6.13 


1.1.6.14 


1.1.6.15 


The metal to metal contacts are to be arranged close to each securing device as 
shown in Figure 11.1.1, and are to be of sufficient capacity to withstand the bearing 
force. 


The primary securing method is to be designed and manufactured such that the 
designed compression pressure can be achieved by one person without the need for 
any tools. 


For a primary securing method using butterfly nuts, the forks (clamps) are to be of 
robust design. They are to be designed to minimize the risk of butterfly nuts being 
dislodged while in use, by means of curving the forks upward and raising the 
surface on the free end, or a similar method. The gross plate thickness of unstiffened 
steel forks is not to be less than 16mm. An example arrangement is shown in Figure 
11.1.2. 


Small hatches on the exposed fore deck are to be fitted with an independent 
secondary securing device, e.g. by means of a sliding bolt, a hasp or a backing bar of 
slack fit, which is capable of keeping the hatch cover in place, even in the event that 
the primary securing device becomes loosened or dislodged. It is to be fitted on the 
side opposite to the hatch cover hinges. 


For small hatch covers located on the exposed deck within the forward 0.25L from 
the F.P., the hinges are to be fitted such that the predominant direction of green sea 
will cause the cover to close, which means that the hinges are normally to be located 
on the fore edge. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


Table 11.1.1 
Scantlings for Small Steel Hatch Covers on the Fore Deck 


Nominal Size Cover Plate Gross Primary Stiffeners Secondary Stiffeners 


(mm x mm) Thickness (mm) Gross Flat Bar Scantlings (mm x mm); number 


630 x 630 


630 x 830 100 x 8; 1 aa 


830 x 630 100 x8;1 a 


830 x 830 100 x 10; 1 si 


1030 x 1030 120 x 12; 1 80 x 8; 2 


œo | œ | æ | æ | W | æ 


1330 x 1330 


150 x 12; 2 100 x 10; 2 
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Figure 11.1.1 
Arrangement of Stiffeners 
e e 
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Nominal size 630 x 630 Nominal size 630 x 830 
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Nominal size 1030 x 1030 Nominal size 1330 x 1330 
Hinges EST Primary stiffener 
° Securing device/ metal to metal contact renes — Secondary stiffener 


Note 
1. Size dimensions are in millimetres 
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Example of a Primary Securing Method 


Figure 11.1.2 


M20 
<> 


Zae 


--4 


10 


bolt 
pin 


gasket 


stiffener 


Fe $008" O COO ND 


mm 


butterfly nut 


center of pin 
fork (clamp) plate 
hatch cover 


hatch coaming 
bearing pad welded on the bracket of a toggle bolt for metal to metal contact 


inner edge stiffener 


(Note: Dimensions in millimeters) 


1.1.7 Manholes and flush deck scuttles 


1.1.7.1 


Manholes and flush deck scuttles in Position 1 or Position 2, as defined in Section 


4/1.2, or within superstructures, other than enclosed superstructures, are to be 
closed by substantial covers capable of being made watertight. 


1.1.7.2 
1.1.7.3 


1.1.8 Other openings 
1.1.8.1 


The strength of watertight manholes is to be equivalent to that of the deck. 


Unless secured by closely spaced bolts, the covers are to be permanently attached. 


Openings in freeboard decks other than hatchways, machinery space openings, 


manholes and flush scuttles are to be protected by an enclosed superstructure, or by 
a deck house or companionway of equivalent strength and weathertightness. Any 
such opening in an exposed superstructure deck, or in the top of a deck house on 
the freeboard deck, which gives access to a space below the freeboard deck or a 
space within an enclosed superstructure, is to be protected by an efficient deck 
house or companionway, as defined in 1.4. 
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1.1.9 Escape openings 


1.1.9.1 


The closing appliances of escape openings are to be readily operable from each side. 


1.1.10 Rope hatches 


1.1.10.1 


Rope hatches may be accepted with reduced coaming height, but generally not less 
than 380mm, provided that they are well secured and can be opened only at the 
Master's discretion. The gross thickness of the coaming is to be not less than the 
Rule minimum gross thickness for hull envelope plating for that position, or 11mm, 
whichever is the lesser. 


1.1.11 Portable plates 


1.1.11.1 


1.1.11.2 


Where portable plates are required in casings or decks, for unshipping machinery or 
other similar reasons, they may be accepted provided that they are of equivalent 
strength to the un-pierced bulkhead or deck. Portable plates may be fitted with 
flush covers and they are to be secured by gaskets and closely spaced bolts at a 
distance not greater than five bolt diameters. 


The sill heights of access openings and the coaming heights of deck openings, 
closed by covers which are kept permanently closed at sea will be specially 
considered. 


1.1.12 Tank cleaning and ullage openings 


1.1.12.1 


Tank cleaning and ullage openings are to be fitted with watertight covers or an 
equivalent. Flush covers may be accepted for tank cleaning and ullage openings 
where they comply with the applicable requirements of 1.1.11. 


Table 11.1.2 
900mm High Ventilator Thickness and Bracket Standards 
Nominal | Minimum fitted Maximum Height of 
pipe Size | gross thickness, | projected area brackets, in 
in mm of head, in cm2 mm 
80A 6.3 - 460 
100A 7.0 - 380 
150A 8.5 - 300 
200A 8.5 550 - 
250A 8.5 880 - 
300A 8.5 1200 - 
350A 8.5 2000 - 
400A 8.5 2700 - 
450A 8.5 3300 - 
500A 8.5 4000 - 


1.2 Ventilators 


1.2.1 General 


1.2.1.1 


Ventilators are to comply with the requirements of 1.2.2 through 1.2.6 and are also 
to be in accordance with any relevant requirements for machinery of the individual 
Classification Societies. 
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1.2.2 Details, arrangements and scantlings for ventilators 


1.2.2.1 For standard ventilators of 900mm in height, closed by heads of not more than the 
tabulated projected area, the minimum pipe thickness and bracket heights are to be 
as specified in Table 11.1.2. 


1.2.2.2 For ventilators of height greater than 900mm, brackets or alternative means of 
support are to be provided. Brackets, where fitted, are to be of suitable thickness 
and length according to their height. 


1.2.2.3 Ventilators are to have coamings constructed of steel or other equivalent material 
and are to meet the requirements indicated in Table 11.1.3. 


1.2.24 All component parts and connections of ventilators are to be capable of 
withstanding the loads defined in 1.2.3. 


1.2.2.5 Rotating type mushroom ventilator heads are not to be used for application in the 
areas specified in 1.2.3.1. 


1.2.2.6 Ventilators passing through superstructures, other than enclosed superstructures, 
are to have substantially constructed coamings of steel or other equivalent material 
at the freeboard deck. Ventilators of deep tanks or tunnels passing through tween 
decks are to be watertight with scantlings to withstand the expected pressure. 


Table 11.1.3 
Coamings for Ventilators 
Feature Requirement 
l Noam = 900 at Position 1 
Deen Neoam = 760 at Position 2) 
Acoam < 130 tcoam-grs = 7.5 
Thickness? |i Sade = 100 
Intermediate values are to be obtained by linear interpolations 
Support?) Where Moan exceeds 900 the coaming is to be specially supported 
Where: 
eoam height of coaming, in mm 
dcoam external diameter of coaming, in mm 
tcoam-grs gross thickness of coaming, in mm 
Note 
1. The coaming height may need to be increased to satisfy any applicable subdivision and 


damage stability requirements. 

2. Where the height of the ventilator exceeds that given, the gross thickness given above may 
be gradually reduced, above that height, to a minimum of 6.5mm. 

3. See also 1.2.3 and for 1.2.4 ventilators in the forward part of the ship. 

4. Heights are measured above sheathing, if fitted. 


1.2.3 Applied loading on ventilators 


1.2.3.1 Ventilators on an exposed deck within the forward 0.25L, and where the height of 
the exposed deck at the ventilator is less than 0.1L or 22m, whichever is less, from 


the summer load waterline are to comply with the requirements of 1.2.3.2 through 
1.2.3.3 and 1.2.4.1. 
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1.2.3.2 The pressures acting on ventilators, Pen, and their closing devices are given by: 


1.2.3.3 


Poent = 0.5 pswVseaC1C2C3 kN/m2 


Where: 
Psw density of sea water, 1.025 tonnes/m? 
Usea velocity of water over the fore deck, 13.5 m/sec 
C1 shape coefficient: 
0.5 for pipes 
1.3 for pipe or ventilator heads in general 
0.8 for pipe or ventilator heads of cylindrical form with its 
axis in the vertical direction 
C2 slamming coefficient, 3.2 
C3 protection coefficient: 


0.7 for pipes and ventilator heads located immediately 
behind a breakwater or forecastle 


1.0 elsewhere, including immediately behind a bulwark 


Forces acting in the horizontal direction on the ventilator and its closing device may 
be calculated from the above pressure, using the largest projected area of each 
component. 


1.2.4 Strength requirements for ventilators and their closing devices 


1.2.4.1 


Bending moments and stresses in ventilators are to be calculated at critical positions: 
(a) at penetration pieces 

(b) at weld or flange connections 

(c) at toes of supporting brackets. 


Bending stresses in the net section are not to exceed 0.8 04, where dya is the specified 
minimum yield stress or 0.2% proof stress of the steel at room temperature. 
Irrespective of corrosion protection, a corrosion addition to the net section of 2mm 
is then to be applied. 


1.2.5 Closing appliances 


1.2.5.1 


Except as indicated otherwise in this paragraph, ventilator openings are to be 
provided with efficient, permanently attached, closing appliances. Ventilators in 
Position 1, the coamings of which extend to more than 4.5m above the deck, and in 
Position 2, the coamings of which extend to more than 2.3m above the deck, need 
not be fitted with closing arrangements unless unusual features of the design make 
it necessary. Position 1 and Position 2 are defined in Section 4/1.2. 


1.2.6 Fire dampers 


1.2.6.1 


Where a fire damper is located within a ventilation coaming, an inspection port or 
opening at least 150mm in diameter is to be provided in the coaming to facilitate 
survey of the damper without disassembling the coaming or the ventilator. The 
closure provided for the inspection port or opening is to maintain the weathertight 
integrity of the coaming and, if appropriate, the fire integrity of the coaming. 
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1.3 Air Pipes 
(RCN 2, effective from 1 July 2008) 


1.3.1 General 


1.3.1.1 


Air pipes are to comply with the requirements of 1.3.2 through 1.3.6 and are also to 
be in accordance with any relevant requirements for machinery of the individual 
Classification Societies. 

(RCN 2, effective from 1 July 2008) 


1.3.2 Height 


1.3.2.1 


1.3.2.2 


1.3.2.3 


1.3.2.4 


The minimum height for air pipes on decks exposed to weather is given as: 

(a) 760mm for those on the freeboard deck; and 

(b) 450mm for those on the superstructure deck. 

The height is to be measured from the top of the sheathing, if fitted, to the point 
where water may have access below. 


Where these heights may interfere with the working of the vessel, a lower height 
may be accepted subject to the fitting of an approved closing appliance at the open 
end of the vent. 


The height may need to be increased to satisfy any applicable subdivision and 
damage stability requirements. 


Where air pipes are led through the side of superstructures, the height of their 
opening is to be at least 2.3m above the summer load waterline. Automatic vent 
heads of approved design are to be provided. 


1.3.3 Details, arrangement and scantlings for air pipes 
(RCN 2, effective from 1 July 2008) 


1.3.3.1 The wall thicknesses of air pipes, where exposed to weather, are not to be taken less 
than that given in Table 11.1.4. 
(RCN 2, effective from 1 July 2008) 
Table 11.1.4 
Minimum wall Thickness for Air Pipes 
External diameter, in mm Gross minimum wall thickness, 
in mm 
dair < 80 6.0 
dair 2 165 8.5 
Where: 
dair external diameter of pipe, in mm 
Note 
1. Intermediate values are to be obtained by linear interpolations. 
2. See also 1.3.4 and 1.3.5 for ventilators in forward part of the ship. 
(RCN 2, effective from 1 July 2008) 
1.3.3.2 For standard air pipes of 760mm in height, closed by heads of not more than the 
tabulated projected area, the minimum pipe thickness and bracket heights are to be 
as specified in Table 11.1.5. Where brackets are required, three or more radial 
brackets are to be fitted. In addition, the relevant requirements of 1.3.4 are to be 
applied. 
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1.3.3.3 


1.3.3.4 


Brackets are to have a gross thickness of 8mm or more, minimum length of 100mm, 
and height according to Table 11.1.5, but need not extend over the joint flange for the 
head. Bracket toes at the deck are to be suitably supported. In addition, loads 
according to 1.3.4 are to be applied. Brackets, where fitted, are to be of suitable 
thickness and length according to their height. 


Gross pipe thickness is to be in accordance with the relevant requirements for 
machinery of the individual Classification Societies. 


1.3.4 Applied loading on air pipes 


1.3.4.1 


(RCN 2, effective from 1 July 2008) 


Air pipes on an exposed deck within the forward 0.25L, where the height of the 
exposed deck at the air pipe or sounding pipe is less than 0.1L or 22m, whichever is 
less, from the summer load waterline are to comply with the requirements of 1.3.4.2 
through 1.3.4.3 and 1.3.5.1. 
(RCN 2, effective from 1 July 2008) 


Table 11.1.5 
Thickness and Bracket Standards for 
760mm High Air Pipes 
Nominal Minimum Maximum Height ® of 
pipe size fitted gross projected brackets, 
thickness, in | area of head, in mm 
mm in cm? 
65A 6.0 - 480 
80A 6.3 - 460 

100A 7.0 - 380 
125A 7.8 - 300 
150A 8.5 - 300 
175A 8.5 - 300 
200A 8.52) 1900 300 © 
250A 8.5?) 2500 300 © 
300A 8.52) 3200 300 © 
350A 8.52) 3800 300 © 
400A 8.52) 4500 300 © 

Note 

1. Brackets (see 1.3.3.2) need not extend over the joint 
flange for the head. 

2. Brackets are required where the gross thickness of the 
pipe section is less than 10.5mm, or where the tabulated 
projected head area is exceeded. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


1.3.4.2 The pressures acting on air pipes and their closing devices, Ppipe, are given by: 


Pipe = OSes CC, kN/m? 
Where: 
Psw density of sea water, 1.025 tonnes / m3 


Usea velocity of water over the fore deck, 13.5 m/sec 
Ci shape coefficient: 

0.5 for pipes 

1.3 for pipe or ventilator heads in general 
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1.3.4.3 


1.3.5 


1.3.5.1 


0.8 for pipe or ventilator heads of cylindrical form with its 
axis in the vertical direction 


C2 slamming coefficient, 3.2 


C3 protection coefficient: 


0.7 for pipes and ventilator heads located immediately 
behind a breakwater or forecastle 


1.0 elsewhere, including immediately behind a bulwark 
(RCN 2, effective from 1 July 2008) 


Forces acting in the horizontal direction on the pipe and its closing device may be 
calculated from the above pressure, using the largest projected area of each 
component. 


Strength requirements for air pipes and their closing devices 
(RCN 2, effective from 1 July 2008) 
Bending moments and stresses in air pipes are to be calculated at critical positions: 
(a) at penetration pieces 
(b) at weld or flange connections 
(c) at toes of supporting brackets. 


Bending stresses in the net section are not to exceed 0.8 ya, where Oya is the specified 
minimum yield stress or 0.2% proof stress of the steel at room temperature. 
Irrespective of corrosion protection, a corrosion addition to the net section of 2mm 
is then to be applied. 

(RCN 2, effective from 1 July 2008) 


1.3.6 Closing appliances for air pipes 


1.3.6.1 


1.3.6.2 


1.3.6.3 


All air pipes terminating on the weather deck are to be fitted with return bends 
(gooseneck), or other equivalent arrangement to prevent water from passing 
inboard. 


A weathertight permanent means of closure is to be provided for the outlet. The 
closing device is to be of an automatic type, i.e. close automatically upon 
submergence (e.g. ball float or equivalent) for any one of the following cases: 


(a) the outlet is submerged, with the ship at its summer load water line at an angle 
of 40 degrees, or the angle of down flooding if this is less than 40 degrees 


(b) to comply with damage stability requirements. 


Air pipes are not to be fitted with valves that may impair the venting function. 


1.4 Deck Houses and Companionways 


1.4.1 Applicability 


1.4.1.1 


1.4.1.2 


The requirements of this section are applicable to steel deck houses and 
companionways, as defined in 1.4.3.1 and 1.4.3.2. 


Scantling requirements depend on the vertical location of the item relative to the 
waterline. This location is categorized in terms of “tiers”. 


JULY 2012 


SECTION 11.1/ PAGE 11 


SECTION 11 - GENERAL REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


1.4.2 Materials 


1.4.2.1 


The scantlings in 1.4 apply to structures constructed of hull structural steel, in 
accordance with the requirements of Section 6/1. Scantlings of aluminium alloy deck 
houses will be considered by the individual Society, supported by the submission of 
a specification of the proposed alloys. 


1.4.3 Definitions 


1.4.3.1 


1.4.3.2 


1.4.3.3 


A deck house is defined as a decked structure, above the strength deck, with the 
side plating being inboard of the shell plating by more than 4% of the ship’s breadth, 
B. 


A companionway is defined as a weathertight deck structure; protecting an access 
opening leading below the freeboard deck, or into a space within an enclosed 
superstructure. 


A tier is defined as a measure of the extent of a deck house. A deck house tier 
consists of a deck and external bulkheads. In general, the first tier is the tier situated 
on the freeboard deck. 


1.4.4 Structural continuity 


1.4.4.1 


1.4.4.2 
1.4.4.3 


1.4.4.4 


1.4.4.5 


In deck houses aft, the front bulkhead is to be in line with a transverse bulkhead in 
the hull below or is to be supported by a combination of partial transverse 
bulkheads, girders and pillars. 


The aft end bulkhead is to be effectively supported. 


At the corners of the deck house attachment at the strength deck, attention is to be 
given to the connection of the deck house to the deck and the arrangements to 
transmit load into the under-deck supporting structure. 


As far as practicable, exposed sides and main longitudinal and transverse 
bulkheads are to be located above bulkheads and/or deep girder frames in the hull 
structure, and are to be in line in the various tiers of accommodation. Where such 
structural arrangement in line is not possible, there is to be other effective support. 


Arrangements are to be made to minimize the effect of discontinuities in erections. 
All openings cut in the sides are to be substantially framed and have well-rounded 
corners. Continuous coamings or girders are to be fitted below and above doors and 
similar openings. 


1.4.5 Deck plating 


1.4.5.1 The gross thickness of the plating, tak-grs, is not to be less than: 
t ators = e us mm, on first tier deck houses 
Sstd 
ks 
tagrs =7-0,,—— | mm, on second tier deck houses 
\ Std 
tax ers = 9.9 = mm, on third tier and above deck house 
Sstd 
Where: 
s spacing of stiffeners, in m 
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k higher strength steel factor, as defined in Section 6/1.1.4 
Oya specified minimum yield stress of the material, in N/mm2 
Sstd standard reference spacing of longitudinals or beams, in m: 
= 0.470 + 0.00167L, 
Ly rule length, as defined in Section 4/1.1.1.1, but is not to be 
taken greater than 250m 
1.4.5.2 The plating thickness inside deck houses may be reduced by 10 percent provided 


that the reduced gross thickness, tan-grs, is not less than: 


angers = (5.85 +1 )vk mm, but is not to be less than 5.5mm 


Where: 

s spacing of stiffeners, in m 

k higher strength steel factor, as defined in Section 6/1.1.4 
Oyd specified minimum yield stress of the material, in N/mm2 


1.4.6 Deck longitudinals and beams 


1.4.6.1 


For each longitudinal or beam, in association with the plating to which it is attached, 
the gross section modulus, Zing-grs, is not to be less than: 


Zing-ors = 45635 ljg hyg k Em 

Where: 

s spacing of stiffeners, in m 

lbag effective bending span, as defined in Section 4/2.1.1, in m 

B as defined in Section 4/1.1.3.1 

Neier load head in relation to the deck house tier, in m: 
1.68 for poop and first tier above freeboard deck 
1.30 for second tier above freeboard deck 
0.91 for third and higher tiers above freeboard deck 
For decks with position second tier or higher above the 
freeboard deck, generally used only as weather covering, the 
value of hter may be reduced, but in no case is it to be less than 
0.46 

k higher strength steel factor, as defined in Section 6/1.1.4 

Oyd specified minimum yield stress of the material, in N/mm? 


1.4.7 Deck girders and transverses 


1.4.7.1 


Deck girders and transverses are to be arranged to support beams or deck 
longitudinals. Where arrangements of deck girders and transverses are such that 
these members act as a grillage structure, additional analysis may be carried out to 
consider grillage effects and justify that scantlings are equivalent to those required 
by 1.4.7.2 and 1.4.7.3. In this analysis gross scantlings are to be used, basic geometry 
parameters are to be as indicated in 1.4.7.2, the load is to be taken as the head 
required by 1.4.7.2 with a unit density of 0.715tonnes/m’ and the permissible 
bending stress is to be taken as 0.670. For the determination of equivalent 
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1.4.7.2 


scantlings to those required by 1.4.7.3, equivalency is to be based on the deflection 
at girder/transverse intersection points and at midspan of the members, and the 
permissible deflection is to be taken as the deflections calculated for a simple beam 
meeting the requirements of 1.4.7.2 and with depth dgra as required by 1.4.7.3. 


For each deck girder or transverse web, the gross section modulus, Z+grs, is not to be 
less than: 


Zip = 4-74D yla Mrier K = mn 
Where: 
bak mean breadth of the area of deck supported, in m 
loag effective bending span, to be taken as the distance between 
centres of supporting pillars, or between pillars, tranverse 
members, girders and/or bulkheads supporting them, in m. 
Where an effective bracket is fitted at the bulkhead, the length 
lva may be modified, see Section 4/2.1.4 
Ntier load head in relation to the deck house tier, in m: 
1.68 for poop and first tier above freeboard deck 
1.30 for second tier above freeboard deck 
0.91 for third and higher tiers above freeboard deck 
For decks with position second tier or higher above the 
freeboard deck, generally used only as weather covering, the 
value of hter may be reduced, but in no case is it to be less than 
0.46 
k higher strength steel factor, as defined in Section 6/1.1.4 
Oyd specified minimum yield stress of the material, in N/mm? 
1.4.7.3 The depth of girders and transverse webs, dgra, is not to be less than: 
da = 9.05831,,. m 
Where: 
lbag effective bending span, to be taken as the distance between 
centres of supporting pillars, or between pillars, transverse 
members, girders and/or bulkheads supporting them, in m. 
Where an effective bracket is fitted at the bulkhead, the length 
lbag may be modified, see Section 4/2.1.4 
Where girders and transverse webs intersect, consideration may be given to accept a 
lesser depth for the longer member, where the shorter member provides full 
support to the longer member. 

1.4.74 The gross thickness of girders or transverse webs is not to be taken as less than 1mm 
per 100mm of depth, plus an additional 4mm. Where web shear strength and 
buckling capacity are demonstrated to be satisfactory, lesser thicknesses may be 
accepted. For shear strength analysis gross scantlings are to be used, basic 
geometry parameters are to be as indicated in 1.4.7.2, the load is to be taken as the 
head required by 1.4.7.2 with a unit density of 0.715 tonnes/m3 and the permissible 
shear stress is to be taken as 0.390. Bucking capacity is demonstrated as 
satisfactory when the depth to gross thickness ratio of the web is less than 75. 
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1.4.8 Pillars 


1.4.8.1 The gross scantlings of pillars are to be such that the permissible load, determined 
in accordance with 1.4.8.2, is greater than the design load, determined in accordance 
with 1.4.8.3, considering the requirement of 1.4.8.4. 
1.4.8.2 The permissible loading on a pillar, Wperm, is given by: 
Wrenn = fa- h pin fal Porgi) Aiga kN 
Where: 
fa steel factor: 
12.09 normal strength steel 
13.59 HT27 strength steel 
16.11 HT32 strength steel 
17.12 HT34 strength steel 
18.12 HT36 strength steel 
20.14 HT40 strength steel 
hipin distance between the top of the pillar supporting deck or other 
structure to the underside of the supported beam or girder, in 
m 
fa steel factor: 
4.44 normal strength steel 
5.57 HT27 strength steel 
7.47 HT32 strength steel 
8.24 HT34 strength steel 
9.00 HT36 strength steel 
10.52 HT40 strength steel 
I gyr-grs radius of gyration for gross pillar section, in cm 
Apill-grs gross cross sectional area of pillar, in cm? 
1.4.8.3 The design load for a specific pillar, Was, is given by: 
Woes = 7-04 Ba hier Lar KN 
Where: 
bak mean breadth of the area of deck supported, in m 
Ntier load head in relation to the deck house tier, in m: 
1.68 for poop and first tier above freeboard deck 
1.30 for second tier above freeboard deck 
0.91 for third and higher tiers above freeboard deck 
For decks with position second tier or higher above the 
freeboard deck, generally used only as weather covering, the 
value of hier may be reduced, but in no case is it to be less than 
0.46 
lak mean length of the area of deck supported, in m 
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1.4.8.4 


Where pillars are arranged in a vertical line, the design load on the pillar at each 
level is to be calculated by summing the design load for the deck directly above the 
pillar and one-half of the design load for each pillar above. 


1.4.9 Exposed bulkheads 


1.4.9.1 


1.4.9.2 


1.4.9.3 


The scantlings of the exposed bulkheads of deck houses and companionways are to 
be in accordance with 1.4.10 to 1.4.13. Increased scantlings may be required where 
the structure supports loads from deck equipment, fittings, etc. 


Special consideration may be given to the bulkhead scantlings of deck houses which 
do not protect openings in the freeboard deck, superstructure deck or in the top of a 
lowest tier deck house. Special consideration may also be given to the bulkhead 
scantlings of deck houses which do not protect machinery casings, provided they do 
not contain accommodation or do not protect equipment essential to the operation 
of the vessel. 


Long deck houses may need additional support in order to provide resistance to 
racking, see 1.4.13. 


1.4.10 Exposed bulkhead plating 


1.4.10.1 The gross thickness of plating, tox-gs, is not to be less than that calculated from 

1.4.10.2 and that given by: 

bitk-grs = 3s k Nes mm. 

Where: 

s spacing of stiffeners, in m 

k higher strength steel factor, as defined in Section 6/1.1.4 

Oyd specified minimum yield stress of the material, in N/ mm2 

Maes design head, in m: 
C4[(C;f)-z]e 
but is not to be taken less than given below for the specified 
location: 
2.5+L,/100 unprotected front bulkheads on the lowest tier 
1.25+L,/200 elsewhere 

Lı rule length, L, as defined in Section 4/1.1.1.1, but is not to be 
taken greater than 250m 

L2 rule length, L, as defined in Section 4/1.1.1.1, but is not to be 
taken greater than 300m 

C4 coefficient as given in Table 11.1.6 

Cs coefficient: 

2 
1.0 + barca where x/L < 0.45 
Co +0.2 
(x/L)—0.45 | 
1.04+15 CAD where x/L > 0.45 
C, +0.2 

Co1 block coefficient as defined in Section 4/1.1.9.1, but is not to be 

taken as less than 0.60 or greater than 0.80. For aft end 
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ban 
By 


bulkheads forward of amidships, Cy: may be taken as 0.80 


distance between the A.P. and the bulkhead being considered, 
in m. Deck house side bulkheads are to be divided into equal 
parts not exceeding 0.15L in length, and x is to be measured 
from the A.P. to the centre of each part considered 


rule length, as defined in Section 4/1.1.1.1 
as defined in Table 11.1.7 


vertical distance from the summer load waterline measured to 
the middle of the plate, in m 


0.3+0.7b,,/B, 


but is not to be taken as less than 1.0 for exposed machinery 
casing bulkheads and in no case is ban/ B1 to be taken as less 
than 0.25 


breadth of deck house at the position being considered, in m 


actual breadth of the vessel at the freeboard deck at the 
position being considered, in m 


Table 11.1.6 
Values of ‘Cy 
Bulkhead location Value of ‘C7 
Unprotected front, lowest tier 2.0 + L/ 120 
Unprotected front, 2"4 tier 1.0 + L,/120 
Unprotected front, 3*4 tier and above 0.5 + L/ 150 
Protected front, all tiers 0.5 + L, /150 
Sides, all tiers 0.5 + L/ 150 
Aft ends, aft of amidships, all tiers 0.7 + (L,/ 1000) — 0.8x/L 
Aft ends, forward of amidships, all tiers 0.5 + (L,/1000) — 0.4x/L 


RCN 1 to July 2010 version (effective from 1 July 2012) 


Table 11.1.7 
Values of ‘f 
L,inm f,inm 
90 6.00 
100 6.61 
120 7.68 
140 8.65 
160 9.39 
180 9.88 
200 10.27 
220 10.57 
240 10.78 
260 10.93 
280 11.01 
= 300 11.03 
Note 
1. This Table is based on the equations given 
in Table 11.1.8 
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Table 11.1.8 
Origin of ‘f Values 
L,inm f,inm 
L<150 (L /10)(e*/9) -[1 -(L/150)"] 
150 < L < 300 (L /10)(e™/®) 
L > 300 11.03 


1.4.10.2 The gross thickness for the lowest tier bulkheads, tvir-tier-grs, is not to be less than: 
É oik-tier-grs = 9-0 + Ly /100 mm 
For other tiers, the gross thickness of bulkheads is not to be less than: 
tyk-tier-grs = 4.0 + L, /100 mm, or 5.0mm, whichever is greater 
Where: 
Lı rule length, L, as defined in Section 4/1.1.1.1, but is not to be 
taken greater than 250m 


1.4.11 Exposed bulkhead stiffeners 


1.4.11.1 Each stiffener, in association with the plating to which it is attached, is to have a 
gross section modulus, Zoik-grs, not less than: 


= 2 
Litk-grs =3.5s Piween Mies k cms 


Where: 

s spacing of stiffeners, in m 

Arwen ‘tween deck height, in m 

Maes design head, as defined in 1.4.10.1, with z taken as the vertical 
distance from the summer load waterline to midpoint of the 
stiffener span, in m 

k higher strength steel factor, as defined in Section 6/1.1.4 

Oyd specified minimum yield stress of the material, in N/mm? 


1.4.12 Stiffener end attachments for stiffeners on exposed bulkheads 


1.4.12.1 Both ends of the webs of lowest tier bulkhead stiffeners are to be effectively 
attached. The scantlings of stiffeners having other types of end connection will be 
specially considered. 


1.4.13 Web arrangements for webs on exposed bulkheads 


1.4.13.1 In long deck houses with multiple tiers, web frames or partial bulkheads are to be 
fitted within the first tier, spaced a maximum of approximately 9m apart and 
arranged, where practicable, in line with watertight bulkheads below. 


1.4.13.2 Webs are also to be arranged in way of large openings, boats davits and other points 
of high loading. 
1.4.14 Closing arrangements for openings in deck houses and companionways 


1.4.14.1 All openings in the bulkheads of deck houses and companionways, which give 
direct access to enclosed superstructures or to spaces below the freeboard, are to be 
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provided with efficient means of closing so that in any sea condition, water will not 
penetrate the vessel. 


1.4.14.2 Doors of such openings are to be of steel or other equivalent material, permanently 
and strongly attached to the bulkhead. The doors are to be provided with gaskets 
and clamping devices, or other equivalent arrangements, which are to be 
permanently attached to the bulkhead or to the doors themselves. The doors are to 
be so arranged that they can be operated from both sides of the bulkhead. Doors 
complying with a recognized national or international standard will generally be 
accepted. 


1.4.14.3 Access openings are to be framed and stiffened so that the whole structure is 
equivalent to the un-pierced bulkhead when closed. 


1.4.14.4 Except as permitted by 1.4.14.5, access doors, air inlets and openings to 
accommodation spaces, control stations and machinery spaces, are not to face the 
cargo tank region. They are to be located on the transverse bulkhead or on the side 
of the deck house at a distance of at least 0.04L and not less than 3m from the end of 
the deck house facing the cargo tank region. This distance need not exceed 5m. 


1.4.14.5 Access doors in boundary bulkheads facing the cargo tank region, or within the 5m 
limits specified in 1.4.14.4, leading to the main cargo control stations and to such 
service spaces used as provision rooms, store rooms and lockers, may be permitted, 
provided they do not give access directly or indirectly to any other space containing 
or providing for accommodation, control stations or service spaces such as galley, 
pantries or work shops, or similar spaces containing source of vapour ignition. The 
boundary of such a space is to be insulated to “A-60” class standard, with the 
exception of the boundary facing the cargo tank region. 


1.4.15 Sills of access openings 


1.4.15.1 The height of the sills of access openings, in the bulkheads of deck houses and 
companionways, which give direct access to enclosed superstructures or to spaces 
below the freeboard deck, is to be a minimum of 600mm in Position 1 and 380mm in 
Position 2, as defined in Section 4/1.2. 


1.4.16 Access openings in machinery casings on Type ‘A’ freeboard tankers 


1.4.16.1 In general, there are to be no openings giving direct access from the freeboard deck 
to the machinery space in exposed machinery casings. 


1.4.16.2 A door complying with the requirements of 1.4.14.1 to 1.4.14.3 may be permitted in 
the exposed machinery casing provided that it leads to a space or passageway 
which is as strongly constructed as the casing, and is separated from the engine 
room by a second door complying with the requirements of 1.4.14.1 to 1.4.14.3. The 
sill of the exterior door is not to be taken less than 600mm and the sill of the second 
door is not to be taken less than 230mm. 


1.4.17 Windows and side scuttles 


1.4.17.1 Side scuttles, in the external bulkheads of deck houses and weathertight doors, are 
to be of substantial construction in accordance with a recognised national or 
international standard. 
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1.4.17.2 Windows and side scuttles, fitted in the boundaries of deck houses protecting direct 
access into superstructures, or to spaces below the freeboard deck, are to be fitted 
with efficient hinged inside deadlights. 


1.4.17.3 Windows and portlights facing the cargo tank region, and on the side of the 
superstructures or deck houses within the limits specified in 1.4.14.4 and 1.4.14.5, 
shall be of a fixed (non-opening) type. Such windows and portlights, except 
wheelhouse windows, shall be constructed to “A-60” class standard. 


1.5 Scuppers, Inlets and Discharges 


1.5.1 Drains - enclosed spaces 


1.5.1.1 Scuppers and discharges which drain spaces below the freeboard deck, or spaces 
within intact superstructures or deck houses on the freeboard deck, fitted with 
doors complying with the requirements of the International Convention on Load Lines, 
Regulation 12, may be led to the bilges in the case of scuppers, or to suitable sanitary 
tanks in the case of sanitary discharges. Alternatively, they may be led overboard, 
provided that: 


(a) the freeboard is such that the deck edge is not immersed when the ship heels to 
five degrees either way, and 


(b) each drain is fitted with means of preventing water from passing inboard, in 
accordance with 1.5.3. 


1.5.2 Drains - open spaces 


1.5.2.1 Drains leading from superstructures or deck houses not fitted with doors 
complying with the requirements of International Convention on Load Lines, 
Regulation 12 are to be led overboard. 


1.5.3 Prevention of water passing inboard 


1.5.3.1 Drains either from spaces below the freeboard deck or from within superstructures 
and deck houses on the freeboard deck, where permitted to be led overboard, see 
1.5.1.1(a), are to be fitted with efficient and accessible means for preventing water 
from passing inboard, in accordance with 1.5.3.2 to 1.5.3.7. 


1.5.3.2 For drains which remain open during normal operation of the ship, such as sanitary 
discharges, means for preventing water passing inboard are to be in accordance 
with those given below for the area described. Misc is the height from the summer 
load line to the inboard end of the discharge, in m: 
(a) haise < 0.01 L1: 


e one automatic non-return valve with a positive means of closing it from a 
position above the freeboard deck 

e alternatively, one automatic non-return valve and one positive closing valve 
controlled from above the freeboard deck may be accepted. 

(b) 0.01L1 < haise < 0.02L1: 

e two automatic non-return valves, without positive means of closing, provided 
that the inboard valve is always accessible for examination under service 
conditions 


e the inboard valve is to be located above the deepest salt water load line 


e if this is not practicable, additional locally controlled positive closing may be 
provided outboard, or the outboard non-return valve may be provided with a 
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locally controlled positive closing feature, in which case the inboard valve 
need not be located above the deepest salt water load line. 


(c) Ndisc > 0.02Lr: 


e one single automatic non-return valve without positive means of closing. 


1.5.3.3 For overboard discharges in way of machinery spaces, a locally operated positive 
closing valve at shell together with a non-return valve inboard, may be accepted in 
lieu of those required by 1.5.3.2. 


1.5.3.4 For acceptable arrangements for discharges and scuppers, see Figure 11.1.3. 


Figure 11.1.3 
Diagrammatic Arrangement of Discharge and Scupper Systems 


Discharges coming from enclosed spaces below the Discharges coming from 
freeboard deck or on the freeboard deck other spaces 


General requirement Discharges Alternatives where inboard end is outboard end > 450mm otherwise 
where through below FB deck or 

inboard end< 0.01LL| machinery >0.01LL above SWL | >0.02L, above SWI], < 600mm above SWL 
above SWL 


Superstructure or 
Deckhouse Deck 


FB 
Deck 


a one 


——SE— a 


*/control of the valves are to be 
in an approved position 


Symbols: © non return valve without positive == remote control 


means of closing 


Wv inboard end of pipes o | normal thickness 


non return valve with positive means 
7, outboard end of pipes of closing controlled locally il substantial thickness 


2 pipes terminating on the open deck 2S! valve controlled locally 


RCN 1 to July 2010 version (effective from 1 July 2012) 


1.5.3.5 For drains which are closed at sea, such as gravity drains from topside ballast tanks, 
a single screw down valve operated from the deck may be accepted. 


1.5.3.6 The means for operating the positive closing valve are to be readily accessible and 
provided with an indicator showing whether the valve is open or closed. 


1.5.3.7 Drain pipes originating at any level and penetrating the shell either more than 
450mm below the freeboard deck or less than 600mm above the summer load 
waterline are to be provided with a non-return valve at the shell. This valve, unless 
required by 1.5.3.2 through 1.5.3.4, may be omitted if the pipe is of substantial 
thickness, in accordance with 1.5.7.3. 


1.5.4 Sea inlets 


1.5.4.1 In manned machinery spaces, main and auxiliary sea inlets and discharges in 
connection with the operation of machinery may be controlled locally. The control is 
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to be readily accessible and provided with indicators showing whether the valves 
are open or closed. 


1.5.5 Shell valves and fittings 


1.5.5.1 


1:5:5:2 


1.5.5.3 


For installation; the shell valves are to be mounted on the shell (or sea chest). 
However, where it is impracticable to do so, a distance piece, of substantial 
thickness in accordance with 1.5.7.3, may be fitted. Shell outlets are to be so located 
as to prevent any discharge falling onto a lowered survival craft. 


For material; all required shell valves and fittings are to be of steel, bronze or other 
approved ductile material. Valves of ordinary cast iron or similar material are not 
acceptable. 


Material readily rendered ineffective by heat is not to be used for shell connection 
where the failure of the material in case of fire would give rise to danger of flooding. 


1.5.6 Unattended machinery space 


1.5.6.1 


1.5.6.2 


For unattended machinery space; the control of any valve serving a sea inlet, a 
discharge below the waterline, or a bilge injection system, is to be so sited as to 
allow adequate time to reach and operate the control, in case of ingress of water to 
the space with the ship in the fully loaded condition. 


For application of 1.5.6.1 in an unattended machinery space; where it can be 
demonstrated by calculation that the damaged water line will not be above the tank 
top floor level after 10 minutes from the initiation of the uppermost bilge level 
alarm, the valve control may be from the tank top floor. 

Guidance Note: 

Various Flag Administrations have interpretations of this requirement. Where the ship is 
flagged by an Administration having an interpretation of this requirement, the 


interpretation of the Flag Administration shall take precedence or the requirements of 
1.5.6.2. 


1.5.7 Pipes 


1.5.7.1 
1.5.7.2 


1.5.7.3 


All pipes from shell to the first valve are to be of steel or other equivalent material. 


The gross wall thickness of steel piping inboard of the valve is not to be less than 
that given in Table 11.1.9, unless substantial thickness is required. 


Table 11.1.9 
Thickness of Normal Steel Piping 
External diameter, Gross wall thickness, 

in mm in mm 

<155 4.5 

2 230 6.0 
Note 
1. Intermediate values are to be obtained by 

linear interpolation. 


The gross wall thickness of steel piping, where required to be of substantial 
thickness, see 1.5.3.7 and 1.5.5.1, is not to be less than given in Table 11.1.10. 
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Table 11.1.10 
Thickness of Substantial Steel Piping 
External diameter, Gross wall thickness, 
in mm in mm 
< 80 7.0 
180 10.0 
2 220 12.5 
Note 
1. Intermediate values are to be obtained by 
linear interpolation. 


1.5.8 Rubbish chutes, offal and similar discharges 


1.5.8.1 


1.5.8.2 


1.5.8.3 


1.5.8.4 


1.5.8.5 


1.5.8.6 


Rubbish chutes, offal, and similar discharges are to be constructed of mild steel 
piping or plating equal to the shell thickness. Other materials will be specially 
considered. 


Openings are to be kept clear of the sheer strake and areas of high stress 
concentration. 


Rubbish chute hoppers are to be provided that comprise a hinged weathertight 
cover at the inboard end with an interlock so that the discharge flap and hopper 
cover cannot be open at the same time. 


The hopper cover is to be secured closed when not in use, and a suitable notice is to 
be displayed at the control position. 


Where the inboard end of the hopper is less than 0.01L,, a positive closing valve is 
to be provided in addition to the cover and flap, in an easily accessible position 
above the deepest salt water load line. 


The valve is to be controlled from a position adjacent to the hopper and provided 
with an open/shut indicator. The valve is to be kept closed when not in use, and a 
notice to that effect is to be displayed at the valve operating position. 
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2 CREW PROTECTION 


2.1 Bulwarks and Guardrails 


2.1.1 General 


2.1.1.1 


2.1.1.2 


2A 


2.1.1.4 


Bulwarks or guard rails are to be provided at the boundaries of exposed freeboard 
and superstructure decks, at the boundary of first tier deck houses and at the ends 
of superstructures. 


Bulwarks, or guard rails, are to be a minimum of 1.0m in height, measured above 
sheathing, and are to be constructed as required in 2.1.2. Where this height would 
interfere with the normal operation of the vessel, a lesser height may be approved. 
Where approval of a lower height is requested, justifying information is to be 
submitted. 


Within 0.6L amidships, bulwarks are to be arranged to ensure that they are free 
from hull girder stresses. 


Satisfactory means in the form of guard rails, life lines, gangways, under deck 
passages or an equivalent are to be provided for the protection of crew during 
passage from their quarters, the machinery space, and all other locations necessary 
for the crewing of the ship, see 2.3.1.1. 


2.1.2 Construction of bulwarks 


2.1.2.1 


The gross thickness of bulwark plating, at the boundaries of exposed freeboard and 
superstructure decks, is not to be less than that given in Table 11.2.1. 


Table 11.2.1 
Thickness of Bulwark Plates 


Height of Bulwark Gross Thickness 


1.8m or more As required for superstructure in the same position 


1.0m 6.5mm 


Intermediate height To be determined by linear interpolation 


2.1.2.2 


2.1.2.3 
2.1.2.4 


Plate bulwarks are to be stiffened by a top rail. Plate bulwarks on the freeboard 
deck and forecastle deck are to be supported by stays having a spacing generally 
not greater than 2.0m. 


The free edge of the stay is to be stiffened. 


The gross section modulus of stays, Zstay-grs, is not to be less than that given below. In 
the calculation of the section modulus, only the material connected to the deck is to 
be included. The bulb or flange of the stay may be taken into account where 
connected to the deck. Where, at the ends of the ship, the bulwark plating is 
connected to the sheer strake, a width of attached plating, not exceeding 600mm, 
may also be included. 


Zimier = PLN pee, cm? 
Where: 
Nonwk height of bulwark from the top of the deck plating to the top 


of the rail, in m 


Sstay spacing of the stays, in m 


JULY 2012 


SECTION 11.2/ PAGE 1 


SECTION 11 - GENERAL REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


2.1.2.5 


2.1.2.6 


2.1.2.7 


2.1.2.8 


2.1.2.9 


2.1.2.10 


Where mooring fittings subject the bulwark to large forces, the strength of the stays 
is to be suitably upgraded. 


Bulwark stays are to be supported by, or are to be in line with, suitable under deck 
stiffening. The stiffening is to be connected by double continuous fillet welds in way 
of bulwark stay connections. 


Where bulwarks are cut to form a gangway or other opening, stays of increased 
strength are to be fitted at the ends of openings. 


Bulwarks are to be adequately strengthened and increased in thickness in way of 
mooring pipes. 
Cuts in bulwarks for gangways or other openings are to be kept clear of breaks of 


superstructures. 


Where bulwarks are fitted, freeing ports are to be provided as required in 2.1.5. The 
freeing ports are to comply with the requirements of the individual Classification 
Society. 


2.1.3 Construction of guard rails 


2.1.3.1 


21.3.2 


2.1.3.3 


2.1.3.4 


Stanchions of guard rails required by 2.1.1.1 are to comply with the following 

requirements: 

(a) fixed, removable or hinged stanchions are to be fitted approximately 1.5m apart 

(b) at least every third stanchion is to be supported by a bracket or stay 

(c) removable or hinged stanchions are to be capable of being locked in the upright 
position 

(d) in the case of ships with rounded gunwales, the stanchions are to be placed on 
the flat of the deck 


(e) in the case of ships with sheer strake, the stanchions are not to be attached to the 
sheer strake, upstand or a continuous gutter bar. 


The size of openings, below the lowest course of rails and the deck or upstand, is to 
be a maximum of 230mm. The distance between other courses is not to be greater 
than 380mm. 


Wire ropes may be accepted, in lieu of guard rails, only in special circumstances and 
then only in limited lengths. In such cases, they are to be made taut by means of 
turnbuckles. 


Chains may be accepted, in lieu of guard rails, only where they are fitted between 
two fixed stanchions and/or bulwarks. 


2.1.4 Additional requirements for bulwarks and guard rails related to spill 
containment 


2.1.4.1 


2.1.4.2 


Generally, open guard rails are to be fitted on the upper deck. Plate bulwarks, with 
a 230mm high continuous opening, at the lower edge, may be accepted provided 
the arrangement allows for the acceptable handling of spillage on deck and 
minimises the possibility for accumulation of volatile gas. 


Deck spills are to be prevented from spreading to the accommodation and service 
areas and from discharge into the sea by a permanent continuous coaming with a 
minimum height of 100mm surrounding the cargo deck. Along the sides at the aft 
end of the cargo deck, the coaming is to have a minimum height of 200mm 
extending a minimum of 4.5m forward from each corner. At the aft end of the cargo 
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2.1.4.3 


2.1.4.4 


deck, the coaming is to have a minimum height of 300mm and is to extend from 
ship-side to ship-side. 


Where a continuous gutter bar deck coaming is fitted, it is to be constructed of the 
same material strength and grade as the deck plating to which it is attached. 


Scupper plugs of mechanical type are to be provided. Means of draining or 
removing oil or oily water within the coaming are also to be provided. 


2.1.5 Additional requirements for deeper loading 


2.1.5.1 


21.5.2 


2.1.5.3 


Ships with Type A or B-100 Freeboard (i.e. a freeboard less than that based on Type 
B-60) are to have open rails fitted for a minimum of half the length of the exposed 
parts of the weather deck. Alternatively, if a continuous bulwark is fitted, the 
minimum freeing area is to be at least 33% of the total area of the bulwark. The 
freeing area is to be located in the lower part of the bulwark. 


Where superstructures are connected by trunks, open rails are to be fitted for the 
whole length of the exposed parts of the freeboard deck. 


Ships with Type B-60 Freeboard (i.e. a freeboard less than that based on Type B but 
not less than Type B-60) are to have a minimum freeing area of at least 25% of the 
total area of the bulwark. The freeing area is to be located in the lower part of the 
bulwark. 


2.2 Tank Access 


2.2.1 Access to tanks in the cargo tank region 


2.2.1.1 


Access to tanks in the cargo tank region is to be in accordance with Section 5/5. 


2.3 Bow Access 


2.3.1 General 


2.3.1.1 


The ship is to be provided with means to enable the crew to gain safe access to the 
bow even in severe weather conditions, see Table 11.2.2. 
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Table 11.2.2 
Acceptable Arrangements for Access 
Locations of Access Assigned Summer e te Co eaten po te 
Freeboard to Type of Freeboard Assigne 
(6)(7)(8) 
Type Type Type Type B 
A B-100 B-60 & Bt 
Access to Bow 
Between poop and bow, or a 
< (hrg + hss) . 
Between a deck house containing f® 
living accommodation or f® 
navigation equipment, or both, 
and bow, or A 
e 
In the case of a flush deck vessel, > (hrs + hss) PA 
between crew accommodation £0) 
and the forward end of vessel. 
Access to Aft End a a 
In the case of a flush deck vessel, a b b 
between crew accommodation b c0 c0 
and the aft end of vessel. < 3000mm c0) c2 c2 7 
e e e b 
£(1) f(1) f() o 
c 
2 2 
f2 f2 cD 
: ai 
a (a) J 
b E dØ 
a c(2) 
c0) dé) 
b c(4) 
c?) e 
c0) d() 
> 3000mm d® £Q) 
d® d(2) 
d2 f2 
e d6) 
e £4 
f() e 
£(1) 
f(1) 
f2 
f2 
£4 
Where: 
hss the standard height of a superstructure as defined in ICLL Regulation 33 
freeboard from the summer load waterline amidships, in m, calculated as a Type A ship, 
hrg : 
regardless of the type of freeboard actually assigned 
a a well lit and ventilated under deck passageway with a clear opening with a minimum 
width of 0.8m, and a minimum height of 2.0m, providing access to the locations under 
consideration and located as close as practicable to the freeboard deck 
b a permanently constructed gangway fitted at or above the level of the superstructure 
deck, on or as near as practicable to the centreline of the vessel, providing a continuous 
platform of a non-slip surface at least 0.6m in width, with a foot-stop and guard rails 
extending on each side along its length. Guard rails are to be as required in 2.1.3, except 
that stanchions are to be fitted with a maximum spacing of 1.5m 
c a permanent walkway with a minimum width of 0.6m, fitted at the freeboard deck level, 
consisting of two rows of guard rails, the stanchions of which, are to have a maximum 
spacing of 3m. The number of courses of rails and their spacing are to be as given in 
2.1.3. On Type B freeboard ships, hatchway coamings with a height equal to or greater 
than 0.6m may be regarded as forming one side of the walkway provided that two rows 
of guard rails are fitted between the hatchways 
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Table 11.2.2 (Continued) 
Acceptable Arrangements for Access 


d a rope lifeline with a minimum diameter of 10mm, supported by stanchions 
approximately 10m apart, or a single hand rail or wire rope attached to the hatch 
coamings, continued and adequately supported between hatchways 


e a permanently constructed gangway fitted at or above the level of the superstructure 
deck on, or as near as practicable, to the centreline of the vessel: 


e located so as not to hinder easy access across the working areas of the deck 
e providing a continuous platform with a minimum width of 1.0m 
e constructed of fire resistant and non-slip material 


e fitted with guard rails extending on each side throughout its length. Guard rails are to 
be as required in 2.1.3, except that stanchions are to be fitted with a maximum spacing 
of 1.5m 


e provided with a foot stop on each side 


e having openings, with ladders to and from the deck, where appropriate. Openings are 
to be spaced a maximum of 40m apart 


e having shelters of substantial construction set in way of the gangway at intervals not 
exceeding 45m, if the length of the exposed deck to be traversed is greater than 70m. 
Every such shelter is to be capable of accommodating at least one person and be so 
constructed as to afford weather protection on the forward, port and starboard sides 


f a permanent and efficiently constructed walkway fitted at the freeboard deck level on, or 
as near as practicable, to the centreline of the vessel, having the same specifications as 
those defined for a permanent gangway in ‘e’ above, except for foot-stops. On Type B 
freeboard ships the hatch coamings may be accepted as forming one side of the 
walkway, provided that the combined height of the hatch coaming and hatch cover, in 
the closed condition, is not less than 1m, and that two rows of guard rails are fitted 
between the hatchways 


Note 

1. At or near the centreline of the vessel, or fitted on hatchways at or near the centreline of the 

vessel 

Fitted on each side of the vessel 

Fitted on one side of the vessel, provision being made for fitting on either side 

Fitted on one side only 

Fitted on each side of the hatchways as near to the centreline as far as practicable 

In all cases where wire ropes are fitted, adequate devices are to be provided to enable the 

maintaining of their tautness 

7. A means of passage over obstructions, if any, such as pipes or other fittings of a permanent 
nature is to be provided 

8. Generally, the width of the gangway or walkway is not to exceed 1.5m. 


Ds OO NS 


Guidance Note 
Deviations from some or all of these requirements may be allowed, subject to agreement on a 
case-by-case basis with the relevant Flag Administration. 


JULY 2012 SECTION 11.2/PAGE5 


SECTION 11 - GENERAL REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


3 SUPPORT STRUCTURE AND STRUCTURAL APPENDAGES 


3.1 Support Structure for Deck Equipment 


3.1.1 
3.1.1.1 


3.1.1.2 


3.1.1.3 


3.1.2 
3.1.2.1 


3.1.2.2 


3.1.2.3 
3.1.2.4 


3.1.2.5 


3.1.2.6 


General 


Information pertaining to the support structure of deck equipment and fittings, as 
listed in 3.1.2 to 3.1.7, is to be submitted for approval. 


This sub-section includes scantling requirements for the support structure and 
foundations of the following pieces of equipment and fittings: 

a) anchor windlasses 

b 


C 


a 


anchoring chain stoppers 


a 


mooring winches 

d) deck cranes, derricks and lifting masts 

e) emergency towing arrangements 

f) bollards and bitts, fairleads, stand rollers, chocks and capstans 

g) other deck equipment and fittings which are subject to specific approval 


( 
( 
( 
( 
( 
( 
( 
( 


h) miscellaneous deck fittings which are not subject to specific approval. 


Where deck equipment is subject to multiple load cases, such as an operational load 
and a green seas load, the operational load and green seas load are be applied 
independently for the evaluation of strength of foundations and support structure. 


Supporting structures for anchoring windlass and chain stopper 


The windlass is to be efficiently bedded and secured to the deck. The deck thickness 
in way of the windlass and chain stopper is to be compatible with the deck 
attachment design. 


In addition to complying with the requirements of 3.1.2.6, the shipbuilder and the 
windlass manufacturer are to satisfy themselves that the foundation is suitable for 
the safe operation and maintenance of the windlass equipment. 


The Breaking Strength is defined as the minimum breaking strength of the chain. 


The following plans and information are to be submitted for approval: 

(a) details of the supporting structure for the anchor windlass 

(b) details of the windlass foundation design, including material specifications for 
holding down bolts and the connection of the foundation to the deck 


(c) details of the chain stopper foundation design, including material specification 
and the connection of the foundation to the deck. 


The following supporting information is also to be submitted: 

(a) general arrangement drawing of anchoring equipment. 

(b) design loads as specified in 3.1.2.8 and 3.1.2.9 and associated reaction forces 
applied to the foundation and supporting structure. 


The scantlings of the support structure are to be dimensioned to ensure that for each 
of the load scenarios specified in 3.1.2.8 and 3.1.2.9, the calculated stresses in the 
support structure does not exceed the permissible stress levels given in 3.1.2.15 to 
3.1.2.18. 
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3.1.2.7 


3.1.2.8 


3.1.2.9 


These requirements are to be assessed using a simplified engineering analysis based 
on elastic beam theory, two-dimensional grillage or finite-element analysis using 
gross scantlings. 


The following load cases are to be examined for the anchoring operation, as 
appropriate: 


(a) windlass where chain stopper is provided: 45% of Breaking Strength 
(b) windlass where chain stopper is not provided: 80% of Breaking Strength 
(c) chain stopper: 80% of Breaking Strength 


Breaking Strength is defined in 3.1.2.3. 


The following forces are to be applied separately in the load cases that are to be 
examined for the design loads due to green seas in the forward 0.25L, see Figure 
11.3.1: 

P, =2004, kN, acting normal to the shaft axis 


P,=150A,f KN, acting parallel to the shaft axis (inboard and 
outboard directions to be examined separately) 


Where: 

Ax projected frontal area, in m? 

Ay projected side area, in m? 

f =1+By/H, but not to be taken greater than 2.5 

Bw breadth of windlass measured parallel to the shaft axis, in m. 
See Figure 11.3.1 

H overall height of windlass, in m, see Figure 11.3.1 
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Figure 11.3.1 
Direction of Forces and Weight 


Forward 
Sa 


Centreline of vessel 


Centreline of windlass 


3.1.2.10 Forces resulting from green sea design loads in the bolts, chocks and stoppers 
securing the windlass to the deck are to be calculated. The windlass is supported by 
a number of bolt groups, N, each containing one or more bolts. See Figure 11.3.2. 


Figure 11.3.2 
Bolting Arrangements and Sign Conventions 


P 


Centreline of windlass 


3.1.2.11 The axial forces, Rx; and Ry; in bolt group (or bolt) i, positive in tension, are given by: 
Ry = P,hx,A; /L 
R„ =P,hy;A;/1, 
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3.1.2.12 


3.1.2.13 


3.1.2.14 


3.1.2.15 


R; z R,; + R,; 


Where: 

P, force acting normal to the shaft axis, in kN 

Py force acting parallel to the shaft axis, either inboard or 
outboard, whichever gives the greater force in bolt group i, in 
kN 

h shaft centre height above the windlass mounting, in cm, see 
Figure 11.3.1 

Xi, Yi x and y coordinates of bolt group 7 from the centroid of all N 
bolt groups, in cm. Positive in the direction opposite to that of 
the applied force 

Ai cross sectional area of all bolts in group i, in cm? 

Ix = XA; x? for N bolt groups, in cm4 

ly = XA; y? for N bolt groups, in cm4 

Rsi static reaction at bolt group i, due to the weight of windlass, in 
kN 


The shear forces, F;; and Fy;, applied to the bolt group 7, and the resultant combined 
force F; are given by: 


Ey =(P, -C,gm)/N 
Fy =(P, —Cigm)/N 


F, = gi EE 


Where: 

Cı coefficient of friction, 0.5 

m mass of windlass, in tonnes 

g acceleration due to gravity, 9.81m/s2 
N number of bolt groups 


The resultant forces from the application of the loads specified in 3.1.2.8 and 3.1.2.9 
are to be considered in the design of the supporting structure. 


Where a separate foundation is provided for the windlass brake, the distribution of 
resultant forces is to be calculated on the assumption that the brake is applied for 
load cases (a) and (b) defined in 3.1.2.8. 


The stresses resulting from anchoring design loads induced in the supporting 
structure are not to be greater than the permissible values given below, based on the 
gross thickness of the structure: 


Normal stress 1.00 oya 
Shear stress 0.58 Oya 


Where: 


Oyd specified minimum yield stress of the material, in N/mm? 
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3.1.2.16 


3.1.2.17 


3.1.2.18 


Normal stress is the sum of bending stress and axial stress with the 
corresponding shearing stress acting perpendicular to the normal stress. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


The tensile axial stresses resulting from green sea design loads in the individual 
bolts in each bolt group 7 are not to exceed 50% of the bolt proof strength under the 
above forces. The load is to be applied in the direction of the chain. Where fitted 
bolts are designed to support these shear forces in one or both directions, the von 
Mises equivalent stresses are not to exceed 50% of the bolt proof strength. 


The horizontal forces resulting from the green sea design loads Fx; and Fyi may be 
reacted by shear chocks. Where pourable resins are incorporated in the holding 
down arrangements, due account is to be taken in the calculation. 


The stresses resulting from green sea design loads induced in the supporting 
structure are not to be greater than the permissible values given below, based on the 
gross thickness of the structure: 


Normal stress 1.00 ova 
Shear stress 0.58 ova 


Where: 
Oya specified minimum yield stress of the material, in N/mm? 


Normal stress is the sum of bending stress and axial stress with the 
corresponding shearing stress acting perpendicular to the normal stress. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


3.1.3 Supporting structure for mooring winches 


3.1.3.1 


3.1.3.2 


3.1.3.3 


3.1.3.4 


3.1.3.5 


3.1.3.6 


Mooring winches are to be efficiently bedded and secured to the deck. The deck 
thickness in way of mooring winches is to be compatible with the deck attachment 
design. 


In addition to complying with the requirements of 3.1.3.6, the shipbuilder and 
mooring winch manufacturer are to satisfy themselves that the foundation is 
suitable for the safe operation and maintenance of the mooring winch equipment. 


The Rated Pull is defined as the maximum load which the mooring winch is 
designed to exert during operation and is to be stated on the mooring winch 
foundation/ support plan. 


The Holding Load is defined as the maximum load which the mooring winch is 
designed to resist during operation and is to be taken as the design brake holding 
load or equivalent and is to be stated on the mooring winch foundation/support 
plan. 


The following plans and information are to be submitted for approval: 
(a) details of the supporting structure for mooring winches 


(b) details of the mooring winch foundation design, including material 
specifications for hold down bolts and the connection of the foundation to the 
deck 


(c) design loads as specified in 3.1.3.8 and 3.1.3.9 and associated reaction forces 
applied to the foundation and supporting structure. 


The scantlings of the support structure are to be dimensioned to ensure that, for 
each of the load cases specified in 3.1.3.8 and 3.1.3.9, the calculated stresses in the 
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3.1.3.7 


3.1.3.8 


3.1.3.9 


3.1.3.10 


3.1.3.11 


3.1.3.12 


3.1.3.13 


3.1.3.14 


support structure do not exceed the permissible stress levels specified in 3.1.3.13 
and 3.1.3.14, respectively. 


These requirements are to be assessed using a simplified engineering analysis based 
on elastic beam theory, two-dimensional grillage or finite-element analysis using 
net scantlings. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


Each of the following load cases are to be examined for design loads due to mooring 
operation: 


(a) mooring winch at maximum pull: 100% of the rated pull 
(b) mooring winch with brake effective: 100% of the holding load 
(c) line strength: 125% of the breaking strength of the 


mooring line (hawser) required by Table 
11.4.2 for the ship’s corresponding 
equipment number 


Rated pull and holding load are defined in 3.1.3.3 and 3.1.3.4. The design load is to 
be applied through the mooring line according to the arrangement shown on the 
mooring arrangement plan. 


For mooring winches situated within the forward 0.25L, the load cases for green 
seas are to be applied as indicated in 3.1.2.9. 


For mooring winches situated within the forward 0.25L, the resultant forces in the 
bolts obtained from green sea design loads are to be calculated in accordance with 
3:12.10 to 3.12.12, 


The resultant forces from the application of the loads specified in 3.1.3.8 and 3.1.3.9 
are to be considered in the design of the supporting structure. 


Where a separate foundation is provided for the mooring winch brake, the 
distribution of resultant forces is to take account of the different load path. The 
brake is only to be considered in relation to the forces in 3.1.3.8, load case (b). 


The stresses resulting from mooring operation design loads, induced in the 
supporting structure, are not to exceed those given in 3.1.2.15. 


For mooring winches situated within the forward 0.25L, the stresses resulting from 
green sea design loads, induced in the bolts and supporting structure, are not to 
exceed values indicated in 3.1.2.16 through 3.1.2.18. 


3.1.4 Supporting structure for cranes, derricks and lifting masts 


3.1.4.1 


3.1.4.2 


3.1.4.3 


Support structures of cranes, derricks and lifting masts with a Safe Working Load 
greater than 30kN, or a maximum overturning moment to the supporting structure 
greater than 100kNm, are to comply with the following requirements. 


These requirements apply to the connection to the deck and the supporting 
structure of cranes, derricks and lifting masts. Where the crane, derrick or lifting 
mast is to be certified by the Classification Society, additional requirements may be 
applied by the individual Society. 


These requirements do not cover the following items: 
(a) supports of lifting appliances for personnel or passengers, see 3.1.7.5 


(b) the structure of the lifting appliance pedestals or post above the area of the deck 
connection 
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(c) holding down bolts and their arrangement, which are considered part of the 
lifting appliance. 
3.1.4.4 The term, Lifting Appliance, is defined as a crane, derrick or lifting mast. 


3.1.4.5 The Safe Working Load is defined as the maximum load which the lifting appliance 
is certified to lift at any specified outreach. 


3.1.4.6 The Self Weight is the calculated gross self weight of the lifting appliance, including 
the weight of any lifting gear. 


3.1.4.7 The Overturning Moment is the maximum bending moment, calculated at the 
connection of the lifting appliance to the ship structure, due to the lifting appliance 
operating at Safe Working Load, taking into account outreach and self weight. 


3.1.4.8 The Crane Pedestal and Derrick Mast are as defined in Figure 11.3.3. 


Figure 11.3.3 
Crane Pedestal and Derrick Mast 


Derrick 
Pedestal Mast 


Deck 


3.1.4.9 The following plans and information are to be submitted for approval: 


(a) details of the supporting structure of the lifting appliance, including its 
connection of the deck 


(b) details of the Safe Working Load, self weight, vertical reaction forces and the 
maximum overturning moment in the supporting structure of the lifting 
appliance 


(c) for offshore operation, the maximum sea state in which the lifting appliance is to 
be used. 
3.1.4.10 The following supporting information is also to be submitted: 


(a) a general arrangement drawing of the crane/derrick/ lifting mast. 
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3.1.4.11 


3.1.4.12 


3.1.4.13 


3.1.4.14 


3.1.4.15 


3.1.4.16 


3.1.4.17 


3.1.4.18 


3.1.4.19 


Deck plating and under deck structure is to provide adequate support for derrick 
masts against the calculated vertical loads and maximum overturning moment. 
Where the deck is penetrated, the deck plating is to be suitably strengthened. 


Deck plating and under deck structure is to provide adequate support for crane 
pedestals against the calculated vertical loads and maximum overturning moment. 


In general, structural continuity of the deck structure is to be maintained and deep 
under-deck members are to be provided to support the crane pedestal. 


Depending on the arrangement of the deck connection in way of crane pedestals, 
the following additional requirements are to be complied with: 


(a) where the pedestal is directly connected to the deck, without above deck 
brackets, adequate under deck structure directly in line with the crane pedestal 
is to be provided. Where the crane pedestal is attached to the deck without 
bracketing or where the crane pedestal is not continuous through the deck, 
welding to the deck of the crane pedestal and its under deck support structure is 
to be made by suitable full penetration welding. This could include a deep 
penetration welding procedure with a maximum root face of 3mm provided this 
results in full penetration and consequently enable ultrasonic lamination testing 
after welding has been completed. The design of the weld connection is to be 
adequate for the calculated stress in the welded connection, in accordance with 
3.1.4.21. 


where the pedestal is directly connected to the deck with brackets, under deck 
support structure is to be fitted to ensure a satisfactory transmission of the load, 
and to avoid structural hard spots. Above deck brackets may be fitted inside or 
outside of the pedestal and are to be aligned with deck girders and webs. The 
design is to avoid stress concentrations caused by an abrupt change of section. 
Brackets and other direct load carrying structure and under deck support 
structure are to be welded to the deck by suitable full penetration welding. This 
could include a deep penetration welding procedure with a maximum root face 
of 3mm provided this results in full penetration and consequently enables 
ultrasonic lamination testing after welding has been completed. The design of 
the connection is to be adequate for the calculated stress, in accordance with 
3.1.4.21. 

(RCN 1, effective from 1 April 2007) 


S 


Deck plates are to be of a thickness and material strength compatible with the crane 
pedestal. Where necessary, a thicker insert plate is to be fitted. In no case are 
doublers to be used where structures are subject to tension. 


The scantlings of the support structure are to be dimensioned to ensure that for the 
load cases specified in 3.1.4.18 and 3.1.4.19, the calculated stresses in the support 
structure do not exceed those given in 3.1.4.21. 


These requirements are to be assessed using a simplified engineering analysis based 
on elastic beam theory, two-dimensional grillage or beam element finite-element 
analysis using gross scantlings. 


For lifting appliances which are limited to use in harbour, the following load 
scenario is to be examined: 

(a) 130% of the Safe Working Load added to the lifting appliances self weight. 

For lifting appliances which may be used for offshore operations the following is to 
be submitted for approval purposes: 


(a) the maximum sea state in which the lifting appliance is to be used 
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3.1.4.20 


3.1.4.21 


3.1.4.22 


(b) the worst case vertical and horizontal accelerations 


(c) the worst case wind loadings for the specified design sea state and wind 
environment. 


The load scenario to be examined is to account for these environmental loads. As a 
minimum, the following load scenario is to be examined: 


(a) 150% of the Safe Working Load added to the lifting appliances self weight. 
When a crane cab is fitted above the slewing ring, the load scenario is to be specially 
considered. 


The vertical reaction force and maximum overturning moment, corresponding to 
the design loads specified in 3.1.4.18 and 3.1.4.19, are to be calculated and used in 
the assessment of the structure. 


The stresses induced in the supporting structure are not to exceed the permissible 
values given below, based on the gross thickness of the structure: 


Normal stress 0.67 ova 


Shear stress 0.39 oya 
Where: 
Oyd specified minimum yield stress of the material, in N/mm? 


Normal stress is the sum of bending stress and axial stress with the 
corresponding shearing stress acting perpendicular to the normal stress. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


The capability of the supporting structure to resist buckling failure is also to be 
assured. 


3.1.5 Supporting structures for components used in emergency towing 
arrangements on tankers 


3.1.5.1 


3.1.5.2 


3.1.5.3 


3.1.5.4 


3.1.5.5 


3.1.5.6 
3.1.5.7 


Tankers having a deadweight of greater than or equal to 20 000tonnes are to be 
fitted with an emergency towing arrangement at both ends, complying with 
Maritime Safety Committee Resolution MSC 35(63). 


The Safe Working Load of emergency towing arrangements is as specified in IMO 
Resolution MSC 35(63), as follows: 


(a) 1000kN for vessels having a deadweight greater than or equal to 20000tonnes, 
but less than 50 000tonnes 


(b) 2000kN for vessels having a deadweight greater than or equal to 50000tonnes. 

The following plans are to be submitted for approval: 

(a) details of the supporting structure for the emergency towing arrangement, 
including the connection to the deck. 

The following supporting information is also to be submitted: 

(a) details of the emergency towing arrangement showing sufficient detail to enable 


the position and direction of load actions to be ascertained. 


The deck in way of strong-points and fairleads is to have a minimum gross 
thickness of 15mm. 


The structural arrangement is to provide continuity of strength. 


The structural arrangement of the ship’s structure in way of the emergency towing 
equipment is to be such that, abrupt changes of shape or section are to be avoided in 
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3.1.5.8 


3.1.5.9 


3.1.5.10 


3.1.5.11 


3.1.5.12 


3.1.5.13 


order to minimise stress concentrations. Sharp corners and notches are to be 
avoided, especially in high stress areas. 


The scantlings of the support structure are to be dimensioned to ensure that for the 
load cases specified in 3.1.5.10 and 3.1.5.11, the calculated stresses in the support 
structure do not exceed the permissible stress levels specified in 3.1.5.12. 


These requirements are to be assessed using a simplified engineering analysis based 
on elastic beam theory, two-dimensional grillage or finite-element analysis using 
gross scantlings. 


The design load for the connection of the strong-point and fittings to the deck and 
its supporting structure is to be taken as twice the Safe Working Load. 


The assessment of the structure is to consider lines of action of the applied design 
load, taking into account the particular arrangements proposed. See IMO MSC 
35(63). 


For the design load specified in 3.1.5.10 and 3.1.5.11 the stresses induced in the 
supporting structure and welds, in way of strong-points and fairleads, are not to 
exceed the permissible values given below based on the gross thickness of the 
structure: 


Normal stress 1.00 oya 


Shear stress 0.58 Oya 
Where: 
Oyd specified minimum yield stress of the material, in N/mm? 


Normal stress is the sum of bending stress and axial stress with the 
corresponding shearing stress acting perpendicular to the normal stress. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


The capability of the structure to resist buckling failure is also to be assured. 


3.1.6 Supporting structure for bollards and bitts, fairleads, stand rollers, chocks 
and capstans 


3.1.6.1 


3.1.6.2 


3.1.6.3 


3.1.6.4 


3.1.6.5 


In general, shipboard fittings (bollards and bitts, fairleads, stand rollers and chocks) 
and capstans used for mooring, and towing (other than as specified in 3.1.5) of the 
vessel are to be fitted to the deck or bulwark structures using a purpose designed 
base or attachment. 


The attachment of shipboard fittings to sheer strakes or sheer strake upstands is to 
be avoided, as required by Sections 8/2.2.5.2 and Section 8/2.2.5.3. 


Where fairleads are fitted in bulwarks and the imposed loads from mooring or 
towing lines are high, the thickness of bulwarks may need to be increased. See also 
21.2, 


The following plans are to be submitted for approval: 


(a) details of the supporting structure for the shipboard fitting and capstan 
arrangements, including the connection of shipboard fittings and their seats to 
the deck. 


The following supporting information is also to be submitted: 


(a) details of the shipboard fittings and capstans including the Safe Working Load 
of shipboard fittings and arrangements showing sufficient detail to enable the 
position and direction of load actions to be ascertained. 
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3.1.6.6 
3.1.6.7 


3.1.6.8 


3.1.6.9 


3.1.6.10 


3.1.6.11 


3.1.6.12 


3.1.6.13 


The structural arrangement is to provide continuity of strength. 


The structural arrangement of the ship’s structure in way of the shipboard fittings 
and their seats and in way of capstans is to be such that, abrupt changes of shape or 
section are to be avoided in order to minimise stress concentrations. Sharp corners 
and notches are to be avoided, especially in high stress areas. 


The scantlings of the support structure are to be dimensioned to ensure that for the 
loads specified in 3.1.6.10, 3.1.6.11 and 3.1.6.12, the calculated stresses in the support 
structure do not exceed the permissible stress levels specified in 3.1.6.13. 


These requirements are to be assessed using a simplified engineering analysis based 
on elastic beam theory, two-dimensional grillage or finite-element analysis using 
net scantlings. The required gross thickness is obtained by adding the relevant full 
corrosion addition specified in Section 6/3 to the required net thickness. 


The design load for the connection of shipboard fittings and their seats to the deck 

and its supporting structure is to be based on the line load as the greater of the 

following requirements, as applicable for the particular fitting and its intended use: 

(a) in the case of normal towing in harbour or manoeuvring operations, 125% of the 
maximum towline load as indicated on the towing and mooring arrangement 
plan, or 

(b) in the case of towing service other than that experienced in harbour or 
manoeuvring operations, such as escort service, the nominal breaking strength 
of towline according to Table 11.4.2 for the ship’s corresponding equipment 
number, or 


(c) in the case of mooring operations 125% of the nominal breaking strength of the 


mooring line (hawser) or towline according to Table 11.4.2 for the ship’s 
corresponding equipment number. 


The design load for the supporting structure for capstans is to be based the 
following: 


(a) 125% of the maximum hauling in force. 


The assessment of the structure is to consider lines of action of the applied design 
load, taking into account the particular arrangements proposed, however, the total 
load applied for towing and mooring scenarios described in 3.1.6.10 need not be 
more than twice the design load on the mooring line or towline. The acting point for 
the force on the shipboard fittings is to be taken as the attachment point of the 
mooring line or towline, or at a change in its direction. 


For the design load specified in 3.1.6.10, 3.1.6.11 and 3.1.6.12 the stresses induced in 
the supporting structure and welds are not to exceed the permissible values given 
below based on the net thickness of the structure. The required gross thickness is 
obtained by adding the relevant full corrosion addition specified in Section 6/3 to the 
required net thickness. 
Normal stress 1.00 ova 


Shear stress 0.60 ova 
Where: 
Oyd specified minimum yield stress of the material, in N/mm? 


Normal stress is the sum of bending stress and axial stress with the 
corresponding shearing stress acting perpendicular to the normal stress. 


RCN 2 to July 2008 version (effective from 1 July 2010) 
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3.1.6.14 The capability of the structure to resist buckling failure is also to be assured. 


3.1.6.15 The following requirements on Safe Working Load apply for a single post basis (no 
more than one turn of one cable). 

(a) The Safe Working Load used for normal towing operations (e.g., 
harbour/manoeuvring is not to exceed 80% of the design load per 3.1.6.10(a) 
and the Safe Working Load used for other towing operations (e.g., escort) is 
not to exceed the design load per 3.1.6.10(b). For deck fittings used for both 
normal and other towing operations, the greater of the design loads of 
3.1.6.10(a) and 3.1.6.10(b) is to be used. 

(b) The Safe Working Load for mooring operations is not to exceed 80% of the 
design load per 3.1.6.10(c). 

(c) The Safe Working Load of each deck fitting is to be marked (by weld bead or 
equivalent) on the deck fittings used for towing and/or mooring. 

(d) The towing and mooring arrangements plan mentioned in 3.1.6.16 is to define 
the method of use of towing lines and/or mooring lines. 


3.1.6.16 The Safe Working Load for the intended use for each deck fitting is to be noted in 
the towing and mooring arrangements plan available on board for the guidance of 
the Master. Information provided on the plan is to include in respect of each deck 
fitting: 

(a) Location on the ship; 

(b) Fitting type; 

(c) SWL; 

( 

( 


& 


Purpose (mooring/harbour towing/escort towing); and 

e) Manner of applying towing or mooring line load including limiting fleet 
angles. 

This information is to be incorporated into the pilot card in order to provide the 

pilot proper information on harbour/ escorting operations. 


3.1.7 Supporting structures for other deck equipment or fittings which are 
subject to specific approval 


3.1.7.1 The following requirements relate to other items of deck equipment which are not 
covered by 3.1.2 to 3.1.6. The scantlings and arrangements of support structure for 
such items are to be in accordance with the following requirements and the 
additional requirements of the individual Classification Society. 


3.1.7.2 The support structure of items not mentioned in this sub-section will be 
independently considered by the individual Classification Society. 


3.1.7.3 The following details are to be submitted for approval. They may be indicated 
separately or may be included on the main structural drawings: 
(a) plans showing the supporting structure for deck equipment/ fittings 
(b) details of the loads imposed on the structure by the deck equipment/ fittings. 
3.1.7.4 The support structure is to be arranged in order to resist both in-plane and out-of- 
plane loads acting on the deck structure. 
3.1.7.5 Support for lifting appliances for personnel is to be provided as follows: 


(a) in general, lifesaving appliances (lifeboats, life-rafts and rescue boats) are to be 
stowed on a purpose built cradle, seat or deployment appliance. The design load 
imposed on the ship structure is to be established by the supplier of the 
lifesaving appliance 
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(b) the support structure is to be adequate for the design loads. Local stiffening and 
a local increase in plating thickness is to be provided. Deep supporting members 
may be required. Additional National and International Regulations are to be 
applied, where applicable 


(c) support structure for crew lifts is to be provided in way of the anchor points of 
lift operating equipment 

(d) support structure for boarding (accommodation) ladders is to be provided in 
way of the anchor points of accommodation ladders. 


3.1.7.6 Support for mast structures fitted with navigation aids is to be provided as follows: 


(a) adequate primary support members for the mast are to be arranged in the form 
of bulkheads, deep beams or girders. Such members are to be arranged below or 
close to the mast structure 


(b) in order to transmit the loads from the mast structure to the primary support 
members, under-deck stiffening members are to be arranged below the mast 
structure forming the attachment of the mast to the deck 


(c) the deck thickness may be required to be increased to provide an adequate 
thickness for the weld attachments. 


3.1.7.7 Supporting structure for breakwaters is to be designed to withstand the same 
design load as the breakwater itself. It is to be suitable for transmitting the loads 
from the breakwater into the primary supporting members of the ship. Efficient 
under-deck stiffening is to be provided in way of the breakwater structure that 
forms the deck connection. 


3.1.8 Support and attachment of miscellaneous deck fittings which are not 
subject to specific approval 


3.1.8.1 The following general requirements are to be considered in the design of the 
support and attachment of miscellaneous fittings which impose relatively small 
loads on the ship’s structure and are not subject to specific approval. The 
arrangements of such details do not require the approval of plans by the 
Classification Society. 


3.1.8.2 Support positions are to be arranged so that the attachment to the ship structure is 
clear of deck openings and stress concentrations, such as the toes of end brackets. 
Design of supports is to be such that the attachment to the deck minimises the 
creation of hard points. 


3.1.8.3 A cargo manifold support is a self-contained, fabricated assembly designed to 
support the main pipework used for loading and unloading the ship. The design of 
the cargo manifold support is to be such as to distribute the loads imposed on the 
pipework during loading and unloading into the ship structure. To achieve this, the 
connection of the cargo manifold support to the deck is normally to be arranged to 
align with stiffening members of the main hull structure. Where this is 
impracticable, additional stiffening is to be fitted in order to avoid the creation of 
hard points. Attention is to be paid to the detail design of the structure forming the 
deck attachment in order to minimise the effects of change of section. 


3.2 Docking 


3.2.1 Docking arrangements 


3.2.1.1 The drydocking arrangement itself is not covered explicitly in these Rules. 
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3.2.1.2 The structure of bottom girders is to be sufficiently stiffened to withstand the forces 
imposed by drydocking the ship. 

3.2.1.3 For ships of unusual form, or where the Owner of the vessel has specific 
requirements for docking strength, the builder may need to carry out additional 
calculations. Such calculations are outside of the scope of Classification, but may be 
reviewed upon request. 


3.2.2 Docking plan 


3.2.2.1 It is recommended that consideration be given to providing a docking plan for a 
vessel. The docking plan is to indicate any and all assumptions made during the 
design, including but not limited to, the arrangement of docking blocks, the 
maximum permissible loading during docking and the corresponding load at each 
block. 


3.2.2.2 The docking plan does not require approval by the Society as a condition of 
Classification. 
Guidance Note: 


1. It is recommended that bottom plugs are not fitted in way of the keel plate. 
3.3 Bilge Keels 


3.3.1 Construction and materials 


3.3.1.1 The bilge keel is to be of the same material tensile properties as the bilge strake to 
which it is attached. 


3.3.1.2 Bilge keels of a different design, from that shown in Figure 11.3.4, will be specially 
considered. 


3.3.1.3 A plan of all bilge keels is to be submitted for the approval of the material strength 
and grades, welded connections and detail design. 


3.3.1.4 The design of single web bilge keels is to ensure that failure to the web occurs 
before failure of the ground bar. In general, this may be achieved by ensuring the 
web thickness of the bilge keel does not exceed that of the ground bar. 


3.3.2 Ground bars 


3.3.2.1 Bilge keels, where fitted, are to be attached to the shell by a ground bar, or doubler, 
as shown in Figures 11.3.4 and 11.3.5. In general, the ground bar is to be continuous. 


3.3.2.2 The gross thickness of the ground bar is not to be less than the gross thickness of the 
bilge strake or 14mm, whichever is the lesser. 


3.3.2.3 The ground bar is to be of the same material strength as the bilge strake to which it 
is attached and constructed of the steel grade given in Section 6/1.2, Tables 6.1.2 and 
6.1.3 for bilge strakes. 


3.3.3 End details 


3.3.3.1 The ends of the bilge keel are to be suitably tapered and are to terminate on an 
internal stiffening member. Typical arrangements complying with the requirements 
of this subsection are shown in Figure 11.3.5. Alternative end arrangements will be 
accepted, provided that they are considered equivalent. 


3.3.3.2 The ground bar and bilge keel ends are to be tapered or rounded. Where the ends 
are tapered, the tapers are to be gradual with a minimum ratio of 3:1. See Figures 
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3.3.3.3 


3.3.3.4 


3.3.3.5 


11.3.5(a), 11.3.5(b), 11.3.5(d) and 11.3.5(e). Where the ends are rounded, details are to 
be as shown in Figure 11.3.5(c). Cut outs on the bilge keel web, within zone ‘A’, see 
Figures 11.3.5(b) and 11.3.5(e), are not permitted. 


The end of the bilge keel web is to be not less than 50mm and not greater than 
100mm from the end of the ground bar. See Figures 11.3.5(a) and 11.3.5(d). 


An internal transverse support member is to be positioned between the end of the 
bilge keel web and the halfway point between the end of the bilge keel web and the 
end of the ground bar. See Figures 11.3.5(a), 11.3.5(b) and 11.3.5(c). 


Where an internal longitudinal stiffener is fitted in line with the bilge keel web, the 
longitudinal stiffener is to extend to at least the nearest transverse member forward 
and aft of zone ‘A’. See Figures 11.3.5(b) and 11.3.5(e). In this case, the requirement in 
3.3.3.4 relating to the internal transverse support does not apply. 


3.3.4 Welding 


3.3.4.1 


3.3.4.2 


3.3.4.3 


The ground bar is to be connected to the shell with a continuous fillet weld, and the 
bilge keel to the ground bar with a light continuous fillet weld, in accordance with 
Table 11.3.1. 


Butt welds, in the bilge keel and ground bar, are to be well clear of each other and of 
butts in the shell plating. In general, shell butts are to be flush in way of the ground 
bar and ground bar butts are to be flush in way of the bilge keel. Direct connection 
between ground bar butt welds and shell plating, and between bilge keel butt welds 
and ground bar is to be avoided. 


Figure 11.3.4 
Bilge Keel Construction 


Shell plating EON 


As close as 
practicable 


Hole diameter 
>25 mm and > W 


Bilge keel 


In general, scallops and cut-outs are not to be used. Crack arresting holes are to be 
drilled in the bilge keel butt welds as close as practicable to the ground bar. The 
diameter of hole is to be greater than the width of the butt weld and is to be a 
minimum of 25mm in diameter, as illustrated in Figure 11.3.4. Where the butt weld 
has been subject to non-destructive examination, the crack arresting hole may be 
omitted. 
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3.3.4.4 


Welds at the end of the ground bar and shell plating, and at the end of the bilge keel 
web and ground bar connection, within Zone ‘P’, see Figures 11.3.5(a) and 11.3.5(d) 
are to have a throat thickness as given in Table 11.3.1 for “At ends”. The toes of these 
welds are to be ground to blend them smoothly with the base materials. 


Figure 11.3.5 (a) - (c) 
Bilge Keel End Design 


bilge keel web 


The width of flat ground bars is to be 
sufficiently small to facilitate good quality 
welding to the shell 


ground bar 


taper 3:1 (minimum) 


shell plating 


X 2r = ground bar width ~ i 
min. 50 mm 


Alternative end detail of ground bar 


Zone 'A' 


A 
aon Ree 


bilge keel web 


ground bar 


3H (minimum) 
I internal longitudinal stiffener shell plating 


(if fitted) 


internal transverse internal transverse 
member member 


max. 15 mm 


H bilge keel web 


ground bar 


f 
SENN Rc 


3H (minimum) 


shell plating 
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Figure 11.3.5 (d) - (e) 
Bilge Keel End Design 


Zone 'B' 
bilge keel web 


The width of flat ground bars is to be 
sufficiently small to facilitate good quality 
welding to the shell 


EEL IIIS ILOILO ELE CIIIS IIIS VIIVI III 


taper 3:1 (minimum) ground bar 


shell plating 
Il 

: ¢ 1 f 

ro 2r = ground bar width / I ( 
min. 50 mm Alternative end detail of ground bar 


max. 100 mm 


Zone 'A' 


----- 


max. 15 mm 


bilge keel web 


l 
l 
l 
I 
| 
| 
T 
l 
l 
l 
l 
| 
l 
i ground bar 
l 


internal longitudinal stiffener shell plating 
(if fitted) 


internal transverse internal transverse 


member member 
i ; 
| | 


Table 11.3.1 
Welding Requirements for End Connections of Bilge Keels 


Throat thickness, in mm 


Structural items being joined 
At ends Elsewhere 


Ground bar to shell 0.44 ters 0.34 ters 
Bilge keel web to ground bar 0.34 tors 0.21 tors 
Where: 

tors gross thickness of the item being attached, in mm 
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4 EQUIPMENT 
4.1 Equipment Number Calculation 


4.1.1 Requirements 


4.1.1.1 Anchors and chains are to be in accordance with Table 11.4.1 and the quantity, mass 
and sizes of these are to be determined by the equipment number (EN), given by: 


EN = A?/? +2Bhy, +0.1A 


Where: 

A moulded displacement, in tonnes, as defined in Section 4/1.1.7.1 

B moulded breadth, in m, as defined in Section 4/1.1.3.1 

hak hrg + hı + hz + h; +.. ., as Shown in Figure 11.4.1. In the 
calculation of h, sheer, camber and trim may be neglected 

hep freeboard from the summer load waterline amidships, in m 

h,, ho, height on the centreline of each tier of houses having a breadth 


h3...Mn greater than B/4, in m 


A profile area of the hull, superstructure and houses above the 
summer load waterline which are within the length L, in m2. 
Superstructures or deck houses having a breadth equal to or 
less than B/4 at any point may be excluded. With regard to 
determining A, when a screen or bulwark is more than 1.5m 
high, the area shown in Figure 11.4.2 as Az is to be included in A 


L rule length, as defined in Section 4/1.1.1.1 


Notes 


(a) Screens or bulwarks 1.5 m or more in height are to be regarded as 
parts of houses when determining h and A. 


(b) If a house having a breadth greater than B/4 is above a house with a 
breadth of B/4 or less then the wide house is to be included but the 
narrow house ignored. 


RCN 1 to July 2010 version (effective from 1 July 2012) 
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Figure 11.4.1 
Effective Heights of Deck Houses 


Np 


<—B/8 


Figure 11.4.2 
Profile Areas of Screens and Bulwarks 


4.2 Anchors and Mooring Equipment 


4.2.1 General 


4.2.1.1 The following anchoring equipment specification is intended for temporary 
mooring of a vessel within a harbour or sheltered area when the vessel is awaiting 
berth, tide, etc. 
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4.2.2 Limitations 


4.2.2.1 


4.2.2.2 


4.2.3 
4.2.3.1 


4.2.3.2 


4.2.4 
4.2.4.1 


4.2.5 
4.2.5.1 


4.2.5.2 


4.2.5.3 


4.2.5.4 


The equipment specified is not intended to be adequate to hold a ship off fully 
exposed coasts in rough weather or to stop a ship that is moving or drifting. In such 
a condition, the loads on the anchoring equipment increase to such a degree that its 
components may be damaged or lost. 


The anchoring equipment specified is intended to hold a ship in good holding 
ground in conditions such as to avoid dragging of the anchor. In poor holding 
ground, the ability of the anchors to hold the ship will be significantly reduced. 


Assumptions 


The Equipment Number (EN) formula for the required anchoring equipment is 
based on an assumed current speed of 2.5m/s, wind speed of 25m/s and a scope of 
chain cable between 6 and 10. The scope of chain cable is defined as the ratio 
between the length of chain paid out and the waters depth. 


Itis assumed that under normal circumstances a ship will use only one bow anchor 
and chain cable at a time. 


Documentation 


The following plans and particulars are to be submitted for approval: 
(a) equipment number calculations 


(b) list of equipment including type of anchor, grade of anchor chain, type and 
breaking load of steel and fibre ropes 

(c) anchor design, if different from standard or previously approved anchor types, 
including material specification 

(d) windlass design; including material specifications for cable lifters, shafts, 
couplings and brakes 

(e) chain stopper design and material specification 

(f) emergency towing, towing and mooring arrangement plans and applicable Safe 
Working Load data, and other information related to emergency towing and 
mooring arrangements that will be available onboard the ship for the guidance 
of the Master. 


Anchors 


Two bower anchors are to be connected to chain cable and stowed in position ready 
for use. 


A third anchor is recommended to be provided as a spare bower anchor and is 
listed for guidance only; it is not required as a condition of classification. 


Anchors are to be of an approved design. The design of anchor heads is to be such 
as to minimize stress concentrations. In particular, the radii, on all parts of cast 
anchor heads are to be as large as possible, especially where there is considerable 
change of section. 


The mass per anchor of bower anchors given in Table 11.4.1 is for anchors of equal 
mass. The mass of individual anchors may vary 7% above or below the tabulated 
value, provided that the combined mass of all anchors is not less than that required 
for anchors of equal mass. 
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4.2.6 
4.2.6.1 


4.2.7 
4.2.7.1 


4.2.7.2 


4.2.7.3 


4.2.7.4 


4.2.7.5 


4.2.7.6 


4.2.7.7 


4.2.7.8 


4.2.7.9 


4.2.8 
4.2.8.1 


4.2.8.2 


4.2.8.3 


Ordinary anchors 


Anchors are to be of the stockless type. The mass of the head of a stockless anchor, 
including pins and fittings, is not to be less than 60% of the total mass of the anchor. 


High holding power anchors 


Where agreed by the Owner, consideration will be given to the use of special types 
of anchors. Where these are of a proven increased holding ability, consideration 
may also be given to some reduction in the basic requirement of anchor mass, up to 
a maximum of 25 percent from the mass specified in Table 11.4.1. 


An anchor for which approval is sought as a high holding power (HHP) anchor is to 
be tested at sea to show that it has a holding power of twice that approved for a 
standard stockless anchor of the same mass. 


If approval is sought for a range of sizes then at least two are to be tested. The 
smaller of the two anchors is to have a mass not less than one-tenth of that of the 
larger anchor. The larger of the two anchors tested is to have a mass not less than 
one-tenth of that of the largest anchor for which approval is sought. 


Each test is to comprise a comparison between at least two anchors, one ordinary 
stockless bower anchor and one HHP anchor. The masses of the anchors are to be 
approximately equal. 


The tests are to be conducted on at least three different types of bottom, which may 
be soft mud or silt, sand or gravel, and hard clay or similarly compacted material. 


The tests are generally to be carried out by means of a tug. The pull is to be 
measured by a dynamometer or determined from recently verified data of the tug's 
bollard pull as a function of propeller rpm. 


The diameter of the chain cables connected to the anchors is to be as required for the 
relevant Equipment Number. During the test, the length of the chain cable on each 
anchor is to be sufficient to obtain an approximately horizontal pull on the anchor. 
Generally, a horizontal distance between anchor and tug equal to 10 times the water 
depth will be sufficient. 


High holding power anchors are to be of a design that will ensure that the anchors 
will take effective hold of the sea bed without undue delay and will remain stable, 
for holding forces up to those required by 4.2.7.2, irrespective of the angle or 
position at which they first settle on the sea bed when dropped from a normal type 
of hawse pipe. A demonstration of these abilities may be required. 


The design approval of high holding power anchors may be given as a general/type 
approval, and listed in a published document by the Society. 


Chain cables 


The total length of chain required to be carried onboard, as given in Table 11.4.1, is 
to be divided approximately equally between the two bower anchors. 


Where the Owner requires equipment for anchoring at depths greater than 82.5m, it 
is the Owner's responsibility to specify the appropriate total length of the chain 
cable required. In such a case, consideration can be given to dividing the chain cable 
into two unequal lengths. 


Chain cables which are intended to form part of the equipment are not to be used as 
check chains when the vessel is launched. 
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4.2.9 Chain lockers 


4.2.9.1 The chain locker is to have adequate capacity and be of a suitable form to provide 
for the proper stowage of the chain cable, allowing an easy direct lead for the cable 
into the chain pipes when the cable is fully stowed. Port and starboard cables are to 
have separate spaces. 


4.2.9.2 The chain locker boundaries and access openings are to be watertight. Provisions 
are to be made to minimize the probability of the chain locker being flooded in bad 
weather. Adequate drainage facilities for the chain locker are to be provided. 


4.2.9.3 Chain or spurling pipes are to be of suitable size and provided with chafing lips. 


4.2.9.4 Chain lockers fitted aft the collision bulkhead are to be watertight and the space is 
to be efficiently drained. 


4.2.10 Securing and emergency release of chain cable 


4.2.10.1 Provisions are to be made for securing the inboard ends of the chain to the structure. 
This attachment is to be able to withstand a force of not less than 15% or more than 
30% of the minimum breaking strength of the as fitted chain cable. The structure to 
which it is attached is to be adequate for this load. 


4.2.10.2 The fastening of the chain to the ship is to be arranged in such a way that in case of 
an emergency, when the anchor and chain have to be sacrificed, the chain can be 
readily released from an accessible position outside the chain locker. The proposed 
arrangement for slipping the chain cable must be made as watertight as possible. 


4.2.11 Chain stoppers 


4.2.11.1 Means are to be provided to secure each chain cable once it is paid out. This is 
normally achieved by means of chain stoppers. 


4.2.11.2 Securing arrangements of chain stoppers are to be capable of withstanding a load 
equal to 80% of the breaking load of the chain cable as required by 4.2.8, without 
undergoing permanent deformation. 


4.2.12 Tests 


4.2.12.1 All anchors and chain cables are to be tested at establishments and on machines 
recognised by the Society, under the supervision of Surveyors or other 
Representatives of the Society and in accordance with the relevant requirements for 
materials of the individual Classification Society. 


4.2.12.2 Test certificates showing particulars of weights of anchors, or size and weight of 
cable and of the test loads applied are to be available. These certificates are to be 
examined by the Surveyor when the anchors and cables are placed onboard the ship. 


4.2.12.3 Steel wire and fibre ropes are to be tested in accordance with the relevant 
requirements for materials of the individual Classification Society. 


4.2.13 Mooring lines and towlines 


4.2.13.1 Except as indicated in 4.3, mooring lines and towlines are not required as a 
condition of Classification. The hawsers and towlines listed in Table 11.4.2 are 
intended as a guide. Where the tabular breaking strength is greater than 490kN, the 
breaking strength and the number of individual hawsers given in the Table may be 
modified, provided that their product is not less than that of the breaking strength 
and the number of hawsers given in the Table. 
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4.2.14 Increased number or strength of mooring lines 


4.2.14.1 Ona ship regularly using exposed berths, it is recommended that the total strength 
of mooring lines is twice that indicated in 4.2.13.1. 


4.2.14.2 Attention is also drawn to the Oil Companies International Marine Forum 
document, Mooring Equipment Guidelines, for guidance on mooring of tankers at 
exposed locations. 


4.2.15 Alternative mooring arrangement 
4.2.15.1 For ease of handling, fibre ropes should not to be less than 20mm in diameter. 


4.2.15.2 All ropes having breaking strengths greater than 736kKN and used in normal 
mooring operations should be handled by, and stored on, suitably designed 
winches. Alternative methods of storing are to give due consideration to the 
difficulties experienced in manually handling ropes having breaking strengths in 
excess of 490KN. In such cases, the breaking strength and the number of individual 
hawsers given in Table 11.4.2 may be modified, but their product is not to be less 
than that of the breaking strength and the number of hawsers given in the Table. 
However, the number of mooring lines is not be less than six, and no line should 
have a breaking strength less than 490KN. 


4.2.16 Securing mooring lines 


4.2.16.1 Means should be provided to enable mooring lines to be adequately secured 
onboard ship. It is recommended that the total number of suitably placed bollards 
on either side of the ship and/or the total brake holding power of mooring winches 
is to be capable of holding not less than 1.5 times the sum of the maximum breaking 
strengths of the mooring lines. 


4.2.17 Bollards and bitts, fairleads, stand rollers and chocks 


4.2.17.1 The strength of shipboard fittings used for normal and/or emergency operations at 
bow, sides and stern are to comply with the requirements of 4.2.17.2 and 4.2.17.3. 
The requirements for the support structure of these shipboard fittings are specified 
in 3.1.6. 


4.2.17.2 Shipboard fittings are to be designed and constructed in accordance with 
recognized standards (e.g. 1503913 Shipbuilding Welded Steel Bollards). The design 
load used to assess shipboard fittings and their attachments to the hull are to be in 
accordance with 3.1.6. 


4.2.17.3 The following requirements on Safe Working Load (SWL) apply to shipboard 
fittings used for mooring and/or emergency towing: 


(a) the SWL is not to exceed 80% of the design load specified in 3.1.6.10(a) and 
3.1.6.10(c) or 100% of the design load specified in 3.1.6.10(b), as applicable 


(b) the SWL of each fitting is to be marked by weld bead or equivalent 


(c) the SWL with its intended use, i.e., mooring, towing or emergency towing 
operations or some combination thereof, for each fitting is to be indicated in the 
towing/emergency towing and mooring arrangement plans available onboard 
the ship for the guidance of the Master. The arrangement plans or information 
is to include information on each fitting detailing location on the ship, fitting 
type, Safe Working Load, purpose, method of applying load and limiting fleet 
angle, and it is to explicitly prohibit the use of mooring and/or towing lines 
outside of their intended function and/or different characteristics 
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(d) the requirements of this paragraph apply for a single post basis (no more than 
one turn of one cable). 


4.2.18 Mooring winches 


4.2.18.1 


Mooring winch design and capacity are not subject to approval by the Society as a 
condition of Classification. Mooring winch plans and information are to be 
submitted for approval of the supporting structure in way of the winch and for the 
connection of the mooring winch to its foundation and the connection of the 
foundation to the deck, as required by 3.1.3. 

Guidance Note: 

Mooring winches should be fitted with drum brakes, the strength of which is to be sufficient to 
prevent unreeling of the mooring line when the rope tension is equal to 80 percent of that for a rope 
with breaking strength equal to the greater of the maximum breaking strength of the rope specified on 
the mooring arrangement plan or that according to Table 11.4.2 for the ship’s corresponding 
equipment number, as fitted on the first layer on the winch drum. 


4.2.19 Windlass 


4.2.19.1 


4.2.19.2 
4.2.19.3 


A windlass of sufficient power and suitable for the size of chain is to be fitted to the 
ship in accordance with the requirements of the Classification Society. Where an 
Owner requires equipment significantly in excess of Rule requirements, it is the 
Owner's responsibility to specify increased windlass power. 


The windlass is to be capable of heaving in either cable. 
The design of the windlass is to be such that access to the chain pipe is adequate to 
permit the fitting of a cover or seal of sufficient strength over the sperling pipe. 


Special consideration will be given to the acceptance of equivalent arrangements 
that minimize the probability of the chain locker or forecastle being flooded in bad 
weather. 


4.2.20 Anchor windlass trial 


4.2.20.1 Each windlass is to be tested under working conditions after installation onboard to 
demonstrate satisfactory operation. Each unit is to be independently tested for the 
following: 
(a) braking 
(b) clutch functioning 
(c) lowering and hoisting of chain cable and anchor 
(d) proper riding of the chain over the chain lifter 
(e) proper transit of the chain through the hawse pipe and the chain pipe 
(f) effecting proper stowage of the chain and the anchor. 
4.2.20.2 During trials onboard ship, the windlass is to be shown to: 
(a) for all specified design anchorage depths, raise the anchor from a depth of 82.5m 
to a depth of 27.5m at a mean speed of 9m/min 
(b) for specified design anchorage depths greater than 82.5m, in addition to (a), 
raise the anchor from the specified design anchorage depth to a depth of 82.5m 
at a mean speed of 3m/min. 
Where the depth of the water in the trial area is inadequate, suitable equivalent 
simulating conditions will be considered as an alternative. 
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4.2.21 Stowage and deployment arrangements for anchors 


4.2.21.1 Arrangements are to be provided to ensure the simple deployment, recovery and 
stowage of anchors. Such arrangements generally consist of a hawse pipe and 
anchor housing which may be in the form of a fabricated anchor box or pocket. 


4.2.21.2 Where hawse pipes are not fitted, alternative arrangements will be specially 
considered. 


4.2.22 Dimensions and scantlings of hawse pipes and anchor pockets 


4,.2.22.1 Hawse pipes are to be of a suitable size and configuration to ensure adequate 
clearance and an easy lead of the chain cable from the chain stopper through the 
ship’s side. 


4.2.22.2 Hawse pipes are to be of sufficient strength. 


4.2.22.3 Anchor pockets are to be of substantial thickness and of a suitable size and form to 
house the anchors efficiently, preventing, as much as practicable, slackening of the 
cable or movements of the anchor, caused by wave action. 


4.2.22.4 Hawse pipes and anchor pockets are to have full-rounded flanges or rubbing bars in 
order to minimize the nip on the cables and to minimize the probability of cable 
links being subjected to high bending stresses. The radius of curvature is to be such 
that at least three links of chain will bear simultaneously on the rounded parts of the 
upper and lower ends of the hawse pipes in those areas where the chain cable is 
supported during paying out and hoisting and when the vessel is at anchor. 


4.2.23 Hull reinforcement 


4.2.23.1 Hawse pipes are to be securely attached to thick, doubling or insert plates, by 
continuous welds. 


4.2.23.2 Framing in way of hawse pipes or anchor pockets is to be reinforced as necessary to 
ensure a rigid fastening to the hull. 


4.2.23.3 On ships provided with a bulbous bow, where it is not possible to obtain a suitable 
clearance between shell plating and the anchors during anchor handling, local 
reinforcements of the bulbous bow are to be provided in the form of increased shell 
plate thickness. 


4.2.24 Testing 


4.2.24.1 The anchors are to be shipped and unshipped so that the Surveyor is satisfied that 
there is no risk of the anchor jamming in the hawse pipe. 


4.2.24.2 During the windlass trials at sea, the Surveyor is to be satisfied that upon release of 
the brake, the anchor immediately starts falling by its own weight. 


4.2.24.3 When in position, hawse pipes and anchor pockets are to be thoroughly tested for 
watertightness by means of a hose in which the water pressure is in accordance with 
the requirements given in Sub-section 5. 
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Table 11.4.1 
Equipment - Bower Anchors and Chain Cables 
Stockless bower Chain cable stud link bower chain diameter 
anchors 
Equipment Number Mass Length, | Normal Higher Extra 
Number of per inm strength | strength higher 
anchors | anchor, steel steel strength 
greater less than in kg (Grade 1), | (Grade 2), steel 
than or ; . 
in mm in mm (Grade 3), 
equal to ncn 
150 175 2 480 275 22 19 
175 205 2 570 302.5 24 20.5 
205 240 2 660 302.5 26 22 20.5 
240 280 2 780 330 28 24 22 
280 320 2 900 357.5 30 26 24 
320 360 2 1020 357.5 32 28 24 
360 400 2 1140 385 34 30 26 
400 450 2 1290 385 36 32 28 
450 500 2 1440 412.5 38 34 30 
500 550 2 1590 412.5 40 34 30 
550 600 2 1740 440 42 36 32 
600 660 2 1920 440 44 38 34 
660 720 2 2100 440 46 40 36 
720 780 2 2280 467.5 48 42 36 
780 840 2 2460 467.5 50 44 38 
840 910 2 2640 467.5 52 46 40 
910 980 2 2850 495 54 48 42 
980 1060 2 3060 495 56 50 44 
1060 1140 2 3300 495 58 50 46 
1140 1220 2 3540 522.5 60 52 46 
1220 1300 2 3780 522.5 62 54 48 
1300 1390 2 4050 522.5 64 56 50 
1390 1480 2 4320 550 66 58 50 
1480 1570 2 4590 550 68 60 52 
1570 1670 2 4890 550 70 62 54 
1670 1790 2 5250 577.5 73 64 56 
1790 1930 2 5610 577.5 76 66 58 
1930 2080 2 6000 577.5 78 68 60 
2080 2230 2 6450 605 81 70 62 
2230 2380 2 6900 605 84 73 64 
2380 2530 2 7350 605 87 76 66 
2530 2700 2 7800 632.5 90 78 68 
2700 2870 2 8300 632.5 92 81 70 
2870 3040 2 8700 632.5 95 84 73 
3040 3210 2 9300 660 97 84 76 
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Table 11.4.1 (Continued) 
Equipment - Bower Anchors and Chain Cables 
Stockless bower Chain cable stud link bower chain diameter 
anchors 
Equipment Number Mass Length, | Normal Higher Extra 
Number of per in m strength | strength higher 
anchors | anchor, steel steel strength 
greater less than in kg (Grade 1), | (Grade 2), steel 
than or . : 
in mm in mm (Grade 3), 
equal to nma 
3210 3400 2 9900 660 100 87 78 
3400 3600 2 10500 660 102 90 78 
3600 3800 2 11100 687.5 105 92 81 
3800 4000 2 11700 687.5 107 95 84 
4000 4200 2 12300 687.5 111 97 87 
4200 4400 2 12900 715 114 100 87 
4400 4600 2 13500 715 117 102 90 
4600 4800 2 14100 715 120 105 92 
4800 5000 2 14700 742.5 122 107 95 
5000 5200 2 15400 742.5 124 111 97 
5200 5500 2 16100 742.5 127 111 97 
5500 5800 2 16900 742.5 130 114 100 
5800 6100 2 17800 742.5 132 117 102 
6100 6500 2 18800 742.5 * 120 107 
6500 6900 2 20000 770 £ 124 111 
6900 7400 2 21500 770 a 127 114 
7400 7900 2 23000 770 $ 132 117 
7900 8400 2 24500 770 ig 137 122 
8400 8900 2 26000 770 it 142 127 
8900 9400 2 27500 770 i 147 132 
9400 10000 2 29000 770 £ 152 132 
10000 10700 2 31000 770 $ * 137 
10700 11500 2 33000 770 s $ 142 
11500 12400 2 35500 770 $ * 147 
12400 13400 2 38500 770 i $ 152 
13400 14600 2 42000 770 * * 157 
14600 16000 2 46000 770 is 162 
Note 
1. Spare anchors are not included in the number of required anchors. 
2. ‘* chain grade not to be used at this diameter. 
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Table 11.4.2 
Equipment - Towline and Hawsers 
Equipment Towline wire or rope Hawsers 
Number Length, Breaking | Number Length Breaking 
greater than less than inm strength, in of each, strength, 
or equal to kN inm in kN 
150 175 180 98.0 3 120 54.0 
175 205 180 112.0 3 120 59.0 
205 240 180 129.0 4 120 64.0 
240 280 180 150.0 4 120 69.0 
280 320 180 174.0 4 140 74.0 
320 360 180 207.0 4 140 78.0 
360 400 180 224.0 4 140 88.0 
400 450 180 250.0 4 140 98.0 
450 500 180 277.0 4 140 108.0 
500 550 190 306.0 4 160 123.0 
550 600 190 338.0 4 160 132.0 
600 660 190 371.0 4 160 147.0 
660 720 190 406.0 4 160 157.0 
720 780 190 441.0 4 170 172.0 
780 840 190 480.0 4 170 186.0 
840 910 190 518.0 4 170 201.0 
910 980 190 559.0 4 170 216.0 
980 1060 200 603.0 4 180 230.0 
1060 1140 200 647.0 4 180 250.0 
1140 1220 200 691.0 4 180 270.0 
1220 1300 200 738.0 4 180 284.0 
1300 1390 200 786.0 4 180 309.0 
1390 1480 200 836.0 4 180 324.0 
1480 1570 220 888.0 5 190 324.0 
1570 1670 220 941.0 5 190 333.0 
1670 1790 220 1024.0 5 190 353.0 
1790 1930 220 1109.0 5 190 378.0 
1930 2080 220 1168.0 5 190 402.0 
2080 2230 240 1259.0 5 200 422.0 
2230 2380 240 1356.0 5 200 451.0 
2380 2530 240 1453.0 5 200 480.0 
2530 2700 260 1471.0 6 200 480.0 
2700 2870 260 1471.0 6 200 490.0 
2870 3040 260 1471.0 6 200 500.0 
3040 3210 280 1471.0 6 200 520.0 
3210 3400 280 1471.0 6 200 554.0 
3400 3600 280 1471.0 6 200 588.0 
3600 3800 300 1471.0 6 200 618.0 
3800 4000 300 1471.0 6 200 647.0 
4000 4200 300 1471.0 7 200 647.0 
4200 4400 300 1471.0 7 200 657.0 
4400 4600 300 1471.0 7 200 667.0 
4600 4800 300 1471.0 7 200 677.0 
4800 5000 300 1471.0 7 200 686.0 
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Table 11.4.2 (Continued) 
Equipment - Towline and Hawsers 
Towline wire or rope Hawsers 
Equipment Length, Breaking Number Length Breaking 
Number inm strength, in of each, Strength, 
greater than less than kN inm in kN 
or equal to 
5000 5200 300 1471.0 8 200 686.0 
5200 5500 300 1471.0 8 200 696.0 
5500 5800 300 1471.0 8 200 706.0 
5800 6100 300 1471.0 8 200 706.0 
6100 6500 300 1471.0 9 200 716.0 
6500 6900 300 1471.0 9 200 726.0 
6900 7400 300 1471.0 10 200 726.0 
7400 7900 300 1471.0 11 200 726.0 
7900 8400 300 1471.0 11 200 735.0 
8400 8900 300 1471.0 12 200 735.0 
8900 9400 300 1471.0 13 200 735.0 
9400 10000 300 1471.0 14 200 735.0 
10000 10700 - - 15 200 735.0 
10700 11500 - - 16 200 735.0 
11500 12400 - - 17 200 735.0 
12400 13400 - - 18 200 735.0 
13400 14600 - - 19 200 735.0 
14600 16000 - - 21 200 735.0 


4.3 Emergency Towing 


4.3.1 General requirements 


4.3.1.1 Emergency towing arrangements are to be fitted at both the bow and stern of every 
tanker with a deadweight of 20000 tonnes or more, as required by the International 
Convention for the Safety of Life at Sea, 1974, as amended (Regulation II-1/3-4). 


4.3.1.2 The design and construction of the towing arrangements is to be approved by the 
applicable Flag Administration, based on IMO MSC.35(63), Guidelines for Emergency 
Towing Arrangements on Tankers. See also 3.1.5 for requirements relating to the 
support structure of emergency towing equipment. 
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5 ‘TESTING PROCEDURES 


5.1 Tank Testing 


5.1.1 Application 


5.1.1.1 


The following tanks and boundaries are to be tested in accordance with the 
requirements given in 5.1.3 to 5.1.9, as follows: 


(a) gravity tanks, excluding independent tanks of less than 5m3 in capacity, for their 
structural adequacy and tightness 


(b) watertight boundaries, other than tank boundaries, for watertightness 
(c) weathertight boundaries for weathertightness. 


5.1.2 Definitions 


5.1.2.1 


5.1.2.2 
5.1.2.3 


5.1.2.4 


5.1.2.5 


5.1.2.6 


Deb 


5.1.2.8 


5.1.2.9 


Watertight means capable of preventing the passage of water through the structure 
under a head of water for which the surrounding structure is designed. 


Weathertight means that in any sea conditions water will not penetrate into the ship. 


Structural Testing is a hydrostatic test carried out in order to demonstrate structural 
adequacy of the design. Where severe practical limitations prevail and hydrostatic 
testing is not feasible, hydropneumatic testing may be carried out instead. 


Leak Testing is an air or other medium test, carried out in order to demonstrate the 
tightness of the structure. 


Hose Testing is carried out by a jet of water in order to demonstrate the tightness of 
the structure items which are not subjected to hydrostatic or leak testing, and to 
other components which contribute to the watertight or weathertight integrity of 
the hull. 


Hydropneumatic Testing is a combination of hydrostatic and air testing, undertaken 
by filling the tank with water and applying an additional air pressure. It is carried 
out in order to demonstrate the tightness of the tanks and the structural adequacy of 
the design as an alternative to a hydrostatic test. 


Hydrostatic Testing is a test to verify the structural adequacy of the design and the 
tightness of the tank’s structure by means of water pressure, produced by filling 
water to the level given in Table 11.5.1. Hydrostatic testing is the normal means for 
structural testing, with exception, where severe practical limitations prevent it or 
where air testing is permitted. 


Shop Primer is a thin coating applied after surface preparation and prior to 
fabrication as a protection against corrosion during fabrication. 


Protective Coating is the coating system applied to protect the structure from 
corrosion. This excludes the shop primer. 


5.1.3 Test procedures 


5.1.3.1 


Tests are to be carried out in the presence of, and to the satisfaction of the Surveyor. 
The construction is to be at a stage sufficiently close to completion, after all 
attachments, outfittings or penetrations, which may affect the strength or tightness 
of the structure, have been completed, such that the strength and tightness are not 
subsequently impaired, and before any ceiling and cement work is applied over 
joints. 
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5.1.3.2 
5.1.3.3 


5.1.4 
5.1.4.1 


5.1.4.2 


5.1.4.3 


5.1.4.4 


5.1.4.5 


5.1.4.6 


5.1.5 
5.1.5.1 


5.1.5.2 


5.1.5.3 


5.1.5.4 


5.1.6 
5.1.6.1 


Specific test requirements are given in Table 11.5.1. 


For the timing of the application of coating in relation to testing, see 5.1.8. 


Structural testing 


Where structural testing is specified by Table 11.5.1, hydrostatic testing will be 
acceptable, except where practical limitations prevent it or where leak testing is 
permitted by Note 1 to Table 11.5.1. Hydropneumatic testing may be approved in 
lieu of hydrostatic testing. 


Hydrostatic testing is to consist of a head of water to the level specified in Table 
11.5.1. 


Hydropneumatic testing, where approved, is to simulate the actual loading as far as 
practicable in relation to the combined water level and air pressure. The 
requirements and recommendations in 5.1.5 relative to air pressure will also apply. 


Structural testing may be carried out afloat where testing using water is undesirable 
in dry dock or on the building berth. When structural testing is carried out afloat it 
is to be performed by filling each tank and cofferdam separately to the test head 
given in Table 11.5.1. 


With about half the number of tanks full, the bottom and lower side shell in the 
empty tanks is to be examined and the remainder of the lower side shell is to be 
examined when the water has been transferred to the remaining tanks. 


Tank boundaries are to be tested from at least from one side. Tanks to be tested for 
structural adequacy (see Note 1 to Table 11.5.1) are to be selected so that all 
representative structural members are tested for the expected tension and 
compression. 


Leak testing 


All boundary welds, erection joints, and penetrations including pipe connections, 
except welds made by automatic processes are to be examined in accordance with 
the approved procedure and under a pressure of at least 0.15bar with a leak 
indicating solution (e.g. soapy water solution). Pressures greater than 0.20bar are 
not recommended. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


It is recommended that the air pressure in the tank be raised to and maintained at 
0.20bar for approximately one hour, with a minimum number of personnel around 
the tank, before being lowered to the test pressure. 


A U-tube filled with water up to a height corresponding to the required test 
pressure is to be fitted for verification and to avoid over pressure. The cross 
sectional area of the U-tube is to be not less than that of the pipe supplying the air. 
In addition to the U-tube, a master gauge or other approved means is to be 
provided to verify the pressure. 


Other effective methods of leak testing, including compressed air fillet weld testing 
or vacuum testing may be considered upon submission of full particulars. 
Hose testing 


Hose testing is applied to structures not subjected to structural or air testing but that 
are required to be watertight or weathertight as specified in Table 11.5.1. 


JULY 2012 SECTION 11.5/ PAGE 2 


SECTION 11 - GENERAL REQUIREMENTS COMMON STRUCTURAL RULES FOR OIL TANKERS 


5.1.6.2 


5.1.6.3 


5.1.7 
5.1.7.1 


5.1.8 
5.1.8.1 


5.1.8.2 


5.1.8.3 


5.1.8.4 


5.1.9 
5.1.9.1 


5.1.9.2 


Hose testing is to be carried out with a pressure in the hose of at least 2.0 bar for the 
duration of the test. The nozzle is to have minimum inside diameter of 12mm and is 
to be directed at the joint being tested from a distance not exceeding 1.5m. 


Leak testing or structural testing may be accepted in lieu of hose testing. 


Other methods of testing 


Other methods of testing may be considered upon submission of the full particulars. 


Application of coating - protective coating 


Final coating may be applied prior to the hydrostatic testing provided that leak 
testing is carried out before the application of the final coating. 


The cause of any discolouration or disturbance of the coating is to be ascertained, 
and any deficiencies repaired. 


For all manual or semi-automatic erection welds, and all fillet weld tank boundary 
connections, including penetrations, final coating is to be applied after leak testing 
has taken place. For other welds, the final coating may be applied prior to leak 
testing, provided the Surveyor, after careful examination prior to the application of 
coating, is satisfied with the weld. The Surveyor may require leak testing to be 
carried out prior to final coating of automatic erection welds and manual or 
automatic pre-erection welds, taking account of the quality control procedure of the 
shipyard. 


Final coating is to be applied after all required hose testing is completed. 


Temporary coating 


Temporary coatings which may conceal defects or leaks are to be applied as 
specified for protective coating, see 5.1.8. This requirement does not apply to shop 
primer applied before fabrication. 


Silicate based shop primer may be applied to welds before leak testing. The layer of 
the primer is to be applied with a maximum thickness of 50 microns. Other primers 
of uncertain chemical composition are to be applied with a maximum thickness of 
30 microns. 
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Table 11.5.1 
Testing Requirements for Tanks and Boundaries 


Structures to be Type of Hydrostatic testing head or Remarks 
tested testing pressure 


Double Bottom Tanks | Structural@) The greater of Tank boundaries 
- to the top of overflow, or tested from at least 
- tothe bulkhead deck one side 
Double Side Tanks Structural) The greater of Tank boundaries 
- to the top of overflow, or tested from at least 
- to 2.4m above top of tank?) one side 
Cargo Tanks Structural The greatest of Tank boundaries 
- to the top of overflow, tested from at least 
- to 2.4m above top of tank, one side 
or 
Fuel Oil Bunkers Structural® - to the top of tank® plus setting 
of any pressure relief valve 
Cofferdams Structural) The greater of 


- to the top of overflow, or 
- to 2.4m above top of 


cofferdam 
5a | Peak Tanks Structural The greater of Aft peak tank test to 
- to the top of overflow, or be carried out after 
- to 2.4m above top of tank@) installation of stern 
tube. 
5b | Fore Peak not used as | Refer to 
SOLAS II.1 
Reg.14 
5c | Aft Peak not used asa | Leak 
tank ——$————_ es 
Watertight Bulkheads | Hose) Including steps and 
in way of dry space recesses 
Watertight Doors Hose For testing before 
below freeboard or installation®) 
bulkhead deck 
(void) eee 
Watertight hatch Structural The greater of: At least every second 
covers of tanks on testing - to 2.4m above the top of hatch cover is to be 
combination carriers hatch cover, or tested 
- setting pressure of the pressure 
relief valve 
10 | Weathertight Hatch Hose() 
Covers, Doors and 
other Closing 
Appliances 
11 | Shell plating in way of | Visual To be carefully 
pump room examination examined with the 


vessel afloat 


RCN 2 to July 2008 version (effective from 1 July 2010) 
RCN 1 to July 2010 version (effective from 1 July 2012) 
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Table 11.5.1 (Continued) 
Testing Requirements for Tanks and Boundaries 


Structures to be Type of Remarks 
tested testing pressure 
Chain Locker (aft Structural 
Collision Bulkhead) spurling pipe 
Independent Tanks Structural The greater of 
- to the top of overflow, or 


- to 0.9 m above top of tank 
Ballast Ducts Structural Ballast pump maximum 
pressure or setting of any relief 
valve for the ballast duct if that 


is less 


Hawse Pipes Hose 


Leak or hydropneumatic testing may be accepted under the conditions specified in 5.1.5, 
provided that at least one tank for each type is structurally tested, and selected in 
connection with the approval of the design. In general, the structural testing need not be 
repeated for subsequent vessels of a series of identical new buildings unless the Surveyor 
deems the repetition necessary. The structural testing of cargo space boundaries and tanks 
for segregated cargoes or pollutants on subsequent vessels of a series of identical new 
buildings are to be in accordance with the requirements of the individual Classification 
Society. 

Top of tank is defined as the deck forming the top of the tank excluding hatchways. 

Leak testing in accordance with 5.1.5 may be accepted, except that hydropneumatic testing 
may be required in consideration of the construction techniques and welding procedures 
employed. 

Where hose testing is impractical due to the stage of outfitting (machinery, cables, 
switchboard, insulation etc.), it may be replaced at the individual Society’s discretion, by a 
careful visual examination of all the crossings and welded joints. A dye penetrant test, leak 
test or ultrasonic leak test may be required. 

Before installation (i.e. normally at manufacture) the watertight access doors or hatches are 
to be hydrostatically tested with a head of water equivalent to the bulkhead deck at centre, 
from the side which is most prone to leakage. The acceptance criteria are as follows: 


e no leakage for doors or hatches with gaskets 


e a maximum water leakage of one litre per minute for doors or hatches with metallic 
sealing. 


If leak or hydropneumatic testing is carried out, arrangements are to be made to ensure that 
no pressure in excess of 0.30 bar is applied. 
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1 ALLOWABLE THICKNESS DIMINUTION FOR HULL STRUCTURE 
1.1 General 


1.1.1 Applicability 


1.1.1.1 The purpose of this Section is to provide criteria for the allowable thickness 
diminution of the ships’ hull structure. 


1.1.1.2 The criteria apply only to ships in operation that are designed and built in 
accordance with these Rules. 


1.1.1.3 Thickness measurements are to be used to assess the ships’ structure against the 
specified renewal criteria. 


1.1.2 Wastage allowance concept 


1.1.2.1 Wastage allowance is comprised of two aspects; local wastage allowance and 
overall hull girder wastage allowance. Local wastage allowance is defined in 1.4 and 
the overall hull girder wastage allowance is defined in 1.5. 


1.1.2.2 Assessment against both local and overall hull girder wastage criteria is required 
during the operational life of the vessel. 


1.1.2.3 Steel renewal is required if either the local or overall hull girder wastage allowance 
is exceeded. 


1.1.2.4 The newbuilding requirements within these Rules incorporate corrosion additions, 
see Section 6/3, and consider all relevant loads and failure modes (e.g. yielding, 
buckling, and fatigue). No further assessment of the scantlings against the 
requirements within these Rules is required during the operational life of the ship 
provided that the thickness of any structural member remains greater than the 
renewal thickness specified herein. 


1.1.3 Requirements for documentation 


1.1.3.1 The plans to be supplied onboard the ship, see Section 3/2.2.3, are to include both the 
as-built and renewal thickness as defined in 1.4.2. Any owner's extra thickness is 
also to be clearly indicated on the drawings. 


1.1.3.2 The “as-built” Midship Section plan provided by the builder and carried on board 
the ship is to include a table showing the minimum allowable hull girder sectional 
properties, as defined in 1.5, for the mid-tank transverse section in all cargo tanks. 


1.2 Assessment of Thickness Measurements 


1.2.1 General 


1.2.1.1 The minimum survey requirements for the maintenance of class of double hull oil 
tankers are defined in IACS Unified Requirement Z10.4. 


1.2.1.2 Thickness measurements are to be conducted in accordance with the requirements 
of the individual Classification Society and IACS Unified Requirement Z10.4. 
1.2.2 Assessment of local wastage 


1.2.2.1 Thickness measurements are to be taken to confirm that the measured thickness is 
not less than the renewal thickness for general corrosion and local pitting/edge 
corrosion as defined in 1.4.2 and 1.6 respectively. See also 1.3. 
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1.2.2.2 


1.2.2.3 


When a survey identifies that steel renewal is required or structural defects are 
present which, in the opinion of the Surveyor, will impair the ships’ fitness for 
continued service, remedial measures are to be implemented before the ship 
continues in service. 


Re-examination and additional thickness measurements at Annual and 
Intermediate Surveys are required where the measured thickness, tn, is less than the 
allowable thickness at annual survey, tannua, defined as: 


annual T Éas-buit T bown T Éwas MM 

Where: 

tas-.built as built thickness, in mm 

twas wastage allowance, as defined in 1.4.2.2 

town owner/builder specified additional wastage allowance, if 


applicable, in mm 


1.2.2.4 Where re-examination and additional thickness measurements are required by 


1.2.2.3 then additional measurements are to be carried out in accordance with Table 
12.1.1 to determine the full extent of the corrosion pattern. 


Table 12.1.1 
Additional Thickness Measurement in way of Structure Identified with tin < tannuai 
Structural Extent of measurement Pattern of measurement 
member 
Plating Suspect areas and adjacent plates 5 point pattern over 1m? 
Stiffeners Suspect areas 3 measurements in line across web 
3 measurements in line across flange 


1.2.2.5 


At each Special Survey, thickness measurements are to be taken in way of critical 
areas, as considered necessary by the Surveyor. Critical areas are to include 
locations throughout the ship with corrosion levels that are likely to contravene 
1.2.2.3 and/or are considered prone to rapid wastage. 


1.2.3 Assessment of overall hull girder wastage 


1.2.3.1 


The hull girder sectional properties of the ship are to be calculated for the cross- 
sections as specified in IACS Unified Requirement Z10.4, based on the thicknesses 
given by the thickness measurements, to confirm that the resulting hull girder 
sectional properties are not less than the minimum allowable defined in 1.5.2. The 
actual sectional properties calculated based on measured thicknesses and in 
accordance with IACS Unified Requirement Z10.4, are to be submitted to the 
Classification Society. 


1.3 Categories of Corrosion 


1.3.1 General corrosion 


1.3.1.1 General corrosion is defined as areas where general uniform reduction of material 
thickness is found over an extensive area. 

1.3.1.2 Renewal criteria for general corrosion are given in 1.4. 
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1.3.2 Pitting corrosion 


13.2.1 


1.3.2.2 
1.3.2.3 


Pitting corrosion is defined as scattered corrosion spots/areas with local material 
reductions which are greater than the general corrosion in the surrounding area. 


The pitting intensity is defined in Figure 12.1.1. 


Renewal criteria for pitting corrosion are given in 1.6.2. 


1.3.3 Edge corrosion 


1.3.3.1 


1.3.3.2 


Edge corrosion is defined as local corrosion at the free edges of plates, stiffeners, 
primary support members and around openings. An example of edge corrosion is 
shown in Figure 12.1.2. 


Renewal criteria for edge corrosion are given in 1.6.3. 


1.3.4 Groove corrosion 


1.3.4.1 Groove corrosion is typically local material loss adjacent to weld joints along 
abutting stiffeners and at stiffener or plate butts or seams. An example of groove 
corrosion is shown in Figure 12.1.3. 
1.3.4.2 Renewal criteria for groove corrosion are given in 1.6.4. 
Figure 12.1.1 
Pitting Intensity Diagrams 
5% Scattered ‘ae Mee oe a ae 
10% Scattered 
20% Scattered 
30% Scattered 4 
S374 
a er 
50% Scattered 
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Figure 12.1.2 
Edge Corrosion 
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Figure 12.1.3 
Groove Corrosion 
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1.4 Renewal Criteria of Local Structure for General Corrosion 


1.4.1 Application 


1.4.1.1 


The renewal criteria in 1.4.2 generally apply to areas of structural members with 
general corrosion. 


1.4.2 Renewal criteria 


1.4.2.1 Steel renewal is required if the measured thickness, fim, is less than the renewal 
thickness, tren, defined as: 
lren z Í as-built i Eas T lin =F iras mm 
Where: 
tas-.buitt as built thickness, in mm 
twas wastage allowance, as defined in 1.4.2.2 
town owner/ builder specified additional wastage allowance, if 
applicable, in mm 
tcorr-2.5 0.5mm, wastage allowance in reserve for corrosion occurring 
in the two and a half years between Intermediate and Special 
surveys 
1.4.2.2 The wastage allowance, twas, is given by: 
tas =bwast thas. mm and rounded up to the nearest 0.5mm 
Where: 
twas total wastage allowance of the considered structural member, 
in mm 
twas-1 wastage allowance for side one of the structural member 
considering the contents of the compartment to which it is 
exposed, in mm, as given Table 12.1.2 
troas-2 wastage allowance for side two of the structural member 
considering the contents of the compartment to which it is 
exposed, in mm, as given Table 12.1.2 
1.4.2.3 Inno case is the wastage allowance, twas, to be less than 1.5mm, except in way 
of internals of dry spaces and pump room where 1.0mm is applicable. 
1.4.2.4 Wastage allowances for compartments not listed in Table 12.1.2 will be 
subject to special consideration. 
1.4.2.5 Areas which need to be renewed based on the renewal criteria in 1.4.2.1 are, in 
general, to be repaired with inserted material which is to have the same or greater 
grade/ strength as the original and to have a thickness, trepair, not less than: 
bs spate = Í as-built = lin mm 
Where: 
tas-built as built thickness, in mm 
town owner/ builder specified additional wastage allowance, if 
applicable, in mm 
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Table 12.1.2 
Local Wastage Allowance for One Side of Structural Elements 
Ship in Operation 
Compartment Type Structural Member Component Wastage 
Allowance, twas-1 OF twas-2 
(mm) 
Face plate of ages ee 2.0 
PSM op of tank @) 
Ballast water tank and chain Elsewhere 1.5 
locker Within 3m below 17 
Other members(3) | top of tank ( : 
Elsewhere 1.2 
Face plate of Hea ey po 1.7 
PSM op of tank 
Elsewhere 1.4 
Cargo oil tank Inner-bottom plating/bottom of tank 2.1 
Within 3m below 17 
Other members | top of tank © l 
Elsewhere 1.0 
Weather deck plating 1.7 
Exposed to atmosphere Other members 10 
Exposed to sea water Shell plating ®) 1.0 
Fuel and lube oil Top of tank and attached internal 10 
tank ® stiffeners 
Elsewhere 0.7 
Top of tank and attached internal 10 
Fresh water tank stiffeners ` 
Elsewhere 0.7 
Spaces not normally accessed, e.g. access 
Void spaces only via bolted manhole openings, pipe 0.7 
tunnels, etc. 
Internals of deckhouses, machinery 
Dry spaces spaces, pump room, store rooms, 0.5 
steering gear space, etc. 
Notes 
1. Only applicable to cargo and ballast tanks with weather deck as the tank top. 
2. 0.5mm to be added for side plating in the quay contact region as defined in Section 8/Figure 8.2.2. 
3. 0.5mm to be added to the plate surface exposed to ballast for plate boundary between water ballast 
and heated cargo oil tanks. 0.3mm to be added to each surfaces of the web and face plate of a stiffener 
in a ballast tank and attached to the boundary between water ballast and heated cargo oil tanks. 
Heated cargo oil tanks are defined as tank arranged with any form of heating capability (most 
common type is heating coils). 
4. 0.7mm to be added for plate boundary between water ballast and heated fuel oil tanks 


(RCN 1, effective from 1 April 2007) 


1.5 Renewal Criteria of Hull Girder Sectional Properties for General Corrosion 


1.5.1 General 


1.5.1.1 


The following actual hull girder sectional properties are required to be verified, see 
1.5.2-3: 

(a) vertical hull girder moment of inertia, about the horizontal axis, Iv 

(b) hull girder section modulus about the horizontal axis - at deck-at-side, Zv- ak 
(c) hull girder section modulus about the horizontal axis - at keel, Zv- xı 

(d) hull girder section modulus about the vertical axis - at side, Zn- side 

( 


e) hull girder vertical shear area, Av- shr 
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1.5.2 Renewal criteria 


1.5.2.1 Steel renewal is required if the actual hull girder sectional properties, Ip-tm, Zv-tm-dk 
Zv-tm-kl, Zh-tm-side, Av-tm-shr, Calculated using the actual thickness measurements are less 
than the minimum allowable hull girder sectional properties defined in accordance 
with 1.5.3. 


1.5.2.2 The actual hull girder sectional properties listed in 1.5.2.1 are to be calculated in 
accordance with Section 4/2.6, using the measured thicknesses. 


1.5.2.3 If steel renewal is required due to reduced hull girder sectional properties this is to 
be done by replacing local corroded structural elements. Any combination of 
structural elements may be replaced provided that the resulting hull girder 
sectional properties satisfy 1.5.2.1. Local structural elements being renewed are to be 
replaced in accordance with the requirements of 1.4.2.3. 


1.5.3 Calculation of the minimum allowable hull girder sectional properties 


1.5.3.1 The minimum allowable hull girder sectional properties listed in 1.5.1.1 are to be 
calculated in accordance with Section 4/2.6, using the thicknesses defined in 1.5.3.2. 


1.5.3.2 The minimum allowable hull girder sectional properties in the corroded condition 
are calculated using the same corrosion thickness reductions that are used during 
the newbuilding stage, thus linking the newbuilding and ship in operation criteria. 
Therefore the calculation of the minimum allowable hull girder sectional properties 
is to be based on a member thickness, t, given by: 


t=t —0.5t -t mm 


as—built corr own 
Where: 
tas-built as built thickness, in mm 
teorr corrosion addition, as defined in Section 6/3.2 
town owner/builder specified additional wastage allowance, if 


applicable, in mm 


1.6 Allowable Material Diminution for Pitting, Grooving and Edge Corrosion 


1.6.1 General 

1.6.1.1 Steel renewal for pitting, grooving and edge corrosion is required if the measured 
thickness is less than the criteria defined in 1.6.2, 1.6.3 and 1.6.4 respectively. 

1.6.2 Pitting 


1.6.2.1 For plates with pitting intensity less than 20%, see Figure 12.1.1, the measured 
thickness, tin, of any individual measurement is to meet the lesser of the following 
criteria: 


Eim z 0.7 (t cits F Pioi ) mm 


tim 2 tren -1 mm 


Where: 

tas-built as built thickness of the member, in mm 

town owner/builder specified additional wastage allowance, if 
applicable, in mm 

tren renewal criteria for general corrosion as defined in 1.4.2.1 
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1.6.2.2 The average thickness across any cross section in the plating is not to be less than 
the renewal criteria for general corrosion given in 1.4.2.1. 


1.6.3 Edge corrosion 


1.6.3.1 Provided that the overall corroded height of the edge corrosion of the flange, or web 
in the case of flat bar stiffeners, is less than 25%, see Figure 12.1.2, of the stiffener 
flange breadth or web height, as applicable, the measured thickness, tim, is to meet 
the lesser of the following criteria: 
bam 2 0.7 (t Ga z town ) mm 


frn > tren T 1 mm 


Where: 

as-built as built thickness of the member, in mm 

town owner/ builder specified additional wastage allowance, if 
applicable, in mm 

tren renewal criteria for general corrosion as defined in 1.4.2.1 


1.6.3.2 The average measured thickness across the breadth or height of the stiffener is not 
to be less than that defined in 1.4.2. 


1.6.3.3 Plate edges at openings for manholes, lightening holes etc. may be below the 
minimum thickness given in 1.4.2 provided that: 


(a) the maximum extent of the reduced plate thickness, below the minimum given 
in 1.4.2, from the opening edge is not more than 20% of the smallest dimension 
of the opening and does not exceed 100mm. 


(b) rough or uneven edges may be cropped-back provided that the maximum 
dimension of the opening is not increased by more than 10%. 


1.6.4 Grooving 


1.6.4.1 Where the groove breadth is a maximum of 15% of the web height, but not more 
than 30mm, see Figure 12.1.3, the measured thickness, tm, in the grooved area is to 
meet the lesser of the following criteria: 
Eim 2 0.75(t a pitt 5 town) mm 
ttm => tren = 0.5 mm 
but is not to be less than 


tm=6 mm 


Where: 

tas-built as built thickness of the member, in mm 

town owner/builder specified additional wastage allowance, if 
applicable, in mm 

tren renewal criteria for general corrosion as defined in 1.4.2.1 


1.6.4.2 Members with areas of grooving greater than those in 1.6.4.1 are to be assessed 
based on the criteria for general corrosion as defined in 1.4.2 using the average 
measured thickness across the plating/ stiffener. 
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1 GENERAL 


1.1 Definitions 


1.1.1 Hull girder bending moment capacity 


1.1.1.1 


1.1.1.2 


1.1.1.3 


The hull girder ultimate bending moment capacity, Mu, is defined as the maximum 
bending capacity of the hull girder beyond which the hull will collapse. Hull girder 
failure is controlled by buckling, ultimate strength and yielding of longitudinal 
structural elements. 


The sagging hull girder ultimate capacity of a hull girder section, is defined as the 
maximum value on the static non-linear bending moment-curvature relationship 
M-Ę« see Figure A.1.1. The curve represents the progressive collapse behaviour of 
hull girder under vertical bending. 


Figure A.1.1 
Bending Moment - Curvature Curve M-K 


The curvature of the critical inter-frame section, is defined as: 


0 
K=— 
l 
Where: 
6 the relative angle rotation of the two neighbouring cross- 
sections at transverse frame positions 
l the transverse frame spacing, i.e. span of longitudinals 


1.2 Application 


1.2.1 General 


1.2.1.1 


2 Ae 


The sagging hull girder ultimate bending capacity is to be assessed by the single 
step method in 2.1 or the incremental-iterative method in 2.2. This is only applicable 
to longitudinally framed double hull tankers in the sagging bending condition. 


The magnitudes of the partial safety factors in Section 9/1.4 have been calibrated for 
this single step method in 2.1 and are also appropriate for the incremental iterative 
method in 2.2. 
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1.3 Assumptions 


1.3.1 General 


1.3.1.1 


1.3.1.2 


1.3.1.3 


The method for calculating the ultimate hull girder capacity is to identify the critical 
failure modes of all main longitudinal structural elements. For tankers, in sagging, 
the critical mode is generally inter-frame buckling of deck structures, as shown in 
Figure A.1.2. 


Structures compressed beyond their buckling limit have reduced load carrying 
capacity. All relevant failure modes for individual structural elements, such as: 
plate buckling, torsional stiffener buckling, stiffener web buckling, lateral or global 
stiffener buckling; and their interactions, are to be considered in order to identify 
the weakest inter-frame failure mode. 


For tankers in the sagging condition, only vertical bending is considered. The effects 
of shear force, torsional loading, horizontal bending moment and lateral pressure 
are neglected. 


Figure A.1.2 
Ship in Extreme Sagging Inter-Frame Buckling Failure 


Buckled region 


1.4 Alternative Methods 


1.4.1 General 


1.4.1.1 


1.4.1.2 


Principles for alternative methods for the calculation of the hull girder ultimate 
bending capacity; e.g. incremental-iterative procedure that may differ from the one 
defined in 2.2, and non-linear finite element analysis, are given in Sub-Section 3. 


Application of alternative methods is to be agreed with the individual Classification 
Society prior to commencement. Documentation of the analysis methodology and 
detailed comparison of its results with those of the individual Classification 
Societies’ procedures are to be submitted for review and acceptance. The use of such 
methods may require the partial safety factors in Section 9/1.4 to be re-calibrated. 
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2 CALCULATION OF HULL GIRDER ULTIMATE CAPACITY 
2.1 Single Step Ultimate Capacity Method 


2.1.1 Procedure 


2.1.1.1 The single step procedure for calculation of the sagging hull girder ultimate 
bending capacity is a simplified method based on a reduced hull girder bending 
stiffness accounting for buckling of the deck, see Figure A.2.1. The hull girder 
ultimate bending moment capacity, Mu, is to be taken as: 


Mu = ZLredO yd -103 kNm 
Where: 


Zred reduced section modulus of deck (to the mean deck height) 


Tred 3 
a m 
Zdk—mean — ZNA-red 
Tred reduced hull girder moment of inertia, in mt. The inertia is to 
be calculated in accordance with Section 4/2.6.1.1, using: 


e a hull girder net thickness of tneiso for all 
longitudinally effective members 


e the effective net area after buckling of each stiffened 
panel of the deck, Aep 


Aef effective net area after buckling of the stiffened deck panel. 
The effective area is the proportion of stiffened deck panel 
that is effectively able to be stressed to yield: 


Ou 
= — Anetso m? 
Note 
The effective area of deck girders is to be taken as the net area of 
the girders using a thickness of tnet50. 


Anet50 net area of the stiffened deck panel, in m2 


Ou buckling capacity of stiffened deck panel, in N/mm2. To be 
calculated for each stiffened panel using: 


e the advanced buckling analysis method, see Section 
10/4 and Appendix D 


e the net thickness tnet50 


Oyd specified minimum yield stress of the material, in N/mm2, 
that is used to determine the hull girder section modulus. In 
the case of the stiffener and plate having different specified 
minimum yield stress, Cya, is to be taken as the lesser of the 
two. 

RCN 2 to July 2008 version (effective from 1 July 2010) 


Zdk-mean vertical distance to the mean deck height, taken as the mean 
of the deck at side and the deck at centre line, measured 
from the baseline, in m 


ZNA-red vertical distance to the neutral axis of the reduced section 
measured from the baseline, in m 
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211:2 


It is to be shown that the ultimate bending moment capacity, Mu, does not give 
stresses exceeding the specified minimum yield stress of the material, dya, in the 
bottom shell plating. Therefore the ultimate hull girder bending moment capacity, 
Mu, is not to be greater than: 


My = Fy trea 493 kNm 
ZNA-red 
Where 
Oyd specified yield stress of material, in N/mm? 
Irea reduced hull girder moment of inertia, as defined in 2.1.1.1 
ZNA-red vertical distance to the neutral axis of the reduced section 


measured from the baseline, in m 


Figure A.2.1 
Moment - Curvature of Hull Girder Single Step Procedure 


2.1.2 Assumption 


2.1.2.1 


The assumption behind this procedure is that the ultimate sagging capacity of 
tankers is the point at which the ultimate capacity of the stiffened deck panels is 
reached. If the structural configuration is such that this assumption is not valid, then 
an alternative method to derive the ultimate capacity is to be used. 


2.2 Simplified Method Based on an Incremental-iterative Approach 


2.2.1 Procedure 


2:2.1.1 


2.2:1;2 


In this approach, the ultimate hull girder bending moment capacity Mu is defined as 
the peak value of the curve with vertical bending moment M versus the curvature x 
of the ship cross section as shown in Figure A.1.1. 


The curve M-x is obtained by means of an incremental-iterative approach; the steps 
involved in the procedure are given in 2.2.1.7 and illustrated in the flow chart in 
Figure A.2.2. 
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2.2.1.3 


2.2.1.4 


2.2.1.5 


2.2.1.6 


ZET 


The bending moment M; which acts on the hull girder transverse section due to the 
imposed curvature x; is calculated for each step of the incremental procedure. This 
imposed curvature corresponds to an angle of rotation of the hull girder transverse 
section about its effective horizontal neutral axis, which induces an axial strain £ in 
each hull structural element. In the sagging condition, the structural elements below 
the neutral axis are lengthened, whilst elements above the neutral axis are 
shortened. 


The stress ø induced in each structural element by the strain e is obtained from the 
stress-strain curve o-e of the element, which takes into account the behaviour of the 
structural element in the non-linear elasto-plastic domain. 


The force in each structural element is obtained from its area times the stress and 
these force are summated to derive the total axial force on the transverse section. 
Note the element area is taken as the total net area of the structural element. This 
total force may not be zero as the effective neutral axis may have moved due to the 
non linear response. Hence it is necessary to adjust the neutral axis position, 
recalculate the element strains, forces and total sectional force and iterate until the 
total force is zero. 


Once the position of the new neutral axis is known, then the correct stress 
distribution in the structural elements is obtained. The bending moment M; about 
the new neutral axis due to the imposed curvature x; is then obtained by summating 
the moment contribution given by the force in each structural element. 


The main steps of the incremental-iterative approach are summarised as follows 

(see also Figure A.2.2): 

Step1 Divide the hull girder transverse section into structural elements, ie 
longitudinal stiffened panels (one stiffener per element), hard corners and 
transversely stiffened panels, see 2.2.2.2. 

Step 2 Derive the stress-strain curves (or so called load-end shortening curves) for 
all structural elements, see 2.3. 

Step3 Derive the expected maximum required curvature xz, see 2.2.1.8. The 
curvature step size Ax is to be taken as xr/300. The curvature for the first 
step, K1 is to be taken as Ak. 

Derive the neutral axis znai for the first incremental step (i=1) with the 
value of the elastic hull girder section modulus, Zv-netso, see Section 4/2.6.1 


Step4 For each element (index jf), calculate the strain & = Ki (Zj - Zna) 
corresponding to xj, the corresponding stress oj, see 2.2.1.9, and hence the 
force in the element g Aj. 

Step 5 Determine the new neutral axis position zvai by checking the longitudinal 
force equilibrium over the whole transverse section. Hence adjust Zya 
until 
F; = 0.1LAjq; kN = 0 
Note oj; is positive for elements under compression and negative for 
elements under tension. Repeat from step 4 until equilibrium is satisfied. 


Equilibrium is satisfied when the change in neutral axis position is less 
than 0.0001m. 


Step 6 Calculate the corresponding moment by summating the force contributions 
of all elements as follows: 


M,=0.15"|6,A,(z;-Zxas)| Nm 
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Step 7 


Increase the curvature by Ax, use the current neutral axis position as the 
initial value for the next curvature increment and repeat from step 4 until 
the maximum required curvature is reached. The ultimate capacity is the 
peak value M, from the M-x curve. If the peak does not occur in the curve, 
then xr is to be increased until the peak is reached 


2.2.1.8 The expected maximum required curvature, xr, in m+, for the sagging condition is 
to be taken as: 


Kp =3— 10° m 
EI v-net50 

Where: 

Mya vertical bending moment given by a linear elastic bending 
stress of yield in the deck or keel. To be taken as the greater 
of : 

Zv-net50-dk Oya 10° KNM 
Zv-net50-k! Oya 10° KNM 

Zo-net50-dk section modulus at deck or bottom, in m3, see Section 8/1.2.2.3 

Zv-net50-kl and 1.2.2.4, 

E modulus of elasticity, 2.06 x 105 N/mm? 

Oyd specified minimum yield stress of the material, in N/ mm2 

To-net50 hull girder moment of inertia, in m4, see Section 8/1.2.1.1 


2.2.1.9 For each structural element, the stress 0; corresponding to the element strain ej is to 


be taken 


as the minimum stress value from all applicable stress-strain curves o-e for 


that element. 
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Figure A.2.2 
Flow Chart of the Procedure for the Evaluation of the Curve M-y 


Calculate elastic section modulus and 
position of the neutral axis, z,,, 


| 


Initialise curvature K = AK 
Derive maximum curvature K, 


For all structural elements (index = j) 


Calculate the strain £, induced on each 
structural element by the curvature x about 
the neutral axis position z,,, 


| 


For each structural element calculate the 
stress 6; relevant to the strain € 


-i 


Stress-strain 
Curve o- € 


Adjust the position 


of the neutral axis Derive th If h 
Bacedon F, erive the total force on the transverse 


section F, = LoA; 


Exit loop when the 
adjustment of the neutral 
axis is less than 0.0001 


Increase curvature 
i=i+1 


= K+ AK Calculation of the bending moment M, 
ay aay relevant to the curvature « summing the 
contribution of each structural element stress 


The ultimate capacity is the peak 
value, M , from the M - «curve 


2.2.2 Assumptions and modelling of the hull girder cross-section 


2.2.2.1 In applying the procedure described in 2.2.1, the following assumptions are to be 
made: 


(a) The ultimate strength is calculated at a hull girder transverse section between 
two adjacent transverse webs. 


(b) The hull girder transverse section remains plane during each curvature 
increment. 


(c) The material properties of steel are assumed to be elastic, perfectly plastic. 
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2.2.22 


2.2.2.3 


2.2.2.4 


(d) The hull girder transverse section can be divided into a set of elements which act 
independently of each other. 
The elements making up the hull girder transverse section are: 


(a) longitudinal stiffeners with attached plating, the structural behaviour is given in 
2.3.1 


(b) transversely stiffened plate panels, the structural behaviour is given in 2.3.1 


(c) hard corners, as defined in 2.2.2.3, the structural behaviour is given in 2.3.2 


The following structural areas are to be defined as hard corners: 
(a) the plating area adjacent to intersecting plates 


(b) the plating area adjacent to knuckles in the plating with an angle greater than 30 
degrees. 


(c) plating comprising rounded gunwales 

An illustration of hard corner definition for girders on longitudinal bulkheads is 
given in Figure A.2.3. The hard corner size is defined in 2.2.2.4. 

The size and modelling of hard corner elements is to be as follows: 


(a) itis to be assumed that the hard corner extends up to s/2 from the plate 
intersection for longitudinally stiffened plate, where s is the stiffener spacing 

(b) itis to be assumed that the hard corner extends up to 20f,; from the plate 
intersection for transversely stiffened plates, where tg; is the gross plate 
thickness. 

Note 


(a) For transversely stiffened plate, the effective breadth of plate for the load shortening portion of 


the stress-strain curve is to be taken as the full plate breadth, i.e. to the intersection of other 
plates - not from the end of the hard corner if any. The area on which the value of Gcrs defined 
in 2.3.8.1 applies is to be taken as the breadth between the hard corners, i.e. excluding the end 
of the hard corner if any. 


(b) For longitudinally stiffened plate, the effective breadth of attached plate is equal to the mean 


2.2.2.9 


2.2.2.6 


22.2.1. 


spacing of the ordinary stiffener when the panels on both sides of the stiffener are 
longitudinally stiffened, or equal to the breadth of the longitudinally stiffened panel when the 
panel on one side of the stiffener is longitudinally stiffened and the other panel is of the 
transversely stiffened. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


Where the plate members are stiffened by non-continuous longitudinal stiffeners, 
the non-continuous stiffeners are considered only as dividing a plate into various 
elementary plate panels. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


Openings are to be considered in accordance with Section 4/2.6.3. 
RCN 1 to July 2010 version (effective from 1 July 2012) 


Where attached plating is made of steels having different thicknesses and/or yield 
stresses, an average thickness and/or average yield stress obtained by the following 
formula are to be used for the calculation: 


(a) 


ts) + tyS9 
S 


b) o,, = yap tS) + O yaprtoSo 


d 
yap ts 


Where: t, S1, tz $2, Oyap1, Oyapz 9, see Figure A.2.4. 
RCN 1 to July 2010 version (effective from 1 July 2012) 
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Figure A.2.3 
Example of Defining Structural Elements 
a) Example showing side shell, inner hull and deck 


Longitudinal 
stiffener elements 
Hard corner 


elements 


e Longitudinal 


/ stiffener elements 


A 


a > 
I \ 
I | 
\ I 
‘So ce yf 
7 
/ 
/ 
| 
\ Hard corner 
Ne element 
Figure A.2.4 
Definitions 


RCN I to July 2010 version (effective from I July 2012) 
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2.3 Stress-strain Curves o-€ (or Load-end Shortening Curves) 


2.3.1 Plate panels and stiffeners 


2.3.1.1 Plate panels and stiffeners are assumed to fail according to one of the modes of 
failure specified in Table A.2.1. The relevant stress-strain curve o-e is to be obtained 
for lengthening and shortening strains according to Table A.2.1. 


2.3.1.2 Where the plate members are stiffened by non-continuous longitudinal stiffeners, 
the stress of the element is to be obtained in accordance with 2.3.3 to 2.3.7, taking 
into account the non-continuous longitudinal stiffener. In calculating the total forces 
for checking the hull girder ultimate strength, the area of non-continuous 
longitudinal stiffener is to be assumed as zero. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


2.3.1.3 Where openings are provided in the plate panel, the considered area of the element 
is to be obtained by deducting the opening area from the plating in calculating the 
total force for checking the hull girder ultimate strength. Openings are to be 
considered in accordance with Section 4/ 2.6.3. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


2.3.2 Hard corners 


2.3.2.1 Hard corners are sturdier elements which are assumed to buckle and fail in an 
elastic, perfectly plastic manner. The relevant stress strain curve g-e is to be obtained 
for lengthened and shortened hard corners according to 2.3.3. 


Table A.2.1 
Modes of Failure of Plate Panels and Stiffeners 
Element Mode of failure Stress-strain curve o-€ 
defined in 
Lengthened transversely framed | Elastic, perfectly plastic failure See 2.3.3 
plate panels or stiffeners 
Shortened stiffeners Beam column buckling See 2.3.4 
Torsional buckling See 2.3.5 
Web local buckling of flanged profiles See 2.3.6 
Web local buckling of flat bars See 2.3.7 
Shortened transversely framed | Plate buckling See 2.3.8 
plate panels 


2.3.3 Elasto-plastic failure of structural elements 


2.3.3.1 The equation describing the stress-strain curve o-e or the elasto-plastic failure of 
structural elements is to be obtained from the following formula, valid for both 
positive (compression or shortening) of hard corners and negative (tension or 
lengthening) strains of all elements (see Figure A.2.5): 


o= D oyaa 
Where: 


p edge function: 
@ = -1 for e< -1 
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= e for -l<ex<l 
@®=1 for e>1 


E relative strain: 
EE 
E=— 
E yd 
€ element strain 
Eyd strain corresponding to yield stress in the element: 
ë= Osaa 
yd E 
OydA equivalent minimum yield stress of the considered element, 
in N/mm2 
— O dp Åp-net50 + O as Ás-ner50 
aT A A 
‘p—net50 + s—net50 
Oydp specified minimum yield stress of the material of the plate, in 
N/mm? 
Oyds specified minimum yield stress of the material of the stiffener, 
in N/mm? 
Ap-net50 net sectional area of attached plating, in cm2 
As-net50 net sectional area of the stiffener without attached plating, in 
cm? 
Note 


The signs of the stresses and strains in this Appendix are opposite to those in the rest of 
the Rules 


RCN 1 to July 2010 version (effective from 1 July 2012) 
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2.3.4 


Figure A.2.5 
Example of Stress Strain Curves o-€ 


a) Stress strain curve o-€ for elastic, perfectly plastic failure of a hard corner 


tension or 
lengthening 


compression or 
shortening 


b) Typical stress strain curve o-€ for elasto-plastic failure of a stiffener 


oO 
A 


OydA — 


tension or 
lengthening 


E m Secs yc A = -OydA 


compression or 
shortening 


RCN 1 to July 2010 version (effective from 1 July 2012) 


Beam column buckling 


2.3.4.1 The equation describing the shortening portion of the stress strain curve ocr1-£ for 
the beam column buckling of stiffeners is to be obtained from the following formula: 


-2 
A, nets9 +10 b ago net50 


Ocg = Po N/mm? 
on A s-net50 +10 E St net50 
Where: 
p edge function defined in 2.3.3.1 
As-net50 net area of the stiffener, in cm2, without attached plating 
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Oc critical stress, in N/mm?2?: 
o 
Oci -2e for opse 
E 
O yape O yap 
Oci =P yan| 1-— On > — 
cl wal 40r ) for El z 
E relative strain defined in 2.3.3.1 
Or1 Euler column buckling stress, in N/mm?: 
I 2 
Op = m Ee 10* 
E-net50*stf 
E modulus of elasticity, 2.06 x 105 N/mm? 
Tr-net50 net moment of inertia of stiffeners, in cm‘, with attached plating 
bett-s effective width, in mm, of the attached plating for the stiffener: 
s 
bef- =—— for £,>1.0 
Bp 
bef-s =S for £, $1.0 
B p _ 5 EO yap 
l net50 E 
s plate breadth, in mm, taken as the spacing between the 
stiffeners, as defined in Section 4/2.2.1 
Enet50 net thickness of attached plating, in mm 
Ag-neso net area, in cm?, of stiffeners with attached plating of width bep 
leif span of stiffener, in m, equal to spacing between primary 
support members 
depp effective width, in mm, of the plating: 
2.25, 1:25 
bef-p =| —— - s for £,>1.25 
By É 
bef-p =8 for p $1.25 
OdB equivalent minimum yield stress of the considered element, in 
N/mm? 
ei O „dp ÅpE-net50l pE +O yas Ås-ners0lsE 
Ode a as S 
A pE-net50l pE + Ag-nets0!sE 
Ape-netso effective area, in cm2 
A pE-net50 = 10° Deg -stnet50 
Ovdp specified minimum yield stress of the material of the plate, in 
N/mm? 
Ods specified minimum yield stress of the material of the stiffener, in 
N/mm? 
lpE distance, in mm, measured from the neutral axis of the stiffener 
with attached plate of width, begs, to the bottom of the attached 
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plate 


Ise distance, in mm, measured from the neutral axis of the stiffener 
with attached plate of width, begs, to the top of the stiffener 

(RCN 2, effective from 1 July 2008) 

RCN 1 to July 2010 version (effective from 1 July 2012) 


2.3.5 Torsional buckling of stiffeners 


2.3.5.1 The equation describing the shortening portion of the stress-strain curve 0cr2-€ for 
the lateral-flexural buckling of stiffeners is to be obtained according to the following 


formula: 
-2 
A -0 As-nes0c2 +10 St net500 cp N/mm? 
CR2 ~~ =) 
A s-net50 +10 St net50 
Where: 
p edge function defined in 2.3.3.1 
As-net50 net area of the stiffener, in cm?, without attached plating 
Oc2 critical stress, in N/ mm2: 
o yas 
oa = Cnr for Op s Ee 
E 2 
Ovas€ Oras 
0c = Za for Og.> ae 
i 4079 
Or2 Euler torsional buckling stress, in N/mm? 
O£2=OET 
OET reference stress for torsional buckling, in N/ mmz, defined in 
Section 10/3.3.3.1, calculated based on gross thickness minus 
the corrosion addition 0.5tcorr. 
E relative strain defined in 2.3.3.1 
s plate breadth, in mm, taken as the spacing between the 
stiffeners, as defined in Section 4/2.2.1 
tnet50 net thickness of attached plating, in mm 
Ocp ultimate strength of the attached plating for the stiffener, in 
N/mm: 
2.25 1.25 
Ocp =| ——--— Io, for £, >1.25 
CP B, £ | ydp I 
Ocp = yap for £, $1.25 
Bp coefficient defined in 2.3.4 
Ovdp specified minimum yield stress of the material of the plate, in 
N/mm? 
Ods specified minimum yield stress of the material of the stiffener, 
in N/mm2 


(RCN 2, effective from 1 July 2008) 
RCN 1 to July 2010 version (effective from 1 July 2012) 
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2.3.6 Web local buckling of stiffeners with flanged profiles 


2.3.6.1 The equation describing the shortening portion of the stress strain curve dcrs-€ for 
the web local buckling of flanged stiffeners is to be obtained from the following 


formula: 
Ocr3 = my bef- ptnet500 yap + a ae + Det f-net50 Joas N/ mm2 
Sl net50 + dwt y—net50 + Det f-net50 
Where: 
p edge function defined in 2.3.3.1 
beffp effective width, in mm, of the plating, defined in 2.3.4 
tnet50 net thickness of plate, in mm 
dw depth of the web, in mm 
tw-net50 net thickness of web, in mm 
by breadth of the flange, in mm 
Efnet50 net thickness of flange, in mm 
s plate breadth, in mm, taken as the spacing between the 
stiffeners, as defined in Section 4/2.2.1 
diw-eff effective depth of the web, in mm: 
dw-ef = [2 = S |e for Bu >1.25 
Bo ps 
dw-ef =dw for Bo <1.25 
Bw d, | EQyas 
Í w-net50 E 
E relative strain defined in 2.3.3.1 
E modulus of elasticity, 2.06 x 105 N/mm? 
Ovdp specified minimum yield stress of the material of the plate, in 
N/mm2 
Ods specified minimum yield stress of the material of the stiffener, 
in N/mm2 


RCN 1 to July 2010 version (effective from 1 July 2012) 


2.3.7 Web local buckling of flat bar stiffeners 


2.3.7.1 The equation describing the shortening portion of the stress-strain curve ocrse for 
the web local buckling of flat bar stiffeners is to be obtained from the following 


formula: 
ae of St eile enes 
St netso t LO” Ay_netso 
Where: 
p edge function defined in 2.3.3.1 
Ocp ultimate strength of the attached plating, in N/mm2, defined 


in 2.3.5 
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Oc4 


Or4 


E 
As-net50 


tw-net50 
dw 


S 


tnet50 


Oyds 


critical stress, in N/ mm2: 


o 
Oc4,=—— for Og4S 


B i Ovas€ 
Oc4 = Oyas| 1— A 


Oo 
for Of4,> 


Or4 
Euler buckling stress, in N/mm?: 
2 

Or, = 160000 [f= 
dy 

relative strain defined in 2.3.3.1. 

net area of stiffener, in cm2, see 2.3.5.1 

net thickness of web, in mm 

depth of the web, in mm 


plate breadth, in mm, taken as the spacing between the 
stiffeners, as defined in Section 4/2.2.1 


net thickness of attached plating, in mm 


specified minimum yield stress of the material of the stiffener, 
in N/mm2 


(RCN 2, effective from 1 July 2008) 
RCN 1 to July 2010 version (effective from 1 July 2012) 


2.3.8 Buckling of transversely stiffened plate panels 


2.3.8.1 The equation describing the shortening portion of the stress-strain curve Ocrs-€ for 
the buckling of transversely stiffened panels is to be obtained from the following 


formula: 


Ocrs = min 


lsif 


Ojap 


(or 


2. 
"NEEL 2.25 125 ai ol ae L 
1100047 b 2 1000 Be 


ydp p 


coefficient defined in 2.3.4.1 
edge function defined in 2.3.3.1 


plate breadth, in mm, taken as the spacing between the stiffeners, 
as defined in Section 4/2.2.1 


stiffener span, in m, equal to spacing between primary support 
members 


specified minimum yield stress of the material of the plate, in 
N/mm? 


(RCN 2, effective from 1 July 2008) 
RCN 1 to July 2010 version (effective from 1 July 2012) 
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3 ALTERNATIVE METHODS 


3.1 General 


3.1.1 Considerations for alternative models 


3.1.1.1 


The bending moment-curvature relationship, M-; may be established by 
alternative methods. Such models are to consider all the relevant effects important 
to the non-linear response with due considerations of: 


(a) non-linear geometrical behaviour 
(b) inelastic material behaviour 


(c) geometrical imperfections and residual stresses (geometrical out-of flatness of 
plate and stiffeners) 
(d) simultaneously acting loads: 
e bi-axial compression 
e bi-axial tension 
e shear and lateral pressure 
(e) boundary conditions 
(f) interactions between buckling modes 
(g) interactions between structural elements such as plates, stiffeners, girders etc. 
(h) post-buckling capacity. 


3.2 Methods 


3.2.1 Incremental-iterative procedure 


3.2.1.1 


3.2.1.2 


The most generally used method to assess the hull girder ultimate moment capacity 
is to derive the non-linear moment-curvature relationship, M-« by incrementally 
increasing the bending curvature, « of the hull section between two adjacent 
transverse frames and then identifying the maximum moment along this curve as 
the ultimate bending capacity, Mu. 


The M-x curve is to be based on the axial non-linear P-e (load/strain) load- 
shortening curves for individual structural component in the cross-section. The P-e 
curves shall consider all relevant structural effects as listed in 3.1.1.1. 


3.2.2 Non-linear finite element analysis 


3.2.2.1 


3.2.2.2 


Advanced non-linear finite element analyses models may be used for the 
assessment of the hull girder ultimate capacity. Such models are to consider the 
relevant effects important to the non-linear responses with due consideration of the 
items listed in 3.1.1.1. 


Particular attention is to be given to modelling the shape and size of geometrical 
imperfections. It is to be ensured that the shape and size of geometrical 
imperfections trigger the most critical failure modes. 


JuLy 2012 


APPENDIX A.3/PAGE 1 


APPENDIX B - STRUCTURAL STRENGTH ASSESSMENT COMMON STRUCTURAL RULES FOR OIL TANKERS 


APPENDIX B 
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1 GENERAL 


1.1 Application 


1.1.1 General 


1.1.1.1 


1.1.1.2 


1.1.1.3 


1.1.1.4 


1.1.1.5 


1.1.1.6 


1.1.1.7 


1.1.1.8 


In accordance with Section 9/2.1, a finite element (FE) assessment is to be carried out 
to verify the strength of the hull structure. 


The structural assessment is to be carried out in accordance with the requirements 
given in this Appendix. The structural assessment is to verify that the acceptance 
criteria specified are complied with. 


The requirements in this Appendix apply to the assessment of longitudinal hull 
girder structural members, primary supporting structural members and transverse 
bulkheads of the tanks in the midship cargo region and, in addition, the assessment 
of strengthening of longitudinal hull girder shear structural members, as defined in 
Section 9/2.2.1.1 and Section 4/Table 4.1.1, in way of transverse bulkheads for hull 
girder vertical shear loads in the forward and aft cargo regions. The strength 
assessment of longitudinal hull girder shear structural members given in this 
Appendix is not applicable for forward transverse collision bulkhead, engine room 
transverse bulkhead and slop tank transverse bulkheads. 


For the purpose of the FE structural assessment the cargo tank regions are as 
defined in Figure B1.1. 


Cargo tank structural strength analysis, in accordance with Appendix B/2, for the 
assessment of scantlings of longitudinal hull girder structural members, primary 
supporting structural members and transverse bulkheads in tanks within the 
midship cargo region, is mandatory. The assessment is to be based on the maximum 
permissible still water (load combination S) and combined permissible still water 
and wave hull girder vertical shear forces (load combination S+D) between and 
including the forward bulkhead of the aft most cargo tank and 0.65L from AP, but 
not including the engine room and slop tank transverse bulkheads, see Figure 
B.1.1(a). 


The assessment of longitudinal hull girder shear structural members in the forward 
cargo region, in accordance with Appendix B/2, is mandatory. The strengthening of 
these structural members in way of transverse bulkheads in the tanks of the forward 
cargo region may be based on the maximum permissible still water (load 
combination S) and combined permissible still water and wave hull girder vertical 
shear forces (load combination S+D) at the bulkhead positions forward of 0.65L 
from AP, but not including the forward collision bulkhead, see Figure B.1.1(b). 


Strengthening of longitudinal hull girder shear structural members in way of 
transverse bulkheads of the tanks in the midship cargo region and the aft cargo 
region, in accordance with Appendix B/2, may be based on the scantling result 
obtained from the midship cargo tank analysis as described in 1.1.1.5. 


Alternatively, optional assessment may be carried out to determine the 
strengthening requirement of longitudinal hull girder shear structural members in 
way of individual transverse bulkheads based on the permissible still water (load 
combination S) and combined permissible still water and wave hull girder vertical 
shear forces (load combination S+D) at the transverse bulkhead position under 
consideration, see Figure B.1.1(b). 
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1.1.1.9 Fine mesh finite element analysis, in accordance with Appendix B/3, and the finite 


element based fatigue assessment of lower hopper knuckle joint, in accordance with 


Appendix B/4, are mandatory for the midship cargo region. 


Figure B.1.1 


Definition of Cargo Tank Regions for FE Structural Assessment 


Engine 
room 


(a) Midship cargo tank strength assessment 


Transverse bulkheads to be considered 
for selection of hull girder shear forces 
(midship cargo tank strength assessment) 


Slop 
tank 


E El 


| 
l 


0.65L 


A.P [em F.P. 

Aft region ae ; Forward region 

cargo tanks Midship region cargo tanks cargo tanks 
(b) Assessment of longitudinal hull girder shear structural members 

x< 0.3L 0.3L < x < 0.65L x > 0.65L 

Transverse bulkheads to Transverse bulkheads to Transverse bulkheads to 

Engine room be considered for assessment be considered for assessment be considered for assessment Collision 
and slop tank of longitudinal hull girder of longitudinal hull girder of longitudinal hull girder bulkhead 
bulkheads not shear members shear members shear members not 
included (tanks in aft cargo region) (tanks in midship cargo region) (tanks in forward cargo region) included 


Da a 


“4 / 


Engine 
room 


Slop 
tank 


a 
El 


AP. 0.7L F.P. 
Note 
1. Tanks in the forward cargo region are defined as tanks with their longitudinal centre of gravity 
position forward of 0.7L from A.P. 
2. Tanks in the midship cargo region are defined as tanks with their longitudinal centre of gravity 
position at or forward of 0.3L from AP and at or aft of 0.7L from A.P. 
3. Tanks in the aft cargo region are defined as tanks with their longitudinal centre of gravity 


position aft of 0.3L from A.P. 
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1.2 Symbols, Units and Definitions 


1.2.1 General 


1.2.1.1 The symbols and definitions, applicable to this section, are given in Section 4/1, 
Section 7 and as follows: 


lv 


at 


Thal-em 


tors 


torr 
0; yd 


Ovm 


ôz 


Ox 


Oy 


0z 


vertical acceleration, taken at centre of gravity of tank 
transverse acceleration, taken at centre of gravity of tank 
longitudinal acceleration, taken at centre of gravity of tank 
Modulus of Elasticity of steel, 2.06x105 N/mm? 

vertical wave bending moment for a dynamic load case 


vertical still water bending moment for a finite element loading 
pattern 


horizontal wave bending moment for a dynamic load case 
vertical wave shear force for a dynamic load case 

vertical still water shear force for a finite element loading pattern 
draught at the loading condition being considered 

scantling draught, as defined in Section 4/1.1.5.5 

emergency draught of ship 


proposed new building gross thickness excluding Owner's extras, 
see Section 2/6.3.4 


corrosion addition, as defined in Section 6/3.2 
specified minimum yield stress of the material, N/mm? 


von Mises stress 


= Ox + Oy” —Ox0y +3T xy" 


axial stress in element x direction 
axial stress in element y direction 
element shear stress in x-y plane 


displacement in x direction, in accordance with the coordinate 
system defined in Section 4/1.4 


displacement in y direction, in accordance with the coordinate 
system defined in Section 4/1.4 


displacement in z direction, in accordance with the coordinate 
system defined in Section 4/1.4 


rotation about x axis, in accordance with the coordinate system 
defined in Section 4/1.4 


rotation about y axis, in accordance with the coordinate system 
defined in Section 4/1.4 


rotation about z axis, in accordance with the coordinate system 
defined in Section 4/1.4 
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1:2:1:2 
1.2.1.3 


The nomenclature of structural components is defined in Section 4/1.5. 


Consistent co-ordinate and unit systems are to be used throughout all parts of the 
structural analysis. However, in calculations using Rule Formulae, the units and co- 
ordinate system as specified are to be used. Where output values from Rule 
formulae are in a different unit and/or co-ordinate system as used in the structural 
analysis, the output values are to be converted to the appropriate unit and co- 
ordinate system. 


1.2.2 Finite element types 


1.2.2.1 


1.2:2:2 


The structural assessment is to be based on linear finite element analysis of three 
dimensional structural models. The general types of finite elements to be used in the 
finite element analysis are given in Table B.1.1. 


Two node line elements and three or four node plate/shell elements are considered 
sufficient for the representation of the hull structure. The mesh requirements given 
in this Appendix are based on the assumption that these elements are used in the 
finite element models. However, higher order elements may also be used. 


Table B.1.1 
Types of Finite Element 


Rod (or truss) element 


Line element with axial stiffness only and constant cross- 
sectional area along the length of the element 


Line element with axial, torsional and bi-directional shear and 


Beam element bending stiffness and with constant properties along the 
length of the element 
Membrane (or plane- Plate element with bi-axial and in-plane plate element stiffness 
stress) plate element with constant thickness 
Shell (or bending plate) Plate element with in-plane stiffness and out-of-plane bending 
element stiffness with constant thickness 
1.2.2.3 For the cargo tank and fine mesh strength analyses as specified in Appendix B/2 and 


B/3, the assessment against stress acceptance criteria is to be based on membrane 
(or in-plane) stresses of plate elements. For the fatigue assessment as specified in 
Appendix B/4, the calculation of dynamic stress range for the determination of 
fatigue life is to be based on surface stresses of plate elements. 
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2 CARGO TANK STRUCTURAL STRENGTH ANALYSIS 


2.1 Assessment 


2.1.1 General 


yd | 


For tankers of conventional arrangements, the finite element strength assessment of 
the hull girder and primary supporting structural members is to be in accordance 
with the requirements in this section. 


2.2 Structural Modelling 


2.2.1 General 


2.2.1.1 


22.12 


2.2.1.3 


2.2.1.4 


2.2.1.5 


The longitudinal extent of the midship cargo tank finite element (FE) model is to 
cover three cargo tank lengths about midships. Where the tanks in the midship 
cargo region are of different lengths, the middle tank of the finite element model is 
to represent the cargo tank of the greatest length. The finite element model may be 
prismatic. The transverse bulkheads at the ends of the model are to be represented. 
Where corrugated transverse bulkheads are fitted, the model is to include the extent 
of the bulkhead stool structure forward and aft of the tanks at the model ends. The 
length of the model extending beyond the end transverse bulkheads is to be kept 
equal, at both ends. The web frames at the ends of the model are to be modelled. 
Typical finite element models representing the midship cargo tank region of 
different tanker configurations are shown in Figure B.2.1. 


The assessment of longitudinal hull girder shear structural members, as defined in 
Section 9/2.2.1.1 and Section 4/ Table 4.1.1, against hull girder vertical shear loads in 
the forward and aft cargo regions may be based on the midship cargo tank finite 
element model with modification of plate and stiffener properties where 
appropriate. Where a separate cargo tank finite element model is used for the 
assessment of shear strength, the model is to cover three tank lengths. 


Both port and starboard sides of the ship are to be modelled. The full depth of the 
ship is to be modelled. 


All main longitudinal and transverse structural elements are to be modelled. These 
include inner and outer shell, double bottom floor and girder system, transverse 
and vertical web frames, stringers and transverse and longitudinal bulkhead 
structures. All plates and stiffeners on the structure, including web stiffeners, are to 
be modelled, see 2.2.1.11. 


The reduced thickness used in the FE model of the cargo tanks, applicable to all 
plating and stiffener’s web and flanges is to be calculated as follows: 


E FEM-net50 = tors -0.5 torr 


Where: 
tors gross thickness, as defined in 1.2 
teorr corrosion addition, as defined in Section 6/3.2 
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Figure B.2.1 
Typical 3-Tank FE Models Representing Midship Cargo Tank Region of Tankers 


ide of the full breadth model) 


il Tanker (shows only starboard s 


Typical Cargo Tank Model of an AfraMax O 


ide of the full breadth model) 


Typical Cargo Tank Model of a VLCC (shows only port s 


Typical Cargo Tank Model of a Product Tanker (shows only port side of the full breadth model) 
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the plate element 


tem as far as pract 
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2.2.1.6 The plate element mesh is to follow the st 


In general, 


representing the actual plate panels between stiffeners 


mesh is to satisfy the follow 


i ts: 


ing requiremen 


Longitudinally, the element length is not to be greater than 2 longitudinal spaces 


(a) one element between every longitudinal stiffener, see Figure B.2.2. 
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2.2.1.7 


2.2.1.8 


2.2.1.9 
2.2.1.10 


(b) one element between every vertical stiffener on transverse bulkheads, see Figure 
B.2.3 


(c) one element between every web stiffener on transverse and vertical web frames, 
cross ties and stringers, see Figure B.2.2 and Figure B.2.4 


(d 


x 


at least three elements over the depth of double bottom girders and floors, 
transverse web frames, vertical web frames and horizontal stringers on 
transverse bulkheads. For cross ties, deck transverse and horizontal stringers on 
transverse wash bulkheads and longitudinal bulkheads with a smaller web 
depth, representation using two elements over the depth is acceptable provided 
that there is at least one element between every web stiffener. The mesh size of 
adjacent structure is to be adjusted to suit 


(e) the mesh on the hopper tank web frame shall be fine enough to represent the 
shape of the web ring opening, see Figure B.2.2 


(f) the curvature of the free edge on large brackets of primary support members is 
to be modelled accurately to avoid unrealistic high stress due to geometry 
discontinuities. In general, a mesh size equal to the stiffener spacing is 
acceptable. The bracket toe may be terminated at the nearest nodal point 
provided that the modelled length of the bracket arm does not exceed the actual 
bracket arm length. The bracket flange is not to be connected to the plating, see 
Figure B.2.5. The modelling of the tapering part of the flange is to be in 
accordance with 2.2.1.14. An acceptable mesh is shown in Figure B.2.5. A finer 
mesh is to be used for the determination of detailed stress at the bracket toe, see 
Appendix B/3. 


Corrugated bulkheads and bulkhead stools are to be modelled using shell plate 
elements, see Figure B.2.6. Diaphragms in the stools and internal longitudinal and 
vertical stiffeners on the stool plating are to be included in the model. Modelling is 
to be carried out as follows: 


(a) the shell element mesh on the flange and web of the corrugation is in general to 
follow the stiffener spacing inside the bulkhead stool 


(b) where difficulty occurs in matching the mesh on the corrugations directly with 
the mesh on the stool, it is acceptable to adjust the mesh on the stools in way of 
the corrugations in order that the corrugation bulkhead will retain its original 
geometrical shape. However, if the shape of the corrugation is adjusted in order 
to simplify the modelling procedure, this effect is to be taken into account in 
evaluation of stresses as described in 2.7.2.6. 


(c) for a corrugated bulkhead without an upper stool and/or lower stool, it may be 
necessary to adjust the geometry in order to simplify the modelling. The 
adjustment is to be made such that the shape and position of the corrugations 
and primary support members are retained. Hence, the adjustment is to be 
made on stiffeners and plate seams if necessary. 


The aspect ratio of the plate elements is in general not to exceed three. The use of 
triangular plate elements is to be kept to a minimum. Where possible, the aspect 
ratio of plate elements in areas where there are likely to be high stresses or a high 
stress gradient is to be kept close to one and the use of triangular elements is to be 
avoided. 


Typical mesh arrangements of the cargo tank structure are shown in Figure B.2.7. 


Shell elements, in association with beam elements, are to be used to represent 
stiffened panels in areas under lateral pressure. Shell elements are to be used to 
represent unstiffened panels in areas under lateral pressure. Membrane and rod 
elements may be used to represent non-tight structure under no pressure loads. 


JULY 2012 


APPENDIX B.2/PAGE3 


APPENDIX B - STRUCTURAL STRENGTH ASSESSMENT COMMON STRUCTURAL RULES FOR OIL TANKERS 


Figure B.2.2 
Typical Finite Element Mesh on Web Frame 


S = stiffener spacing 


Figure B.2.3 
Typical Finite Element Mesh on Transverse Bulkhead 


S = stiffener spacing 
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Figure B.2.4 
Typical Finite Element Mesh on Horizontal Transverse Stringer on Transverse 
Bulkhead 


|_—+ 


ts 


S = stiffener spacing 


Figure B.2.5 
Typical Finite Element Mesh on Transverse Web Frame Main Bracket 
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Figure B.2.6 
Typical Finite Element Mesh on Transverse Corrugated Bulkhead Structure 
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Figure B.2.7 (Continued) 
Typical Finite Element Mesh Arrangements of Cargo Tank Structure 
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Product tanker 


22.111 


All local stiffeners are to be modelled. These stiffeners may be modelled using line 
elements positioned in the plane of the plating. Beam elements are to be used in 
areas under the action of lateral loads whilst rod (truss) elements may be used to 
represent local stiffeners on internal structural members under no lateral loads. The 
line elements are to have the following properties: 


(a) for beam elements, out of plane bending properties are to represent the inertia 
of the combined plating and stiffener. The width of the attached plate is to be 
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2.24.12 


2.2.1.13 


2.2.1.14 


2.2.1.15 


taken as 1⁄2 + 1⁄2 stiffener spacing on each side of the stiffener. The eccentricity of 
the neutral axis is not required to be modelled. 


(b) for beam and rod elements, other sectional properties are to be based on a cross 
sectional area representing the stiffener area, excluding the area of the attached 
plating. 

The effective cross sectional area of non-continuous stiffeners is to be calculated in 

accordance with Table B.2.1. 


Table B.2.1 
Effective Cross Sectional Area of Stiffener Line Elements 


Structure represented by line Effective area Ae 
element 


Stiffener within a distance 2dw 
from a sniped (non- All sections Ae=25 % An-net50 
continuous) end 


Stiffener outside a distance 
2dw from a sniped (non- All sections Ac=100% An-net50 
continuous) end 


Where: 
An-net50 average cross sectional area over length of line element 


dw depth of stiffener web, excluding attached plate 


Web stiffeners on primary support members are to be modelled. Where these 
stiffeners are not in line with the primary FE mesh, it is sufficient to place the line 
element along the nearby nodal points provided that the adjusted distance does not 
exceed 0.2 times the stiffener spacing under consideration. The stresses and 
buckling utilisation factors obtained need not be corrected for the adjustment. 
Buckling stiffeners on large brackets, deck transverses and stringers parallel to the 
flange are to be modelled. These stiffeners may be modelled using rod elements. 


Face plates of primary support members and brackets may be modelled using rod 
elements. The effective cross sectional area at the curved part of the face plate is to 
be calculated in accordance with Section 4/2.3.4. The cross sectional area of a rod 
element representing the tapering part of the face plate is to be based on the average 
cross sectional area of the face plate in way of the element length. 


Methods of representing openings in webs of primary support members are to be in 
accordance with Table B.2.2. Cut-outs for local stiffeners, scallops, drain and air 
holes need not be represented. 
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Table B.2.2 
Representation of Openings in Primary Support Member Webs 
ho/h < 0.35 and go<1.2 Openings do not need to be modelled 
0.5 > ho/h 2 0.35and go < 1.2 The plate modelled with mean thickness tz-netso 
h/h<0.5 and 2>g 21.2 The plate modelled with mean thickness t2-neiso 
hofh= 0.5 or 222.0 The geometry of the opening is to be modelled 
Where: 
| 2 
go — 1 + es = 
2.6(h — ho)? 
h-h 
tine = ao 
1-net50 ii 150 
h-h, 
t2-net50 = TA É w-ner50 
tw-net50 net web thickness 
I length of opening parallel to primary support member web direction, see 
i Figure B.2.8 
No height of opening parallel to depth of web, see Figure B.2.8 
h height of web of primary support member in way of opening, see Figure 
B.2.8 
corr corrosion addition, as defined in Section 6/3.2 
Note 
1. For sequential openings where the distance, dọ between openings is less than 0.25h, the 
length /, is to be taken as the length across openings as shown in Figure B.2.9. 
2. The same unit is to be used for lo, ho and h. 


Figure B.2.8 
Openings in Web 
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Figure B.2.9 
Length l, for Sequential Openings with do < h/4 


——— 
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2.3 Loading Conditions 


2.3.1 Finite element load cases 


2.3.1.1 


2.3.1.2 


2.3.1.3 


2.3.1.4 


2.3.1.5 


2.3.1.6 


The standard design load combinations to be used in the structural analysis are 
given in Tables B.2.3 and B.2.4 for tankers with two oil-tight longitudinal bulkheads 
and one centreline oil-tight longitudinal bulkhead respectively. 


For S+D design load combinations (seagoing load cases) the number of dynamic 
load cases required to be investigated for each loading pattern is indicated by the 
dynamic load case numbers specified for each loading pattern in Tables B.2.3 and 
B.2.4. Each S+D design load combination consists of two parts: 


(a) static loads, as described by the loading pattern, ship draught, hull girder still 
water bending moment and shear force specified, and 


(b) dynamic loads defined in Section 7/Table 7.6.2 for the dynamic load case number 
specified. 


For tankers with two oil-tight longitudinal bulkheads and a cross tie arrangement in 
the centre cargo tanks, loading patterns A7 and A12 in Table B.2.3 are to be 
examined for the possibility that unequal filling levels in transversely paired wing 
cargo tanks would result in a more onerous stress response. Loading pattern A7 is 
required to be analysed only if such a non-symmetric seagoing loading condition is 
included in the ship loading manual. Loading patterns A7 and A12 need not be 
examined for tankers without a cross tie arrangement in the centre cargo tanks. 


For tankers with two oil-tight longitudinal bulkheads, seagoing loading pattern A3 
and harbour loading pattern A13, with all cargo tanks abreast empty, are to be 
analysed with a ship draught of 0.557’, and 0.65T;- respectively. If conditions in the 
ship loading manual specify greater draughts for loading pattern A3 or A13, then 
the maximum specified draught in the ship’s loading manual for the loading 
pattern is to be used. 


For tankers with two oil-tight longitudinal bulkheads, seagoing loading pattern A5 
and harbour loading pattern A11, with all cargo tanks abreast fully loaded, are to be 
analysed with a ship draught of 0.8T;, and 0.77; respectively. If conditions in the 
ship loading manual specify lesser draughts for loading pattern A5 or A11, then the 
minimum specified draught in the ship’s loading manual for the loading pattern is 
to be used. 


For loading patterns A1, A2, B1, B2 and B3, with cargo tank(s) empty, a minimum 
ship draught of 0.9T;. is to be used in the analysis. If conditions in the ship loading 
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manual specify greater draughts for loading patterns with empty cargo tank(s), then 
the maximum specified draught for the actual condition is to be used. 


2.3.1.7 Where a ballast condition is specified in the ship loading manual with ballast water 
filled in one or more cargo tanks, loading patterns A8 and B7 in Tables B.2.3 and 
B.2.4 are to be examined. If this loading is un-symmetrical then additional strength 
assessment is to be carried out according to the requirements of the individual 
Classification Society. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


Table B.2.3 
FE Load Cases for Tankers with Two Oil-tight Longitudinal Bulkheads 


Still Water Loads Dynamic load cases 
Strength | Strength assessment 
: assessment | against hull girder 
Loading : % of % of & 8 
Figure (1a) shear loads (1b) 
Pattern Draught | Perm. Perm. FRR 
SWBM®| SWSF® | Midship | Forward | Mi“sh!P 
ree |torward | and aft 
region region ; 
i “ae regions 
Design load combination S + D (Sea-going load cases) 
100% 
P See note 3 1 \ \ 
Ly) tie LLL (sag) 
Ty 
Al Gy LINE, 0.9 Tsc n 100% 
[NAA / | EZ YW 100% eid) 2 5a \ \ 
| J z 
: h P 
S (hog) See note 4 
100% 
Z ee P See note 3 1 \ \ 
BA GA T (sag) 
A2 Ga GA, Zz Yi, 0.9 Tse p 100% 
SAAI) TEI 100% (-ve fwd) 2 5a \ \ 
~ ho if 
S (hog) See note 4 
100% 
P (-ve fwd) 2 4 2 
PE gece 0.55 Tse | 100% | Seenote5 
A3 A WHA 6| h a 
L ) Zz ZA \ 88 note 6 | (hog) 100% 
S (-ve fwd) 5a \ \ 
See note 4 
P 
YG LEGGE 100% 100% 
A4 Yi YW WL LL, | 0.6 Tse (+vefwd)| 1,5a \ \ 
a r | ELLE (sag) See noted 
i S 
100% 
mens P (+ve fwd) 1 3 1 
LI, TEE: 08T 100% | See note 5 
AS ER YY ane 2 
LLL j LEE See note7| (sag) 100% 
S (+ve fwd) 5a \ \ 
See note 4 
P 
ZF WY LEE 100% 
AJ VLEELELELE. CLELLELELE, 1 00 % 
A6 A LILLE, 0.6 Tsc h. (-ve fwd) 5a \ \ 
| YS) EZA Yt. (hog) See note 4 
S 
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Table B.2.3 (Continued) 
FE Load Cases for Tankers with Two Oil-tight Longitudinal Bulkheads 


Still Water Loads Dynamic load cases 


Strength |Strength assessment 
; assessment | against hull girder 
Loading ; (1a) (1b) 
Pattern Figure Draught Perm. Perm. shear loads 
8% SWBM@| SWSEQ | Midship 
Midship | Forward 
: ; and aft 
region region regions 
£ 100% 
G TLL TELE 100% o 
A7 (8) oe MELEE MELEE Tic (ho ) (-ve fwd) 5a \ y 
L 7) TIL 8 See note 4 
S 
2 100% 
100% > 
A80) Tien | (eq ) (+ve fwd) 1 \ \ 
L 8. See note 4 
S 


Design load combination S (Harbour and tank testing load cases) 


YW YY LEE. 9% 100% | Only applicable to strength 
13 YEN KA 1 100% idshi i 
AM) “yn Wy VaT sc (ea) (+ve fwd) | assessment of midship region 
BA 3 WW 
L J See note 4 | (see note 1(a)) 
S 
P 
yy 100% 100% | Only applicable to strength 
A100) Hy WU VAT sc (+ve fwd) | assessment of midship region 
yyy (sag) 
S ) See note 4 | (see note 1(a)) 
S 
P Applicable to strength 
LTA TT 0:7 Tz 100% 100% | assessment of midship region 
o 
A110213) || PAKA A see note (+ve fwd) | (see 1(a)) and strength 
G) Cee (sag) ; 
EE LL 12 See note 5 | assessment against hull girder 
\ / 
S shear loads (see 1(b)) 
P 
ZAZA i 
Hy Z s z Only applicable to strength 
IAA ee note ee note P : P 
A120013) || A 1/3Tsc assessment of midship region 
Gy, 77 10 10 
ZA WHA LLL, 
= J (see note 1(a)) 
S 
Applicable to strength 
P 
Z LA, | 9.65 Ts | 100% 100% |assessment of midship region 
A130113) YW Z| see note (-ve fwd) | (see 1(a)) and strength 
GHA ELLE: (Hog) inst hull gird 
\ J 11 See note 5 | assessment against hull girder 
S shear loads (see 1(b)) 
P 
% 
Uy WLLL Wt 100% 100% | Only applicable to strength 
A1403) Hy, CMA Tsc (-ve fwd) | assessment of midship region 
LL CHA LEE (Hog) 
G J See note 4 | (see note 1(a)) 
S 
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Table B.2.3 (Continued) 
FE Load Cases for Tankers with Two Oil-tight Longitudinal Bulkheads 


Note 


1. 


10. 


11. 


12. 


13. 


(a) For the assessment of scantlings of longitudinal hull girder structural members, primary 
supporting structural members and transverse bulkheads within midship cargo region, see 
1.1.1.5. 

(b) For the assessment of strengthening of longitudinal hull girder shear structural members in 
way of transverse bulkheads for hull girder vertical shear loads, see 1.1.1.6, 1.1.1.7 and 
1.1.1.8. 


The selection of permissible SWBM and SWSF for the assessment of different cargo regions of 
the ship is to be in accordance with Table B.2.6. The percentage of the permissible SWBM and 
SWSF to be applied are to be in accordance with this table. 


The actual shear force that results from the application of static and dynamic local loads to the 
FE model are to be used. 


The actual shear force that results from the application of static and dynamic local loads to the 
FE model are to be used. Where this shear force exceeds the target SWSF (design load 
combination S) or target combined SWSF and VWSF, calculated in accordance with 2.4.5.2, 
(design load combination S+D) as specified in the table, correction vertical loads are to be 
applied to adjust the shear force down to the required value. 


Correction vertical loads are to be applied to adjust the shear force to the required value 
specified. 

For loading pattern A3, with all cargo tanks abreast empty in sea-going condition, a draught of 
0.55Tsc is to be used in the analysis. Where such conditions are specified in the ship’s loading 
manual with a draught greater than 0.55Ts, the maximum specified draught for those loading 
conditions is to be used in the FE analysis. 


For loading pattern A5, with all cargo tanks abreast fully loaded in sea-going condition, a 
draught of 0.8Tsc is to be used in the analysis. Where such conditions are specified in the ship’s 
loading manual with a draught lesser than 0.8Ts, the minimum specified draught for those 
loading conditions is to be used in the FE analysis. 


Loading pattern A7 is only required to be analysed for tankers with a cross tie arrangement in 
the centre cargo tanks if the ship’s loading manual includes a non-symmetrical loading condition 
with only one of the wing tanks filled. The actual draught from the loading manual for the 
condition is to be used in the analysis, see Table B.2.5. 


Ballast loading pattern A8 with ballast filled in one or more cargo tanks (i.e. gale 
ballast/emergency ballast conditions etc.) is only required to be analysed if the condition is 
specified in the ship’s loading manual. The actual loading pattern and draught from the loading 
manual for the condition is to be used in the analysis, see Table B.2.5. 


Loading patterns A12 is only required for tankers with a cross tie arrangement in the centre 
cargo tanks. The actual shear force and bending moment that results from the application of 
local loads to the FE model are to be used. Adjusting vertical loads and bending moments are 
not applied. 


For loading pattern A13, with all cargo tanks abreast empty in harbour condition, a draught of 
0.65Tsc is to be used in the analysis. Where such conditions are specified in the ship’s loading 
manual with a draught greater than 0.65Ts, the maximum specified draught for those loading 
conditions is to be used in the FE analysis. 


For loading pattern A11, with all cargo tanks abreast fully loaded in harbour condition, a 
draught of 0.7Tsc is to be used in the analysis. Where such conditions are specified in the ship’s 
loading manual with a draught less than 0.7T;,, the minimum specified draught for those 
loading conditions is to be used in the FE analysis. 


No dynamic loads are to be applied to Design Load Combination S (harbour and tank testing 
load cases). 
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Table B.2.4 
Load Cases for Tankers with One Centreline Oil-tight Longitudinal Bulkhead 


Still Water Loads Dynamic load cases 


Strength | Strength assessment 
: assessment| against hull girder 
Loading Fi % of % of é 8 an 
igure (1a) shear loads (1») 
Pattern Draught | Perm. Perm. Midship 
SWBM@) | SWSF@) Midship Forward andaf 
region region : 
5 5 regions 
Design load combination S + D (Sea-going load cases) 
100% 
P See note 3 1 \ \ 
WE EE: (sag) 
WEE ty MLE, 
LEE 100% (eve fwd) 2 Ba \ \ 
<y. 
ho g 
7 (hog) See note 4 
P 100% 
See note 3 1 \ \ 
HEE (sag) 
6 A} Me CL LRA 
B20 Ky yyy Zig | 9.9 Tse o 100% 
q LE, MLE, 100% etd) 5h \ \ 
ho í 
z (hog) See note 4 
100% 
P (-ve fwd) 2 4 2 
MLE MLE 100% |S te 5 
B3 YU LDN oo T 6 ee note 
MELEE MELEE PE (hog) 100% 
MLE MLE 5a, 5b, 6a 
Tt (4 z 
S (-ve fwd) 6b \ \ 
See note 4 
P 
Vee ð 
Yy Yi) 100% | >” 
B4 LE} rg azz | 9.6 Tsc (+ve fwd) 1,5a \ \ 
idl WH: LLL (sag) | See note 4 
S 
FA, CEE WY 100% |, >” 
Bow) Uy yyy 0.6 Tsc (sag) (+ve fwd) 1, 5b \ \ 
A 8 See note å 
S 
100% 
pope: r (tvefwd)| 1 3 1 
Gy TELE o 
B6 Wyyy LL 06T 100% | See note 5 
GK YY "oe | (sag) 100% 
S (+vefwd)| 5a, 5b \ \ 
See note 4 
P 
9 
B7 () 100% 100% 
Thal-em (sa ) (+ve fwd) 1 \ \ 
8 See note 4 
S 


Design load combination S (Harbour and tank testing load cases) 


Applicable to strength 


NV EE, % 100% | assessment of midship region 
8) A YH 100% 1 ax th 
B8 ZAA GAA 1/3Tsc (sag) | (tve fwd) (see 1(a)) and streng 
LATHE 8) | See note 5 | assessment against hull girder 
S shear loads (see 1(b)) 
È 
i ; 
: Wi) tf 100% 75% Only applicable to strength 
B9 © Gy EEE: LEA | 1/3T se (+ve fwd) | assessment of midship region 
K LIE LIE, (sag) | See note 4 (see note 1(a)) 
Ei 


JULY 2012 APPENDIX B.2/PAGE 14 


APPENDIX B - STRUCTURAL STRENGTH ASSESSMENT COMMON STRUCTURAL RULES FOR OIL TANKERS 


Table B.2.4 (Continued) 
Load Cases for Tankers with One Centreline Oil-tight Longitudinal Bulkhead 


Still Water Loads Dynamic load cases 
Strength | Strength assessment 
Loading ; assessment | against hull girder 
Figure Perm. Perm. (1a) shear loads (1b) 
Pattern Draught SPEE 
SWBM| SWSF® $ : Midship 
Midship | Forward 
f d and aft 
region region | regions 
Wy, YY EEE: 100% 75% | Only applicable to strength 
B10 (6.8) Yy LL, LE, | 1. 3 gg (sag) (+ve fwd) | assessment of midship region 
LEIS See note 4 | (see note 1(a)) 
S 
P Applicable to strength , 
TEE, TEE, 100% 100% | assessment of midship region 
B116) LE AAA] Te a | (ve fwd) | (see 1(a)) and strength 
WH: WH (Hog) inst hull gird 
See note 5 | assessment against hull girder 
S shear loads (see 1(b)) 
Note 
1. 


(a) For the assessment of scantlings of longitudinal hull girder structural members, primary 
supporting structural members and transverse bulkheads within midship region, see 1.1.1.5. 

(b) For the assessment of strengthening of longitudinal hull girder shear structural members in 
way of transverse bulkheads for hull girder vertical shear loads, see 1.1.1.6, 1.1.1.7 and 
1.1.1.8. 


2. The selection of permissible SWBM and SWSF for the assessment of different cargo regions of the 
ship is to be in accordance with Table B.2.6. The percentage of the permissible SWBM and SWSF 
to be applied are to be accordance with this table. 


3. The actual shear force that results from the application of static and dynamic local loads to the FE 
model are to be used. 


4. The actual shear force that results from the application of static and dynamic local loads are to be 
used. Where this shear force exceeds the target SWSF (design load combination S) or target 
combined SWSF and VWSE, calculated in accordance with 2.4.5.2, (design load combination S+D) 
as specified in the table, correction vertical loads are to be applied to adjust the shear force down 
to the required value. 


5. Correction vertical loads are to be applied to adjust the shear force to the required value 
specified. 

6. Load cases B2, B5 and B10 are only required if the structure is not symmetrical about the ship’s 
centreline. 


7. Ballast loading pattern B7 with ballast filled in cargo tanks (i.e. gale ballast/emergency ballast 
conditions etc.) is only required to be analysed if the condition is specified in the ship’s loading 
manual. The actual loading pattern and draught from the loading manual for the condition is to 
be used in the analysis, see Table B.2.5. If the actual loading pattern is different from load case B7 
then: 


(a) An operational restriction corresponding to the analysed condition is to be added in the 
Loading Manual. 
(b) 100% of the permissible SWBM is to be applied when analyzing loading pattern with ballast 
in cargo tanks. 
8. No dynamic loads are to be applied to Design Load Combination S (harbour and tank testing 
load cases). 


RCN 2 to July 2008 version (effective from 1 July 2010) 
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2.3.2 Dynamic load cases 

2.3.2.1 The dynamic load cases to be used for the finite element analysis are specified in 
Section 7/6.4. 

2.4 Application of Loads 


2.4.1 General 


2.4.1.1 The application of loads to the finite element model is to be in accordance with 
Section 7/6 and the requirements specified in B/2.4. 


2.4.1.2 The load parameters and locations to be used for the calculation of the applied loads 
and accelerations are to be in accordance with Table B.2.5 and Table B.2.6. 


2.4.1.3 Constant pressure load, evaluated at the element's centroid, may be applied to a 
finite plate element. Alternately, a linear pressure distribution between the 
element's nodal points can be applied. 


Table B.2.5 
Parameters for Calculation of Loads and Accelerations 
Standard Conditions Optional Conditions 
Piametéi Draught Draught Draught Loaded conditions: | Gale/ emergency 
T. 0.9T 0.6T. A3 (draught > 0.6Ts-) | ballast conditions: 
- cen os and A7 A8 and B7 
L Rule Length Rule Length 
Cp block coefficient, as defined in Section 4/1.1.1.1 | block coefficient, as defined in Section 4/1.1.1.1 
Ship speed 0.0 0.0 

Roll response 

Corrected GM in the ship’s loading manual for 

GM 0.12B 0.12B 0.24B the loaded or gale/emergency ballast pattern 

under consideration, see Note 1 
Troll-gyr 0.35B 0.35B 0.4B See Note 2 

Pitch response, longitudinal and transverse accelerations, horizontal wave bending moment and 

sea pressures 
Maximum mean Minimum mean 
draught in the draught in the 

Ship draught Tsc 0.9T sc 0.6T sc loading manual for loading manual for 

the loading pattern the loading pattern 

under consideration under consideration 


Note 

1. Where GM for optional loaded or gale/emergency ballast conditions is not given in the ship’s 
loading manual, GM is to be determined in accordance with Section 7/3.1.3.2. 

2. Where frroii-gyr for optional loaded or gale/emergency ballast conditions is not given in the ship’s 
loading manual, rroi-gyr is to be determined in accordance with Section 7/3.1.3.3. 

3. A gale/emergency ballast condition is defined as a ballast condition with one or more cargo 
tanks filled with ballast. 
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COMMON STRUCTURAL RULES FOR OIL TANKERS 


Table B.2.6 


Locations for the Determination of Loads and Accelerations 


Strength assessment 
(1a) 


Strength assessment against hull girder shear loads (b) 


Midship cargo 
region 


Forward 
cargo region 


Midship 
cargo region 


Aft 
cargo region 


Design load combina 


tions S + D (Sea-going load cases) 


Dynamic wave T : ‘ Transverse Transverse 
ransverse section at | Transverse section at 3 : 

pressure and green 0.5L from AP 0.75L from AP section at 0.5L section at 0.251 

sea load ` ` from AP from AP 

Acceleration at CG position of at CG position of at CG position at CG position 

Av, At, Aing midship tanks (i.e. forward tanks (i.e. of midship tanks | of aft tanks (i.e. 
0.5L from AP is 0.75L from AP is (i.e. 0.5L from 0.25L from AP is 
within the tank within the tank AP is within the | within the tank 
boundary) boundary) tank boundary) | boundary) 

VWBM and SWBM 

(SWBM is to be based on 

sea-going permissible at 0.5L from AP at 0.75L from AP at 0.5L from AP | at 0.25L from AP 

values, as defined in 

Section 7/2.1.1 and 2.1.2) 

HWBM at 0.5L from AP \ \ \ 

VWSF and SWSF at the transverse at the transverse based on midship cargo tank 

(SWSF is to be based on | bulkhead with bulkhead with strength assessment (see 1.1.1.7) or 


sea-going permissible 
values, as defined in 
Section 7/2.1.3 and 2.1.4) 


maximum combined 
seagoing permissible 
SWSF and VWSF in 
the region (see 1.1.1.5) 


maximum combined 
seagoing permissible 
SWSF and VWSF in 
the region (see 1.1.1.6) 
or at individual 
bulkhead position 


(see 1.1.1.8) 


seagoing permissible SWSF and 
VWSF at individual transverse 
bulkhead position (see 1.1.1.8) 


Design load combina 


tion S (Harbour and tank testing load cases) 


SWBM 

(SWBM is to be based on 
harbour permissible 
values, as defined in 
Section 7/2.1.1 and 2.1.2) 


at 0.5L from AP 


at 0.75L from AP 


at 0.5L from AP 


at 0.25L from AP 


SWSF 

(SWSF is to be based on 
harbour permissible 
values, as defined in 
Section 7/2.1.3 and 2.1.4) 


maximum harbour 
permissible SWSF in 
the region (see 1.1.1.5) 


maximum harbour 
permissible SWSF in 
the region (see 1.1.1.6) 
or at individual 
bulkhead position 


(see 1.1.1.8) 


based on midship cargo tank 
strength assessment (see 1.1.1.7) or 
harbour permissible SWSF at 
individual transverse bulkhead 
position (see 1.1.1.8) 


Note 


1. The following assessments are to be carried out: 
(a) for the assessment of scantlings of longitudinal hull girder structural members, primary 
supporting structural members and transverse bulkheads in tanks within midship cargo 


region, see 1.1 


15 


(b) for the assessment of strengthening of longitudinal hull girder shear structural members in 
way of individual transverse bulkheads for hull girder shear loads, see 1.1.1.6, 1.1.1.7 and 


1.1.1.8. 


2. For each FE load case, accelerations are to be calculated at the centre of gravity position of the 
ballast and/or cargo in accordance with this table. The acceleration calculated for each reference 
tank is to be applied to the 3 corresponding cargo or ballast tanks along the length of the FE 


model. 


3. Longitudinal distances used in the calculation of loads refer to distance measured forward from 
the A.P., as defined in Section 4/1.1.12 
4. Dynamic wave pressure calculated at the specified section is to be applied to the full length of 


the FE model 


5. Dynamic load combination factors applied to dynamic loads for design load combination S + D 
(sea-going load cases) as defined in Section 7/6.4. 
6. The SWBM and SWSF to be applied are to be in accordance with Tables B.2.3 and B.2.4. 
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2.4.2 

2.4.2.1 
2.4.2.2 
2.4.2.3 


2.4.3 
2.4.3.1 


2.4.3.2 


2.4.3.3 


2.4.4 
2.4.4.1 


2.4.4.2 


2.4.5 
2.4.5.1 


Structural weight, cargo and ballast density 
The design cargo density is to be taken as 1.025 tonnes/ m5, see 2.4.7.2. 
The density of sea water is to be taken as 1.025 tonnes/m+°. 


The weight of the structure is to be included in the FE analysis. The density of steel 
is to be taken as 7.85 tonnes/m‘%. 


Static sea pressure 


The static sea pressure applied to a plate element due to draught immersion is to be 
calculated in accordance with Section 7/2.2.2. 


The still water draught to be considered for each finite element load case is to be in 
accordance with Tables B.2.3 and B.2.4. A constant draught is to be applied over the 
full length of the cargo tank FE model. 


The static sea pressure due to immersed draught for the ship in an upright 
condition is to be applied for all finite element load cases. The static sea pressure 
change due to rolling of the ship is included in the dynamic wave pressure 
formulation. 


Dynamic wave pressure 


The dynamic wave pressure distribution is to be determined at a transverse section 
of the hull at the longitudinal position as defined in TableB.2.6. The dynamic wave 
pressure distribution is to be calculated in accordance with Section 7/6.3.5. This 
pressure distribution is to be applied over the full length of the FE model. 


The pressure distribution due to green sea load on the weather deck is to be 
calculated in accordance with Section 7/6.3.6 at the longitudinal position as defined 
in Table B.2.6. This pressure distribution is to be applied to the weather deck over 
the full length of the FE model. 


Hull girder vertical bending moment and vertical shear force 


The hull girder vertical bending moment is to reach the following required value, 
Mo-targ, at a section within the length of the middle tank of the three tanks FE model: 
M = M w + M wy 


v—targ 


Where: 


Msw is the still water bending moment to be applied to the FE load 
case, as specified in Tables B.2.3 and B.2.4. 

Mw is the vertical wave bending moment for the dynamic load 
case under consideration, calculated in accordance with 
Section 7/6.3.2 


2.4.5.2 Hull girder vertical shear force is to reach the following required Qyargvalue at the 


forward transverse bulkhead position of the middle tank: 


Qiarg = Qw T Quv 


Where: 


Qsw is the vertical still water shear force to be applied to the FE load 
case, as specified in Tables B.2.3 and B.2.4. 

Quv is the vertical wave shear force for the dynamic load case under 
consideration, calculated in accordance with Section 7/6.3.4. 
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2.4.5.3 


The required hull girder vertical bending moment and shear force are to be 
achieved in the same load case where required by Tables B.2.3 and B.2.4. The 
procedure to apply the required shear force and bending moment distributions is 
described in 2.5. 


2.4.6 Hull girder horizontal wave bending moment 


2.4.6.1 


2.4.6.2 


Hull girder horizontal wave bending moment at a section within the length of the 
middle tank of the three tanks FE model is to reach the value required by the 
dynamic load case under consideration, calculated in accordance with Section 7/6.3.3. 


The procedure to adjust the required hull girder horizontal bending moment is 
described in 2.5. 


2.4.7 Pressure in cargo and ballast tanks 


2.4.7.1 


2.4.7.2 


2.4.7.3 


2.4.7.4 


The total tank pressure, Pin, to be applied at the boundary of a cargo or ballast tank 
in the finite element analysis is to include the static and dynamic components 
specified in Section 7/ Table 7.6.1 and Table B.2.6.. 

For the seagoing load cases (design combination S + D) the cargo tank pressure is to 
be taken as: 


Pin = fdensity (Pin-ik + Pin-ayn) kN/m2 
where: 


frensity factor for joint probability of occurrence of cargo density and 
maximum sea state in 25 years design life 


= Pmax-LM / Pallowable 


Prnax-LM maximum cargo density associated with a full tank from any 
loading condition in the ship's loading manual. Pnax-tm is not 
to be taken as less than 0.9 tonnes/ m5 for cargo loaded 
conditions and 1.025 tonnes/m$ for the optional emergency 
ballast condition (i.e. A8 and B7 in Tables B.2.3 and B.2.4 
respectively) 


Pallowable design cargo density associated with a full tank to be taken as 
1.025 tonnes/m° unless a higher density is specified by the 
builder, see Section 2/3.1.8.1 

Pin-tk static tank pressure as given in Section 7/2.2.3.1, in KN/m?, and 
with density of fluid in tank equal to the design cargo density, 
Pallowable 

Pin-dyn simultaneously acting dynamic pressure given in Section 
7/6.3.7.1,in kKN/m2, with simplification given in 2.4.7.3 and 
with density of fluid in tank equal to the design cargo density, 
Pallowable 

The envelope vertical acceleration, m, at the centre of gravity of tanks is calculated 

in accordance with Section 7/3.3.3 with the following simplifications: 

(a) for head sea conditions, dyol-z is taken as 0 

(b) for beam sea conditions, Apiicn-z is taken as 0. 


The vertical, transverse and longitudinal accelerations are to be calculated at the 
centre of gravity of the abreast tanks at the longitudinal position as specified in 
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2.4.7.5 


2.4.7.6 


2.4.7.7 


2.4.7.8 


2.4.7.9 


Table B.2.6. These accelerations are to be applied to all corresponding tanks along 
the length of the three-tank FE model. 


The dynamic tank pressure is to be calculated in accordance with Section 7/6.3.7.1, 
also see Table B.2.6. 


For ballast tanks which utilise ballast water exchange by flow-through method, the 
following are to be considered when calculating tank pressure for seagoing load 
cases (design combination S + D) as required by Section 7/Table 7.6.1: 


e Maximum vertical height of the air pipe or overflow pipe, i.e. Mair as defined in 
Section 7/2.2.3.2 and Figure 7.2.3, of all ballast tanks in the cargo region is to be 
used in the calculation of the dynamic tank pressure due to vertical acceleration 
(see Section 7/6.3.7.1). 


e Maximum value of hair and Parop, as defined in Section 7/2.2.3.3, of all ballast tanks 
in the cargo region are to be used to calculate the static tank pressure. 


The following are to be considered when calculating the static tank pressure in 
cargo tanks for harbour/tank testing load cases (design combination S) as required 
by Section 7/Table 7.6.1: 


e Maximum huai, as defined in Section 7/2.2.3.2 and Figure 7.2.3, of all cargo tanks in 
the cargo region are to be considered in the calculation of Pin-tes see Section 
7/2.2.3.5. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


Where the length of the model is extended beyond the end transverse bulkheads, 
see 2.2.1.1, tank pressure is only to be applied to the complete tanks within the 
model length. 


Maximum setting of pressure relief valve, Poave, as defined in Section 7/2.2.3.5 are to 
be considered in design combination S and S+D as required by Section 7/Table 7.6.1. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


2.5 Procedure to Adjust Hull Girder Shear Forces and Bending Moments 


2.5.1 General 


2.5.1.1 


2.5.1.2 


2.5.1.3 


The procedure described in this section is to be applied to adjust the hull girder 
horizontal bending moment, vertical shear force and vertical bending moment 
distributions on the three cargo tanks FE model to achieve the required values. 


Vertical distributed loads are applied to each frame position, together with a 
vertical bending moment applied to the model ends to produce the required value 
of vertical shear force at both the forward and aft bulkhead of the middle tank of the 
FE model, and the required value of vertical bending moment at a section within the 
length of the middle tank of the FE model. The required values are specified in 2.4.5. 
RCN 1 to July 2010 version (effective from 1 July 2012) 


A horizontal bending moment is applied to the ends of the model to produce the 
required target value of horizontal bending moment at a section within the length of 
the middle tank of the FE model. The required values are specified in 2.4.6. 


2.5.2 Shear force and bending moment due to local loads 


2.5.2.1 


The vertical shear forces generated by the local loads are to be calculated at the 
transverse bulkhead positions of the middle tank of the FE model. The maximum 
absolute shear force at the bulkhead position of the middle tank of the FE model is 
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2.5.2.2 


2.5.2.3 


to be used to obtain the required adjustment in shear forces at the transverse 
bulkhead, see 2.5.3. The vertical bending moment distribution generated by the 
local loads is to be calculated along the length of the middle tank of the three cargo 
tank FE model. The FE model can be used to calculate the shear forces and bending 
moments. Alternatively, a simple beam model representing the length of the 3-tank 
FE model with simply supported ends may be used to determine the shear force 
and bending moment values. 


RCN 1 to July 2010 version (effective from 1 July 2012) 


For beam and oblique sea conditions, the horizontal bending moment distribution 
due to dynamic sea pressure and dynamic tank pressure is to be calculated along 
the length of the middle tank of the FE model. 


The following local loads are to be applied for the calculation of hull girder shear 
forces and bending moments: 


(a) ship structural weight distribution over the length of the 3-tank model (static 
loads). Where a simple beam model is used, the weight of the structure of each 
tank can be distributed evenly over the length of the cargo tank. The structural 
weight is to be calculated based on a thickness deduction of 0.5tc, as used in 
the construction of the cargo tank FE model, see 2.2.1.5. 


(b) weight of cargo and ballast (static loads) 


(c) static sea pressure, dynamic wave pressure and, where applicable, green sea 
load. For the Design Load Combination S (harbour/ tank testing load cases), 
only static sea pressure needs to be applied 


(d) dynamic tank pressure load for Design Load Combination S+D (seagoing load 
cases). 


2.5.3 Procedure to adjust vertical shear force distribution 


2.5.3.1 


2.5.3.2 


The required adjustment in shear forces at the transverse bulkhead positions (AQ, 
and AQfwa as shown in Figure B.2.10) are to be generated by applying vertical load at 
the frame positions as shown in Figure B.2.11. It is to be noted that vertical 
correction loads are not to be applied to any transverse tight bulkheads, any frames 
forward of the forward tank and any frames aft of the aft tank of the FE model. The 
sum of the total vertical correction loads applied is equal to zero. 


The required adjustment in shear forces at the aft and forward transverse bulkheads 
of the middle tank of the FE model in order to generate the required shear forces at 
the bulkheads are given by: 

AQaf EF Q targ ~ Q aft 

AQ fvd = Q targ - Q fwd 

Where: 

AQaji required adjustment in shear force at aft bulkhead of middle 


tank based on the maximum absolute shear force at the 
bulkhead 


AQ fva required adjustment in shear force at fore bulkhead of the 
middle tank based on the maximum absolute shear force at 
the bulkhead 


Q targ required shear force value to be achieved at forward bulkhead 
of middle tank, see 2.4.5. 


Qaf shear force due to local loads at aft bulkhead of middle tank, 
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see 2.5.2 


Qfwa shear force due to local loads at fore bulkhead of middle tank, 
see 2.5.2 


RCN 1 to July 2010 version (effective from 1 July 2012) 
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Figure B.2.10 
Position of Target Shear Force and Required Shear Force Adjustment 
at Transverse Bulkhead Positions 
Target Aft Bkhd Fore Bkhd 
Condition 
ae BM | sr | PkAd | se | agua | SE | AQrwa 
pos 
Target BM 
(hogging) 
S| 3 Š 
50 v g È Sa E 2 
T 7 Z Q F 3 s 
$ lèl à 
Target SF (-ve) 
Target BM 
(hogging) 
S |||. a Š 
bD v v 2 > > Q 
e) > 5 5 ee 
x ea Q x 3 g 
lala 
Target SF (-ve) 
Bkhd 
Target SF (+ve) 
= > 3 
a 
20 v p ¥ mE ie 
È |F E Q ¥ Sl p 
Q Q Q 
Bkhd 
Target SF (+ve) 
= > 3 
a 
a | g g ¥ >? èle 
5 + È Q š 5 3 
Q Q Q 
Target BM 
(sagging) 
Note 
For definition of symbols, see 2.5.3.2. 
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Figure B.2.11 
Distribution of Adjusting Vertical Force at Frames and Resulting Shear Force 
Distributions 


Bkhd Bkhd 


dw, = W1/(n, - 1) 
W1 = total load applied 

n, = number of frame spaces 

in aft tank of FE model 


dw, = W2/(n, - 1) 
W2 = total load applied 
n, = number of frame spaces 
in middle tank of FE 
model 


dw, = W3/(n, - 1) 
WS = total load applied 
n, = number of frame spaces 
in forward tank of FE 
model 


dv, &v, dv, bo, dv, ko, &v, Sw, 50, w, ôw, Sw, 50, Sv, 


Simply Simply 
Support iw, dw, dw, dw, dw, dw, dw, Support 
end end 


Note: Transverse bulkhead frames not loaded 
Frames beyond aft transverse bulkhead of aft most tank and forward bulkhead of forward most tank not loaded 
F = Reaction load generated by supported ends 


Bkhd 


SF distribution generated 
(end reactions not included) 


dv, dv, dw, dv, dw, v, Sv, 


Shear Force distribution due to adjusting vertical force at frames 


Bkhd 


Shear Force generated 
by reaction force 


Simply Simply 
Support Support 
end end 


Note: F=0 ifl, =l and Al, = Al..g/ 
Note 


For definition of symbols, see Table B.2.7. 


and loads are symmetrical about mid-length of model 
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2.5.3.3 The value of the vertical loads to be applied to each frame to generate the increase 


in shear force at the bulkheads may be calculated using a simple beam model. For 
the case where an uniform frame spacing is used within each tank, the amount of 
vertical force to be distributed at each frame may be calculated in accordance with 
Table B.2.7. The length and frame spacing of individual cargo tanks may be 
different. 


Table B.2.7 
Formulae for Calculation of Vertical Loads for Adjusting Vertical Shear Forces 


AQap (21-12 —13) + AQ fa (l2 +13) [eate 
bw, = e ee eee 
(nı -1)(2l-h = 2-15) l 

eee (W1+W3) _ (AQ a —AQ foa) 
? (n, -1) (n, -1) 
Sw _~ AQ fwd (21—l —I2) — AQap (lL +12) 
° (is ha) 
Where: 


AQast required adjustment in shear force at aft bulkhead of middle tank, see Figure B.2.10 
AQ fa required adjustment in shear force at fore bulkhead of middle tank, see Figure B.2.10 


length of aft cargo tank of model 
length of middle cargo tank of model 


length of forward cargo tank of model 


F end reactions due to application of vertical loads to frames, see 2.5.3 
W1 total evenly distributed vertical load applied to aft tank of FE model, 
(nı - 1) dw 
w2 total evenly distributed vertical load applied to middle tank of FE model, 
(nz - 1) w2 
w3 total evenly distributed vertical load applied to forward tank of FE model, 
(ns - 1) w3 
n number of frame spaces in aft cargo tank of FE model 
n2 number of frame spaces in middle cargo tank of FE model 
ns number of frame spaces in forward cargo tank of FE model 
w distributed load at frame in aft cargo tank of FE model 
Jw distributed load at frame in middle cargo tank of FE model 
w3 distributed load at frame in forward cargo tank of FE model 
Alend distance between end bulkhead of aft cargo tank to aft end of FE model 
Alfore distance between fore bulkhead of forward cargo tank to forward end of FE model 
l total length of FE model (beam) including portions beyond end bulkheads: 
= l1 + l2 + 13 +Alena +Al pre 
Notes 
1. Positive direction of loads, shear forces and adjusting vertical forces in the formulae is in 
accordance with Figures B.2.10 and B.2.11. 
2. W1 + W3 =W2 
3. Note that the above formulae are only applicable if an uniform frame spacing is used within 


each tank, see 2.5.3.3. The length and frame spacing of individual cargo tanks may be 
different. 
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2.5.3.4 The amount of adjusting load to be applied to the structural parts of each transverse 
frame section to generate the vertical load, dw;,is to be in accordance with Figure 
B.2.12. This load is to be distributed at the finite element grid points of the structural 
parts. Where 4-node or 3-node finite plate elements are used, the load to be applied 


at each grid point of a plate element is given by: 


n 
>? 0.5 A i-elem-net50 
1 


F,_gria = Asche F, 

Where: 

F;-gria load to be applied to the i FE grid point on the individual 
structural member under consideration, i.e. side shell, 
longitudinal bulkheads and bottom girders, inner hull 
longitudinal bulkheads, hopper plates, upper slope plates of 
inner hull and outboard girders as defined in Figure B.2.12 

Ai-elem-netso0 Sectional area of each plate element in the individual 
structural member under consideration (see Figure B.2.12), 
which is connected to the i grid point 

n number of plate elements connected to the i grid point 

Fs total load applied to individual structural member under 
consideration, as specified in Figure B.2.12 

As-net50 plate sectional area of the individual structural member 


under consideration, i.e. side shell, longitudinal bulkheads, 
bottom girders, inner hull longitudinal bulkheads, hopper 
plates, upper slope plates of inner hull and outboard girders 
as defined in Figure B.2.12 


Figure B.2.12 
Distribution of Adjusting Load on a Transverse Section 


Structural member Applied load F, 
Side Shell f: wi 
Longitudinal bulkhead including bottom girder beneath f: wi 
å : $ 6 , A n-net50 
Inner hull longitudinal bulkhead (vertical part) f 60; A 
2-net50 
A =ne 
Hopper plate f-ôw; EA 
Ay net50 
* : Auisp-net50 
Upper slope plating of inner hull f- ôw; —— 
A> net50 
í Aog-net50 
Outboard girder f :6w,;-—-—— 
Ay net50 
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Figure B.2.12 (Continued) 
Distribution of Adjusting Load on a Transverse Section 
Where 
wi, vertical load to be applied to each transverse frame section, see 2.5.3.3 and Table B.2.7 
f shear force distribution factor of structural part calculated at the mid-tank position 
in accordance with Table B.2.8 
Ain-net50 plate sectional area of individual inner hull longitudinal bulkhead 
A Hp-net50 plate sectional area of individual hopper plate 
Auusp-net50 Plate sectional area of individual upper slope plate of inner hull 
Aog-net50 plate sectional area of individual outboard girder 
A2-net50 plate sectional area calculated in accordance with Table B.2.8 
Note 
1. Adjusting load is to be applied in plane to the hopper slope plate and upper slope plate of 
inner hull. 
2. Adjusting load given is to be applied to individual structural member. 


Table B.2.8 
Shear Force Distribution Factors 


A —ne A —ne 
Side Shell f =0.055 +0.097 = + 0,020 <=" 
2-net50 3-net50 
Inner hull f =0.193—0,059 L 4 9,953 22050 
2—net50 3—net50 
ms A1-net50 A 2-net50 
longitudinal f =0.504 -0.076 —— - 0.156 ae 
bulkhead 2—net50 3—net50 
Side Shell f =0.028 + 0.087 Arnet50_ 5 9.973 A2-net50_ 
2-net 50 A3-net50 
A —ne A —ne 
Inner hull f =0.119-0.038——"" + 0,072 =" 
2-net50 A3-net50 
Longitudinal f = 0.353 — 0.049 A1- net50 0.095 A2- net50 
bulkhead 2-net50 A3- ner50 
Where: 
At-net50 plate sectional area of individual side shell (i.e. on one side), including bilge 
A2-net50 plate sectional area of individual inner hull longitudinal bulkhead (i.e. on one side), 
including hopper slope plate, double bottom side girder in way and, where fitted, 
upper slope plating of inner hull. 
A3-net50 plate sectional area of individual longitudinal bulkhead, including double bottom 
girder in way 
Note 


1. Where part of the structural member is not vertical, the area is to be calculated using the 
projected area in the vertical direction. 

2. All plate areas are to be calculated based on the modelled thickness of the cargo tank FE 
model, see 2.2.1.5. 

3. For corrugated longitudinal bulkheads, the corrugation thickness for the calculation of shear 
force distribution factor, f, is to be corrected according to Section 4/2.6.4. 
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2.5.4 Procedure to adjust vertical and horizontal bending moments 


2.5.4.1 An additional vertical bending moment is to be applied at both ends of the cargo 
tank finite element model to generate the required vertical bending moment in the 
middle tank of the model. This end vertical bending moment can be calculated as 
follows: 
M v-end T Mies = M p-peak 
Where: 
Mbo- end additional vertical bending moment to be applied at both ends 
of finite element model 
Mo-targ required hogging (positive) or sagging (negative) vertical 
bending moment, as specified in 2.4.5 
Mbo- peak maximum or minimum bending moment within the length of 
the middle tank due to the local loads described in 2.5.2.3 and 
the additional vertical loads applied to generate the required 
shear force, see 2.5.3. Mv- peak is to be taken as the maximum 
bending moment if Mo-targ is hogging (positive) and as the 
minimum bending moment if Mo-turg is sagging (negative). 
Mo-peak can be obtained from FE analysis. Alternatively, Mo-peak 
may be calculated as follows based on a simply supported 
beam model: 
M p-peak =Max {M, + xF+Moinetoad } 
Mo vertical bending moment at position x, due to the local loads 
described in 2.5.2.3. 
Miineload vertical bending moment at position x, due to application of 
vertical line loads at frames to generate required shear force, 
see 2.5.3 
F reaction force at ends due to application of vertical loads to 
frames, see 2.5.3 
x longitudinal position of frame in way of the middle tank of FE 
model from end, see 2.5.4.2 
2.5.4.2 For beam and oblique sea load cases, an additional horizontal bending moment is to 
be applied at the ends of the cargo tank FE model to generate the required 
horizontal bending moment at a section within the length of the middle tank of the 
model. The additional horizontal bending moment can be calculated as follows: 
M p-end = M taps = M p-peak 
Where: 
Mr- ena additional horizontal bending moment to be applied to ends 
of FE model 
Mo-targ required positive or negative horizontal bending moment, see 
2.4.6 
Mo-peak maximum or minimum horizontal bending moment within 
the length of the middle tank due to the local loads described 
in 2.5.2.3. Mh-peak is to be taken as the maximum horizontal 
bending moment if Mh-targ is positive (starboard side in 
tension) and as the minimum horizontal bending moment if 
Mhn-targ is negative (port side in tension). 
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2.5.4.3 


2.5.4.4 


2.5.4.5 


2.5.4.6 


The vertical and horizontal bending moments should be calculated over the length 
of the middle tank of the FE model to identify the position and value of each 
maximum/ minimum bending moment as specified in 2.5.4.1 and 2.5.4.2. 


The additional vertical bending moment, Mo. ena, and horizontal bending moment, 
Mh-end, are to be applied to both ends of the cargo tank model. The bending moments 
may be applied by either of the methods described in 2.5.4.5 and 2.5.4.6. 


The vertical and horizontal bending moments may be applied at the model ends by 
distributing axial nodal forces to all longitudinal elements according to the simple 
beam theory as follows: 


(E J; = M oend Aj net50 


Zi for vertical bending moment 
Ly-neiso "i 
y—ne 
M -en Aiie 
(E) == 0 Y; for horizontal bending moment 
I z—net50 ni 
Where: 
Mo-end vertical bending moment to be applied to the ends of the 
model 
Mh-end horizontal bending moment to be applied to the ends of the 
model 
(Fy)i axis force applied to a node of the it element 
Ty-net50 hull girder vertical moment of inertial of the end section about 


its horizontal neutral axis 


Lz-net50 hull girder horizontal moment of inertial of the end section 
about its vertical neutral axis (normally centreline) 


Zi vertical distance from the neutral axis to the centre of the cross 
sectional area of the ith element 


Yi horizontal distance from the neutral axis to the centre of the 
cross sectional area of the itt element 

Ai-net50 cross sectional area of the itt element 

ni number of nodal points of it element on the cross section, ni = 


2 for 4-node plate element 


The vertical and horizontal bending moments may alternatively be applied to an 
independent grid point at the intersection of the vertical neutral axis (normally 
centreline) and the horizontal neutral axis, see Figure B.2.13. All nodal points of the 
longitudinal elements on the end section are to be rigidly linked to the independent 
point in Oy (for vertical bending), 0- (for horizontal bending) and ôx. This 
independent point is not to be connected to the model except by the rigid link. The 
rigid links are to maintain the end plane of the model in keeping plane under the 
action of the applied bending moment, which is equivalent to imposing a prescribed 
displacement to the nodal points in accordance with the simple beam theory. 
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2.6 Boundary Conditions 


2.6.1 General 


2.6.1.1 


2.6.1.2 


2.6.1.3 


All boundary conditions described in this section are in accordance with the global 
co-ordinate system defined in Section 4/1.4. The boundary conditions to be applied 
at the ends of the cargo tank FE model are given in Table B.2.9. The analysis may be 
carried out by applying all loads to the model as a complete load case or by 
combining the stress responses resulting from several separate sub-cases. 


Ground spring elements, i.e. spring elements with one end constrained in all 6 
degrees of freedom, with stiffness in global y degree of freedom are to be applied to 
the grid points along deck, inner bottom and bottom shell as shown in Figure B.2.13. 


Ground spring elements with stiffness in global z degree of freedom are to be 
applied to the grid points along the vertical part of the side shells, inner hull 
longitudinal bulkheads and oil-tight longitudinal bulkheads as shown in Figure 
B.2.13. 


Figure B.2.13 


Spring Constraints at Model Ends 


Independent 
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Table B.2.9 
Boundary Constraints at Model Ends 
Translation Rotation 
Location 
Ôx by Ôz Ox Oy 0. 
Aft End 
Aft end 
(all longitudinal RL - - - RL RL 
elements) 
Independent 
Point aft end, see Figure Fix - - £ Mo-end Mo-ena 
B.2.13 
Deck, inner bottom and i Sprines i i i 7 
outer shell prng 
Side, inner skin and i i Spines i i i 
longitudinal bulkheads pong 
Fore End 
Fore end 
(all longitudinal RL - - - RL RL 
elements) 
Independent point fore 
end, see Figure B.2.13 i Aia Niega 
Deck, inner bottom and i Springs - g f - 
outer shell pring 
Side, inner skin and i i Sprines i i i 
longitudinal bulkheads i 
Where: 
- no constraint applied (free) 
RL nodal points of all longitudinal elements rigidly linked to independent point at 
neutral axis on centreline 

Note 
1. All translation and rotation displacements are in accordance with the global coordinate 

system defined in Section 4/1.4. 
2. Where Mrenais not applied, the independent points at the fore and aft ends are to be free in 

0z. 
3. Where Moenais not applied, the independent points at the fore and aft ends are to be free in 

By. 
4. Where no bending moment is applied, the independent points at the fore and aft ends are to 

be free in 0, and 0z. 
5. Where bending moment is applied as nodal forces, the independent points at the fore and aft 

ends are to be free in the corresponding degree of freedom of rotations (i.e. 0y,and/or 6.). 


2.6.2 Calculation of spring stiffness 


2.6.2.1 The stiffness, c, of individual spring elements for each structural member, to be 
applied at each end of the cargo tank model, is given by: 


c= [ E [Eom = 0.77 Ag net50E N/mm 
1+v) lyn lyn 
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Where: 

As-net50 shearing area of the individual structural member under 
consideration, i.e. plating of deck, inner bottom, bottom shell, 
side shell, inner hull longitudinal bulkheads or oil-tight 
longitudinal bulkhead. As-netso is to be calculated based on the 
thickness of the cargo tank finite element model for areas 
indicated in Table B.2.10 for the appropriate structural member 
under consideration, in mm? 

v Poisson's ratio of the material 

lik length of cargo tank, between bulkheads of the middle tank of 
the FE model, in mm? 

E Modulus of Elasticity, in N/ mm2 

n number of nodal points to which the spring elements are 


applied to the structural member under consideration 


Table B.2.10 
Shear Areas to be Considered for the Calculation of Spring Stiffness 


Vertical springs 


Side Area of side shell plating, 
including bilge 

Inner hull Area of inner skin plating, 

longitudinal including hopper slope plate 

bulkheads and double bottom side girder 
in way 


Longitudinal Area of longitudinal bulkhead 
bulkheads plating, including double 
bottom girder in way 


Note 

Where part of the structural member is not 
vertical, the area is to be calculated using the 
projected area in the vertical direction. 
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Table B.2.10 (Continued) 
Shear Areas to be Considered for the Calculation of Spring Stiffness 


Horizontal springs 


Deck Area of deck plating 


Inner bottom Area of inner bottom plating, 
including hopper slope plate and 
horizontal stringer in way 


Bottom shell Area of bottom shell plating, 
including bilge 


Note 


Where part of the structural member is not 
horizontal the area is to be calculated using the 
projected area in the horizontal direction. 


2.6.2.2 


2.6.2.3 


For vertical corrugated longitudinal bulkheads, the corrugation thickness for the 
calculation of spring stiffness, c, shall be calculated according to Section 4/2.6.4. 


Alternatively, rod elements may be used instead of spring elements, the equivalent 
cross section area of the rod is (c-l)/E, where l is the length of the rod. One end of 
the rod is to be constrained in all 6 degrees of freedom. 


2.7 Result Evaluation 


2.7.1 General 


2.7.1.1 


271:2 


Verification of result against acceptance criteria is to be carried out for structural 
members within longitudinal extent shown in Figure B.2.14, which includes the 
middle tanks of the three cargo tanks FE model and the region forward and aft of 
the middle tanks up to the extent of the transverse bulkhead stringer and buttress 
structure. For the strength assessment of tanks in the midship cargo region, stress 
level and buckling capability of longitudinal hull girder structural members, 
primary supporting structural members and transverse bulkheads are to be verified. 
For the assessment of required strengthening in way of transverse bulkheads 
against hull girder shear load, stress level and buckling capability of inner hull 
longitudinal bulkheads including upper sloped plate where fitted, side shell, 
hopper, bottom girders and longitudinal bulkheads are to be verified. 


Assessment of results is to be carried out for the standard load cases specified in 
2.3.1, and any other load cases specially considered as required by Section 9/2.2.3. 
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Figure B.2.14 
Extent of FE Model for Verification against Acceptance Criteria 


2.7.2 Stress assessment 


2.7.2.1 Stresses are not to exceed the permissible values given in Section 9/2.2.5. 
2.7.2.2 The maximum permissible stresses are based on the mesh sizes and element types 
described in 2.2. 
2.7.2.3 The von Mises stress, Owm, is to be calculated based on the membrane direct and 
shear stresses of the plate element. Where shell elements are used, the stresses are to 
be evaluated at the mid plane of the element. Where plate elements are used, the 
stresses are to be evaluated at the element centroid. 
2.7.2.4 Except as indicated in 2.7.2.5, the element shear stress in way of openings in webs is 
to be corrected for loss in shear area in accordance with the following formula. The 
corrected element shear stress is to be used to calculate the von Mises stress of the 
element for verification against the acceptance criteria. 
h t mod—net50 
T cor aaa T elem 
As-net50 
Where: 
Toor corrected element shear stress 
h height of web of girder in way of opening, see Figure B.2.8. 
Where the geometry of the opening is modelled, h is to be taken 
as the net height with the height of the modelled opening 
deducted. 
tmod-netso modelled web thickness in way of opening, see Table B.2.2. 
As-nesso actual effective shear area of web, including area lost due to slots 
for stiffeners, calculated in accordance with Section 4/2.5. The 
thickness of the web is to be based on net thickness obtained by 
deducting 0.5teorr from the gross thickness 
Telem element shear stress before correction 
2.7.2.5 Correction of element shear stress due to presence of openings is not required 
provided that: 

(a) all slots for local support stiffeners are fitted with lugs or collar plates; 

(b) the difference between the modelled shear area of the plate and the actual 
effective shear area, As-neiso Calculated in accordance with Section 4/2.5.1, is less 
than 20% of the modelled shear area, and 
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(c) the yield utilisation factor is less than 80% of the permissible yield utilisation 
factor given in Section 9/Table 9.2.1. 


2.7.2.6 Where the corrugation is not modelled with its exact geometric shape, the corrected 
axial stress in the flange of the corrugation, Oj-at, is to be taken as the greater of: 


hi =o Z corr -FEM-net50 lopai 
fl-act — ~ fl-FEM Z 


corr—act—net 50 Leorr-FEM 
O pact ZO fi-FEM 
Where: 


Oj-FEM axial stress obtained from the finite element analysis, 
see Figure B.2.15 


Zeorr-FEM-net50 is the section modulus of the modelled corrugation 
calculated in accordance with Figure B.2.15 


Zcorr-act-net50 is the section modulus of the actual corrugation 
calculated in accordance with Figure B.2.15 


leorr-act length of corrugation section, as given in Figure B.2.15 


leorr-FEM length of corrugation section, as given in Figure B.2.15 


Figure B.2.15 
Axial Bending Stress in Flange Corrugation 


act 


corr-act 


FEM 


Lor-FEM 


Note 


lorr-act = length of corrugation section, for the calculation of Zeorr-act-net50 
leorr-FEM = length of corrugation section, for the calculation of Zeorr-FEM-net50 


2.7.3 Buckling assessment 


2.7.3.1 Buckling capability is to be assessed for the plating and stiffened panels of 
longitudinal hull girder structural members, primary support members and 
transverse bulkheads, including deck, double side, side, bottom, double bottom, 
hopper, transverse and vertical web frames, stringers, transverse and longitudinal 
bulkhead structures. Buckling capability of curved panels (e.g. bilge), face plate of 
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2.7.3.2 


2.7.3.3 


2.7.3.4 


2790 


2.7.3.6 


2.7.3.7 


2.7.3.8 


primary support members and tripping brackets is not assessed based on stress 
result obtained by the finite element analysis. 


The utilisation factor against buckling for all plates and stiffened panels is not to 
exceed the permissible values given in Section 9/2.2.5. The method for carrying out 
buckling assessment of plates and stiffened panels is described in Appendix D/. 


The buckling assessment is to be based on the stresses obtained from the finite 
element analysis in conjunction with buckling capacity model based on net 
thickness obtained by deducting the full corrosion addition, tor, and any Owner's 
extras from the proposed thickness. This thickness deduction applies to all plating, 
stiffener webs and face plates. 


The buckling assessment is to be based on membrane stress evaluated at the 
centroid of the plate elements. Where shell elements are used, stresses at the mid 
plane of the element are to be used for the buckling assessment. 


The combined interaction of bi-axial compressive stresses, shear stress and lateral 
pressure loads are to be considered in the buckling calculation. Where a stress 
correction is to be applied to the finite element stresses as required by 2.7.2, the 
buckling assessment is to be based on the corrected stresses. 


For tankers with a cross tie arrangement, the pillar buckling capability of the cross 
tie structure is to be assessed based on the buckling formulae given in Section 
10/3.5.1. The average axial compressive stress at the mid span of the cross tie in the 
ship's transverse direction, weighted by cross section area, is to be used for the 
buckling assessment. 


In the absence of a suitable advanced buckling method described in Appendix D/ 
for the modelling of bulkhead corrugation, assessment of local buckling of unit 
corrugation flanges is to be in accordance with Section 10/3.5.2 and criteria given in 
Section 9/2.2.5. The assessment is to be based only on uni-axial stress (membrane 
stress evaluated at element centroid) parallel to the corrugation knuckles. Averaged 
stress between elements is not to be used. For the part of the corrugated plate 
flange from the lower bulkhead stool top to a level of s/2 above, where s is the 
breadth of the flange, the stress used for the buckling assessment needs not be taken 
as greater than the value obtained at s/2 above the bulkhead stool top. The stress 
value at s/2 may be obtained by interpolation if the stress value cannot be obtained 
directly from a plate element. 


In the absence of a suitable advanced buckling assessment method described in 
Appendix D/5 for the modelling of panel with opening, local buckling of web plates 
of primary support members in way of openings is to be assessed in accordance 
with Section 10/3.4 based on acceptance criteria on buckling utilisation factor given 
in Section 9/2.2.5. The assessment is to be based on FE membrane stress evaluated at 
the centroid of plate elements. Stresses in the area of the web required for buckling 
assessment are to be obtained as averaged stresses of the plate elements within the 
required area. Stress obtained from either the cargo tank analysis or local fine mesh 
analysis may be used for the assessment. Where the effect of opening is not taken 
into account in the cargo tank analysis, the stresses obtained from the finite element 
analysis are to be corrected in accordance with 2.7.2.4 and 2.7.2.5. 
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3 LOCAL FINE MESH STRUCTURAL STRENGTH ANALYSIS 


3.1 General 


3.1.1 Application 


3.1.1.1 


3.1.1.2 


For tankers of conventional arrangements, finite element fine mesh analysis of 
structural details is to be in accordance with the requirements given in this section. 


Additional requirements of fine mesh analysis are to be in accordance with Section 
9/2.3.1.3 and Section 9/2.3.1.4. 


3.1.2 Transverse web frame and wash bulkhead 


3.1.2.1 


3.1.2.2 


3.1.2.3 


Upper hopper knuckle connections as indicated in Figure B.3.1 are to be evaluated 
by fine mesh analysis on a typical transverse web frame in the middle tank of the 
cargo tank model. Main bracket toes and openings as indicated in Figure B.3.1 are to 
be evaluated by fine mesh analysis if the screening criteria given in 3.1.6 are not 
complied with. 


Where a wash bulkhead is fitted, main bracket toes and openings of the transverse 
and vertical webs as indicated in Figure B.3.1 are to be evaluated by fine mesh 
analysis if the screening criteria given in 3.1.6 are not complied with. 


The web frame which indicates highest von Mises stresses in way of each structural 
detail from the cargo tank analysis is to be selected for the fine mesh analysis. 


Areas Requiring Consideration for Fine Mesh Analysis on a Typical Transverse Web 


Figure B.3.1 


Frame, Wash Bulkhead and Web Frame adjacent to Transverse Bulkhead 
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Figure B.3.1 (Continued) 
Areas Requiring Consideration for Fine Mesh Analysis on a Typical Transverse Web 
Frame, Wash Bulkhead and Web Frame adjacent to Transverse Bulkhead 


ss ss 
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Figure B.3.1 (Continued) 
Areas Requiring Consideration for Fine Mesh Analysis on a Typical Transverse Web 
Frame, Wash Bulkhead and Web Frame adjacent to Transverse Bulkhead 


ss S S 


S 


s s S 


Fine mesh analysis of upper hopper knuckle is required 
for cargo tank typical web frame, see 3.1.2. Fine mesh 
analysis is not required for upper hopper knuckles on 
web frame adjacent to transverse bulkhead. 


®© Upper hopper knuckle 


Fine mesh analysis is to be carried out where the 
screening criteria given in 3.1.6 are not complied with 


Bracket toes 


Fine mesh analysis is to be carried out for all openings in 
| | Openings (shaded regions) shaded regions where the screening criteria given in 3.1.6 
are not complied with 


Fine mesh analysis or evaluation based on screening 
criteria given in 3.1.6 is not required for openings in un- 
shaded regions if: 

e o/h < 0.35 and go < 1.2, and, 

: f e each end of the opening forms a semi circle arc (i.e. 
Openings (un-shaded regions) radius of opening equal to b/2). 

where ho, h and goare defined in Table B.2.2 and b is the 
smallest of the length and breadth of the opening. Other 
openings in the un-shaded regions are subjected to fine 
mesh analysis where the screening criteria given in 3.1.6 
are not complied with. 
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Areas Requiring Consideration for Fine Mesh Analysis on Horizontal Stringer and 
Transverse Bulkhead to Double Bottom Connections 


Figure B.3.2 


Area requiring 
consideration for fine 
mesh analysis 


Fine mesh analysis is to be 
carried out where the screening 
criteria given in 3.1.6 are not 
complied with. 


Bracket toes and heels 


Openings (shaded 
regions) 


Openings (un-shaded 
regions) 


Fine mesh analysis is to be carried out where the screening 

criteria given in 3.1.6 are not complied with 

Fine mesh analysis is to be carried out for all openings in shaded 

regions where the screening criteria given in 3.1.6 are not 

complied with 

Fine mesh analysis or evaluation based on screening criteria given 

in 3.1.6 is not required for openings in un-shaded regions if: 

e h/h < 0.35 and go < 1.2, and, 

e each end of the opening forms a semi circle arc (i.e. radius of 
opening equal to b/2). 

where h, h and goare defined in Table B.2.22 and b is the smallest 

of the length and breadth of the opening. Other openings in the 


un-shaded regions are subjected to fine mesh analysis where the 
screening criteria given in 3.1.6 are not complied with. 


3.1.3 Transverse bulkhead stringers, buttress and adjacent web frame 


3.1.3.1 Fine mesh analysis is to be carried out for the following locations where the 
screening criteria given in 3.1.6 are not complied with: 


(a) main bracket toes, heels and openings on horizontal stringers of a transverse 
bulkhead specified in Figure B.3.2. The stringers of the forward and aft 
transverse bulkheads of the middle tank of the FE model which indicate highest 
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3.1.3.2 


von Mises stresses in way of the structural details from the cargo tank analysis is 
to be selected for the fine mesh analysis. 


g 


main bracket toes and openings on transverse bulkhead to double bottom 
connection or buttress structure specified in Figure B.3.2. The double bottom 
connection/buttress structure in way of the forward and aft transverse 
bulkheads of the middle tank of the FE model which indicates highest von Mises 
stresses in way of the structural details from the cargo tank analysis is to be 
selected for the fine mesh analysis. 


(c) main bracket toes and openings specified in Figure B.3.1 on a web frame adjacent 
to the transverse bulkhead. Both web frames in way of the horizontal stringers 
of the forward and aft transverse bulkheads of the middle tank of the cargo tank 
FE model are to be considered. The web frame which indicates highest von 
Mises stresses in way of the structural details from the cargo tank analysis is to 
be selected for the fine mesh analysis. 


Where the stress level at the heel connection of the transverse bulkhead horizontal 
stringer to the side horizontal girder exceeds the permissible criteria, it is 
recommended that a backing bracket be fitted in accordance with Appendix C/2.5 to 
reduce the stresses. 


3.1.4 Deck, double bottom longitudinal and adjoining transverse bulkhead 
vertical stiffeners 


3.1.4.1 


3.1.4.2 


End connections and attached web stiffeners of the following structural members 
are to be assessed: 


(a) at least one pair of inner and outer bottom longitudinal stiffeners and adjoining 
vertical stiffener of transverse bulkhead 


(b) at least one longitudinal stiffener on deck and adjoining vertical stiffener of 
transverse bulkhead 


The selection of the longitudinal and vertical stiffeners to be analysed is to be based 
on the maximum relative deflection between supports, e.g. between floor and 
transverse bulkhead. Where there is a significant variation in end connection 
arrangement and scantlings between stiffeners, analysis of additional stiffeners may 
be required. Figure B.3.3 shows the areas that require fine mesh analysis in way of 
deck, inner bottom and bottom longitudinal and transverse bulkhead vertical 
stiffeners. 


3.1.5 Corrugated bulkheads 


3.1.5.1 


3.1.5.2 


3.1.5.3 


Where no shedder plate or shedder plate without a gusset plate is fitted to a 
corrugated transverse or longitudinal corrugated bulkhead, connection of 
corrugation and below supporting structure to lower stool shelf plate, as shown in 
Figure B.3.4, is to be evaluated by fine mesh analysis. Where no lower stool is fitted, 
connection of corrugation and below supporting structure to inner bottom plate is 
to be evaluated by fine mesh analysis. 


Where shedder plate with a gusset plate is fitted to a corrugated transverse or 
longitudinal corrugated bulkhead, connection of the corrugation at the upper corner 
of the gusset plate is to be evaluated by fine mesh analysis. 


The selection of the location of the corrugation unit for fine mesh analysis is to be 
based on the stress result from the cargo tank analysis. The location with the highest 
von Mises stress in way of the corrugation connection is to be selected for the 
analysis. 
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3.1.5.4 Where transverse and longitudinal corrugated bulkheads are of different 
arrangements or scantlings, the fine mesh analysis is to be carried out for both 
bulkheads. 


3.1.5.5 Where the stress level at the connection of corrugation to the lower stool exceeds the 
permissible criteria, it is recommended that shedder plate and gusset plate be fitted 
in accordance with Appendix C/2.5 to reduce the stresses. See Section 8/2.5.7.9 for 
required arrangement of supporting structure for corrugated bulkhead without a 
lower stool. 


Figure B.3.3 
Areas Requiring Fine Mesh Analysis on Deck, Inner and Outer Bottom Longitudinals 


Area requiring fine 
mesh analysis 


Longitudinal_-—* 
bulkhead 
Transverse 
bulkhead 
Bottom 
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Figure B.3.4 
Areas Requiring Fine Mesh Analysis at Connections of Corrugated 
Bulkhead to Bottom Stool 


Note 


Exact location of corrugation unit to be examined using fine mesh analysis is to be selected 
based on stress result from cargo tank analysis. 


3.1.6 Screening criteria for Fine Mesh Analysis 


3.1.6.1 


3.1.6.2 


3.1.6.3 


The criteria given in this section are intended to identify areas that require to be 
investigated by means of fine mesh finite element analysis. These criteria apply to 
openings, bracket toes and heels of transverse web frames, vertical and transverse 
webs of wash bulkheads, horizontal stringers of transverse bulkhead and adjoining 
side horizontal girders, buttress and bottom girders. 


Where the criteria given in this section for the structural detail are complied with, 
fine mesh finite element analysis of the structural detail may be waived with the 
exception of 3.1.6.3. The compliance with these criteria is to be verified for all finite 
element load cases. 


Large openings, for which their geometry is required to be represented in the cargo 
tank FE model in accordance with Table B.2.2, are to be investigated by fine mesh 
analysis. 


JuLy 2012 


APPENDIX B.3/ PAGE 7 


APPENDIX B - STRUCTURAL STRENGTH ASSESSMENT COMMON STRUCTURAL RULES FOR OIL TANKERS 


Table B.3.1 
Fine Mesh Analysis Screening Criteria for Openings in Primary Support Members 
A fine mesh finite element analysis is to be carried out where: 
Ay>1.7 (load combination S + D) 
Ay>1.36 (load combination S) 
Where: 
Ay yield utilisation factor 
0.74 0.74 
l h k 
=0.85C, lo, +0 |+| 2+ =| += Tal l 
i 2r 2r 235 
ho ho 2 for openings in vertical web and horizontal 
C, =1.0- o23{ “) + 21222) girder of wing ballast tank, double bottom 
h floor and girder and horizontal stringer of 
transverse bulkhead 
=1.0 for opening in web of main bracket and 
buttress (see figures below) 
r radius of opening, in mm 
ho height of opening parallel to depth of web, in mm 
lo length of opening parallel to girder web direction, in mm 
h height of web of girder in way of opening, in mm 
Ox axial stress in element x direction determined from cargo tank FE analysis according to 
the coordinate system shown, in N/mm? 
0; axial stress in element y direction determined from cargo tank FE analysis according to 
the coordinate system shown, in N/mm? 
Tey element shear stress determined from cargo tank FE analysis, in N/mm?, © 
k higher strength steel factor, as defined in Section 6/1.1.4 but not to be taken as less than 
0.78 for load combination S + D 
x 
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Table B.3.1 (Continued) 
Fine Mesh Analysis Screening Criteria for Openings in Primary Support Members 


Individual element in 
web to be verified 
against criteria 


Notes 

1. For opening where the modelled shear area in way of the opening is different from the actual 
net shear area the element shear stress is to be adjusted using the formula given in B.2.7.2.4 
prior to the evaluation of yield utilisation factor for verification against the screening criteria. 

2. Where the geometry of the opening is required to be modelled in accordance with Table B.2.2, 
fine mesh FE analysis is to be carried out to determine the stress level. The screening criteria 
given in this table are not applicable. 

3. Screening criteria is only valid if the cargo tank finite element analysis and the derivation of 
element stresses is carried out in accordance with B/2. 


RCN 2 to July 2008 version (effective from 1 July 2010) 
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Table B.3.2 
Fine Mesh Analysis Screening Criteria for Bracket Toes 
of Primary Support Members 


A fine mesh finite element analysis is to be carried out where: 


Ay>1.5 (load combination S + D) 
Ay>1.2 (load combination S) 
Where: 
Ay yield utilisation factor 
0.5 0.5 
=c, 0.75, 22) Jo, )-+0.55, Areso] Jo, || A 
b; bit aet50 235 
C, =1.0 -0.2 Ry’ 
1400 
bi, b2 height of plate element in way of bracket toe in cargo tank FE model, in mm 
A bar-net50 sectional area of bar element in cargo tank FE model representing the face plate of 
bracket, in mm2 
Obar bar element axial stress determined from cargo tank FE analysis, in N/mm? 
Oom von Mises stress of plate element in way of bracket toe determined from cargo tank 
FE analysis, in N/mm? 
tnet50 thickness of plate element in way of bracket toe, in mm 
Ra leg length distance in mm, not to be taken as greater than 1400mm 
k higher strength steel factor, as defined in Section 6/1.1.4, but not to be taken as less 


than 0.78 for load combination S + D 


LL 


7 
Le 
Lee 


WEE Nets 
LL, MEDO 


VEE e Ee: 
LEIS. 


Plate element in 
way of bracket toe 
in cargo tank FE 


Bar element in 


cargo tank FE 
model 


1. Screening criteria is only valid if the cargo tank finite element analysis and the derivation of 
element stresses is carried out in accordance with B/2. 
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Table B.3.3 
Fine Mesh Analysis Screening Criteria for Heels of Transverse Bulkhead Horizontal 
Stringers 


A fine mesh finite element analysis is to be carried out where: 


Ay > 1.5 (load combination S + D) 
Ay>1.2. (load combination S) 


Where: 

Ay yield utilisation factor 
= k for heels at side horizontal girder and transverse bulkhead 
=3.0|o m|—— aes 

235 horizontal stringer, i.e. locations 1, 2 and 3 in figures. 
= k for heel at longitudinal bulkhead horizontal stringer, i.e. 
=5,2|0.|—— 
235 location 4. 

Ox axial stress in element x direction determined from cargo tank FE analysis in 
accordance with the coordinate system shown, in N/mm? 

Oom von Mises stress of plate element in way of heel determined from cargo tank FE 
analysis, in N/mm? 

k higher strength steel factor, as defined in Section 6/1.1.4, but not to be taken as less 


than 0.78 for load combination S + D 


Longitudinal 
Bulkhead 


Side 
Horizontal 
Girder 


Horizontal 
Stringer 


Horizontal 
Stringer 


Horizontal 
Stringer 


Transverse 
Bulkhead 


x- direction ; 
Horizontal 


Inner Hull Girder 


Individual element in web to be verified against criteria 


Note 


1. Screening criteria is only valid if the cargo tank finite element analysis and the derivation of 
element stresses is carried out in accordance with B/2. 
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3.2 Structural Modelling 


3.2.1 General 


3.2.1.1 


3.2.1.2 


3.2.1.3 


3.2.1.4 


3.2.1.5 


3.2.1.6 


3.2.1.7 


3.2.1.8 


Evaluation of detailed stresses requires the use of refined finite element mesh in 
way of areas of high stress. This fine mesh analysis can be carried out by means of 
separate local finite element model with fine mesh zones in conjunction with the 
boundary conditions obtained from the cargo tank model. Alternatively, fine mesh 
zones incorporated into the cargo tank model may be used. 


The extent of the local finite element model is to be such that the calculated stresses 
at the areas of interest are not significantly affected by the imposed boundary 
conditions and application of loads. The boundary of the fine mesh model is to 
coincide with primary support members, such as girders, stringers and floors, in the 
cargo tank model. 


The mesh size in the fine mesh zones is not to be greater than 50mm x 50mm. In 
general, the extent of the fine mesh zone is not to be less than 10 elements in all 
directions from the area under investigation. 


All plating within the fine mesh zone is to be represented by shell elements. A 
smooth transition of mesh density is to be maintained. The aspect ratio of elements 
within the fine mesh zone is to be kept as close to 1 as possible. Variation of mesh 
density within the fine mesh zone and the use of triangular elements are to be 
avoided. In all cases, the elements are to have an aspect ratio not exceeding 3. 
Distorted elements, with element corner angle less than 60° or greater than 120°, are 
to be avoided. Stiffeners inside the fine mesh zone are to be modelled using shell 
elements. Stiffeners outside the fine mesh zones may be modelled using beam 
elements. 


The element inside the fine mesh zone is to be modelled based on the net thickness, 
obtained by deducting the full corrosion addition, torr, from the gross thickness. The 
structure outside the fine mesh zone is to be modelled based on the net thickness 
obtained by deducting half the corrosion addition, 0.5tcorr, from the gross thickness, 
as specified in 2.2.1.5, for use in the cargo tank FE analysis. 


Where fine mesh analysis is required for main bracket end connections, the fine 
mesh zone is to be extended at least 10 elements in all directions from the area of 
interest, see Figure B.3.5. The modelling scantlings in the fine mesh zone are to be in 
accordance with 3.2.1.5. 


Where fine mesh analysis is required for an opening, the first two layers of elements 
around the opening are to be modelled with mesh size not greater than 50mm x 
50mm, based on the net thickness with deduction of full corrosion addition, toor,. 
The elements outside the first two layers are to be based on the net thickness with a 
deduction of corrosion addition, 0.5t-or, see 3.2.1.5. A smooth transition from the 
fine mesh to the coarser mesh is to be maintained. Edge stiffeners which are welded 
directly to the edge of an opening are to be modelled with plate elements. Web 
stiffeners close to an opening may be modelled using rod or beam elements located 
at a distance of at least 50mm from the edge of the opening. Typical fine mesh zone 
around an opening is shown in Figure B.3.6. 


Face plates of openings, primary support members and associated brackets are to be 
modelled with at least three elements across their width. 
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Figure B.3.5 
Fine Mesh Zone Around Bracket Toes 


- 
| 


mÉ 


|_| Fine mesh zone 


Element size < 50mm x 50mm 


Extent - at least 10 elements in all directions 
Face plate modelled by plate elements 


— 
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Figure B.3.6 
Fine Mesh Zone Around an Opening 


eel 


Fine mesh zone 
Element size < 50mm x 50mm 


3.2.2 Transverse web frames 
3.2.2.1 


In addition to the requirements of 3.2.1, the modelling requirements in this sub- 


section are applicable to the analysis of typical transverse web frame. 


3.2.2.2 Where a FE sub model is used, the model is to have an extent of at least 1 + 1 web 
frame spaces, i.e. one web frame space extending either side of the transverse web 
frame under investigation. The transverse web frames forward and aft of the web 
frame under investigation need not be included in the sub model. 

3.2.2.3 The full depth and full breadth of the ship shall be modelled, see Figure B.3.7. 

3.2.2.4 Figure B.3.8 shows a close up view of the finite element mesh at the lower part of the 
vertical web and backing brackets. 
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Figure B.3.7 
Extent of Sub-Model for Fine Mesh Analysis of Web Frame Bracket Connections and 
Openings 


Model Extent 
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Figure B.3.8 
Close-up View of Finite Element Mesh at the Lower Part of a Vertical Web Frame and 
Backing Brackets 
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3.2.3 Transverse bulkhead stringers, buttress and adjacent web frame 


3:2.3.1 


3.2.3.2 


3:239 


3.2.3.4 


In addition to 3.2.1, the modelling requirements in this sub-section are applicable to 
the analysis of transverse bulkhead and adjacent web frame as described in 3.1.3. 


Due to the structural interaction between the transverse bulkhead, horizontal 
stringers, web frames, deck and bottom, it is recommended that the FE sub-model 
represents a full section of the hull. Longitudinally, the ends of the model should at 
least be extended one web frame space beyond the areas that require investigation, 
see Figure B.3.9. The full breadth and depth of the ship should be modelled. 


Alternatively, it is acceptable to use a number of sub-models, as shown in Figure 
B.3.10, to analyse different parts of the structure. For the analysis of the transverse 
bulkhead horizontal stringers the full breadth of the ship should be modelled. For 
the analysis of buttress structure, the sub-model width should be at least 4 + 4 
longitudinal spaces, i.e. four longitudinal spaces at each side of the buttress. 


Figure B.3.11 shows the finite element mesh on a transverse bulkhead horizontal 
stringer. Figure B.3.12 shows the sub-model for the analysis of buttress connections 
to transverse bulkhead and double bottom structure, and openings. 


Extent of Sub-Model for Fine Mesh Analysis of Transverse Bulkhead and Adjacent 


Figure B.3.9 


Structure 
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Figure B.3.10 
Analysis of Transverse Bulkhead Structure Using Sub-Models 
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Figure B.3.11 
Finite Element Mesh on Transverse Bulkhead Horizontal Stringer 
(figure shows port side of model) 
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Figure B.3.12 
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Structure (figure shows port half of model) 


Sub-Model for the Analysis of Buttress Connections to Bulkhead and Double Bottom 
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3.2.4 Deck, double bottom longitudinal and adjoining transverse bulkhead 
vertical stiffeners 


3.2.4.1 


3.2.4.2 


3.2.4.3 


3.2.4.4 


3.2.4.5 


3.2.4.6 


The modelling requirements in this sub-section are applicable specifically to the 
analysis of longitudinal and vertical stiffener end connections and attached web 
stiffeners as described in 3.1.4. 


Where a local FE model is used, each end of the model is to be extended 
longitudinally at least two web frame spaces from the areas under investigation. 
The model width is to be at least 2 + 2 longitudinal spaces. Figure B.3.13 shows the 
longitudinal extent of the sub-model for the analysis of deck and double bottom 
longitudinal stiffeners and adjoining transverse bulkhead vertical stiffener. 


The prescribed displacements or forces obtained from the cargo tank FE model 
should be applied to all boundary nodes which coincide with the cargo tank model. 


The longitudinal and vertical stiffeners under investigation, including web, 
faceplate, attached plating (within % + 1⁄2 longitudinal spaces) and associated 
brackets are to be modelled based on the gross thickness with deduction of the full 
corrosion addition tor. Other areas are to be based on gross thickness with 
deduction of half corrosion addition, 0.5tcorr. 


The web of the longitudinal stiffeners should be represented by at least 3 shell 
elements across its depth. Similar size elements should be used to represent the 
plating of the bottom shell and inner bottom. The face plate of the longitudinal 
stiffeners and brackets should be modelled with at least three elements across its 
width. 


The mesh size and extent of the fine mesh zone is to be in accordance with 3.2.1.3, 
see also Figure B.3.13. 
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Figure B.3.13 
Sub-Model for Fine Mesh Analysis of End Connections and Web Stiffeners of Deck 
and Double Bottom Longitudinals 
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Figure B.3.13 (Continued) 
Sub-Model for Fine Mesh Analysis of End Connections and Web Stiffeners of Deck 


and Double Bottom Longitudinals 
| | Fine mesh zone 
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3.2.5 Corrugated bulkheads 


3.2.5.1 


3.2.5.2 


3.2.5.3 


3.2.5.4 


3.2.5.5 


3.2.5.6 


In addition to 3.2.1, the modelling requirements in this sub-section are applicable to 
the analysis of connections of corrugated bulkheads to lower bulkhead stools as 
described in 3.1.5. 


The minimum extent of the sub-model is as follows, see also Figure B.3.14: 


(a) vertically, from the bottom of the bottom bulkhead stool to a level at least 2m 
above the connection of the corrugation to the upper part of the bulkhead stool. 
The upper boundary of the sub-model should be coincident with the horizontal 
mesh line of the cargo tank FE model 


(b) for transverse corrugated bulkheads, the sub-model is to be extended 
transversely to the nearest diaphragm web in the lower stool on each side of the 
fine mesh zone (i.e. the sub-model covers two bulkhead stool transverse web 
spaces). The end diaphragms need not be modelled 


(c) for longitudinal corrugated bulkheads, the sub-model is to be extended to the 
nearest web frame on each side of the fine mesh zone (i.e. the sub-model covers 
two frame spaces). The end web frames need not be modelled 


(d) where the area under investigation is located close to the intersection of 
transverse and longitudinal corrugated bulkheads, the sub-model should cover 
the structure between the diaphragms (in transverse direction) and web frames 
(in longitudinal direction) closest to the detail, whichever relevant. In addition 
the sub-model is to be extended at least one diaphragm/web frame outside the 
intersection of the stools. 


The fine mesh zone is to be extended at least 500mm (10 elements) from the 
corrugation connection in a vertical direction, see Figure B.3.1.4. In a horizontal 
direction, the fine mesh zone is to cover at least the corrugation flange under 
investigation, the adjacent corrugation webs and a further extension of 500mm from 
each end of the corrugation web (i.e. the fine mesh zone covers four corrugation 
knuckles), see Figure B.3.14. The mesh size within the fine mesh zone is not to be 
greater than 50mm x 50mm. 


Diaphragm webs, brackets inside the lower stool and vertical stiffeners on the stool 
side plate are to be modelled at their actual positions within the extent of the sub- 
model. Shell elements are to be used for modelling of diaphragm, bracket and 
stiffener webs. Beam elements may be used to represent the flange of stiffeners and 
brackets. 


Horizontal stiffeners on the lower stool side plate are to be represented by beam 
elements. 


Figure B.3.15 shows the finite element sub-model for the fine mesh analysis of 
longitudinal bulkhead to lower stool connection. 
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Figure B.3.14 


Connection to Lower Stool 


Extent of Sub-Model and Fine Mesh Zone for the Analysis of Corrugated Bulkhead 


Fine mesh zone 
mesh size < 50mm x 50mm 


Preferably at Mesh 
Line in Global Model 


Vertical extent of 
Submodel 


a 
horizontal extent of 
Submodel 


Note 


So 
longitudinal extent 
of the Submodel 


Above figures show extent of sub-model and fine mesh zone on longitudinal corrugated bulkhead 
connection to lower stool. Similar extent applies to transverse corrugated bulkhead. 


* min 500mm 


Figure B.3.15 


Lower Stool 


Sub-Model for the Analysis of Connection of Longitudinal Corrugated Bulkhead to 
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3.3 Loading Conditions 


3.3.1 Stress analysis 


3.3.1.1 The fine mesh detailed stress analysis is to be carried out for the standard load cases 
specified in 2.3.1, and any other load cases specially considered as required by 
Section 9/2.2.3. 


3.4 Application of Loads and Boundary Conditions 


3.4.1 General 


3.4.1.1 Where a separate local finite element model is used for the fine mesh detailed stress 
analysis, the nodal displacements from the cargo tank model are to be applied to the 
corresponding boundary nodes on the local model as prescribed displacements. 
Alternatively, equivalent nodal forces from the cargo tank model may be applied to 
the boundary nodes. 


3.4.1.2 Where there are nodes on the local model boundaries which are not coincident with 
the nodal points on the cargo tank model, it is acceptable to impose prescribed 
displacements on these nodes using multi-point constraints. The use of linear multi- 
point constraint equations connecting two neighbouring coincident nodes is 
considered sufficient. 


3.4.1.3 All local loads, including any vertical loads applied for hull girder shear force 
correction, in way of the structure represented by the separate local finite element 
model are to be applied to the model. 


3.5 Result Evaluation and Acceptance Criteria 


3.5.1 Stress assessment 


3.5.1.1 Stress assessment of the fine mesh analysis is to be carried out for the load cases 
specified in 3.3.1. 


3.5.1.2 The von Mises stress, dom, is to be calculated based on the membrane direct axial and 
shear stresses of the plate element evaluated at the element centroid. Where shell 
elements are used, the stresses are to be evaluated at the mid plane of the element. 


3.5.1.3 The resulting von Mises stresses are not to exceed the permissible membrane values 
specified in Section 9/2.3.5. 


3.5.1.4 The maximum permissible stresses are based on the mesh size of 50mm x 50mm as 
specified in 3.2.1. Where a smaller mesh size is used, an average von Mises stress 
calculated over an area equal to the specified mesh size may be used to compare 
with the permissible stresses. The averaging is to be based only on elements with 
their entire boundary located within the desired area. The average stress is to be 
calculated based on stresses at element centroid; stress values obtained by 
interpolation and/or extrapolation are not to be used. Stress averaging is not to be 
carried across structural discontinuities and abutting structure. 
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4 EVALUATION OF HOT SPOT STRESS FOR FATIGUE ANALYSIS 


4.1 Application 


4.1.1 General 


4.1.1.1 


4.1.1.2 


This Section describes the procedure to perform a finite element analysis using very 
fine meshes for the evaluation of geometric hot spot stresses for use in the 
determination of fatigue damage ratio in accordance with Appendix C/2. 


The locations where a finite element analysis based fatigue assessment is to be 
carried out are specified in Section 9/3.3. 


4.2 Structural Modelling 


4.2.1 General 


4.2.1.1 


4.2.1.2 


4.2.1.3 


4.2.1.4 


4.2.1.5 


4.2.1.6 


Evaluation of hot spot stresses for fatigue assessment requires the use of very fine 
finite element meshes in way of areas of high stress concentration. This very fine 
mesh analysis can be carried out by means of separate local finite element models 
with very fine mesh zones in conjunction with the boundary conditions obtained 
from a cargo tank model. Alternatively, very fine mesh zones incorporated into the 
cargo tank model may be used. 


All structural parts, within an extent of at least 500mm in all directions leading up 
to the fatigue hot spot position, are to be modelled based on the net thickness, 
obtained by deducting half the corrosion addition (i.e. 0.5tcr) from the gross 
thickness. 


The cargo tank finite element model for fatigue assessment is to be modelled in 
accordance with 2.2, but based on net thickness obtained by deducting a quarter of 
the corrosion addition (i.e. 0.25tcorr) from the proposed thickness. Alternatively, if 
the cargo tank FE model for the strength assessment is used, which is based on a 
thickness deduction of 0.5tcor, the calculated stresses are to be corrected using the 
modelling reduction factor, fmode, given in Appendix C/2.4.2.7. 


Where a separate local finite element model is used, the extent of the local model is 
to be such that the calculated stresses are not significantly affected by the imposed 
boundary conditions and application of loads. The boundary of the fine mesh model 
is to coincide with the primary support members, such as girders, stringers and 
floors, in the cargo tank model. The extent of the local finite element model of a 
hopper knuckle is described in 4.2.2. 


The evaluation of hot spot stress is to be based on shell element of mesh size theiso x 
tnetso, Where tnetso is the net thickness of the plate where a potential fatigue crack is 
most likely to initiate. This mesh size is to be maintained within the very fine mesh 
zone, extending over at least 10 elements in all directions leading to the fatigue hot 
spot position. A uniform quadratic mesh is to be used within the very fine mesh 
zone. A smooth transition of mesh density leading up to the very fine mesh zone is 
to be maintained. 


Four-node shell elements with bending and membrane properties are to be used 
inside the very fine mesh zone. The shell elements are to represent the mid plane of 
the plating and the bending properties of the plate. The geometry of the weld and 
structural misalignment is not required to be modelled. 


JULY 2012 


APPENDIX B.4/ PAGE 1 


APPENDIX B - STRUCTURAL STRENGTH ASSESSMENT COMMON STRUCTURAL RULES FOR OIL TANKERS 


4.2.1.7 


4.2.1.8 


Where stresses are to be evaluated on a free edge or corner welds, such as cut-outs 
for stiffener connections at web frames, butt welds on edge of plating and around 
hatch corners, a rod element of negligible cross-section area, e.g. 1mm?, is to be used 
to obtain the required stress value. 


All structure in close proximity to the very fine mesh zones is to be modelled 
explicitly with shell elements. Triangular elements are to be avoided where possible. 
Use of extreme aspect ratio (e.g. aspect ratio greater than 3) and distorted elements 
(e.g. element's corner angle less than 60° or greater than 120°) are to be avoided. 


4.2.2 Hopper knuckle connection 


4.2.2.1 


4.2.2.2 


4.2.2.3 


4.2.2.4 


4.2.2.5 


In addition to the general requirements in 4.2.1, the modelling requirements in this 
sub-section are applicable to the modelling of welded hopper knuckle connections. 


Fatigue assessment is to be carried out for the knuckle joint between inner bottom 
and hopper plate for at least one transverse frame in the midship cargo tank region, 
see Section 9/3.3.3. The fatigue assessment is only required to be carried out on the 
structural detail at one side of the hull. 


In general, the hopper knuckle connection at the mid position between transverse 
bulkheads is to be assessed. Where a wash bulkhead exists, the hopper knuckle 
connection at the mid position between the wash bulkhead and cargo tank end 
bulkhead is generally to be assessed. The results from the cargo tank FE analysis 
described in 2.2 should be examined for the highest transverse in-plane stress on the 
inner bottom plate adjacent to the lower hopper knuckle line to identify the exact 
frame position and the side of the hull where the fatigue assessment should be 
carried out. 


Where a separate local finite element model is used, the minimum extent of the local 
model is as follows: 


(a) longitudinally, the model is to cover two web frame spaces (i.e. one web frame 
space extending either side of the transverse web frame of interest). Transverse 
web frames at the end of the local model need not to be represented in the sub- 
model 


S 


vertically, the model is to extend from the base line to the lower stringer in the 
double side water ballast tank. Where a fatigue assessment is also carried out for 
the upper knuckle connection, the model is to be extended to 4 longitudinal 
spaces above the lower stringer in the double side ballast tank 


(c) transversely, the model is to extend from the ship side to 4 longitudinal spaces 
inboard of the double bottom side girder. 


Mesh size in way of the knuckle connection is to be tnets0 X tnetso, Where ftnetso is the net 

thickness of the inner bottom plate in way of the connection obtained by deducting 

0.5tcrr from the gross thickness as specified in 4.2.1.2. The minimum extent of the 

tnet50 X tnetso Mesh is to be (see also Figure B.4.1): 

(a) inner bottom plate - 10 elements from knuckle in transverse direction, 10 
elements forward and aft of the floor in the longitudinal direction 

(b) scarfing bracket/inner bottom overhang - 10 elements from knuckle in 
transverse direction, 10 elements forward and aft of the floor in the longitudinal 
direction 

(c) hopper sloping plate - 10 elements from knuckle in transverse direction, 10 
elements forward and aft of the hopper web in the longitudinal direction 

(d) girder - 10 elements from knuckle in vertical direction, 10 elements forward and 
aft of the floor/hopper web in the longitudinal direction 
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4.2.2.6 


4.2.2.7 


4.2.2.8 


(e) floor/hopper web - 10 elements from the hopper knuckle in transverse and 
vertical directions respectively. 


Any scarfing brackets on the web frame adjoining the inner bottom plating, the first 
longitudinal stiffeners away from the knuckle as well as any carlings and brackets 
offset from the main frames are to be modelled explicitly using shell elements. 
Longitudinal stiffeners further away from the knuckle may be modelled by beam 
elements. The inner bottom plate "overhang" outboard of the girder is to be 
modelled using shell elements up to the extent of the scarfing bracket. Away from 
the scarfing bracket, the inner bottom plate “overhang” may be modelled using line 
elements of equivalent area. Any perforations, such as cut-outs for cabling, pipes 
and access that are within one stiffener space from the knuckle point are to be 
modelled explicitly. 


Figure B.4.1 shows extent of the tnets0 X tnetso mesh zone and extension of the areas of 
local thickness reduction. 


Figures B.4.2 to B.4.4 show typical local finite element models of the hopper knuckle 
connection and close-up views of the tnet50 X tnetso Mesh zone. 
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Figure B.4.1 
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Figure B.4.2 
Typical Local Finite Element Model of Hopper Knuckle Connection 
tnetso X tnetso Mesh on Inner Bottom and Hopper Plate 
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Figure B.4.3 
Typical Local Finite Element Model of Hopper Knuckle Connection 
tnets0 X tnetso Mesh on Hopper Plate, Web Frame, Girder and Bracket in way 


4.3 Loading Conditions 


4.3.1 General 


4.3.1.1 The ship loading conditions to be used to evaluate dynamic stress ranges for fatigue 
assessment are to be in accordance with Appendix C/1.3.2. 


4.3.1.2 The cargo density to be used for the fatigue assessment is to be: 


(a) longitudinal end connections - the greater of the cargo density specified for the 
homogeneous scantling draught condition and 0.9t/ m3 


(b) connection between inner bottom and hopper plate - 0.9t/ m8. 
RCN 2 to July 2008 version (effective from 1 July 2010) 
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Figure B.4.4 
Typical Local Finite Element Model of Hopper Knuckle Connection 
tnet50 X tnetso Mesh on Hopper Plate, Web Frame, Girder and Bracket in way 


4.3.2 Finite element load cases for hopper knuckle connection 


4.3.2.1 The requirements given in this sub-section are specifically applicable to the 
evaluation of hot spot stress range at hopper knuckle connection. 


4.3.2.2 Only dynamic loads are considered for the evaluation of fatigue stress range. Static 
loads need not be included in the finite element analysis. 


4.3.2.3 The load cases required to derive the component stress ranges for determining the 
combined stress ranges, see Appendix C/2.4.2.7, are given in Table B.4.1. 


4.3.2.4 Stresses induced by vertical and horizontal hull girder bending moments are not to 
be included in the stress range for fatigue assessment. Stress caused by the bending 
effect of the hull girder is to be calculated and deduced from the fatigue stress range 
result in accordance with the procedure described in 4.5.2. 
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COMMON STRUCTURAL RULES FOR OIL TANKERS 


Table B.4.1 


Load Cases for the Evaluation of Component Stress Range for Hopper Knuckle Joint 


Load case Component Applied Load Parameters for calculation of loads 
Stress 
Full load condition 
L1 Sel Dynamic wave pressure (full Ship draught = midship draught from 
range) applies only to the side departure homogeneous full load 
of the hull where the hopper condition in the ship loading manual, 
knuckle is analysed. see Appendix C/1.3.2. 
L2 Se2 Dynamic wave pressure (full GM: see Section 7/3.1.3.4 
range) applies only to the side | froll-gyr : see Section 7/3.1.3.4 
of the hull where the hopper Cargo density = 0.9t/m? (minimum, 
knuckle is not analysed. see 4.3.1.2) 
L3 Six Dynamic tank pressure (full 
range) due to longitudinal 
acceleration. 
L4 Siy Dynamic tank pressure (full 
range) due to transverse 
accelerations. 
L5 Siz Dynamic tank pressure (full 
range) due to vertical 
acceleration. 
Ballast condition 
L6 Sel Dynamic wave pressure (full Ship draught = midship draught from 
range) applies only to the side | departure normal ballast condition in 
of the hull where the hopper the ship loading manual. If normal 
knuckle is analysed. ballast condition is not defined, then 
the midship d ht f light ballast 
L7 Se2 Dynamic wave pressure (full ESEN caries ani 
> ; condition is to be used, see Appendix 
range) applies only to the side C/1.3.2 
of the hull where the hopper 
knuckle is not analysed. 
Load cases for bending moment correction 
C1 SVBM Unit vertical bending moment | No other loads are to be applied 
applies to ends of cargo tank 
model 
C2 SHBM Unit horizontal bending 
moment applies to ends of 
cargo tank model 
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Load Cases for the Evaluation of Component Stress Range for Hopper Knuckle Joint 


Table B.4.1 (Continued) 


Where: 


Sel, Se2, Six, Siy, Siz component stresses (with proper sign convention used) before correction for bending 


moment effect ©) 


SVBM stress response due to the application of unit vertical bending moment at ends of cargo 
tank model 

SHBM stress response due to the application of unit horizontal bending moment at ends of 
cargo tank models 

Notes 


1. For dynamic wave pressure load cases, the pressure distribution is to be calculated at mid- 
ship and this distribution is to be applied along the full length of the cargo tank FE model. 


2. For dynamic tank pressure load cases, vertical, transverse and longitudinal accelerations are 
calculated at the centre of gravity position of the midship cargo tanks. The accelerations 
calculated for each tank are to be applied to all corresponding cargo tanks along the length of 
the FE model. 


3. Longitudinal, transverse and vertical accelerations at tank centre of gravity position are to be 
calculated in accordance with Section 73.3. The dynamic tank pressure amplitudes due to 
accelerations are to be calculated in accordance with Section 7/3.5.4.7. The dynamic tank 
pressure (full range) is to be obtained as two times the dynamic tank pressure amplitude and 
distributed in accordance with Figure 7.3.9. Note that these pressure distributions are 
different from those used for strength analysis. 


4. The dynamic wave pressure amplitude is to be calculated according to Section 7/3.5.2.3. The 
dynamic wave pressure (full range) is to be obtained as two times the dynamic wave 
pressure amplitude. Note that the dynamic wave pressure and distribution is different from 
that used for strength analysis. 

5. Component stresses (with proper sign convention used) calculated from load cases L1 to L7 are 


to be corrected to deduct the component due to vertical and horizontal bending moment 
effect, see 4.5.2.2. 


44 Boundary Conditions 


4.4.1 Cargo tank model 


4.4.1.1 


The boundary conditions to be applied to the ends of the cargo tank model are to be 
in accordance with 2.6. The application of unit vertical and horizontal bending 
moment at the model ends is to be in accordance with 2.5.4.5 or 2.5.4.6. 


4.4.2 Local finite element models 


4.4.2.1 


4.4.2.2 


4.4.2.3 


Where a separate local finite element model is used for evaluating the hot spot 
stress range, the nodal displacements or equivalent nodal forces from the cargo tank 
model are to be applied to the corresponding boundary nodes on the local model. 


Where there are nodes on the local model boundaries which are not coincident with 
the nodal points on the cargo tank model, it is acceptable to impose prescribed 
displacements on these nodes using multi-point constraints. The use of linear multi- 
point constraint equations connecting two neighbouring coincident nodes is 
considered sufficient. 


All local loads in way of the structure represented by the separate local finite 
element model are to be applied to the model. 
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4.5 Result Evaluation 


4.5.1 General 


4.5.1.1 


4.5.1.2 


4.5.1.3 


4.5.1.4 


The fatigue damage calculation is to be based on the hot spot stress range evaluated 
close to the potential crack location in a direction perpendicular to the potential 
direction of the crack. 


For welded structural details, the hot spot stress range is to be obtained as surface 
stress acting in a direction perpendicular to the weld at a distance of 0.5tnei50 from 
the weld toe location, where tneiso is the net thickness of the plate where the fatigue 
crack is likely to initiate, see Appendix C/2.4.2.6. 


For fatigue assessment of the free edge, a rod element is used to obtain stress at free 
edge. The stress range is to be based on the axial stress in the rod element. 


For fatigue damage calculation of hopper knuckle connection, see 4.5.2. 


4.5.2 Hopper knuckle connection 


4.5.2.1 Hot spot stress ranges for fatigue assessment of welded hopper knuckle joints are to 
be based on element direct stress along a direction perpendicular to intersection of 
the inner bottom plate and hopper plate. The stress ranges are to be evaluated on 
the upper surface of the hopper and inner bottom plate at a distance of 0.5tneis0 + Xwt 
from the intersection line, where tresso is the net thickness of the inner bottom plate 
and Xwis weld toe distance, see Figure C.2.1. The stress at the required location can 
be obtained by linear interpolation based on the surface stresses evaluated at the 
centroid of the 1st and 274 elements from the intersection of the hopper slope plate, 
and the inner bottom plate. 
4.5.2.2 The component stress ranges are to be obtained by eliminating the stress induced by 
hull girder vertical and horizontal bending moments from the component stress 
determined from load cases L1 to L7 in Table B.4.1 as follows: 
Sei = [Sci Mv i Svem — Mii Sum 
Where: 
Sci Ser, Se2, Six, Siy or Siz, component stress range after correction for 
bending moment effects 
Sci Sel, Se2, Six, Siy OF Siz, Component stress (with proper sign 
convention used) including vertical and horizontal bending 
moment effects obtained from load cases L1 to L7, see Table 
B.4.1 
Mvi is the vertical hull girder bending moment due to loads 
applied to the cargo tank FE model obtained from load case 
L1, L2, L3, L4, L5, L6 or L7. The bending moment is to be 
calculated at the longitudinal position where the centroid of 
shell element under evaluation is located 
Mui is the horizontal hull girder bending moment due to loads 
applied to the cargo tank FE model obtained from load case 
L1, L2, L3, L4, L5, L6 or L7. The bending moment is to be 
calculated at the longitudinal position where the centroid of 
shell element under evaluation is located 
SVBM stress due to unit vertical bending moment obtained from load 
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4.5.2.3 


4.5.2.4 


4.5.2.5 


4.5.2.6 


case C1, see Table B.4.1 


SHBM stress due to unit horizontal bending moment obtained from 
load case C2, see Table B.4.1 


The hull girder vertical and horizontal bending moments in 4.5.2.2 may be 
evaluated at the frame position where the hopper knuckle is under evaluation if the 
longitudinal distance from the element centroid to the frame position is less than 
500mm. 


The component stress range, S; due to dynamic tank pressure resulting from 
longitudinal, transverse and vertical accelerations for the full load condition is given 


by: 

S; = 0.45 ix | + 0.9|S; | + 0.9|S;-| 
The combined hot spot stress ranges required for fatigue damage calculation are to 
be calculated in accordance with Appendix C/2.4.2.7. 


Fatigue damage and fatigue life calculation is to be in accordance with Appendix 
C/1.4.1. 
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1 NOMINAL STRESS APPROACH 
1.1 General 


1.1.1 Applicability 


1.1.1.1 This sub-section defines the procedure for a simplified fatigue assessment which is 
to be used to evaluate the fatigue strength of the ships structural details. The fatigue 
assessment uses a nominal stress approach based on beam theory. 


1.1.1.2 The fatigue assessment is to be applied to welded connections where the steel has a 
minimum yield strength of less than 400N/mm?. 


1.1.2 Assumptions 


1.1.2.1 The following assumptions are made in the fatigue assessment: 

(a) a linear cumulative damage model, i.e. Palmgren-Miner’s Rule, has been used in 
connection with the S-N data in 1.4.5 

(b) for longitudinal stiffener end connections, nominal stresses obtained by 
empirical formulae, see 1.4.2 to 1.4.4, and Rule based loads, see 1.3, form the 
basis of the nominal stress based fatigue assessment 

(c) the long term stress ranges of a structural detail can be characterized using a 
modified Weibull probability distribution parameter, ¢ as described in 1.4.1.5 
and 1.4.1.6 


(d) structural details are idealised and classified in 1.5. 
1.1.2.2 The structural detail classification in 1.5 is based on typical joint geometry under 
simple loadings. When a structural detail is considered different from those shown 


in 1.5, a suitable finite element (FE) analysis should be used to demonstrate the 
adequacy of the detail in terms of fatigue strength. See 2.1.1.3. 


1.1.2.3 Where the loading or geometry considered is too complex for a simple classification, 
a finite element (FE) analysis of the detail is to be carried out to determine the 
fatigue stress of that detail. Sub-section 2 defines the procedure for a finite element 
based assessment to determine hot spot stresses that is to be used for weld toe 
locations that are typically found at welded hopper knuckle connections in way of 
transverse primary support members. For bent type knuckle connections, 
recommendation is given in 2.1.1.2. 


1.2 Corrosion Model 


1.2.1 Net thickness 


1.2.1.1 The net thickness and corrosion additions, as indicated in Section 6/3 are to be 
incorporated into the representation of the structural capacity models. 


13 Loads 


1.3.1 General 


1.3.1.1 Ship structures are subjected to various types of loads, which include: 
(a) static loads including cargo and lightship weights 
(b) wave induced loads 


c) impact loads, such as bottom slamming, bow flare impacts and sloshing in 
p 8 p 8 
partially filled tanks 
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T:3.1.2 


(d) cyclic loads resulting from main engine or propeller induced vibratory forces 

(e) transient loads such as thermal loads 

(f) residual stresses. 

The fatigue strength analysis considers the following wave induced loads for 
calculation of the long term distribution of stresses: 

(a) hull girder loads (i.e. vertical and horizontal wave bending moments) 

(b) dynamic wave pressures 

(c) dynamic tank pressure loads resulting from ship motions. 


1.3.2 Selection of loading conditions 


1.3.2.1 


1.3.2.2 


Fatigue analyses are to be carried out for representative loading conditions 
according to the intended ship’s operation. The following two loading conditions 
are to be examined: 


(a) full load condition at design draught at departure, Tan, see Section 4/1.1.5.4 


(b) ballast condition at normal ballast draught at departure, Toai-n, see Section 
4/1.1.5.3. If a normal ballast condition is not defined in the loading manual, 
minimum ballast draught, Toa, see Section 4/1.1.5.2, should be used. 


The relevant draught at midships is to be used for the determination of fatigue 
loads. 


1.3.3 Determination of loads 


1.3.3.1 


1.3.3.2 


Loads applied to the structure are to be calculated in order to determine the stress 
ranges for the relevant loading conditions. 


Combined stresses resulting from the action of global and local loads are to be 
calculated in accordance with 1.4.4, with consideration given to the probability level 
of 10+. 


1.3.4 Vertical wave bending moment 


1.3.4.1 


The vertical wave bending moment is to be calculated based on Section 7/3.4.1. The 
pseudo amplitude (half range) values of the vertical wave bending moment, 
Mwo-v-amp, for full load and ballast condition are to be taken as: 


Mwo-v-amp = 0.5(M wo-hog Tr Mwo-sag) kNm 


Where: 
Muv-hog hogging vertical wave bending moment, in kNm 
Muv-sag sagging vertical wave bending moment, in kNm 


1.3.5 Horizontal wave bending moment 


1.3.5.1 The horizontal wave bending moment is to be calculated based on Section 7/3.4.2. 
The pseudo amplitude (half range) values of the horizontal wave bending moment, 
Mov-h-amp, for full load and ballast condition are to be taken as: 
M o himp = 0.5(M ov-hr-pos E M wo-n-neg) kNm 
Where: 
Moons Positive horizontal wave bending moment, in kNm 
= Mwv-h 
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Minnes negative horizontal wave bending moment, in kKNm 
= -Mwv-h 
1.3.6 Dynamic wave pressure 
1.3.6.1 The dynamic wave pressure is to be calculated according to Section 7/3.5.2. 


1.3.6.2 Considering the stretching of the external pressure due to intermittent wet and dry 
area, a pseudo amplitude of external pressure (half pressure range), Pex-amp, is 
defined in Section 7/3.5.2.3 in detail and illustrated in Figure C.1.1. 


Figure C.1.1 
Dynamic Pressure 


Pseudo amplitude of dynamic wave 
pressure (half pressure range) 


Dynamic wave pressure range 


1.3.7 Dynamic tank pressure 


1.3.7.1 The dynamic tank pressure amplitude, Pin-amp, is to be calculated according to Section 
7/3.5.4.5 and Section 7/3.5.4.6. No dynamic internal pressure is considered for the 
deck. 


1.4 Fatigue Damage Calculation 


1.4.1 Fatigue strength determination 


1.4.1.1 The fatigue assessment of the structure is based on the application of the Palmgren- 
Miner cumulative damage rule given below. When the cumulative fatigue damage 
ratio, DM, is greater than 1, the fatigue capability of the structure is not acceptable. 


DM is to be taken as: 
DM = 5A 
i=1 N; 
Where: 
ni number of cycles of stress range S; 
Ni number of cycles to failure at stress range S; 
Not total number of stress range blocks 


1.4.1.2 Assessment of the fatigue strength of welded structural members includes the 
following three phases: 
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1.4.1.3 


1.4.1.4 


(a) calculation of stress ranges 

(b) selection of the design S-N curve 

(c) calculation of the cumulative damage. 

The cumulative fatigue damage ratio, DM, is to be less than 1 for the design life of 


the ship. The design life is not to be less than 25 years. Unless otherwise specified 
the resultant cumulative damage is to be taken as: 


DM= DM; 
i=1 
Where: 
DMi cumulative fatigue damage ratio for the applicable loading 
condition 
i =1 for full load condition 


=2 for normal ballast condition 


Assuming the long term distribution of stress ranges fit a two-parameter Weibull 
probability distribution, the cumulative fatigue damage DM, for each relevant 


condition is to be taken as: 


pM, = $E ura”) 
K2 (InNr)"& a 

Where: 

Ni Number of cycles for the expected design life. Unless stated 
otherwise, N: to be taken as: 
_ foul 

AlogL 

The value is generally between 0.6x108 and 0.8x108 cycles for a 
design life of 25 years 

fo 0.85, factor taking into account non-sailing time for operations 
such as loading and unloading, repairs, etc. 

u Design life, in seconds 
=0.788x109 for a design life of 25 years 

E rule length, in m, as defined in Section 4/1.1.1.1 

m S-N curve parameter as defined in 1.4.5.5 

K2 S-N curve parameter as defined in 1.4.5.5 

Qt, proportion of the ship's life: 
a, =0.5 for full load condition 
a,=0.5 for ballast condition 

Spi stress range at the representative probability level of 104, in 

i N/mm? 

Ne 10 000, number of cycles corresponding to the probability 
level of 10+ 

E Weibull probability distribution parameter, as defined in 
1.4.1.6 
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1.4.1.5 


1.4.1.6 


Gamma function 
coefficient taking into account the change in slope of the S-N 


Hi; 
curve 
i + n) = verea eae an n) 
S Š 
p: =1- a aE 
T(1+—) 
Š 
v, S, $ 
— | iN, 
SR; 
S stress range at the intersection of the two segments of the S-N 
: curve, see Table C.1.6, in N/ mm2 
Am slope change of the upper-lower segment of the S-N curve 
=2 
a,x) incomplete Gamma function, Legendre form 


The probability density function of the long term distribution of stress ranges (hull 
girder + local bending) is to be represented by a two-parameter Weibull distribution. 
This assumption enables the use of a closed form equation for calculation of the 
fatigue life when the two parameters of the Weibull distribution are determined. 
The probability density function, f(S), is to be taken as: 


g-1 $ 
eG JS 
ne T ol B 


Where: 

S stress range, in N/mm? 

é Weibull probability distribution parameter, as defined in 
1.4.1.6 

fi scale parameter 
- Sr 

(INN )* 

Ne number of cycles corresponding to the probability of 
exceedance of 1/ Nz 

Sk stress range with probability of exceedance of 1/N, in 


N/mm? 


For each structural detail considered, the Weibull shape parameter is to be selected 
with due consideration given to the load categories contributing to the cyclic 
stresses. The Weibull probability distribution parameter, ¢ is to be taken as: 


L-—100 
€ = fweibutt (1.1 — 0.35 300 ) 
Where: 
L rule length, in m, as defined in Section 4/1.1.1.1 
D moulded depth, in m, as defined in Section 4/1.1.4.1 
JWeivun area dependent modification factor, as given in Table C.1.1 and 
Figure C.1.2 
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Table C.1.1 


Distribution of f weivu factors 


Plating Area fweivull (see note) 

Bottom 0.9 at centreline and 0.95 at side 

Side and bilge 1.1 at up to draught Tic and 1.0 at deck 
Deck 1.0 

Inner bottom 1.0 

Inner Hull Longitudinal 

Bulkhead 1.1 up to D/2 and 1.0 at deck 

Inner Longitudinal 

Bulkhead 1.1 up to D/2 and 1.0 at deck 
Centreline Longitudinal 1.1 tip to D/2 and 1.0 at deck 


Bulkhead 


Note: Intermediate values to be linearly interpolated 


Figure C.1.2 
Distribution of f webu factors 


Full Load 


D/2 


Ballast 


1.4.1.7 The cumulative fatigue damage ratio, DM, may be converted to a calculated fatigue 
life using the relationship given below. In this format, the calculated fatigue life is to 
be equal or greater than the design life of the ship. 


Fatigue life = 


Design life 
DM 


years 
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1.4.2 
1.4.2.1 


1.4.3 
1.4.3.1 


1.4.3.2 


1.4.4 
1.4.4.1 


1.4.4.2 


1.4.4.3 


1.4.4.4 


1.4.4.5 


Stresses to be used 


The nominal stresses are to be determined taking into account the overall geometric 
changes of the detail. The effect of stress concentrations due to structural 
discontinuities, presence of attachments and the weld profile is not considered. 


Nominal stress calculation 


This Sub-Section outlines a simplified approach to determine the combination of 
global and local stress components of the stress response of the ship. 


Stress responses are to be calculated with varying levels of detail. The following 
approach has been adopted in this simplified procedure: 


(a) the hull girder is treated as a simple beam as a way of obtaining reasonable 
approximations to the nominal stress level in longitudinal hull girder elements. 
This is used for the evaluation of hull girder stress levels in way of critical 
details 

(b) the structural member with effective attached plating is used in determining the 
nominal stress response of longitudinal and transverse frames due to dynamic 
wave pressure and dynamic tank pressure loads. The member end restraints 
and moments are considered. 


Definition of stress components 


Dynamic stress variations are referred to as either stress range, S, or stress amplitude, 
o. 


The global dynamic stress components (primary stresses) considered in fatigue 
analysis are vertical wave hull girder bending stress, œ, and horizontal wave hull 
girder bending stress, oj. 


The local dynamic stress amplitudes considered are defined as the total local stress 
amplitude due to dynamic wave pressure loads or dynamic tank pressure loads, Gj. 


The local stress components are defined as secondary stress resulting from bending 
of girder systems, œ, stress amplitude produced by bending of stiffeners between 
girder supports, oa, and tertiary stress amplitude produced by bending of un- 
stiffened plate elements between longitudinals and transverse frames, o. See figure 
C.1.3. 


The total local stress due to dynamic wave or dynamic tank pressure loads, de-i, is to 
be taken as: 


= 2 
0, =0,+0,,+0, N/mm 


Where: 

02 local stress component, in N/mm’, as defined in 1.4.4.4 
02A local stress component, in N/mm, as defined in 1.4.4.4 
03 local stress component, in N/mm’, as defined in 1.4.4.4 
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Figure C.1.3 
Definition of Local Stress Components 


Section A-A 


Hull Girder 
Bending 


Double Bottom 


Bending -+4-- L4 


E 


ITNT 


of Longitudinal 


a i EERI? 


é $ 
Plate Bending [oO O 


i sl PZ 


1.4.4.6 For the calculation of stress components, the vertical wave hull girder stress, Ov, is 
given by: 


M, 
a wv—v-amp z9 
0, = ee oF N/ mm? 
v-net75 


Where: 
Mwo-v-amp pseudo amplitude (half range), in kNm, as defined in 1.3.4 


Zone I f 
175 __e-net75___ m3 see Section 4/2.6.1 


|z a ZNA ene] 
Lo-net75 net vertical hull girder moment of inertia, of hull cross-section 
about transverse neutral axis, in m4 


I, -net75 iS to be calculated based on gross thickness, minus the 


corrosion addition 0.25t.or, of all effective structural elements, 
see Section 4/2.6.1 


Z distance from baseline to the critical location of the considered 
member, i.e. top of flange of longitudinal stiffener, in m 


ZNA-net75 distance from baseline to horizontal neutral axis consistent 
with Iv-netzs, in m 


RCN 2 to July 2008 version (effective from 1 July 2010) 


1.4.4.7 The corresponding stress range due to vertical wave bending moment, Sz, is to be 
taken as: 


S,=20, N/mm? 
Where: 
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1.4.4.8 


1.4.4.9 


Ov vertical wave hull girder stress, in N/mm2, as defined in 1.4.4.6 


The horizontal wave hull girder stress, on, is to be taken as: 


M, 
E wv-h-amp -3 
0, = er N/ mm? 
h-net75 


Where: 
Mwv-h-amp in kNm, as defined in 1.3.5 


Zines Inne m3 see Section 4/2.6.2 
y 
y distance from vertical neutral axis of hull cross section to the 


critical location of the considered member, in m. i.e. top of face 
plate of longitudinal stiffener 

net horizontal hull girder moment of inertia, of the hull cross- 
section about the vertical neutral axis, in m£. 

Ty-net75 İS to be calculated based on gross thickness, minus the 


Li net75 


corrosion addition 0.25f.or, for all effective structural elements, 
see Section 4/2.6.2 
RCN 2 to July 2008 version (effective from 1 July 2010) 


The corresponding stress range due to horizontal wave bending moment, Sn, is to be 
taken as: 


S, =20, N/mm? 


Where: 
On horizontal wave hull girder stress, in N/mm2, as defined in 
1.4.4.8 
1.4.4.10 The effect of secondary stress œ, as defined in 1.4.4.4, is in general small for double 
hull tankers and is therefore not taken into consideration. 
1.4.4.11 The stress amplitude produced by bending of stiffeners between girder supports 
(e.g. frames, bulkheads), 02,4, is to be taken as: 
M 
o, = K,K; 10° N/mm? 
net50 
Where: 
K, stress factor for unsymmetrical profiles, as defined in 1.4.4.15 
K; stress factor for bending stress in longitudinal stiffeners 
caused by relative deformation between supports, may be 
determined by FE analysis of the cargo hold model where the 
actual relative deformation is taken into account or taken as 
follows: 
1.0 at frame connections 
1.15 forall longitudinals at transverse bulkhead 
connections including wash bulkheads except: 
(a) in full load condition: 
1.3 for side and bilge longitudinals at mid position 
between lowest side stringer and deck at side 
1.15 for side and bilge longitudinals at lowest side 
stringer and deck at side 
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lbag 


Z-net50 


bef 


fp 


to be linearly interpolated between these two positions 


1.5 for bottom longitudinals at mid position between 
longitudinal bulkhead, bottom girders or buttress 
structure 

1.15 for bottom longitudinals at longitudinal bulkhead, 
bottom girders or buttress structure 

to be linearly interpolated between these two positions 


See Figure C.1.4 


(b) in ballast condition: 

1.5 for bottom longitudinals in the mid position 
between longitudinal bulkhead, bottom girders or 
buttress structure 

1.15 for bottom longitudinals at longitudinal bulkhead, 
bottom girders or buttress structure 

to be linearly interpolated between these two positions 
moment at stiffener support adjusted to weld toe location at 
the stiffener (e.g. at bracket toe), in kNm: 


Ps lp 10° 
= ———_r 
12 i 
stiffener spacing, in mm 


effective bending span, of longitudinal stiffener, as shown in 
Figure C.1.5, in m. See also Figure 4.2.1 and 4.2.2 in Section 4 for 
soft toe brackets. Top stiffeners with a soft toe are to be treated 
the same as flat bars with a soft toe bracket. The span point is 
to be taken at the point where the depth of the end bracket, 
measured from the face of the member, is equal to half the 
depth of the member 

section modulus of longitudinal stiffener with associated 
effective plate flange bep in cm8, calculated based on gross 
thickness minus the corrosion addition 0.5tcorr. 


as defined in Section 4/2.3.3 


moment interpolation factor, for interpolation to weld toe 
location along the stiffener length: 


2 
= ital = cal +10) where 0<x< lag 


lrag bdg 


where x is the distance to the hot spot, in m. See Figure C.1.5. 
lateral dynamic pressure amplitude at the mid-span between 
the frame considered and the neighbouring frame, in KN/ m2. 
Pin-amp for dynamic tank pressure, is to be taken as defined in 
1.3.7 


Pex-amp fOr dynamic wave pressure, is to be taken as defined in 


1.3.6 
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Figure C.1.4 


Variation of Bulkhead Factor Kg in Full Load Condition for a Vessel with 
Two Longitudinal Bulkheads 
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Figure C.1.5 
Definition of Effective Span Lengths 


Weld Toe Location 


Lag 


Supported by free flange transverses (1) 


Weld Toe Location 


lrag 


Supported by free flange transverses (2) 


Weld Toe Location 


1 


l 


bdg 


Supported by double skin / transverse bulkheads (1) 


Weld Toe Location 


AN f 


l 


bdg 


Supported by double skin / transverse bulkheads (2) 
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1.4.4.12 The stress range due to external wave or internal tank pressure, Se or Sj, is to be 
determined as: 


S,=20,. N/mm? 


S,;=20,,; N/mm? 


Where: 

Or. stress amplitude, in N/mm2, as defined in 1.4.4.11 when Pex-amp 
is used 

O, stress amplitude, in N/mm?, as defined in 1.4.4.11 when Pin-amp 


2Ai i 
is used 


1.4.4.13 Longitudinal local tertiary plate bending stress amplitude in the weld at the plate, 


transverse frame or bulkhead intersection, 03, is not relevant to the critical locations 
being considered and is to be neglected. 


1.4.4.14 The effective breadth of plate flanges of stiffeners (longitudinals) in bending (due to 
the shear lag effect), exposed to uniform lateral load for bending at ends, is defined 
in Section 4/2.3.3. 


1.4.4.15 The stress concentration factors at the flange of un-symmetrical stiffeners on 
laterally loaded panels, Kn1 and Kz, as shown in Figure C.1.6, are to be taken as: 


1+4 
a = a at the flange edge 
1+ Ap y, 
1+ Ap? 
n2 = ea at the web 
1+ Ap ’y, 
Kn2 is typically used in the fatigue analysis of longitudinal end 
connections 
Where: 
2b 
p 1- a for built-up profiles 
f 
1- Sun for rolled angle profiles 
f 
bg breadth of flange from web centreline, in mm, see Figure C.1.7 
tw-net50 net web thickness, in mm 
dw depth of stiffener web, see Figure C.1.7, in mm 
A factor, as defined in 1.4.4.17 
A ratio between section modulus of the stiffener web with plate 


flange, as calculated at the flange and the section modulus of 
the complete panel stiffener 

dat , 

2 wen? may be used as an approximate value 

AZ net50 10 
section modulus of stiffener including the full width of the 
attached plate, s, with respect to a neutral axis normal to the 
stiffener web, in cm3. It is to be calculated based on the gross 
thickness minus the corrosion addition 0.5tcorr 


Znet50 
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Figure C.1.6 
Bending Stress in Symmetrical and Un-symmetrical Panel Stiffener 
with Same Web and Flange Areas 


K K 


y" 


o 


nominal 


—-—}—-—- Neutral Axis — 


Figure C.1.7 
Stiffener Geometry 


1.4.4.16 The formulations are not directly applicable for bulb profiles. For these, the 
equivalent built-up profile is to be considered, see Figure C.1.8. The assumed built- 
up flange is to have the same properties as the bulb flange for cross-sectional area 
and moment of inertia about the vertical axis and neutral axis position. For HP bulb 
profiles, the equivalent built up profile dimensions are to be determined. Several 
examples are tabulated in Table C.1.2. 


1.4.4.17 For continuous stiffeners (fixed ends) the A-factor at supports is to be taken as: 


7 
3(1+ —_ ) 
Was 280 
1+ gl 
40 
Where 
1 l0 


4h., 
stf S 
b; É f-net50 Wig z + 


t 3 
w—net50 p-net50 


lbag effective bending span, of longitudinal stiffener, in m 
by breadth of flange, in mm 

te net50 net flange thickness, in mm 

Nstp stiffener height, including face plate, in mm 
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Ec net50 net web thickness, in mm 

anaso net plate thickness, in mm 

s plate width between stiffeners, in mm 
Figure C.1.8 


Bulb Profile and Equivalent Built-up Flange 


Table C.1.2 
HP Equivalent Built-up Profile Dimensions 
HP- bulb Equivalent built-up flange 
Height | Web thickness by ty bg 
(mm) tw (mm) (mm) (mm) (mm) 
200 9-13 ty + 24.5 22.9 (tw + 0.9)/2 
220 9 -13 ty + 27.6 25.4 (tw + 1.0)/2 
240 10 - 14 ty + 30.3 28.0 (to + 1.1)/2 
260 10-14 ty + 33.0 30.6 (two + 1.3)/2 
280 10-14 fey + 35.4 33.3 (tw + 1.4)/2 
300 11-16 ty + 38.4 35.9 (to + 1.5)/2 
320 11-16 ty + 41.0 38.5 (tw + 1.6)/2 
340 12-17 to + 43.3 41.3 (to + 1.7)/2 
370 13-19 ty + 47.5 45.2 (to + 1.9)/2 
400 14-19 ty + 51.7 49.1 (Ey + 2.1)/2 
430 15-21 ty + 55.8 53.1 (ty + 2.3)/2 


1.4.4.18 For each loading condition, combined local stress components due to simultaneous 
dynamic tank and dynamic wave pressure loads are to be combined with global 
stress components induced by hull girder wave bending. 
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1.4.4.19 


1.4.4.20 


Total combined stress range, S, is given by: 
=F AS, + foS, + 1S. + LS; N/mm? 


Where: 


fu fo, fs stress range combination factors, representing the phase 

and fa correlation between total stress range and each stress range 
component which is between 1.0 and -1.0, as defined in Tables 
C.1.3 to C.1.5. Where the factor is greater than 1.0 it is to be 
taken as 1.0. Where the factor is less than -1.0 it is to be taken 
as -1.0 


fon 1.06, factor to account for joints in combined protected and 
unprotected environment. 


So corresponding stress range due to vertical bending moment, 
in N/mm? as defined in 1.4.4.7 


Sh corresponding stress range due to horizontal bending 
moment, in N/mm2, as defined in 1.4.4.9 


Se stress range due to external wave or internal tank pressure, in 
N/mm, as defined in 1.4.4.12 


Si stress range due to external wave or internal tank pressure, in 
N/mm, as defined in 1.4.4.12 


The stress range combination factors, fı, f2, fsand fs, which are to be applied to the 
following zones, are given in Tables C.1.3 to C.1.5: 


(a) Zone M: Midship region. This zone extends over the full length of all tanks 
where the tank LCG lies between 0.35L and 0.8L from AP. 


(b) Zone A: Aft region. This zone starts at the middle of the tank immediately aft of 
Zone M and extends aftwards to include all the aftmost tanks. 


(c) Zone F: Forward region. This zone starts at the middle of the tank immediately 
forward of Zone M and extends forwards to include all the foremost tanks. 


(d) Zone AT: Aft transition region between Zone M and Zone A. The stress range 
combination factors are to be calculated by linear interpolation between the 
stress range combination factors for Zones M and A. 


(e) Zone FT: Forward transition region between Zone M and Zone F. The stress 
range combination factors are to be calculated by linear interpolation between 
the stress range combination factors for Zones M and F. 


Note 
Where ballast tanks, centre and wing cargo tanks do not have the same lengths e.g. if slop tank is 
present, the middle position is to be taken at the middle of the longer tank. 


RCN 1 to July 2010 version (effective from 1 July 2012) 
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Table C.1.3 
Stress Range Combination Factors for Zone M 
Stiffener location fi | fp | fa | fa fi 
Ai -0.49 | 0.49 | -1.04 | -0.13 
Bottom shell ai (ly /B) + bi 
bi 0.97 | 0.17 | 0.87 | 0.56 
4i -1.48 | 0.50 | -0.64 | 0.72 
Side shell and bilge below D/2 ai (z/D) + bi 
bi 0.94 | 0.40 | 0.72 | 0.04 
Ai 1.70 | -1.00 | -1.10 | -0.60 
Side shell above D/2 ai (z/D) + bi 
bi -0.65 | 1.15 | 0.95 | 0.70 
inner botonada ai | -0.18 | 0.34 | 0.00 | -0.30 nee 
Ai + 0; 
Lower stool bi 0.90 | 0.22 | 0.00 | 0.74 
Inner hull below D/2 Ai -1.70 | -0.90 | 0.00 | 1.04 m (:/D) Fp 
(including hopper plate) bi 1.15 | 0.70 | 0.00 |045) | i 
Ai 1.40 | 0.50 | 0.00 | -1.94 
Ballast Inner hull above D/2 ai (z/D) + bi 
bi -0.40 | 0.00 | 0.00 | 1.94 
Deck and ai |015| 1.05 | 0.00 | 0.00 | USA 
Upper stool bi 1.02 | -0.27 | 0.00 | 0.00 
Centreline longitudinal bulkhead ai 0.00 | 0.00 | 0.00 | 0.00 ai (2/D) + b; 
Below D/2 bi 1.00 | 0.00 | 0.00 | 0.00 
Centreline longitudinal bulkhead Ai 0.00 | 0.00 | 0.00 | 0.00 ai (z/D) + b; 
Above D/2 bi 1.00 | 0.00 | 0.00 [0.00] ` í 
Longitudinal bulkhead below D/2 A 020 10000 70:09 ai (z/D) + bi 
bi 1.00 | 0.10 | 0.00 | 0.00 
Longitudinal bulkhead above D/2 i 0:20. sta steel ue wel 0:00 ai (2/D) + bi 
bi 0.80 | 1.40 | 0.00 | 0.00 
Ai -0.43 | 0.78 | -0.77 | 0.00 
Bottom shell ai (ly /B) + bi 
bi 0.98 | 0.13 | 0.75 | 0.00 
i -0.29 | -0.47 | 0.14 | 0.00 
Side shell and bilge below D/2 s ai (2/D) + bi 
bi 0.19 | 0.78 | 0.92 | 0.00 
i 1.77 | -0.05 | -1.20 | 0.00 
Side shell above D/2 a ai (z/D) + bi 
bi -0.84 | 0.57 | 1.59 | 0.00 
Inner bottom and Ai -0.71 | 1.13 | 0.00 | 0.55 ai (Y/B) + bi 
Lower stool bi 1.03 | 0.18 | 0.00 |-018) ` í 
Inner hull below D/2 Ai -0.80 | -1.70 | 0.00 | 2.60 z (/D) +b; 
(including hopper plate) bi 0.55 | 1.20 | 0.00 |-0.35| ` i 
Loaded Inner hull above D/2 a Ba pO. ee ai (2/D) + bi 
bi -0.80 | 0.20 | 0.00 | 1.80 
Deck and Qi -0.26 | 1.40 | 0.00 | 0.00 ai (VB) + bi 
Upper stool bi 1.02 | -0.16 | 0.00 | 0.00) * ' 
Centreline longitudinal bulkhead Ai -1.40 | 0.00 | 0.00 | 1.00 ai (2/D) + bi 
below D/2 bi 0.75 | 0.00 | 0.00 | 0.60) | i 
Centreline longitudinal bulkhead Ai 1.70 | 0.00 | 0.00 | -1.20 ai (z/D) + bi 
above D/2 bi -0.80 | 0.00 | 0.00] 1.701 ` i 
4i -0.60 | 0.40 | 0.00 | 1.10 
Longitudinal bulkhead below D/2 ai (2/D) + bi 
bi 1.00 | 0.40 | 0.00 | 0.05 
Ai 0.60 | -0.84 | 0.00 | -0.84 
Longitudinal bulkhead above D/2 b; 040 | 102 | 000 | 102 ai (2/D) + bi 
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Table C.1.4 
Stress Range Combination Factors for Zone A 
Stiffener location fi | fp | fa | fa fi 
Qi -0.20 | -0.80 | 1.20 | 1.50 
Bottom shell ai (ly|/B) + bi 
bi 0.00 | 0.50 | -0.25 | 1.07 
Qi -1.00 | 1.20 | -0.80 | 2.00 
Side shell and bilge below D/2 ai (2/D) + bi 
bi 0.20 | 0.00 | 0.60 | -0.40 
Qi 3.40 | -1.20 | -2.80 | 0.80 
Side shell above D/2 ai (z/D) + bi 
bi -2.00 | 1.20 | 1.60 | 0.20 
Qi -0.50 | -1.90 | 0.00 | 0.30 
Inner bottom and ai (ly/B) + bi 
Lower stool bi -0.05 | 0.60 | 0.00 | 0.85 
i 8.20 | -2.80 | 0.00 | 0.20 
Inner hull below D/2 : ai (z/D) + bi 
bi -3.50 | 1.00 | 0.00 | 0.90 
li 0.60 | 2.80 | 0.00 | -0.50 
Ballast Inner hull above D/2 ai (z/D) + bi 
bi 0.30 | -1.80 | 0.00 | 1.25 
Deck and ai 0.00 | 0.70 | 0.00 | 0.00 
U l ai ([y/B) + bi 
pper stoo bi 1.00 | 0.00 | 0.00 | 0.00 
Inner longitudinal bulkhead fi -1.20 | 2.00 | 0.00 | 0.00 ai (z/D) + b; 
Below D/2 bi 1.10 | 0.00 | 0.00 | 0.00 
Inner longitudinal bulkhead Ai 1.50 | -2.70 | 0.00 | 0.00 ai (2/D) + bi 
Above D/2 bi -0.25 | 2.35 | 0.00 10.00 ` i 
Centreline longitudinal bulkhead Ai 0.00 | 0.00 | 0.00 | 0.00 | ai(z/D) + bi 
Below D/2 bi 1.00 | 0.00 | 0.00 | 0.00 ai (2/D) + bi 
Centreline longitudinal bulkhead Ai 0.00 | 0.00 | 0.00 | 0.00 | ai(z/D) + bi 
Above D/2 bi 1.00 | 0.00 | 0.00 | 0.00 | a; (z/D) + bi 
i -2.20 | 1.50 | 2.60 | 0.00 
Bottom shell ai (ly /B) + bi 
bi 1.20 | -0.15 | -0.30 | 0.00 
Ai -1.20 | -1.20 | 0.60 | 0.00 
Side shell and bilge below D/2 ai (z/D) + bi 
a N w  |o30 osoloz oo) “CP 
i 3.00 | -0.30 | -0.50 | 0.00 
Side shell above D/2 2 2 ai (z/D) + bi 
bi -1.80 | 0.35 | 1.25 | 0.00 
Inner bottom and Ai -1.00 | 2.30 | 0.00 | -0.20 
Ai + bi 
Lower stool bi 1.00 | -0.10 | 0.00 | 0.00 Ka 
g -0.80 | 1.00 | 0.00 | 1.00 
Inner hull below D/2 í ai (z/D) + bi 
bi 0.20 | 0.00 | 0.00 | 0.50 
i 3.20 | -1.00 | 0.00 | -0.80 
Loaded Inner hull above D/2 2 ai (2/D) + bi 
bi -1.80 | 1.00 | 0.00 | 1.40 
Deck and aj -0.10 | 1.50 | 0.00 | 0.00 
ai + bj 
Upper stool bi 1.00 | -0.15 | 0.00 | 0.00 (YP) 
Inner longitudinal bulkhead ai -0.80 | 0.30 | 0.00 | 1.00 | 3 (G/D) + bi 
Below D/2 bi 1.00 | 0.50 | 0.00 | 0.30) | i 
Inner longitudinal bulkhead di 0.20 | -0.90 | 0.00 | -0.08 VED 
Above D/2 bi 0.50 | 1.10 | 0.00 10.84) ` i 
Centreline longitudinal bulkhead li -1.10 | 0.00 | 0.00 | 0.44 | ai(z/D) + bi 
Below D/2 bi 0.60 | 0.00 | 0.00 | 0.80 | a; (z/D) + bi 
Centreline longitudinal bulkhead Ai 1.30 | 0.00 | 0.00 | -0.56 | ai (z/D) + bi 
Above D/2 bi -0.60 | 0.00 | 0.00 | 1.30 ai (z/D) + bi 
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Table C.1.5 


Stress Range Combination Factors for Zone F 


Stiffener location fi | fp | fa | fa fi 
4i -0.90 | 1.00 | 2.40 | -1.20 
Bottom shell ai (ly /B) + bi 
bi 0.85 | -0.10 | -1.00 | 1.10 
Qi -0.60 | -0.40 | 1.00 | -1.80 
Side shell and bilge below D/2 ai (2/D) + bi 
bi 0.00 | 0.50 | -0.15 | 0.90 
4i 0.60 | -0.90 | -2.70 | 3.00 
Side shell above D/2 ai (z/D) + bi 
bi -0.60 | 0.75 | 1.70 | -1.50 
Inner bottom and Ai -0.30 | -1.00 | 0.00 | 0.00 ai (WVB) + b: 
Lower stool bi 0.90 | 0.25 | 0.00 | 1.00 : 
i -12.00) -2.40 | 0.00 | 1.20 
Inner hull below D/2 ai (z/D) + bi 
bi 5.00 | 1.00 | 0.00 | 0.50 
4i 3.00 | 1.40 | 0.00 | -0.90 
Ballast Inner hull above D/2 ai (z/D) + bi 
bi -2.50 | -0.90 | 0.00 | 1.55 
Deck and ai | 0.00 | 1.00 | 0.00 | 0.00 | ees 
Upper stool bi | 1.00 |-0.10| 0.00 | 0.00 | 
Inner longitudinal bulkhead ai -1.80 | 1.90 | 0.00 | 0.00 ai (Z/D) + bi 
Below D/2 bi 1.30 | 0.00 | 0.00 | 0.00 
Inner longitudinal bulkhead Ai 1.80 | -2.50 | 0.00 | 0.00 ai (2/D) + bi 
Above D/2 bi -0.50 | 2.20 | 0.00 | 0.00 
Centreline longitudinal bulkhead Ai 0.00 | 0.00 | 0.00 | 0.00 | aj (z/D) + bi 
Below D/2 bi 1.00 | 0.00 | 0.00 | 0.00 ai (z/D) + bi 
Centreline longitudinal bulkhead Ai 0.00 | 0.00 | 0.00 | 0.00 | aj (z/D) + bi 
Above D/2 bi 1.00 | 0.00 | 0.00 | 0.00 | a; (z/D) + bi 
4i -0.60 | -0.15 | 0.00 | 0.00 
Bottom shell ai (ly /B) + bi 
bi -0.45 | 0.05 | 1.00 | 0.00 
Qi -1.20 | 0.18 | 0.00 | 0.00 
Side shell and bilge below D/2 ai (2/D) + bi 
il tear a Lae b 10.00 |003 1.00 00] “ 
i 4.00 | 0.02 | 0.00 | 0.00 
Side shell above D/2 “i ai (z/D) + bi 
bi -2.60 | 0.05 | 1.00 | 0.00 
Inner bottom and aj 2.80 | 2.20 | 0.00 | -1.00 
Ai + bi 
Lower stool bi -0.80 | -0.30 | 0.00 | 1.10 (uB) 
i 10.20 | 1.60 | 0.00 | 0.00 
Inner hull below D/2 i ai (z/D) + bi 
bi -4.50 | -0.60 | 0.00 | 1.00 
; -0.80 | -0.90 | 0.00 | 0.00 
Loaded Inner hull above D/2 a ai (z/D) + bi 
bi 1.00 | 0.65 | 0.00 | 1.00 
Deck and 4i -0.24 | 1.80 | 0.00 | 0.00 ai (V/B) + bi 
Upper stool bi 1.00 | 0.00 | 0.00 | 0.00 | ` 
Inner longitudinal bulkhead a -2.10 | -1.00 | 0.00 | 1.50 ai (Z/D) + bi 
Below D/2 bi 1.15 | 0.60 | 0.00 | 0.35 | ` ' 
Inner longitudinal bulkhead Ai 0.40 | -0.30 | 0.00 | -0.40 
SN ai (2/D) + bi 
Above D/2 bi -0.10 | 0.25 | 0.00 | 1.30 
Centreline longitudinal bulkhead Ai -0.60 | 0.00 | 0.00 | 0.00 | ai(z/D) + bi 
Below D/2 bi 0.25 | 0.00 | 0.00 | 1.00 | aj (z/D) + bi 
Centreline longitudinal bulkhead Ai 0.20 | 0.00 | 0.00 | 0.00 | aj (z/D) + bi 
Above D/2 bi -0.15 | 0.00 | 0.00 | 1.00 ai (z/D) + bi 
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1.4.5 Selection of S-N curves 


1.4.5.1 The capacity of welded steel joints with respect to fatigue strength is characterized 
by S-N curves which give the relationship between the stress ranges applied to a 
given detail and the number of constant amplitude load cycles to failure. 
1.4.5.2 For ship structural details, S-N curves are represented by: 
S"”"N =K, 
Where: 
S stress range, in N/mm, as defined in 1.4.4.19 
N predicted number of cycles to failure under stress range S 
m constant depending on material and weld type, type of 
loading, geometrical configuration and environmental 
conditions (air or sea water), as defined in 1.4.5.5. 
K2 constant depending on material and weld type, type of 
loading, geometrical configuration and environmental 
conditions (air or sea water), as defined in 1.4.5.5. 
1.4.5.3 Experimental S-N curves are defined by their mean fatigue life and standard 
deviation. The mean S-N curve gives the stress level S at which the structural detail 
will fail with a probability level of 50 percent after N loading cycles. S-N curves 
considered in the present Rules are based upon a statistical analysis of appropriate 
experimental data and represent two standard deviations below the mean lines. 
1.4.5.4 Unless direct experimental measurements are available, the S-N curves described in 
1.4.5.5 to 1.4.5.16 are to be used for assessment of the fatigue strength of structural 
details. 
1.4.5.5 As shown in Figure C.1.9, the basic design curves consist of linear relationships 
between log(S) and log(N), which are to be expressed as follows. The S-N curves 
have a change of inverse slope from m to m + 2 at N = 107 cycles (which corresponds 
to stress range S,). 
log (N) = log (K,) -mlog (S) 
Where: 
log(K2) =log(K,)—26 
N predicted number of cycles to failure under stress range S 
K, constant relating to the mean S-N curve, as given in Table C.1.6 
ô standard deviation of log(N) 
m inverse slope of the S-N curve, as given in Table C.1.6 
Sq Stress range corresponding to 107 cycles of the S-N curve, in 
N/mm, as given in Table C.1.6 
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Table C.1.6 
Basic S-N Curve Data, In-Air 
K, Standard Deviation Sq 
Class m K, 
log. log, Log., log, N/mm? 
B 2.343 E15 15.3697 35.3900 4.0 0.1821 0.4194. 1.01E15 100.2 
C 1.082 E14 14.0342 32.3153 3.5 0.2041 0.4700 4.23E13 78.2 
D 3.988 E12 12.6007 29.0144 3.0 0.2095 0.4824 1.52E12 53.4 
E 3.289 E12 12.5169 28.8216 3.0 0.2509 0.5777 1.04E12 47.0 
F 1.726 E12 12.2370 28.1770 3.0 0.2183 0.5027 0.63E12 39.8 
F2 1.231 E12 12.0900 27.8387 3.0 0.2279 0.5248 0.43E12 35.0 
G 0.566E12 11.7525 27.0614 3.0 0.1793 0.4129 0.25E12 29.2 
W 0.368 E12 11.5662 26.6324 3.0 0.1846 0.4251 0.16E12 25.2 
Figure C.1.9 
Basic design S-N curves, In-Air 
1000 5 
HE 
D 
: E 
Z Lp 
aa F, 
Ar G 
= KY AA WW 
= Pá 4 
= 100 < 
a 
D 
Š 
n 
10 
1.00E+04 1.00E+05 1.00E+06 1.00E+07 1.00E+08 
N 
1.4.5.6 The class of S-N curve selected for determination of the cumulative fatigue damage, 
DM, is to be consistent with the fatigue assessment methods used and the type of 
detail to be analyzed. 
1.4.5.7 Experimental S-N curves give the relationship between the nominal stress range 
and the number of cycles to failure. Therefore, when using these S-N curves, the 
calculated stresses are to correspond to the nominal stresses used in creating these 
curves. 
1.4.5.8 The basic S-N curves to be used in this Appendix for fatigue assessment of 
longitudinal stiffener end connections are given in 1.4.5.5, with the S-N curve 
parameters given in Table C.1.6. 
1.4.5.9 Generally, adjustments to the S-N curves to take into account the following can be 
made: 
a) effect of mean stresses 
b) effect of plate thickness 
c) weld improvement 
d) influence of the environment. 
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1.4.5.10 The stress range may be reduced depending on whether the mean stress is tensile or 
compressive. In the event that it can be demonstrated that a compressive stress 
exists and can be quantified, the effect of mean stress may be considered by 
assuming a stress range equal to the tensile component plus 60% of the compressive 
component. The actual still water bending moment (SWBM) and the applicable 
static sea and tank pressures for the full load condition or ballast condition as 


1.4.5.11 The total stress range considering the mean stress effect is to be taken as follows: 


appropriate are to be used in determining the mean stress level. 


SRi = Otensile — 0.6 Ocompressive if Ocompressive < 0 and Oiensite > 0 
SRi =S if Ocompressive 20 
Sri = 0.65 if Otensite < O 
Where: 
: 2 
oleh mean stress plus half stress range, in N/mm: 


Ocompressive 


Omean 


= Omean + S/2 

mean stress minus half stress range, in N/mm? 

= Omean - S / 2 

mean stress due to static load components in the full load 


condition or ballast condition as appropriate, in N/mm2, 
see 1.3.2 


For the nominal stress approach, S and Onean are to be calculated as 


follows: 


Notes 


total combined stress range, in N/mm2, as defined in 
1.4.4.19 


= Otensile ~ Ocompressive 
=Ohg + Oex + Oin 


mean stress due to hull girder bending, to be derived 
using © from 1.4.4.6 with Mwv-v-amp taken as the actual 
SWBM for the full load condition or ballast condition as 
appropriate, see 1.3.2. 


mean local bending stress due to external static sea 
pressure, if applicable. o;, is to be derived using o4 from 
1.4.4.11 with P calculated based on the actual draught for 
the full load condition or ballast condition as appropriate, 
see 1.3.2, where P = Phys, see Section 7/2.2.2.1. 


mean local bending stress due to internal static tank 
pressure, if applicable. oj, is to be derived using 24 from 
1.4.4.11 with P calculated based on the head to the top of 
tank and the tank contents for the full load condition or 
ballast condition as appropriate, see 1.3.2, where P = Pin, 
see Section 7/2.2.3.1. 


1 Pis to be taken as negative when the pressure is acting on the plate side and positive 
when acting on the stiffener side. This gives compressive stress with a negative sign 


2 Where the stiffener is on the boundary between two cargo tanks, then the mean stress 
is to be taken as the net stress acting on the stiffener. 


3 It is to be assumed that water ballast and cargo tanks are 100% full. The fluid density 


is to be taken in accordance with Section 7/2.2.3.1, where cargo density is not to be less 
than 0.9 tonnes/ m3 
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1.4.5.12 


1.4.5.13 


1.4.5.14 


For the hot spot stress approach in Sub Section 2, the mean stress, Oinean, iS 
to be calculated by applying the applicable static loads to the FE model 
for the full load condition or ballast condition as appropriate. 
Alternatively, in lieu of applying the static loads to the FE model, the total 
stress range is to be calculated in accordance with 2.4.2.8. 


RCN 2 to July 2008 version (effective from 1 July 2010) 


The fatigue performance of a structural detail depends on member thickness. For 
the same stress range the joint's fatigue resistance may decrease as the member 
thickness increases. This effect (also called the ‘scale effect’) is caused by the local 
geometry of the weld toe in relation to the thickness of the adjoining plates and the 
stress gradient over the thickness. The basic design S-N curves are applicable to 
thicknesses that do not exceed the reference thickness of 22mm. For members with 
thickness greater than 22mm, the S-N curve for a joint member, with net thickness, 
tnet5o, in mm, is to be taken as: 


log(N)=log(K,)- miog 579 


22 / trees)” 
Where: 
log(Kz) = log (K,)—26 
N the predicted number of cycles to failure under stress range S 
K, constant relating to the mean S-N curve, as given in Table C.1.6 
ô standard deviation of log(N) 
m inverse slope of the S-N curve, as given in Table C.1.6 
Sri stress range, as defined in 1.4.5.11, in N/mm? 


Where the longitudinal stiffeners are flat bars or bulb plates, the thickness effect 
described in 1.4.5.12 is not applicable. 


The benefits of weld toe grinding should not be taken into consideration at the 
design stage. However, an exception may be made for the weld connection between 
the hopper plate and inner bottom if the calculated fatigue life is greater than one 
half of the design fatigue life or minimum 17 years excluding the grinding effects, 
whichever is greater. Where grinding is applied, full details of the grinding 
standard including the extent, smoothness particulars, final weld profile, and 
grinding workmanship and quality acceptance criteria are to be clearly shown on 
the applicable drawings and submitted for review together with supporting 
calculations indicating the proposed factor on the calculated fatigue life. Grinding is 
preferably to be carried out by rotary burr and to extend below the plate surface in 
order to remove toe defects and the ground area is to have effective corrosion 
protection. The treatment is to produce a smooth concave profile at the weld toe 
with the depth of the depression penetrating into the plate surface to at least 0.5mm 
below the bottom of any visible undercut. The depth of groove produced is to be 
kept to a minimum, and, in general, kept to a maximum of Imm. In no 
circumstances is the grinding depth to exceed 2mm or 7% of the plate gross 
thickness, whichever is smaller. Grinding has to extend to areas well outside the 
highest stress region. Provided these recommendations are followed, an 
improvement in fatigue life up to the design fatigue life will be granted. 


RCN 1 to July 2008 version (effective from 1 February 2010) 
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1.4.5.15 


1.4.5.16 


The basic design S-N curves, as shown in Figure C.1.9, are valid for joints located in 
air or details exposed to sea water but adequately protected from corrosion by 
effective coating. For unprotected joints in sea water, the basic S-N curves are to be 
reduced by a factor of 2 on fatigue life. 


The basic design S-N curves, as shown in Figure C.1.9, are used in this Appendix. To 
account for the fact that the joint will spend part of the time in a protected 
environment and part of time in an unprotected environment, a factor fsn, has been 
introduced into the total nominal stress range calculation. 


1.5 Classification of Structural Details 


1.5.1 General 


1.5.1.1 


1.5.1.2 


The joint classification of structural details is to be made using Table C.1.7 where the 
design of soft toes and backing brackets corresponds to those shown in Figure C.1.10. 
When alternative designs are proposed, the adequacy in terms of fatigue strength is 
to be demonstrated using a suitable finite element analysis. See 2.1.1.3. 


Where the primary support member web stiffeners are omitted or not connected to 
the longitudinals in way of bottom, side and inner hull, see Note 6 of Table C.1.7. 
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Table C.1.7 
Classification of Structural Details 


Notes 
1. 


Where the attachment length is less than or equal to 150mm, the S-N curve may be 
upgraded one class from those specified in the table. For example, if the class shown in the 
table is F2, upgrade to F. Attachment length is defined as the length of the weld attachment 
on the longitudinal stiffener face plate without deduction of scallop. 
Where the longitudinal stiffener is a flat bar and there is a stiffener/ bracket welded to the 
face, the S-N curve is to be downgraded by one class from those specified in the table. For 
example, if the class shown in the table is F, downgrade to F2; if the class shown in the 
table is F2, downgrade to G. This also applies to unsymmetrical profiles where there is less 
than 8mm clearance between the edge of the stiffener flange and the face of the attachment, 
e.g. bulb or angle profiles where the stated clearance cannot be achieved. 
Lapped connections (attachments welded to the web of the longitudinals) should not be 
adopted and therefore these are not covered by the table. 
For connections fitted with a soft heel, class F may be used if it is predominantly subjected 
to axial loading. Stiffeners fitted on deck and within 0.1D below deck at side are 
considered to satisfy this condition. 
For connections fitted with a collar around the face plate (i.e., connection type ID25 
through 30) or full collar (i.e., connection type ID31), class F may be used if subjected to 
axial loading. Stiffeners fitted on deck and within 0.1D below deck at side are considered 
to satisfy this condition 
ID31 and 32 show details where web stiffeners are omitted or are not connected to the 
longitudinal stiffener face plate. A full collar (i.e. connection type ID31 ) or alternatively a 
detail design for cut-outs as shown in Figure C.1.11 or equivalent is required in way of: 

e Side below the highest point of the wave wetted zone or below 0.1D from the deck at 

side, whichever is lower. 

e Bottom 

e Inner hull longitudinal bulkhead below 0.1D from the deck at side 

e Hopper 

e Inner bottom 
The highest point of the wave wetted zone is defined as the full load draft plus hwu as 
shown in Fig. C.1.1. Equivalence to Figure C.1.11 is to be demonstrated through a 
satisfactory fatigue assessment by using comparative FEM based hot spot stress of the cut- 
out in the primary support member and the collar. 
For connection type ID32 having no collar welded to the face plate, class F is to be used in 
way of longitudinals in the strength deck irrespective of slot configuration. In other areas 
class E may be used irrespective of slot configuration. 


ID Connection type Notes (1), (2), (3) 
A 


Critical Locations 


COMMON STRUCTURAL RULES FOR OIL TANKERS 


B 


1 F2 F2 
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Table C.1.7 (Continued) 
Classification of Structural Details 
Critical Locations 
ID Connection type Notes (1), (2), (3) 
A B 
TNS 7] 
2 F2 F2(4) 
A B 
NA] 
3 F F2 
A J (8 
Nn] 
4 F F2(4) 
5 F F 
A EA B 
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Table C.1.7 (Continued) 
Classification of Structural Details 
Critical Locations 
ID Connection type Notes (1), (2), (3) 

A B 
6 F2 F2(4) 
7 F2 F2 
8 F2 F2 
9 F2 F 

A B 
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Table C.1.7 (Continued) 
Classification of Structural Details 


Critical Locations 
ID Connection type Notes (1), (2), (3) 
A B 


10 F2 F2 


11 F F2 


12 F2 F 


13 F2 F2 
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Table C.1.7 (Continued) 
Classification of Structural Details 
Critical Locations 

ID Connection type Notes (1), (2), (3) 

A B 
14 F2 F2(4) 
15 F2 F2 

A N B 

16 F2 F 
17 F F2 
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Table C.1.7 (Continued) 
Classification of Structural Details 
Critical Locations 
ID Connection type Notes (1), (2), (3) 
A B 
18 F F2(4) 
19 F F 
A ("> B 
20 F F2 
21 F F2 
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Table C.1.7 (Continued) 
Classification of Structural Details 
Critical Locations 

ID Connection type Notes (1), (2), (3) 

A B 
22 F F2(4) 
23 F F 
24 F F2 

A B 
a 

25 F2 F2(5 only) 
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Table C.1.7 (Continued) 
Classification of Structural Details 
Critical Locations 
ID Connection type Notes (1), (2), (3) 
A B 
26 F F2(5 only) 
27 F2 F2(5 only) 
28 F2 F2(5 only) 
29 F F2(5 only) 
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Table C.1.7 (Continued) 
Classification of Structural Details 

i Critical Locations 

ID Connection type Notes (1), (2), (3) 
A B 

30 F F2(5 only) 
J F2(5, 6 only) F2(5, 6 only) 
32 F(6, 7 only) N/A 


(RCN 2, effective from 1 July 2008) 
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Figure C.1.10 
Detail Design for Soft Toes and Backing Brackets 
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Recommended Alternative Design of Soft Toes of Tripping Brackets 
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Figure C.1.11 
Design for Cut Outs in cases where Web Stiffeners are Omitted 
1 2 
A, N | | \y 
= R <> I — 


R1 


thickness 


PLATE OF SAME THICKNESS. 


1. Soft toes marked “*” are to be dimensioned to suit the weld leg length such that smooth 
transition from the weld to the radiused part can be achieved. Max. 15 mm. 

2. Configurations 1 and 4 indicate acceptable lapped lug plate connections, alternatively, 
butted lug plates with similar shape may be adopted. 

3. Designs that are different than shown in the above sketches are acceptable subject to a 


satisfactory fatigue assessment by using comparative FEM based hot spot stress. 
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1.6 Other Details 


1.6.1 Scallops in way of block joints 


1.6.1.1 Scallops in way of block joints in the cargo tank region, located on the strength deck, 
and down to 0.1D from the deck at side are to be designed according to Figure 
C.1.12 unless the specification in Section 8/1.5.1.3 for class F2 is satisfied. 
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Figure C.1.12 
Welding of Deck Stiffeners in way of Block Joints 
(I) Offset butt on stiffener 


S Q Deck plate 2 


e 


Deck stiffener 


(I) Elongated scallop on stiffener 


j í 


(I) 


scallop 


Notes 


Alternative scallop geometry to that shown in option II may be accepted subject to 
demonstration of satisfactory fatigue life based on hull girder loads taking into 
account additional stress concentration factor in way of weld, determined using fine 
mesh FEM and applying class D S-N curve. 
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2 HoT SPOT STRESS (FE BASED) APPROACH 
2.1 General 


2.1.1 Applicability 


2.1.1.1 The procedure in this section applies to welded knuckles between inner bottom and 
hopper plate fatigue analysis using a finite element (FE) based hot spot stress 
approach. A similar application method as described in Sub-Section 1 for the 
nominal stress approach is used except where indicated in the following sections. 


2.1.1.2 Where the hopper knuckle between inner bottom and hopper plate is of the bent 
type, hot spot stress fatigue assessment is not a requirement provided the detail 
design standard described in 2.5.1.2 is followed. When alternative design is 
proposed, a suitable finite element (FE) analysis should be used to demonstrate the 
equivalency of the detail in terms of fatigue strength. 


2.1.1.3 Where the hot spot stress approach is considered necessary for demonstration of the 
adequacy of longitudinal stiffener end connection in lieu of the nominal stress 
approach, the procedure described in Sub-Section 1 is generally to be followed with 
the exception that Sv Sm Si, and Se are to be determined directly from the finite 
element analysis using the surface hot spot stress component perpendicular to the 
weld obtained by linear extrapolation to the centre-line of the attachment, and then 
to the weld toe position. The S-N curve according to 2.4.3 is applicable. 


2.1.2 Assumptions 


2.1.2.1 The assumptions made are given in 1.1.2. 
2.2 Corrosion Model 


2.2.1 Net thickness 


2.2.1.1 The net thickness and corrosion additions given in Section 6/3 are to be incorporated 
into the representation of the FE structural capacity models as described in Appendix 
BA. 


2.3 Loads 


2.3.1 General 
2.3.1.1 Dynamic wave and tank pressures are to be considered for the FE based fatigue 
analysis of knuckles between inner bottom and hopper plates, see 1.3.6 and 1.3.7. 


2.4 Fatigue Damage Calculation 


2.4.1 Fatigue strength determination 
2.4.1.1 The procedure outlined in 1.4 is to be applied. 


2.4.1.2 The Weibull probability distribution parameter applicable to welded knuckles 
between inner bottom and hopper plate, & is to be taken as: 
L-100 
300 


€=11-0.35 
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Where: 
L rule length, in m, as defined in Section 4/1.1.1.1 


2.4.2 Stresses to be used 


2.4.2.1 


2.4.2.2 


2.4.2.3 


2.4.2.4 


2.4.2.5 


2.4.2.6 


To determine hot spot stresses, local 2D or 3D very fine mesh stress analyses, in 
conjunction with a 3D coarse mesh analysis are to be used. In highly stressed areas, 
in particular in the vicinity of structural discontinuities, the level of stresses depends 
on the size of elements because of the high stress gradient. If the stress field is more 
complex than a uniaxial field, the stresses adjacent to the potential crack location are 
to be used. A uniform mesh is to be used with smooth transition and avoidance of 
abrupt changes in mesh size. 


The following defines a general basis for the modelling of local structures: 


(a) hot spot stresses are to be calculated using an idealized welded joint with no 
misalignments. The finite element mesh is to be fine enough near the hot spot 
such that stresses and stress gradients can be determined with sufficient 
accuracy 


(b) plating, webs and face plates of primary and secondary members are modelled 
by 4-node thin shell elements. In cases of steep stress gradients, 8-node thin shell 
elements are to be used. 


(c) when thin shell elements are used, the structure is to be modelled at the mid 
face of the plates. For practical purposes, adjoining plates of different thickness 
may be assumed to be median line aligned, i.e., no staggering in way of 
thickness change is required. 


(d) the aspect ratio of elements is not to be greater than three in the vicinity of the 
hot spot. 


(e) the size of elements located in the vicinity of the hot spot is to be comparative to 
the net thickness of the structural member 


(f) stresses are to be calculated at the surface of the plate with a view to taking into 
account the plate bending moment, where relevant. 


A detailed description of hot spot stress calculation using finite element modelling 
is given by Appendix B/4. 


Generally, the element stresses are derived at the Gaussian integration points. 
Depending on the element type, it may be necessary to perform several 
interpolations in order to determine the actual stress at the considered hot spot 
location. 


For critical structural details, hot spot stresses are generally highly dependent on the 
finite element model used for representation of the structure. Alternative 
procedures to those described here, for the derivation of the hot spot stress, are to be 
confirmed or documented by reference to available fatigue test results for similar 
structural details. 


The hot spot stress is defined as the surface stress at 0.5t away from the weld toe 
location, as shown in Figure C.2.1. The hot spot stress is to be obtained by linear 
interpolation in the ship’s transverse direction using the respective stress at the 1st 
and 274 element from the structure intersection. 


RCN 2 to July 2008 version (effective from 1 July 2010) 
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Figure C.2.1 
Hot Spot Stress 


Weld toe distance, x,,,, 
not to be taken larger than tarsl2 


t=t, -O0.5t Hot spot stress 


2.4.2.7 Stress range components along the direction perpendicular to the weld, due to the 
loads defined in 2.3, are to be calculated based on Appendix B/4. The total combined 
stress range, S, is to be taken as: 


S= f node 0-85(S,, +0.25S,,)—0.38;| for full load condition 

S= F noaet| 0.85(S.,, -0.25,,)| for ballast load condition 

Where: 

Se1 stress range due to dynamic wave pressure applied to FE- 


Sez 


Si 


finodel 


model on the side where the hopper knuckle is to be 
investigated, in N/mm?, see Table B.4.1 


stress range due to dynamic wave pressure applied to FE- 
model on the side of the hull where the hopper knuckle is not 
analysed, in N/mmz, see Table B.4.1 


stress range due to dynamic tank pressure applied to FE- 
model, in N/mm2, see Appendix B/4.5.2.4 and Table B.4.1 


1.0 if the FE model is made according to net thickness for 
fatigue, i.e. using corrosion addition of 0.25fcor for the FE 
model except in way of critical location (in way of a knuckle 
and within 500mm in all directions), which uses corrosion 
addition of 0.5fcorr 


0.95 if the FE model for strength assessment is used. FE model 
for strength assessment applies a corrosion addition of 0.5tcorr 
for the whole model including structure in way of critical 
location 
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2.4.2.8 


To account for the mean stress effect, in lieu of applying the static loads to the FE 
model, the total stress range may be taken as: 


Sg; =1.0S for full load condition 


Sp, =0.6S for ballast load condition 


Where: 


S total combined stress range, in N/mm, as defined in 2.4.2.7 


2.4.3 Selection of S-N curves 


2.4.3.1 


The fatigue analysis is to be carried out applying the Class D S-N curve for welded 
details if the hot spot stress is calculated according to 2.4.2.8. The thickness effect 
according to 1.4.5.12 will be applicable. 


2.5 Detail Design Standard 


2.5.1 Hopper knuckles 


2.5.1.1 


2.5.1.2 


Design details for the welded knuckle between hopper plating and inner bottom 
plating are to be as shown in Figure C.2.2. 


Guidance Note: 
Figure C.2.3 may be used as an option to increase fatigue strength at the hopper connection. 


Design details for the bent knuckle between hopper plating and inner bottom 
plating are to be as shown in Figure C.2.4. 


2.5.2 Transverse Bulkhead Horizontal Stringer Heel 


2.5.2.1 


Detail design improvement given in Figure C.2.5 is recommended for reducing the 
stress level and increasing fatigue strength at the horizontal stringer heel location 
between transverse oil-tight and wash bulkhead plating and inner hull longitudinal 
bulkhead plating. This recommendation should be considered in association with 
fine mesh FE analysis as required in Appendix B/3.1.3. 
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Hopper Knuckle Connection Detail, Without Bracket 


Figure C.2.2 


Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing welded inner bottom and hopper sloping plating 


CRITICAL AREAS DETAIL DESIGN STANDARD A 


Side girder 


r4 


Increased >| M- 


radius,r ale 


Éi 
Floor 


CRITICAL LOCATIONS 


Bottom shell 


Critical 
locations 


Hopper 


Partial penetration Elimination of scallops and 


welding $ _ extension of inner bottom 
Partial penetration 


welding 


Critical location 


Inner bottom 


Partial penetration 


Section B-B : 
welding 


a 


Weld between hopper plating and inner bottom 
plating to be extended and ground smooth. 
Visible undercuts are to be removed. 

Weld extension and grinding to be applied 200 
mm either side of the floor. 


Note: 
1. A root face with a maximum of 1/3 of the 
abutting plate thickness is acceptable for the 
partial penetration welding, see Section 6/5.3.4. 


2. Grinding need not be applied in the No.1 tank 
in which floor spans are reduced due to shape. 


Section A-A 


3. Grinding need not be applied for the knuckle 
joints at transverse bulkhead positions, or at 
the floor adjacent to the transverse bulkhead. 


Minimum 
Requirement 


As a minimum, detail design standard A or B is to be fitted. Further consideration 
will be given where the hopper angle exceeds 50 degrees. The ground surface is to 
be protected by a stripe coat, of suitable paint composition, where the lower hopper 
knuckle region of cargo tanks is not coated. 


Critical Location 


Hopper sloping plating connections to inner bottom plating in way of floors. Floor 
connections to inner bottom plating and side girders in way of hopper corners. 


Detail Design 
Standard 


Elimination of scallops in way of hopper corners, extension of inner bottom plating 
to reduce level of resultant stresses arising from cyclic external hydrodynamic 
pressure, cargo inertia pressure and hull girder loads. Scarfing bracket thickness is 
to be close to that of the inner bottom in way of knuckle. 


Building Tolerances 


Median line of hopper sloping plate is to be in line with the median line of the girder 
with an allowable tolerance of t/3 or 5mm, whichever is less, where t is the inner 
bottom thickness. The allowable tolerance is to be measured parallel to the inner 
bottom. 


Welding Requirements 


Partial penetration welding (hopper sloping plating to inner bottom plating). Partial 
penetration weld (connection of floors to inner bottom plating and to side girders, 
connection of hopper transverse webs to sloping plating, to inner bottom plating, 
and to side girders in way of hopper corners). 


(RCN 1, effective from 1 April 2007) 
RCN 2 to July 2008 version (effective from 1 July 2010) 
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Figure C.2.3 


Option: Hopper Knuckle Connection Detail, With Bracket 


Connections of floors in double bottom tanks to hopper tanks 


Hopper corner connections employing welded inner bottom and hopper sloping plating 


CRITICAL AREAS 


DETAIL DESIGN STANDARD B 


CRITICAL LOCATIONS 


Bracket 


Hopper 


Bottom shell 


Critical 
locations 


Critical location 


Inner bottom 


Note: 
1. Bracket to be fitted inside cargo tank 


2. Bracket to extend approximately to the first 
longitudinal 


The bracket toes are to have a soft nose design 
Full penetration welding at bracket toes 

Bracket material to be same as that of inner bottom 
Buckling of bracket to be checked: 


d | 
t okt a yd 
: where: 
Section A-A d = bracket max depth, as defined in Table 10.2.3 


bracket thickness 
specified minimum yield stress of material 


BGI ie Se 


tokt 
Oya 


Minimum 
Requirement 


As a minimum, detail design standard A or B is to be fitted. Further consideration 
will be given where hopper angle exceeds 50 degrees. 


Critical Location 


Hopper sloping plating connections to inner bottom plating in way of floors. Floor 
connections to inner bottom plating and side girders in way of hopper corners. 


Detail Design 
Standard 


Elimination of scallops in way of hopper corners, extension of inner bottom plating to 
reduce level of resultant stresses arising from cyclic external hydrodynamic pressure, 
cargo inertia pressure and hull girder loads. Scarfing bracket thickness to be close to 
that of the inner bottom in way of knuckle. 


Building Tolerances 


Median line of hopper sloping plate is to be in line with the median line of girder 
with an allowable tolerance of t/3 or 5mm, whichever is less, where t is the inner 
bottom thickness. 


Welding 
Requirements 


Partial penetration welding (hopper sloping plating to inner bottom plating). Partial 
penetration weld (connection of floors to inner bottom plating and to side girders, 
connection of hopper transverse webs to sloping plating, to inner bottom plating, and 
to side girders in way of hopper corners). 


(RCN 1, effective from 1 April 2007) 
RCN 2 to July 2008 version (effective from 1 July 2010) 
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Figure C.2.4 
Hopper Knuckle Connection Detail, Bent Type 
Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing bent knuckle inner bottom and hopper sloping plating 
CRITICAL AREAS DETAIL DESIGN STANDARD C 


Section A-A 


Knuckle radius not to be less than 5 x t or 
100mm, where t is the plate thickness 
whichever is the greater 


Elimination of scallops, and 
additional longitudinal 
brackets in way of knuckle line 


Hopper 2 View A 


Partial 
penetration 
welding 


Knuckl 
line 


| 
i Inner Knuckle line 
| bottom Ba, N 


| Section B-B 
t | g uE 
Critical < 4+ — L 
locations A || A 
| 
a | 
Longitudinal > — Girder Longitudinal 
bracket B- bracket 


Note: Longitudinal brackets may be omitted if it can be demonstrated 
that the girder provides sufficient support at the knuckle line. 


Bottom shell 


Knuckle line Side girder 
Ny 


Critical 

location 

Minimum Requirement As a minimum, the detail design standard C is to be fitted. 

Critical Location Side girder connections to inner bottom plating in way of floors. Floor and 


hopper transverse web connections to inner bottom plating and to side girders in 
way of hopper corners. 


Detail Design Standard Elimination of scallops in way of hopper corners and additional longitudinal 
brackets to reduce peak and range of resultant stresses arising from cyclic 
external hydrodynamic pressure, cargo inertia pressure, and hull girder global 
loading. 


Building Tolerances Enhanced alignment standard. The nominal distance between the centres of 
thickness of the two abutting members (e.g. floor and hopper web plate and 
additional supporting brackets) should not exceed 1/3 of the table member 
thickness. 


Welding Requirements Partial penetration welding with a maximum root face of 1/3 of the abutting 
plate thickness (Connection of side girders to inner bottom plating. Connection 
of floors to inner bottom plating and to side girders. Connection of hopper 
transverse webs to sloped inner bottom plating and to side girders in way of 
hopper corners). 
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Figure C.2.5 
Option: Transverse Bulkhead Horizontal Stringer Heel 
Connections of horizontal girder in double side tanks to transverse bulkheads 


Connection of horizontal stringer on plane oiltight transverse or wash bulkheads to inner hull 
longitudinal bulkhead 


CRITICAL AREAS DETAIL DESIGN IMPROVEMENT 
| 


Partial penetration 


CRITICAL LOCATIONS 


welding where 
j backing bracket 
Horizontal not fitted 


girder 


DO SSS 


smooth ** 


Note: 


* 


Weld toe to be ground smooth, visible 
undercuts to be removed where brackets not 
fitted. 


Where a face plate is considered necessary, it 
Oiltight or wash is recommended that design features be 

ea “Inner hull transverse bulkhead adopted to reduce the stress concentration at 
side shell Longitudinal bulkhead the face plate termination (e.g., taper and soft 
nose). 


aK 


Critical location 


Critical Location Intersections of webs of transverse bulkhead horizontal stringer and double side 
tank horizontal girder forming square corners. 


Detail Design Elimination of scallops in way of cruciform joint and fitting a localized ‘D’ grade 
Improvement steel insert plate, with minimum thickness of 7 mm in addition to the Rule required 
thickness, to reduce the peak and range of resultant stresses arising from cyclic cargo 
inertia pressure and hull girder global loading. In addition, a soft toed backing 
bracket of suitable dimension is to be fitted. The following bracket sizes are 
recommended: 


e VLCC: 800x800x30 R600 with soft toe as shown in Figure 
e Suezmax and Aframax tankers: 800x600x25 R550 with soft toe as shown 
in Figure, where the longer arm length is in way of the inner skin. 


The actual bracket design is to be verified by fine mesh finite element analysis in 
accordance with Appendix B/3.1.3. 


Building Tolerances Enhanced alignment standard. The nominal distance between the centres of 
thickness of the two abutting members should not exceed 1/3 of the table member 
thickness. 


Welding Requirements | Fillet welding having minimum weld factor of 0.44, where backing bracket is fitted 
or partial penetration welding where backing bracket is not fitted. The extent of 
partial penetration should be of the order of longitudinal spacing. A small scallop of 
suitable shape, which is to be closed by welding after completion of the continuous 
welding of bulkhead, should be provided where scallop is eliminated. 
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2.5.3 Transverse and longitudinal corrugated bulkhead connection to lower stool 


2.5.3.1 Detail design improvement given in Figure C.2.6 is recommended for reducing the 
stress level at the connection of transverse and longitudinal corrugated bulkhead to 
lower stool. This recommendation should be considered in association with fine 
mesh FE analysis as required in Appendix B/3.1.5. 


Transverse and Longitudinal Bulkhead Connection to Lower Stool 


Figure C.2.6 


Connections of side stringers in double side tanks to transverse bulkheads 
Higher tensile stringers to horizontal girders on plane oiltight transverse or wash bulkheads 


Bulkhead 
stool plating 


Section A-A 


CRITICAL AREAS DETAIL DESIGN IMPROVEMENT 
| | 
Shedder Reduced stress Yt | 
concentration in 
Plates l the corrugation oN Shedder 
corners I| plates 
Gusset | Gusset | 
| plate plate l 
| 
l ——~ AEN je Gusset 
CRITICAL LOCATIONS Shelf Full penetration N plate 
A << Plate í Lower stool v < welding —4 Lower stoo 


Section A-A 
improvement 


Shedder 
plates 


Critical locations 


Bulkhead 
stool plating 


h=b/2 


Gusset 
plate 


Lower stool \ 


Note: 
= Full penetration weld is to be applied at the 
connection of the corrugated bulkhead and 
Critical stool plate to the shelf plate of the lower 
locations stool. 
** Where adjacent shedder plates cross, a 
bracket stiffener is to be provided at the 
Shelf crossing point. 


Inner bottom 


Critical Location 


1. Connections of corrugated bulkhead to lower stool and shelf plate 
2. Connections of corrugated bulkhead to shedder plate if fitted without a gusset plate 


Detail Design 
Improvement 


1. Gusset plate should be fitted to the shelf plate in line with the face of the corrugation 
to reduce stress concentrations at the corrugated corners. The minimum height of the 
gusset plate should be taken as half the corrugated bulkhead flange width. 

2. To reduce stress concentration at the crossing of the shedder plates, shedder plates 
may be arranged in an alternate configuration as shown in figure. Alternatively, 
bracketed stiffener may be fitted at the crossing points underneath the shedder plates. 


Building Tolerances 


Ensure good alignment between lower stool sloping plates and corrugation faces as far 
as possible. The nominal distance between the centres of thickness of the two abutting 
members should not exceed 1/3 of the table member thickness. 


Welding 
Requirements 


Full penetration welding should be used at the connections of the bulkhead 
corrugations, gusset plates and the lower stool sloping plates to the lower stool shelf 
plate (Grade Z steel is recommended). Start and stop of welding should be as far away 
as practicable from the corners of the corrugations. 
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1 ADVANCED BUCKLING ANALYSIS 


1.1 General 


1.1.1 Scope 


1.1.1.1 


This appendix describes the advanced buckling analysis method and its application 
as required by the Rules. The advanced buckling analysis method is to be based on 
nonlinear analysis techniques, or equivalent, which predict the complex behaviour 
of stiffened and un-stiffened panels. 


1.1.2 Alternative procedures 


1.1.2.1 


1:1;2:2 


1.1.2.3 


While this appendix describes the general purpose or direct calculation techniques 
to be employed, alternative advanced buckling and ultimate strength analysis 
procedures may be used provided they give comparable and consistent results to 
those obtained using the reference advanced buckling procedure given in the 
Background to Appendix D which is the basis for the permissible buckling utilisation 
factors in Section 9/Table 9.2.2. See also 1.1.2.3. 


Where an alternative advanced procedure is used, documentation of the alternative 
advanced buckling analysis methodologies and detailed comparison of its results 
with those of the reference advanced buckling procedure given in Background to 
Appendix D and software tools are to be supplied for review and acceptance. 


Use of alternative buckling procedures to the reference advanced buckling 
procedure is acceptable provided that the alternative procedure is verified against 
the test cases specified in the Background to Appendix D and where the permissible 
utilisation buckling factor for the alternative method, 7ai-a, complies with: 


Nau-i 
Manat = Nan | — 
N refi—i miti 


Where: 
permissible utilisation factor against buckling for plate and 
Mau stiffened panels as specified in Section 9/Table 9.2.2 
utilisation factor for reference advanced buckling procedure 
ie for test case I specified in Background to Appendix D 
Ma utilisation factor for alternative buckling procedure for test 
alt-i 


case I specified in Background to Appendix D 


1.1.3 Definitions 


1.1.3.1 


1.1.3.2 


“Buckling” is used as a generic term to describe the strength of structures, generally 
under in-plane compressions and/or shear. The buckling strength or capacity can 
take into account the internal redistribution of loads depending on the situation. 


Buckling capacity accepting local elastic plate buckling with load redistribution is 
referred to as Method 1. The buckling capacity is the load that results in the first 
occurrence of membrane yield stress anywhere in the stiffened panel. Buckling 
capacity based on this principle gives a lower bound estimate of ultimate capacity, 
or the maximum load the panel can carry without suffering major permanent set. 
Method 1 buckling capacity assessment utilizes the positive elastic post-buckling 
effect for plates and accounts for load redistribution between the structural 
components, such as between plating and stiffeners. For slender structures the 
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1.1.3.3 


1.1.3.4 


capacity calculated using this method is typically higher than the ideal elastic 
buckling stress (minimum Eigen-value). Accepting elastic buckling of structural 
components in slender stiffened panels implies that large elastic deflections and 
reduced in-plane stiffness will occur at higher buckling utilization levels. 


Method 2 buckling capacity does not accept load redistribution between structural 
components and refers to the minimum of value of the ideal elastic buckling stress 
and the Method 1 buckling capacity. Method 2 buckling capacity normally equals 
the same strength as Method 1 for stocky panels, while it is the ideal elastic buckling 
stress (minimum Eigen-value cut-off) for slender panels. By applying the ideal 
elastic buckling stress limitation, large elastic deflections and reduced in-plane 
stiffness will be avoided at higher buckling utilization levels. 


A “buckling failure mode” refers to a specific pattern of buckling failure. Typical 
failure modes of stiffened panels with open profiles are: 

(a) plate buckling 

(b) torsional stiffener buckling 

(c) stiffener web plate buckling 

(d) lateral stiffener buckling. 
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2 ADVANCED BUCKLING ANALYSIS METHOD 


2.1 General 

2.1.1 Effects to consider 

2.1.1.1 The advanced buckling assessment method is to be capable of considering the 
following effects: 
(a) non linear geometrical behaviour 
(b) inelastic material behaviour 
(c) initial deflections - geometrical imperfections/ out-of flatness 
(d) welding residual stresses 
(e) interactions between buckling modes and structural elements; plates, stiffeners, 

girders etc. 
(f) simultaneous acting loads; bi-axial compression/ tension, shear and lateral 
pressure 

(g) boundary conditions. 

2.1.1.2 Detailed requirements for items listed in 2.1.1.1 are given in 2.1.2 to 2.1.8. Additional 
requirements applicable to non-linear finite element models are given in 2.1.9 and 
2.1.10. 

2.1.2 Non linear geometrical behaviour 

2.1.2.1 The buckling method is to be based on non-linear large deflection plate theory or 
equivalent. Second order membrane strains due to geometrical non-linearity are to 
be accounted for. 

2.1.2.2 Non-linear plate theory according to von Karman and Marguerre is acceptable for 
assessing the strength beyond the ideal elastic buckling level. 

2.1.3 Material behaviour and properties 

2.1.3.1 Inelastic material behaviour is to be considered. If the buckling method is not 
capable of handling non linear material and spread of plasticity, then the 
redistributed stress fields due to non-linear geometrical behaviour and geometrical 
imperfections are to be limited to below the von Mises yield criterion. 

2.1.3.2 Alternatively, if the buckling method is capable of handling non linear material, 
then a bi-linear material model is to be used with a conservative strain-hardening 
coefficient in the plastic region. 

2.1.3.3 The material property assumptions are to use the characteristic values of yield 
strength and Young’s Modulus. Where appropriate, a bi-linear isotropic elasto- 
plastic material model excluding strain rate effects is to be used or the Tangent 
Modulus is to be taken as a conservative value. A plastic tangent modulus of 
1000Mpa is acceptable for normal and higher strength steel. 

2.1.4 Initial deflections - geometrical imperfections/out-of-flatness 

2.1.4.1 Initial deflections are to be included in the buckling assessment. 

2.1.4.2 For the deterministic strength assessment the geometrical imperfections are to be 


transformed to a regular model pattern. 
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2.1.4.3 


2.1.4.4 


2.1.4.5 


The imperfections may be divided into local imperfections (plate out-of-flatness and 
stiffener sideways out-of-straightness), and global imperfections of the stiffeners 
(stiffener lateral/ vertical out-of-straightness). 


The shape of the initial deflections is to be such that the most critical failure modes 
are represented and triggered by the analysis. In general, a combination of the 
lowest buckling Eigen-modes will be appropriate. Consideration is to be given in 
the case of plates with high slenderness and in the case of simultaneously acting 
loads, where the critical failure mode may be different from the lowest Eigen- 
modes. 


The default maximum values of the imperfections are to be taken to be consistent 
with the IACS Shipbuilding and Quality Repair Standard. However, regular model 
imperfection amplitudes may generally be taken less than the maximum tolerance 
specified. The regular model imperfections may typically be case dependant (load 
ratio dependant) and are also to cover imperfections due to welding. The actual 
level of model imperfections will depend on the method of analysis, extension of 
model, etc. and is to be approved by the individual Classification Society. 


2.1.5 Welding induced residual stress 


2.1.5.1 


2.1.6 
2.1.6.1 


2.1.6.2 


2.1.7 
21:7-1 


2.1.7.2 


2.1.7.3 


2.1.8 
2.1.8.1 


2.1.8.2 


2.1.8.3 


Residual stresses are not required to be explicitly included in the buckling 
assessment, see 2.1.4.5. 


Interactions between buckling modes and structural elements 


The advanced buckling analysis method is to accurately model the interactions 
between the various structural components and hence between the different 
buckling modes. 


All the critical initial imperfection shapes are to be included, see 2.1.4. 


Simultaneous acting loads 


The method is to be able to model any combination of biaxial in-plane compressive 
and shear membrane loads and lateral pressure. 


Any lateral pressure is to be applied first, in order to generate the deformed shape. 
The lateral pressure is then to be kept constant. 


The effect of lateral pressure enforcing deflections in different patterns than in-plane 
loads is to be included in such a way that the most critical buckling mode is 
developed. 


Boundary conditions 


The boundary conditions are to represent the actual response of the plate or 
stiffened panel. In-plane and out-of-plane boundary conditions are to be 
considered. 


Where a panel is an integral part of a larger continuous area of stiffened plating, 
such as bottom or side panels, the edges may be taken as free to move in-plane, but 
forced to remain straight. Where a panel is not supported in-plane by adjacent 
structure, such as a stringer web panel or bottom girder web, then the edges are to 
be considered as completely free. 


Rotational restraint on the plate from the stiffeners is to be accounted for by direct 
analysis of the plate and stiffener interaction. Prescribed boundary conditions are, in 
general, not acceptable. 
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2.1.8.4 


The panels can be taken as supported in the lateral/ vertical direction at the primary 
support members. The stiffeners may be taken as horizontally supported at the 
crossing of primary support members (preventing tilting at crossings). Geometrical 
rotational restraint of the plate from the primary support members is to be 
neglected. 


2.1.9 Model extent 


2.1.9.1 


2.1.9.2 


The extent of the model used in the buckling assessment is to be sufficient to 
account for the structure that is surrounding the panel of interest, and to reduce the 
uncertainties introduced through the boundary conditions. 


In general, the model is to include more than one stiffener span in the stiffener 
direction and the portion between two primary support members in the direction 
normal to the stiffeners. 


2.1.10 Element size for non-linear finite element models 


2.1.10.1 


2.1.10.2 


The element size is to be small enough to describe the buckling deflections 
accurately. 


The mesh size will depend on the complexity of the geometry and loads and the 
type of element used, but a minimum of five elements across a half-buckling wave 
length is generally required. 
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3 APPLICATION AND STRUCTURAL MODELLING PRINCIPLES 


3.1 General 


3.1.1 Scope 


3.1.1.1 


The following specifies the standard assumptions to be applied for the application 
of the advanced buckling method. These assumptions may be refined when the 
advanced buckling method is capable of more accurate representation of the 
structure. 


3.1.2 Boundary conditions 


3.1.2.1 


3.1.2.2 


3.1.2.3 


3.1.2.4 


3.1.2.5 


The boundary conditions are to accurately account for the in-plane and rotational 
constraints imposed by the adjacent structures (such as stiffeners, primary support 
members and adjacent plates). The assumptions defined in 3.1.2.3 to 3.1.2.4 are to be 
applied. 

The boundary conditions are divided into two main groups being representative for 
“free edge plating” and “continuous plating”. The latter group represents large 
stiffened panels such as deck plating, bottom plating, ship sides, etc., while the 
other represents girders, floors, stringers, etc. 


The continuous plating condition is representative for elements having in-plane 
support conditions by the surrounding structure. The boundary conditions for 
stiffened panels are to be taken as: 


(a) panel edges perpendicular to stiffeners are to be considered simply supported 


(b) panel edges parallel to stiffeners are to be considered as having rotational 
support equivalent to that provided by stiffeners within the panel 


(c) the ends of stiffeners are to be considered as part of a continuous panel and 
supported sideways by the primary support members 

(d) all edges of the panel are to be constrained to remain straight but are free to 
displace inwards. 


Free edge plating conditions are representative for elements having weak in-plane 
support along one or more edges, e.g. vertically stiffened double bottom floors. The 
boundary conditions for stiffened panels are to be taken as: 


(a) panel edges perpendicular to stiffeners are to be considered simply supported 


(b) panel edges parallel to stiffeners are to be considered as having rotational 
support equivalent to that provided by stiffeners within the panel 


(c) the ends of stiffeners are to be considered as supported sideways when attached 
directly to adjacent structure, otherwise they are to be assumed simply 
supported 


(d) all free edges of the panel are free to displace inwards. Rotational restraints of 
the edge reinforcements on the free edges may be considered. 

The boundary conditions for un-stiffened panels are to be taken as: 

(a) panel edges are to be considered simply supported unless otherwise stated 


(b) free edges of the panel, if any, are free to displace inwards. The continuous 
edges are to be constrained to remain straight. 
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3.1.3 Structural idealisation 


3.1.3.1 


3.1.3.2 


The structural modelling and buckling assessment method applicable for free edge 
plating is to be taken as: 


(a) parallel to the stiffener direction: one frame bay is normally sufficient for 
structures having significant stress gradients. For uniformly compressed 
elements with the free edges parallel to the stiffener direction, such as 
longitudinal girders, multi-bay models are to be considered 

(b) normal to the stiffener direction: between primary support members, but may 
be limited to six stiffener spacings 


(c) assessment method: Method 2 - buckling capacity with no allowance for 
redistribution of load unless otherwise specified. 

The structural modelling and buckling assessment method applicable for 

continuous plating is to be taken as: 


(a) parallel to the stiffener direction: at least two frame bays, in order to model 
imperfections between adjacent panels 

(b) normal to the stiffener direction: between primary support members, but may 
be limited to six stiffener spacings 


(c) assessment method: Method 1 - buckling capacity with allowance for 
redistribution of load unless otherwise specified. 
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4 ASSESSMENT CRITERIA 
4.1 General 


4.1.1 Buckling strength assessment methods 
4.1.1.1 The buckling capacity value is to be based on one of the following assessment 
methods: 


1. Buckling Capacity with allowance for redistribution of load 
2. Buckling Capacity with no allowance for redistribution of load 


The application of which assessment method to use is given in 3.1.3 


4.1.2 Method 1: Buckling capacity with allowance for redistribution of load 


4.1.2.1 The buckling capacity value is to be taken as the load that results in the first 
occurrence of membrane yield stress anywhere in the stiffened panel. This includes 
the redistribution of load as indicated in 1.1.3.2. In particular the following locations 
are to be checked for von Mises stresses equivalent to yield: 


(a) at the edges of the plate 


(b) along the line of intersection of the plate and stiffeners, especially at the ends of 
the stiffener and at the stiffener mid point 


(c) along the flanges of the stiffeners, especially at the ends of the stiffener and at 
the stiffener mid point. 
4.1.3 Method 2: Buckling capacity with no allowance for redistribution of load 
4.1.3.1 The buckling capacity value or the load that results in the first occurrence of 
membrane yield stress anywhere in the stiffened panel, see 1.1.3.3. 


4.2 Utilisation Factors 


4.2.1 General 


4.2.11 The utilisation factor, y, is used as a measure of safety margin against buckling 
strength failure. The utilisation factor is defined as the ratio between the applied 
loads and the corresponding ultimate capacity or buckling strength. 


4.2.1.2 A structure is considered to have an acceptable buckling strength if it satisfies the 
following criteria: 


Mace S Manow 

Where: 

Mallow allowable buckling utilisation factor, as defined in Section 
9/2.2.5 

Nact actual buckling utilisation factor based on the applied design 
loads 


4.2.1.3 For combined loads, the utilisation factor, 4, is to be taken as the ratio between the 
applied equivalent load and the corresponding buckling capacity, see Figure D.4.1, 
and is to be taken as: 
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Where: 
Wract 


Wu 


applied equivalent load due to the combined membrane 
loads 


= 2 2 2 
= [0g + Og tTa N/mm? 


equivalent load due to the combined membrane loads which 
results in the buckling capacity point, see Figure D.4.1 


o& +0%+7% N/mm? 


Where the combined loads are all factored by the same ratio 
and the applied pressure load is to be kept constant 


applied axial stress in x direction, in N/ mm2 
applied axial stress in y direction, in N/mm? 
applied shear stress, in N/mm? 


buckling strength due to compression in x direction, in 
N/mm? 


buckling strength due to compression in y direction, in 
N/mm? 


buckling strength in shear, in N/mm? 


Figure D.4.1 
Definition of Utilisation Factor Example Showing a 
Bi-Axial Loading Pattern 


Buckling strength interaction curve 


AV 
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5 STRENGTH ASSESSMENT (FEM) - BUCKLING PROCEDURE 


5.1 General 

5.1.1 Scope 

5.1.1.1 The following procedure is to be used for the assessment of the buckling 
requirements for the Strength Assessment (FEM) as part of the Design Verification 
procedure, see Section 9/2. 

5.1.1.2 All structural elements in the finite element analysis are to be assessed individually. 
Each stiffener with attached plate and all un-stiffened panels are to be assessed. 

5.1.1.3 The buckling performance of each member is considered acceptable if it satisfies the 


following criterion: 


N act < H allow 
Where 
Mallow allowable buckling utilisation factor, as defined in Section 9/2.2.5 


Nact actual buckling utilisation factor based on the applied design 
loads, see 4.2.1 


5.2 Structural Modelling and Capacity Assessment Method 


5.2.1 General 


5.2.1.1 


5.2.1.2 


The longitudinally effective structure of the hull girder is to be modelled as 
stiffened panels or un-stiffened panels as specified in Table D.5.1 and Figure D.5.1. 
These provide the standard assumptions to be used for the buckling capacity 
assessment method. 


The structural models are to be based on the net thickness obtained by deducting 
the full corrosion addition, i.e. -1.0ton, and any owner's extras from the proposed 
thickness. This thickness reduction applies to the plating and the stiffener web and 
face plate. 


5.2.2 Stiffened panels 


5.2.2.1 


5:2;2.2 


Each stiffener with attached plate is to be represented as a stiffened panel of the 
extent defined in Table D.5.1 and hence is assumed to be part of a larger structural 
entity to correctly model the overall buckling behaviour. 


In general, the assessment method is to model changes in plate thickness, stiffener 
size and spacing. However where the advanced buckling method is unable to 
correctly model these changes, the calculations are to be performed separately for 
each stiffener and plate between the stiffeners. Plate thickness, stiffener properties 
and stiffener spacing at the considered location are to be assumed for the whole 
panel. If the plate thickness, stiffener properties and stiffener spacing varies within 
the stiffened panel, the calculations are to be performed for all configurations of the 
panel. Where the panel between stiffeners consists of several plate thickness the 
weighted average thickness may by used for the thickness of the plating for 
assessment of the corresponding stiffener/plating combination. Calculation of 
weighted average is to be in accordance with 5.2.3.3. See Figure D.5.6. 


5.2.3 Un-stiffened panels 
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5.2.3.1 The assessment method is to model changes in plate thickness and panel geometry. 


5.2.3.2 In way of web frames, stringers and brackets, the geometry of the panel (i.e. plate 
bounded by web stiffeners/face plate) may not have a rectangular shape. Where the 
advanced buckling method is unable to correctly model the panel geometry, then an 
equivalent rectangular panel is to be defined as shown in Figure D.5.5. Where web 
stiffeners are not connected to the intersecting stiffeners, then the panel may be 
defined as shown in Figure D.5.6. The FE analysis is to represent the actual structure 
in order to derive realistic stress values for application to the equivalent rectangular 
panel. The stresses of all elements whose centroids are within the equivalent plate 
panel are to be considered for stress average in accordance with 5.3.2.1. 


5.2.3.3 Where the advanced buckling method is unable to correctly model changes in net 
plate thickness across a panel, and the panel consists of a number of finite plate 
elements, then the average thickness is to be taken as: 


Where 
Aj area of the jth plate element making up the panel 
tj net thickness of the jth plate element making up the panel 
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Structural Elements 


Longitudinally stiffened panels 

Shell envelope 

Deck 

Inner hull 

Hopper tank side 

Longitudinal bulkheads 

Centreline bulkheads 
Double bottom longitudinal girders 
in line with longitudinal bulkhead or 
connected to hopper tank side 


Web of horizontal girders in double 
side tank connected to hopper tank 
side 


Web of double bottom longitudinal 
girders not in line with longitudinal 
bulkhead or not connected to hopper 
tank side 

Web of horizontal girders in double 
side tank not connected to hopper 
tank side 

Web of single skin longitudinal 
girders 


Web of transverse deck girders 
including brackets 


Vertical web in double side tank 


All irregularly stiffened panels, e.g. 

Web panels in way of hopper tank 
ge 

Double bottom floors 


Vertical web frame including 
brackets 
Cross tie web plate 


Table D.5.1 
Structural Elements for the Strength Assessment (FEM) 


Idealisation 


Assessment 
method) 


Normal panel definition 


Longitudinal structure, see Figure D.5.1 


Stiffened 
panel 


Stiffened 
panel 


Stiffened 
panel 


Stiffened 


panel 


Stiffened 
panel 


Un-stiffened 
panel 


Method 1 


Method 1 


Method 1 


Method 2 


Method 2 


Method 2 


Length: between web frames 
Width: between primary support members 
(PSM)® 

Length: between web frames 
Width: full web depth 
Length: between web frames 
Width: full web depth 
Length: between web frames 
Width: full web depth 
Length: between web frames 
Width: full web depth 


Between local stiffeners/ face plate/ PSM 


Transverse structure, see Figure D.5.2 


Un-stiffened 
panel 
Stiffened 
panel 
Un-stiffened 
panel 


Stiffened 
panel 
Un-stiffened 
panel 
Un-stiffened 
panel 


Method 2 


Method 2 


Method 2 


Method 2 


Method 2 


Method 2 


Between local stiffeners/ face plate/ PSM 


Length: full web depth 
Width: between primary support members 
Between local stiffeners/ face plate/ PSM 


Length: full web depth 

Width: between primary support members 
Between vertical web stiffeners/ face 
plate/PSM 

Between vertical web stiffeners/ face 
plate/PSM 


Transverse Oil-tight and Watertight bulkheads, see Figure D.5.3 
and Transverse wash bulkheads, see Figure D.5.4 


All regularly stiffened bulkhead Stiffened Method 1 Length: between primary support members 
panels panel Width: between primary support members 
Regularly stiffened bulkhead with Stiffened Method 1 | Length: between primary support members 
secondary buckling stiffeners panel Width: between primary support members 
perpendicular to regular stiffeners (8) 
All irregularly stiffened bulkhead Un-stiffened Method 2 | Between local stiffeners/face plate 
panels, e.g. web panels in way of panel 
ge 
Web plate of bulkhead stringers Un-stiffened Method 2 | Between web stiffeners /face plate 
including brackets panel 
Transverse Corrugated bulkheads 
Upper/lower stool including Stiffened Method 1 Length: between internal web diaphragms 
stiffeners panel Width: length of stool side 
Stool internal web diaphragm Un-stiffened Method 2 Between local stiffeners /face plate / PSM 
panel 
Note 
1. The assessment method specifies which buckling strength assessment method is to be used, see 4.1 
2; See structural idealisation, 3.1.3. 
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3. The secondary stiffener can be modelled as “sniped” or “continuous”. The stiffener is considered “sniped” 
unless rotational end supports are provided at both ends 


An area stiffened by irregular buckling stiffeners only should be assessed by considering each plate in the 
panel as Unstiffened panel using Method 2. 


Figure D.5.1 
Advanced Buckling Assessment for longitudinal strength 


5 


Alternative 

procedure 

for curved 
panel 


Notes 


1. SP - M1 denotes stiffened panel - buckling strength assessed using Method 1 
2. SP - M2 denotes stiffened panel - buckling strength assessed using Method 2 


Alternative 
Procedure 
for opening 


Alternative 
Procedure for 
Cross-tie 
pillar buckling 


Notes 

SP - M1 denotes Stiffened Panel - buckling strength assessed using Method 1 

UP - M2 denotes Un-stiffened Panel - buckling strength assessed using Method 2 
SP - M2 denotes Stiffened Panel - buckling strength assessed using Method 2 
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SP - M1 denotes Stiffened Panel - buckling strength assessed using Method 1. 
UP - M2 denotes Un-stiffened Panel - buckling strength assessed using Method 2 


Figure D.5.4 
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Notes 


M1 denotes Stiffened Panel - 
UP - M2 denotes Un-stiffened Panel - buckling strength assessed using Method 2 


SP - M2 denotes Stiffened Panel - buckling strength assessed using Method 2 


SP - 


buckling strength assessed using Method 1 
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Figure D.5.5 
Modelling of an Un-stiffened Panel with Irregular Geometry 


(a) The four corners closest to a right angle, 90 degrees, in the bounding polygon for the 
plate are identified 


(b) The distances along the plate bounding polygon between the corners are calculated, 
i.e. the sum of all the straight line segments between the end points 


(c) The pair of opposite edges with the smallest total length is identified, i.e. minimum of 
dit+d3 and dz+d4 


(d) A line is joined between the middle points of the chosen opposite edges (i.e. a mid 
point is defined as the point at half the distance from one end). This line defines the 
longitudinal direction, x1, for the capacity model. The length of the line defines the 
length of the capacity model, lı or dz measured from one end point. 


(e) The width of the model, l; is to be taken as: 
h= Ap: / li 
Where: 
Apt area of the plate 


(f) The stress from the FE analysis are to be resolved into the local coordinate system of 
the equivalent rectangular panel. These stresses are to be used for the buckling 
assessment. 
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Figure D.5.6 
Capacity Model for Web Plate 


Equivalent plate panel O.Sh, 


W 


Note 

The correction of panel breadth is applicable also for other slot 
configurations provided that the web or collar plate is attached to 
at least one side of the passing stiffener. 


5.3 Load Application 


5.3.1 General 


5.3.1.1 


5.3.1.2 


5.3.1.3 


5.3.1.4 


5.3.1.5 


The ultimate capacity or buckling strength is to be assessed for the effects of the 
combined bi-axial and shear membrane stresses acting on the structural panel. 


The axial compressive and shear stress distribution is to be taken from the FE 
analysis and applied to the buckling model. The stresses from the FE analysis are 
not to be adjusted for the required change in thickness for buckling, i.e. -0.5tcorr used 
in the FE analysis and 1.0tor used for the buckling assessment. 


The lateral pressure applied to the FE analysis is also to be applied to the buckling 
assessment. 


The stresses may be applied by means of enforced displacements obtained from the 
finite element analysis to the panel edges or by loads applied to the panel edges. 


Where the advanced buckling method is unable to correctly model changes in axial 
or shear stress across a panel, then the stresses and pressures may be averaged as 
defined in 5.3.2 and 5.3.3. 
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5.3.2 Average membrane stresses 


5.3.2.1 When the plate panel consists of a number of finite plate elements, the average 
membrane stress is to be calculated using a weighted average approach, as given 


by: 
n 
2 A; O vmi 
Oym 1 N/ mm? 
A; 
n 
mm A; O ymi 
Oin 1 N/mm? 
A 
n 
2; A; Txymi 
= N/mm? 
dA 
Where 
Oxmi membrane stress in x-direction at the centroid of the ith plate 
element of the panel, in N/mm? 
Oymi membrane stress in y-direction at the centroid of the ith plate 
element of the panel, in N/mm? 
Txymi membrane shear stress at the centroid of the ith plate element 
of the panel, in N/mm? 
Ai area of the ith plate element making up the panel, in mm? 
n number of elements in the panel 


When Oxmi OF Oymi are in tension, then the respective value is to 
be taken as zero. 


5.3.3 Average lateral pressure 


5.3.3.1 Where the plate panel consists of a number of finite elements, the average pressure, 
Pwr, is to be calculated using a weighted average approach, as given by: 


yA; P, 


Be 


avr 


kN/m2 


pressure acting on the ith plate element making up the panel, 
in kKN/m2 


area of the ith plate element making up the panel, in mm? 


number of elements in the panel 
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5.4 Limitations of the Advanced Buckling Assessment Method 


5.4.1 General 


5.4.1.1 In the absence of a suitable advanced buckling method, then the following 
structural elements can be assessed according to Table D.5.2. 


Table D.5.2 
Requirements for structures where there is no advanced buckling 
method available 


Structural elements Buckling mode Rule Reference 


bilge plate transverse elastic buckling Section 8/2.2.3 


global (overall) buckling 


and torsional buckling Se ae 


primary support members 


web plate of primary support 


imemberaniwayohopenines buckling of web plate Section 10/3.4 
cross ties global (overall) buckling Section 10/3.5 
corrugated bulkheads flange panel buckling Section 10/3.2 

global (overall) buckling Section 10/3.5 
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6 ULTIMATE HULL GIRDER STRENGTH ASSESSMENT 
6.1 General 


6.1.1 Scope 


6.1.1.1 This procedure is required for the assessment of the ultimate hull girder strength 
assessment as part of the Design Verification procedure, see Section 9/1. 


6.1.1.2 All structural elements of the strength deck are to be assessed individually. 
6.2 Load Application 


6.2.1 General 


6.2.1.1 The uni-axial compressive stress used for the ultimate capacity assessment of 
longitudinally stiffened deck panels is to be calculated at the stiffener/plate 
intersection point. 


6.2.1.2 The hull girder stresses are based on the section modulus properties using a 
deduction of half the corrosion addition, i.e. -0.5tc0rr, and owner’s extra from the 
proposed thickness. 


6.2.1.3 Lateral pressure is not to be included in the buckling assessment for hull girder 
ultimate strength. 


6.3 Structural Modelling and Buckling Assessment 


6.3.1 General 


6.3.1.1 The longitudinally effective structure of the strength deck is to be modelled as 
stiffened panels using Method 1 to derive the ultimate capacity. 


6.3.1.2 Each deck stiffener with attached plate is to be represented as a stiffened panel with 
the transverse extent being between two adjacent primary support members. 


6.3.1.3 The buckling capacity models are to be based on the net thickness obtained by 
deducting half the corrosion addition, i.e. -0.5tc,, and any owner’s extras from the 
proposed thickness. This thickness reduction applies to the plating and the stiffener 
web and face plate. 


6.3.1.4 In general, the assessment method is to correctly model changes in plate thickness, 
stiffener size and spacing. However where the advanced buckling method is unable 
to correctly model these changes, the calculations are to be performed separately for 
each stiffener and plate between the stiffeners. Plate thickness, stiffener properties 
and stiffener spacing at the considered location are to be assumed for the whole 
panel. If the plate thickness, stiffener properties and stiffener spacing varies within 
the stiffened panel, the calculations are to be performed for all configurations of the 
panel. 
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SECTION 1 
APPLICATION 


1 = SCOPE OF APPLICATION 


1.1 General 


1.1.1 

These Rules apply to the following ships: 
a) Bulk carriers and double hull oil tankers and; 
b) Being self-propelled ships with unrestricted navigation, and; 
c) Contracted for construction on or after 1t July 2015. 


Note 1: Unrestricted navigation means that the ship is not subject to any geographical restrictions (i.e. any oceans, any seasons) except 
that limited by the ship’s capability for operation in ice. 


Note 2: The ‘contracted for construction’ means the date on which the contract to build the ship is signed between the prospective owner 
and the builder. For further details regarding the date of ‘contracted for construction’, refer to IACS Procedural Requirement (PR) 
No. 29. 


1.1.2 


These Rules apply to ships constructed of welded steel structures and composed of stiffened plate panels. The 
ship’s structure is to be longitudinally or transversely framed with full transverse bulkheads and intermediate 
web frames. 


The typical arrangements of ships covered by the rules assume that the structural arrangements include: 
e Double bottom, the depth of which is to be in accordance with applicable statutory requirements. 


e Engine room located aft of the cargo tank/hold region. 


1.1.3 


Ships for which these Rules are not applicable are to comply with the relevant Rules of the Society. 


1.2 Scope of application for bulk carriers 


1.2.1 


These Rules apply to the hull structures of single side skin and double side skin bulk carriers having a length L 
of 90 m or above. 


Bulk carriers are ships which are constructed generally with single deck, double bottom, hopper side tanks 
and topside tanks and with single or double side skin construction in cargo hold region and intended primarily 
to carry dry cargoes in bulk. Typical arrangements of bulk carriers are shown in Figure 1 


Hybrid bulk carriers, where at least one cargo hold is constructed with hopper tank and topside tank, see 
typical arrangements in Figure 1, and other cargo holds are constructed without hopper tank and/or topside 
tanks, see examples of a transverse section in Figure 2, are to comply with the strength criteria defined in 
these Rules. 
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These Rules are not applicable to the following ship types: 
e Ore carriers. 
e Combination carrier. 
e Woodchip carrier. 


e Cement, fly ash and sugar carriers provided that loading and unloading is not carried out by grabs 
heavier than 10 tons, power shovels and other means which may damage cargo hold structure. 


e Ships with inner bottom construction adapted for self-unloading. 


Figure 1 : Typical arrangements of bulk carriers 


Figure 2 : Examples of transverse sections of cargo hold without hopper tank and/or topside tank 
I 


1.3 Scope of application for oil tankers 


1.3.1 Length and structural arrangement application 


These Rules apply to the hull structures of double hull oil tankers having length L of 150 m or above. Oil tanker 
is defined as a ship which has to comply with Annex | of MARPOL73/78. 


The typical arrangements of oil tankers covered by the rules are shown in Figure 3 and assume that the 
structural arrangements include: 


e Double side structure with breadth in accordance with statutory requirements. 


e Side longitudinal, centreline longitudinal or transverse bulkheads of plane, corrugated or double skin 
construction. 


e Single deck structure. 


The cross sections shown in Figure 3 are typical examples only and other variations of cross tie and web frame 
arrangements are also covered. 
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1.3.2 Cargo temperature application 
The Rules are based on the following design temperatures for the cargo: 
a) maximum temperature: 80°C 


b) minimum temperature: 0°C. 


Figure 3 : Typical arrangements of double hull oil tankers 


2 RULE APPLICATION 


2.1 Rule description 


2.1.1 Rule structure 
The rules contain 2 parts: 
e Part 1: General hull requirements. 


e Part 2: Ship types. 


IACS 


The parts are structured in chapters giving instructions for detail application and requirements which are 


applied in order to satisfy the rule objectives. 
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2.1.2 Numbering 
The system of numbering is given in Table 1. 


Table 1: Rule numbering and abbreviations 


Order Levels Example Abbreviations 
Part Part 1 - General Hull Requirements Pt 1 
2 Chapter Chapter 1 - Rule General Principle Ch 1 
3 Section Section 1 - Application Sec 1 
4 Article 1. Scope of Application [1] 
5 Sub-article 1.1 General [1.1] 
6 Requirements | 1.1.1 These Rules apply to... [1.1.1] 


2.2 Rule Requirements 


2.2.1 Part 1 
Part 1 of the Rules provides requirements common to all ship types as follow: 
e Chapter 1: Rule General Principles. 
e Chapter 2: General Arrangement Design. 
e Chapter 3: Structural Design Principles. 
e Chapter 4: Loads. 
e Chapter 5: Hull Girder Strength. 
e Chapter 6: Hull Local Scantling. 
e Chapter 7: Direct Strength Analysis. 
e Chapter 8: Buckling. 
e Chapter 9: Fatigue. 
e Chapter 10: Other Structure. 
e Chapter 11: Superstructure, Deckhouses and Hull Outfitting. 
e Chapter 12: Construction. 
e Chapter 13: Ship in Operation - Renewal Criteria. 
The provisions of the Ch 1, 2, 3, 4, 5, 6, 8, 12, 13 and Ch 10, Sec 4 are applicable all over the ships length. 
The Ch 7, 9, 10 and 11 define their own scope of application. 


2.2.2 Part 2 


Part 2 of the Rules provides requirements coming in addition to those of Part 1 specific for ship types and is 
divided as follow: 


e Chapter 1: Bulk Carriers. 
e Chapter 2: Oil Tankers. 


2.2.3 Application of the Rules 


The ship arrangement and scantlings are to comply with the relevant parts and chapters of the Rules as it is 
given in Figure 4. 
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Figure 4 : Application of the Rules 


Part 1 General Hull Requirement Part 2 Ship Types 

Topic Chapter Topic Chapter 
Rule general principles Bulk carriers 1 
General arrangement design Oil tankers 2 


Structural design principles 


Bl] ooj Nje 


Loads 


Superstructures, 
deckhouses and hull 
outfitting 


Aft part & 


machinery space Cargo hold region Fore part 


V 


Topic Chapter 
Hull longitudinal strength 5 Topic Chapter 
Topic Chapter Hull local tli 6 
p P H Ocar SCAnLInE Fore part 10.1 
Machinery space 10.2 Direct strength analysis 7 
Aft part 10.3 Buckling 8 
Fatigue 9 
Tank subject to sloshing 10.4 
Superstructures, 
deckhouses and hull 11 
outfitting 
Construction 12 
Ship in operation 13 


2.2.4 General criteria 
The ship arrangement, the proposed details and the offered scantling in net or gross, as the case may, are to 


comply with the requirements and the minimum scantling given in the Rules. 


2.3 Structural requirements 


2.3.1 Materials and welding 

The Rules applies to welded hull structures made of steel having characteristics complying with requirements 
in Ch 3, Sec 1. The Rules applies also to welded steel ships in which parts of the hull, such as Superstructures 
or small hatch covers, are built in material other than steel, complying with requirements in Ch 3, Sec 1. 


Ships whose hull materials are different than those given in the first paragraph are to be individually 
considered by the Society, on the basis of the principles and criteria adopted in the present rules. 
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2.4 Ship parts 


2.4.1 General 


For the purpose of application of the present rules, the ship is considered as divided into the following five 
parts: 


e Fore part. 

e Cargo hold region. 
e Machinery space. 
e Aft part. 


e Superstructures and deckhouses. 


2.4.2 Fore part 
The fore part is that part of the ship located forward of the collision bulkhead, i.e.: 
e The fore peak structures. 


e The stem. 


2.4.3 Cargo hold region 

The cargo hold region is the part of the ship that contains cargo holds, cargo tanks, and slop tanks. It includes 
the full breadth and depth of the ship, the collision bulkhead and the transverse bulkhead at its aft end. The 
cargo hold region does not include the pump room, if any. 

2.4.4 Machinery space 

The machinery space is the part of the ship between the aft peak bulkhead and the transverse bulkhead at 
the aft end of the cargo hold region and includes the pump room, if any. 


2.4.5 Aft part 


The aft part includes the structures located aft of the aft peak bulkhead. 


2.4.6 Superstructures and deckhouses 


A superstructure is a decked structure on the freeboard deck extending from side to side of the ship or with the 
side plating not being inboard of the shell plating more than 0.04 B. 


A deckhouse is a decked structure on the freeboard or superstructure deck which does not comply with the 
definition of a superstructure. 


2.5 Limits of application to lifting appliances 


2.5.1 Definition 


The fixed parts of lifting appliances, considered as an integral part of the hull, are the structures permanently 
connected by welding to the ship’s hull (for instance, crane pedestals, masts, king posts, derrick heel seatings, 
etc, excluding cranes, derrick booms, ropes, rigging accessories, and, generally, any removable parts), only for 
that part directly interacting with the hull structure. 


2.5.2 Rule application for lifting appliances 


The fixed parts of lifting appliances and their connections to the ship’s structure may be covered by the 
Society’s rules for lifting appliances, and/or by the certification (especially the issuance of the Register of 
ship’s lifting appliances and cargo handling gear) of lifting appliances when required. 
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2.5.3 Structures supporting fixed lifting appliances 


The design of the structure supporting fixed lifting appliances and the structure that might be called to support 
a mobile appliance is to be designed taking into account the additional loads that may be imposed on them by 
the operation of the appliance and environmental conditions as declared by the builder or its sub-contractors. 


2.6 Novel designs 


2.6.1 


Ships with novel features or unusual hull design are to comply with Ch 1, Sec 3, [6.2]. 


3 CLASS NOTATIONS 


3.1 Class notation CSR 


3.1.1 Application 


In addition to the class notations granted by the Society and to the service features and additional class 
notations defined hereafter, ships fully complying with these Rules are assigned the notation CSR. 


3.2 Class notation for bulk carriers 


3.2.1 Additional service features BC-A, BC-B and BC-C 
The following requirements apply to ships, as defined in [1.2.1], having length L of 150 m or above. 
Bulk carriers are to be assigned one of the following additional service features: 


a) BC-A: For bulk carriers designed to carry dry bulk cargoes of cargo density 1.0 t/m® and above with 
specified holds empty at maximum draught in addition to BC-B conditions. 


b) BC-B: For bulk carriers designed to carry dry bulk cargoes of cargo density of 1.0 t/m? and above with 
all cargo holds loaded in addition to BC-C conditions. 


c) BC-C: For bulk carriers designed to carry dry bulk cargoes of cargo density less than 1.0 t/m?. 


The following additional service features are to be provided giving further detailed description of limitations to 
be observed during operation as a consequence of the design loading condition applied during the design in 
the following cases: 


e {Maximum cargo density in t/m} for additional service features BC-A and BC-B if the maximum cargo 
density is less than 3.0 t/m, see also Ch 4, Sec 8, [4.1]. 


e {No MP} for all additional service features when the ship has not been designed for loading and 
unloading in multiple ports in accordance with the conditions specified in Ch 4, Sec 8, [4.2.2]. 


e {Holds a, b, ... may be empty} for additional service feature BC-A, see also Ch 4, Sec 8, [4.1]. 


3.2.2 Additional class notation GRAB [X] 


The additional class notation GRAB [X] is mandatory for ships having one of the additional service features BC- 
A or BC-B, according to [3.2.1]. For these ships, the requirements for the GRAB [X] notation given in Pt 2, Ch 1, 
Sec 6 are to comply with for an unladen grab weight X taken not less than: 


e 35tfor ships with L => 250 m, 
e 30tfor ships with 200 m < L< 250m, 
e 20t otherwise. 


For all other ships, the additional class notation GRAB [X] is voluntary. 


COMMON STRUCTURAL RULES 1 JAN 2014 


PART 1 CHAPTER 1 SECTION 1 


PART 1 CHAPTER1 SECTION 1 


IACS 
4 APPLICATION OF THE RULES OF THE SOCIETY 


4.1 Structural parts not covered by these Rules 


4.1.1 


Designer should take care that parts of the structure that these Rules do not cover comply with the relevant 
requirements of the Society’s Rule. 
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SECTION 2 
RULE PRINCIPLES 


1 GENERAL 


1.1 Rule objectives 


1.1.1 


The objectives of the Rules are to establish the classification minimum requirements to mitigate the risks of 
major hull structural failure in order to help improve the safety of life, environment and property and to 
contribute to the durability of the hull structure for the ship’s design life. 

1.1.2 

The sub-sections contain: 


e The general assumptions pertaining to the design, construction and operation of the ship and give 
information on the assumed roles of the Society, builders, designers and owners. 


e The design basis which specifies the premises on which the Rules are based in terms of design 
parameters and assumptions about the ship operation. 


e The design principles which define the fundamental principles used for the structural requirements in 
the Rules with respect to loads and structural capacity. 


e The rule design methods which describe how the design principles are applied and the criteria are used 
in view of [1.1.1]. 


2 GENERAL ASSUMPTIONS 


2.1 International and national regulations 


2.1.1 


Ships are to be designed, constructed and operated in compliance with the regulatory framework prescribed 
by the International Maritime Organisation (IMO) and implemented by National Administrations or the Society 
on their behalf. The builder is to give due consideration to the influence on the structural design and 
arrangement from the relevant requirements of the International Labour Organization (ILO) implemented by 
National Administrations or the Society on their behalf. 


2.1.2 


The Rules are based on the assumption that the applicable statutory requirements are complied with. 


2.2 Application and implementation of the Rules 


2.2.1 


The Society develops and publishes the rules for classification of ships, containing minimum requirements for 
the hull structure and essential engineering systems. The Society verifies compliance with the classification 
requirements and the applicable international regulations when authorised by a National Administration 
during design, construction and operation of the ship. 
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2.2.2 


These Rules address the hull structural aspects of classification and do not include requirements related to 
the verification of compliance with the Rules during construction and operation. In order to achieve the safety 
level targeted by the Rules, a number of aspects related to design, construction and operation of the ship are 
assumed to be adhered to by the parties involved in the application and implementation of the Rules. A 
summary of these assumptions are given in the following: 


a) General aspects: 


Relevant information and documentation involved in the design, construction and operation is 
communicated between the builder, the designer, the Society and the owner as agreed between 
builder and owner. Design documentation according to Rule requirements is provided. 


Quality systems are applied to the design, construction, operation and maintenance activities by 
owners and other relevant parties to ensure the compliance with the requirements of the Rules. 


b) Design aspects: 


The owner specifies the intended use of the ship, and the ship is designed according to 
operational requirements as well as the structural requirements given in the Rules. 


The builder identifies and documents the operational limits for the ship so that the ship can be 
safely and efficiently operated within these limits. 


Verification of the design is performed by the builder to check compliance with provisions 
contained in the Rules in addition to national and international regulations. 


The design is performed by appropriately qualified, competent and experienced personnel. 


The Society performs a technical appraisal of the design plans and related documents for a ship 
to verify compliance with the appropriate classification Rules. 


For spaces where lighting and ventilation are to be fitted, the builder is to give consideration to 
the influence on the structural design and arrangement from the relevant requirements of 
International Conventions such as SOLAS and MLC2006 Regulation 3.1 - Accommodation and 
recreational facilities, and Society's rules if any. For general guidance, human element factors 
may be considered based on IACS Recommendation No. 132 and/or an ergonomic standard 
accepted by the Society. 


For spaces normally occupied or manned by shipboard personnel where noise is to be 
minimised, the builder is to give consideration to the influence on the structural design and 
arrangement from the relevant requirements of SOLAS Ch Il-1, Reg.3-12 and "The Code on Noise 
Levels Onboard Ships" adopted at MSC.337(91). 


For spaces normally occupied or manned by shipboard personnel where vibration is to be 
minimised, the builder is to give consideration to the influence on the structural design and 
arrangement from the relevant requirements of relevant statutory requirements such as MLC 
2006 Regulation 3.1 - Accommodation and recreational facilities. For general guidance, human 
element factors may be considered based on IACS Recommendation No. 132 or on an 
ergonomic standard accepted by the Society. 


c) Construction aspects: 


The builder provides adequate supervision and quality control during the construction. 
Construction is carried out by qualified and experienced personnel. 


Workmanship, including alignment and tolerances, is in accordance with acceptable shipbuilding 
standards. 


The Society performs surveys to verify that the construction and quality control are in accordance 
with the classification features of approved plans and procedures. 


d) Operational aspects: 
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Personnel involved in operations are aware of, and comply with, the operational limitations of the 
ship. 
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e Operations personnel receive sufficient training such that the ship is properly handled so that 
the loads and resulting stresses imposed on the structure are minimised. 


e The ship is maintained in adequate condition and in accordance with the Society survey scheme 
and international and national regulations and requirements. 


e The Society performs surveys to verify that the ship is maintained in class in accordance with the 
Society survey scheme. 


3 DESIGN BASIS 


3.1 General 


3.1.1 

This sub-section specifies the design parameters and the assumptions about the ship operation that are used 
as the basis of the design principles of the Rules. 

3.1.2 


Ships are to be designed to withstand, in the intact condition, the environmental conditions as defined in 
[5.3.2] and [5.3.3] anticipated during the design life, for the appropriate loading conditions. Structural 
strength is to be determined against buckling and yielding. Ultimate strength calculations have to include 
ultimate hull girder capacity and ultimate strength of plates and stiffeners. 

3.1.3 Residual strength 


Ships having a length L of 150 m or above are to be designed to have sufficient reserve strength to withstand 
the loads in damaged conditions, e.g. collision, grounding or flooded scenarios. Residual strength calculations 
are to take into account the ultimate reserve capacity of the hull girder, considering permanent deformation 
and post-buckling behaviour as specified in Ch 5, Sec 3. 

3.1.4 Finite element analysis 

The scantling of the structural members within the cargo hold region of ships having a length L of 150 m or 
above is to be assessed according to the requirements specified in Pt 1, Ch 7. 

3.1.5 Fatigue life 

Ships having a length L of 150 m or above are to be assessed according to the design fatigue life for structural 
details specified in Pt 1, Ch 9. 

3.1.6 

The Rules are applicable for ships in compliance with the specified design basis. Special consideration is given 
to deviations from this design basis. 

3.1.7 


The design basis used for the design of each ship, as communicated by the builder to the owner, is to be 
documented and submitted to the Society as part of the design review and approval. All changes of the design 
basis are to be formally advised to the Society and the owner for approval. 


3.2 Hull form limit 


3.2.1 
The Rules assume the following hull form with respect to environmental loading: 


e L<500m 
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e Cz>0.6 
e L/B>5 
e B/D<2.5 


For ships over 350 m in length, special consideration is to be made for the wave loads by the Society. 


3.3 Design life 


3.3.1 


A design life of 25 years is assumed for selecting ship design parameters. The specified design life is the 
nominal period that the ship is assumed to be exposed to operating conditions. 


3.4 Environmental conditions 


3.4.1 North Atlantic wave environment 

The rule requirements are based on a ship trading in the North Atlantic wave environment for its entire design 
life. 

3.4.2 Wind and current 


The effects of wind and current with regard to the strength of the structure are not considered. 


3.4.3 Ice 


The effects of ice and ice accretion are not taken into account by the Rules. 


3.4.4 Design temperatures 


The Rules assume that the structural assessment of hull strength members is valid for the following design 
temperatures: 


e Lowest mean daily average temperature in air is -10°C. 
e Lowest mean daily average temperature in seawater is 0°C. 


Ships intended to operate in areas with lower mean daily average temperature, e.g. regular service during 
winter seasons to Arctic or Antarctic waters are subject to the requirements as specified by the Society. 


In the above, the following definitions apply: 

Mean : Statistical mean over observation period (at least 20 years). 
Daily Average : Average during one day and night. 

Lowest : Lowest during year. 


For seasonally restricted service the lowest value within the period of operation applies. 
3.4.5 Thermal loads 

The effects of thermal loads and residual stresses are not taken into account in the Rules. 
3.5 Operating conditions 


3.5.1 
The Rules specify minimum loading conditions that are to be assessed for compliance. 


Specification of loading conditions other than those required by the Rules is the responsibility of the owner. 
These other loading conditions are to be documented and also be assessed for compliance. 
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3.5.2 
The Rules assume the following: 
e The ballast cargo hold of bulk carriers is not to be partly filled in seagoing operations. 


e Ballasting and deballasting operations in the ballast cargo hold of bulk carriers are not to be performed 
when the weather is not fair. 


3.6 Operating draughts 


3.6.1 


The design operating draughts are to be specified by the builder/designer subject to acceptance by the owner 
and are to be used to derive the appropriate structural scantlings. All operational loading conditions in the 
loading manual are to comply with the specified design operating draughts. The following design operating 
draughts are as a minimum to be considered: 


e Scantling draught for the assessment of structure. 
e Minimum ballast draught at midship for assessment of structure. 
e Minimum heavy ballast draught at midship for assessment of bulk carrier structure. 


e Minimum forward draughts for the assessment of bottom structure forward subjected to slamming 
loads, T-,and Tss with and without ballast tanks in way filled. 


T-eand T,,are defined in Ch 4, Sec 5, [3.2.1] 
e For oil tankers: maximum draughts amidships for both conditions: 
e with all cargo tanks abreast empty. 
e with centre cargo tank empty and wing cargo tanks full. 
e with centre cargo tank full and wing cargo tanks empty. 


e For bulk carriers carrying steel coils: maximum draught amidships for steel coil loading conditions. 


3.7 Internal environment 


3.7.1 Oil cargo density for strength assessment 


A density of 1.025 t/m%, or a higher value if specified by the designer, is to be used for oil cargoes for the 
strength assessment of all relevant tank structures. 


3.7.2 Oil cargo density for fatigue assessment 


For the fatigue assessment of cargo tank structures, the mean density is to be taken as 0.9 t/m%, or a higher 
value if specified by the designer. 


3.7.3 Dry cargo density 
The density for dry bulk cargo is to be taken according to the specifications in Ch 4, Sec 6, [2.3]. 


3.7.4 Water ballast density 
A density of 1.025 t/m is to be used for water ballast. 
3.8 Structural construction and inspection 


3.8.1 


The structural requirements included in the Rules are developed with the assumption that construction and 
repair follow acceptable shipbuilding and repair standards and tolerances. The Society may require that 
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additional attention is paid to critical areas of the structure by the builder during construction and by the owner 
for repair after the ship’s delivery. 

3.8.2 

As an objective, ships are to be built in accordance with controlled quality production standards using 
approved materials as necessary. 

3.8.3 

The Rules define the renewal criteria for the individual structural items. The structural requirements included 
are developed on the assumption that the structure is subject to appropriate monitoring by the owner once the 
ship is in operation and to periodical survey in accordance with Society rules and regulations. 

3.8.4 

Tank strength and tightness testing are to be carried out as a part of the verification scheme according to the 
Rules and/or documents of the individual Society which incorporate IACS UR $14. 

3.8.5 


Specifications for material manufacturing, assembling, joining and welding procedures, steel surface 
preparation and coating are to be included in the ship construction quality procedures. It is assumed that the 
owner has approved these builder specifications. 


3.9 Maximum service speed 


3.9.1 


The maximum service speed is to be specified in the design specification. Although the hull structure 
verification criteria takes into account the service speed this does not relieve the responsibilities of the owner 
and personnel to properly handle the ship, see item (d) in [2.2.2]. 


3.10 Owner’s extras 


3.10.1 


Owner’s specification of requirements above the general classification or statutory requirements may affect 
the structural design. Owner’s extras may include requirements for: 


e Vibration analysis. 

e Maximum percentage of high strength steel. 

e Additional scantlings above that required by the Rules. 

e Additional design margin on the loads specified by the Rules, etc. 

e Improved fatigue resistance, in the form of a specified increase in design fatigue life or equivalent. 


Owner’s extras are not specified by these Rules. Owner’s extras, if any, that may affect the structural design 
are to be clearly specified in the design documentation. 


4 DESIGN PRINCIPLES 


4.1 Overall principles 


4.1.1 Introduction 


This sub-section defines the underlying design principles of the Rules in terms of loads, structural capacity 
models and assessment criteria and also construction and in-service aspects. 
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4.1.2 General 
The Rules are based on the following overall principles: 


e The safety of the structure can be assessed by addressing the potential structural failure mode(s) when 
the ship is subjected to operational loads and environmental loads/conditions. 


e The design complies with the design basis, see Ch 1, Sec 3. 


e The structural requirements are based on consistent design load sets which cover the appropriate 
operating modes of a bulk carrier or oil tanker. 


The ship’s structure is designed such that: 


e It has a degree of redundancy. The ship’s structure should work in a hierarchical manner and, in 
principle, failure of structural elements lower down in the hierarchy do not result in immediate 
consequential failure of elements higher up in the hierarchy. 


e It has sufficient reserve strength to withstand the wave and internal loads in damaged conditions that 
are reasonably foreseeable e.g. collision, grounding or flooding scenarios. Residual strength 
calculations are to take into account the ultimate reserve capacity of the hull girder, considering 
permanent deformation and post-buckling behaviour. 


e The incidence of in-service cracking is minimised, particularly in locations which affect the structural 
integrity or containment integrity, affect the performance of structural or other systems or are difficult to 
inspect and repair. 


e lIthas adequate structural redundancy to survive in the event that the structure is accidentally damaged 
by a minor impact leading to flooding of any compartment. 
4.1.3 Limit state design principles 
The rules are based on the principles of limit state design. 


Limit state design is a systematic approach where each structural element is evaluated with respect to 
possible failure modes related to the design scenarios identified. For each retained failure mode, one or more 
limit states may be relevant. By consideration of all relevant limit states, the limit load for the structural 
element is found as the minimum limit load resulting from all the relevant limit states. 


The limit states defined in Ch 3, Sec 5 are divided into the four categories: Serviceability Limit State (SLS), 
Ultimate Limit State (ULS), Fatigue Limit State (FLS) and Accidental Limit State (ALS). 


The Rules include requirements to cover the relevant limit states for the various parts of the structure. 


4.2 Loads 


4.2.1 Design load scenarios 


The structural assessment of the structure is based on the design load scenarios encountered by the ship. 
Refer to Ch 4, Sec 7. 


The design load scenarios are based on static and dynamic loads as given below: 
e Static design load scenario (S): 


Covers application of relevant static loads and typically covers load scenarios in harbour, sheltered 
water, or tank testing. 


e Static plus Dynamic design load scenario (S+D): 


Covers application of relevant static loads and simultaneously occurring dynamic load components and 
typically cover load scenarios for seagoing operations. 


¢ Impact design load scenario (I): 


Covers application of impact loads such as bottom slamming and bow impact encountered during 
seagoing operations. 
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e Sloshing design load scenario (SL): 

Covers application of sloshing loads encountered during seagoing operations. 
e Fatigue design load scenario (F): 

Covers application of relevant dynamic loads. 
e Accidental design load scenario (A): 


Covers application of some loads not occurring during normal operations. 


4.3 Structural capacity assessment 


4.3.1 General 


The basic principle in structural design is to apply the defined design loads, identify plausible failure modes 
and employ appropriate capacity models to verify the required structural scantlings. 


4.3.2 Capacity models for ULS, SLS and ALS 


The strength assessment method is to be capable of analysing the failure mode in question to the required 
degree of accuracy. 


The structural capacity assessment methods are in either a prescriptive format or require the use of more 
advanced calculations such as finite element analysis methods. 


The formulae used to determine stresses, deformations and capacity are deemed appropriate for the selected 
capacity assessment method and the type and magnitude of the design load set. 


4.3.3 Capacity models for FLS 


The fatigue assessment method provides Rule requirements to assess structural details against fatigue 
failure. 


The fatigue capacity model is based on a linear cumulative damage summation (Palmgren-Miner’s rule) in 
combination with a design S-N curve, a reference stress range and an assumed long-term stress distribution 
curve. 


The fatigue capacity assessment models are in either a prescriptive format or require the use of more 
advanced calculations, such as finite element analysis methods. These methods account for the combined 
effects of global and local dynamic loads. 


4.3.4 Net scantling approach 
The objective of the net scantling approach is to: 


e Provide a relationship between the thickness used for strength calculations during the newbuilding 
stage and the minimum thickness accepted during the operational phase. 


e Enable the status of the structure with respect to corrosion to be clearly ascertained throughout the life 
of the ship. 


The net scantling approach distinguishes between local and global corrosion. Local corrosion is defined as 
uniform corrosion of local structural elements, such as a single plate or stiffener. Global corrosion is defined as 
the overall average corrosion of larger areas, such as primary supporting members and the hull girder. Both 
the local and global corrosion are used as a basis for the newbuilding review and are to be assessed during 
operation of the ship. 


No credit is given in the assessment of structural capability for the presence of coatings or similar corrosion 
protection systems. 


The application of the net thickness approach to assess the structural capacity is specified in Ch 3, Sec 2. 


4.3.5 Intact structure 


All strength calculations for ULS, SLS and FLS are based on the assumption that the structure is intact. The 
residual strength of the ship in a structurally damaged condition is assessed for ALS. 
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5.1 General 


5.1.1 Design methods 


Scantling requirements are specified to cover the relevant limit states (ULS, SLS, FLS and ALS) as necessary 
for various structural parts. 


The criteria for the assessment of the scantlings are based on one of the following design methods: 
e Working Stress Design (WSD) method, also known as the permissible or allowable stress method. 
e Partial Safety Factor (PSF) method, also known as Load and Resistance Factor Design (LRFD). 


For both WSD and PSF, two design assessment conditions and corresponding acceptance criteria are given. 
These conditions are associated with the probability level of the combined loads, A and B. 


e The WSD method has the following composition: 
Wear <1, R for condition A. 
Wetat t Wayn S N2R_ for condition B. 
where: 


Wta  : Simultaneously occurring static loads (or load effects in terms of stresses). 


Wayn : Simultaneously occurring dynamic loads. The dynamic loads are typically a combination of 
local and global load components. 

R : Characteristic structural capacity (e.g. specified minimum yield stress or buckling capacity). 

Ni : Permissible utilisation factor (resistance factor). The utilisation factor includes consideration 


of uncertainties in loads, structural capacity and the consequence of failure. 


e The PSF method has the following composition: 
R wW 
Ystat-1 Wetat + Yayn-1 Wayn S a for condition A. 
R 


R oe 
Ystat-2 Wetat + Yayn-2 Wayn < Yp for condition B. 
R 


where: 

Vstat-i : Partial safety factor that accounts for the uncertainties related to static loads. 

Yoyni : Partial safety factor that accounts for the uncertainties related to dynamic loads. 

Yr : Partial safety factor that accounts for the uncertainties related to structural capacity. 


The acceptance criteria for both the WSD method and PSF method are calibrated for the various requirements 
such that consistent and acceptable safety levels for all combinations of static and dynamic load effects are 
derived. 


5.2 Minimum requirements 


5.2.1 


Minimum requirements specify the minimum scantling requirements which are to be applied irrespective of all 
other requirements, hence thickness below the minimum is not allowed. 


The minimum requirements are usually in one of the following forms: 
e Minimum thickness, which is independent of the specified minimum yield stress. 


e Minimum stiffness and proportion, which are based on buckling failure modes. 
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5.3  Load-capacity based requirements 


5.3.1 General 


In general, the Working Stress Design (WSD) method is applied in the requirements, except for the hull girder 
ultimate strength criteria where the Partial Safety Factor (PSF) method is applied. The partial safety factor 
format is applied for this highly critical failure mode to better account for uncertainties related to static loads, 
dynamic loads and capacity formulations. 


The identified load scenarios are addressed by the Rules in terms of design loads, design format and 
acceptance criteria set, as given in Table 2. The table is schematic and only intended to give an overview. 


Load based prescriptive requirements provide scantling requirements for all plating, local support members, 
most primary Supporting members and the hull girder and cover all structural elements including deckhouses, 
foundations for deck equipment. 


In general, these requirements explicitly control one particular failure mode and hence several requirements 
may be applied to assess one particular structural member. 


5.3.2 Design loads for SLS, ULS and ALS 


The structural assessment of compartment boundaries, e.g. bulkheads, is based on loading condition deemed 
relevant for the type of ship and the operation the ship is intended for. 


To provide consistency of approach, standardised Rule values for parameters, such as GM, Ror Tso and Cg are 
applied to calculate the Rule load values. 


The probability level of the dynamic global, local and impact loads (see Table 1) is 10° and is derived using the 
long-term statistical approach. 


The probability level of the sloshing loads (see Table 1) is 10%. 


The design load scenarios for structural verification apply the applicable simultaneously acting local and global 
load components. The relevant design load scenarios are given in Ch 4, Sec 7. 


The simultaneously occurring dynamic loads are specified by applying a dynamic load combination factor to 
the dynamic load values given in Ch 4. The dynamic load combination factors that define the dynamic load 
cases are given in Ch 4, Sec 2. 


Design load conditions for the hull girder ultimate strength are given in Ch 5, Sec 2. 


5.3.3 Design loads for FLS 


For the fatigue requirements given in Ch 9, the load assessment is based on the expected load history and an 
average approach is applied. The expected load history for the design life is characterised by the 10? 
probability level of the dynamic load value, the load history for each structural member is represented by 
Weibull probability distributions of the corresponding stresses. 


The considered wave induced loads include: 
e Hull girder loads (i.e. vertical and horizontal bending moments). 
e Dynamic wave pressures. 
e Dynamic pressure from cargo. 


The load values are based on Rule parameters corresponding to the loading conditions, e.g. GM, Cz, and the 
applicable draughts at amidships. 


The simultaneously occurring dynamic loads are accounted for by combining the stresses due to the various 
dynamic load components. The stress combination procedure is given in Ch 9. 
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Table 1: Load scenarios and corresponding rule requirements 


Design load scenario | Acceptance criteria 
Operation Load type (specified in (specified in Ch 6 
Ch 4, Sec 7) and Ch 7) 
Seagoing operations 
Static and dynamic loads in heavy S+D AC-SD 
weather 
Impact 
Impact loads in heavy weather if AC-I 
Transit Sloshing 
oshin 
Internal sloshing loads AC-S 
p (SL) 
Fatigue 
Cyclic wave loads E - 
(F) 
BWE by flow 
through or Static and dynamic loads in heavy S+D AC-SD 
sequential weather 
methods 
Harbour and sheltered operations 
Loading, : : . P 
unloading and ee eyelet |S Kes 
ballasting g 8 0p 
Tank testing Typical maximum loads during tank S ACS 
testing operations 
; Typical maximum loads during special 
Special : . 
ce i operations in harbour, e.g. propeller 
conditions in : ; ; S AC-S 
inspection afloat or dry-docking 
harbour . ae 
loading conditions 
Accidental condition 
Flooded Typically maximum loads on internal AC-SD 
coriditións watertight subdivision structure in A ACS 
accidental flooded conditions i 
Table 2 : Acceptance criteria - prescriptive requirements 
Plate panels and local Primary supporting members i 
Acceptance Supporemembers® ie Hull girder members 
criteria 
Yield Buckling Yield Buckling Yield Buckling 
Dll aes Control of Allowable 
Permissible Control of ET stiffness and Permissible buckling 
AC-S stress: stiffness and | Ch 6, Sec 6 proportions: stress: utilisation 
AC-SD Ch 6, Sec 4 proportions: sees 1, Ch 8, Sec 1 Ch5 Sei 4 factor: 
Ch 6, Sec 5 Ch 8, Sec 2 Pt 2. Ch2 Ch 8, Sec 2 i Ch 8, Sec 1, 
Sec 3 Pillar buckling [3] 
Control of Control of 
Plastic stiffness and | Plastic stiffness and 
criteria: roportions: criteria: roportions: 
ACI eae De N/A N/A 
Ch 10, Sec 1, | Ch 8, Sec 2 Ch 10, Sec 1, | Ch 8, Sec 2 
[3] Ch 10, Sec 1, | [3] Ch 10, Sec 1, 
[3] [3] 
(1) Refer to Ch 10 for Other structures and to Ch 11 for Superstructure, deckhouses and hull outfitting 
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Table 3 : Acceptance criteria - FE analysis 


Acceptance Cargo hold analysis Fine mesh analysis 
criteria Yield Buckling Yield 
bo A Allowable buckling Permissible Von Mises stress: 
o a ra utilisation factor: Ch 7, Sec 3, [6] 
, f Ch 8, Sec 1, [3] Screening criteria: Ch 7, Sec 3, [3.3] 


5.3.4 Structural response analysis 


In general, the following approaches are applied for determination of the structural response to the applied 
design load combinations. 


a) Beam theory: 
e Used for prescriptive requirements. 
b) FE analysis: 
e Coarse mesh for cargo hold model. 
e Fine mesh for local models. 


e Very fine mesh for fatigue assessment. 


5.4 Acceptance criteria 


5.4.1 General 


The acceptance criteria are categorised into three acceptance criteria sets. These are explained below and 
shown in Table 2 and Table 3. The specific acceptance criteria set that is applied in the rule requirements is 
dependent on the probability level of the characteristic combined load. 


The acceptance criteria set AC-S is applied for the static design load combinations, and for the sloshing design 
loads. The allowable stress for such loads is lower than that for an extreme load to take into account effects of: 


e Repeated yield. 
e Allowance for some dynamics. 
e Margins for some selected limited operational mistakes. 


The acceptance criteria set AC-SD is applied for the S+D design load combinations where considered loads are 
extreme loads with a low probability of occurrence. 


The acceptance criteria set AC-I is typically applied for impact loads, such as bottom slamming and bow impact 
loads. 


5.4.2 Acceptance criteria 


The specific acceptance criteria applied in the working stress design requirements are given in the detailed 
Rule requirements in Pt 1, Ch 5 to Ch 8, Ch 10, Ch 11 and Pt 2, Ch 1 and Ch 2. 


To provide a general informational summary overview of the acceptance criteria, refer to Table 2 and Table 3 
below for the different design load scenarios covered by these Rules for the yield and buckling failure modes. 
For the yield criteria the permissible stress is proportional to the specified minimum yield stress of the 
material. For the buckling failure mode, the acceptance criteria are based on the control of stiffness and 
proportions as well as on the buckling utilisation factor. 
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5.5 Design verification 


5.5.1 Design verification - hull girder ultimate strength 


The requirements for the ultimate strength of the hull girder are based on a Partial Safety Factor (PSF) method. 
A safety factor is assigned to each of the basic variables, the still water bending moment, wave bending 
moment and ultimate capacity. The safety factors were determined using a structural reliability assessment 
approach, the long-term load history distribution of the wave bending moment was derived using ship motion 
analysis techniques suitable for determining extreme wave bending moments. 


The purpose of the hull girder ultimate strength verification is to demonstrate that one of the most critical 
failure modes of a ship is controlled. 


5.5.2 Design verification - global finite element analysis 


The global finite element analysis is used to verify the scantlings given by the load-capacity based prescriptive 
requirements to better consider the complex interactions between the ship’s structural components, complex 
local structural geometry, change in thicknesses and member section properties as well as the complex load 
regime with sufficient accuracy. 


A linear elastic three dimensional finite element analysis of the cargo region (a FE model length of three holds 
is required) is carried out to assess and verify the structural response of the proposed hull girder and primary 
supporting members and assist in specifying the scantling requirements for the primary supporting members. 
The purpose with the finite element analysis is to verify that the stresses and buckling capability of the primary 
supporting members are within acceptable limits for the applied design loads. 


5.5.3 Design verification - fatigue assessment 


The fatigue assessment is required to verify that the fatigue life of critical structural details is adequate. A 
simplified fatigue requirement is applied to details such as end connections of longitudinal stiffeners using 
stress concentration factors (SCF) to account the actual detail geometry. A fatigue assessment procedure 
using finite element analysis for determining the actual hot spot stress of the geometric detail is applied to 
selected details. In both cases, the fatigue assessment method is based on the Palmgren-Miner linear 
damage model. 


5.5.4 Relationship between prescriptive scantling requirements and FE analysis 


The scantlings defined by the prescriptive requirements are not to be reduced by any form of alternative 
calculations such as FE analysis, unless explicitly stated. 
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SECTION 3 
VERIFICATION OF COMPLIANCE 


1 GENERAL 


1.1 Newbuilding 


1.1.1 


For newbuildings, the plans and documents submitted for approval, as indicated in [2], are to comply with 
applicable requirements in these Rules, taking account of the relevant criteria, such as additional service 
features and classification notations assigned to the ship or the ship length. 


1.1.2 
When a ship is surveyed by the Society during construction, the Society: 
e Approves the plans and documentation submitted as required by the Rules. 


e Proceeds with the appraisal of the design of materials and equipment used in the construction of the 
ship and their inspection at works. 


e Carries out surveys or obtains appropriate evidence to satisfy itself that the scantlings and construction 
meet the Rule requirements in relation to the approved drawings. 


e Attends tests and trials provided for in the Rules. 


e Assigns the classification character of the Society's notation. 


1.1.3 


The Society defines in specific Rules which materials and equipment used for the construction of ships built 
under survey are, as a rule, Subject to appraisal of their design and to inspection at works, and according to 
which particulars. 


1.1.4 

As part of his/her interventions during ship’s construction, the surveyor: 
e Conducts an overall examination of the parts of the ship covered by the Rules. 
e Examines the construction methods and procedures when required by the Rules. 
e Checks selected items covered by the Rule requirements. 


e Attends tests and trials where applicable and deemed necessary. 


1.1.5 


Through all stages of ship construction, it is the builder’s responsibility to inform promptly the Society of the 
modifications or departures from approved arrangements and to deal with as necessary. The builder is to 
ensure that deviations from the requirements of the Rules or approved plans, other than those of a minor 
nature not affecting the structural strength of the vessel, are, in any case, accepted by the Society's approval 
office. 
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1.2 Ships inservice 


1.2.1 


For ships in service, the requirements in Ch 13 are to be complied with. 
2 DOCUMENTS TO BE SUBMITTED 


2.1 Documentation and data requirements 


2.1.1 Loading information 


Loading information containing sufficient information to enable the master of the ship to maintain the ship 
within the stipulated operational limitations is to be provided on board the ship. The loading information is to 
include an approved loading manual and loading instrument complying with the requirements given in Ch 1, 
Sec 5. 


2.1.2 Calculation data and results 


Where calculations have been carried out in accordance with the procedures given in the Rules, one copy of 
the following is to be submitted for information as applicable: 


g 


Reference to the calculation procedure and technical program used. 


g 


A description of the structural modelling. 


O 
~ 


A summary of the analysed parameter including properties and boundary conditions for direct analysis, 
when applicable. 


D 
= 


Details of the loading conditions and the means of applying loads for direct analysis, when applicable. 


2 


A comprehensive summary of calculation results. 
f) Sample calculations where appropriate. 


The responsibility for error free specification and input of program data and the subsequent correct transposal 
of output resides with the designer. 


Reference is made to Ch 7, Sec 1, [4.1] for required reporting of finite element analysis. 


2.2 Submission of plans and supporting calculations 


2.2.1 Plans and supporting calculations are to be submitted for approval 


For the application of these Rules, the plans and supporting calculations to be submitted to the Society for 
approval are listed in Table 1. 


Plans are to be submitted electronically or physically. When physically submitted plans are to be submitted in 
triplicate, with one copy necessary for supporting documents and calculations. In addition, the Society may 
request the submission of information, other plans and documents deemed necessary for the review of the 
design. 


Structural plans are to show scantling, details of connection of the various parts and are to specify the design 
materials including, in general, their grades, manufacturing processes, welding procedures and heat 
treatments, and are to include information related to the renewal thickness as specified in Ch 13. 


For welding requirements, see Ch 12, Sec 2 and Ch 12, Sec 3. 


In case there are deviations from the design basis, then these are to be documented and submitted to the 
Society. 
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Table 1 : Plans and supporting calculation to be submitted for approval 


Plan or supporting calculation 


Containing also information on 


Midship section 
Transverse sections 
Shell expansion 
Decks and profiles 
Double bottom 
Pillar arrangements 
Framing plan 


Deep tank and ballast tank bulkheads, 
Wash bulkheads 


Standard construction details 


Class characteristics 

Ship’s main dimensions 

Minimum ballast draught 

Frame spacing 

Maximum service speed 

Density of cargoes 

Design loads on decks and double bottom 

Steel grades 

Corrosion protection 

Openings in decks and shell and relevant compensations 
Boundaries of flat areas in bottom and sides 

Details of structural reinforcements and/or discontinuities 
Bilge keel with details of connections to hull structures 
Welding 


Watertight subdivision bulkheads 
Watertight tunnels 


Openings and their closing appliances, if any 


Fore part structure 


Aft part structure 


Machinery space structures 


Foundations of propulsion machinery and 
boilers 


Type, power and RPM of propulsion machinery 
Mass and centre of gravity of machinery and boilers 


Superstructures and deckhouses 
Machinery space casing 


Extension and mechanical properties of the aluminium alloy 
used (where applicable) 


Hatch covers and hatch coamings 


Design loads on hatch covers 

Sealing and securing arrangements, type and position of 
locking bolts 

Distance of hatch covers from the summer load waterline 
and from the fore end 


Transverse thruster, if any, general 
arrangement, tunnel structure, 
connections of thruster with tunnel and 
hull structures 


Bulwarks and freeing ports 


Arrangement and dimensions of bulwarks and freeing ports 
on the freeboard deck and superstructure deck 


Windows and side scuttles, arrangements 
and details 


Scuppers and sanitary discharges 


Mooring and towing arrangement 


Supporting structure and foundations for 
shipboard fittings associated with mooring 
and towing operations 


Design loads and directions of load actions, rated pull and 
holding load for mooring winches 


Reaction forces 


Details of connection of the foundations to the deck, 
including specifications for holding down bolts for mooring 
winches 


Material specifications and welding 
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Plan or supporting calculation 


Containing also information on 


Supporting structure and foundations for 
windlasses and chain stoppers 


Design loads and directions of load actions 
Reaction forces 


Details of connection of the foundations to the deck, 
including specifications for holding down bolts for windlasses 


Material specifications and welding 


Stern frame or sternpost, sterntube 
Propeller shaft boss and brackets 


Plan of watertight doors and scheme of 
relevant closing devices 


Closing devices 


Electrical diagrams of power control and position indication 
circuits 


Plan of weathertight or outer doors and 
hatchways 


Supporting structure for lifting appliances 


Design loads (forces and moments) 

SWL and self weight of lifting appliances 
Maximum sea state in offshore operation, if any 
Connections to the hull structures 


Supporting structure for life saving 
appliances 


Design loads (forces and moments) 
SWL and self weight of lifting appliances 
Connections to the hull structure 


Sea chests, stabiliser recesses, etc 
Plan of manholes 


Plan of access to and escape from spaces 


Plan of ventilation including ventilators and 
tank vents 


Use of spaces and location and height of air vent outlets of 
various compartments 


Plan of tank testing 


Testing procedures for the various compartments 
Height of pipes for testing 


Equipment number calculation 


Anchoring arrangement 


Geometrical elements for calculation 
List of equipment 
Construction and breaking load of steel wires 


Material, construction, breaking load and relevant elongation 
of synthetic ropes 


Hawse pipes 


Loading manual and/or trim and stability 
booklet 


(1) Where other steering or propulsion systems are adopted (e.g. steering nozzles or azimuth propulsion systems), the plans 
showing the relevant arrangement and structural scantlings are to be submitted. 


2.2.2 


Plans to be submitted for information 


In addition to those in [2.2.1], the following plans are to be submitted to the Society for information: 


a) General arrangement. 


b) Capacity plan, indicating the volume and position of the centre of gravity of all compartments and 


tanks. 


c) Lines plan, when deemed necessary by the Society. 


d) Hydrostatic curves. 


e) Lightweight distribution. 
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f) Docking plan. 


g) Arrangement of lifting appliances 


2.2.3 Plans and instruments to be supplied onboard the ship 
As a minimum, the following plans and instrument are to be supplied onboard: 


a) One copy of the following plans indicating the newbuilding and renewal thickness for each structural 
item is to be supplied onboard the ship: plans of midship sections, construction profiles, shell 
expansion, transverse bulkheads, aft and fore part structures, machinery space structures and casing. 


One copy of the following plans indicating the newbuilding thickness for each structural item is to be 
supplied onboard the ship: plans of superstructures and deckhouses. 


b) One copy of the final approved loading manual, see [2.1.1]. 


c) One copy of the final approved loading instrument, see [2.1.1]. 
d) Welding. 
e) Details of the extent and location of higher tensile steel together with details of the specification and 


mechanical properties, and any recommendations for welding, working and treatment of these steels. 


f) Details and information on use of special materials, such as an aluminium alloy, used in the hull 
construction. 


g) Towing and mooring arrangements plan, see Ch 11, Sec 3. 


h) Structural access manual. 


= 


Other plans or instrument may be required by the Society. 


3 SCOPE OF APPROVAL 


3.1 General 


3.1.1 

The attention of owners, designers and builders is directed to the regulations of international, national, canal, 
and other authorities dealing with those requirements which may affect structural aspects, in addition to or in 
excess of the classification requirements. 

3.1.2 

The documentation, plans and data requirements specified in [2] are to be submitted. The Society is to review 
such documentation to verify compliance with the requirements. 

3.1.3 


An appropriate term to indicate that the plans, reports or documents have been reviewed for compliance with 
these Rules is to be used according to the procedures of the Society. 


3.2 Requirements of international and national regulations 


3.2.1 Responsibility 


It is the responsibility of the designer to ensure that the design complies with the national and international 
regulations applicable to the ship. 


The Society is not responsible for assessing compliance with international and national regulations as part of 
the general classification process. However, the Society may enter into an agreement with the flag 
administration of the ship under which they are explicitly instructed to review and approve a ship design for 
compliance with specified regulations. 
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4 WORKMANSHIP 


4.1 Requirements to be complied with by the manufacturer 


4.1.1 


The manufacturing plant is to be provided with suitable equipment and facilities to enable proper handling of 
the materials, manufacturing processes and structural components. The manufacturing plant is to have at its 
disposal sufficiently qualified personnel. The Society is to be advised of the names and areas of responsibility 
of the supervisory and control personnel in charge of the project. 


4.2 Quality control 


4.2.1 


As far as required and expedient, the manufacturer’s personnel has to examine all structural components both 
during manufacture and on completion, to verify that they are complete, that the dimensions are correct and 
that workmanship is satisfactory and meets the standard of good shipbuilding practice. 


Upon inspection and corrections by the manufacturing plant, the structural components are to be shown to the 
surveyor of the Society for inspection, in suitable sections, normally unpainted condition and enabling proper 
access for inspection. 


The Surveyor may reject components that have not been adequately checked by the plant and may demand 
their re-submission upon successful completion of such checks and corrections by the plant. 


5 STRUCTURAL DETAILS 


5.1 Details in manufacturing documents 


5.1.1 


Significant details concerning quality and functional ability of the component concerned are to be entered in 
the manufacturing documents (e.g. workshop drawing). This includes not only scantlings but, where relevant, 
such items as surface conditions (e.g. finishing of flame cut edges and weld seams), and special methods of 
manufacture involved as well as inspection and acceptance requirements and where relevant permissible 
tolerances. When a standard is used (works or national standard), it is to be submitted to the Society. For weld 
joint details, see Ch 12, Sec 2. 


If, due to missing or insufficient details in the manufacturing documents, the quality or functional ability of the 
component is doubtful, the Society may require appropriate improvements to be submitted by the 
manufacturer. This includes the provision of supplementary or additional parts (for example, reinforcements) 
even if these were not required at the time of plan approval. 


6 EQUIVALENCE PROCEDURES 


6.1 Rule applications 


6.1.1 


These Rules apply to ships of normal form, proportions, speed and structural arrangements. Relevant design 
parameters defining the assumptions made are given in Ch 1, Sec 2, [3]. 


6.1.2 


Special consideration is to be given to the application of the Rules incorporating design parameters which are 
outside the design basis as specified in Ch 1, Sec 2, [3], for example, increased fatigue life. 
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6.2 Novel designs 


6.2.1 


Ships of novel design, i.e. those of unusual form, proportions, speed and structural arrangements outside 
those specified in Ch 1, Sec 2, [3.2], are specially considered according to the contents of [6.2.2] to [6.2.4]. 


6.2.2 


Information is to be submitted to the Society to demonstrate that the structural safety of the novel design is at 
least equivalent to that intended by the Rules. 


6.2.3 


In such cases, the Society is to be contacted at an early stage in the design process to establish the 
applicability of the Rules and additional information required for submission. 


6.2.4 


Dependent on the nature of the deviation, a systematic review may be required to document equivalence with 
the Rules. 


6.3 Alternative calculation methods 


6.3.1 


Where indicated in specific sections of the Rules, alternative calculation methods to those shown in the Rules 
may be accepted provided it is demonstrated that the scantling and arrangements are of at least equivalent 
strength to those derived using the Rules. 
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1 PRIMARY SYMBOLS AND UNITS 


1.1 General 


1.1.1 


IACS 


Unless otherwise specified, the general symbols and their units used in these Rules are those defined in Table 1. 


Table 1: Primary symbols 


Symbol Meaning Units 
Area m? 
A Sectional area of stiffeners and primary members cm? 
Coefficient - 
F Force and concentrated loads kN 
Hull girder inertia m4 
i Inertia of stiffeners and primary members cm4 
M Bending moment kNm 
M Mass t 
P Pressure kN/m? 
Q Shear force kN 
T Draught of ship, see [3.1.5] m 
Hull girder section modulus mê 
ý Section modulus of stiffeners and primary supporting members cm? 
aj Acceleration for the effect ‘i’ m/s? 
Width of attached plating mm 
: Width of face plate of stiffeners and primary supporting members mm 
g Gravity acceleration, taken equal to 9.81 m/s? m/s? 
h Height m 
Web height of stiffeners and primary supporting members mm 
4 Length/span of stiffeners and primary supporting members m 
n Number of items - 
Radius mm 
$ Radius of curvature of plating or bilge radius mm 
t Thickness mm 
X X coordinate along longitudinal axis, see [3.6] m 
y Y coordinate along transverse axis, see [3.6] m 
Z Z coordinate along vertical axis, see [3.6] m 
n Permissible utilisation factor (usage factor) - 
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Symbol Meaning Units 
y Safety factor - 
ò Deflection/displacement mm 
(3) Angle deg 
p Density of seawater, taken equal to 1.025 t/m? t/m? 
(o Normal stress N/mm? 
T Shear stress N/mm? 

2 SYMBOLS 


2.1 = Ship’s main data 


2.1.1 


Unless otherwise specified, symbols regarding ship’s main data and their units used in these Rules are those 
defined in Table 2. 


Table 2 : Ship’s main data 


Symbol Meaning Units 
L Rule length m 
Li Freeboard length m 
Lpp Length between perpendiculars m 
Lo Rule length, L, but not to be taken less than 110 m m 
Li Rule length, L, but need not be taken greater than 250 m m 
L> Rule length, L, but need not be taken greater than 300 m m 
B Moulded breadth of ship m 
Moulded depth of ship m 
T Moulded draught m 
Tse Scantling draught m 
Tat Ballast draught (minimum midship) m 
Teal Heavy ballast draught m 
Teale Emergency ballast draught or gale ballast draught m 
Tic Midship draught at considered loading condition m 
Minimum draught at forward perpendicular for bottom slamming, with 
Trp Tre respectively all ballast tanks full or with any tank empty in bottom m 
slamming area 
A Moulded displacement at draught Tsc t 
Cp Block coefficient at draught Tsc $ 
V Maximum service speed knot 
EYZ X,Y, Z coordinates of the calculation point with respect to the reference A 
coordinate system 
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2.2.1 
Unless otherwise specified, symbols regarding materials and their units used in these Rules are those defined 
in Table 3. 
Table 3 : Materials 
Symbol Meaning Units 
E Young’s modulus, see Ch 3, Sec 1, [2] N/mm? 
Shear modulus, 
G 3 E N/mm? 
2(1+Vv) 
Ron Specified minimum yield stress, see Ch 3, Sec 1, [2] N/mm? 
Specified shear yield stress, 
TeH e Ren N/mm? 
J3 
Poisson’s ratio, see Ch 3, Sec 1, [2] - 
Material factor, see Ch 3, Sec 1, [2] - 
Rm Specified minimum tensile strength, see Ch 3, Sec 1, [2] N/mm? 
Ry Nominal yield stress, taken equal to 235/k N/mm? 
2.3 Loads 
2.3.1 
Unless otherwise specified, symbols regarding loads and their units used in these Rules are those defined in 
Table 4. 
Table 4 : Loads 
Symbol Meaning Units 
Cy Wave coefficient = 
To Roll period S 
(3) Roll angle deg 
To Pitch period S 
© Pitch angle deg 
a Common acceleration parameter - 
a, Vertical acceleration m/s? 
ay Transverse acceleration m/s? 
ax Longitudinal acceleration m/s? 
f, Probability factor - 
k, Roll amplitude of gyration m 
GM Metacentric height m 
À Wave length m 
S Static load case - 
S+D Dynamic load case 7 
Pox Total sea pressure, see Ch 4, Sec 5, [1.1] kN/m? 
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Symbol Meaning Units 
P, Total internal pressure due to liquid, see Ch 4, Sec 6, [1], or due to dry kN/m? 
bulk cargo, see Ch 4, Sec 6, [2.4.1] 
P; Static sea pressure kN/m? 
Ps Static tank pressure kN/m? 
Po Dynamic wave pressure kN/m? 
Pa Dynamic tank pressure kN/m? 
Pp Green sea deck pressure kN/m? 
Posing Sloshing pressure, j=direction kN/m? 
Pa Total pressure due to distributed load on deck or platform, see Ch 4, Sec kN/m? 
5, [2.3] or Ch 4, Sec 6, [5.2] 
Ps, Bottom slamming pressure kN/m? 
Prep Bow impact pressure kN/m? 
Pis Static pressure in flooded conditions kN/m? 
Pia Dynamic pressure in flooded conditions kN/m? 
Por Tank testing pressure (static) kN/m? 
F; Total force due to concentrated load on deck or platform, see Ch 4, Sec kN 
5, [2.3] or Ch 4, Sec 6, [5.3] 
Mywej Vertical still water bending moment, j = h, s, p (hog, sag, harbour) kNm 
Qsw Vertical still water shear force kN 
Mwj Vertical wave bending moment, j = h, s (hog, sag) kNm 
Qw Vertical wave shear force kN 
Mw: Torsional wave moment kNm 
Mwn Horizontal wave bending moment kNm 


2.4 Scantlings 


2.4.1 
Unless otherwise specified, symbols regarding scantlings and their units used in these Rules are those defined 
in Table 5. 
Table 5 : Scantlings 
Symbol Meaning Units 
ly-n50 Net vertical moment of inertia of hull girder mî 
lzn50 Net horizontal moment of inertia of hull girder mî 
ZbD-n50 ZB-n50 Net vertical hull girder section moduli, at deck and bottom respectively m? 
Zn Vertical distance from BL to horizontal neutral axis m 
a Length of EPP, as defined in Ch 3, Sec 7, [2.1.1] mm 
b Breadth of EPP, as defined in Ch 3, Sec 7, [2.1.1] mm 
S Stiffener spacing (see Ch 3, Sec 7, [1.2.1]) mm 
S Primary supporting member spacing (see Ch 3, Sec 7, [1.2.2]) m 
L Span of stiffeners or primary supporting member (see Ch 3, Sec 7, [1]) m 
Ly Bracket arm length m 
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Symbol Meaning Units 
t Net thickness with full corrosion reduction mm 
tnso Net thickness with half corrosion reduction mm 
to Corrosion addition mm 
ter Gross thickness mm 
tas_built As built thickness mm 
ter off Gross thickness offered mm 
ter req Gross thickness required mm 
tore Net thickness offered mm 
treg Net thickness required mm 
boiada Thickness for voluntary addition mm 
tid Reserve thickness mm 
tor, too Corrosion addition on each side of structural member mm 
hy Web height of stiffener or primary supporting member mm 
tw Web thickness of stiffener or primary supporting member mm 
b; Face plate width stiffener or primary supporting member mm 
hoir Height of stiffener mm 
t; Face plate/flange thickness of stiffener or primary supporting member mm 
t Thickness of the plating attached to a stiffener or a primary supporting ee 
p member 
d, Distance from the upper edge of the web to the top of the flange for L3 m 
profiles 
bert Effective breadth of attached plating, in bending, for yield and fatigue mm 
Aor OF Acrenso praca anes Ga or primary supporting members, with cm? 
Asnr OF Asnrns0 Net shear sectional area of stiffeners or primary supporting members cm? 
ly Net polar moment of inertia of stiffener about its connection to plating cm4 
r Net moment of inertia of the stiffener, with attached shell plating, about cmi 
its neutral axis parallel to the plating 
SoZ Net section modulus of a stiffener or primary supporting member with cm? 
attached plating (of breadth berr) 


3 DEFINITIONS 


3.1 Principal Particulars 


3.1.1 L, Rule length 


The Rule length L is the distance, in m, measured on the waterline at the scantling draught Tsc from the 
forward side of the stem to the centre of the rudder stock. L is to be not less than 96% and need not exceed 
97% of the extreme length on the waterline at the scantling draught Tsc- 


In ships without rudder stock (e.g. ships fitted with azimuth thrusters), the Rule length L is to be taken equal to 
97% of the extreme length on the waterline at the scantling draught Tsc- 


In ships with unusual stem or stern arrangements, the Rule length is considered on a case-by-case basis. 
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3.1.2 L,,, freeboard length 


The freeboard length L,,, in m, is to be taken as 96% of the total length on a waterline at 85% of the least 
moulded depth measured from the top of the keel, or as the length from the fore side of the stem to the axis of 
the rudder stock on that waterline, if that be greater. 

For ships without a rudder stock, the length L,, is to be taken as 96% of the waterline at 85% of the least 


moulded depth. 

Where the stem contour is concave above the waterline at 85% of the least moulded depth, both the forward 
end of the extreme length and the forward side of the stem are to be taken at the vertical projection to that 
waterline of the aftermost point of the stem contour (above that waterline), see Figure 1. 


Figure 1 : Concave stem contour 


0.85 D 


Forward terminal of the 
total length (FP) 


3.1.3 Moulded breadth 


The moulded breadth B is the greatest moulded breadth, in m, measured amidships at the scantling draught, 
Tsc 


3.1.4 Moulded depth 


D, the moulded depth, is the vertical distance, in m, amidships, from the moulded baseline to the moulded 
deck line of the uppermost continuous deck measured at deck at side. On ships with a rounded gunwale, D is 
to be measured to the continuation of the moulded deck line. 


3.1.5 Draughts 


T, the draught in m, is the summer load line draught for the ship in operation, measured from the moulded 
baseline at midship. Note this may be less than the maximum permissible summer load waterline draught. 


Tsc is the scantling draught, in m, at which the strength requirements for the scantlings of the ship are met and 
represents the full load condition. The scantling draught Tsc is to be not less than that corresponding to the 
assigned freeboard. The draught of ships to which timber freeboards are assigned corresponds to the loading 
condition of timber, and the requirements of the Society are to be applied to this draught. 


Tsa is the minimum design normal ballast draught amidships, in m, at which the strength requirements for the 
scantlings of the ship are met. This normal ballast draught is the minimum draught of ballast conditions 
including ballast water exchange operation, for any ballast conditions in the loading manual including both 
departure and arrival conditions. 


Tsay is the minimum design heavy ballast draught, in m, at which the strength requirements for the scantlings 
of the ship are met. This heavy ballast draught is to be considered for ships having heavy ballast condition. 


3.1.6 Moulded displacement 


Moulded displacement, in t, corresponds to the underwater volume of the ship, at a draught, in seawater with 
a density of 1.025 t/m°. 
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3.1.7 Maximum service speed 


V, the maximum ahead service speed, in knots, means the greatest speed which the ship is designed to 
maintain in service at her deepest seagoing draught at the maximum propeller RPM and corresponding engine 
MCR (Maximum Continuous Rating). 


3.1.8 Block coefficient 


Cz, the block coefficient at the draught, Ts, is defined in the following equation: 


= A 
Cs — ee ee ee ee eee 
1.025 L B Tsc 
where: 
A : Moulded displacement of the ship at draught Tsc- 


3.1.9 Lightweight 

The lightweight is the ship displacement, in t, complete in all respects, but without cargo, consumable, stores, 
passengers and crew and their effects, and without any liquids on board except that machinery and piping 
fluids, such as lubricants and hydraulics, are at operating levels. 

3.1.10 Deadweight 

The deadweight DWT is the difference, in t, between the displacement, at the summer draught in seawater of 
density p = 1.025 t/m%, and the lightweight. 

3.1.11 Fore end 


The fore end (FE) of the rule length L, see Figure 2, is the perpendicular to the scantling draught waterline at 
the forward side of the stem. 


Figure 2 : Ends and midship 
AE Midship FE 


3.1.12 Aft end 


The aft end (AE) of the rule length L, see Figure 2, is the perpendicular to the scantling draught waterline at a 
distance L aft of the fore end. 


3.1.13 Midship 


The midship is the perpendicular to the scantling draught waterline at a distance 0.5 L aft of the fore end. 


3.1.14 Midship part 


The midship part of a ship is the part extending 0.4 L amidships, unless otherwise specified. 
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3.1.15 Forward freeboard perpendicular 


The forward freeboard perpendicular, FP,,, is to be taken at the forward end of the length L,, and is to coincide 
with the foreside of the stem on the waterline on which the length L,, is measured. 


3.1.16 After freeboard perpendicular 


The after freeboard perpendicular, AP., is to be taken at the aft end of the length L,,. 


3.2 Position 1 and Position 2 


3.2.1 Position 1 
Position 1 includes: 
e Exposed freeboard and raised quarter decks. 


e Exposed superstructure decks situated forward of 0.25 L,, from FP,,. 


3.2.2 Position 2 
Position 2 includes: 


e Exposed superstructure decks situated aft of 0.25 L,, from FP,, and located at least one standard 
height of superstructure above the freeboard deck. 


e Exposed superstructure decks situated forward of 0.25 L,, from FP,, and located at least two standard 
heights of superstructure above the freeboard deck. 


3.3 Standard height of superstructure 


3.3.1 
The standard height of superstructure is defined in Table 6. 
Table 6 : Standard height of superstructure 
Standard height hş, in m 
Freeboard length L,,, in m -_—— SS 
Raised quarter deck | All other superstructures 
90 < L < 125 0.3 + 0.012 L,, 1.05 + 0.01 L,, 


Lı, > 125 1.80 2.30 


3.3.2 


A tier is defined as a measure of the extent of a deckhouse. A deckhouse tier consists of a deck and external 
bulkheads. In general, the first tier is the tier situated on the freeboard deck. 


3.4 Type A and Type B freeboard ships 


3.4.1 Type A ship 
Type A ship is one which: 
e Is designed to carry only liquid cargoes in bulk. 


e Has a high integrity of the exposed deck with only small access openings to cargo compartments, 
closed by watertight gasketed covers of steel or equivalent material. 


e Has low permeability of loaded cargo compartments. 


Type A ship is to be assigned a freeboard following the requirements specified in the ICLL. 
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3.4.2 Type B ship 


All ships which do not come within the provisions regarding Type A ships stated in [3.4.1] are to be considered 
as Type B ships. 


Type B ship is to be assigned a freeboard following the requirements specified in ICLL. 


3.4.3 Type B-60 ship 

Type B-60 ship is any Type B ship of over 100 m in length which, according to applicable requirements of ICLL 
is assigned with a value of tabular freeboard which can be reduced up to 60% of the difference between the 
‘B’ and ‘A’ tabular values for the appropriate ship lengths. 

3.4.4 Type B-100 ship 


Type B-100 ship is any Type B ship of over 100 m in length which, according to applicable requirements of ICLL 
is assigned with a value of tabular freeboard which can be reduced up to 100% of the difference between the 
‘B’ and ‘A’ tabular values for the appropriate ship lengths. 


3.5 Operation definition 


3.5.1 Multiport 


Multiport corresponds to short voyage with loading and unloading in multiple ports. 


3.5.2 Sheltered water 


Sheltered waters are generally calm stretches of water when the wind force does not exceed 6 Beaufort scale, 
i.e. harbours, estuaries, roadsteads, bays, lagoons. 


3.6 Reference coordinate system 


3.6.1 


The ship’s geometry, motions, accelerations and loads are defined with respect to the following right-hand 
coordinate system, see Figure 3: 


Origin : At the intersection among the longitudinal plane of symmetry of ship, the aft end of L and the 
baseline. 


X axis: Longitudinal axis, positive forwards. 
Y axis: Transverse axis, positive towards portside. 


Zaxis : Vertical axis, positive upwards. 


Figure 3 : Reference coordinate system 


ZA 
X 
V 
AE 
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3.7 Naming convention 


3.7.1 Structural nomenclature 


Figure 4 to Figure 8 show the common structural nomenclature used within these Rules. 


Figure 4 : Corrugated transverse bulkhead of double hull tanker 
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Figure 5 : Transverse bulkhead of double hull tanker 
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Figure 6 : Mid cargo hold transverse section of double hull tanker 
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Figure 7 : Mid cargo hold transverse section of single side bulk carrier 
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Figure 8 : Transverse bulkhead of bulk carrier 
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3.8 Glossary 
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3.8.1 Definitions of terms 


Terms 


Table 7 : Definition of terms 


Definition 


Accommodation deck 


A deck used primarily for the accommodation of the crew. 


Accommodation ladder 


A portable set of steps on a ship’s side for people boarding from small boats or 
from a pier. 


Aft peak The area aft of the aft peak bulkhead. 

Aft peak bulkhead The first main transverse watertight bulkhead forward of the stern. 

Aft peak tank The compartment in the narrow part of the stern aft of the aft peak bulkhead. 
A device which is attached to anchor chain at one end and lowered into the 

Anchor sea bed to hold a ship in position; it is designed to grip the bottom when it is 
dragged by the ship trying to float away under the influence of wind and 
current, usually made of heavy casting or casting. 

Ballast tank A compartment used for the storage of water ballast. 

Bay The area between adjacent transverse frames or transverse bulkheads. 


Bilge hopper tank 


The tank used for ballast or for stability when carrying certain cargoes in bulk 
carriers. 


Bilge keel 


A piece of plate set perpendicular to a ship’s shell along the bilges to reduce 
the rolling motion. 
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Terms 


Definition 


Bilge plating 


The bilge plating is the curved plating between the bottom shell and side shell. 
It is to be taken as follows: 
Within the cylindrical part of the ship: From the start of the curvature at the 
lower turn of bilge on the bottom to the end of the curvature at the upper turn 
of the bilge, 
Outside the cylindrical part of the ship: From the start of the curvature at the 
lower turn of the bilge on the bottom to the lesser of: 

e A point on the side shell located 0.2D above the baseline/local 

centreline elevation. 
e The end of the curvature at the upper turn of the bilge. 


Bilge strake 


The lower strake of bilge plating. 


Boss 


The boss of the propeller is the central part to which propeller blades are 
attached and through which the shaft end passes. 


Bottom shell 


The shell envelope plating forming the predominantly flat bottom portion of 
the shell envelope including the keel plate. 


Bow 


The structural arrangement and form of the forward end of the ship. 


Bower anchor 


An anchor carried at the bow of the ship. 


An extra structural component used to increase the strength of a joint 


Bracket between two structural members. 
Bracket toe The narrow end of a tapered bracket. 

Inclined and stiffened plate structure on a weather deck to break and deflect 
Breakwater 


the flow of water coming over the bow. 


Breast hook 


Bridge 


A triangular plate bracket joining port and starboard side structural members 
at the stem. 


An elevated superstructure having a clear view forward and at each side, and 
from which a ship is steered. 


Buckling panel 


Elementary plate panel considered for the buckling analysis. 


The party contracted by the owner to build a ship in compliance with the 


Builder specifications including Rules. 
: A stiffener utilising an increase in steel mass on the outer end of the web 
Bulb profile 2 
instead of a separate flange. 
Bulkhead A structural partition wall sub-dividing the interior of the ship into 


compartments. 


Bulkhead deck 


The uppermost continuous deck to which transverse watertight bulkheads and 
shell are carried. 


Bulkhead stool 


The lower or upper base of a corrugated bulkhead. 


Bulkhead structure 


The transverse or longitudinal bulkhead plating with stiffeners and girders. 
The vertical plating immediately above the upper edge of the ship’s side 


Cargo hold region 


Bulwark surrounding the exposed deck(s). 

Bunker A compartment for the storage of fuel oil used by the ship's machinery. 

Cable A rope or chain attached to the anchor. 

Camber The upward rise of the weather deck from both sides towards the centreline of 


the ship. 
See Ch 1, Sec 1, [2.4.3]. 


Cargo hold 


Generic term for spaces intended to carry cargo, liquid or dry bulk. 


Cargo tank 


Tank carrying cargoes 


Cargo tank bulkhead 
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Terms Definition 
Carlings A stiffening member used to supplement the regular stiffening arrangement. 
Casing The covering or bulkhead around or about any space for protection. 


Cellular construction 


A structural arrangement where there are two closely spaced boundaries and 
internal diaphragm plates arranged in such a manner to create small 
compartments. 


Centreline girder 


A longitudinal member located on the centreline of the ship. 


Connected metal rings or links used for holding anchor, fastening timber 


Chan cargoes, etc. 
; A compartment usually at the forward end of a ship which is used to store the 
Chain locker : 
anchor chain. 
Ea A section of pipe through which the anchor chain enters or leaves the chain 
Chain pipe 


locker. 


Chain stopper 


A device for securing the chain cable when riding at anchor as well as securing 
the anchor in the housed position in the hawse pipe, thereby relieving the 
strain on the windlass. 


Coaming The vertical boundary structure of a hatch or skylight. 
Cofferdams See Ch 2, Sec 3, [1]. 
Collar plate A patch used to, partly or completely, close a hole cut for a longitudinal 


stiffener passing through a transverse web. 


Collision bulkhead 


Companionway 


The foremost main transverse watertight bulkhead. 
A weathertight entrance leading from a ship’s deck to spaces below. 


Compartment 


An internal space bounded by bulkheads or plating. 


Confined space 


A space identified by one of the following characteristics: limited openings for 
entry and exit, unfavourable natural ventilation or not designed for continuous 
worker occupancy. 


Corrugated bulkhead 


Corrugation 


A bulkhead including corrugations and usually fitted with lower and upper 
stools. 


Plating arranged in a corrugated fashion. 


Cross deck The area between cargo hatches. 
Large transverse structural members joining longitudinal bulkheads or joining 

Cross ties a longitudinal bulkhead with double side structures and used to support them 
against hydrostatic and hydrodynamic loads. 

Deck A horizontal structure element that defines the upper or lower boundary of a 
compartment. 

Deckhouse See Ch 1, Sec 1, [2.4.6]. 


Deck structure 


The deck plating with stiffeners, girders and supporting pillars. 


Deck transverse 


Transverse PSM at the deck. 


Any tank which extends between two decks or the shell/inner bottom and the 


peep tank deck above or higher. 
A party who creates documentation submitted to the Society necessary for 
Designer approval or for information. The designer can be the builder or a party 
contracted by the builder or owner to create this documentation. 
Discharges Any piping leading through the ship’s sides for conveying bilge water, 


circulating water, drains etc. 


Docking bracket 


A bracket located in the double bottom to locally strengthen the bottom 
structure for the purposes of docking. 
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Terms 


Definition 


Double bottom 
structure 


The shell plating with stiffeners below the top of the inner bottom and other 
elements below and including the inner bottom plating. 


Doubler 


Small piece of plate which is attached to a larger area of plate that requires 
strengthening in that location. Usually at the attachment point of a stiffener. 


Double skin member 


Double skin member is defined as a structural member where the idealised 
beam comprises webs, with top and bottom flanges formed by attached 
plating. 


A keel built of plates in box form extending the length of the cargo tank. It is 


Duct keel used to house ballast and other piping leading forward which otherwise would 
have to run through the cargo tanks. 

Enclosed The superstructure with bulkheads forward and/or aft fitted with weather tight 

superstructure doors and closing appliances. 


Engine room bulkhead 


A transverse bulkhead either directly forward or aft of the engine room. 


Elementary plate panel, the smallest plate element surrounded by structural 


ERE members, such as stiffeners, PSM, bulkheads, etc. 
The section of a stiffening member attached to the plate via a web and is 
Face plate 
usually parallel to the plated surface. 
The section of a stiffening member, typically attached to the web, but is 
Flange sometimes formed by bending the web over. It is usually parallel to the plated 
surface. 
Flat bar A stiffener comprised only of a web. 
Floor A bottom transverse member. 
Forecastle A short superstructure situated at the bow. 
Fore peak The area of the ship forward of the collision bulkhead. 


Fore peak deck 


A short raised deck extending aft from the bow of the ship. 


Freeboard deck 


Generally the uppermost complete deck exposed to weather and sea, which 
has permanent means of closing all exposed openings. 


Freeing port 


An opening in the bulwarks to allow water shipped on deck to run freely 
overboard. 


The raised walkway between superstructure, such as between the forecastle 


canenay and bridge, or between the bridge and poop. 

Girder A collective term for primary supporting structural members. 

Gudgeon A block with a hole in the centre to receive the pintle of a rudder; located on 
the stern post, it supports and allows the rudder to swing. 

Gunwale The upper edge of the ship’s sides. 

Gusset A plate, usually fitted to distribute forces at a strength connection between two 


structural members. 


Hatch cover 


A cover fitted over a hatchway to prevent the ingress of water into the ship’s 
hold. 


Openings, generally rectangular, in a ship’s deck affording access into the 


hatehways compartment below. 

Hawa oles Steel pipe through which the hawser or cable of anchor passes, located in the 
me ship's bow on either side of the stem, also known as spurling pipe. 

Hawser Large steel wire or fibre rope used for towing or mooring. 


Hopper plating 


Plating running the length of a compartment sloping between the inner bottom 
and vertical portion of inner hull longitudinal bulkhead. 


HP 


Bulb profile in accordance with the Holland profile standard. 
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Terms Definition 
IACS International Association of Classification Societies 
ICLL IMO International Convention on Load Lines, 1966, as amended. 
IMO International Maritime Organisation 
Independent tank A self supporting tank. 
Inner hull The innermost plating forming a second layer to the hull of the ship. 
Intercostal Non-continuous member between stiffeners or PSM. 
JIS Japanese industrial standard. 
The main structural member or backbone of a ship running longitudinally 
Keel along the centreline of the bottom. Usually a flat plate stiffened by a vertical 
plate on its centreline inside the shell. 
. Keel line is the line parallel to the slope of the keel intersecting the top of the 
Keel line s j 
keel at amidships. 
Knuckle A discontinuity in a structural member. 


Lightening hole 


A hole cut in a structural member to reduce its weight. 


Limber hole 


A small drain hole cut in a frame or plate to prevent water or oil from collecting. 


Local support members 


Local stiffening members which only influence the structural integrity of a 
single panel, e.g. deck beams. 


Longitudinal centreline 
bulkhead 


A longitudinal bulkhead located on the centreline of the ship. 


Longitudinal hull girder 
structural members 


Structural members that contribute to the longitudinal strength of the hull 
girder, including: deck, side, bottom, inner bottom, inner hull longitudinal 
bulkheads including upper sloped plating where fitted, hopper, bilge plate, 
longitudinal bulkheads, double bottom girders and horizontal girders in wing 
ballast tanks. 


Longitudinal hull girder 
shear structural 


Structural members that contribute to strength against hull girder vertical 
shear loads, including: side, inner hull longitudinal bulkheads, hopper, 


members longitudinal bulkheads and double bottom girders. 
Manhole A round or oval hole cut in decks, tanks, etc, for the purpose of providing 
access. 
Margin plate The outboard strake of the inner bottom and when turned down at the bilge 
p the margin plate (or girder) forms the outer boundary of the double bottom. 
MARPOL IMO International Convention for the Prevention of Pollution from Ships, 1973 
and Protocol of 1978, as amended. 
: Middle hold(s) of the three cargo hold length FE model as defined in Pt 1, Ch 
Mid-hold 
7, Sec 2, [1.2.2] 
Notch A discontinuity in a structural member caused by welding. 
Oil fuel tank A tank used for the storage of fuel oil. 
Outer shell Same as shell envelope. 
The party that has assumed all duties and responsibilities for registration and 
öwner operation of the ship and who on assuming such responsibilities has agreed 
to take over all the duties and responsibilities on delivery of the ship from the 
builder with valid certificates prepared for the owner. 
; A vertical support placed between decks where the deck is unsupported by 
Pillar 
the shell or bulkhead. 
The void space running in the midships fore and aft lines between the inner 
Pipe tunnel bottom and shell plating forming a protective space for bilge, ballast and other 
lines extending from the engine room to the tanks. 
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Terms Definition 
Piäte:panel Unstiffened plate surrounded and supported by structural members, such as 
p stiffeners, PSM, bulkheads, etc. See also EPP. 
Sheet of steel supported by stiffeners, primary supporting members or 
Plating 
bulkheads. 
Poop The space below an enclosed superstructure at the extreme aft end of a ship. 
Poop deck The first deck above the shelter deck at the aft end of a ship. 


Primary supporting 
members 


Members of the beam, girder or stringer type which provide the overall 
structural integrity of the hull envelope and tank boundaries, e.g. double 
bottom floors and girders, transverse side structure, deck transverses, 


PSM bulkhead stringers and vertical webs on longitudinal bulkheads. 
Scallo A hole cut into a stiffening member to allow continuous welding of a plate 
p seam. 
Scarfing bracket A bracket used between two offset structural items. 
Scantlings The physical dimensions of a structural item. 
Any opening for carrying off water from a deck, either directly or through 
Scupper a 
piping. 
Scuttle A small opening in a deck or elsewhere, usually fitted with a cover or lid or a 


door for access to a compartment. 


Shedder plates 


Slanted plates that are fitted to minimise pocketing of residual cargo in way of 
corrugated bulkheads. 


Sheer strake 
Shelf plate 


The top strake of a ship’s side shell plating. 
A horizontal plate located on the top of a bulkhead stool. 


Shell envelope plating 


The shell plating forming the effective hull girder exclusive of the strength deck 
plating. 


Side frame 


A vertical member attached to the side shell in bulk carriers. 


Side shell 


Single skin member 


The shell envelope plating forming the side portion of the shell envelope above 
the bilge plating. 


A structural member where the idealised beam comprises a web, with a top 


flange formed by attached plating and a bottom flange formed by a face plate. 


A deck opening fitted with or without a glass port light and serving as a 


Skylight ventilator for engine room, quarters, etc. 

Slop tank A tank in an oil tanker which is used to collect the oil and water mixtures from 
cargo tanks after tank washing. 

SOLAS IMO International Convention for the Safety of Life at Sea, 1974 as amended. 

Spaces Separate compartments including tanks. 

Stay Bulwark and hatch coaming brackets. 

Stem The piece of bar or plating at which a ship's outside plating terminates at 


forward end. 


Stern frame 


The heavy strength member in single or triple screw ships, combining the 
rudder post. 


A tube through which the shaft passes to the propeller; and acts as an after 


Sue bearing for the shafting. It may be water or oil lubricated. 
Stiffener A collective term for secondary supporting structural members. 
Stool A structure supporting tank bulkheads. 

Strake A course, or row, of shell, deck, bulkhead, or other plating. 


Strength deck 


The uppermost continuous deck. 
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Terms 


Definition 


Stringer 


Horizontal girders linking vertical web frames. 


Stringer plate 


The outside strake of deck plating. 


Superstructure See Ch 1, Sec 1, [2.4.6]. 

SWL Safe working load 

Tank Generic term for spaces intended to carry liquid, such as, seawater, fresh 
water, oil, liquid cargoes, FO, DO, etc. 

Tank top The horizontal plating forming the bottom of a cargo tank. 


Towing pennant 


A long rope which is used to effect the tow of a ship. 


Topside tank 


The tank that normally stretches along the length of the ship’s side and 
occupies the upper corners of the cargo hold in bulk carriers. 


Transom 


The structural arrangement and form of the aft end of the ship. 


Transverse ring 


All transverse material appearing in a cross section of the ship's hull, in way of 
a double bottom floor, vertical web and deck transverse girder. 


Transverse web frame 


The primary transverse girders which join the ships longitudinal structure. 


A bracket used to strengthen a structural member under compression against 


Tapping Bracket torsional forces. 
Trunk A decked structure similar to a deckhouse, but not provided with a lower deck. 
: An abbreviation of between decks, placed between the upper deck and the 
Tween deck ; 

tank top in the cargo tanks. 
Ullage The quantity represented by the unoccupied space in a tank. 
Void An enclosed empty space in a ship. 


Wash bulkhead 


A perforated or partial bulkhead in a tank. 


Watertight 


Watertight means capable of preventing the passage of water through the 
structure under a head of water for which the surrounding structure is 
designed. 


Weather deck 


A deck or section of deck exposed to the elements which has means of closing 
weathertight, all hatches and openings. 


Weathertight means that in any sea conditions water will not penetrate into 


Weathertight the ship. 

Web The section of a stiffening member attached perpendicular to the plated 
surface. 

Web frame Transverse PSM including deck transverse. 


Wind and water strakes 


The strakes of a ship's side shell plating between the ballast and the deepest 
load waterline. 


Windlass A winch for lifting and lowering the anchor chain. 
Wing tank The space bounded by the inner hull longitudinal bulkhead and side shell. 
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SECTION 5 
LOADING MANUAL AND LOADING 
INSTRUMENTS 


1 GENERAL REQUIREMENTS 


1.1 Application 


1.1.1 


This Section contains minimum requirements for loading guidance information. 


1.1.2 


An approved loading manual and an approved loading instrument are to be supplied onboard. 


1.1.3 


A ship may in actual operation be loaded differently from the loading conditions specified in the loading 
manual, provided limitations for longitudinal and local strength as defined in the loading manual and loading 
instrument onboard and applicable stability requirements are not exceeded. 


1.1.4 


The requirements concerning the loading manual are given in [2] and those concerning the loading 
instruments in [3]. 


1.2 Annual and class renewal survey 


1.2.1 


At each annual and class renewal survey, it is to be checked that the approved loading manual is available 
onboard. 


1.2.2 


The loading instrument is to be checked for accuracy at regular intervals by the ship's master by applying test 
loading conditions. 


1.2.3 


At each class renewal survey this checking is to be done in the presence of the surveyor. 
2 LOADING MANUALS 


2.1 General requirements 


2.1.1 Definition 


The approved loading manual is to be based on the final data of the ship. 
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A loading manual is a document which describes: 


e The loading conditions on which the design of the ship has been based for seagoing and 
harbour/sheltered water, including permissible limits of still water bending moment and shear force. 
The conditions specified in the ballast water exchanging procedure and dry docking procedure are to be 
included in the loading manual, 


e The results of the calculations of still water bending moments, shear forces and where applicable 
limitations due to lateral loads, 


e The allowable local loading for the structure (e.g. hatch covers, decks, double bottom, etc), where 
applicable, 


e The relevant operational limitations. 


2.1.2 Condition of approval 
The approved loading manual is to be based on the final data of the ship. 


Modifications resulting in changes to the main data of the ship (e.g. lightship weight, buoyancy distribution, 
tank volumes or usage, etc), require the loading manual to be updated and re-approved, and subsequently the 
loading computer system to be updated and re-approved. However, new loading guidance and an updated 
loading manual need not be resubmitted provided that the resulting draughts, still water bending moments 
and shear forces do not differ from the originally approved data by more than 2%. 


The loading manual is to be prepared in a language understood by the users. If this language is not English, a 
translation into English is to be included. 
2.1.3 Loading conditions 


The loading manual is to include the design (cargo and ballast) loading conditions, subdivided into departure 
and arrival conditions as appropriate, upon which the approval of the hull scantlings is based, as defined in 
Ch 4, Sec 8. 


The loading conditions common to both oil tankers and bulk carriers are listed in Ch 4, Sec 8, [2]. 


2.1.4 Operational limitations 
The loading manual is to describe relevant operational limitations: 
e Scantling draught, 
e Design minimum ballast draught at midships, 
e Design slamming ballast draught forward with forward double bottom ballast tanks filled, 
e Design slamming ballast draught forward with any of the forward double bottom ballast tanks empty, 
e Maximum allowable cargo density, 
e Maximum cargo density in any loading condition in the Loading Manual, 
e Maximum service speed, 
e Envelope results and permissible limits of still water bending moments and shear forces. 


The loading manual must indicate that bulk carriers cannot be operated in seagoing conditions with ballast 
cargo holds partially filled. 


2.2 Requirements specific to oil tankers 


2.2.1 
The loading manual is to contain the loading conditions described in Ch 4, Sec 8, [3]. 


This requirement applies in addition to [2.1]. 
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Requirements specific to bulk carriers 


The loading manual is to contain the loading conditions described in Ch 4, Sec 8, [4]. 


This requirement applies in addition to [2.1]. 


2.3.2 


The loading manual is to describe: 


2.3.3 


Envelope results and permissible limits of still water bending moments and shear forces in the hold 
flooded condition according to Ch 4, Sec 4, 


The cargo hold(s) or combination of cargo holds that might be empty at full draught. If no cargo hold is 
allowed to be empty at full draught, this is to be clearly stated in the loading manual, 


Maximum allowable and minimum required mass of cargo and double bottom contents of each hold as 
a function of the draught at mid-hold position as defined in Ch 4, Sec 8, [4.3], 


Maximum allowable and minimum required mass of cargo and double bottom contents of any two 
adjacent holds as a function of the mean draught in way of these holds. This mean draught may be 
calculated by averaging the draught of the two mid-hold positions as defined in Ch 4, Sec 8, [4.3], 


Maximum allowable tank top loading together with specification of the nature of the cargo for cargoes 
other than bulk cargoes, 


Maximum allowable load on deck and hatch covers. If the ship is not approved to carry load on deck or 
hatch covers, this is to be clearly stated in the loading manual, 


Maximum rate of ballast change together with the advice that a load plan is to be agreed with the 
terminal on the basis of the achievable rates of change of ballast. 


The additional following loading conditions, subdivided into departure and arrival conditions as appropriate, 
are to be included in the loading manual: 


Homogeneous light and heavy cargo loading conditions at maximum draught, 
Alternate light and heavy cargo loading conditions at maximum draught, where applicable, 


Ballast conditions. For ships having ballast holds adjacent to topside wing, hopper and double bottom 
tanks, it shall be strengthwise acceptable that the ballast holds are filled when the topside wing, 
hopper and double bottom tanks are empty, 


Short voyage conditions, i.e. the ship is loaded to maximum draught but with a limited amount of 
bunkers, where appropriate, 


Multiple port loading/unloading conditions, 
Deck cargo conditions, where applicable, 
Typical sequences for change of ballast at sea, where applicable, 


Typical loading sequences where the ship is loaded from commencement of cargo loading to reaching 
full deadweight capacity, for homogeneous conditions, relevant part load conditions and alternate 
conditions where applicable. Typical unloading sequences for these conditions are also to be included. 
The typical loading/unloading sequences are also to be developed to not exceed applicable strength 
limitations. The typical loading sequences are also to be developed paying due attention to loading rate 
and the deballasting capability. Figure 1 contains, as guidance only, an example of a Loading Sequence 
Summary Form. 
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3 LOADING INSTRUMENT 


3.1 General requirements 


3.1.1 Definition 


A loading computer system is a system, which is either analog or digital, by means of which it can be easily and 
quickly ascertained that, at specified read-out points, relevant operational limitations, such as the still water 
bending moments, shear forces, and lateral loads, where applicable, in any load or ballast condition do not 
exceed the specified permissible values. 


The loading instrument is ship specific onboard equipment and the results of the calculations are only 
applicable to the ship for which it has been approved. 


An approved loading instrument can not replace an approved loading manual. 


3.1.2 Conditions of approval of loading instruments 


The loading instrument is subject to approval based on the Rules of the individual Society. The approval is to 
include: 


e Verification of type approval, if any, 

e Verification that the final data of the ship has been used, 
e Acceptance of number and position of read-out points, 

e Acceptance of relevant limits for all read-out points, 


e Checking of proper installation and operation of the instrument onboard, in accordance with agreed 
test conditions, and that a copy of the operation manual is available. 


Modifications resulting in changes to the main data of the ship (e.g. lightship weight, buoyancy distribution, 
tank volumes or usage, etc), require the loading manual to be updated and re-approved, and subsequently the 
loading instrument to be updated and re-approved. However, new loading guidance and an updated loading 
instrument need not be resubmitted provided that the resulting draughts, still water bending moments and 
shear forces do not differ from the originally approved data by more than 2%. 


An operational manual is always to be provided for the loading instrument. The operation manual and the 
instrument output are to be prepared in a language understood by the users. If this language is not English, a 
translation into English is to be included. 


The operation of the loading instrument is to be verified upon installation. It is to be checked that the agreed 
test conditions and the operation manual for the instrument is available onboard. 


3.2 Requirements specific to bulk carriers 


3.2.1 General 
For BC-A, BC-B and BC-C ships, the loading instrument is to ascertain as applicable: 


e The mass of cargo and double bottom contents in way of each hold as a function of the draught at mid- 
hold position, 


e The mass of cargo and double bottom contents of any two adjacent holds as a function of the mean 
draught in way of these holds, 


e That the still water bending moment and shear forces in the hold flooded conditions do not exceed the 
specified permissible values. 
3.2.2 Condition of approval 
For BC-A, BC-B and BC-C ships, the approval is to include, as applicable: 
e Acceptance of hull girder bending moment limits for all read-out points, 


e Acceptance of hull girder shear force limits for all read-out points, 
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e Acceptance of limits for the mass of cargo and double bottom contents of each hold as a function of 
draught, 


e Acceptance of limits for the mass of cargo and double bottom contents in any two adjacent holds as a 
function of draught. 


4 LOADING SPECIFIC TO BULK CARRIERS 


4.1 Guidance for loading/unloading sequences 


4.1.1 Scope of application 


The requirements given in [4] are applicable to bulk carriers of 150 m in length and above. 


4.1.2 

The typical loading/unloading sequences are to be developed paying due attention to the loading/unloading 
rate, the ballasting/deballasting capacity and the applicable strength limitations. 

4.1.3 


Typical loading and unloading sequences are to be prepared and submitted for approval by the builder. 


4.1.4 
The typical loading sequences as relevant are to include: 
e Alternate light and heavy cargo load condition, 
e Homogeneous light and heavy cargo load condition, 
e Short voyage condition where the ship is loaded to maximum draught but with limited bunkers, 
e Multiple port loading/unloading condition, 
e Deck cargo condition, 


e Block loading. 


4.1.5 


The loading/unloading sequences may be port specific or typical. 


4.1.6 


The sequence is to be built up step by step from commencement of cargo loading to reach full deadweight 
capacity. Each time the loading equipment changes position to a new hold defines a step. Each step is to be 
documented and submitted to the Society. In addition to longitudinal strength, the local strength of each hold 
is to be considered. 

4.1.7 


For each loading condition, a summary of all steps is to be included. This summary is to highlight the essential 
information for each step, such as: 


e How much cargo is filled in each hold during the different steps, 
e How much ballast is discharged from each ballast tank during the different steps, 
¢ The maximum still water bending moment and shear force at the end of each step, 


e The ship’s trim and draught at the end of each step. 
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SECTION 1 
GENERAL 


1 GENERAL 
1.141 General 
1.1.1 


This chapter covers the general structural arrangement requirements for the ship. 
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SECTION 2 
SUBDIVISION ARRANGEMENT 


1 WATERTIGHT BULKHEAD ARRANGEMENT 


1.1 Number and disposition of watertight bulkheads 


1.1.1 

All ships are to have at least the following transverse watertight bulkheads: 
a) One collision bulkhead. 
b) One aft peak bulkhead. 


c) One bulkhead at each end of the machinery space. 


1.1.2 

In the case of ships with an electrical propulsion plant, both the generator room and the engine room are to be 
enclosed by watertight bulkheads. 

1.1.3 


In addition to the requirements of [1.1.1] and [1.1.2], the number and disposition of bulkheads are to be 
arranged to suit the requirements for subdivision, floodability and damage stability, and are to be in 
accordance with the requirements of national regulations. 

1.1.4 


For bulk carriers less than 150 m in length not required to comply with subdivision requirements, bulkheads 
not less in number than indicated in Table 1 are to be fitted. 


Table 1 : Number of bulkheads for bulk carriers less than 150 m in length 


Length Number of bulkheads for ships with aft 
inm machinery ® 
90<L<105 4 
105 <L < 120 5 
120 < L < 145 6 
145 <L < 150 7 
(1) Aft peak bulkhead and aft machinery bulkhead are the same. 


1.1.5 


The bulkheads in the cargo hold region are to be spaced at uniform intervals as far as practicable. 


1.2 Openings in watertight bulkheads 


1.2.1 


The number of openings in watertight bulkheads is to be kept a minimum, where penetrations of watertight 
bulkheads and internal decks are necessary for access, piping, ventilation, electrical cables. Arrangements 
are to be made to maintain the watertight integrity. 
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1.2.2 


The tightness, operability and indication of the doors in watertight bulkheads are to be in accordance with 
Ch Il-1, Reg 13-1 of SOLAS Convention, as amended. 


2 COLLISION BULKHEAD 


2.1 Extent and position of collision bulkhead 


2.1.1 


A collision bulkhead is to be fitted on all ships and is to extend to the freeboard deck. It is to be located 
between 0.05 L,, or 10 m, whichever is less, and except as may be permitted by the Administration, 0.08 L,, or 
0.05 L,, + 3 m, whichever is the greater, aft of the reference point, where the reference point is as defined in 
[2.1.2]. 

2.1.2 


For ships without bulbous bows the reference point is to be taken where the forward end of L,, coincides with 
the forward side of stem, on the waterline which L,, is measured. For ships with bulbous bows, it is to be 
measured from the forward end of L,, a distance x forward; where x is to be taken as the lesser of the 
following: 


a) Half the distance, from FP,, to the extreme forward end of the bulb extension. 
b) 0.015 L,,. 
c) 3.0m. 


2.2 Arrangement of collision bulkhead 


2.2.1 


In general, the collision bulkhead is to be in one plane; however, the bulkhead may have steps or recesses 
provided that they are within the limits prescribed in [2.1.1] and [2.1.2]. 


2.2.2 


Doors, manholes, permanent access openings or ventilation ducts are not to be cut in the collision bulkhead 
below the freeboard deck. Where the collision bulkhead is extended above the freeboard deck, the number of 
openings in the extension is to be kept to a minimum compatible with the design and proper working of the 
ship. Reference is made to Ch 1, Sec 2, [2.1]. 


3 AFT PEAK BULKHEAD 


3.1 General 


3.1.1 


An aft peak bulkhead, enclosing the stern tube and rudder trunk in a watertight compartment, is to be 
provided. Where the shafting arrangements make enclosure of the stern tube in a watertight compartment 
impractical, alternative arrangements are specially considered. 


3.1.2 


The aft peak bulkhead may be stepped below the bulkhead deck, provided that the degree of safety of the ship 
as regards subdivision is not thereby diminished. 
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3.1.3 


The aft peak bulkhead location on ships powered and/or controlled by equipment that do not require the 
fitting of a stern tube and/or rudder trunk are also subject to special consideration. 


3.1.4 


The aft peak bulkhead may terminate at the first deck above the deepest draught at the aft perpendicular, 
provided that this deck is made watertight to the stern or to the transom. 
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SECTION 3 
COMPARTMENT ARRANGEMENT 


1 COFFERDAMS 


1.1 Definition 


1.1.1 


A cofferdam means an empty space arranged so that compartments on each side have no common boundary; 
a cofferdam may be located vertically or horizontally. As a rule, a cofferdam is to be kept gas-tight and is to be 
properly ventilated and of sufficient size to allow proper inspection, maintenance and safe evacuation. 


1.2 Arrangement of cofferdams 


1.2.1 


Cofferdams are to be provided between compartments intended for liquid hydrocarbons (including fuel oil, 
lubricating oil) and those intended for fresh water (drinking water, water for propelling machinery and boilers) 
as well as tanks intended for the carriage of liquid foam for fire extinguishing. 


1.2.2 


Furthermore, tanks carrying fresh water for human consumption are to be separated from other tanks 
containing substances hazardous to human health by cofferdams or other means as approved by the Society. 


Note 1: Normally, tanks for fresh water and water ballast are considered non-hazardous. 


1.2.3 


Where a corner to corner situation occurs, tanks are not considered to be adjacent. 


2 DOUBLE BOTTOM 


2.1 General 


2.1.1 


A double bottom need not be fitted in way of watertight tanks, including dry tanks of moderate size provided 
the safety of the ship is not impaired in the event of bottom or side damage as regulated in SOLAS Il-1, Reg 9. 


2.2 Extent of double bottom 


2.2.1 


For bulk carriers, a double bottom is to be fitted extending from the collision bulkhead to the aft peak 
bulkhead, as far as this is practicable and compatible with the design and proper working of the ship. 


For oil tankers, a double bottom is to be fitted to protect the cargo hold region and pump rooms. However the 
double bottom below pump rooms may be omitted provided that it is in compliance with MARPOL, Annex |, 
Ch 4, Reg 22. 
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2.2.2 
Where double bottom is required to be fitted, the inner bottom is to be continued out to the ship side in such a 


manner as to protect the bottom to the turn of the bilge in areas where hopper or double side spaces are not 
provided. 


2.3 Height of double bottom 


2.3.1 
Unless otherwise specified, the height of the double bottom is not to be less than the lesser of: 
e For oil tankers: B/15 or 2 m, however not less than 1.0 m. 


e For bulk carriers: B/20 or 2 m, however not less than 0.76 m measured vertically from the plane 
parallel with keel line to inner bottom. 


2.4 Small wells in double bottom tank 


2.4.1 
Small wells constructed in the double bottom are not to extend in depth more than necessary. A well extending 
to the outer bottom, may, however, be permitted at the after end of the shaft tunnel of the ship. Other wells 


may be permitted by the Society if it is satisfied that the arrangements give protection equivalent to that 
afforded by a double bottom that complies with [2.1]. 


3 DOUBLE SIDE 


3.1 Double side width 


3.1.1 Oil tankers 


The minimum double side width, W,,, in m, is to be taken as the lesser of: 


DWT 
20000 


Was = 0.5 + but not less than 1.0 


Was = 2.0 


3.1.2 Bulk carriers 

Double side skin means a configuration where each ship side is constructed by the side shell and a 
longitudinal bulkhead connecting the double bottom and the deck. Hopper side tanks and topside tanks may, 
where fitted, be integral parts of the double side skin configuration. 


The minimum double side width, W,,, is not to be less than 1 m measured perpendicular to the side shell. 


3.2 Minimum clearance inside the double side 


3.2.1 Definition 


The minimum clearance is defined as the shortest distance measured between assumed lines connecting the 
inner surfaces of the stiffeners on the inner and outer hulls. 
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3.2.2 Minimum clearance dimensions 


The minimum clearance between the inner surfaces of the stiffeners inside the double side is not to be less 
than: 


¢ 600 mm when the inner and/or the outer hulls are transversely framed, 
e 800 mm when the inner and the outer hulls are longitudinally framed. 


Outside the parallel part of the cargo hold, the clearance may be reduced but is not to be less than 600 mm. 


4 FORE END COMPARTMENTS 


4.1 General 


4.1.1 


The fore peak and other compartments located forward of the collision bulkhead may not be arranged for the 
carriage of fuel oil or other flammable products. 


5 FUEL OIL TANKS 


5.1 Arrangement of fuel oil tanks 


5.1.1 


Fuel oil tanks are to be arranged in accordance with the requirements in SOLAS Ch Il-2, Reg 4.2 and MARPOL, 
Annex l, Ch 3, Reg 12A. 


6 AFT END COMPARTMENTS 


6.1 Sterntube 


6.1.1 


Sterntubes are to be enclosed in a watertight space (or spaces) of moderate volume. Other measures to 
minimise the danger of water penetrating into the ship in case of damage to the sterntube arrangement may 
be taken at the discretion of the Society. 


7 ~~ BALLAST TANKS 


7.1 Capacity and disposition of ballast tanks 


7.1.1 


All ships are to have ballast tanks of sufficient capacity that the ship may operate safely on ballast voyage. The 
capacity of ballast is to be at least such that, in any ballast condition at any part of the voyage, including the 
conditions consisting of lightweight plus ballast only, the ship’s draught and trim can meet the requirements 
defined in: 


¢ For oil tankers, Ch 4, Sec 8, [3.1]. 


e In addition, for oil tankers, the moulded draught amidships, Tmi, excluding any hogging or sagging 
correction, is not to be less than: 


T mia = 2.0 + 0.02 L, in m. 


e For bulk carriers, Ch 4, Sec 8, [4.1]. 
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SECTION 4 
ACCESS ARRANGEMENT 


1 CLOSED SPACES 


1.1 General 


1.1.1 

All closed spaces are to be accessible for easy inspection. Special measures for inspection and maintenance 
are to be put in place for small closed spaces for which the design causes impracticality for the access. 

1.1.2 


For areas which are not explicitly covered by SOLAS, Ch Il-1, Reg 3-6, the builder is to provide accesses in 
accordance with industry standards accepted by the Society. For general guidance, human element factors 
may be considered based on IACS Recommendation No. 132 or with an ergonomic standard accepted by the 
Society. 


2 CARGO AREA AND FORWARD SPACES 


2.1 General 


2.1.1 Ship structure access manual 


Ship structures subject to overall and close-up inspection and thickness measurements are to be provided 
with means of access which are to be described in a “Ship Structure Access Manual“. Reference is made to 
SOLAS, Ch Il-4, Reg 3-6. 


2.1.2 


All tanks are to be accessible for easy inspection. 
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SECTION 1 
MATERIALS 


1 GENERAL 


1.1 Standard of material 


1.1.1 


Materials used during construction are to comply with the Rules for Materials of the Society. 


1.1.2 


Other materials than those covered under [1.1.1] may be accepted, provided their specification (e.g. 
manufacture, chemical composition, mechanical properties, welding) is submitted to the Society for approval. 


1.2 Testing of materials 


1.2.1 


Materials are to be tested in compliance with the applicable requirements of Rules for Materials of the Society. 


1.3 Manufacturing process 


1.3.1 


The requirements of this section presume that welding and other cold or hot manufacturing processes are 
carried out in compliance with current sound working practice defined in the Rules and/or documents of the 
individual Society which incorporate IACS UR W and the applicable requirements of Rules for Materials of the 
Society. 


In particular: 


e Parent material and welding processes are to be within the limits stated for the specified type of 
material for which they are intended. 


e Specific preheating may be required before welding. 


e Welding or other cold or hot manufacturing processes may need to be followed by an adequate heat 
treatment. 


2 HULL STRUCTURAL STEEL 


2.1 General 


2.1.1 Young’s modulus and Poisson’s ratio 


The Young’s modulus for Carbon steel materials is equal to 206,000 N/mm? and the Poisson’s ratio equal to 
0.3. 
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2.1.2 Steel material grades and mechanical properties 


Steel having a specified minimum yield stress of 235 N/mm? is regarded as normal strength hull structural 
steel and is denoted by ‘MS’ for mild steel. Steel having a higher specified minimum yield stress is regarded as 
higher strength hull structural steel and is denoted ‘HT’ for high tensile steel. 


Material grades of hull structural steels are referred to as follows: 
a) A, B, D and E denote normal strength steel grades. 
b) AH, DH and EH denote higher strength steel grades. 


Table 1 gives the mechanical characteristics of steels generally used in the construction of ships. 


Table 1 : Mechanical properties of hull steels 


Steel grades for plates Rep, specified minimum R m» specified tensile 

with tas uit < LOO mm yield stress, in N/mm? strength, in N/mm? 
A-B-D-E 235 400 - 520 
AH32-DH32-EH32-FH32 315 440 - 570 
AH36-DH36-EH36-FH36 355 490 - 630 
AH40-DH40-EH40-FH40 390 510 - 660 


2.1.3 

Higher strength steels other than those indicated in Table 1 are considered by the Society on a case-by-case 
basis. 

2.1.4 High tensile steel 

When steels with a specified minimum yield stress R,,, other than 235 N/mm? are used, hull girder strength 
and hull scantlings are to be determined by taking into account the material factor, k defined in [2.2]. 

2.1.5 Onboard documents 


It is required to keep onboard a plan indicating the steel types and grades adopted for the hull structures. 
Where steels other than those indicated in Table 1 are used, their mechanical and chemical properties, as well 
as any workmanship requirements or recommendations, are to be available onboard together with the above 
plan. 


2.2 Material factor, k 


2.2.1 


Unless otherwise specified, the material factor, k of normal and higher strength steel for hull girder strength 
and scantling purposes is to be taken as defined in Table 2, as a function of the specified minimum yield 
stress Rep- 


For intermediate values of R,,, K is obtained by linear interpolation. 


Steels with a specified minimum yield stress R,,,, greater than 390 N/mm? are considered by the Society on a 
case-by-case basis. 


Table 2 : Material factor, k 


Rep, specified minimum yield k 
stress, in N/mm? 
235 1.00 
315 0.78 
355 0.72 
390 0.68 
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Materials in the various strength members are not to be of lower grade than those corresponding to the 
material classes and grades specified in Table 3 to Table 8. General requirements are given in Table 3, while 
additional minimum requirements for ships with length exceeding 150 m and 250 m, single side bulk carriers 
with length exceeding 150 m, and ships with ice strengthening are given in Table 4 to Table 7. The material 
grade requirements for hull members of each class depending on the thickness are defined in Table 8. 


Table 3 : Material classes and grades 


Structural member category 


Material class/grade 


A1. Longitudinal bulkhead strakes, other than those belonging 


(1) 


Pal 
iG || tothe Primary Gaeo |- Class I within 0.4 L amidships 
S A2. Deck plating exposed to weather, other than that belonging Grade A/AH outside 0:4 Lamidships 
g to the Primary or Special category 
A3. Side plating 
B1. Bottom plating, including keel plate 
B2. Strength deck plating, excluding that belonging to the 
>, | Special category 
z B3. Continuous longitudinal plating of strength members above | - Class II within 0.4 L amidships 
= strength deck, excluding hatch coamings - Grade A/AH outside 0.4 L amidships 
B4. Uppermost strake in longitudinal bulkhead 
B5. Vertical strake (hatch side girder) and uppermost sloped 
strake in topside tank 
C1. Sheer strake at strength deck™ - Class III within 0.4 L amidships 
C2. Stringer plate in strength deck™® - Class Il outside 0.4 L amidships 
C3. Deck strake at longitudinal bulkhead, excluding deck - Class | outside 0.6 L amidships 
plating in way of inner-skin bulkhead of double-hull ships ® 
- Class II] within 0.4 L amidships 
C4. Strength deck plating at outboard corners of cargo hatch - Class Il outside 0.4 L amidships 
openings for ships with hatch opening configurations similar to r RA 
those of container caltiers - Class | outside 0.6 L amidships 
- Min. Class IIl within cargo hold region 
- Class Ill within 0.6 L amidships 
T C5. Strength deck plating at corners of cargo hatch openings |- Class II within rest of cargo hold 
& region 


C6. Bilge strake of ships with double bottom over the full 
breadth and with length less than 150 m 


- Class II within 0.6 L amidships 
- Class | outside 0.6 L amidships 


C7. Bilge strake in other ships (® 


- Class II] within 0.4 L amidships 
- Class II outside 0.4 L amidships 
- Class | outside 0.6 L amidships 


C8. Longitudinal hatch coamings of length greater than 0.15 L 
including coaming top plate and flange 

C9. End brackets and deckhouse transition of longitudinal 
cargo hatch coamings 


- Class II] within 0.4 L amidships 
- Class I] outside 0.4 L amidships 
- Class | outside 0.6 L amidships 
- Not to be less than Grade D/DH 


Single strakes required to be of class III within 0.4L amidships are to have breadths not less than 800+5L, in mm, need not be 


greater than 1800 mm, unless limited by the geometry of the ship’s design. 
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Table 4 : Minimum material grades for ships with length exceeding 150 m 


Structural member category Material grade 


Longitudinal plating of strength deck where contributing to the 


longitudinal strength Grade B/AH within 0.4 L amidships 


Continuous longitudinal plating of strength members above 


strength deck Grade B/AH within 0.4 L amidships 


Single side strakes for ships without inner continuous longitudinal 


bulkhead(s) between bottom and the strength deck Grade B/AH within cargo- hold:region 


Table 5 : Minimum material grades for ships with length exceeding 250 m 


Structural member category ™ Material grade 
Shear strake at strength deck Grade E/EH within 0.4 L amidships 
| Stringer plate in strength deck | Grade E/EH within 0.4 L amidships | 
Bilge strake Grade D/DH within 0.4 L amidships 


(1) Single strakes required to be of Grade E/EH and within 0.4 L amidships are to have breadths not less than 800+5 L (mm), need 
not be greater than 1800 (mm), unless limited by the geometry of the ship’s design. 


Table 6 : Minimum material grades for single side skin bulk carriers with length exceeding 150 m 


Structural member category Material grade 


Lower bracket of ordinary side frame : ® Grade D/DH 


Side shell strakes included totally or partially between the two 
points located to 0.125” above and below the intersection of side Grade D/DH 
shell and bilge hopper sloping plate or inner bottom plate @ 


(1) The term ‘lower bracket’ means webs of lower brackets and webs of the lower part of side frames up to the point of 0.1257 
above the intersection of side shell and bilge hopper sloping plate or inner bottom plate. 


(2) The span of the side frame, @, is defined as the distance between the supporting structures (see Pt 2, Ch 1, Sec 2, Figure 2). 


Table 7 : Minimum material grades for ships with ice strengthening 


Structural member category Material grade 


Shell strakes in way of ice strengthening area for plates Grade B/AH 


Table 8 : Material grade requirements for classes I, II and Ill 


Class l II HT} 
As-built 
thickness, in mm MS HT Me ut vs ai 
t<15 A AH A AH A AH 
15<t<20 A AH A AH B AH 
20<t<25 A AH B AH D DH 
25<t<30 A AH D DH D DH 
30 <t<35 B AH D DH E EH 
35<t<40 B AH D DH E EH 
40 <t<50 D DH E EH E EH 
2.3.2 
For strength members not mentioned in Table 3 to Table 7, Grade A/AH may be used upon agreement of the 
Society. 
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2.3.3 


Plating materials for stern frames and shaft brackets are in general not to be of lower grades than 
corresponding to Class Il. 


2.4 Structures exposed to low air temperature 


2.4.1 


For ships intended to operate in areas with low air temperatures refer to Ch 1, Sec 2, [3.4.4]. 


2.5 Through thickness property 


2.5.1 


Where tee or cruciform connections employ partial or full penetration welds, and the plate material is subject 
to significant tensile strain in a direction perpendicular to the rolled surfaces, consideration is to be given to 
the use of special material with specified through thickness properties, in accordance with the Rules for 
Materials of the Society. These steels are to be designated on the approved plan by the required steel strength 
grade followed by the letter Z (e.g. EH36Z). 


2.6 Stainless steel 


2.6.1 


The reduction of strength of stainless steel with increasing temperature is to be taken into account in the 
calculation of the material factor, k and in the material Young’s modulus, E. 


Stainless steels are considered by the Society on a case-by-case basis. 


3 STEELS FOR FORGING AND CASTING 


3.1 General 


3.1.1 


Mechanical and chemical properties of steels for forging and casting to be used for structural members are to 
comply with the applicable requirements of the Rules for Materials of the Society. 


3.1.2 


Steels of structural members intended to be welded are to have mechanical and chemical properties deemed 
appropriate for this purpose by the Society on a case-by-case basis. 


3.1.3 


The steels used are to be tested in accordance with the applicable requirements of the Rules for Materials of 
the Society. 


3.2 Steels for forging 


3.2.1 


Rolled bars may be accepted in lieu of forged products, after consideration by the Society on a case-by-case 
basis. In such case, compliance with the applicable requirements of the Rules for Materials of the Society, 
relevant to the quality and testing of rolled parts accepted in lieu of forged parts, may be required. 
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3.3 Steels for casting 


3.3.1 


Cast parts intended for stems and stern frames in general may be made of C and C-Mn weldable steels, having 
specified minimum tensile strength, R,, = 400 N/mm, in accordance with the applicable requirements of the 
Society’s Rules for Materials. 


3.3.2 


The welding of cast parts to main plating contributing to hull strength members is considered by the Society on 
a case-by-case basis. 


The Society may require additional properties and tests for such casting, in particular impact properties which 
are appropriate to those of the steel plating on which the cast parts are to be welded and non-destructive 
examinations. 


4 ALUMINIUM ALLOYS 


4.1 General 


4.1.1 


The use of aluminium alloys in superstructures, deckhouses, hatch covers, helicopter platforms, or other local 
components is to be specially considered. A specification of the proposed alloys and their proposed method of 
fabrication is to be submitted for approval. 


Material requirements and scantlings are to comply with the Rules for Materials of the Society. Series 5000 
aluminium-magnesium alloys or series 6000 aluminium-magnesium-silicon alloys are to be used. 


4.1.2 


In the case of structures subjected to low service temperatures or intended for other specific applications, the 
alloys to be employed are to be agreed by the Society. 


4.1.3 


Unless otherwise agreed, the Young’s modulus for aluminium alloys is equal to 70,000 N/mm? and the 
Poisson’s ratio equal to 0.33. 


4.1.4 


Details of the proposed method of joining any aluminium and steel structures are to be submitted for approval. 


4.2 Extruded plating 


4.2.1 


Extrusions with built-in plating and stiffeners, referred to as extruded plating, may be used. 


4.2.2 


In general, the application of extruded plating is limited to decks, bulkheads, superstructures and deckhouses. 
Other uses may be permitted by the Society on a case-by-case basis. 


4.2.3 


Extruded plating is to be oriented so that the stiffeners are parallel to the direction of main stresses. 
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4.2.4 


Connections between extruded plating and primary members are to be given special attention. 


4.3 Mechanical properties of weld joints 


4.3.1 


Welding heat input lowers locally the mechanical strength of aluminium alloys hardened by work hardening 
(series 5000 other than condition O or H111) or by heat treatment (Series 6000). 


4.3.2 


The as-welded properties of aluminium alloys of series 5000 are in general those of condition O or H111. 
Higher mechanical characteristics may be considered, provided they are duly justified. 


4.3.3 


The as-welded properties of aluminium alloys of series 6000 are to be agreed by the Society. 


4.4 Material factor, k 


4.4.1 


The material factor, k for aluminium alloys is to be obtained from the following formula: 


im  : Minimum guaranteed yield stress of the parent metal in welded condition R’po.2, in N/mm?, but not to 
be taken greater than 70% of the minimum guaranteed tensile strength of the parent metal in 
welded condition R’m in N/mm?. 


R’,o.2 : Minimum guaranteed yield stress, in N/mm?, of material in welded condition. 
R p02 = 1150.2 
Rin : Minimum guaranteed tensile strength, in N/mm?, of material in welded condition. 
Rm = NaRa 
Rpo.2 : Minimum guaranteed yield stress, in N/mm2, of the parent metal in delivery condition. 
Rn : Minimum guaranteed tensile strength, in N/mm2, of the parent metal in delivery condition. 
Nt Nə : Specified in Table 9. 


Table 9 : Aluminium alloys - Coefficients for welded construction 


Aluminium alloy N1 N2 
Alloys without work-hardening treatment (series 5000 in 
annealed condition O or annealed flattened condition 1 1 
H111) 
Alloys hardened by work hardening (series 5000 other R’oo/R R/R 
than condition O or H111) ore A lees el 
Alloys hardened by heat treatment (series 6000) ® R’p0.2/ Rpo.2 0.6 
(1) When no information is available, coefficient n; is to be taken equal to the metallurgical efficiency coefficient B 
as defined in Table 10. 
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Table 10 : Aluminium alloys - Metallurgical efficiency coefficient B 


Aluminium alloy Temper condition As-built thickness, in B 

mm 

t<6 0.45 
6005A (Open sections) T5orT6 

t>6 0.40 
6005A (Closed sections) T5 or T6 All 0.50 
6061 (Sections) T6 All 0.53 
6082 (Sections) T6 All 0.45 


4.4.2 


In the case of welding of two different aluminium alloys, the material factor, k to be considered for the 
scantlings is the greater material factor of the aluminium alloys of the assembly. 


4.5 Others 


4.5.1 


Aluminium fittings in tanks used for the carriage of oil, and in cofferdams and pump rooms are to be avoided. 
Where fitted, aluminium fittings, units and supports, in tanks used for the carriage of oil, cofferdams and 
pump rooms are to satisfy the requirements of Pt 2, Ch 2, Sec 2, [1.2] for aluminium anodes. 


4.5.2 


The underside of heavy portable aluminium structures such as gangways, is to be protected by means of a 
hard plastic or wood cover, or other approved means, in order to avoid the creation of smears. Such protection 
is to be permanently and securely attached to the structures. 


5 OTHER MATERIALS AND PRODUCTS 


5.1 General 


5.1.1 


Other materials and products such as parts made of iron castings, where allowed, products made of copper 
and copper alloys, rivets, anchors, chain cables, cranes, masts, derrick posts, derricks, accessories and wire 
ropes are to comply with the applicable requirements of the Rules for Materials of the Society. 


5.1.2 


The use of plastics or other special materials not covered by these Rules is to be considered by the Society on 
a case-by-case basis. In such cases, the requirements for the acceptance of the materials concerned are to be 
agreed by the Society. 


5.2 Iron cast parts 


5.2.1 


As a rule, the use of grey iron, malleable iron or spheroidal graphite iron cast parts with combined 
ferritic/perlitic structure is allowed only to manufacture low stressed elements of secondary importance. 


5.2.2 


Ordinary iron cast parts may not be used for windows or sidescuttles; the use of high grade iron cast parts of a 
suitable type is to be considered by the Society on a case-by-case basis. 
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SECTION 2 
NET SCANTLING APPROACH 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4 


t : Net thickness in mm. 

ty : Corrosion addition in mm. 

te : Gross thickness in mm. 

Dep : Height of stiffener or primary supporting member in mm. 

hy, : Web height of stiffener or primary supporting member in mm. 

ty : Web thickness of stiffener or primary supporting member in mm. 

b; : Face plate width of stiffener or primary supporting member in mm. 

t; : Face plate thickness of stiffener or primary supporting member in mm. 


: Thickness of the plating attached to a stiffener or to a primary supporting member in mm. 

de : Distance in mm, from the upper edge of the web to the top of the flange for L3 profiles, see Figure 3. 
tas put * AS-built thickness, in mm, taken as the actual thickness provided at the newbuilding stage. 

ter off  : Gross offered thickness, in mm, as defined in [1.2.2]. 


t : Gross required thickness, in mm, as defined in [1.2.1]. 


‘gr_req 

tore : Net offered thickness, in mm, as defined in [1.2.3]. 

tum : Design production margin, in mm, taken as the thickness difference between offered gross thickness 
and required gross thickness (equal also to the difference between offered net and required net 
thickness) as a result of scantlings applied by the designer or builder to suit design or production 
situation. This difference in thickness is not to be considered as an additional corrosion margin. 

treg : Net required thickness, in mm, as required in [1.3.1]. 


toaga : Thickness for voluntary addition, in mm, taken as the thickness voluntarily added as the owner’s 
extra margin or builder’s extra margin for corrosion wastage in addition to t,- 


tik : Reserve thickness, in mm, taken equal to 0.5 mm. 


toz, tea : Corrosion addition on one side of the considered structural member, in mm, as defined in 
Ch 3, Sec 3, Table 1. 


1 GENERAL 


1.1 Application 


1.1.1 Net thickness approach 


The net thickness, t, of a structural element is required for structural strength in compliance with the design 
basis. The corrosion addition, t,, for a structural element is derived independently from the net scantling 
requirements as shown in Figure 1. This approach clearly separates the net thickness from the thickness 
added to address the corrosion that is likely to occur during the ship-in-operation phase. This approach 
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enables the status of the structure with respect to corrosion to be clearly ascertained throughout the life of the 
ship. 
1.1.2 Local and global corrosion 


The net thickness approach distinguishes between local and global corrosion. Local corrosion is defined as 
uniform corrosion of local structural elements, such as a single plate or stiffener. Global corrosion is defined as 
the average corrosion of larger areas, such as primary supporting members and the hull girder. 


1.1.3 Exceptions in gross scantling 


Items that are directly determined in terms of gross scantlings do not follow the net scantling approach, i.e. 
they already include additions for corrosion but without any owners extra margin. Gross scantling 
requirements are identified with the suffix "gr" and examples are: 


e Scantlings of superstructures and deckhouses as given in Ch 11, Sec 1. 


¢ Scantlings of massive pieces made of steel forgings and steel castings. 


Figure 1 : Net scantling approach scheme 


bot ada tyor aaa 


À 


Roundups s (tex + tea) 


tas built 
tres 


{ tam 


1.2 Gross and net scantling definitions 


1.2.1 Gross required thickness 


The gross required thickness, tg, req is the thickness obtained by adding the corrosion addition as defined in 
Ch 3, Sec 3 to the net required thickness, as follows: 


ler reg = treq e 


1.2.2 Gross offered thickness 


The gross offered thickness, tsr_of» is the gross thickness provided at the newbuilding stage, which is obtained 
by deducting any thickness for voluntary addition from the as-built thickness, as follows: 


ter_orr = tas _puitt — tvol_aaa 


1.2.3 Net offered thickness 


The net offered thickness, tp is obtained by subtracting the corrosion addition from the gross offered 
thickness, as follows: 


torf = tsr_off— te = tas built J tyol_aad rs te 
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Scantling compliance 


The net required thickness, t,e is obtained by rounding the net thickness calculated according to the Rules to 
the nearest half millimetre. For example: 


1.3.2 


For 10.75 <t < 11.25 mm, the Rule required net thickness is 11.0 mm. 
For 11.25 <t < 11.75 mm, the Rule required net thickness is 11.5 mm. 


Scantling compliance in relation to the Rules is as follow: 


The net offered thickness of plating is to be equal to or greater than the net required thickness of 
plating. 


The required net section modulus, moment of inertia and shear area properties of local supporting 
members are to be calculated using the net thickness of the attached plate, web and flange. The net 
sectional dimensions of local supporting members are defined in Figure 2. The required section 
modulus and web net thickness apply to areas clear of the end brackets. 


The offered net sectional properties of primary supporting members and the hull girder are to be equal 
to or greater than the required net sectional properties which are to be based on the gross offered 
scantling with a reduction of the applicable corrosion addition, as specified in Table 1, applied to all 
component structural members. 


The strength assessment methods prescribed are to be assessed by applying the corrosion reduction 
specified in Table 1 to the offered gross scantlings. Half of the applied corrosion addition specified in 
Table 1 is to be deducted from both sides of the structural members being considered. 


Corrosion additions are not to be taken less than those given in Ch 3, Sec 3, [1.2]. 


Any additional thickness specified by the owner or the builder is not to be included when considering the 
compliance with the Rules. 


Table 1 : Assessment for corrosion applied to the gross scantlings 


Structural requirement Property/analysis type Applied corrosion addition 
Minimum thickness (all members including Thickness t 
PSM) 
; Thickness/sectional properties ty 

Local strength (plates, stiffeners, and hold - 
frames) Stiffness / proportions / t 

Buckling capacity e 

Sectional properties 0.5 t, 


Primary supporting members (prescriptive) 


Stiffness/proportions of web 
and flange te 


Buckling capacity 


Cargo tank/cargo hold 0.5 t, 

Buckling capacity ts 
Strength assessment by FEM 

Local fine mesh 0.5 t, 

Specified fine mesh areas 0.5 to 

Sectional properties 0.5 to 
Hull girder strength 

Buckling capacity ts 
Hull girder ultimate strength Sectional properties 0.5 t, 
Hull girder residual strength Buckling/collapse capacity 0.5 t, 
Fatigue assessment (simplified stress Hull girder section properties O5t 
analysis) Local support member nee 

Coarse mesh FE model 
Fatigue assessment (FE Stress analysis) 0.5 t, 


Very fine mesh portion 


COMMON STRUCTURAL RULES 1 JAN 2014 


‘@eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeees 


PART 1 CHAPTER3 SECTION 2 


COMMON STRUCTURAL RULES 


Figure 2 : Net sectional properties of local supporting members 


T - Profile 
L - Profile 


FB - Profile 
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Figure 3 : Net sectional properties of local supporting members (continued) 
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L3 - Profile 


Bulb and similar profiles 


The net cross-sectional area, the moment of inertia about the y-axis and the assosiated neutral axis position 
are to be determined applying a corrosion magnitude of 0.5 t, deducted from the surface of the profile cross- 
section. 
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SECTION 3 
CORROSION ADDITIONS 


SYMBOLS 


ty : Corrosion addition, in mm. 
toa, too : Corrosion addition, in mm, on one side of the considered structural member, as defined in Table 1. 


tee : Reserve thickness, taken as 0.5 mm. 
1 GENERAL 


1.1 Applicability 


1.1.1 


The corrosion additions given in these Rules are applicable to carbon-manganese steels, stainless steels, 
stainless clad steels and aluminium alloys. Corrosion addition for the exposed carbon steel side of stainless 
clad structure is to be as required in Table 1 for the corresponding compartment. 


The corrosion additions for other materials are to be in accordance with the requirements of the Society. 


1.2 Corrosion addition determination 


1.2.1 
The corrosion addition for each of the two sides of a structural member, t,; or ty», is specified in Table 1. 


The total corrosion addition, t,, in mm, for both sides of the structural member is obtained by the following 
formula: 


ty = Roundupos (tor + too) + tres 


For an internal member within a given compartment, the total corrosion addition, t, is obtained from the 
following formula: 


t; z Roundupos (2t.;) + tres 
where t,, is the value specified in Table 1 for one side exposure to that compartment. 
Roundupg-s (t) means that t is rounded to the upper half millimetre. 


The total corrosion addition, tẹ in mm, for compartment boundaries and internal members made from 
stainless steel, or aluminium is to be taken as: 


te = tes= 0.5 


In case of stainless clad steel, the corrosion additions, t.1, for the carbon steel side and t,o, for the stainless 
steel side are respectively to be taken as: 


e to, as specified for the corresponding compartment in Table 1 
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tos or too 
Compartment BC-A or 
type Structural member Oil BC-B Other BC 
tankers | ships with ships 
L>150m 
Ballast water s aere Within 3m below top of tank 2.0 
i ace plate o 
tank, bilge Elsewhere 1.5 
tank, drain 
Within 3m below top of tank ® 1.7 
storage tank, Other members @) Z 
chain locker | (gy 
(4) Elsewhere 1.2 
Within 3m below top of tank ® 1.7 
Face plate of PSM 
Elsewhere 1.4 
Cargo oil tank | Inner-bottom plating/bottom of tank 2.1 N/A 
Within 3m below top of tank ® 1.7 
Other members 
Elsewhere 1.0 
Upper part © 2.4 1.0 
Transverse Lower stool: sloping plate, 5.2 26 
bulkhead vertical plate and top plate ' ` 
Other parts 3.0 1:5 
Sloped plating of hopper tank, inner bottom plating 3.7 2.4 
Dry bulk cargo Upper part © N/A 
hold ® Webs and flanges of the upper 1.8 1.0 
end brackets of side frames of 
single side bulk carriers 
Other members 
Webs and flanges of lower 
brackets of side frames of 2.2 1.2 
single side bulk carriers 
Other parts 2.0 1.2 
Exposed to Weather deck plating 1.7 
atmosphere | Other members 1.0 
Shell plating between the minimum design ballast 15 
Exposed to draught waterline and the scantling draught waterline ' 
seawater - 
Shell plating elsewhere 1.0 
Fuel and lube oil tank 0.7 
Fresh water tank 0.7 
Spaces not normally accessed, e.g. access only via 
; bolted manhole openings, pipe tunnels, inner surface 
(8) 
Void spaces of stool space not common with a dry bulk cargo hold OF 
or ballast cargo hold, etc. 
Diyeeaces Internals of machinery spaces, pump room, store 05 
rooms, steering gear space, etc. 
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(1) 
(2) 


(3) 


(4) 


(5) 
(6) 


(7) 


(8) 


1.0 mm is to be added to the plate surface within 3m above the upper surface of the chain locker bottom. 


0.5 mm is to be added to the plate surface exposed to ballast for the plate boundary between water ballast and heated cargo oil 
tanks. 0.3mm is to be added to each surface of the web and face plate of a stiffener in a ballast tank and attached to the 
boundary between water ballast and heated cargo oil tanks or heated fuel/lube oil tanks. Heated oil tanks are defined as tanks 
arranged with any form of heating capability (the most common type is heating coils). 


0.7 mm is to be added to the plate surface exposed to ballast for the plate boundary between water ballast and heated fuel oil 
or lube oil tanks. 

Only applicable to cargo tanks and ballast tanks with weather deck as the tank top. The 3 m distance is measured vertically 
from and parallel to the top of the tank. 


Dry bulk cargo hold includes holds intended for the carriage of dry bulk cargoes, which may carry water ballast. 


Upper part of the cargo holds correspond to an area above the connection between the topside and the inner hull or side shell. 
If there is no topside, the upper part corresponds to the upper one third of the cargo hold height (where a plane bulkhead is 
fitted in way of a dry bulk cargo hold, the upper part of the bulkhead is defined in the same manner). 

If there is no lower stool fitted (i.e. engine room bulkhead or fore peak bulkhead) or if a plane bulkhead is fitted, then this 
corrosion addition should be applied up to a height level with the opposing bulkhead stool in that hold. In the case where a stool 
is not fitted on the opposing bulkhead, the vertical extent of this zone is to be from the inner bottom to a height level with the top 
of the adjacent hopper sloping plate. 

For the determination of the corrosion addition of the outer shell plating, the pipe tunnel is considered as for a water ballast 
tank. 


1.2.2 Minimum value of total corrosion addition 


The total corrosion addition is not to be taken less than 2 mm except for web and face plate of stiffeners or in 
way of internals of dry spaces where 1.5 mm is applicable. 


These minimum values of corrosion addition are not applicable to structural members made of stainless 
steels, stainless clad steels or aluminium alloys. 


1.2.3 Stiffener 


The corrosion addition of a stiffener is determined according to the location of its connection to the attached 


plating. 


1.2.4 


When a local structural member/plate is affected by more than one value of corrosion addition, the most 
onerous value is to be applied to the entire strake. 
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SECTION 4 
CORROSION PROTECTION 


1 GENERAL 
1.1 Structures to be protected 


1.1.1 Dedicated seawater ballast tanks 


All dedicated seawater ballast tanks are to have an efficient corrosion prevention system. 


1.1.2 Cargo oil tanks 


Cargo oil tanks are to be protected in compliance with the requirements specified in Pt 2, Ch 2, Sec 2, [1]. 


1.1.3 Bulk carriers 

Void double side skin spaces and cargo holds of bulk carriers are to be protected in compliance with the 
requirements specified respectively in Pt 2, Ch 1, Sec 2, [2.2] and Pt 2, Ch 1, Sec 2, [2.3]. 

1.1.4 Narrow spaces 


Narrow spaces are generally to be filled by an efficient protective product, particularly at the ends of the ship 
where inspections and maintenance are not easily practicable due to their inaccessibility. 


2 SACRIFICIAL ANODES 


2.1 Attachment of anodes to the hull 
2.1.1 


All anodes are to be attached to the structure in such a way that they remain securely fastened both initially 
and during service even when it is wasted. The following methods are acceptable: 


a) Steel core connected to the structure by continuous fillet welds. 


b) Attachment to separate supports by bolting, provided a minimum of two bolts with lock nuts are used. 
However, other mechanical means of clamping may be accepted. 


2.1.2 


Anodes are to be attached to stiffeners or aligned in way of stiffeners on plane bulkhead plating, but they are 
not to be attached to the shell. The two ends are not to be attached to separate members which are capable of 
relative movement. 


2.1.3 


Where cores or supports are welded to local support members or primary Supporting members, they are to be 
kept clear of end supports, toes of brackets and similar stress raisers. Where they are welded to asymmetrical 
members, the welding is to be at least 25 mm away from the edge of the web. In the case of stiffeners or 
girders with symmetrical face plates, the connection may be made to the web or to the centreline of the face 
plate, but well clear of the free edges. Generally, anodes are not to be fitted to a face plate of higher strength 
steel. 


2.1.4 Cargo oil tanks 


Cathodic protection systems, if fitted in cargo oil tanks, are to comply the requirements specified Pt 2, Ch 2, 
Sec 2, [1]. 
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SECTION 5 
LIMIT STATES 


1 GENERAL 


1.1 Limit states 


1.1.1 Definition 


A limit state is defined as a state beyond which the structure no longer satisfies the requirements. The 
following categories of limit states are relevant for structures: 


e Serviceability limit state (SLS), which corresponds to conditions beyond which specified requirements 
are no longer met. 


e Ultimate limit state (ULS), which corresponds to the maximum load carrying-capacity or, in some cases, 
to the maximum applicable strain or deformation, under intact (undamaged) conditions. 


e Fatigue limit state (FLS), which corresponds to degradation due to effect of time varying (cyclic) loading. 


e Accidental limit state (ALS), which concerns the ability of the structure to resist accident situations. 


1.1.2 Serviceability limit state 
Serviceability limit state, which concerns the normal use, includes: 


e Local damage which may reduce the working life of the structure or affect the efficiency or appearance 
of structural members or non-structural elements. 


e Unacceptable deformations which affect the efficient use and appearance of structural or non- 
structural elements or the functioning of safety equipment. 


In the context of serviceability limit state, the term ‘appearance’ is concerned with such criteria as high 
deflection and extensive cracking, rather than aesthetics. 
1.1.3 Ultimate limit state 


Ultimate limit state, which corresponds to the maximum load-carrying capacity, or in some cases, the 
maximum applicable strain or deformation, includes: 


e Attainment of the maximum resistance capacity of sections, members or connections by rupture or 
excessive deformations or instability (buckling). 


e Excessive yielding, transforming the structure or part of it into a plastic mechanism. 


1.1.4 Fatigue limit state 


Fatigue limit states assess that the fatigue capacity of structural members due to cyclic loads is greater than 
the design fatigue life. 


1.1.5 Accidental limit state 


Accidental limit states are concerned with the ability of the structure to resist accident situations or abnormal 
events. Flooded conditions of any compartment without progression of the flooding to another compartment 
are considered. The limit states are concerned with the following in intact (undamaged) conditions with 
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accidental or abnormal loads, or in damaged conditions with environmental loads the ship meets during a 
limited time frame: 


e The safety of life. 
e Environment. 
e Property (ship and cargo). 
Accidental limit state includes: 
e Loss of structural strength without loss of containment. 


e Loss of structural strength and loss of containment. 


1.2 Failure modes 


1.2.1 


A number of possible failure modes may be relevant for the various parts of the ship structure. For each failure 
mode, one or more limit states may be relevant. The failure modes to be considered for the assessment of ship 
structural safety with relation to the limit states are shown in Table 1. 


Table 1 : Failure modes in relation to the limit states to be considered 


Possible failure modes to Limit states ® 
be considered SLS ULS FLS ALS 
Yielding Y Y - Y 
Plastic collapse - Y - Y 
Buckling Y Y - Y 
Rupture - Y - Y 
Fatigue cracking - - Y - 
Brittle fracture @) g 7 g a 
(1) “Y” indicates that the structural assessment is to be carried out. 
(2) Controlled by the material rule requirement of steel grade. 
1.2.2 Yielding 


The yielding failure mode is the mode in which plastic strain locally occurs in the structural members to be 
considered under combined in-plane and normal stresses. Local plastic strain is controlled in SLS, ULS and 
ALS by checking that the stresses caused in the structural members remains below a permissible value. 


1.2.3 Plastic collapse 


The plastic collapse failure mode usually appears in the local structural members under large lateral impact 
pressure. In this failure mode, permanent lateral deflection in the local structural members occurs, but does 
not influence the global strength. This mode is controlled in ULS and ALS by using conventional plastic design 
method. 


1.2.4 Buckling 


The buckling failure mode is the instability phenomena of structural members under compressive loads. When 
the stress in structural members just attains the elastic buckling stress, elastic (reversible) buckling occurs 
during the compressive load. This buckling failure mode is controlled in SLS. By further increasing the 
compressive load, stress redistribution occurs due to buckling of the weakest structural member and the 
stress in some structural members reaches the yield stress. This buckling failure mode with large elastic 
deflection is controlled in ULS or ALS. When compression is unloaded, no consequence of failure due to 
buckling is seen. 
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On the other hand, plastic (irreversible) buckling occurs when the stress in structural members exceeds the 
yield stress. As a result, the substantial permanent deflections due to plastic buckling appear. This irreversible 
buckling failure mode is controlled only in ULS or ALS for global hull girder strength. 

1.2.5 Rupture 


The rupture failure mode is the mode in which breaking occurs in the structural members to be considered 
under large tensile stress beyond the yield stress of the material. This failure mode is controlled in ULS or ALS, 
but the assessment of this failure mode is covered by controlling the yielding failure. 

1.2.6 Brittle fracture 

Brittle fracture is dependent upon the material, temperature and thickness. Therefore, this mode is controlled 
by the material rule requirement of steel grade. 

1.2.7 Fatigue cracking 


This failure mode is different from the failure modes mentioned above and is controlled in FLS. 


2 CRITERIA 
2.1 General 
2.1.1 


Criteria are prescribed in the Rules to check the relevant limit states for the various structural elements. The 
strength assessments included in the Rules are defined in terms of yield check, buckling check, ultimate 
strength check, and fatigue check as indicated in Table 2. 


Table 2 : Structural assessment 


i . Ultimate P 
A Yielding Buckling Fatigue 
Structural Elements ® strength 
check check check 
check 
Local Stiffeners Y Y y (2) Y 
Structures Plating y Y Y@) z 
Primary supporting members Y Y y2 Y 
Hull girder Y Ya Y - 
(1) “Y” indicates that the structural assessment is to be carried out. 
(2) The ultimate strength check is included in the buckling check. 
(3) The ultimate strength check of plating is included in the yielding check formula of plating. 
e buckling check of stiffeners and plating taking part in hull girder strength is performed against stress due to hu 
(4) The buckli heck of stiff d plati ki in hull gird hi fi d i d hull 
girder bending moment and hull girder shear force. 


2.2 Serviceability limit states 


2.2.1 Hull girder 


For the yielding check of the hull girder, the stress corresponds to a load at 108 probability level. 


2.2.2 Plating 


For the yielding check and buckling check of platings constituting a primary supporting member, the stress 
corresponds to a load at 10% probability level. 


2.2.3 Stiffeners 


For the yielding check of stiffeners, the stress corresponds to a load at 108 probability level. 
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2.3 Ultimate limit states 


2.3.1 Hull girder 


The ultimate strength of the hull girder is to be checked against the hull girder loads at 108 probability level, 
amplified with the partial safety factor. 


2.3.2 Plating 


The ultimate strength of the plating between stiffeners and primary supporting members is to be checked 
against the loads at 10° probability level. 


2.3.3 Stiffeners 


The ultimate strength of stiffeners is to be checked against the loads at 108 probability level. 


2.4 Fatigue limit state 


2.4.1 Structural details 


The fatigue life of representative welded structural details such as connections of stiffeners and primary 
supporting members and free edge of bulk carrier deck plating in way of hatch corner is to be assessed from 
long term distribution loads based on loads at 10? probability level including the whipping-springing effects. 


2.5 Accidental limit state 


2.5.1 Hull girder 


For bulk carriers, the yielding and ultimate strength of the hull girder in cargo hold flooded condition and in the 
damaged condition is to be assessed in accordance with Ch 5, Sec 1 and Ch 5, Sec 2. 


The residual strength of oil tankers and bulk carriers is to be assessed according to Ch 5, Sec 3, for damages 
resulting from collision or grounding. 


2.5.2 Double bottom structure 


For bulk carriers, the double bottom structure in cargo hold flooded condition is to be assessed in accordance 
with Pt 2, Ch 1, Sec 3. 


2.5.3 Bulkhead structure 


For bulk carriers, the bulkhead structure in cargo hold flooded condition is to be assessed in accordance with 
Pt 2, Ch 1, Sec 3 and Pt 2, Ch 1, Sec 4. 


2.5.4 Plating, stiffeners and PSM 


The plating, stiffeners and PSM are to be assessed in flooded conditions in accordance with Ch 6 for yielding 
criteria and with Ch 8, Sec 3 for buckling criteria. 


3 STRENGTH CHECK AGAINST IMPACT LOADS 


3.1 General 


3.1.1 


Structural response against impact loads such as forward bottom slamming, bow flare slamming and grab 
chocks depends on the loaded area, magnitude of loads and structural grillage. 
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3.1.2 


The ultimate strength of structural members that constitute the grillage, i.e. platings between stiffeners and 
primary supporting members and stiffeners with attached plating, is to be checked against the maximum 
impact loads acting on them. 
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SECTION 6 
STRUCTURAL DETAIL PRINCIPLES 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


1 = APPLICATION 


1.1 General 


1.1.1 


If not specified otherwise, the requirements of this section apply to the hull structure except superstructures 
and deckhouses. 


2 GENERAL PRINCIPLES 


2.1 = Structural continuity 


2.1.1 General 
Attention is to be paid to the structural continuity, in particular in the following areas: 
e In way of changes in the framing system. 
e At end connections of primary supporting members or ordinary stiffeners. 
e In way of the transition zones between cargo hold region and fore part, aft part and machinery space. 
e In way of side and end bulkheads of superstructures. 


At the termination of a structural member, structural continuity is to be maintained by the fitting of suitable 
supporting structure. 


Abrupt changes in transverse section properties of longitudinal members are to be avoided. Smooth 
transitions are to be provided. 

2.1.2 Longitudinal members 

Longitudinal members are to be arranged in such a way that continuity of strength is maintained. 


Longitudinal members contributing to the hull girder longitudinal strength are to extend continuously as far as 
practicable towards the ends of the ship. 


In particular, the structural continuity in way of longitudinal bulkheads within the cargo hold region, is to be 
maintained outside the cargo hold region. Large transition brackets (e.g. scarfing brackets) fitted in line with 
the longitudinal bulkhead are a possible means to achieve such structural continuity. 

2.1.3 Primary supporting members 

Primary supporting members are to be arranged in such a way that continuity of strength is maintained. 


Abrupt changes of web height or cross section are to be avoided. 
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2.1.4 Stiffeners 
Stiffeners are to be arranged in such a way that continuity of strength is maintained. 


Stiffeners contributing to the hull girder longitudinal strength are to be continuous when crossing primary 
supporting members within the 0.4 L amidships and as far as practicable outside 0.4 L amidships. 


Where stiffeners are terminated in way of large openings, foundations and partial girders, compensation is to 
be arranged to provide structural continuity in way of the end connection. 


2.1.5 Plating 


Where plates with different thicknesses are joined, the change in the as-built plate thickness is not to exceed 
50% of larger plate thickness in the load carrying direction. This also applies to the strengthening by local 
inserts, e.g. insert plates in double bottom girders, floors and inner bottom. 


2.1.6 Weld joints 


Weld joints are to be avoided in areas with high stress concentration. 


2.2 Local reinforcements 


2.2.1 Reinforcements at knuckles 


g 


Knuckles are in general to be stiffened to achieve out-of-plane stiffness by fitting ordinary stiffeners or 
equivalent means in line with the knuckle. 


2 


Whenever a knuckle in a main member (shell, longitudinal bulkhead etc) is arranged, stiffening in the 
form of webs, brackets or profiles is to be connected to the members to which they are to transfer the 
load (in shear). See example of reinforcement at upper hopper knuckle in Figure 1. 


c) For longitudinal shallow knuckles, closely spaced carlings are to be fitted across the knuckle, between 
longitudinal members above and below the knuckle. Carlings or other types of reinforcement need not 
be fitted in way of shallow knuckles that are not subject to high lateral loads and/or high in-plane loads 
across the knuckle, such as deck camber knuckles. 


© 
—_ 


Generally, the distance between the knuckle and the support stiffening in line with the knuckle is not to 
be greater than 50 mm. Otherwise, fatigue analysis according to Ch 9 is to be submitted by the 


designer. 
Figure 1 : Example of reinforcement at knuckles 
Section, in way of Horizontal girder at 
typical hopper upper hopper knuckle 
View A-A 
Vertical 
web 
p~ T ry 
i 
A i 
Vertical ' 
web H 
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2.2.2 Reinforcement in way of attachments for permanent means of access 


Local reinforcement, considering location and strength, is to be provided in way of attachments to the hull 
structure for permanent means of access. 


2.2.3 Reinforcement of deck structure in way of concentrated loads 


The deck structure is to be reinforced in way of concentrated loads, such as anchor windlass, deck machinery, 
cranes, masts and derrick posts. 


2.2.4 Reinforcement by insert plates 


Insert plates are to be made of materials with, at least, the same specified minimum yield stress and the same 
grade as the plates to which they are welded. See also [2.1.5]. 


2.3 Connection of longitudinal members not contributing to the hull girder longitudinal 
strength 


2.3.1 


Where the hull girder stress at the strength deck or at the bottom as defined in Ch 5, Sec 1, [2.2.2] is higher 
than the permissible stress as defined in Ch 5, Sec 1, [2.2.1] for normal strength steel, longitudinal members 
not contributing to the hull girder longitudinal strength and welded to the strength deck or bottom plating and 
bilge strake, such as longitudinal hatch coamings, gutter bars, strengthening of deck openings, bilge keel, are 
to be made of steel with the same specified minimum yield stress as the strength deck or bottom structure 
steel. 


2.3.2 


The requirement in [2.3.1] is also applicable to non-continuous longitudinal stiffeners welded on the web of a 
primary structural member contributing to the hull girder longitudinal strength such as hatch coamings, 
stringers and girders or on the inner bottom when the hull girder stress on those members is higher than the 
permissible stress as defined in Ch 5, Sec 1, [2.2.1] for normal strength steel. 


3 = STIFFENERS 


3.1 General 


3.1.1 


All types of stiffeners (excluding web stiffeners) are to be connected at their ends. However, in special cases 
such as isolated areas of the ship where end connections cannot be applied, sniped ends may be permitted. 
Requirements for the various types of connections (bracketed, bracketless or sniped ends) are given in [3.2] to 
[3.4]. 


3.1.2 


Where the angle between the web plate of the stiffener and the attached plating is less than 50 deg as shown 
on Figure 2, a tripping bracket is to be fitted. If the angle between the web plate of an unsymmetrical stiffener 
and the attached plating is less than 50 deg, the face plate of the stiffener is to be fitted on the side of open 
angle. 
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Figure 2 : Stiffener on attached plating with an angle less than 50 deg 


fo 


Stiffener face plate to be 
fitted on the side of the 
open (larger) angle 


3.2 Bracketed end connections of non-continuous stiffeners 


3.2.1 

Where continuity of strength of longitudinal members is provided by brackets, the alignment of the brackets on 
each side of the primary supporting member is to be ensured, and the scantlings of the brackets are to be 
such that the combined stiffener/bracket section modulus and effective cross sectional area are not less than 
those of the member. 

3.2.2 

At bracketed end connections, continuity of strength is to be maintained at the stiffener connection to the 
bracket and at the connection of the bracket to the supporting member. 

3.2.3 

The arrangement of the connection between the stiffener and the bracket is to be such that at no point in the 
connection, is the section modulus to be less than that required for the stiffener. 

3.2.4 Net web thickness 


The net bracket web thickness, t,, in mm, is to comply with the following: 


ty > (2+ fokt JZ) Rens and need not be greater than 13.5 mm. 


ReH-pkt 
where: 
fokt : Coefficient taken as: 
Foxe = 0.2 for brackets with flange or edge stiffener. 
fox = 0.3 for brackets without flange or edge stiffener. 
Z : Net required section modulus, of the stiffener, in cm. In the case of two stiffeners connected, Z is 


the smallest net required section modulus of the two connected stiffeners. 
Reus | Specified minimum yield stress of the stiffener material, in N/mm/?. 


Rono 2 Specified minimum yield stress of the bracket material, in N/mm?. 


3.2.5 Brackets at the ends of non-continuous stiffeners 


Brackets are to be fitted at the ends of non-continuous stiffeners, with arm lengths, @,,,, in mm, taken as: 


|Z 
Lort = Cone [= 
ty 


lpgis not to be taken less than: 
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© log 1.8 h for connections where the end of the stiffener web is supported and the bracket is welded 
in line with the stiffener web or with offset necessary to enable welding, see item (c) in Figure 3. 


© log 2.0 hy; for other cases, see items (a), (b) and (d) in Figure 3. 


where: 
Cont : Coefficient taken as: 
Coxe = 65 for brackets with flange or edge stiffener. 
Com = 7O for brackets without flange or edge stiffener. 
Z : Net required section modulus, for the stiffener, in cm%, as defined in [3.2.4]. 
ty : Minimum net bracket thickness, in mm, as defined in [3.2.4]. 


For connections similar to item (b) in Figure 3, but not lapped, the bracket arm length is to comply with 
lokt 2 hor- 


For connections similar to items (c) and (d) in Figure 3 where the smaller stiffener is connected to a primary 


supporting member or bulkhead, the bracket arm length is not to be less than hs- 


Figure 3 : Bracket arm length of non-continuous stiffeners 


lone lort 


| K "| 


Age = MAX (d,, d3) 


t bkt 


3.2.6 Brackets with different arm lengths 


The lengths of the arms, measured from the plating to the toe of the bracket, are to be such that the sum of 
them is greater than 2 /,,, and each arm not to be less than 0.8 pw, where lpp is as defined in [3.2.5]. 
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3.2.7 Edge stiffening of bracket 


Where an edge stiffener is required, the web height of the edge stiffener, h,,, in mm, is not to be less than: 


Z 
h, = 45 (a + =) : 
5000 but not less than 50 mm 
where: 
Z : Net section modulus, of the stiffener, in cm3, as defined in [3.2.4]. 


3.3 Bracketless connections 


3.3.1 


The design of bracketless connections is to be such as to provide adequate resistance to rotation and 
displacement of the connection. 


3.4 Sniped ends 


3.4.1 


Sniped ends may be used where dynamic loads are small, provided the net thickness of plating supported by 
the stiffener, t,, is not less than: 


t, = Cı [00-3) SEK 


10° 
where: 
P : Design pressure for the stiffener for the design load set being considered, in kN/m?. 
Cz : Coefficient for the design load set being considered, to be taken as: 


C,= 1.2 for acceptance criteria set AC-S. 
c,= 1.1 for acceptance criteria set AC-SD. 


Sniped stiffeners are not to be used on structures in the vicinity of engines or generators or propeller impulse 
zone nor on the shell envelope. 


3.4.2 


Bracket toes and sniped stiffeners ends are to be terminated close to the adjacent member. The distance is 
not to exceed 40 mm unless the bracket or member is Supported by another member on the opposite side of 
the plating. Tapering of the sniped end is not to be more than 30 deg. The depth of toe or sniped end is, 
generally, not to exceed the thickness of the bracket toe or sniped end member, but need not be less than 15 
mm. 


4 PRIMARY SUPPORTING MEMBERS (PSM) 


4.1 General 


4.1.1 


Primary supporting members web stiffeners, tripping brackets and end brackets are to comply with [4.2] to 
[4.4]. Where the structural arrangement is such that these requirements cannot be complied with, adequate 
alternative arrangement has to be demonstrated by the designer. 
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4.2 Web stiffening arrangement 


4.2.1 


Web stiffeners arranged on primary supporting members are to comply with the requirements to scantlings of 
such stiffeners are given in Ch 8, Sec 2, [4.2]. 


4.3 Tripping bracket arrangement 


4.3.1 
Tripping brackets (See Figure 4) are generally to be fitted: 


e At positions along the member span such that it satisfies the criteria of Ch 8, Sec 2, [5.1] for tripping 
bracket spacing and flange slenderness. 


e At the toe of end brackets. 
e At ends of continuous curved face plates. 
e In way of concentrated loads. 


e Near the change of section. 


4.3.2 

Where the width of the symmetrical face plate is greater than 400 mm, backing brackets are to be fitted in way 
of the tripping brackets. 

4.3.3 


Where the face plate of the primary supporting member exceeds 180 mm on either side of the web, a tripping 
bracket is to support the face plate. 


Figure 4 : Primary supporting member: Tripping bracket arrangement 


Tripping brackets at the toe of end brackets Tripping brackets at the ends of continuous curved face plates 
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4.3.4 Arm length 


The arm length of tripping brackets is not to be less than the greater of the following values, in m: 


d=0.38 b 

d = 0.85b E 

where: 

b : Height, in m, of tripping brackets, shown in Figure 4. 
Si : Spacing, in m, of tripping brackets. 

t : Net thickness, in mm, of tripping brackets. 


4.4 End connections 


4.4.1 General 
Brackets or equivalent structure are to be provided at ends of primary supporting members. 


End brackets are generally to be soft-toed. 


Bracketless connections may be applied provided that there is adequate support of adjoining face plates. 


4.4.2 Scantling of end brackets 


In general, the arm lengths of brackets connecting PSMs, as shown in Figure 5 are not to be less than the web 
depth of the member, and need not be taken greater than 1.5 times the web depth. 


The thickness of the bracket is, in general, not to be less than that of the PSM web plate. 


Scantlings of the end brackets are to be such that the section modulus of the PSM with end bracket, excluding 
face plate where it is sniped, is not to be less than that of the primary supporting member at mid-span. 


The net cross sectional area, A, in cm?, of face plates of brackets is not to be less than: 
Ar= ly ty 
where: 


Ly : Length of bracket edge, in m, see Figure 5. For brackets that are curved, the length of the bracket 
edge may be taken as the length of the tangent at the midpoint of the edge. 


ty : Minimum net bracket thickness, in mm, as defined in [3.2.4]. 


Moreover, the net thickness of the face plate is to be not less than that of the bracket web. 


4.4.3 Arrangement of end brackets 


Where the length of free edge of bracket, ¢,, is greater than 1.5 m, the web of the bracket is to be stiffened as 
follows: 


e The net sectional area, in cm?, of web stiffeners is to be not less than 16.52, where Z is the span, in m, 
of the stiffener. 


e Tripping flat bars are to be fitted. Where the width of the symmetrical face plate is greater than 400 
mm, additional backing brackets are to be fitted. 
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Figure 5 : Dimension of brackets 


Arm length 
(Bracket height) 


Arm length 


For a ring system where the end bracket is integral with the webs of the members and the face plate is carried 
continuously along the edges of the members and the bracket, the full area of the largest face plate is to be 
maintained close to the mid-point of the bracket and gradually tapered to the smaller face plates. Butts in face 
plates are to be kept well clear of the bracket toes. 


Where a wide face plate abuts a narrower one, the taper is not to be greater than 1 to 4. 


The toes of brackets are not to land on unstiffened plating. The toe height is not to be greater than the 
thickness of the bracket toe, but need not be less than 15 mm. In general, the end brackets of primary 
supporting members are to be soft-toed. Where primary Supporting members are constructed of higher 
strength steel, particular attention is to be paid to the design of the end bracket toes in order to minimise 
stress concentrations. 


Where a face plate is welded onto the edge or welded adjacent to the edge of the end bracket (See Figure 6), 
the face plate is to be sniped and tapered at an angle not greater than 30°. 


Figure 6 : Bracket face plate adjacent to the edge 


Bracket toe area 
Face plate area 


The details shown in this figure are only used to illustrate items described in the text and are not intended to represent design guidance or 
recommendations. 


5 INTERSECTION OF STIFFENERS AND PRIMARY SUPPORTING MEMBERS 


5.1 Cutouts 


5.1.1 


Cut-outs for the passage of stiffeners through the web of primary supporting members, and the related 
collaring arrangements, are to be designed to minimise stress concentrations around the perimeter of the 
opening and on the attached web stiffeners. 


5.1.2 


The total depth of cut-outs without collar plate is to be not greater than 50% of the depth of the primary 
supporting member. 
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5.1.3 


Cut-outs in way of cross tie ends and floors under bulkhead stools or in high stress areas are to be fitted with 
full collar plates, see Figure 7. 


Figure 7 : Full collar plates 


R2=0.2b but not less than 25 mm. 


Figure 8 : Symmetric and asymmetric cut-outs 


Primary supporting Primary supporting 
member web stiffener member web stiffener 


(a) double lug or collar plates (b) slit type slot connection 
Primary supporting Primary supporting 
member web stiffener member web stiffener 


(c) direct connection without (d) lug or collar plate and 
lug or collar plate direct connection 


Primary supporting 
member web stiffener 


(e) lug or collar plate and 
direct connection 
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Figure 9 : Primary supporting member web stiffener details 


(a) Straight heel no bracket (b) Soft toe and soft heel 


Ave = A wet t Awe2 
Aw = Avs + Awe 


max. 15 mm 


parak 15 mn 


(c) Keyhole in way of soft heel 


(d) Symmetrical soft toe brackets 


Aver = Ay, =4 + ty. + t + O.4t,, for angles and bulb flats 


d dy, = 8 + ty, + 2t, + 0.8t,. for T bars 


wci 


(e) Primary supporting member web welded directly to stiffener flange 


tws tws1r tws2 : Net thickness of the primary supporting member web stiffener/backing bracket, in mm. 
dw, dwi Ayo: Minimum depth of the primary supporting member web stiffener/backing bracket, in mm. 
Aner Awer Ayoo : Length of connection between the primary supporting member web stiffener/backing bracket and the stiffener, in mm. 


5.1.4 


Lug type collar plates are to be fitted in cut-outs where required for compliance with the requirements of [5.2], 
and in areas of high stress concentrations, e.g. in way of primary Supporting member toes. See Figure 8 for 
typical lug arrangements. 


5.1.5 


At connection to shell envelope longitudinals below the scantling draught, T,, and at connection to inner 
bottom longitudinals, a soft heel is to be provided in way of the heel of the primary supporting member web 
stiffeners when the calculated direct stress, o,, in the primary supporting member web stiffener according to 
[5.2] exceeds 80% of the permissible values. The soft heel is to have a keyhole, similar to that shown in item 
(c) in Figure 9. 
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A soft heel is not required at the intersection with watertight bulkheads and primary supporting members, 
where a back bracket is fitted or where the primary supporting member web is welded to the stiffener face 
plate. 
5.1.6 


In general, cut-outs are to have rounded corners and the corner radii, R, are to be as large as practicable, with 
a minimum of 20% of the breadth, b, of the cut-out or 25 mm, whichever is greater. The corner radii, R, does 
not need to be greater than 50 mm, see Figure 7. Consideration is to be given to other shapes on the basis of 
maintaining equivalent strength and minimising stress concentration. 


Note 1: Except where specific dimensions are noted for the details of the keyhole in way of the soft heel, the details shown in this figure 
are only used to illustrate symbols and definitions and are not intended to represent design guidance or recommendations. 


5.2 Connection of stiffeners to PSM 


5.2.1 General 


For connection of stiffeners to PSM in case of lateral pressure other than bottom slamming and bow impact 
loads, [5.2.2] and [5.2.3] are to be applied. In case of bottom slamming or bow impact loads, [5.2.4] is to be 
applied. 


The cross sectional areas of the connections are to be determined from the proportion of load transmitted 
through each component in association with its appropriate permissible stress. 
5.2.2 
The load, W,, in KN, transmitted through the shear connection is to be taken as follows. 
e If the web stiffener is connected to the intersecting stiffener: 
W, = W (a, + aot | 
Af, Ay + Az 


e If the web stiffener is not connected to the intersecting stiffener: 


W,=W 
where: 
Ww : Total load, in kN, transmitted through the stiffener connection to the PSM taken equal to: 
S S 
Pier (S,- 1 ) + Pasz (S2- 2) 
1t At 2000 252 2 2000/ 2% 
W = pia O 10 


P4, P> : Design pressure applied on the stiffener for the design load set being considered, in kN/m?, on each 
side of the considered connection. 


S4, S2 : Spacing between the considered and the adjacent PSM on each side of the considered connection, 
in m. 


S4, S2 : Spacing of the stiffener, in mm, on each side of the considered connection. 


Qa : Panel aspect ratio, not to be taken greater than 0.25. 
Qa = 3 
1000 S 
S = Si a S2 
2 
— SitSo 
2 
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Ai : Effective net shear area, in cm?, of the connection, to be taken equal to: 
A1 =A1g + Aic 
In case of a slit type slot connections area, A4, is given by: 
A1 = 2 Aj 
In case of a typical double lug or collar plate connection area, A4, is given by: 
A1 = 2 Ai, 

Aig : Net shear connection area, in cm?, excluding lug or collar plate, as given by: 
Arg = la ty 107 

ty : Length of direct connection between stiffener and PSM web, in mm. 

tw : Net web thickness of the primary supporting member, in mm. 

Ate : Net shear connection area, in cm?, with lug or collar plate, given by: 

A10 = fy le te 107 

Ez : Length of connection between lug or collar plate and PSM, in mm. 

to : Net thickness of lug or collar plate, not to be taken greater than the net thickness of the adjacent 
PSM web, in mm. 

fı : Shear stiffness coefficient, taken as: 

f, = 1.0, for stiffeners of symmetrical cross section. 
f, = 140/w, not to be taken greater than 1.0, for stiffeners of asymmetrical cross section. 

w : Width of the cut-out for an asymmetrical stiffener, measured from the cut-out side of the stiffener 
web, in mm, as indicated in Figure 8. 

Ay : Effective net cross sectional area, in cm?, of the PSM web stiffener in way of the connection including 
backing bracket where fitted, as shown in Figure 9. If the PSM web stiffener incorporates a soft heel 
ending or soft heel and soft toe ending, A,, is to be measured at the throat of the connection, as 
shown in Figure 9. 

fs : Collar load factor taken equal to: 

For intersecting stiffeners of symmetrical cross section: 
f, = 1.85 for A„ < 14 

f, = 1.85 - 0.0441(A, - 14) for 14<A,< 31 

f,=1.1- 0.013(A, - 31) for 31<A,<58 

fe = 0.75 for A, > 58 

For intersecting stiffeners of asymmetrical cross section: 
fe = 0.68 + 0.0172 = 

Ls : Connection length equal to: 

For a single lug or collar plate connection to the PSM: 
l= k 
For a single sided direct connection to the PSM: 
l= lg 
In the case of a lug or collar plus a direct connection: 
l; = 0.5 (Le + la) 
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5.2.3 
The load, W,, in KN, transmitted through the PSM web stiffener is to be taken as: 


e If the web stiffener is connected to the intersecting stiffener: 


W, = w(41-a,-——“s _ ) 
4f, Ay+Az 


e If the web stiffener is not connected to the intersecting stiffener: 
W,=0 
The values of Ay, Aw: and A, are to be such that the calculated stresses satisfy the following criteria: 
e For the connection to the PSM web stiffener not in way of the weld: o, < Operm 
e For the connection to the PSM web stiffener in way of the weld: Ows S Operm 


e For the shear connection to the PSM web: Tw < term 


where: 
WwW : Load, in kN, as defined in [5.2.2]. 
fo : Collar load factor as defined in [5.2.2]. 
Qa : Panel aspect ratio, as defined in [5.2.2]. 
Ai : Effective net shear area, in cm2, as defined in [5.2.2]. 
Ay : Effective net cross sectional area, in cm?, as defined in [5.2.2]. 
On : Direct stress, in N/mm2, in the PSM web stiffener at the minimum bracket area away from the weld 
connection: 
Owe : Direct stress, in N/mm?, in the PSM web stiffener in way of the weld connection: 
Ty : Shear stress, in N/mm?, in the shear connection to the PSM web: 
wc A, 
Aye : Effective net area, in cm, of the PSM web stiffener in way of the weld as shown in Figure 9. 


Operm  : Permissible direct stress given in Table 1 for AC-S and AC-SD, in N/mm?. 


Term  : Permissible shear stress given in Table 1 for AC-S and AC-SD, in N/mm?. 


5.2.4 Bottom slamming and bow impact loads 


For bottom slamming or bow impact loads, the load W, in kN, transmitted through the PSM web stiffener is to 
comply with the following criteria instead of those defined in [5.2.2] and [5.2.3]: 


(A, Therm + Ay Operm) 


0.9W < To 

where: 

WwW : Load, in KN, as defined in [5.2.2]. 

Ai : Effective net shear area, in cm2, as defined in [5.2.2]. 

Ag : Effective net cross sectional area, in cm?, as defined in [5.2.2]. 
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Operm  : Permissible direct stress given in Table 1 for AC-I, in N/mm?. 


Term  : Permissible shear stress given in Table 1 for AC-I, in N/mm?. 


5.2.5 


Where a backing bracket is fitted in addition to the PSM web stiffener, it is to be aligned with the web stiffener. 
The arm length of the backing bracket is not to be less than the depth of the web stiffener. The net cross 
sectional area through the throat of the bracket is to be included in the calculation of A,, as shown in Figure 9. 


5.2.6 


Lapped connections of PSM web stiffeners or tripping brackets to stiffeners are not permitted in the cargo hold 
region. 


5.2.7 


Where built-up stiffeners have their face plate welded to the side of the web, a symmetrical arrangement of 
connection to the PSM is to be fitted. This may be achieved by fitting backing brackets on the opposite side of 
the PSM or bulkhead. In way of the cargo hold region, the PSM web stiffener and backing brackets are to be 
butt welded to the intersecting stiffener web. 


5.2.8 


Where the web stiffener of the PSM is parallel to the web of the intersecting stiffener, but not connected to it, 
the offset PSM web stiffener is to be located in close proximity to the slot edge as shown in Figure 10. The 
ends of the offset web stiffeners are to be suitably tapered and softened. 


Locations where the web stiffener of the PSM are not connected to the intersecting stiffeners as well as the 
detail arrangements are to be specially considered on the basis of their ability to transmit load with equivalent 
effectiveness to that of [5.2.2] through [5.2.7]. Details of calculations made and/or testing procedures and 
results are to be submitted. 


Table 1: Permissible stresses for connection between stiffeners and PSMs 


Direct stress, Operm in N/mm? Shear stress, Term, in N/mm? 
Item Acceptance criteria set Acceptance criteria set 
AC-S AC-SD AC-I AC-S AC-SD AC-I 
PSM web stiffener 0.83Re4? Rey Rey - : 2 
PSM web stiffener to intersecting 
stiffener in way of weld 
connection: 
* Double continuous fillet 0.58R.4 | 0.70R4 Rey - - - 
e Partial penetration weld 0.83R,40@ Roy Rey - - - 


PSM stiffener to intersecting 


stiffener in way of lapped welding O00 Ras OOR Ren j g g 


Shear connection including lugs 
or collar plates: 


e Single sided connection - - - 0.71 Tey | 0.85 Toy Tex 
e Double sided connection - - - 0.83 Toy TeH Tex 
(1) The root face is not to be greater than one third of the gross thickness of the PSM stiffener. 
(2) Permissible stresses may be increased by 5 percent where a soft heel is provided in way of the heel of the PSM web stiffener. 
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5.2.9 

The size of the fillet welds is to be calculated according to Ch 12, Sec 3, [2.5] based on the weld factors given 
in Table 2. For the welding in way of the shear connection the size is not to be less than that required for the 
PSM web plate for the location under consideration. 


Table 2 : Weld factors for connection between stiffeners and PSMs 


Acceptance 
Item p ; Weld factor 
criteria 
F : A p AC-S 0.6 Orc / 0, 
PSM stiffener to intersecting stiffener a 
AC-SD not to be less than 0.38 
ee : AC-S 
Shear connection inclusive of lug or collar plate 0.38 
AC-SD 
Shear connection inclusive of lug or collar plate, where the 
4 P . . AC-S 0.6 Tw/ Therm 
web stiffener of the PSM is not connected to the intersection 
. AC-SD not to be less than 0.44 
stiffener 
PSM stiffener to intersecting stiffener ACA 0.6 QW 
Shear connection inclusive of lug or collar plate ` A1 Tperm Ay Operm 
Note 1: 
Ty : Shear stress, in N/mm?, as defined in [5.2.3]. 
Ow : Stress, in N/mm?, as defined in [5.2.3]. 
Trem : Permissible shear stress, in N/mm?, see Table 1. 
Operm : Permissible direct stress, in N/mm?, see Table 1. 
Ww : Load, in kN, as defined in [5.2.2]. 
A; : Effective net shear area, in cm?, as defined in [5.2.2]. 
Ay : Effective net cross sectional area, in cm?, as defined in [5.2.2]. 
Figure 10 : Offset PSM web stiffeners 
Primary supporting member 
ʻA web stiffener offset from 
[7 intersecting stiffener 
La Stiffener view ‘A’-’A’ 


6 OPENINGS 


6.1 Openings and scallops in stiffeners 


6.1.1 


Figure 11 shows examples of air holes, drain holes and scallops. In general, the ratio of a/b, as defined in 
Figure 11, is to be between 0.5 and 1.0. In fatigue sensitive areas further consideration may be required with 
respect to the details and arrangements of openings and scallops. 
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6.1.2 


Openings and scallops are to be kept at least 200 mm clear of the toes of end brackets, end connections and 
other areas of high stress concentration, measured along the length of the stiffener toward the mid-span and 
50 mm measured along the length in the opposite direction, see Figure 12. In areas where the shear stress is 
less than 60 percent of the permissible stress, alternative arrangements may be accepted. 


Figure 11 : Examples of air holes, drain holes and scallops 


sm CS) aC) 


A < 100 mm A A 


The details shown in this figure are for guidance and illustration only. 


Figure 12 : Location of air and drain holes 


Openings to be kept clear of these areas. 


6.1.3 


Closely spaced scallops or drain holes, i.e. where the distance between scallops/drain holes is less than twice 
the width b as shown in Figure 11, are not permitted in stiffeners contributing to the longitudinal strength. For 
other stiffeners, closely spaced scallops/drain holes are not permitted within 20% of the stiffener span 
measured from the end of the stiffener. Widely spaced air or drain holes may be permitted provided that they 
are of elliptical shape or equivalent to minimise stress concentration and are, in general, cut clear of the 
welds. 


6.2 Openings in primary supporting members 


6.2.1 General 


Manholes, lightening holes and other similar openings are to be avoided in way of concentrated loads and 
areas of high shear. In particular, manholes and similar openings are to be avoided in high stress areas unless 
the stresses in the plating and the panel buckling characteristics have been calculated and found satisfactory. 


Examples of high stress areas include: 


e Vertical or horizontal diaphragm plates in narrow cofferdams/double plate bulkheads within one-sixth 
of their length from either end. 


e Floors or double bottom girders close to their span ends. 
e Primary supporting member webs in way of end bracket toes. 


e Above the heads and below the heels of pillars. 
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Where openings are arranged, the shape of openings is to be such that the stress concentration remains 
within acceptable limits. 


Openings are to be well rounded with smooth edges. 


6.2.2 Manholes and lightening holes 
Web openings as indicated below do not require reinforcement 


e In single skin sections, having depth not exceeding 25% of the web depth and located so that the edges 
are not less than 40% of the web depth from the faceplate. 


e In double skin sections, having depth not exceeding 50% of the web depth and located so that the 
edges are well clear of cut outs for the passage of stiffeners. 


The length of openings is not to be greater than: 
e Atthe mid-span of primary supporting members: the distance between adjacent openings. 
e Atthe ends of the span: 25% of the distance between adjacent openings. 


For openings cut in single skin sections, the length of opening is not to be greater than the web depth or 60% 
of the stiffener spacing, whichever is greater. 


The ends of the openings are to be equidistant from the cut outs for stiffeners. 


Where lightening holes are cut in the brackets, the distance from the circumference of the hole to the free 
flange of brackets is not to be less than the diameter of the lightening hole. 


Openings not complying with this requirement are to be reinforced according to [6.2.3]. 


6.2.3 Reinforcements around openings 


Manholes and lightening holes are to be stiffened according to this requirement, except where alternative 
arrangements are demonstrated as satisfactory, in accordance with the analysis methods described in Ch 7. 


On members contributing to longitudinal strength, stiffeners are to be fitted along the free edges of the 
openings parallel to the vertical and horizontal axis of the opening. Stiffeners may be omitted in one direction 
if the shortest axis is less than 400 mm and in both directions if length of both axes is less than 300 mm. Edge 
reinforcement may be used as an alternative to stiffeners, see Figure 13. 


Figure 13 : Web plate with openings 


Example 1 


Example 2 


Example 3 


In the case of large openings in the web of PSMs (e.g. where a pipe tunnel is fitted in the double bottom), the 
secondary stresses in PSMs are to be considered for the reinforcement of these openings. 
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Where no FE analysis is performed, this may be carried out by assigning an equivalent net shear sectional area 
to the PSM obtained, in cm?, according from the following formula: 


As nso = A1-n50 + A2-n50 
44 82lsnrAs-nso 4 4 32lsnr A2-nso 
li-ns0 2-n50 
where: 


linso longo: Net moments of inertia, in cm4, of deep webs (1) and (2), respectively, with attached plating 
around their neutral axes parallel to the plating. 


A1nso Aonso: Net shear sectional areas, in cm?, of deep webs (1) and (2), respectively, taking account of the 
web height reduction by the depth of the cut out for the passage of the ordinary stiffeners, if any. 


Lei : Shear span, in m, of deep webs (1) and (2) as defined in Ch 3, Sec 7, [1.1.2]. 
Deep web (1) and (2) are defined in Figure 14. 


Figure 14 : Large openings in the web of primary supporting members 


Web (1): liaso, Ainso 


Web (2): 1350, Aonso 


6.3 Openings in the strength deck 


6.3.1 General 
Openings in the strength deck are to be kept to a minimum and spaced as far as practicable from one another 
and from the ends of superstructures. Openings are to be located as far as practicable from high stress 
regions such as side shell platings, hatchway corners, or hatch side coamings. 
6.3.2 Small opening location 
Openings are generally to be located outside the limits as shown in Figure 15 in dashed area, defined by: 

e The bent area of a rounded sheer strake, if any, or the side shell. 

e e=0.25 (B - b) from the edge of opening. 


e c=0.07/ + 0.16 or 0.25b, whichever is greater. 


where: 

b : Width, in m, of the hatchway considered, measured in the transverse direction, see Figure 15. 

4 : Width, in m, in way of the corner considered, of the cross deck strip between two consecutive 
hatchways, measured in the longitudinal direction, see Figure 15. 
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Transverse distance between the above limits and openings or between hatchways and openings as shown in 


Figure 15 is not to be less than: 
e g5=2a>for circular openings. 
e g= a, for elliptical openings. 

Transverse distance between openings as shown in Figure 16 is not to be less than: 
e 2 (a, + a.) for circular openings. 


e 1.5 (a, + a.) for elliptical openings. 


where: 

a1 : Transverse dimension of elliptical openings, or diameter of circular openings. 
a> : Transverse dimension of elliptical openings, or diameter of circular openings. 
a3 : Longitudinal dimension of elliptical openings, or diameter of circular openings. 


Longitudinal distance between openings is not to be less than: 


e (aı+ a3) for circular openings. 


e 0.75 (a, + a3) for elliptical openings and for an elliptical opening in line with a circular one. 


If the opening arrangements do not comply with these requirements, the hull girder longitudinal strength 


assessment is to be carried out by subtracting such opening areas, see Ch 5, Sec 1, [1.2.11]. 


Figure 15 : Position of openings in strength deck 


Figure 16 : Elliptical and circular openings in strength deck 


a 


an i 
ae ay: oa 
2 0.75(a, + a3) ae 
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7 DOUBLE BOTTOM STRUCTURE 


7.4 General 


7.1.1 Framing system 


For ships greater than 120 m in length, the bottom shell, the inner bottom and the sloped bulkheads of hopper 
tanks, if any, are to be longitudinally framed within the cargo hold region. Where it is not practicable to apply 
the longitudinal framing system to fore and aft parts of the cargo hold region due to the hull form, transverse 
framing may be accepted on a case-by-case basis subject to appropriate brackets and other arrangements 
being incorporated to provide structural continuity in way of changes to the framing system. 


7.1.2 Variation in height of double bottom 
Any variation in the height of the double bottom is generally to be made gradually and over an adequate 
length; the knuckles of inner bottom plating are to be located in way of plate floors. Where such arrangement 


is not possible, suitable longitudinal structures such as partial girders, longitudinal brackets, fitted across the 
knuckle are to be arranged. 


7.1.3 Breadth of inner bottom 


Breadth of inner bottom, in m, is to be measured at mid-length of the cargo hold as shown in Figure 17. 


Figure 17 : Breadth of inner bottom 


Ships with inclined slides 


7.1.4 Drainage of tank top 


For ships designed to carry solid cargoes, effective arrangements are to be provided for draining water from 
the tank top. Where wells are provided for the drainage, such wells are not to extend for more than one-half 
height of the double bottom. 


7.1.5 Striking plate 


Striking plates of adequate thickness or other equivalent arrangements are to be provided under sounding 
pipes to prevent the sounding rod from damaging the plating. 


7.1.6 Duct keel 


Where a duct keel is arranged, the centre girder may be replaced by two girders spaced, no more than 3m 
apart. Otherwise, for a spacing wider than 3 m, the two girders are to be provided with support of adjacent 
structure and subject to the Society’s approval. 


The structures in way of the floors are to provide sufficient continuity of the latter. 
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7.2 Keel plate 


7.2.1 
Keel plating is to extend over the flat of bottom for the full length of the ship. 
The width of the keel, in m, is not to be less than 0.8 + L/200, without being taken greater than 2.3 m. 


7.3 Girders 


7.3.1 Centre girder 


When fitted, the centre girder is to extend within the cargo hold region and is to extend forward and aft as far 
as practicable. Structural continuity of the centre girder is to be maintained within the full length of the ship. 


Where double bottom compartments are used for the carriage of fuel oil, fresh water or ballast water, the 
centre girder is to be watertight, except for the case such as narrow tanks at the end parts or when other 
watertight girders are provided within 0.25 B from the centreline. 

7.3.2 Side girders 


The side girders are to extend within the parallel part of the cargo hold region and are to extend forward and 
aft of the cargo hold region as far as practicable. 


7.4 Floors 


7.4.1 Web stiffeners 


Floors are to be provided with web stiffeners in way of longitudinal ordinary stiffeners. Where the web 
stiffeners are not welded to the longitudinal stiffeners, design standard as given in Ch 9, Sec 6, [2] applies 
unless fatigue strength assessment for the cut out and connection of longitudinal stiffener is carried out. 


7.5 Bilge keel 


7.5.1 Material 


The material of the bilge keel and ground bar is to be of the same yield stress as the material to which they are 
attached. 


In addition, when the bilge keel extends over a length more than 0.15 L, the material of the bilge keel and 
ground bar is to be of the same grade as the material to which they are attached. 


Figure 18 : Bilge keel construction 


As close as 
practicable 
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Figure 20 : Bilge keel end design (continued) 
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7.5.2 Design 
The design of single web bilge keels is to be such that failure to the web occurs before failure of the ground 
bar. In general, this may be achieved by ensuring the web thickness of the bilge keel does not exceed that of 
the ground bar. 


Bilge keels of a different design, from that shown in Figure 18, are to be specially considered by the Society. 


7.5.3 Ground bars 


Bilge keels are not to be welded directly to the shell plating. A ground bar, or doubler, is to be fitted on the shell 
plating as shown in Figure 18 and Figure 19. In general, the ground bar is to be continuous. 


The gross thickness of the ground bar is not to be less than the gross thickness of the bilge strake or 14 mm, 
whichever is the lesser. 
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7.5.4 End details 


The ground bar and bilge keel ends are to be tapered or rounded. Tapering is to be gradual with a minimum 
ratio of 3:1, see items (a), (b), (d) and (e) in Figure 19/Figure 20. Rounded ends are to be as shown in item (c) 
of Figure 19. Cut-outs on the bilge keel web, within zone ‘A’ (See items (b) and (e) of Figure 19/Figure 20) are 
not permitted. 


The end of the bilge keel web is to be not less than 50 mm and not greater than 100 mm from the end of the 
ground bar, see items (a) and (d) of Figure 19/Figure 20. 


Ends of the bilge keel and ground bar are to be supported by either transverse or longitudinal members inside 
the hull, as indicated as follows: 


e Transverse support member is to be fitted at mid length between the end of the bilge keel web and the 
end of the ground bar, see items (a), (b) and (c) of Figure 19. 

e Longitudinal stiffener is to be fitted in line with the bilge keel web, it is to extend to at least the nearest 
transverse member forward and aft of zone ‘A’ (See items (b) and (e) of Figure 19/Figure 20). 


Alternative end arrangements may be accepted, provided that they are considered equivalent. 


7.6 Docking 


7.6.1 General 
The drydocking arrangement itself is not covered in these Rules. 


The bottom structure is to withstand the forces imposed by drydocking the ship. 


7.6.2 Docking brackets 


Docking brackets connecting the centreline girder to the bottom plating, are to be connected to the adjacent 
bottom longitudinals. 


8 DOUBLE SIDE STRUCTURE 


8.1 General 


8.1.1 


Side shell, inner hull bulkheads and longitudinal bulkheads are generally to be longitudinally framed. Where 
the side shell is longitudinally framed, the inner hull bulkheads are to be longitudinally framed. Alternative 
framing arrangements are to be specially considered by the Society. 


8.1.2 


Where the double side space of bulk carriers is void, the structural members bounding this space are to be 
structurally designed as a water ballast tank. In such a case the corresponding air pipe is considered as 
extending 0.76 m above the freeboard deck at side. For corrosion addition, the space is to be considered as a 
void space. 


8.2 Structural arrangement 


8.2.1 Primary supporting members 


Double side web frames are to be fitted in line with web frames in hopper tanks. In addition, double side web 
frames are to be aligned with web frames or large brackets in topside tanks. 


Vertical primary supporting members are to be fitted in way of hatch end beams of bulk carriers or similar 
large deck opening supporting transverse structure. 


In general, horizontal side stringers are to be fitted aft of the collision bulkhead, up to 0.2 L aft of the fore end, 
in line with fore peak stringers. 
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8.2.2 Transverse stiffeners 


Transverse stiffeners on side shell and inner side, where fitted, are to be continuous or fitted with bracket end 
connections within the height of the double side. The transverse stiffeners are to be effectively connected to 
stringers. At their upper and lower ends, shell and inner side transverse stiffeners are to be connected by 
brackets to supporting stringer plates. 


8.2.3 Longitudinal stiffeners 


Longitudinal stiffeners on side shell and inner side, where fitted, are to be continuous within the length of the 
parallel part of the cargo hold region. They are to be fitted with soft toe brackets in way of transverse 
bulkheads aligned with cargo hold bulkheads and are to be effectively connected to transverse web frames of 
the double side structure. 


Longitudinal framing of the side shell is to extend outside the cargo hold region as far forward as practicable. 


8.2.4 Sheer strake 


Sheer strakes are to have breadths not less than 0.8 + L/200 m, measured vertically, but need not be greater 
than 1.8 m. 


The sheer strake may be either welded to the stringer plate or rounded. 


If the sheer strake is rounded, its radius, in mm, is to be not less than 17 t,, where t, is the net thickness, in 
mm, of the sheer strake. 


The upper edge of the welded sheer strake is to be rounded smooth and free of notches. Fixtures such as 
bulwarks, eye plates are not to be directly welded on the upper edge of sheer strake, except in fore and aft 
parts. Drainage openings with a smooth transition in the longitudinal direction may be permitted. 


Longitudinal seam welds of rounded sheer strake are to be located outside the bent area at a distance not 
less than 5 times the maximum net thicknesses of the sheer strake. 


The welding of deck fittings to rounded sheer strakes is to be avoided within 0.6 L amidships. 
The transition from a rounded sheer strake to an angled sheer strake associated with the arrangement of 


superstructures is to be designed to avoid any discontinuities. 
8.2.5 Plating connection 


Connection between the inner hull plating and the inner bottom plating is to be designed such that stress 
concentration is avoided. 


The connections of hopper tanks plating with inner hull and with inner bottom are to be supported by a primary 
supporting member. 


9 DECK STRUCTURE 


9.1 Structural arrangement 


9.1.1 Framing system 


Deck areas contributing to the longitudinal strength are to be longitudinally framed. 


9.1.2 Stringer plate 


Stringer plates are to have breadths not less than 0.8 + L/200 m, measured parallel to the deck, but need not 
be greater than 1.8 m. 


Rounded stringer plates, where adopted, are to comply with the requirements in [8.2.4]. 


9.1.3 Connection of deckhouses and superstructures 


Connection of deckhouses and superstructures to the strength deck are to be designed such that loads are 
transmitted into the under deck supporting structure. 
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9.2 Deck scantlings 


9.2.1 
The web depth of deck stiffeners is not to be less than 60 mm. 


The web depth of PSMs is not to be less than 10% and 7% of the unsupported span in bending in tanks and in 
dry spaces, respectively, and is not to be less than 2.5 times the depth of the slots if the slots are not closed. 
Unsupported span in bending is the bending span as defined in Ch 3, Sec 7 or in case of a grillage structure, 
the distance between connections to other PSMs. 


10 BULKHEAD STRUCTURE 


10.1 Application 


10.1.1 


The requirements of this article apply to longitudinal and transverse bulkheads, which may be plane or 
corrugated. 


10.2 General 


10.2.1 


The web height of vertical PSMs on bulkheads may be gradually tapered from bottom to deck. 


10.2.2 


Bulkheads are to be stiffened in way of deck girders. 


10.2.3 


Bulkheads that support girders, or pillars and longitudinal bulkheads which are fitted in lieu of girders, are to 
be stiffened to provide supports not less effective than required for stanchions or pillars that would be located 
at the same position. 


10.2.4 


Where bulkheads are penetrated by cargo or ballast piping, the structural arrangements in way of the 
connection are to be adequate for the loads imparted to the bulkheads by the hydraulic forces in the pipes. 


10.3 Plane bulkheads 


10.3.1 General 
Plane bulkheads may be horizontally or vertically stiffened. 


Horizontally framed bulkheads are made of horizontal stiffeners supported by vertical primary supporting 
members. 


Vertically framed bulkheads are made of vertical stiffeners supported by horizontal stringers, if needed. 


The bulkhead stiffener webs of hopper and topside tank watertight bulkheads are to be aligned with the webs 
of longitudinal stiffeners of sloping plates of inner hull. 


Floors are to be fitted in the double bottom in line with the plane transverse bulkhead. 
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10.3.2 End connection of stiffeners 

The crossing of stiffeners through a watertight bulkhead is to be watertight. 

End connections of stiffeners are to be bracketed. For isolated areas of the ship where bracketed end 
connections cannot be applied due to hull lines, other arrangements including sniped ends are acceptable. 
10.3.3 Sniped end of stiffener 


Sniped ends may be used on bulkheads subject to hydrostatic pressure provided they comply with [3.4]. 


10.4 Corrugated bulkheads 


10.4.1 General 


For bulk carriers of 190 m of length L and above and for oil tankers of 16 m moulded depth and above, the 
transverse vertically corrugated watertight bulkheads are to be fitted with a lower stool, and generally with an 
upper stool below deck. For bulk carriers having length L less than 190 m and for oil tankers having a moulded 
depth less than 16 m, corrugations may extend from inner bottom to deck. 


10.4.2 Construction 
The main dimensions a, R, c, d, t tw Sc of corrugated bulkheads are defined in Figure 21. 
The corrugation angle gis not to be less than 55°. 


When welds in a direction parallel to the bend axis are provided in the zone of the bend, the welding 
procedures are to be submitted to the Society for approval. 


Figure 21 : Dimensions of a corrugated bulkhead 


10.4.3 Corrugated bulkhead depth 


The depth of the corrugation, d, in mm, is not to be less than: 


g = 10004. 
C 

where: 

A : Mean span of considered corrugation, in m, as defined in [10.4.5]. 

C : Coefficient to be taken as: 


C = 15 for tank and water ballast cargo hold bulkheads. 
C = 18 for dry cargo hold bulkheads. 


10.4.4 Actual section modulus of corrugations 


The net section modulus of a corrugation may be obtained, in cm?, from the following formula: 


z= Eaa si 10° 
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where: 
tatw  : Net thickness of the plating of the corrugation, in mm, shown in Figure 21. 
d,a,c_ : Dimensions of the corrugation, in mm, shown in Figure 21. 


Where the web continuity is not ensured at ends of the bulkhead, the net section modulus of a corrugation is 
to be obtained, in cm, from the following formula: 


Z=05at,d10° 


10.4.5 Span of corrugations 
The span £o of the corrugations is to be taken as the distance shown in Figure 22. 


For the definition of £,, the bottom of the upper stool is not to be taken more than a distance from the deck at 
the centre line equal to: 


e 3 times the depth of corrugation, for non rectangular stool. 


e 2times the depth of corrugation, for rectangular stool. 


Figure 22 : Span of the corrugations 


na = neutral axis of 
the corrugations 


(*) upper stool height 
(**) lower stool height 


10.4.6 Structural arrangements 


Where corrugated bulkheads are cut in way of primary supporting members, corrugations on each side of the 
primary member are to be aligned with each other. 
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10.4.7 Bulkhead end supports 
The strength continuity of corrugated bulkheads is to be maintained at the ends of corrugations. 


Where a bulkhead is provided with a lower stool, floors or girders are to be fitted in line with both sides of the 
lower stool. Where a bulkhead is not provided with a lower stool, floors or girders are to be fitted in line with 
both flanges of the vertically corrugated transverse bulkhead. 


The supporting floors or girders are to be connected to each other by suitably designed shear plates. 


At deck, if no upper stool is fitted, transverse or longitudinal stiffeners are to be fitted in line with the 
corrugation flanges. 


When the corrugation flange connected to the adjoining boundary structures (i.e. inner hull, side shell, 
longitudinal bulkhead, trunk, etc) is smaller than 50% of the width of the typical corrugation flange, an 
advanced analysis of the connection is required. 

10.4.8 Bulkhead stools 


Stool side plating is to be aligned with the corrugation flanges. 


10.4.9 Lower stool 

The lower stool, when fitted, is to have a height in general not less than: 
e 3 corrugation depths, for bulk carriers. 
e One corrugation depth, for oil tankers. 


The ends of stool side ordinary stiffeners, when fitted in a vertical plane, are to be attached to brackets at the 
upper and lower ends of the stool. Lower stool side vertical stiffeners and their brackets in the stool are to be 
aligned with the inner bottom structures such as longitudinals or similar. Lower stool side plating is not to be 
knuckled anywhere between the inner bottom plating and the stool top plate. 


The distance d from the edge of the stool top plate to the surface of the corrugation flange is to be in 
accordance with Figure 23. 


The lower part of the stool side plates is to be in line with double bottom floors or girders as the case may be, 
and the stool bottom is to have a width not less than: 


e 2.5 corrugation depths, for bulk carriers. 
e One corrugation depth, for oil tankers. 


The stool is to be fitted with diaphragms in line with the longitudinal double bottom girders or floors. Scallops 
in the brackets and diaphragms in way of the connections to the stool top plate are to be avoided. 


Figure 23 : Permitted distance, d, from the edge of the stool top plate to the surface of the corrugation flange 


Corrugation 
flange 


Corrugation flange 


Stool top plate 
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The stool side plating is to be connected to the stool top plate and the inner bottom plating by either full 
penetration or partial penetration welds. The supporting floors are to be connected to the inner bottom by 
either full penetration or partial penetration welds. 
10.4.10 Upper stool 
The upper stool, when fitted, is to have a height: 

e Between two and three times the corrugation depth, for bulk carriers. 

e At least one corrugation depth, for oil tankers. 


Rectangular stools are to have a height in general equal to twice the depth of corrugations, measured from the 
deck level and at the hatch side girder. Brackets or deep webs are to be fitted to connect the upper stool to the 
deck transverse or hatch end beams. 


The upper stool of a transverse bulkhead is to be properly supported by deck girders or deep brackets between 
the adjacent hatch end beams. The width of the upper stool bottom plate is generally to be the same as that of 
the lower stool top plate. The stool top of non-rectangular stools is to have a width not less than twice the 
depth of corrugations. The ends of stool side ordinary stiffeners when fitted in a vertical plane, are to be 
attached to brackets at the upper and lower end of the stool. 


The stool is to be fitted with diaphragms in line with and effectively attached to longitudinal deck girders 
extending to the hatch end coaming girders or transverse deck primary supporting members. Scallops in the 
brackets and diaphragms in way of the connection to the stool bottom plate are to be avoided. 


10.5 Non-tight bulkheads 


10.5.1 General 
In general, openings in wash bulkheads are to have generous radii and their aggregate area is not to be less 
than 10% of the area of the bulkhead. 
10.5.2 Non-tight bulkheads not acting as pillars 
In general, the maximum spacing of stiffeners fitted on non-tight bulkheads not acting as pillars is to be: 
e 0.9 m, for transverse bulkheads. 
e Two frame spacings, with a maximum of 1.5 m, for longitudinal bulkheads. 
The net thickness of bulkhead stiffener, in mm, is not to be less than: 
t=3+0.015L, 
The depth of bulkhead stiffener of flat bar type is in general not to be less than 1/12 of stiffener length. 
A smaller depth of stiffener may be accepted based on calculations showing compliance with Ch 6, Sec 5 and 
Ch 8. 
10.5.3 Non-tight bulkheads acting as pillars 


Non-tight bulkheads acting as pillars are to be provided with bulkhead stiffeners with a maximum spacing 
equal to: 


e Two frame spacings, when the frame spacing does not exceed 0.75 m. 
e One frame spacing, when the frame spacing is greater than 0.75 m. 
Where non-tight bulkheads are corrugated, the depth of the corrugation is not to be less than 100 mm. 


Each vertical stiffener, in association with a width of plating equal to 35 times the plating net thickness, 1/12 
of stiffener length or the stiffener spacing, whichever is the smaller, is to comply with the applicable 
requirements in Ch 6, for the load being supported. 
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10.6 Watertight bulkheads of trunks and tunnels 


10.6.1 


Watertight trunks, tunnels, duct keels and ventilators are to be of the same strength as watertight bulkheads 
at corresponding levels. The means used for making them watertight, and the arrangements adopted for 
closing openings in them, are to be to the satisfaction of the Society. 


11 PILLARS 


11.1 General 


11.1.1 


Pillars are to be fitted in the same vertical line wherever possible. If not possible, effective means are to be 
provided for transmitting their loads to the supports below. Effective arrangements are to be made to 
distribute the load at the heads and heels of all pillars. Where pillars support eccentric loads, they are to be 
strengthened for the additional bending moment imposed upon them. 


11.1.2 


Pillars are to be provided in line with the double bottom girder or as close thereto as practicable, and the 
structure above and below the pillars is to be of sufficient strength to provide effective distribution of the load. 
Where pillars connected to the inner bottom are not located in way of the intersection of floors and girders, 
partial floors or girders or equivalent structures are to be fitted as necessary to support the pillars. 


11.1.3 


Pillars provided in tanks are to be of solid or open section type. 


Where the hydrostatic pressure may result in tensile stresses in the pillar, the tensile stress in the pillar and its 
end connections is not to exceed 45% of the specified minimum yield stress of the material. 


11.2 Connections 


11.2.1 


Heads and heels of pillars are to be secured by thick doubling plates and brackets as necessary. Where the 
pillars are likely to be subjected to tensile loads, the head and heel of pillars are to be efficiently secured to 
withstand the tensile loads and the doubling plates replaced by insert plate. 


In general, the net thickness of doubling plates is to be not less than 1.5 times the net thickness of the pillar. 
Pillars are to be attached at their heads and heels by continuous welding. 
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SECTION 7 
STRUCTURAL IDEALISATION 


SYMBOLS 


Symbols 
For symbols not defined in this section, refer to Ch 1, Sec 4. 


Pu : Angle, in deg, between the stiffener or primary Supporting member web and the attached plating, see 
Figure 14. ø, is to be taken equal to 90 deg if the angle is greater than or equal to 75 deg. 


Loag : Effective bending span, in m, as defined in [1.1.2] for stiffeners and [1.1.6] for primary supporting 


members. 

Lohr : Effective shear span, in m, as defined in [1.1.3] for stiffeners and [1.1.7] for primary supporting 
members. 

4 : Full length of stiffener or of primary supporting member, in m, between their supports. 

S : Stiffener spacing, in mm, as defined in [1.2]. 

S : Primary supporting member spacing, in m, as defined in [1.2]. 

a : Length, in mm, of EPP as defined in [2.1.1]. 

b : Breadth, in mm, of EPP as defined in [2.1.1]. 

hoi : Stiffener height, including the face plate, in mm. 


: Net thickness of attached plate, in mm. 


te : Net web thickness, in mm. 
b; : Breadth of flange, in mm, see Ch 3, Sec 2, Figure 2. For bulb profiles, see Table 1 and Table 2. 
t; : Net thickness of flange, in mm. 


PSM : Primary Supporting Member. 
EPP : Elementary Plate Panel. 
LCP : Load Calculation Point. 


1 = STRUCTURAL IDEALISATION OF STIFFENERS AND PRIMARY SUPPORTING 
MEMBERS 


1.1 Effective spans 


1.1.1 General 


Where arrangements differ from those defined in this article, span definition may be specially considered. 


1.1.2 Effective bending span of stiffeners 


The effective bending span lbag of stiffeners is to be measured as shown in Figure 1 for single skin structures 
and Figure 2 for double skin structures. 


If the web stiffener is sniped at the end or not attached to the stiffener under consideration, the effective 
bending span is to be taken as the full length between PSMs unless a backing bracket is fitted, see Figure 1. 
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The effective bending span may be reduced where brackets are fitted to the flange or free edge of the 
stiffener. Brackets fitted on the side opposite to that of the stiffener with respect to attached plating are not to 
be considered as effective in reducing the effective bending span. 


In single skin structures, the effective bending span of a stiffener supported by a bracket or by a web stiffener 
on one side only of the primary supporting member web, is to be taken as the total span between primary 
supporting members as shown in item (a) of Figure 1. If brackets are fitted on both sides of the primary 
supporting member, the effective bending span is to be taken as in items (b), (c) and (d) of Figure 1. 


Figure 1 : Effective bending span of stiffeners supported by web stiffeners (single skin construction) 
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Figure 2 : Effective bending span of stiffeners supported by web stiffeners (double skin construction) 
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Where the face plate of the stiffener is continuous along the edge of the bracket, the effective bending span is 
to be taken to the position where the depth of the bracket is equal to one quarter of the depth of the stiffener, 


see Figure 3. 
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Figure 3 : Effective bending span for local support members with continuous face plate along bracket edge 
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1.1.3 Effective shear span of stiffeners 


The effective shear span, nr in m, of stiffeners is to be measured as shown in Figure 4 for single skin 
structures and Figure 5 for double skin structures. 


Figure 4 : Effective shear span of stiffeners supported by web stiffeners (single skin construction) 
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The effective shear span may be reduced for brackets fitted on either the flange or the free edge of the 
stiffener, or for brackets fitted to the attached plating on the side opposite to that of the stiffener. 


If brackets are fitted at both the flange or free edge of the stiffener, and to the attached plating on the side 
opposite to the stiffener the effective shear span may be reduced using the longer effective bracket arm. 


Regardless of support detail, the full length of the stiffener may be reduced by a minimum of s/4000 m at 
each end of the member, hence the effective shear span £n is not to be taken greater than: 


S 
2000 


leirs g= 


Figure 5 : Effective shear span of stiffeners supported by web stiffeners (double skin construction) 
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For curved and/or long brackets (high length/height ratio), the effective bracket length is to be taken as the 
maximum inscribed 1:1.5 triangle as shown in item (c) of both Figure 4 and Figure 5. 
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Where the face plate of the stiffener is continuous along the curved edge of the bracket, the bracket length to 
be considered for determination of the span point location is not to be taken greater than 1.5 times the length 
of the bracket arm as shown in Figure 6. 


Figure 6 : Effective shear span for local support members with continuous face plate along bracket edge 
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1.1.4 Effect of hull form shape on span of stiffeners 


For curved stiffeners, the span is defined as the chord length between span points to be measured at the 
flange for stiffeners with a flange, and at the free edge for flat bar stiffeners. The calculation of the effective 
span is to be in accordance with requirements given in [1.1.2] and [1.1.3]. 


1.1.5 Effective span of stiffeners supported by struts 


The arrangement of stiffeners supported by struts is not allowed for ships over 120 m in length. 


The span, Z of stiffeners supported by one strut fitted at mid distance of the primary supporting members is to 
be taken as 0.7/3. 


In case where two struts are fitted at 1/3 and 2/3 length between primary supporting members, the span, £ of 
stiffeners is to be taken as 0.7/5. 


l and £, are the spans defined in Figure 7 and Figure 8. 


Figure 7 : Span of stiffeners with one strut 
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Figure 8 : Span of stiffeners with two struts 
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Figure 9 : Effective bending span of primary supporting member 
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Figure 10 : Effective shear span of primary supporting member 
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1.1.6 Effective bending span of primary supporting members 


The effective bending span, lbag, in m, of a primary supporting member without end bracket is to be taken as 
the length of the member between supports. 


The effective bending span, ¢,4., of a primary supporting member may be taken as less than the full length of 
the member between supports provided that suitable end brackets are fitted. 


The effective bending span fp 9., in m, of a primary supporting member with end brackets is taken between 
points where the depth of the bracket is equal to half the web height of the primary supporting member as 
shown in item (b) of Figure 9. The effective bracket used to define these span points is to be taken as given in 
[1.1.8]. 


In case of brackets where the face plate of the member is continuous along the face of the bracket, as shown 
in items (a), (c) and (d) of Figure 9, the effective bending span fbag, in m, is taken between points where the 
depth of the bracket is equal to one quarter the web height of the primary supporting member. The effective 
bracket used to define these span points is to be taken as given in [1.1.8]. 


For straight brackets with a length to height ratio greater than 1.5, the span point is to be taken to the effective 
bracket; otherwise the span point is to be taken to the fitted bracket. 


For curved brackets, for span positions above the tangent point between fitted bracket and effective bracket, 
the span point is to be taken to the fitted bracket; otherwise, the span point is to be taken to the effective 
bracket. 


For arrangements where the primary supporting member face plate is carried on to the bracket and backing 
brackets are fitted; the span point need not be taken greater than to the position where the total depth 
reaches twice the depth of the primary supporting member. Arrangements with small and large backing 
brackets are shown in items (e) and (f) of Figure 9. 


For arrangements where the height of the primary supporting member is maintained and the face plate width 
is increased towards the support; the effective bending span may be taken to a position where the face plate 
breadth reaches twice the nominal breadth. 


1.1.7 Effective shear span of primary supporting members 


The effective shear span of the primary supporting member may be reduced compared to effective bending 
span, and taken between the toes of the effective brackets supporting the member, where the toes of effective 
brackets are as shown in Figure 10. The effective bracket used to define the toe point is given in [1.1.8]. 


For arrangements where the effective backing bracket is larger than the effective bracket in way of face plate, 
the shear span is to be taken as the mean distance between toes of the effective brackets as shown in item (f) 
of Figure 10. 

1.1.8 Effective bracket definition 


The effective bracket is defined as the maximum size of triangular bracket with a length to height ratio of 1.5 
that fits inside the fitted bracket. See Figure 9 for examples. 


1.2 Spacing and load supporting breadth 


1.2.1 Stiffeners 


Stiffeners spacing, s, in mm, for the calculation of the effective attached plating of stiffeners is to be taken as 
the mean spacing between stiffeners and taken equal to, see Figure 11. 


s= bı + bə + b; + b, 
4 


where: 
D1, Do, b3, bs: Spacings between stiffeners at ends, in mm. 


In general, the loading breadth supported by stiffener is to be taken equal to s. 
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1.2.2 Primary supporting member 


Primary supporting member spacing, S, for the calculation of the effective attached plating of primary 
supporting members is to be taken as the mean spacing between adjacent primary supporting members, and 


taken equal to, see Figure 


= bı + bə+ b; +b, 
4 


S 


where: 


11. 


bz, Do, ba b4 :Spacings between primary supporting members at ends. 


In general, the loading breadth supported by a primary supporting member is to be taken equal to S. 


1.2.3 Spacing of curved plating 


For curved plating, the stiffener spacing, s or the primary supporting member spacing, S is to be measured on 
the mean chord between members. 


Figure 11 : Spacing of plating 
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1.3 Effective breadth 


1.3.1 Stiffeners 


. 


The effective breadth, ber, in mm, of the attached plating to be considered in the actual net section modulus 
for the yielding check of stiffeners is to be obtained from the following formulae: 


e Where the plating extends on both sides of the stiffener: 


Der = 2002, or 
Dew = S 


whichever is lesser. 
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e Where the plating extends on one side of the stiffener (i.e. stiffeners bounding openings): 
Der = 1002, or 
Dor = 0.58 
whichever is lesser. 


However, where the attached plate net thickness is less than 8 mm, the effective breadth is not to be taken 
greater than 600 mm. 


The effective breadth, ber» in mm, of the attached plating to be considered for the buckling check of stiffeners 
is given in Ch 8, Sec 5, [2.3.5]. 


1.3.2 Primary supporting members 


The effective breadth of attached plating, bem in m, for calculating the section modulus and/or moment of 
inertia of a primary supporting member is to be taken as: 


1.12 bra 


Der = S- min} ——=—;1.0 for == >1 
1+—1475_ S/3 
(- Jo 
bdg 
sJ/3 
log log 
ber = 0.407 2# for —“<1 
S3 


1.3.3 Effective area of curved face plate and attached plating of primary supporting members 


The effective net area given in a) and b) is only applicable to curved face plates and curved attached plating of 
primary supporting members. This is not applicable for the area of web stiffeners parallel to the face plate. 


The effective net area is applicable to primary supporting members for the following calculations: 
e Actual net section modulus used for comparison with the scantling requirements in Ch 6. 
e Actual effective net area of curved face plates, modelled by beam elements, used in Ch 7. 


a 


~~ 


The effective net area, Aertnso, in mm?, is to be taken as: 
Aert-nso = Cr tengo Dr 
where: 


C; : Flange efficiency coefficient taken equal to: 


Cy = Cry dis but not to be taken greater than 1.0. 
1 


Cr : Coefficient taken equal to: 


e For symmetrical and unsymmetrical face plates, 


C = 0.643 (sinhB coshB + sinB cosB) 
fl 7 


(sinhB)* + sin? B 
¢ For attached plating of box girders with two webs, 


C = 0.78 (sinhB + sinB) (cosh — cosB) 
fi, ~~ 


(sinhB)* + sin? B 
e For attached plating of box girders with multiple webs, 


C. = 1.56 (cosh ß - cos) 
fi 


sinhB + sinB 
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B : Coefficient calculated as: 
_ 1.285 b, | 
= -2 ,,1n-rad: 
As tt-n50 
bı : Breadth, in mm, to be taken equal to: 


e For symmetrical face plates, b; = 0.5 (b; - tw-ns50) 

e For unsymmetrical face plates, b; = b; 

e For attached plating of box girders, b; = Sw - tw-n50 
Sy : Spacing of supporting webs for box girders, in mm. 


tenso  : Net flange thickness, in mm. For calculation of C; and P of unsymmetrical face plates, t;,,59 is 
not to be taken greater than tw-nso- 


twnso : Net web plate thickness, in mm. 


F; : Radius of curved face plate or attached plating, in mm, see Figure 12 at mid thickness. 
b; : Breadth of face plate or attached plating, in mm, see Figure 12. 
b) The effective net area, in mm?, of curved face plates supported by radial brackets, or attached plating 


supported by cylindrical stiffeners, is given by: 


3r; tr-nso + Cr s? 
Aett—ns50 = |e S tr_nso Dr 
31; tr-nso + S; 
where: 
S, : Spacing of tripping brackets or web stiffeners or stiffeners normal to the web plating, in mm, 


see Figure 12. 


Figure 12 : Curved shell panel and face plate 


1.4 Geometrical properties of stiffeners and primary supporting members 


1.4.1 Stiffener profile with a bulb section 
The properties of bulb profile sections are to be determined by direct calculations. 


Where direct calculation of properties is not possible, a bulb section may be taken equivalent to a built-up 
section. The net dimensions of the equivalent built-up section are to be obtained, in mm, from the following 
formulae. 
hy = h’,- hw +2 

9.2 
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6.7 
p= Mu 
9.2 
tw = ty 
where: 


h’,, Uy : Net height and thickness of a bulb section, in mm, as shown in Figure 13. 


a : Coefficient equal to: 
t42 
a = 1.1 +420-ha) for n,< 120 
3000 
œ = 1.0 for h'w> 120 


Figure 13 : Dimensions of stiffeners 


Bulb Equivalent angle 


1.4.2 Net elastic shear area of stiffeners 

The net elastic shear area, A,,,, in cm?, of stiffeners is to be taken as: 

Asnr = denr tw 10° 

Oshr : Effective shear depth of stiffener, in mm, as defined in [1.4.3]. 

ty : Net web thickness of the stiffener, in mm, as defined in Ch 3, Sec 2, Figure 2. 
1.4.3 Effective shear depth of stiffeners 

The effective shear depth of stiffeners, dnr in mm, is to be taken as: 


dinr = (Neer + tp) SINQy 


where: 

hoi : Height of stiffener, in mm, as defined in Ch 3, Sec 2, Figure 2. 

tp : Net thickness of the stiffener attached plating, in mm, as defined in Ch 3, Sec 2, Figure 2. 

Pu : Angle, in deg, as defined in Figure 14. 
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1.4.4 Elastic net section modulus of stiffeners 


The elastic net section modulus, Z of stiffeners, in cm3, is to be taken as: 


Z = Z SIN Dy 

where: 

Zot : Net section modulus of the stiffener, in cm’, considered perpendicular to its attached plate, i.e. with 
PD, = 90 deg. 


Figure 14 : Angle between stiffener web and attached plating 


Py 


1.4.5 Effective net plastic shear area of stiffeners 


The net plastic shear area, Asp,p, Of stiffeners, in cm?, which is used for assessment against impact loads is to 
be taken as: 


Ashrpl z Ashr 
where: 
Ashr : Net elastic shear area, in cm?, as defined in [1.4.2]. 


1.4.6 Effective net plastic section modulus of stiffeners 


The effective net plastic section modulus, Z„, of stiffeners, in cm?, which is used for assessment against 


pl 
impact loads, is to be taken as: 


fahi ty , (2¥—1) Ar he ew 


Zo = 5000 1000 for 75° < g@,<90° 
Z, = in be SIN ,Qy-DAr Guanes Drew COS®w) for p, < 75° 
where: 
Fy, : Web shear stress factor, taken equal to: 
e For flanged profile cross sections with n = 1 or 2, f, = 0.75. 
¢ For flanged profile cross sections with n = O, fọ = 1.0. 
e For flat bar stiffeners, fọ = 1.0. 
n : Number of plastic hinges at end supports of each member, taken equal to: O, 1 or 2. 
A plastic hinge at end support may be considered where: 
¢ The stiffener is continuous at the support. 
e The stiffener passes through the support plate while it is connected at its termination point by 
a carling (or equivalent) to adjacent stiffeners. 
e The stiffener is attached to an abutting stiffener effective in bending (not a buckling stiffener). 
e The stiffener is attached to a bracket effective in bending. The bracket is assumed to be 
effective in bending when it is attached to another stiffener (not a buckling stiffener). 
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hy, : Depth of stiffener web, in mm, taken equal to: 
e ForT, L (rolled and built-up) and L2 profiles, as defined in Ch 3, Sec 2, Figure 2, hy = hsr- tenet: 
e For flat bar and L3 profiles as defined in Ch 3, Sec 2, Figure 2, hy = hg; 
e For bulb profiles, to be taken as given in Table 1 and Table 2. 
4 : Coefficient equal to: 
yS 1+ ./3 +128 
4 
B : Coefficient equal to: 
. z tfr m 10°+ $ forL profiles without a mid-span tripping bracket, 
80b; t; hrer 2b; 
but not to be taken greater than 0.5. 
e B= 0.5 for other cases. 
A; : Net cross sectional area of flange, in mm?: 
e A;=0 for flat bar stiffeners. 
e A,;=,t,for other stiffeners. 
Dectr : Distance from mid thickness of stiffener web to the centre of the flange area: 
Dectr = 0.5 (br - tw-gr) for rolled angle profiles. 
° Dect = O for T profiles. 
e For bulb profiles as given in Table 1 and Table 2. 
Dectr : Height of stiffener measured to the mid thickness of the flange: 
© hicar = Ney - 0.5 t; for profiles with flange of rectangular shape except for L3 profiles. 
© hior = Aar- de - 0.5 t; for L3 profiles as defined in Ch 3, Sec 2, Figure 2. 
e For bulb profiles as given in Table 1 and Table 2. 
de : Distance from upper edge of web to the top of the flange, in mm, for L3 profiles, see Ch 3, Sec 2, 
Figure 2. 
f, : Coefficient taken equal to: 
e f, = 0.8 for flanges continuous through the primary supporting member, with end bracket(s). 
e f, = 0.7 for flanges sniped at the primary supporting member or terminated at the support 
without aligned structure on the other side of the support, and with end bracket(s). 
e f, = 1.0 for other stiffeners. 
t; : Net flange thickness, in mm. 
e t,=0 for flat bar stiffeners. 
e For bulb profiles as given in Table 1 and Table 2. 
COMMON STRUCTURAL RULES 1 JAN 2014 


PART 1 CHAPTER3 SECTION 7 


PART 1 CHAPTER3 SECTION 7 


IACS 


Table 1 : Characteristic flange data for HP bulb profiles, see Figure 15 


Age (mm) d„ (mm) beg, (mm) te, (mm) Dectr (MM) hictr (AM) 
200 171 40 14.4 10.9 188 
220 188 44 16.2 12.1 206 
240 205 49 17.7 13.3 225 
260 221 53 19.5 14.5 244 
280 238 57 21.3 15.8 263 
300 255 62 22.8 16.9 281 
320 271 65 25.0 18.1 300 
340 288 7O 26.4 19.3 318 
370 313 77 28.8 21.1 346 
400 338 83 31.5 22.9 374 
430 363 90 33.9 24.7 402 

Note 1: Characteristic flange data converted to net scantlings are given as: 
Dr Dig + 2 ty 
t= tg- te 
ty = tye -t 
Table 2 : Characteristic flange data for JIS bulb profiles, see Figure 15 

hs (mm) d,, (mm) beg (mm) tee (mm) Dect (MM) | htc (mm) 
180 156 34 11.9 9.0 170 
200 172 39 13.7 10.4 188 
230 198 45 15.2 11.7 217 
250 215 49 17.1 12.9 235 

Note 1: Characteristic flange data converted to net scantlings are given as: 
De® beg +2 ty 
t= teg- te 
ty = twe- te 
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Figure 15 : Characteristic data for bulb profiles 
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1.4.7 Primary supporting member web not perpendicular to attached plating 


Where the primary supporting member web is not perpendicular to the attached plating, the actual net shear 
area, in cm?, and the actual net section modulus, in cm, can be obtained from the following formulae: 


e Actual net shear area: 
Asn-n50 = Ash-o-ns0 SIN Øy for Pw < 75° 
Ash-nso = Ash-o-n50 for 75° < gS 90° 
e Actual net section modulus: 


250 = perp-n50 sin Pu for Pus 75° 
250 = Zperp-n50 for 75° < Py 90° 


where: 

Asn-o-nso. Actual net shear area, in cm?, of the primary supporting member assumed to be perpendicular to the 
attached plating, to be taken equal to: 
Asn-0-ns0 = (Aw + transo + tp—nso) tw-n50 10° 


Z 


perp-n50 : Actual section modulus, in cm8, with its attached plating of the primary supporting member assumed 


to be perpendicular to the attached plating. 


1.4.8 Shear area of primary supporting members with web openings 


The effective web height, he, in mm, to be considered for calculating the effective net shear area, Asn-nso is to 
be taken as the lesser of: 


herr = Ay 

hett = Nwa + Awa 

her = Awa + Awa + Awa 

where: 

hy, : Web height of primary supporting member, in mm. 


Awa, Awa, Awa, Nya: Dimensions as shown in Figure 16. 


Figure 16 : Effective shear area in way of web openings 
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2 PLATES 


2.1 Idealisation of EPP 


2.1.1 EPP 


An elementary plate panel (EPP) is the unstiffened part of the plating between stiffeners and/or primary 
supporting members. The plate panel length, a, and breadth, b, of the EPP are defined respectively as the 
longest and shortest plate edges, as shown in Figure 17. 


Figure 17 : Elementary Plate Panel (EPP) definition 


PSM or 
5 5 Stiffener 
2 2 
o o 
ke 3 
N n 
Cc Cc 
[e] [e] 
oO oO 
o o 
x x 
© © 
a a 
y » 
PSM or 
: : : Stiffener 
PSM or PSM or PSM or PSM or 
Stiffener Stiffener Stiffener Stiffener 
Longitudinal/horizontal framing Transverse/vertical framing 


2.1.2 Strake required thickness 


The required thickness of a plate strake is to be taken as the greatest value required for each EPP within that 
strake. The requirements given in Table 3 are to be applied for the selection of strakes to be considered as 
shown in Figure 18. 


The maximum corrosion addition within a strake is to be applied according to Ch 3, Sec 3, [1.2.4]. 


Table 3 : Strake considered in a given EPP 


a/b>2 a/b<2 


a,>b/2 All strakes (St1, St2, St3, St4) All strakes (St1, St2, St3, St4) 


a,<b/2 Strakes St2 and St4 All strakes (St1, St2, St3, St4) 


Figure 18 : Strake considered in a given EPP 


EPP 


ai wo 
<> 


b 
a 
< > 
where: 
aı : Distance, in mm, measured inside the considered strake in the direction of the long edge of the EPP, 
between the strake boundary weld seam and the EPP edge. 
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For direct strength assessment, the EPP is idealised with the mesh arrangement in the finite element model. 


2.2 Load calculation point 


2.2.1 Yielding 


For the yielding check, the local pressure and hull girder stress, used for the calculation of the local scantling 
requirements are to be taken at the Load Calculation Point (LCP) having coordinates x, y and z as defined in 


Table 4. 
Table 4 : LCP coordinates for yielding 
Vertical transverse 
General ® Horizontal plating structure and transverse 
LCP stool plating 
coordinates | Longitudinal Transverse ae Horizontal Vertical 
: à Longitudinal | Transverse : : 
framing framing framin framin framing framing 
(Figure 19) | (Figure 20) E E€ | (Figure 21) | (Figure 22) 
x coordinate Mid-length of the EPP Mid-length of the EPP hacer ant? 


y coordinate 


Corresponding to x and z 
coordinates 


Outboard y value of the EPP 


Outboard y value of the EPP, 
taken at z level 


The greater 
The greater of 8 
lower edge of Ot lower 
; Lower edge of 8 Corresponding to x and y Lower edge | edge of the 
Z coordinate the EPP or lower 
the EPP values of the EPP. | EPP or lower 
edge of the 
edge of the 
strake 
strake 
(1) All structures other than horizontal platings or vertical transverse structures. 


Strake considered 


Cross section 


Figure 19 : Load calculation point (LCP) for longitudinal framing 


Strake considered 


PSM or PSM or PSM or 
Stiffener Stiffener Stiffener 
Global z-axis 
Global x-axis 
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Figure 20 : Load calculation point for transverse framing 


Strake considered 


S S 


Cross section l PSM l l l PSM l l PSM 
Global z-axis 


Strake considered 


Global x-axis 


Figure 21 : Load calculation point for horizontal framing on transverse vertical structure 


| 


Strake considered 


Strake considered 


Cross section PSM or PSM or PSM or 
Stiffener Stiffener Stiffener 
Global z 


Global y-axis < 


Figure 22 : Load calculation point for vertical framing on transverse vertical structure 
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2.2.2 Buckling 


For the prescriptive buckling check of the EPP according to Ch 8, Sec 3, the LCP for the pressure and for the 
hull girder stresses are defined in Table 5. 


For the FE buckling check, Ch 8, Sec 4 is applicable. 


Table 5 : LCP coordinates for plate buckling 


LCP for hull girder stresses 


(Figure 23) 
LCP 


coordinates 


LCP for pressure Bending stresses 


Shear stresses 


Non horizontal plate Horizontal plate 


x coordinate Mid-length of the EPP 


Same coordinatesas | Both upper and lower | Outboard and inboard Mid-point of EPP 


y coordinate LCP for yielding ends of the EPP ends of the EPP ; 
See Table 4 i : (point B) 
(points A1 and A2) (points A1 and A2) 
z coordinate Corresponding to x and y values 
Figure 23 : LCP for plate buckling - hull girder stresses 
Considered Considered 
transverse transverse 
section RE: section | 
= Ls enya ak penne eres {_ A2| | psm!__1A2 
oe L keL 


Sf ee Ss Se ee A1] | PSM _ A1 — 
| a | T F 
PSM PSM i* >| 
Longitudinal Framing Transverse Framing 


3  STIFFENERS 


3.1 Reference point 


3.1.1 


The requirements of section modulus for stiffeners relate to the reference point giving the minimum section 
modulus. This reference point is generally located as shown in Figure 24 for typical profiles. 


3.2 Load calculation points 


3.2.1 LCP for Pressure 
The load calculation point for the pressure is located at: 
e Middle of the full length, £, of the considered stiffener. 


e The intersection point between the stiffener and its attached plate. 
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Figure 24 : Reference point for calculation of section modulus and hull girder stress for local scantling assessment 


d _[L 


€ Ilo 
O I 


3.2.2 LCP for hull girder bending stress 
The load calculation point for the hull girder bending stresses is defined as follows: 
e For yielding verification according Ch 6: 
e Atthe middle of the full length, £, of the considered stiffener. 
e Atthe reference point given in Figure 24. 
e For prescriptive buckling requirements according to Ch 8: 
e Atthe middle of the full length, £, of the considered stiffener. 


e Atthe intersection point between the stiffener and its attached plate. 


3.2.3 Non-horizontal stiffeners 


The lateral pressure, P is to be calculated as the maximum between the value obtained at middle of the full 
length, £, and the value obtained from the following formulae: 


+ 
P= Pu* Pe when the upper end of the vertical stiffener is below the lowest zero pressure level. 


2 
lı Pı when the upper end of the vertical stiffener is at or above the lowest zero pressure level, see 


P= 42 
L 2 Figure 25. 
where: 
ti : Distance, in m, between the lower end of vertical stiffener and the lowest zero pressure level. 


Py, P, : Lateral pressures at the upper and lower end of the vertical stiffener span £, respectively. 
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Figure 25 : Definition of pressure for vertical stiffeners 


A 


<1 s 
4 PRIMARY SUPPORTING MEMBERS 


4.1 Load calculation point 


4.1.1 


The load calculation point is located at the middle of the full length, S, at the attachment point of the primary 
supporting member with its attached plate. 
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SECTION 1 
INTRODUCTION 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


S : Static load case. 
S+D : Static plus dynamic load case. 
1 GENERAL 


1.1 Application 


1.1.1 Scope 
This chapter provides the design load for strength and fatigue assessments. 


The load combinations are to be derived for the design load scenarios specified in Ch 4, Sec 7. This section 
uses the concept of design load scenarios to specify consistent design load sets which cover the appropriate 
operating modes of a bulk carrier or oil tanker. 


1.1.2 Equivalent Design Wave EDW 


The dynamic loads associated with each dynamic load case are based on the Equivalent Design Wave (EDW) 
concept. The EDW concept applies a consistent set of dynamic loads to the ship such that specified dominant 
load response is equivalent to the required long term response value. 


1.1.3 Probability level for strength and fatigue assessments 


In this chapter, the assessments are to be understood as follows: 


e Strength assessment means the assessment for the strength criteria excluding fatigue, for the loads 
corresponding to the probability level of 10%, for the ballast water exchange, for harbour conditions and 
for flooded conditions. 


e Fatigue assessment means the assessment for the fatigue criteria for the loads corresponding to the 
probability level of 102. 


1.1.4 Dynamic load components 


All dynamic load components are to be concurrent values calculated for each dynamic load case. 


1.1.5 Loads for strength assessment 


The strength assessment is to be undertaken for all design load scenarios and the final assessment is to be 
made on the most onerous strength requirement. 


Each design load scenario for strength assessment is composed of a Static (S) load case or a Static + Dynamic 
(S+D) load case, where the static and dynamic loads are dependent on the loading condition being 
considered. 


The static loads are defined in the following sections: 
e Still water hull girder loads in Ch 4, Sec 4. 
e External loads in Ch 4, Sec 5. 
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Internal loads in Ch 4, Sec 6. 


The EDWs for the strength assessment and the dynamic load combination factors for global loads are listed in 
Ch 4, Sec 2, [2]. 


The dynamic load components are defined in the following sections: 


Dynamic hull girder load components in Ch 4, Sec 4. 
External loads in Ch 4, Sec 5. 


Internal loads in Ch 4, Sec 6. 


1.1.6 Loads for fatigue assessment 


Each design load scenario for fatigue assessment is composed of a Static + Dynamic (S+D) load case, where 
the static and dynamic loads are dependent on the loading condition being considered. 


The static loads are defined in the following sections: 


Still water hull girder loads in Ch 4, Sec 4. 
External loads in Ch 4, Sec 5. 


Internal loads in Ch 4, Sec 6. 


The EDWs for the fatigue assessment are listed in Ch 4, Sec 2, [3]. 


The dynamic load components are defined in the following sections: 


1.2 


Dynamic hull girder load components in Ch 4, Sec 4. 
External loads in Ch 4, Sec 5. 


Internal loads in Ch 4, Sec 6. 


Definitions 


1.2.1 Coordinate system 


The coordinate system is defined in Ch 1, Sec 4, [3.6.1]. 


1.2.2 Sign convention for ship motions 


The ship motions are defined with respect to the ship’s centre of gravity (COG) as shown in Figure 1, where: 


Positive surge is translation in the X-axis direction (positive forward). 
Positive sway is translation in the Y-axis direction (positive towards port side of ship). 
Positive heave is translation in the Z-axis direction (positive upwards). 


Positive roll motion is positive rotation about a longitudinal axis through the COG (starboard down and 
port up). 


Positive pitch motion is positive rotation about a transverse axis through the COG (bow down and stern 
up). 


Positive yaw motion is positive rotation about a vertical axis through the COG (bow moving to port and 
stern to starboard). 
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Figure 1 : Definition of positive motions 
Heave 


1.2.3 Sign convention for hull girder loads 


The sign conventions of vertical bending moments, vertical shear forces, horizontal bending moments and 
torsional moments at any ship transverse section are as shown in Figure 2, namely: 


e The vertical bending moments M,, and Mw are positive when they induce tensile stresses in the 
strength deck (hogging bending moment) and negative when they induce tensile stresses in the bottom 


(sagging bending moment). 


e The vertical shear forces Qw, Qw are positive in the case of downward resulting forces acting aft of the 
transverse section and upward resulting forces acting forward of the transverse section under 


consideration. 


e The horizontal bending moment Mw is positive when it induces tensile stresses in the starboard side 
and negative when it induces tensile stresses in the port side. 


e The torsional moment Mw is positive in the case of resulting moment acting aft of the transverse 
section following negative rotation around the X-axis, and of resulting moment acting forward of the 
transverse section following positive rotation around the X-axis. 


Figure 2 : Sign conventions for shear forces Q,,,, Q,,, and bending moments M,,,, Mwy, M,, and M,,, 


Qvi Qw 
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SECTION 2 
DYNAMIC LOAD CASES 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


Asurger Apitch-x» Aswayr Aroirys Aneaver Arol-z Apitchz: Acceleration components, as defined in Ch 4, Sec 3. 


fa : Ratio between X-coordinate of the load point and L, to be taken as: 

fy = A , but not to be taken less than 0.0 or greater than 1.0. 
fr : Ratio between draught at a loading condition and scantling draught, as defined in Ch 4, Sec 3. 
fip : Factor depending on longitudinal position along the ship, to be taken as: 


fp=1.0 for x/L<0.5 
fp = -1.0 for 0.5 < x/L 


fposr : Factor for the longitudinal distribution of the torsional moment for the OST load case, to be taken as: 


fip-osr = 5 fy for x/L < 0.2 

fip-osr = 1.0 for 0.2 < x/L < 0.4 
fip-osr= -7.6 fy + 4.04 for 0.4 < x/L < 0.65 
fip-osr = -0.9 for 0.65 <x/L < 0.85 
fip-osr = 6 fx- 6 for 0.85 < x/L 


fposa : Factor for the longitudinal distribution of the torsional moment for the OSA load case, to be taken as: 


fip.osa = -(0.2 + 0.3 fr) for x/L < 0.4 
fip-osa = -(0.2 + 0.3 f7)(5.6 - 11.5 f,,) for 0.4 < x/L < 0.6 
fip-osa = 1.3(0.2 + 0.3 f7) for 0.6 <x/L 
WS : Weather side, side of the ship exposed to the incoming waves. 
LS : Lee side, sheltered side of the ship away from the incoming waves. 
Mw : Vertical wave bending moment, in kNm, defined in Ch 4, Sec 4. 
Qw : Vertical wave shear force, in kN, defined in Ch 4, Sec 4. 
Mw,  : Horizontal wave bending moment, in kNm, defined in Ch 4, Sec 4. 
Myr : Torsional wave bending moment, in kNm, defined in Ch 4, Sec 4. 
Cw : Load combination factor to be applied to the vertical wave bending moment. 
Cow : Load combination factor to be applied to the vertical wave shear force. 
Cwr : Load combination factor to be applied to the horizontal wave bending moment. 
Cwr : Load combination factor to be applied to the wave torsional moment. 
Cys : Load combination factor to be applied to the surge acceleration. 
Cyp : Load combination factor to be applied to the longitudinal acceleration due to pitch. 
Cyg : Load combination factor to be applied to the longitudinal acceleration due to pitch motion. 
Cys : Load combination factor to be applied to the sway acceleration. 
Cyr : Load combination factor to be applied to the transverse acceleration due to roll. 
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: Load combination factor to be applied to the transverse acceleration due to roll motion. 
: Load combination factor to be applied to the heave acceleration. 

: Load combination factor to be applied to the vertical acceleration due to roll. 

: Load combination factor to be applied to the vertical acceleration due to pitch. 

: Roll angle, in deg, as defined in Ch 4, Sec 3, [2.1.1]. 

: Pitch angle, in deg, as defined in Ch 4, Sec 3, [2.1.2]. 


GENERAL 


Definition of dynamic load cases 


The following Equivalent Design Waves (EDW) are to be used to generate the dynamic load cases for structural 
assessment: 


HSM load cases: 


HSM-1 and HSM-2: Head sea EDWs that minimise and maximise the vertical wave bending moment 
amidships respectively. 


HSA load cases: 


HSA-1 and HSA-2: Head sea EDWs that maximise and minimise the head sea vertical acceleration at FP 
respectively. 


FSM load cases: 


FSM-1 and FSM-2: Following sea EDWs that minimise and maximise the vertical wave bending moment 
amidships respectively. 


BSR load cases: 


BSR-1P and BSR-2P: Beam sea EDWs that minimise and maximise the roll motion downward and 
upward on the port side respectively with waves from the port side. 


BSR-1S and BSR-2S: Beam sea EDWs that maximise and minimise the roll motion downward and 
upward on the starboard side respectively with waves from the starboard side. 


BSP load cases: 


BSP-1P and BSP-2P: Beam sea EDWs that maximise and minimise the hydrodynamic pressure at the 
waterline amidships on the port side respectively. 


BSP-1S and BSP-2S: Beam sea EDWs that maximise and minimise the hydrodynamic pressure at the 
waterline amidships on the starboard side respectively. 


OST load cases: 


OST-1P and OST-2P: Oblique sea EDWs that minimise and maximise the torsional moment at 0.25L 
from the AE with waves from the port side respectively. 


OST-1S and OST-2S: Oblique sea EDWs that maximise and minimise the torsional moment at 0.25L 
from the AE with waves from the starboard side respectively. 


OSA load cases: 


OSA-1P and OSA-2P: Oblique sea EDWs that maximise and minimise the pitch acceleration with waves 
from the port side respectively. 


OSA-1S and OSA-2S: Oblique sea EDWs that maximise and minimise the pitch acceleration with waves 
from the starboard side respectively. 


Note 1: 1 and 2 denote the maximum or the minimum dominate load component for each EDW. 


Note 2: P and S denote that the weather side is on port side and on starboard side respectively. 


HSA and OSA load cases are not to be used for fatigue assessment. 
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1.2 Application 


1.2.1 


The dynamic load cases described in this section are to be used for determining the dynamic loads required by 
the design load scenarios described in Ch 4, Sec 7. These dynamic load cases are to be applied to the 
following structural assessments: 


a) Strength assessment: 
e For plating, ordinary stiffeners and primary supporting members by prescriptive methods. 
e For the direct strength method (FE analysis) assessment of structural members. 

b) Fatigue assessment: 
e For structural details covered by simplified stress analysis. 


e For structural details covered by FE stress analysis. 
2 DYNAMIC LOAD CASES FOR STRENGTH ASSESSMENT 


2.1 Description of dynamic load cases 


2.1.1 


Table 1 to Table 3 describe the ship motions responses and the global loads corresponding to each dynamic 
load case to be considered for the strength assessment. 


Table 1 : Ship responses for HSM, HSA and FSM load cases - Strength assessment 


Loadcase HSM-1 HSM-2 HSA-1 HSA-2 FSM-1 FSM-2 
EDW HSM HSA FSM 
Heading Head Head Following 
Effect Max. bending moment Max. vertical acceleration Max. bending moment 
VWBM Sagging Hogging Sagging Hogging Sagging Hogging 
VWSE Negative-aft Positive-aft | Negative-aft | Positive-aft | Negative-aft | Positive-aft 
Positive-fore | Negative-fore | Positive-fore | Negative-fore | Positive-fore | Negative-fore 
HWBM - - - - - - 
TM - - - - - - 
Surge To stern To bow To stern To bow To bow To stern 
awe | | ay [SLB SSL |S | aa ay 
i i i i i i 
Sway - - - - - - 
asway = z = = 5 z 
Heave Down Up Down Up 5 Z 
Roll - - - - - - 
aroi 7 - - g - - 
Pitch Bow down Bow up Bow down Bow up Bow up Bow down 
i T 7 t t 7 
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The load combinations factors, LCFs for the global loads and inertia load components for strength assessment 


are defined in: 


Table 4 : LCFs for HSM, HSA and FSM load cases. 
Table 5 : LCFs for BSR and BSP load cases. 
Table 6 : LCFs for OST and OSA load cases. 


Table 4: Load combination factors, LCFs for HSM, HSA and FSM load cases - Strength assessment 


road LCF HSM-1 HSM-2 HSA-1 HSA-2 FSM-1 FSM-2 
component 
Mw | Cw -1 1 -0.7 0.7 -0.4f,-0.6 | 0.4f, + 0.6 
Hull girder | Qw | Cow | -4.0fip 1.0f,, -0.6f;, 0.6f, -1.0fp 1.0fp 
loads Mwn | Cw 0 (0) o o 0 0 
Mwr | Cwr 0 (0) (0) (0) o o 
asurge | Cys | 0.3 - 0.2fr | 0.2f;- 0.3 0.2 -0.2 0.2 - 0.4f; | 0.4f;- 0.2 
Longitudinal 
accelerations | 2pterx | Ce -0.7 0.7 0.4f, - 0.4 | 0.4f,; + 0.4 0.15 -0.15 
gsing | Cxe 0.6 -0.6 0.4f,; + 0.4 | -0.4f,-0.4 -0.2 0.2 
asway Cys (0) (0) (0) (0) (0) (0) 
Transverse 
accelerations 2 Cyr 0 0 O 0 (0) (0) 
gsinO | Cyg (0) (0) (0) 0) o O 
a heave Coy 0.5f; - 0.15 0.15 oa 0.5f; 0.4f, - 0.1 0.1 = 0.4f; 6) 6) 
Vertical 
accelerations 20" Czr 0 0 O 0 (0) (0) 
Apitchz | Czp -0.7 0.7 -0.4f,- 0.4 | 0.4f+0.4| 0.15 -0.15 
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Table 5 : Load combination factors, LCFs for BSR and BSP load cases - Strength assessment 


aram LCF BSR-1P BSR-2P BSR-1S BSR-2S 
Mw | Cw 0.1 - 0.2f, 0.2f,- 0.1 0.1 - 0.2f; 0.2f,- 0.1 
Hullgirder | Ow | Cow | O45 0264, | ©2%-04)4%, | (4-02%)4,. | O28 04)4, 
loads = | Muy | Cw 1.2- Lif, 1.1f,- 1.2 Lif- 1.2 1.2 - 1.1fr 
Mwr | Cwr 0 0 0 0 
o (auel Cxs 0 0 0 0 
ae pitch] Cxe 2 id 9 D 
gsing| Cyc 0 0 0 0 
Bou "Cie 0.2 - 0.2f, 0.2f, - 0.2 0.2, - 0.2 0.2 - 0.2f, 
oo sie z z 
gsine| Cyc -1 1 1 -1 
ARA 0.7 - 0.4f; 0.4f, - 0.7 0.7 - 0.4f; 0.4f, - 0.7 
Pcie aroz | Cze = i 
Apitcnz| Czp O (0) (0) (0) 
EEA LCF BSP-1P BSP-2P BSP-1S BSP-2S 
Mw | Cw 0.3 - 0.8f, 0.8f,- 0.3 0.3 - 0.8F; 0.8f,-0.3 
Hull girder | Qw | Cw | (0.3-0.8f)f, | (0.8f,-0.3)f, | (0.3-0.8f)f, | (0.8f,-0.3) fy 
loads | Muy | Cun 0.7 - 0.7f; O.7f,- 0.7 O.7f,- 0.7 0.7 - 0.7f 
Mwr | Cwr 0 0 0 
Asurge | Cxs (0) (0) (0) 
Longitudinal 
a a a Bos 0.1 - 0.3f; 0.3f,- 0.1 0.1 - 0.3f; 0.3f,- 0.1 
gsine| Cxe 0.3f,-0.1 0.1 - 0.3f; 0.3f,- 0.1 0.1 - 0.3f; 
iaa oe -0.9 0.9 0.9 0.9 
pits pence Cees 03 03 03 03 
gsine| Cyc 0.2 0.2 0.2 0.2 
Basal Gh 1 -1 1 -1 
E Tul CR 0.3 -0.3 -0.3 0.3 
dia ee 0.1 - 0.3f; 0.3f,- 0.1 0.1 - 0.3f, 0.3f,- 0.1 
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onc : LCF OST-1P OST-2P OST-1S OST-2S 
Mw | Cw | -0.3-0.2f 0.3 + 0.2f; -0.3 - 0.2f, 0.3 + 0.2f; 
Hull girder | Qw | Cow | (-0.35-0.2f,) fp | (0.35+0.2f) fp | (-0.35-0.2f,) fp | (0.35+0.2f;) fp 
loads Mwa | Geos -0.9 0.9 0.9 -0.9 
Mwr | Cwr - fip-osT fip-osT fip-osT - fip-osT 
aues | Cie 0.1f,- 0.15 0.15 - 0.1f; 0.1f,- 0.15 0.15 - 0.1f; 
ee eee aid G 0.7 - 0.3f; 0.3f, - 0.7 0.7 - 0.3f; 0.3f,- 0.7 
gsing | Cxe 0.2f,- 0.45 0.45 - 0.2f, 0.2f, - 0.45 0.45 - 0.2f, 
Asway | Cys 0 0 0) 0 
ee äia CR 0.4f, - 0.25 0.25 - 0.4f, 0.25 - 0.4f, 0.4f, - 0.25 
gsin@ | Cyc 0.1 -0.2f, 0.2f,- 0.1 0.2f,- 0.1 0.1 -0.2f, 
dee Coe 0.2f,- 0.05 0.05 - 0.2f, 0.2f, - 0.05 0.05 - 0.2f; 
eee aniz | C 0.4f,- 0.25 0.25 - 0.4f, 0.25 - 0.4f; 0.4f, -0.25 
TRAE 0.7 - 0.3f; 0.3f;- 0.7 0.7 -0.3f; 0.3f,-0.7 
Borsa i LCF OSA-1P OSA-2P OSA-1S OSA-2S 
Mw | Cw 0.75 - 0.5f, -0.75 + 0.5f; 0.75 - 0.5f; -0.75 + 0.5f, 
Hull girder | Qw | Cow | (0.6-0.4F,) f (-0.6+0.4f,) fp (0.6-0.4f,) fp (0.6+0.4f,) fp 
loads Muu | Cw | 0.55 + 0.2f; - 0.55 - 0.2f, - 0.55 - 0.2f; 0.55 + 0.2f, 
Mwr Cwr a fip-osa fip-osa fip-osa fiposa 
Spall 0.1f,- 0.45 0.45 - 0.1f, -0.45 + 0.1f; 0.45 - 0.1f, 
psa A soe lt Ox 1.0 -1.0 1.0 -1.0 
gsing | Cxe -1.0 1.0 -1.0 1.0 
aa I Gs -0.2 - 0.1f; 0.2 + 0.1f; 0.2 + O.1f, -0.2 - 0.1f; 
Pit a aom | Ca 0.3 - 0.2fr 0.2f,- 0.3 0.2f,- 0.3 0.3 - 0.2f, 
gsin@ | Cyc 0.1f,- 0.2 0.2 - 0.1f, 0.2 -0.1f; 0.1f,- 0.2 
aneao | Cun - 0.2f; 0.2f, - 0.2f; 0.2f, 
Pe cee aniz | Ca 0.3 - 0.2f; 0.2f,-0.3 0.2f,- 0.3 0.3 - 0.2f, 
ee oe 1.0 -1.0 1.0 -1.0 
COMMON STRUCTURAL RULES 1 JAN 2014 


‘@eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeed 


PART 1 CHAPTER 4 SECTION 2 


171 


PART 1 CHAPTER 4 SECTION 2 


IACS 


3 DYNAMIC LOAD CASES FOR FATIGUE ASSESSMENT 


3.1 Description of dynamic load cases 


3.1.1 


Table 7 to Table 9 define the ship motions responses and the global loads corresponding to each dynamic load 


case to be considered for fatigue assessment. 


Table 7 : Ship responses for HSM and FSM load cases - Fatigue assessment 


read HSM-1 HSM-2 FSM-1 FSM-2 
case 
EDW HSM 
Heading Head Following 
Effect Max. bending moment Max. bending moment 
VWBM Sagging Hogging Sagging Hogging 
VWSE Negative-aft Positive-aft Negative-aft Positive-aft 
Positive-fore Negative-fore Positive-fore Negative -fore 
HWBM - - - - 
TM - - - - 
Surge To stern To bow To bow To stern 
asurge l = $ l = Í l <i j c= $ 
Sway 5 - - z 
asway ~ a T = 
Heave Down Up - - 
Roll - - - - 
aroi 2 = = p 
Pitch Bow down Bow up Bow up Bow down 
I \ \ I 
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Table 9 : Ship responses for OST load cases - Fatigue assessment 


a OST-4P OST-2P OST-1S OST-2S 
case 
EDW OST 
Heading Oblique 
Effect Max. torsional moment 
VWBM Sagging Hogging Sagging Hogging 
VWSF Negative-aft Positive-aft Negative-aft Positive-aft 
Positive-fore Negative-fore Positive -fore Negative-fore 
HWBM Port tensile Stbd tensile Stbd tensile Port tensile 
er Cy Oy Or 
TM 
a € 20 po 
Surge To bow To stern To bow To stern 
asurge Q aE 4 Q = 4 Q =| 4 Q =s 7, 
Sway = - 5 5 
asway P A á ý 
Heave Up Down Up Down 
aheave WS L.S WS LS LS LS 
Roll Portside down Portside up Starboard down Starboard up 
ao 
aroi Ws LS ue LS LS W.S LS W.S 
Pitch Bow up Bow down Bow up Bow down 
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3.2 Load combination factors 


3.2.1 


The load combinations factors, LCFs for the global loads and inertial load components for fatigue assessment 


are defined in: 


Table 10: LCFs for HSM and FSM load cases. 
Table 11: LCFs for BSR and BSP load cases. 
Table 12: LCFs for OST load case. 
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Table 10 : Load combination factors, LCFs for HSM and FSM load cases - Fatigue assessment 


Load LCF | HSM-4 HSM-2 FSM-1 FSM-2 
component 
Mw | Cw -1 1 -0.75 - 0.2f; 0.75 + 0.2f, 
Hull girder Qw Cow -1.0 fip 1.0 fip (-0.75-0.2f,) fip (0.75+0.2f,) fip 
loads Mwy Cia o o o O 
Myr | Cwr 0 0 0 0 
Asurge Cys 0.3 - 0.2f, 0.2f,- 0.3 -0.4f; + 0.2 0.4f;- 0.2 
Longitudinal 
accelerations | 2P" Cxp ey 0:3 0.1 0.1 
gsing | Cxe | 0.4f;+0.4 | -0.4f,-0.4 -0.15 0.15 
asway Cys (0) (0) (0) (0) 
Transverse 
accelerations | _ 2" Cre o 0 0 0 
gsing Co (0) (0) (0) (0) 
a heave Cy, | 0.8f -0.15 | 0.15 - 0.8f (0) (0) 
Vertical 
accelerations |_?"2" Czr o 0 0 0 
Behe, || FO 0.9 0.9 0.1 -0.1 
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Table 11 : Load combination factors, LCFs for BSR and BSP load cases - Fatigue assessment 


ienen LCF BSR-1P BSR-2P BSR-1S BSR-2S 
Mw | Cw 0.1 - 0.2f, 0.2f,- 0.1 0.1 - 0.2f, 0.2f,- 0.1 
Hull girder Qw Cow (0.1-0.2f7) fip (0.2f,; - 0.1) fip (0.1-0.2f7) fip (0.2f; - 0.1) fip 
loads Mum | Cw eee fats Aa L1-f 
asurge Cys (0) (0) (0) (0) 
Longitudinal 
accelerations |_ ih Cxp 9 2 E 2 
gsing | Cya O O O 0 
aug ex 0.2 - 0.2f, 0.2f, - 0.2 0.2f, - 0.2 0.2 - 0.2f, 
Transverse 
accelerations |_ 2/0" Cyn t -4 2 t 
gsind | Ca 4 1 1 4 
anae | Cu 0.7 - 0.4f, 0.4f, - 0.7 0.7 - 0.4f, 0.4f,- 0.7 
Vertical 
accelerations |_ 0! Czr E = t 
apitcnz | Czp 0 0 0 
Reever LCF BSP-1P BSP-2P BSP-1S BSP-2S 
Muy | Cw | 0.3 -08f, 0.8f,- 0.3 0.3 - 0.8f, 0.8f,- 0.3 
Hull girder | Qw | Cow | (0.3-0.8f) fp | (0.8f;-0.3)f, | (0.3-0.8f) fp | (0.8f,-0.3) fp 
loads Mun | Cwn 0.6 - 0.6f, 0.6f,- 0.6 0.6f,- 0.6 0.6 - 0.6f, 
Mur | Cwr o o o 0 
Asurge Cys (0) (0) (0) (0) 
Longitudinal 
accelerations | 22x Cxp 2 o 9 o 
gsing | Cyc O 0 O 0 
Asway Cys -0.95 0.95 0.95 -0.95 
Transverse 
sec alacation’ Froity Cyr 0.3 -0.3 -0.3 0.3 
gsind | Ca 0.2 0.2 0.2 0.2 
Fheave Czy 1 -1 1 -1 
A ae a, | Ca 0.3 03 03 0.3 
Apitenz | Czp (0) (0) (0) (0) 
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Table 12 : Load combination factors, LCFs for OST load cases 


- Fatigue assessment 


IACS 


bead LCF OST-1P OST-2P OST-1S OST-2S 
component 
Mw | Cw -0.4 0.4 -0.4 0.4 
Hull girder Qw | Cow -0.4 fp 0.4 fip -0.4 fp 0.4 fip 
loads Mwy Cwn -0.9 0.9 0.9 -0.9 
Mwr Cwr z fip-osT fip-osT fip-osT Vs fip-osT 
Asue | Cxs | -0.25 + 0.2f; 0.25 - 0.2f, -0.25 + 0.2f, 0.25 - 0.2f, 
Longitudinal 
A 4-Q. -0.4 + 0. 4-Q. -0.4 + 0. 
eee (omen Oe 0.4 -0.2f, 0.4 + 0.2f, 0.4 -0.2f, 0.4 + 0.2f, 
gsing | Cxe 0.4 + 0.2f, 0.4 - 0.2f, -0.4 + 0.2f, 0.4 - 0.2f, 
asway Cys (0) (0) (0) (0) 
Transverse 
-0.4 + 0. 4-Q. 4-Q. -0.4 + 0. 
Mon ETE 0.4 + 0.6f, 0.4 - 0.6f, 0.4 - 0.6f, 0.4 + 0.6f, 
gsind | Cy 0.2 - 0.3f, -0.2 + 0.3f, 0.2 + 0.3f, 622086 
anae | Cu -0.05 0.05 -0.05 0.05 
vertical a C -0.4 + 0.6f 0.4 - 0.6f 0.4 - 0.6f 0.4 + 0.6f 
accelerations | _“ "7 ZR i aie eae TE ; esis 
Bie | Ox 0.4 - 0.2f, -0.4 + 0.2f, 0.4 -0.2f; -0.4 + 0.2f, 
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SECTION 3 
SHIP MOTIONS AND 
ACCELERATIONS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


ao : Acceleration parameter, to be taken as: 
ao = (1.58 -0.47Cp) = +34_ 600) 
WE EL 
To : Roll period, in s, as defined in [2.1.1]. 
0 : Roll angle, in deg, as defined in [2.1.1]. 
Ty : Pitch period, in s, as defined in [2.1.2]. 
p : Pitch angle, in deg, as defined in [2.1.2]. 
R : Vertical coordinate, in m, of the ship rotation centre, to be taken as: 
F D Tic 2) 
R= (2 +—,= 
on 4 2 2 


Cyg, Cys, Cyp, Cyg, Cys, Cyr, Czy, Czę, and Czp: Load combination factors, as defined in Ch 4, Sec 2. 
any  : Transverse acceleration due to roll, in m/s?, as defined in [3.3.2]. 

Apitenx : Longitudinal acceleration due to pitch, in m/s?, as defined in [3.3.1]. 

anz 2 Vertical acceleration due to roll, in m/s?, as defined in [3.3.3]. 

Apitcnz : Vertical acceleration due to pitch, in m/s, as defined in [3.3.3]. 


fi : Ratio between draught at a loading condition and scantling draught, to be taken as: 


T 
fr = o but is not to be taken less than 0.5. 
Sc 


Tic : Draught, in m, amidships for the considered load case 


X,y,Z :X, Y and Z coordinates, in m, of the considered point with respect to the coordinate system, as 


defined in Ch 4, Sec 1, [1.2.1]. 


fos : Coefficient for strength assessments which is dependant on the applicable design load scenario 
specified in Ch 4, Sec 7, and to be taken as: 
fos = 1.0 for extreme sea loads design load scenario. 
fps = 0.8 for the ballast water exchange design load scenario. 
fps = 0.8 for the accidental flooded design load scenario at sea. 
fps = 0.4 for the harbour/sheltered water design load scenario. 
fia : Fatigue coefficient to be taken as: 
fa = 0.9 
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1.1 Definition 


1.1.1 


IACS 


The ship motions and accelerations are assumed to be sinusoidal. The motion values defined by the formulae 
in this section are single amplitudes, i.e. half of the ‘crest to trough’ height. 


2 SHIP MOTIONS AND ACCELERATIONS 


2.1 Ship motions 


2.1.1 Roll motion 


The roll period Tg in s, to be taken as: 


_ 2.30 k, 


JZ GM 


The roll angle @, in deg, to be taken as: 


To 


— 9000 (1.25 — 0.025Tə) f, fax 


9 (B+ 75)t 
where: 
fo : Coefficient to be taken as: 
f, = fps for strength assessment. 
f, = fa(0.23- 4f, Bx 10%) for fatigue assessment. 
fek : To be taken as: 
fsk = 1.2 for ships without bilge keel. 
fsx = 1.0 for ships with bilge keel. 
k, : Roll radius of gyration, in m, in the considered loading condition. The values in Table 1 or Table 2 are 
to be adopted. 
GM : Metacentric height, in m, in the considered loading condition. The values in Table 1 or Table 2 are to 


be adopted. 


Table 1 : k, and GM values for oil tankers 
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Loading condition  @ Tic k, GM 
Full load condition Tsc 0.35B 0.12B 
Optional conditions that have a draught Actual draught but > 
: g g 0.35B | 0.12B 
greater than 0.9Tsc 0.9Tsc 
Partial load condition < 0.6Tsc 0.40B 0.24B 
Ballast condition Tear 0.45B 0.33B 
(1) For optional loading conditions or gale/emergency ballast conditions with draught between 0.6Ts¢ and 0.9T sc, 
the values of k, and GM, unless provided in the loading manual, are to be obtained by linear interpolation 
between the optional condition at 0.9Ts, and the partial load condition at 0.675, based on the actual draught. 
(2) For flooded loading conditions, the values of k, and GM, unless provided in the loading manual, are to be taken 
as those for the full load condition. 
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Table 2 : k, and GM values for bulk carriers 


Loading condition ® 2 ® Application Tic k, GM 
Homogeneous loading All bulk carriers 0.35B 0.12B 
h- Alternate heavy cargo BC-A 0.40B | 0.20B 
Ti Alternate light cargo BC-A 0.35B 0.12B 
Homogeneous heavy cargo BC-B, BC-A Tsc 0.42B | 0.25B 
All bulk carriers 
Steel coil loading ® P 0.42B | 0.25B 
steel products 
Heavy ballast condition All bulk carriers TALH 0.40B | 0.25B 
Normal ballast condition All bulk carriers Tear 0.45B | 0.33B 


(1) For Multi-port (MP) loading conditions with draught greater than or equal to 0.9Tsc, the values of k, and GM, unless 
provided in the loading manual, are to be taken as those from the most appropriate full load condition. 
For Multi-port (MP) loading conditions with draught between To4,,, and 0.9Tsc, the values of k, and GM, unless provided in 
the loading manual, are to be obtained by linear interpolation, based on the draught, between the heavy ballast condition 
and the most appropriate full load condition. 
For Multi-port (MP) loading conditions with a draught below Tsa}, the values of k, and GM for the heavy ballast condition 
are to be used. 

(2) For flooded loading conditions, the values of k, and GM, unless provided in the loading manual, are to be taken as those 
for the full load condition. 

(3) When steel coil loading condition is provided by the designer according to Ch 1, Sec 2, [3.6] in the loading manual, this 
condition is to be assessed with draught, k, and GM values given in this table. 

(4) Block Loading conditions are to be assessed with draught, k, and GM values given in this table for Homogeneous heavy 
cargo loading condition. 


2.1.2 Pitch motion 


The pitch period T,, in s, is to be taken as: 


T, = [2 Ao 
g 
where: 


Ay = 0.6 (1+f;) L 


The pitch angle ø, in deg, is to be taken as: 


1.2 
P = 1350 f, L°% {10 + (222) | 
JEL 
where: 
f, : Coefficient to be taken as: 


fp = fps for strength assessment. 


f, = fal(0.27 — 0.02f,) —(13 —5f;) Lx 10%] for fatigue assessment. 


2.2 Ship accelerations at the centre of gravity 


2.2.1 Surge acceleration 
The longitudinal acceleration due to surge, in m/s?, is to be taken as: 


Asurge = 0.2 fp Ao £ 
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A : Coefficient to be taken as: 


fo = fps for strength assessment. 


fo = fa[0.27 — (15 + 4f;) Lx 10°] for fatigue assessment. 


2.2.2 Sway acceleration 

The transverse acceleration due to sway, in m/s?, is to be taken as: 
Asway = 0.3 f, Ao E 

where: 


f 


p : Coefficient to be taken as: 


fo = fps for strength assessment. 


fo = fa[0.24-(6-2fr) Bx 10“] for fatigue assessment. 


2.2.3 Heave acceleration 

The vertical acceleration due to heave, in m/s?, is to be taken as: 
Aneave = fp Ao E 

where: 


fp : Coefficient to be taken as: 


fo = fps for strength assessment. 


f, = frial(0.27 + 0.02f,)-17L x 10°] for fatigue assessment. 


2.2.4 Roll acceleration 


The roll acceleration, a,n in rad/s, is to be taken as: 


2 
roll = f; 8 1 (=) 


180 \ To 
where: 
0 : Roll angle using f, equal to 1.0. 
f : Coefficient to be taken as: 


p 


fo = fps for strength assessment. 


f, = fa[0.23-— 4f, Bx 10%] for fatigue assessment. 


2.2.5 Pitch acceleration 


The pitch acceleration, aiten in rad/s’, is to be taken as: 


Apiten = Fp o + 1.0) (0) a (3) 
where: 
p : Pitch angle using f, equal to 1.0. 
fp : Coefficient to be taken as: 
fo = fps for strength assessment. 
fp = fal0.28- (5 + 6f) L x 10°] for fatigue assessment. 
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3 ACCELERATIONS AT ANY POSITION 


3.1 General 


3.1.1 


The accelerations used to derive the inertial loads at any position are defined with respect to the ship fixed 
coordinate system. Hence the acceleration values defined in [3.2] and [3.3] include the gravitational 
acceleration components due to the instantaneous roll and pitch angles. 


3.1.2 


The accelerations to be applied for the dynamic load cases defined in Ch 4, Sec 2 are given in [3.2]. 


3.1.3 


The envelope accelerations as defined in [3.3] are provided for advisory purposes and may be used for other 
design purpose when the maximum design acceleration values are required, for example, crane foundations, 
machinery foundations, etc. 


3.2 Accelerations for dynamic load cases 


3.2.1 General 


The accelerations to be applied for the dynamic load cases defined in Ch 4, Sec 2 are given in [3.2.2] to 
[3.2.4]. 


3.2.2 Longitudinal acceleration 
The longitudinal acceleration at any position for each dynamic load case, in m/s?, is to be taken as: 


ay = — Cxe 8 SIN@ + Cys Agurge + Cyp Apiten(Z—R) 


3.2.3 Transverse acceleration 
The transverse acceleration at any position for each dynamic load case, in m/s?, is to be taken as: 


ay = Cys E SİNO + Cys Asway— Cyr Arou(Z— R) 


3.2.4 Vertical acceleration 


The vertical acceleration at any position for each dynamic load case, in m/s?, is to be taken as: 
az = Czy Aneave + Czr Aron Y — Czp Apitcnh (X — O.45L) 
3.3 Envelope accelerations 


3.3.1 Longitudinal acceleration 


The envelope longitudinal acceleration, a, en), in m/s?, at any position, is to be taken as: 


2 


ax-en 7 0.7 ena’ + E= (gsing + Aiton-») 


where: 


apitnx : Longitudinal acceleration due to pitch, in m/s? 


Apitch —x = Apitch (z- R) 
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3.3.2 Transverse acceleration 


The envelope transverse acceleration, ayen in m/s?, at any position, is to be taken as: 


2 . 2 
Ay_env = Jasway W (g sin® + Aron—y) 
where: 


any  : Transverse acceleration due to roll, in m/s?. 


Aroll—y = roll (z—R) 


3.3.3 Vertical acceleration 


The envelope vertical acceleration, a,.eny, in m/s?, at any position, is to be taken as: 


L 2 
aâz-env = Poon’ + ((o3 i =) TR + Gavi) 


where: 


Apicthz : Vertical acceleration due to pitch, in m/s?. 
Apitch-z = Apitch (x- 0.45L) 
anz 2 Vertical acceleration due to roll, in m/s?. 


Froll-z = Aro Y 
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SECTION 4 
HULL GIRDER LOADS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


X : X coordinate, in m, of the calculation point with respect to the reference coordinate system defined in 
Ch 4, Sec 1, [1.2.1]. 


Cy : Wave coefficient, in m, to be taken as: 
300-L)*° 
= 10.7 - (292-5) <L< 
Cw 0.75 100 for 90 < L < 300 
C, = 10.75 for 300 < L < 350 
L- 350) $ 
= 10.75 = =n < 
Cy = 10.75 ( 150 for 350<L<500 
fs : Heading correction factor, to be taken as: 


e For strength assessment: 
fz = 0.8 for BSR and BSP load cases for the extreme sea loads design load scenario. 


fz = 1.0 for HSM, HSA, FSM, OST and OSA load cases for the extreme sea loads design load 
scenario. 


fz = 1.0 for ballast water exchange at sea, harbour/sheltered water and accidental flooded 
design load scenarios. 


e For fatigue assessment: 
f= 1.0. 
fos : Coefficient, as defined in Ch 4, Sec 3. 


BSR, BSP, HSM, HSA, FSM, OST, OSA : Dynamic load cases, as defined in Ch 4, Sec 2. 


1 = APPLICATION 


1.1 General 


1.1.1 


The hull girder loads for the static (S) design load scenarios is to be taken as the still water loads defined in [2]. 


1.1.2 
The total hull girder loads for the static plus dynamic (S+D) design load scenarios are to be derived for each 


dynamic load case and are to be taken as the sum of the still water loads defined in [2] and the dynamic loads 
defined in [3.5]. 
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2 VERTICAL STILL WATER HULL GIRDER LOADS 


2.1 General 


2.1.1 Seagoing and harbour/sheltered water conditions 


The designer is to provide the permissible still water bending moment and shear force for seagoing and 
harbour/sheltered water operations. 


The permissible still water hull girder loads are to be given at each transverse bulkhead in the cargo hold 
region, at the middle of cargo compartments, at the collision bulkhead, at the engine room forward bulkhead 
and at the mid-point between the forward and aft engine room bulkheads. The permissible hull girder bending 
moments and shear forces at any other position may be obtained by linear interpolation. 


Note 1: It is recommended that, for initial design, the permissible hull girder hogging and sagging still water bending moments are at least 
5% above the maximum still water bending moment from loading conditions in the loading manual, and the permissible hull 
girder shear forces are at least 10% above the maximum still water shear force from loading condition in the loading manual, to 
account for growth and design margins during the design and construction phase of the ship. 


2.1.2 Flooded condition 


The designer is to provide the envelope of permissible still water bending moment and shear force in flooded 
condition. 


2.1.3 Still water loads for the fatigue assessment 

The still water bending moment and shear force values and distribution to be used for the fatigue assessment 
are to be taken as the most typical values applicable for the loading conditions that the ship will operate in for 
most of its life. Typically, these conditions will be the normal ballast condition and full homogeneously loaded 
condition for double hull oil tankers. For bulk carriers, these will be the normal ballast condition, heavy ballast 


condition, full homogeneously loaded condition and full alternate loaded condition; note the latter is only 
applicable to BC-A bulk carriers. The definition of loading conditions to use is specified in Ch 9. 


2.2 Vertical still water bending moment 


2.2.1 Minimum still water bending moment 


The minimum still water bending moment, Mgy.p-min ANd Mey-smin. in KNM, in hogging and sagging condition, 
respectively is to be taken as: 


Hogging conditions: 

Weiser = few (171C, L° B(Ca + 0.7) 10° — Mwn- mia) 
Sagging conditions: 

Msw-s-mn = —O.85 fey (171Cy L? B(Cg + 0.7) 10° + Mwv-s- mija) 
where: 


M w-n-mia : Vertical wave bending moment for strength assessment in hogging condition, as defined in [3.1.1] 
using f, and f, equal to 1.0. 


M w-s-mia : Vertical wave bending moment for strength assessment in sagging condition, as defined in [3.1.1] 
using f, and fm equal to 1.0. 
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: Distribution factor along the ship length. To be taken as, see Figure 1: 


f= 0.0 for x<O 

fay = 0.15 at x=0.1L 

fw= 1.0 for 0.3L<x<0.7L 
fsw = 0.15 at x=0.9L 
fw=0.0 for x2 L 


Intermediate values of f.,, are to be obtained by linear interpolation. 


Figure 1 : Distribution factor f,,, 


I 
| 

0.0 0.4L 0.3L 00) 0.7L 0.9L 1.0L 

AE FP 


2.2.2 Permissible vertical still water bending moment in seagoing condition 


The permissible vertical still water bending moments, M,,,,, and M.y., in seagoing condition at any longitudinal 
position are to envelop: 


The most severe still water bending moments calculated, in hogging and sagging conditions, 
respectively, for the seagoing loading conditions defined in Ch 4, Sec 8. 


The most severe still water bending moments for the seagoing loading conditions defined in the loading 
manual. 


The minimum still water bending moment defined in [2.2.1] 


2.2.3 Permissible vertical still water bending moment in harbour/sheltered water and tank testing 


condition 


The permissible vertical still water bending moments in the harbour/sheltered water and tank testing 
condition Msw-p-n and M,y.,., at any longitudinal position are to envelop: 


The most severe still water bending moments, in hogging and sagging conditions, respectively, for the 
harbour/sheltered water loading conditions defined in Ch 4, Sec 8. 


The most severe still water bending moments for the harbour/sheltered water loading conditions 
defined in the loading manual. 


The permissible still water bending moment defined in [2.2.2]. 


The minimum still water bending moment defined in [2.2.1] increased by 25%. 


2.2.4 Permissible vertical still water bending moment in flooded condition at sea 


The permissible vertical still water bending moments in flooded condition M,,.; at any longitudinal position are 
to envelop: 
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e The most severe still water bending moments, in hogging and sagging conditions, respectively, for the 
intact and flooded seagoing loading conditions defined in Ch 4, Sec 8. 


e The most severe still water bending moments for the intact and flooded seagoing loading conditions 
defined in the loading manual. 


e The permissible still water bending moment defined in [2.2.2] increased by 10%. 


2.3 Vertical still water shear force 


2.3.1 Minimum still water shear force in seagoing conditions for oil tankers 


The minimum hull girder positive and negative vertical still water shear force, Qoymin in KN, in way of transverse 
bulkheads between cargo tanks in the seagoing condition is to be taken as: 


a) For oil tankers with three cargo tanks across the breadth of the ship: 


0.225p8 Brocar ltk Tsc 


Qsw—min = tax 
0.5pg [0.98 (Ver + 2Vsr) — O.7Biocai ltk Tsc] 


and is to be taken as the maximum value of Q.,.min calculated for cargo/ballast tanks forward and aft of 
the transverse bulkhead. 


b) For oil tankers with two cargo tanks across the breadth of the ship: 
Qsim = +0.4pg Brocal lik Tsc 


and is to be taken as maximum value of Q.w-min Calculated for cargo/ballast tanks forward and aft of the 
transverse bulkhead. 


where: 

Boca : Local breadth, in m, at Tsc at the middle length of the tank under consideration. 

Lik : Length of cargo tank under consideration, in m, taken at the forward or aft side of the transverse 
bulkhead under consideration, in m. 

Vor : Volume of centre cargo tank, in m3, taken for the cargo tank on the forward or aft side of the 
transverse bulkhead under consideration. 

Vor : Volume of side cargo tank, in m?, taken for the cargo tank on the forward or aft side of the transverse 


bulkhead under consideration. 


2.3.2 Minimum still water shear force in harbour/sheltered water conditions for oil tankers 


The minimum hull girder positive and negative vertical still water shear force, Qsw-pmin in KN in the 
harbour/sheltered water condition in way of transverse bulkheads between cargo tanks are to be taken as: 


a) For oil tankers with three cargo tanks across the breadth of the ship: 


Q 0.27598 Biocai ltk Tsc 
sw-p-min = 0.5pg [0.98 (Ver + 2Vsr) — O0.6Biocal Lin Tsc] 


and is to be taken as the maximum value of Qsw-pmin Calculated for cargo/ballast tanks forward and aft 
of the transverse bulkhead. 


2 


For oil tankers with two cargo tanks across the breadth of the ship: 


Qsw—min = +0.45pg Biocal Lik Tsc 


and is to be taken as maximum value of Qsw-pmin Calculated for cargo/ballast tanks forward and aft of 
the transverse bulkhead. 
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2.3.3 Permissible still water shear force in seagoing condition 


The permissible vertical still water shear forces, Q,,, for oil tankers and bulk carriers, in seagoing condition at 
any longitudinal position are to envelop: 


e The most severe still water shear forces, positive or negative, for the seagoing loading conditions 
defined in Ch 4, Sec 8 after shear force correction in case of bulk carrier. 


e The most severe still water shear forces for the seagoing loading conditions defined in the loading 
manual after shear force correction in case of bulk carrier. 


e For oil tankers, the minimum still water shear forces for seagoing conditions defined in [2.3.1]. 


2.3.4 Permissible still water shear force in harbour/sheltered water and tank testing condition 


The permissible vertical still water shear forces, Qsw.p for oil tankers and bulk carriers, in the harbour/sheltered 
water and tank testing condition at any longitudinal position are to envelop: 


e The most severe still water shear forces, positive or negative, for the harbour/sheltered water loading 
conditions defined in Ch 4, Sec 8 after shear force correction in case of bulk carrier. 


e The most severe still water shear forces for the harbour/sheltered water loading conditions defined in 
the loading manual after shear force correction in case of bulk carrier. 


¢ For oil tankers, the minimum still water shear forced for harbour/sheltered water conditions defined in 
[2.3.2]. 


The following value may be used as guidance at preliminary design stage: 


Qsw-p = Qsw + 0.6Qw 


where: 
Qw : Permissible still water shear force Q,,,, as defined in [2.3.3]. 
Qw : Vertical wave shear force for strength assessment Qw-pos aNd Qwv-neg AS defined in [2.3.1] using f, 


equal to 1.0. 


2.3.5 Permissible still water shear force in flooded condition at sea 


The permissible vertical still water shear forces, Q.w for oil tankers and bulk carriers, in flooded condition at 
any longitudinal position are to envelop: 


e The most severe still water shear forces, positive or negative, for the flooded seagoing loading 
conditions defined in Ch 4, Sec 8 after shear force correction in case of bulk carrier. 


e The most severe still water shear forces for the flooded seagoing loading conditions defined in the 
loading manual after shear force correction in case of bulk carrier. 


e The permissible still water shear force is defined in [2.3.3]. 
3 DYNAMIC HULL GIRDER LOADS 


3.1 Vertical wave bending moment 


3.1.1 

The vertical wave bending moments at any longitudinal position, in kNm, are to be taken as: 
Hogging condition: 

Mw-n = 0.19fni 4 fm fp Cy L? BCe 

Sagging condition: 

Mw-s = -0.19 fni-vs fm fp Cw L° BCe 
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where: 


fi, l-vh 


fakvs 


: Coefficient considering nonlinear effects applied to hogging, to be taken as: 


favn = 1.0 for strength and fatigue assessment. 


: Coefficient considering nonlinear effects applied to sagging, to be taken as: 


C+ 0.7 
fas = 0.58 (===) for strength assessment. 
B 


favs = 1.0 for fatigue assessment. 


: Coefficient to be taken as: 


ty = fos for strength assessment. 
f, = 0.9[0.27 - (6 + 4f;) Lx 10°] for fatigue assessment. 


f,,=0.0 for x<O 
fr=1.0 for O4L<x<0.65L 
f,=0.0 for x2L 


Intermediate values of f,, are to be obtained by linear interpolation (see Figure 2). 


Figure 2 : Distribution factor fnm 


3.2 Vertical wave shear force 


3.2.1 


The vertical wave shear forces at any longitudinal position, in KN, are to be taken as: 


Qwv- pos 


Qwv-neg 


where: 


f 


p 


20152, pos fp Cy LBCe 


= —0.52f4_neg fp Cw LBC; 


: Coefficient to be taken as: 


fo = fps for strength assessment. 
f, = 0.9[0.27 - (17 - 8fr) Lx 10°] for fatigue assessment. 
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: Distribution factor for vertical wave bending moment along the ship’s length, to be taken as: 
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f, : Distribution factor along the ship length for positive wave shear force, to be taken as: 


q-pos 
fopos = 0.0 forx<0O 
Fopos = 0.92 fa-vn fOr 0.2 L<x<0.3L 
Fapos = 0.7 forO.4L<x<0.6L 
fopos= 1.0 fa-vs forO.7L<x<0.85L 
fapos = 0.0 forx2 L 


Intermediate values of f4.pos are to be obtained by linear interpolation (see Figure 3). 


faneg  : Distribution factor along the ship length for negative wave shear force, to be taken as: 


Foneg = 0.0 forx<O 

foneg= 0.92 f,)_sfor 0.2L <x < 0.3 L 
foneg OT forO.4L<x<0.6L 
faneg = 1.0 fai-vn for O.7L <x < 0.85 L 
foneg = 0.0 forx2 L 


Intermediate values of fy. neg are to be obtained by linear interpolation, see Figure 4. 


fave favs: Coefficient considering nonlinear effects defined in [3.1.1]. 


Figure 3 : Distribution factor of positive vertical shear force f, „os 


AE 0.2L O.3L 0.4L 0.6L 0.7L 0.85L FP 


Figure 4 : Distribution factor of negative vertical shear force f,,,. 


AE 0.2L 0.3L 0.4L 0.6L 0.7L 0.85L FP 
3.3 Horizontal wave bending moment 
3.3.1 
The horizontal wave bending moment at any longitudinal position, in kNm, is to be taken as: 
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Mun = fp 7,(0.34 + 
i aup 2800 


where: 


fan 


fm 


L 


Ua tines 


: Coefficient considering nonlinear effect to be taken as: 


fan = 0.9 for strength assessment 


fan = 1.0 for fatigue assessment 


: Coefficient to be taken as: 


ty = fps for strength assessment. 


F = 0.9-[(0.2 + 0.04f,) + (11 — 8f;) L x 10°] for fatigue assessment. 


ps 


: Distribution factor defined in [3.1.1]. 


3.4 Wave torsional moment 


3.4.1 


IACS 


The wave torsional moment at any longitudinal position with respect to the ship baseline, in kNm, is to be 


taken as: 
My = fp 


where: 


(Mw + Mya) 


L 


Mwa SOAR Cu = B°? DC; 


LC 


Migs = 0.22f; C, PR Cp 


fiy fo : Distribution factors, taken as: 
fau=0 for x<0 
fu = sin(27) for O<x<L 
fa=0 for x> L 
f2=0 for x< 0 
fo = sin?(=) for O<x<L 
f2=0 for x> L 
fp : Coefficient to be taken as: 
ty tps for strength assessment. 
fọ = 0.9[0.24 + (6fr- 5) Bx 10] for fatigue assessment. 
3.5 Hull girder loads for dynamic load cases 
3.5.1 General 


The dynamic hull girder loads to be applied for the dynamic load cases defined in Ch 4, Sec 2, are given in 
[3.5.2] to [3.5.5]. 


3.5.2 Vertical wave bending moment 


The vertical wave bending moment, Mw-œ in kNm, to be used for each dynamic load case in Ch 4, Sec 2, is 


defined in Table 1. 
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Table 1 : Vertical wave bending moment for dynamic load cases 


Load combination factor Myy-tc 
Cw 20 fg Cwy Mwy-n 
Cw < (0) fg Cw |M w-sl 
where: 
Cw : Load combination factor for vertical wave bending moment, to be taken as specified in Ch 4, Sec 2. 


Mwn Myys: Hogging and sagging vertical wave bending moment taking account of the considered design load 
scenario, as defined in [3.1.1]. 


3.5.3 Vertical wave shear force 


The vertical wave shear force, Q,,,c, in KN, to be used for each dynamic load case in Ch 4, Sec 2, is defined in 
Table 2. 


Table 2 : Vertical wave shear force for dynamic load cases 


Load combination factor Qwy-tc 
Cow 2 (0) fg Cow Qwv-pos 
Cow <0 fg Cow (Oinez 
where: 
Cow : Load combination factor for vertical wave shear force, to be taken as specified in Ch 4, Sec 2. 


Qwvposr Qwy-neg : Positive and negative vertical wave shear force taking account of the considered design load 
scenario, as defined in [3.2.1]. 


3.5.4 Horizontal wave bending moment 


The horizontal wave bending moment, Mwn- in kNm, to be used for each dynamic load case defined in 
Ch 4, Sec 2, is to be taken as: 


Mwnh-to = fg CwH Mwn 


where: 

Cwr : Load combination factor for horizontal wave bending moment, to be taken as specified in 
Ch 4, Sec 2. 

Mwn : Horizontal wave bending moment taking account of the appropriate design load scenario, as defined 
in [3.3.1]. 


3.5.5 Wave torsional moment 


The wave torsional moment, Mc, in kNm, to be used for each dynamic load case defined in Ch 4, Sec 2, is to 
be taken as: 


Mywt-Le = fg Cwr Mw 


where: 

Cwr : Load combination factor for wave torsional moment, to be taken as specified in Ch 4, Sec 2. 

Mw: : Wave torsional moment taking account of the appropriate design load scenario, as defined in [3.4.1]. 
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EXTERNAL LOADS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 
A : Wave length, in m. 


x : Moulded breadth at the waterline, in m, at the considered cross section. 


IACS 


X,Y,Z :X, Y and Z coordinates, in m, of the load point with respect to the reference coordinate system 


defined in Ch 4, Sec 1, [1.2.1]. 


fa : Ratio as defined in Ch 4, Sec 2. 
fys : Ratio between Y-coordinate of the load point and B, to be taken as: 
fs = a , but not greater than 1.0. 


X 


fs = O when B, = 0. 


fsı : Ratio between Y-coordinate of the load point and B, to be taken as: 
Fye1 = 2 , but not greater than 1.0 

Ci : Wave coefficient defined in Ch 4, Sec 4. 

fr : Ratio as defined in Ch 4, Sec 3. 


Pww.  : Wave pressure at the waterline, kN/m?, for the considered dynamic load case. 
Pw,w = Pw for z = Tic 
Aw : Water head equivalent to the pressure at waterline, in m, to be taken as: 


hy = Pw, wL 


p£ 


fps : Coefficient for strength assessment, as defined in Ch 4, Sec 3. 
0 : Roll angle, in deg, as defined in Ch 4, Sec 3, [2.1.1]. 

To : Roll period, in s, as defined in Ch 4, Sec 3, [2.1.1]. 

fra : Coefficient defined in Ch 4, Sec 3. 

fs : Coefficient defined in Ch 4, Sec 4. 
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1 SEA PRESSURE 


1.1 Total pressure 


1.1.1 


The external pressure P,, at any load point of the hull, in kN/m?, for the static (S) design load scenarios, is to 
be taken as: 


Pex = Ps but not less than O. 


The total pressure P,, at any load point of the hull for the static plus dynamic (S+D) design load scenarios, is to 
be derived from each dynamic load case and is to be taken as: 


P., = Ps+Py but not less than O. 


where: 
Ps : Hydrostatic pressure, in KN/m?, defined in [1.2]. 
Pw : Wave pressure, in kN/m?, is defined in [1.3]. 


1.2 Hydrostatic pressure 


1.2.1 
The hydrostatic pressure, P; at any load point, in KN/m?, is obtained from Table 1. See also Figure 1. 


Table 1: Hydrostatic pressure, Ps 


Location Hydrostatic Pressure, Ps, in kN/m? 
Z<STic P E(Tic-zZ) 
Z>Tic (0) 


Figure 1 : Hydrostatic pressure, Ps 


1.3 External dynamic pressures for strength assessment 


1.3.1 General 


The hydrodynamic pressures for each dynamic load case defined in Ch 4, Sec 2, [2] are defined in [1.3.2] to 
[1.3.8]. 
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1.3.2 Hydrodynamic pressures for HSM load cases 


The hydrodynamic pressures, Py, for HSM-1 and HSM-2 load cases, at any load point, in kKN/m?, are to be 
obtained from Table 2. See also Figure 2 and Figure 3. 


Table 2 : Hydrodynamic pressures for HSM load cases 


Wave pressure, in kN/m? 


Load case Z<Tic Tice<ZShywt Tre Z>hywtTre 


HSM-1 | Py = max (Pns, pS (Z - Tio) 


Pw = Pwwe - P&Z - Tic) Py = 0.0 
HSM-2 Pw = max (Pus, PS (Z—-Tc)) 
where: 
Pas = fos fr fy Ka kp fy Cy [eo A= 22 
Fa : Coefficient considering non-linear effects, to be taken as: 
e For extreme sea loads design load scenario: 
fa = 0.7 at fy =O 
fa = 0.9 at fq = 0.3 
fa = 0.9 at fy = 0.7 
faı=0.6atfı=1 
e For ballast water exchange design load scenario: 
f,, = 0.85 at f,, =O 
fa = 0.95 at fy = 0.3 
fa = 0.95 at fa = 0.7 
Fal = 0.80 at fo =1 
Intermediate values are obtained by linear interpolation. 
fyz : Girth distribution coefficient, to be taken as: 
fz = =+ fpg+1 
LC 
fh : Coefficient to be taken as: 
fa= 3.0(1.21 — 0.66 f) 
ka : Amplitude coefficient in the longitudinal direction of the ship, to be taken as: 
= 20 2 
ka = (0.5 + f,)4 (3-2,/fya) — FCT- 6f) + + 3(1-f) for f,.< 0.15 
k, = 1.0 for 0.15 <f,, < 0.7 
= 40 18 
ka = 1+(f,, —0.7) zí 5] +2(1- fo) offa - 0.7) - 0.25(2 — fo | for f,, 20.7 
B 
A : Wave length of the dynamic load case, in m, to be taken as: 
à = 0.6(1 + f,)L 
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: Phase coefficient to be obtained from Table 3. Intermediate values are to be interpolated. 


Table 3 : k, values for HSM load cases 


fa o 0.3-0.1 f, | 0.35 -0.1 f| 0.8-0.2 f, | 0.9-0.2 f, 1.0 


k, | -0.25 f, (1+ fp) -1 1 1 -1 -1 


Figure 2 : Transverse distribution amidships of dynamic pressure for HSM-1, HSA-1 and FSM-1 load cases 
T 


Figure 3 : Transverse distribution amidships of dynamic pressure for HSM-2, HSA-2 and FSM-2 load cases 


FERESTETEF 


Yyyy% 
KR RK A AM 


1.3.3 Hydrodynamic pressures for HSA load cases 


The hydrodynamic pressures, Py, for HSA-1 and HSA-2 load cases at any load point, in kN/m?, are to be 
obtained from Table 4. See also Figure 2 and Figure 3. 


Table 4 : Hydrodynamic pressures for HSA load cases 


Wave pressure, in kN/m? 


Load case ZST Tic<ZShwt Tre Z>hwt Tire 


HSA-1 Pw = max(-Pus, P8(Z—Tic)) 


Pw = Pwwe - P8(Z - Tic) Py = 0.0 
HSA-2 Pw = max(Pus, Pp§(Z—- Tic) 
where: 
Pus = fos fni fn Ka Kp fyz Cy front. tee 
Fat : Coefficient considering non-linear effects, to be taken as defined in [1.3.2]. 
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fh 


: Girth distribution coefficient, to be taken as: 


an 
fy = T A 


: Coefficient to be taken as: 


f, = 2.4(1.21 -0.66 f,) 


: Wave length of the dynamic load case, in m, to be taken as: 


A = 0.6(1+ fL 


Table 5 : k, values for HSA load cases 


IACS 


: Amplitude coefficient in the longitudinal direction of the ship, to be taken as defined in [1.3.2]. 


: Phase coefficient to be obtained from Table 5. Intermediate values are to be interpolated. 


0 0.3-0.1 f, | 0.5-0.2 f, | 0.8-0.2 f, | 0.9-0.2 f; 


1.0 


1.5-fr-0.5 fys -1 1 1 -1 


1.3.4 Hydrodynamic pressures for FSM load cases 


The hydrodynamic pressures, Py, for FSM-1 and FSM-2 load cases, at any load point, in kN/m?, are to be 
obtained from Table 6. See also Figure 2 and Figure 3. 


Table 6 : Hydrodynamic pressures for FSM load cases 


Wave pressure, in kN/m? 


Load case ZSTic 


Tice <ZShywt Tic Z>hywt+Tic 


FSM-1 Pw = max(-Prs, pS(Z—Tic)) 


FSM-2 Py = max(Prs, P8(Z—T¢)) 


Pw = Pww - PEZ- Tic) 


where: 


Pes = fos fry fn Kg Ky fya Cy fron hn 228 


fnr 


yz 


th 


: Coefficient considering non-linear effects, to be taken as: 


f,, = 0.9 for extreme sea loads design load scenario. 


fa = 0.95 for ballast water exchange design load scenarios. 


: Girth distribution coefficient, to be taken as: 


A 
fa = Got het 4 


: Coefficient to be taken as: 


f, = 2.6 


: Amplitude coefficient in the longitudinal direction of the ship, to be taken as: 


ka = 1+(3.75-2 f)(1-5 fa)(1- fo) for f< 0.2 
ka = 1.0 for 0.2 < fy < 0.9 
ka = 1+ 20(1-f,s) (fı — 0.9) for f 20.9 


: Wave length of the dynamic load case, in m, to be taken as: 


ù = 0.6(1+ 2/3 fL 
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: Phase coefficient to be obtained from Table 7. Intermediate values are to be interpolated. 


Table 7 : k, values for FSM load cases 


fa 0 0.35-0.1 f | 0.5-0.2 f, | 0.75 | 0.8 1.0 


k, | -0.75-0.25 fye -1 1 1 | -1 | -0.75-0.25 fys 


1.3.5 Hydrodynamic pressures for BSR load cases 


The wave pressures, Py, for BSR-1 and BSR-2 load cases, at any load point, in KN/m?, are to be obtained from 
Table 8. See also Figure 4 and Figure 5. 


Table 8 : Hydrodynamic pressures for BSR load cases 


Wave pressure, in kN/m? 
Load case ZST ie Tice<ZSNwt Tic Z>hyt Tre 
BSR-1P Pw = max (Pesry P8 (Z - Tic) 
BSR-2P Pw = max (- Pgspr, PS (Z - Tic) 
BSR-1S Pw = max (Pesry PS (Z - Tic) eee eas 
BSR-2S Pw = max (- Psp, PS (Z - Tic) 


where: 


e For BSR-1P and BSR-2P load cases. 


Peg = fy f,,( 10ysine +0.88 fps Cy [tA OE tas + D) 


e For BSR-1S and BSR-2S load cases. 


Pasa = fo fu(-10ysine + 0.88 fp, Cu froma 28 fas + 1)) 


fii : Coefficient considering non-linear effect, to be taken as: 
f,, = 1 for extreme sea loads design load scenario. 


f,, = 1 for ballast water exchange design load scenarios. 


A : Wave length of the dynamic load case, in m, to be taken as: 
_ & 72 
= =T 
h 2m ° 


Figure 4 : Transverse distribution of dynamic pressure for BSR-1P (left) and BSR-1S (right) load cases 


Port Starboard Port Starboard 
P, Po 


Wave 
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Figure 5 : Transverse distribution of dynamic pressure for BSR-2P (left) and BSR-2S (right) load cases 
Port Starboard Port Starboard 


Wave ! Wave 


1.3.6 Hydrodynamic pressures for BSP load cases 


The wave pressures, Py, for BSP-1 and BSP-2 load cases, at any load point, in kN/m?, are to be obtained from 
Table 9. See also Figure 6 and Figure 7. 


Table 9 : Hydrodynamic pressures for BSP load cases 


Wave pressure, in kN/m? 
Load case ZST i Tic<ZShywt Tic Z>hwtTie 
BSP-1P Pw = max (Pasp, PS (Z - Tic) 
BSP-2P Pw = max (- Pgsp, P8 (Z - Tic) 
Pw = Pwwe - PS (Z-Tic) Py = 0.0 
BSP-1S Pw = max (Pgsp, PS (Z - Tic) 
BSP-2S Pw = max (- Pesp, PS (Z - Tic) 
where: 
Lo+A-125 
Pip = 4-5 fg fos fni fyz Cu | Tn 
A : Wave length of the dynamic load case, in m, to be taken as: 
à = 0.2(1+2 f;)L 
fyz : Girth distribution coefficient, to be obtained from Table 10. 
Table 10 : Girth distribution coefficient, f,, for BSP load cases 
Transverse position BSP-1P - BSP-2P BSP-1S - BSP-2S 
Z 2 Z 1 
y2z20 mE A A EDS wS aTa 2 mtas 
2z A Z 
y<0 fz = 37. 2 fye1 + 0.5 fz = En s fye1 + 0.5 
foi : Coefficient considering non-linear effect, to be taken as: 
¢ For extreme sea loads design load scenario: 
f,,= 0.6 at fy =O 
fa = 0.8 at fy = 0.3 
fa = 0.8 at fy = 0.7 
f,,=O0.6 at fy =1 
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e For ballast water exchange design load scenario: 
fa = 0.6 at f = 0 
fa = 0.8 at fq = 0.3 
fa = 0.8 at fy = 0.7 
fa = 0.6 at fy = 1 


Intermediate values are obtained by linear interpolation. 


Figure 6 : Transverse distribution of dynamic pressure for BSP-1P (left) and BSP-1S (right) load cases 


Port Starboard Port Starboard 
P 
Wave 
Figure 7 : Transverse distribution of dynamic pressure for BSP-2P (left) and BSP-2S (right) load cases 
Port Starboard Port Starboard 
Wave Wave 
> @ z z < 


1.3.7 Hydrodynamic pressures for OST load cases 


The wave pressures, Py, for OST-1 and OST-2 load cases, at any load point are to be obtained, in kN/m?, from 
Table 11. See also Figure 8 and Figure 9. 


Figure 8 : Transverse distribution of dynamic pressure amidships for OST-1P (left) and OST-1S (right) load cases 


Port Starboard Port Starboard 
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Figure 9 : Transverse distribution of dynamic pressure amidships for OST-2P (left) and OST-2S (right) load cases 


Port p Starboard Port P, Starboard 
ane oe a a ee E! { 
Wave bs Wave 
Table 11 : Hydrodynamic pressures for OST load cases 
Wave pressure, in kN/m? 
Load case Z<Tic Tice<ZShywt Tre Z>hwt Tc 
OST-1P Pw = max (Posr, P8 (Z - Tic)) 
OST-2P Pw = max (- Pogr, Pg (Z - Tic) 
Pw = Pwwe - P&Z - Tic) Py = 0.0 
OST-1S Pw = max (Posr, 8 (Z - Tic)) 
OST-2S Pw = max (- Post, Pg (Z - Tic) 
where: 
Lo+A-125 
Post = 1.38 fos fni Ka Kp fyz Cw E 
fyz : Girth distribution coefficient, to be obtained from Table 12. 
fni : Coefficient considering non-linear effect, to be taken as: 
fanı = 0.8 for extreme sea loads design load scenario. 
fa = 0.9 for ballast water exchange design load scenarios. 
A : Wave length of the dynamic load case, in m, to be taken as: 
à = 0.45 L 
ka : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 13. 
kp : Phase coefficient to be obtained from Table 14. Intermediate values are to be interpolated. 
Table 12 : Girth distribution coefficient, f,, for OST load cases 
Transverse position OST-1P - OST-2P OST-1S - OST-2S 
Z Z 
y20 5 = +3.5 fyg+ 1.5 1.5 = + 1.5 
Tic The 
Z Z 
y<0 1.5 =+ 15 5 = +3.5 fyet 1.5 
Tic Tic 
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Table 13 : k, values for OST load cases 


Transverse, | onet ela OST-4P - OST-2P OST-4S - OST-2S 
position Position 
fı $0.2 1.0 +3.5(1-f) (1-5 fa) 1.0 + [3.5 - (4fr-0.5)fe](1-5 fy) 
yz20 |02<f,.<08 1.0 1.0 
f >0.8 1.0 1.0 +4 (1-fr) (5f - 4) fe 
fa <0.2 | 10+[3.5-(4fr-0.5) fa] (1-5 fa) 1.0+3.5(1-f,)(1-5 fu) 
y<0 0.2 < fı < 0.8 1.0 1.0 
f >0.8 1.0 +4(1-f)(5 fy —4) fye 1.0 
Table 14 : k, values for OST load cases 
Vane fa OST-4P - OST-2P OST-4S - OST-2S 
position 
0.0 1.0 1.0 
0.2 1.0 1.0 + (0.75 - 1.5 fr) fye 
0.4 -1.0 -1.0 + (1.75 -0.5 fr) fys 
y>0 0.5 -1.0 -1.0 + (1.75 -0.5 fr) f, 
0.7 -0.1 + (1.6 f,- 1.5) fa | -0.1+ (0.25 -0.3 fr) fye 
0.9 0.8 + 0.2 fys 0.8 - (0.9 f, + 0.85) fys 
1.0 -1.0 +f -1.0 + (0.5 -0.5 fy) fys 
0.0 1.0 1.0 
0.2 1.0 + (0.75 — 1.5 fr) fye 1.0 
0.4 -1.0 + (1.75 -0.5 fr) fys -1.0 
y<0 0.5 -1.0 + (1.75 -0.5 fr) f, -1.0 
0.7 -0.1 + (0.25 -0.3 f;) fa | -0.1 + (1.6f,- 1.5)f,s 
0.9 0.8 - (0.9 f, + 0.85) fys 0.8 + 0.2 fys 
1.0 -1.0 + (0.5 -0.5 fy) fys -1.0 + fys 


1.3.8 Hydrodynamic pressures for OSA load cases 


The wave pressures, Py, for OSA-1 and OSA-2 load cases, at any load point, in kN/m?, are to be obtained from 


Table 15. See also Figure 10 and Figure 11. 


Table 15 : Hydrodynamic pressures for OSA load cases 


Wave pressure, in kN/m? 
Load case Z<Tic Tic<ZShyt The Z>hywt Tire 
OSA-1P Py = max (Posa: PS (Z - Tic) 
OSA-2P Pw = max (- Posa, 8 (Z - Tic) 
Pw = Pym - PS (Z- Tio) Pw = 0.0 
OSA-1S Pw = max (Posa PS (Z - Tic) 
OSA-2S Pw = max (- Posa: PS (Z - Tic) 
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where: 


Lo +A—125 
Posa = 0.81 fps fni Ka Kp fyz Cw e (1+0.5 f;) 


A : Wave length of the dynamic load case, in m, to be taken as: 
à = 0.70 L 
fni : Coefficient considering non-linear effect, to be taken as: 


e For extreme sea loads design load scenario: 


f= 0.5 at fy =0 
fy = 0.8 at fy = 0.3 
fy = 0.8 at fy = 0.7 
fx = 0.6 at fy = 1. 


e For ballast water exchange design load scenario: 


fy = 0.75 at fy =0 
fy = 0.9 at fy = 0.3 
fy = 0.9 at fy = 0.7 
fy = 0.8 at fy = 1. 


Intermediate values are obtained by linear interpolation. 
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fyz : Girth distribution coefficient, to be obtained from Table 16. 
k, : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 17. 
kp : Phase coefficient to be obtained from Table 18. Intermediate values are to be interpolated. 


Table 16 : Girth distribution coefficient, f,, for OSA load cases 


Transverse 
position 


OSA-1P - OSA-2P 


OSA-1S - OSA-2S 


yz0 


5.5 = +5.3 tat 2,2 


LC 


0.92 +04 fig 2.2 


LC 


0.9 as +0.4 fpa + 2.2 


LC 


5.5 +5.3 fig + 2.2 


LC 
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Table 17 : k, values for OSA load cases 


Mateyetse: Coneiudinial OSA-1P - OSA-2P OSA-1S - OSA-2S 
position position 
1.0+3 (2-f,) (1-5 fy) 
S02 | 1.0+3(2-f) (1-5 fı) (1-fy) + {(28 fy —5) 
+3 (1-5 fu)} fys 
0.2 <fy <0.5 1.0 1.0+(1-2 fu) fya 
y20 
0.5 <f <0.8 1.0 1.0+1.5(2 fu—1) fy 
1.0 +{1.5(2 fy —1) 
f.. >0.8 1.0 + (fy —0.8) (1 -f,a) A - (f — 0.8) At, 
+ (fy -0.8)A 
1.0 +3 (2-f,) (1-5 fy) 
fı <0.2 + §(28 fy —5) 1.0 +3 OF (1-5 fa) (1- fy) 
+3 f(1-5 fa)t fye 
0.2 <f <0.5 1.0+ (1-2 fu) fys 1.0 
y<O 
0.5 <f, <0.8 1.0 + 1.5(2 fa — 1) fs 1.0 
1.0 + {1.5(2 fa —1) 
fı > 0.8 - (fa — 0.8) A }fys 1.0 + (fx — 0.8) (1-f,s) A 
+ (fı -0.8)A 
where: 
A = 22-15f, + 3[22(f, —0.8)-0.25(2-f,)] 


Figure 10 : Transverse distribution of dynamic pressure amidships for OSA-1P (left) and OSA-1S (right) load cases 


Port Starboard Port Starboard 


Figure 11 : Transverse distribution of dynamic pressure amidships for OSA-2P (left) and OSA-2S (right) load cases 


Port Starboard Port Starboard 


Wave Wave 
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Transverse fa OSA-1P; OSA-2P OSA-1S; OSA-2S 
position 

0.0 0.75 -0.5 fye 0.75 
0.2 f,—0.25 + (1.25 —f;) fs f,—0.25 + (0.35 f,- 0.47) f, 
0.4 1.0 1.0 + (2.7 fr- 3.2) fys 

y>0 0.5 1.25-0.5 f, + (0.5 f,—-0.25)fs | 1.25-0.5 f, + (2.7 f-3.2) fp 
0.6 1.5 -fr + (fr- 1.07) fys 1.5 -fr + (2.68 fr- 3.19) fs 
0.85 0.5 fr- 1.25 + (0.25 -0.5 fr) fa | 0.5 fr- 1.25 + (0.2-0.1 fy) fys 
1.0 0.5 f,- 1.25 + (0.25 -0.5 fy) fa | 0.5 fr- 1.25 + (0.2 -0.1 fr) fys 
0.0 0.75 0.75 -0.5 fye 
0.2 f,- 0.25 + (0.35 f,- 0.47) fys f,- 0.25 + (1.25 -f;) fs 
0.4 1.0 + (2.7 fr- 3.2) fys 1.0 

y<0 0.5 1.25 -0.5 fr+ (2.7 fr-3.2) fe | 1.25-0.5 fr+ (0.5 fr- 0.25)f,s 
0.6 1.5 -fr + (2.68 fr- 3.19) fs 1.5 -f + (f,— 1.07) fys 
0.85 0.5 f,- 1.25 + (0.2-0.1 fr) fa | 0.5 fr- 1.25 + (0.25 -0.5 fy) fya 
1.0 0.5 fr- 1.25 + (0.2-0.1 f;) fa | 0.5 fr- 1.25 + (0.25 -0.5 fr) fye 


1.3.9 Envelope of dynamic pressure 


The envelope of dynamic pressure at any point, Pexmax iS to be taken as the greatest pressure obtained from 
any of the load cases determined by [1.3.2] to [1.3.8]. 


1.4 External dynamic pressures for fatigue assessments 


1.4.1 General 


The external pressure P,, at any load point of the hull for the fatigue static plus dynamic (F:S+D) design load 
scenario, is to be derived for each fatigue dynamic load case and is to be taken as: 


Pax = Ps + Py but not less than O. 


where: 
Ps : Hydrostatic pressure, in kN/m2, defined in[1.2]. 
Pw : Hydrodynamic pressure, in kN/m?, is defined in [1.4.2] to [1.4.6]. 


1.4.2 Hydrodynamic pressures for HSM load cases 


The hydrodynamic pressures, Py, for load cases HSM-1 and HSM-2, at any load point, in kN/m?, are to be 
obtained from Table 19. 


Table 19 : Hydrodynamic pressures for HSM load cases 


Wave pressure, in kN/m? 
Load case ZST i Tic< ZS 2hy+Tic Z>2h,+Tic 
HSM-1 Py = max (—Pus, pg(z—- Tic)) 1 
Pu = Puwe— 5PE (Z- Tic) Py = 0.0 
HSM-2 P, = max (Pus, PS(Z—- Tic)) 
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where: 


Pus = fy fn Ka Kp fyz Cw joa eee ba E 


f. 


yz 


fh 


: Girth distribution coefficient, to be taken as: 


yz 


LC 


fLs that 


: Coefficient to be taken as: 


f, = 2.75(1.21- 0.66 f;) 


: Coefficient to be taken as: 


f, = fral(O.21 + 0.02 fr) + (6-4 fr) Lx 10-5] 


: Amplitude coefficient in the longitudinal direction of the ship, to be taken as: 


ka = 1+3f,-(1+f,) fya + [5 (1+ fy) fyo- 15 frl fs 
ka = 1.0 
ka = 1+ (fa — 0.6) [(13.5 — 3.5 f) fya + (14.5 fr— 17) + 40(1—fye) (fa —0.6)] for fy 20.6 


: Wave length of the dynamic load case, in m, to be taken as: 


A= 0.6(1+f)L 


for f,,<0.2 
for 0.2<f,,<0.6 


: Phase coefficient to be obtained from Table 20. Intermediate values are to be interpolated. 


Table 20 : k, values for HSM load cases 


Fa kp 

o (1.0 — fr) + (0.5 — fr) fys 
0.3-0.1 f; -1 
0.5-0.2 fr 1 
0.9-0.4 f; 1 
0.9-0.2 fr -1 
1.0 -1 


1.4.3 Hydrodynamic pressures for FSM load cases 


The hydrodynamic pressures, Py, for FSM-1 and FSM-2 load cases, at any load point, in kN/m?, are to be 


obtained from Table 21. 


Wave pressure, in kN/m? 
Load case ZSTi¢ Tic<ZS2hyt Tic Z>2hw+t Tc 
FSM-1 Py = max(—Pers, pPg(Z—Tic)) 1 
Pw = Pwwe z PS (Z— Tic) Py = 0.0 
FSM-2 Pw = max(Prs, PS(Z—T1¢)) 
where: 


Table 21 : Hydrodynamic pressures for FSM load cases 


P;s = f, fn ka k 


f. 


yz 


p yz 


tC, pe 125 


: Girth distribution coefficient, to be taken as: 
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fy, = ZH t+hyytt 
y Ti yB 


: Coefficient to be taken as: 
f, = 2.6 


: Coefficient to be taken as: 


fo = fal(0.21 + 0.02 f+) + (6-4 fr) L x 10-5] 


: Amplitude coefficient in the longitudinal direction of the ship, to be taken as: 


ka = 1+ (3.5-2 f)(1-5 BG" for Fe 02 
ka = 1.0 for 0.2 < fy, < 0.9 
ka = 1+15(1-fye) (fy. — 0.9) for f 20.9 


: Wave length of the dynamic load case, in m, to be taken as: 


2 
ù = 0.6(4 t3 f,)L 


: Phase coefficient to be obtained from Table 22. Intermediate values are to be interpolated. 


Table 22 : k, values for HSM load cases 


fa kp 
0 -0.75 -0.25 fre 
0.35 -0.1 fy -1 
0.5 -0.2 fr 1 
0.75 1 
0.9 — 0.1 fr if 
1.0 -0.5-0.5 fys 


1.4.4 Hydrodynamic pressures for BSR load cases 


The hydrodynamic pressures, Py, for BSR-1 and BSR-2 load cases, at any load point, in kN/m?, are to be 
obtained from Table 23. 


Table 23 : Hydrodynamic pressures for BSR load cases 


Wave pressure, in kN/m? 


Load case ZSTic Tice<ZS2QhytTic Z>2hytTic 
BSR-1P Pw = max (Pasp, PS(Z - Tc) 
BSR-2P Py = max (- Pasr, P8(Z - Tic) 1 
Pw = Pwwe 5 PE (Z- Tic) Py = 0.0 
BSR-1S Py = max (Pasp, P&Z - Tc) 
BSR-2S Py = max (- Pesr, PS(Z - Tic) 


where: 


e For BSR-1P and BSR-2P load cases. 


Pap = 10y sin@ + 0.88f, C, po ha +1) 
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e For BSR-1S and BSR-2S load cases. 


Pasa = — 10y sin 0 + 0.88f, C, j-th 12S tan +1) 


f, : Coefficient to be taken as: 


fo = f,[(0.21 + 0.04 f,)- (12 fr- 2) Bx 10-7] 


A : Wave length of the dynamic load case, in m, to be taken as: 
= & 72 
= =T 
} 27m ° 


1.4.5 Hydrodynamic pressures for BSP load cases 


The wave pressures, Py, for BSP-1 and BSP-2 load cases, at any load point, in kN/m?, are to be obtained from 
Table 24. 


Table 24 : Hydrodynamic pressures for BSP load cases 


Wave pressure, in kN/m? 


Load case ZSTic Tic < ZS 2 hy t+ The Z>2 hy +The 
BSP-1P Pw = max (Pasp, PS(Z - Tic) 
BSP-2P Py = max (- Pasp, PS(Z - Tic) 1 
Pw = Pww -5 PS(Z-Tic) Py = 0.0 
BSP-1S Pw = max (Pagp, P&Z - Tic) = 
BSP-2S Py = max (- Pasp, PEZ - Tic) 


where: 

peas m irop 2 bz aa 

A : Wave length of the dynamic load case, in m, to be taken as: 
à = 0.2(1+2 f;)L 

f, : Coefficient to be taken as: 
fo = f,[0.2 + (8+ 16 fr) x 10-3] 

f : Girth distribution coefficient, to be obtained from Table 25. 


Table 25 : Girth distribution coefficient, f,, for BSP load cases 


9 tyz 


Transverse position BSP-1P - BSP-2P BSP-1S - BSP-2S 
Z 2z 1 
y20 ere T ee fsı + 0.5 fyz = aT, oe 
2z 1 Z 
y<O fy = 3 Te 2 fye1 + 0.5 fyz = 2 Wes fsı + 0.5 


1.4.6 Hydrodynamic pressures for OST load cases 


The wave pressures, Py, for OST-1 and OST-2 load cases, at any load point, in kN/m?, are to be obtained from 
Table 26. 
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Wave pressure, in kN/m? 
Load case ZSTi¢ Tic<ZS2 hy +Ti Z>2hwtTic 
OST-1P Pw = max (Posr, P&(Z - Tic) 
OST-2P Pw = max (- Post, PEZ - Tic)) 1 
Pw = Pw,w -5 P&(Z—-Tic) Py = 0.0 
OST-1S Py = max (Posr P&Z - Tic)) 2 
OST-2S Py = max (- Post: P8(Z - Tic) 
where: 
a Lo+A-—125 
Post = 1.38 f, Ka Kp fyz Cw on 
fyz : Girth distribution coefficient, to be obtained from Table 27. 
Table 27 : Girth distribution coefficient, f,, for OST load cases 
Transverse position OST-1P - OST-2P OST-1S - OST-2S 
Z Z 
y20 5 = +3.3 fpg + 1.7 = + 0.3 fys + 1.7 
Tic Tic 
Z Z 
y<0 = + 0.3 fg + 1.7 5 -= + 3.3 fg + 1.7 
LC The 
fp : Coefficient to be taken as: 
fo =  fal(0.25 -0.02 fr) + (12 fr- 9) Bx 10+] 
A : Wave length of the dynamic load case, in m, to be taken as: 
à = 0.45 L 
ka : Amplitude coefficient in the longitudinal direction of the ship, to be obtained from Table 28. 
kp : Phase coefficient to be obtained from Table 29. Intermediate values are to be interpolated. 


Table 28 : k, values for OST load cases 


Trans 
yae | -Lonetudinal OST-1P - OST-2P OST-1S - OST-2S 
positi Position 
on 
eugan TOCE Amrana | 104652 %= 15 a 
1 SO. (leh. + (10 f -17.5 +75 fyo)fa 
¥20 65 27 £08 1.0 1.0 
fy > 0.8 1.0 1.0 + 2(1-fr) (5f — 4) fe 
Ae 1.0 + (3.5-2 fr- 1.5 fp) 1.0 + {(3.5-2 fr) 
1 $0. + (10 f,-17.5+7.5 fyo)fa + (10 fr- 17.5) fy }(1- fe) 
¥<O | 92 <#,<08 1.0 1.0 
f,.>0.8 1.0 + 2(1-f,)(5fy —A)fyg 1.0 
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Table 29 : k, values for OST load cases 


Transverse fa OST-1P - OST-2P OST-4S - OST-2S 
position 
0.0 1.0 1.0 + (0.5 — fr) fys 
0.2 1.0 1.0 + 3(0.5—fy)fp 
a 1.0 (2.7-2.4 f) fe- 1 
Yan 0.5 -1.0 (2.8-2.6 fr) fe- 1 
0.7 (fr- 0.62) f,,— 0.38 (2.38 -3 fr) fa — 0.38 
0.9 0.24 + 0.76 f,» 0.24 — (0.24 + f) fys 
1.0 -1.0 +0.5 fig -1.0 
0.0 1.0 + (0.5 — f) fys 1.0 
0.2 1.0 + 3(0.5 — fr)f,s 1.0 
0.4 (2.7-2.4 fr) fe- 1 -1.0 
y=0 0.5 (2.8-2.6 fr) fe- 1 -1.0 
0.7 (2.38 -3 f;) fa- 0.38 (f;— 0.62) f,,- 0.38 
0.9 0.24 — (0.24 + fr) f, 0.24 + 0.76 fs 
1.0 -1.0 -1.0 +0.5 fs 


2 EXTERNAL PRESSURES ON EXPOSED DECKS 


2.1 = Application 

2.1.1 

The external pressures and forces on exposed decks are only to be applied for strength assessment. 
2.1.2 


The green sea pressures defined in [2.2] for exposed decks are to be considered independently of the 
pressures due to distributed cargo or other equipment loads and any concentrated forces due to cargo or 
other unit equipment loads, defined in [2.3.1] and [2.3.2] respectively. 


2.2 Green sea loads 


2.2.1 Pressure on exposed deck 


The external dynamic pressure due to green sea loading, Pp, at any point of an exposed deck, in kN/m?, for the 
static plus dynamic (S+D) design load scenarios is to be derived for each dynamic load case and is to be taken 
as defined in [2.2.3] to [2.2.4] 


The external dynamic pressure due to green sea loading, Pp, at any point of an exposed deck for the static (S) 
design load scenarios is zero. 


2.2.2 


If a breakwater is fitted on the exposed deck, no reduction in the green sea pressure is allowed for the area of 
the exposed deck located aft of the breakwater. 
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2.2.3 HSM, HSA and FSM load cases 


The external pressure, Pp, for HSM, HSA and FSM load cases, at any load point of an exposed deck is to be 
obtained, in kN/m?, from the following formula, see Figure 2 and Figure 3: 


Pp = X% Pw 
where: 
Pw = Pwp, but not to be taken less than Pp min- 


Pw : Pressure, in KN/m?2, obtained at side of the exposed deck for HSM, HSA and FSM load cases as 
defined in [1.3]. 


Pomin : Minimum exposed deck pressure, in kN/m?, to be taken as: 
e For cargo hold analysis according to Ch 7: Pp min = O. 
e For other cases: Pp.min as defined in Table 30. 

X : Coefficient defined in Table 31. 


Table 30 : Minimum pressures on exposed decks for HSM, HSA, FSM load cases 


Minimum pressure on exposed deck, Pp min, in KN/m? 
Location 
Lı, 2 100m Lı, < 100m 
Xıı/ Lı < 0.75 34.3 14.9 + 0.195 L,, 
Xi Lin (Xu Xi 
Xı/Lı1>0.75 | 34.3+(14.8+a(L,, -100)) (4-4-3) | 12.2 + = (5-4-2) + 3.6 = 
Lit 9 Lı LL 
a : Coefficient taken equal to: 
a = 0.356 for Type A, Type B-60 and Type B-100 freeboard ships 
a = 0.0726 for Type B freeboard ships. 
Xi : X-coordinate of the load point measured from the aft end of the freeboard length Li. 


Table 31 : Coefficient for pressure on exposed decks 


Exposed deck location X 
Freeboard deck 1.00 
Superstructure deck including forecastle deck 0.75 
1st tier of deckhouse 0.56 
2"4 tier of deckhouse 0.42 
3" tier of deckhouse 0.32 
A‘ tier of deckhouse 0.25 
5‘ tier of decknouse 0.20 
6" tier of decknouse 0.15 
7" tier of deckhouse and above 0.10 


2.2.4 BSR, BSP, OST and OSA load cases 


The external pressure, Pp, for BSR, BSP, OST and OSA load cases at any load point of an exposed deck is to be 
obtained, in kN/m?, by linear interpolation between the pressures at the port and starboard deck edges (see 
also Figure 4, Figure 6, Figure 9 and Figure 10): 


Po sth = X% Pw.o-sto 


Pot = X Pw,D-pt 
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Pwostp : Pressure obtained at starboard deck edge for BSR, BSP, OST or OSA load cases as defined in [1.3], 
as appropriate. 


Pwopt : Pressure obtained at port deck edge for BSR, BSP, OST and OSA load cases as defined in [1.3], as 
appropriate. 


X : Coefficient defined in Table 31. 


2.2.5 Envelope of dynamic pressures on exposed deck 


The envelope of dynamic pressure at any point of an exposed deck, Pb.max is to be taken as the greatest 
pressure obtained from any of the load cases determined by [2.2.3] and [2.2.4]. 


2.3 Load carried on exposed deck 


2.3.1 Pressure due to distributed load 


If a distributed load is carried on an exposed deck, for example deck cargo or other equipment, the static and 
dynamic pressures due to this distributed load are to be considered. 


The total pressure, Py, in KN/m2, due to this distributed load for the static (S) design load scenario is to be 
taken as: 


Pa = Pas 

The pressure Py, in kN/m?, due to this distributed load for the static plus dynamic (S+D) design load scenario 
is to be derived for each dynamic load case and is to be taken as: 

Pa = Pais + Pai-a 


where: 

Pats : Static pressure, in KN/m?, due to the distributed load, to be defined by the Designer and, in general, 
but not less than 10 kN/m?. 

Pug: Dynamic pressure, in KN/m?, due to the distributed load, in KN/m?, to be taken as: 
Pug = fg A Par-s 

az : Vertical acceleration, in m/s?, at the centre of gravity of the distributed load, for the considered load 


case, to be obtained according to Ch 4, Sec 3, [3.2.4]. 


2.3.2 Concentrated force due to unit load 


If a unit load, for example deck cargo, is carried on an exposed deck, the static and dynamic forces due to the 
unit load carried are to be considered. 

The force Fy, in KN, due to this concentrated load for the static (S) design load scenarios, is to be taken as: 

Fy = Fy_s 


The force Fy, in KN, due to this concentrated load for the static plus dynamic (S+D) design load scenarios is to 
be derived for each dynamic load case and is to be taken as: 


Fy = Fy_st+ Fug 


where: 
Fus : Static force, in kN, due to the unit load to be taken equal to: 
Fy_s = Mmg 
Fug : Dynamic force, in kN, due to unit load to be taken equal to: 
Fy_g = My fp az 
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My : Mass of the unit load carried, in t. 


az : Vertical acceleration, in m/s?, at the centre of gravity of the unit load carried for the considered load 
case, to be obtained according to Ch 4, Sec 3, [3.2.4]. 


3 EXTERNAL IMPACT PRESSURES FOR THE BOW AREA 


3.1 Application 


3.1.1 


The impact pressures for the bow area are only to be applied for strength assessment. 


3.2 Bottom slamming pressure 


3.2.1 


The bottom slamming pressure Pg, in KN/m?, for the bottom slamming design load scenario is to be evaluated 
for the following two cases: 


Case 1: An empty ballast tank or a void space in way of the bottom shell. 


Po = 10 84L focecy for L< 170m 
Ps, = 130 g fsi Csı-e e% for L> 170m 


Case 2: A full ballast tank in way of the bottom shell. 


Ps = 10 gWL fsı Cs1-n— 1.25 PEĆ Ztop =Z) for L< 170 m 
Ps, = 130 £ fsı Csi- €™%-— 1.25 pg( Zop- z) for L2 170m 


where: 

C1 : Coefficient to be taken as: 
c, = 0 for L<180 m 
Cı = —0.0125(L-—180)°7 for L>180 m 


Csee  : Slamming coefficient for case with an empty ballast tank or void space: 


T 0.2 
Cag = 5.95 — 10.5( ==) 
CsLft : Slamming coefficient for case with a full ballast tank: 
Tee 0.2 
Csr _ tt = 5.95 = 10.54) 
fs : Longitudinal slamming distribution factor, to be taken as: 
fs. = O for x/L<0.5 
fs. = 1.0 for x/L = 0.5+¢, 
fs. = 1.0 for x/L = 0.65 + c3 
fs, = 0.5 for x/L21 


Intermediate values of f., are to be obtained by linear interpolation. 


Co : Coefficient to be taken as: 


L 
Co = 0.33 C; + —— 35. 
2 e+ 5500 but not to be taken greater than 0.35 
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Tke 


Z top 


: Design slamming draught at the FP to be provided by the Designer. T- is not to be greater than the 


minimum draught at the FP indicated in the loading manual for all seagoing conditions where any of 
the ballast tanks within the bottom slamming region are empty. This includes all loading conditions 
with tanks inside the bottom slamming region that use the ‘sequential ballast water exchange 
method. 


: Design slamming draught at the FP to be provided by the Designer. T+; is not to be greater than the 


minimum draught at the FP indicated in the loading manual for all seagoing conditions where all 
ballast tanks within the bottom slamming region are full. This includes all loading conditions with 
tanks inside the bottom slamming region that use the ‘flow-through’ ballast water exchange method. 


: Z-coordinate of the highest point of the tank, excluding small hatchways, in m. 


For strength assessment of double bottom floors and girders, Z,., is not to be taken greater than the 
double bottom height. 


3.2.2 Loading manual information 


The loading guidance information is to clearly state the design slamming draughts and the ballast water 
exchange method used for each ballast tank. 


Figure 12 : Definition of bow geometry 


i Section C-C 


Bow impact 
angle 


WL 


Tangent line 


Waterline at 


draught T, 


3.3 Bow impact pressure 


3.3.1 Design pressures 


The bow 
taken as: 


impact pressure Prep, in KN/m?, to be considered for the bow impact design load scenario is to be 


Pre = 1.025 frg Cre V2, SIN Yw 
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where: 
frg : Longitudinal bow flare impact pressure distribution factor. To be taken as: 
feg = 0.55 for x/L < 0.9 
frs = 4(x/L-0.9)+0.55 for 0.9 <x/L < 0.9875 
fz = 8(x/L- 0.9875) + 0.9 for 0.9875 <x/L < 1.0 
frg = 1.0 for x/L> 1.0 
Vim : Impact speed, in knots, to be taken as: 
Vin = 0.514 V,er SİN Ow, + JL 
Viet : Forward speed, in knots, to be taken as: 
Vier = 0.75 V but not less than 10. 
(an : Local waterline angle, in deg, at the considered position, but not less than 35 deg. See Figure 12. 
Yul : Local bow impact angle, in deg, measured in a vertical plane containing the normal to the shell, from 
the horizontal to the tangent line at the considered position but not less than 50 deg, as shown in 
Figure 12. Where this value is not available, it may be taken as: 
Yw = tan*( tan Boy ) 
COS Oy; 
Bor : Local body plan angle, in deg, at the considered position from the horizontal to the tangent line, but 
not less than 35 deg. 
Crp : Coefficient to be taken as: 
Crg = 1.0 for positions between draughts Tp, and Tsc- 
Cre = Jo + cos” [90 Cein for positions above draught Tsc- 
fb 
hi : Vertical distance, in m, from the waterline at the draught Ts, to the highest deck at side. See Figure 
12. 
ho : Vertical distance, in m, from the waterline at the draught Tsc to the considered position. See Figure 
12. 


4 EXTERNAL PRESSURES ON SUPERSTRUCTURE AND DECKHOUSES 


4.1 Application 


4.1.1 
The external pressures on superstructure and deckhouses are only to be applied for strength assessment. 


These pressures are to be considered as dynamic pressures and are to be applied to the appropriate structure 
without any static pressure load component. 


4.1.2 


The dynamic load case concept is not to be applied for external pressures on superstructures and 
deckhouses. 
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4.2 Exposed wheel house tops 


4.2.1 
The lateral pressure for exposed wheel house tops, Pp, in KN/m2, is to be taken as: 


Px = 12.5 


4.3 Sides of superstructures 


4.3.1 


The design pressure for the external sides of superstructures, Ps, in KN/m?, is to be taken as: 


where: 
2 ae en 
Ps, = 2.1 Cw Ce (Cg + 0.7) 10+z-T. 
Cr : Distribution factor according to Table 32. 
Table 32 : Distribution factor c; 
Location Cr 
x/L< 0.2 1.0 + 2 (02 — x) without taking x/L less than 0.1 
B 
x/L 2 0.2 1.0 


4.4 End bulkheads of superstructures and deckhouse walls 
4.4.1 


The external pressure for the aft and forward external bulkheads of superstructures and deckhouse walls, in 


kN/m?, is to be taken as: 
Py = fa fe [fo fa—(Z—Tsc)] 


but is not to be less than Py min 


where: 
fi : Coefficient defined in Table 33. 
fo : Coefficient, to be taken as: 

f, = 0.3 +00.7 3 but not less than 0.475. 

For exposed parts of machinery casings, f, is not to be taken less than 1.0. 
fa : Coefficient, to be taken as: 

fy = L eso (1-(-)') for L< 150m 

10 150 

fy = 5 €= (E7300) for 150 m < L < 300m 

fa = 11.03 for L> 300 m 
bı : Breadth of deckhouse at the position considered. 
Bı : Actual breadth of ship on the exposed weather deck at the position considered. 
fp : Coefficient defined in Table 34. 


Pamin : Minimum lateral pressure, in kN/m?, as defined in Table 35. 
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5 EXTERNAL PRESSURES ON HATCH COVERS 


5.1 = Application 
5.1.1 
The external pressures on hatch covers are only to be applied for strength assessment. 


5.2 Green sea loads 


5.2.1 
The green sea loads at any load point of a hatch cover, Puc, in kKN/mm2, is to be taken as follows: 
e For cargo hold analysis according to Ch 7: 
Puc = Pp-—pP 8 (Zyc—D) without being less than O. 
e For other cases: Pyc= Pp min aS defined in Table 30. 


Pp : Green sea pressure, in KN/mm2, on the deck in way of the hatch cover obtained according to [2.2], 
considering y equal to 1.0. 


Zuc : z coordinate of the top of the hatch cover, in m. 


5.3 Load carried on hatch covers 


5.3.1 
If a distributed load or a unit load is carried on a hatch cover, the pressure is to be obtained according to [2.3]. 


Table 33 : Coefficient f, 


Type of bulkhead Location fi 
a Lə 
Lowest tier @) 20 + = 
12 
1 : L, 
Unprotected front bulkhead ® Second tier 10+ T 
. . L> 
Third tier and above 5+—= 
15 
1) F L, 
Protected front bulkhead ® All tiers 5+ 15 
. . L> 
Side bulkheads All tiers 5+ —= 
15 
L> X 
Abaft amidships 7T + — -8 — 
100 L, 
Aft end bulkheads 
L> X 
Forward of amidships 5+—=-4— 
100 L, 

(1) The front bulkhead of a superstructure or deckhouse may be considered as protected when it is located less than B, behind 
another superstructure or deckhouse, and the width of the front bulkhead being considered is less than the width of the aft 
bulkhead of the superstructure or deckhouse forward of it. B, is the local breadth of the ship at the front bulkhead. 

(2) The lowest tier is normally that tier which is directly situated above the uppermost continuous deck to which the moulded 
depth D is measured. However, when (D - Tsc) exceeds the minimum non-corrected tabular freeboard (according to ICLL as 
amended) by at least one standard superstructure height (as defined in Ch 1, Sec 4, [3.3]), then this tier may be defined as 
the 2™ tier and the tier above as the 3" tier. 
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Table 34 : Coefficient f, 
Location of bulkhead ® fp 

X x/L -0.45 \? 

=< 0.45 o+ ( 20A 

L Cap + 0.2 

X x/L -0.45 \? 

-= > 0.45 1.0 + 1.5( — 

L Cp + 0.2 
where: 
Cii : Block coefficient, but not less than 0.60 nor greater than 0.80. For aft deckhouse bulkheads located forward of 

amidships, Cz; may be taken as 0.80. 
(1) For deckhouse sides, the deckhouse is to be subdivided into parts of approximately equal length, not exceeding 0.15L 
each, and x is to be taken as the X-coordinate of the centre of each part considered. 


Table 35 : Minimum lateral pressure, P,_,,in 


Pain in KN/m? 
i Lowest tier of unprotected Elsewhere ® 
fronts 
90 <L <250 25 += 12.8 + 55 
< 10 20 
L > 250 50 ee 


(1) For the 4" tier and above, Py.min is to be taken equal to 12.5 kN/m?. 
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SECTION 6 
INTERNAL LOADS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4 


ay, ay, az: Longitudinal, transverse and vertical accelerations, in m/s?, at Xç Yo, Ze, aS defined in Ch 4, Sec 3, 


[3.2]. 

By : Breadth of the cargo hold, in m, measured at mid-length of the cargo hold and at the mid height 
between the top of hopper tank and the bottom of topside tank, see Figure 1. 

Big : Breadth of inner bottom, in m, measured at mid-length of the cargo hold, see Figure 1. 

D, : Distance, in m, from the baseline to the freeboard deck at side amidships. 

dsc : Diameter, in m, of a steel coil. 

foa : Factor for joint probability of occurrence of liquid cargo density and maximum sea state in 25 years 


design life, to be taken as: 
e For strength assessment with FE analysis of cargo tanks filled with liquid cargo: 
fa =1.0 for p, > 1.025 t/mè. 
fea = 0.88 for p, = 1.025 t/m?. 
e For other cases: 
fog = 1.0. 
foc : Dry cargo factor taken as: 
e fy = 1.0 for strength assessment, 


e fy. = 0.5 for fatigue assessment. 


fs : Coefficient defined in Ch 4, Sec 4. 

hair : Height of air pipe or overflow pipe above the top of the tank, in m. 

Ne : Height of bulk cargo, in m, from the inner bottom to the upper surface of bulk cargo, as defined in 
[2.3.1] or [2.3.2]. 

hpg : Height, in m, of the double bottom at the centreline, measured at mid-length of the cargo hold, see 
Figure 1. 

Apr : Vertical distance, in m, from the inner bottom at centreline to the upper intersection of hopper tank 


and side shell or inner side for double side bulk carriers, determined at mid length of the considered 
cargo hold, as shown in Figure 1. 


hpp = O if there is no hopper tank. 


Nypy  : Vertical distance, in m, from the inner bottom at centreline to the lower intersection of topside tank 
and side shell or inner side for double side bulk carriers, determined at mid length of the cargo hold 
at midship, as shown in Figure 1. 


his : Mean height, in m, of the lower stool, measured from the inner bottom. 
Dina : Maximum permissible filling level, in m, taken as: 
e For ballast tanks: maximum tank height, 


e For cargo tanks with cargo density equal to p,: maximum tank height 
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e For cargo tanks with heavy liquid cargo density equal to part associated with a partially filled 
cargo tank: hpar as defined in Ch 10, Sec 4, [1.2.1]. 


Ko : Coefficient taken equal to: 
for inner bottom, hopper tank, transverse and longitudinal 
Ke = cos’. + (1-sin¥) sin? bulkheads, lower stool, vertical upper stool, inner side and side 
shell. 
Ke =0 for topside tank, main deck and sloped upper stool. 
Kor : Coefficient taken equal to: 
Ko-+ = tan*( 45 =) 
2 
L : Distance, in m, between floors. 
Ly : Length of the cargo hold, in m, at the centreline between the transverse bulkheads. This is to be 
measured to the mid-depth of the corrugated bulkhead(s) if fitted. 
Lip : Distance, in m, between outermost dunnage per EPP in the ship X direction, see Figure 10. 
Les : Length, in m, of a steel coil. 
M : Mass, in t, of the bulk cargo being considered. 
Mey: Cargo mass, in t, in a cargo hold corresponding to the volume up to the top of the hatch coaming with 


a density of the greater of M,,/V-, or 1.0 t/m?. 
Mey = 1.0 Vey but not less than My, 


My : Cargo mass, in t, in a cargo hold that corresponds to the homogeneously loaded condition at 
maximum draught with 50% consumables. 


Mup : Maximum allowable cargo mass, in t, in a cargo hold according to design loading conditions with 
specified holds empty at maximum draught with 50% consumables. 


Mcp  : Equivalent mass of a steel coil, in t, on inner bottom, as defined in [4.3.1] 


Msn; : Equivalent mass of a steel coil, in t, on hopper side, as defined in [4.3.2]. 


ny : Number of tiers of steel coils. 

Ny : Number of load points per EPP of the inner bottom, see [4.1.3]. 

N3 : Number of dunnages supporting one row of steel coils. 

P ioy : Overpressure, in kN/m?, due to sustained liquid flow through air pipe or overflow pipe in case of 


overfilling or filling during flow through ballast water exchange. It is to be defined by the designer, but 
not to be less than 25 kN/m?. 


Ppy : Setting of pressure relief valve, in kN/m?, if fitted, but not less than 25 kN/m?. 
perm : Permeability of cargo, to be taken as: 
perm = 0.3 for iron ore, coal cargoes and cement. 


perm = Q for steel coils. 


R : Vertical coordinate of the ship rotation centre, defined in Ch 4, Sec 3. 
Sc : Spacing of corrugations, in m, as defined in Ch 3, Sec 6, [10.4.2]. 
To : Roll period, in s, as defined in Ch 4, Sec 3, [2.1.1]. 
V tun : Volume, in mê, of cargo hold up to top of the hatch coaming, taken as: 
Vrun = Va + Vie 
Vy : Volume, in mê, of cargo hold up to level of the intersection of the main deck with the hatch coaming 


excluding the volume enclosed by hatch coaming, see Figure 1. 
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: Volume, in m3, of the hatch coaming, from the level of the intersection of the main deck with the 


hatch side coaming to the top of the hatch coaming, determined for the cargo hold at midship, as 
shown in Figure 1. 


: Total volume, in m3, of the portion of the lower bulkhead stools within the cargo hold length /,, and 


inboard of the hopper tanks. 


: Mass, in t, of a steel coil. 


: X, Y and Z coordinates, in m, of the load point with respect to the reference coordinate system 


defined in Ch 4, Sec 1, [1.2.1]. 


Xc Yer Zc: X, Y and Z coordinates, in m, of the volumetric centre of gravity of the tank or fully filled cargo hold, 


i.e. Ve, Considered with respect to the reference coordinate system defined in Ch 4, Sec 1, [1.2]. 
In case of partially filled cargo hold, Xg, Yc, Zg to be taken as follows: 
Xg Yg: Volumetric centre of gravity of the cargo hold. 


Ze = hpg + Neg / 2 


Ztop : Z coordinate of the highest point of tank, excluding small hatchways, in m. 
Zc : Height of the upper surface of the cargo above the baseline in way of the load point, in m, to be taken 
as: 
: Angle, in deg, between panel considered and the horizontal plane. 
: Pitch angle, in deg, defined in Ch 4, Sec 3, [2.1.2]. 
y : Assumed angle of repose, in deg, of bulk cargo (considered drained and removed); to be taken as: 
y = 30° in general. 
y = 35° for iron ore. 
y = 25° for cement. 
Pe : Density of bulk cargo, in t/m%, as defined in [2.3.3]. 
PL : Density of liquid in the tank and ballast hold, in t/m?, but not less than: 
e For strength assessment: 
p, = 1.025 for all liquids including oil cargoes. If a tank filled at 98% is intended to carry 
heavier liquid cargoes than 1.025 (i.e. Pmaxım > 1.025), then p, = Pmaxtm- 
e For fatigue assessment: 
pı = 0.9 for liquid cargoes. 
p= 1.025 for all other liquids. 
Pmaxtm : Maximum liquid cargo density in t/m%, associated with a full tank at 98%, from any loading condition 
in the ship's loading manual or value specified by the designer. 
Popart : Maximum permissible high liquid cargo density, in t/m, associated with a partially filled cargo tank 
but not taken less than p, considered for strength assessment. 
Psih : Liquid density, in t/m%, to be used for sloshing assessment, taken as: 
Psin = Ppart for heavy liquid cargo density associated with partial filling of cargo tank 
Psin = Pı forall other cases 
Pst : Density of steel, in t/m3, to be taken as 7.8. 
0 : Roll angle, in deg, defined in Ch 4, Sec 3, [2.1.1]. 
O, : Angle, in deg, between inner bottom plate and hopper sloping plate. in general 6, is such that: 
tan®, = 2 Nye 
HT Bis 
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1 PRESSURES DUE TO LIQUIDS 


1.1 Application 


1.1.1 Pressures for the strength and fatigue assessments of intact conditions 


The internal pressure due to liquid acting on any load point of a tank and ballast hold boundary, in kN/m?, for 
the static (S) design load scenarios, given in Ch 4, Sec 7, is to be taken as: 


Pin = Pis but not less than O. 


The internal pressure due to liquid acting on any load point of a tank and ballast hold boundary, in kN/m?, for 
the static plus dynamic (S+D) design load scenarios is to be derived for each dynamic load case and is to be 
taken as: 


P = Pis +P but not less than O. 


where: 
Ps : Static pressure due to liquid in tanks and ballast holds, in kN/m?, as defined in [1.2]. 
Pig : Dynamic inertial pressure due to liquid in tanks and ballast holds, in kN/m?, as defined in [1.3]. 


1.1.2 Pressures for the strength assessments of flooded conditions 


The internal pressure in flooded condition, in kN/m?, acting on any load point of the watertight boundary of a 
hold, tank or other space for the flooded static (S) design load scenarios, given in Ch 4, Sec 7, is to be taken 
as: 


Pin = Pes but notlessthan pgdo 


The internal pressure in flooded condition, in KN/m?, acting on any load point of the watertight boundary of a 
hold, tank or other space for the flooded static plus dynamic (S+D) design load scenarios, is to be derived for 
each dynamic load case and is to be taken as: 


Pin = Ps +P butnotlessthan pgdo 


where: 

Pe : Static pressure of seawater in flooded condition in the compartment, in kN/m?, as defined in [1.4]. 

Pia : Dynamic inertial pressure of seawater in flooded condition in the compartment, in kKN/m?, as defined 
in [1.5]. 

do : Distance, in m, to be taken as: 


dọ = 0.02L for L<120 m. 
dọ = 2.4 for L2120m. 


For corrugations of vertically corrugated bulkheads of bulk carrier cargo holds, the flooded pressures and 
forces specified in [3] for bulk cargoes are to be applied. 


For cargo holds carrying steel products, the requirements for pressures and forces in [4] are to be applied. 


1.2 Static liquid pressure 


1.2.1 Normal operations at sea 


The static pressure due to liquid in tanks and ballast holds, P, during normal operations at sea, in KN/m?, is to 
be taken as: 


Pis = fea PL & (Ztop— Z) + Ppy for cargo tanks filled with liquid cargo. 
Pis = Pi & (Ztop -Z + 0.5 har) for other cases. 
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1.2.2 Harbour/sheltered water operations 


The static pressure, P,, due to liquid in tanks and ballast holds for harbour/sheltered water operations, in 
kN/m?, is to be taken as: 


Pis = Pr £ (Ztop—Z + Nair) + Parop for ballast tanks 
Pis = Pi E (Ztop—Z) + Pry for cargo tanks filled with liquid cargo 
Pis = PL g (Ztop -z+0.5 Nair) for other cases 


1.2.3 Sequential ballast water exchange 


The static pressure, P,, due to liquid in ballast tanks associated with sequential ballast water exchange 
operations, in kN/m?, is to be taken as: 


Pis = PL g (Ztop Z4 0.5 Nair) 


1.2.4 Flow through ballast water exchange 


The static pressure, P,, due to liquid in ballast tanks associated with flow through ballast water exchange 
operations, in kN/m?, is to be taken as: 


Pi, = PL g (Ztop — Z + Nair) + Parop 


1.2.5 Ballasting using ballast water treatment system 


The static pressure, P, due to liquid in tanks and ballast holds associated with ballasting operations using a 
ballast water treatment system is to be taken as defined for sequential ballast exchange in [1.2.3]. The ship 
designer has to inform the Society if the ballast water treatment system implies additional pressure to be 
considered as Pyop, etc in addition to the pressure defined in [1.2.3]. 

1.2.6 Static liquid pressure for the fatigue assessment 


The static pressure due to liquid in tanks and ballast holds, P, to be used for the fatigue assessment, in 
kN/m?, is to be taken as: 


Pis = Pi £ (Ztop—Z) for all tanks (cargo and water ballast tanks, ballast hold and other tanks). 


1.3 Dynamic liquid pressure 


1.3.1 

The dynamic pressure, P due to liquid in tanks and ballast holds, in kN/m? is to be taken as: 
Pig = fg foa Pt laz (Zo - Z) + fun ax (Xo - X) + funt Ay (Yo - Y)] 

where: 


fui : Longitudinal acceleration correction factor for the ullage space above the liquid in tanks and ballast 
holds, taken as: 


e For strength assessment: 
fu = 0.62 for cargo tanks filled with any liquids including water ballast. 
fuarı = 1.0 for other cases. 


¢ For fatigue assessment: 


faur- = 0.5 + Ee- a for cargo tanks and ballast holds. 
fs 


fu = 1.0 for other cases. 


fu is not to be less than 0.0 nor greater than 1.0 
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£ fs 


furt 


b top 


Xo 
Yo 


Zo 


: Cargo tank length at the top of the tank or length of the ballast hold hatch coaming, in m. 


: Transverse acceleration correction factor to account for the ullage space above the liquid in tanks 
and ballast holds, taken as: 


e For strength assessment: 
fue = 0.67 for cargo tanks filled with any liquids including water ballast. 
furt = 1.0 for other cases. 


e For fatigue assessment: 


far- = 0.5 + Zo-2| 180 for cargo tanks and ballast holds. 
Diop OT 


funt = 1.0 for other cases. 
fui iS Not to be less than 0.0 nor greater than 1.0 


: Cargo tank breadth at the top of the tank or breadth of the ballast hold hatch coaming, in m, 
determined at mid length of the tank or ballast hold hatch coaming. 


: X coordinate, in m, of the reference point. 
: Y coordinate, in m, of the reference point. 


: Z coordinate, in m, of the reference point. 


The reference point is to be taken as the point with the highest value of V, calculated for all points that define 
the upper boundary of the tank or ballast hold as follows: 


V; = ay (Xj— Xe) + ay (Yj— Yc) + (az + 8) (Zj- Ze) 


where: 


Xj 


Yj 


Zj 


: X coordinate, in m, of the point j on the upper boundary of the tank or ballast hold. 
: Y coordinate, in m, of the point j on the upper boundary of the tank or ballast hold. 


: Z coordinate, in m, of the point j on the upper boundary of the tank or ballast hold. 


1.4 Static pressure in flooded conditions 


1.4.1 Static pressure in flooded compartments 


The static pressure, P;, in KN/m?, for watertight boundaries of flooded compartments is to be taken as: 


Pi, = PS (Zpp—Z) but not less than O. 


where: 


ZrD 


: Z coordinate, in m, of the freeboard deck at side in way of the transverse section considered or the 
deepest equilibrium waterline in the damaged condition whichever is the greater. 


1.5 Dynamic pressure in flooded conditions 


1.5.1 Dynamic pressure in flooded compartments 


The dynamic pressure, P,,, in KN/m?, for watertight boundaries of flooded compartments is to be taken as: 


Pig = fg p [az (Zoro - Z) + fur ax (Xo — X) + funt ay Yo - Y)] 


where: 
Zorp : Z coordinate of the effective reference point, in m, for a flooded compartment taken as: 
When Zep > Zo, Zorn = Zo 
When Zep < Zo, Zorn = Zep 
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fu» funt : Longitudinal and transverse acceleration correction factors: 
When Zep > Zo, fun ANA fune are to be taken as defined in [1.3.1]. 


When Zep < Zo, funy = 1-0 and furt = 1.0. 
2 PRESSURES AND FORCES DUE TO DRY BULK CARGO 


2.1 Application 


2.1.1 


The pressures and forces due to dry cargo in bulk in a cargo hold are to be determined both for fully and 
partially filled cargo holds according to [2.4] and [2.5]. 


2.2 Hold definitions 


2.2.1 Geometrical characteristics 


Figure 1 gives the main geometrical elements of a bulk carrier cargo hold. 


Figure 1 : Definition of cargo hold parameters for bulk carrier 


Volume Vic 


Volume V;5 


2.2.2 Fully and partially filled cargo holds 
The definitions of a fully and partially filled dry bulk cargo holds are as follow: 
a) Fully filled hold: 
The dry bulk cargo density is such that the cargo hold is filled up to the top of the hatch coaming, as 


shown in Figure 2. 


The upper surface of the cargo and its effective height in the hold hę are to be determined in 
accordance with [2.3.1]. 


b) Partially filled hold: 
The cargo density is such that the cargo hold is not filled up to the top of the hatch coaming, as shown 
in Figure 3 or Figure 4. 
The upper surface of the cargo and its effective height in the hold he are to be determined in 
accordance with [2.3.2]. 
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2.3 Dry cargo characteristics 


2.3.1 Definition of the upper surface of dry bulk cargo for full cargo holds 


For a fully filled cargo hold as defined in [2.2.2], including non-prismatic holds, the effective upper surface of 
the cargo is an equivalent horizontal surface at hc in m, above inner bottom at centreline as shown in Figure 2. 


The value of hç is to be calculated at mid length of the cargo hold at the midship, is to be kept constant over 
the cargo hold region area and is determined as follows: 


Ne = Aypy t ho 
where: 
hy = Ša 
By 
S, = So + Vic 
by 
So : Shaded area, in m?, above the lower intersection of topside tank and side shell or inner side, as the 


case may be, and up to the level of the intersection of the main deck with the hatch coaming, 
determined for the cargo hold at the midship as shown in Figure 2. 
Figure 2 : Definition of effective upper surface of cargo for a full cargo hold 


Equivalent cargo 
upper surface 


Load calculation 
point 


he 


2.3.2 Definition of upper surface of dry bulk cargo for partially filled cargo holds 


For any partially filled cargo hold, as defined in [2.2.2], including non-prismatic holds, the effective upper 
surface of the cargo is to be made of three parts: 


e One central horizontal surface of breadth B,/2, in m, at a height hcc, in m, above the inner bottom 


e A sloped surface at each side with an angle w/2, in degrees, between the central horizontal surface, 
and the side shell or inner hull, as shown in Figure 3, or the hopper plating, as shown in Figure 4, as the 
case may be. 


The height of cargo surface he, in m, is to be calculated at mid length of the considered cargo hold and is to be 
taken as constant over the length of the hold as follows: 


For |y| < 2 > Ac = Ace 
By Bo , = By Yy 
For a Hes > he = ho-o- (I-22) tans 
B 
For es eae) 
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where: 


hy : Height, in m, to be taken as: 


eee B, tan¥ + Vrs 


hy = 
£ 16 2 Bad; 


M _ E + =) 
Pc: By fy 2B, 
e For h; 20O as shown in Figure 3: 


hc-c = Aner +h + he 


H 
h =—t y 
S an 


e Forh; <O as shown in Figure 4 


Ne-cr = hiz + ha 


B> = = | 


hi; = hpp = B 
H— Pip 


Noo = (an tan¥ 


1 (™ ) 1 (Tet : Bis ) Ba y 
MeV} += [EZIB | 4 He, 
6, TaN DBA te 8 


1 ( Auer ) 1 y 
= pa 
lea 5 tans | 


Nec.  : Height, in m, of the cargo surface at the centreline, as shown in Figure 3 and Figure 4 


Bo : Maximum breadth of the cargo, in m, as shown in Figure 3 and Figure 4 


Figure 3 : Definition of the effective upper surface of cargo for a partially filled cargo hold when h, 2 0 


Load 
calculation 
point 1 


| 
Load i 


calculation | 
point 2 i 


hoof LCP 2. 
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Figure 4 : Definition of the effective upper surface of cargo for a partially filled cargo hold when h, < 0 


Load 
calculation 


Load l; 
calculation! 
point 2 


he of LCP 1 


2.3.3 Mass and density 

The dry cargo mass and the density of the cargo are to be taken as follows: 
e For strength assessment in intact condition: the values defined in Table 1 
e For fatigue assessment: the values defined in Table 2 


e For strength assessment in flooded condition: the values defined in Table 3 


Table 1 : Dry bulk cargo mass and density for strength assessment in intact condition 


Homogeneous loading condition Alternate loading condition 
Ship type e aR Partially filled 
Cargo density Fully filled hold a Fully filled hold Partially filled hold 
E M M = Mrun 
Q O : 
25 Pe specified in the 
S loading manual 
M M = Meun 
Mru 
s Po = Full N/A N/A 
a Pc Veun 
but not less than 1.0 
M M = Meun M=My 
co Meu 
‘ p N/A 
a Pe Vtu Pe =3.0® g 
but not less than 1.0 
M M = Mew M= M, M = Mpo + 0.1M; | M = Mpp + 0.1M, 
S pgs Mu Myp + 0.1 M 
m Pe Vtu Pc = 3.0% Pc = a Pc = 3.0% 
Full 
but not less than 1.0 
(1) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual. 
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Ship Cargo mass Homogeneous loading condition ee ne 
type | Cargo density (Fully filled hold) habe nari 
(Partially filled hold) 
o 5 M M =M, 
2g 
2 E Pe Pc = maximum value specified in the loading manual 
M M=My 
Q 
QO M N/A 
a Pc Pe = (=) 
Full 
M M=My 
o 
O M 
faa] = {(—4 
Pc Pc (=) 
M M =M, M = Mpp 
q 
4 M 
m Pe Pe = ( H) Po= 3.0% 
Vrun 
(1) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual. 


Table 3 : Dry bulk cargo mass and density for strength assessment in flooded condition 


Homogeneous loading Alternate loading condition 
condition 
Ship | Cargo mass Heldibaded 
type | Cargo density i j i i 19 eave 
Fully filled hold | Partially filled | Elly filed hoia | Partially filled | With o.<178 
hold hold 
t/m ® 
E M M=M, 
g Pc = maximum 
[e] Crs 
S p value specified NES MA 
E j in the loading 
z manual 
M M=M, 
{S) 
o M N/A N/A 
Pc Pc = (2) 
Veun 
M M=My M=M, 
a 
ð M N/A 
m Pc Pc = (z ”) pe =3.0® 
Full 
M M= M; M=M; M = M,p M = M,p M=Mup 
q 
Q M M 
c Pe pez ( H) Po = 3.0 Pe = (7e) Po = 3.0 Po = 1.78 
Veun Vtu 
(1) To be taken as 3.0 unless an alternative maximum cargo density is specified in the loading manual. 
(2) To be applied for bulk carriers that are required to carry cargoes with a density less than or equal to 1.78 t/m°. 
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2.3.4 FE application 


The following process is to be applied for the bulk cargo pressure loads used in FE analysis: 


g 


Determine h, according to [2.3.1] for fully filled cargo hold or [2.3.2] for partially filled cargo hold. 


g 


Determine the corresponding static pressure as defined in [2.4.2] and static shear pressure as defined 
in [2.5.2] using p, and apply them in the FE model. 


c) Calculate the actual mass of cargo, Maciya) in t. 


Q 
= 


Determine the effective cargo density, in t/m*: 


-M 
Perf M Pe 


actual 


D 


Calculate the final pressure distribution and shear load using perinstead of p,- 


2.4 Dry bulk cargo pressures 


2.4.1 Total pressure 


The total pressure due to dry bulk cargo acting on any load point of a cargo hold boundary, in kN/m?, is to be 
taken as: 


P= Pe For strength assessment of intact conditions for static (S) design load scenarios, given in Ch 
4, Sec 7 

P,, = Pps + P,a FOr strength assessment of intact conditions and fatigue assessment for static plus dynamic 
(S+D) design load scenarios, given in Ch 4, Sec 7 


but not less than 0. 


where: 
Pos : Static pressure due to dry bulk cargo, in kN/m?, as defined in [2.4.2]. 
Poa : Dynamic inertial pressure due to dry bulk cargo in cargo holds, in kN/m?, as defined in [2.4.3]. 


Static and dynamic pressures as defined in [2.4.2] and [2.4.3] for FE analysis are to be determined using Perf 
instead of p,- 

2.4.2 Static pressure 

The dry bulk cargo static pressure Ps in KN/m?, is to be taken as: 


Pps = Pc 8Kc (Zo—Z) but not less than O. 


2.4.3 Dynamic pressure 
The dry bulk cargo dynamic pressure P,a, in KN/m?, for each load case is to be taken as: 


Pog = fy Pc [0.25 ay (Xg—X) + 0.25 ay (YVe—Y) +fuc Ke az (Ze—Z)] forz <z, 


Paa = O for Z >Z, 


2.5 Shear load 


2.5.1 Application 


For FE strength assessment, the following shear load pressures are to be considered in addition to the dry bulk 
cargo pressures defined in [2.4] when the load point elevation, z, is lower or equal to Z,: 


e For static (S) design load scenarios, given in Ch 4, Sec 7: Static shear load, P,,.,, due to gravitational 
forces acting on hopper tanks and lower stools plating, as defined in [2.5.2]. 


1 JAN 2014 COMMON STRUCTURAL RULES 


IACS 


e For static plus dynamic (S+D) design load scenarios, given in Ch 4, Sec 7: The following dynamic shear 
load pressures: 


Pss + Pps- for the hopper tank and the lower stool plating, as defined in [2.5.3]. 
Py sax for the inner bottom plating in the longitudinal direction, as defined in [2.5.4]. 
Pps-ay for the inner bottom plating in the transverse direction, as defined in [2.5.4]. 


Shear loads as defined in [2.5.2] to [2.5.4] for FE analysis are to be determined using per instead of p,. 


2.5.2 Static shear load on the hopper tank and lower stool plating 


The static shear load pressure, P,,., (positive downward to the plating) due to dry bulk cargo gravitational 
forces acting on hopper tank and lower stool plating, in KN/m2, is to be taken as: 


(1-Ko) (2-2) 


Pos_s = Peg tana 


2.5.3 Dynamic shear load on the hopper tank and lower stool plating 


The dynamic shear load pressure, P,s-a (positive downward to the plating) due to dry bulk cargo forces on the 
hopper tank and lower stool plating, in kKN/m?, for each dynamic load case is to be taken as: 


(1—Ke) Ze-Z) 


Pos-a = fẹ Pc az tana 


2.5.4 Dynamic shear load along the inner bottom plating for FE analyses 


The dynamic shear load pressures, P,,.,, in the longitudinal direction (positive to bow) due to dry bulk cargo 
forces acting along the inner bottom plating, in kN/m?, for each dynamic load case is to be taken respectively 
as: 


Pos-ax = —0.75 fg Pc ax Ne 


The dynamic shear load pressures, Pps-ay in the transverse direction (positive to port) due to dry bulk cargo 
forces acting along the inner bottom plating, in kN/m?, for each dynamic load case is to be taken respectively 
as 


Pos-ay = —0.75 fg Pc ay Ne 


The dynamic shear load pressures Pps-ax and Pps, are only used for FE strength assessment. 


3 = PRESSURES AND FORCES DUE TO DRY CARGOES IN FLOODED 
CONDITIONS 


3.1 Vertically corrugated transverse watertight bulkheads 


3.1.1 Application 


The pressure defined in this sub-article applies to vertically corrugated transverse watertight bulkheads of the 
cargo holds of bulk carriers for the assessment in flooded conditions. 


Each cargo hold is to be considered individually flooded, see Figure 5, Figure 6 and Figure 7. 


3.1.2 General 


The loads to be considered as acting on each bulkhead are those given by the combination of loads induced by 
cargo loads with those induced by the flooded loads of one hold adjacent to the bulkhead under examination. 
In any case, the pressure due to the flooded loads without cargo is also to be considered. 
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The most severe combinations of cargo induced loads and flooded loads are to be used for the check of the 
scantlings of each bulkhead, depending on the loading conditions included in the loading manual considering 
the individual flooded condition of both loaded and empty holds: 


Homogeneous loading conditions; 


Non-homogeneous loading conditions; 


For the purpose of this article, the following items are defined as: 


Design load limits: 


The specified design load limits for the cargo holds are to be represented by loading conditions defined 
by the designer in the loading manual. 


Maximum cargo mass to consider: 


Unless the ship is intended to carry, in non-homogeneous conditions, only iron ore or cargo having bulk 
density equal to or greater than 1.78 t/m%, the maximum mass of cargo which may be carried in the 
hold is also to be considered to fill that hold up to the top of the hatch coaming. 


Homogeneous loading conditions: 


Homogeneous loading condition means a loading condition in which the ratio between the highest and 
the lowest filling level, evaluated for each hold, does not exceed 1.20, to be corrected for different cargo 
densities. 


Packed cargoes: 
Holds carrying packed cargoes (such as steel mill products) are to be considered as empty. 
Unconsidered loading conditions: 


Non-homogeneous part loading conditions associated with multi-port loading and unloading operations 
for homogeneous loading conditions do not need to be considered for the verification of these 
requirements. 


3.1.3 Flooded level 


The flooded level z; is the distance, in m, measured vertically from the baseline with the ship in the upright 
position, and obtained from Table 4. 


Table 4 : Flooded level z,, in m, for vertically corrugated transverse bulkheads 


Vertically corrugated transverse bulkhead position 
Bulk carrier type 


Foremost Others 
Bulk carriers less than 50,000 t deadweight with Zp = 0.95 D; Zp = 0.85 D; 
Type B freeboard z-=0.9D, z-=0.8D, 
Zp =D, Ze = 0.9 D; 
Other bulk carriers 
z; = 0.95 D, ® z; = 0.85 D, ® 


(1) 


For ships carrying cargoes having bulk density less than 1.78 t/m? in non-homogeneous loading conditions. 


3.1.4 Flooded patterns 


Three different flooded patterns are to be considered: 


The flooded level is below the upper surface of the cargo, (see Figure 5: Zç > Zp) 


The flooded level is above the upper surface of the cargo, (See Figure 6: Zç < Zp) 


The flooded hold is empty, (See Figure 7: Ze = hpg) 
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Figure 5 : Flooded level below upper surface of bulk cargo 


Equivalent cargo . Real cargo upper 
upper surface l ( surface 


3.1.5 Pressures and forces on vertically corrugated transverse bulkheads of flooded cargo holds 


The static pressure P,,., in KN/m?, at any point of the vertically corrugated transverse bulkhead located at a 
level z from the baseline is given in Table 5 for each flooded pattern defined in [3.1.4]. 


The force F,;;, in KN, acting on a corrugation of a transverse bulkhead is given by Table 6 for each flooded 
pattern defined in [3.1.4]. 


where: 


Porsite : Static pressure calculated according to Table 5 for z = hs + Nop. 
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Table 5 : Static pressure on vertically corrugated transverse bulkhead of a flooded cargo hold P,,;., 


Flooded case Lead point Pressure P,ts, in KN/m? 
position 
Z> Zo Por-s = O 
Zo>Zp Zo2Z2Zp | Pors = Po £ (Zc—Z) Ko-r 


ZF>Z2 hps | Por-s = PE (Ze—Z) + [Pe (Ze=z)-p (1- perm) (Z--Z)] gKc-+ 


Z> Zf Por-s = 0 


hps S Zc S Zp Zp2Z2Z¢ | Pors = PS (Zr - Z) 


Zc >Z2 hps | Por-s = pg (Ze—Z) + [Po—p (1-perm)] g (Ze—Z) Ke-s 


Table 6 : Force acting on a corrugation in the flooded cargo holds F,,., 


Flooded case Force Fprs, in KN 


2 
Zo-Z Zo—Ze) Ke- + Por_s- 
an eee {P< g i Wes [eB ene) tat Totcsa Ghee hi)| 


(zee) [ee (Ze— Ze) + Por-s—te 


ZF 2 Zc Fot_s = Sc fos 7 5 | G-Man Mus) 


3.1.6 Pressures and forces on vertically corrugated transverse bulkheads of non-flooded cargo 
holds 


The static pressure Pps, in kN/m2, at a point of the vertically corrugated transverse bulkhead located, located 
at the level z from the baseline, due to dry bulk cargo of a non-flooded cargo hold acting on the intact side of 
the transverse bulkhead which is flooded on the other side is to be taken as: 


Pps = Pc E Ke_; (Zo—Z) but not less than 0. 


The resultant force Fps in KN, acting on a corrugation is to be taken as: 


3.1.7 Resultant pressures and forces on vertically corrugated transverse bulkheads of flooded 
cargo holds 


The resultant pressure Pp, in KN/m?, at each point of the bulkhead, and the resultant force Fp, in KN, acting on 
a corrugation, given in Table 7, are to be considered for the assessment in flooded conditions of vertically 
corrugated transverse bulkhead structures, where: 


Pores : Pressure in the flooded cargo holds, in kN/m?, as defined in [3.1.5]. 

Pos : Pressure in the non-flooded cargo holds, in KN/m?, as defined in [3.1.6]. 

Fors : Force acting on a corrugation in the flooded cargo holds, in kN, as defined in [3.1.5]. 

Fos : Force acting on a corrugation in the non-flooded cargo holds, in KN, as defined in [3.1.6]. 
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Table 7 : Resultant pressure P, and resultant force Fp on vertically corrugated transverse bulkhead in flooded condition 


Loading : 2 - ere 
condition Resultant pressure Pp, in KN/m Resultant force Fp, in KN Application 
Homogeneous | PR = Py; - 0.8 Pps Fp = Fos - 0.8 Fps All bulk carriers 

Alternate Pp = Pos Fr = Fors BC-A bulk carriers 


3.2 Double bottom in cargo hold region of bulk carrier in flooded conditions 


3.2.1 Application 


Each cargo hold is to be considered individually flooded. 


3.2.2 General 


The loads to be considered as acting on the double bottom are those given by the external sea pressures and 
the combination of the cargo loads with those induced by the flooding of the hold to which the double bottom 
belongs. 


The most severe combinations of cargo induced loads and flooded loads are to be used, depending on the 
loading conditions included in the loading manual: 


e Homogeneous loading conditions. 

e Non-homogeneous loading conditions. 

e Packed cargo conditions (such as in the case of steel mill products). 
For each loading condition, the maximum dry bulk cargo density to be carried is to be considered in calculating 
the allowable hold loading. 
3.2.3 Flooded level 


The flooded level z; is the distance, in m, measured vertically from the baseline with the ship in the upright 
position, and obtained from Table 8. 


Table 8 : Flooded level z,, for double bottom in cargo hold region of bulk carrier 


Cargo hold 
Bulk carrier type 
Foremost Others 
Bulk carriers less than 50,000 t deadweight with Type-B 2-= 0.95 D, 7-= 0.85 D, 
freeboard 
Other bulk carriers Zp = D; Zp = 0.9 D; 


4 STEEL COIL LOADS IN CARGO HOLDS OF BULK CARRIERS 


4.1 General 


4.1.1 Application 


The provision is determined by assuming Figure 8 as the standard means of securing steel coils loaded on 
wooden dunnage. 


It is assumed that all the steel coils have the same characteristics. 


In cases where steel coils are lined up in two or more tiers, formulae in [4.1.3] and [4.2] can be applied 
assuming that only the lowest tier of steel coils is in contact with hopper sloping plate or inner side plate. In 
other cases, scantling requirements are to be determined on a case-by-case basis. 
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Figure 8 : Inner bottom loaded by steel coils 
Key coil 


Wiring Shoring 


Chocking 


72 
f 


Dunnage 


4.1.2 Arrangement of steel coils on inner bottom 
The two following arrangements of steel coils on the inner bottom are considered: 


e The steel coils are positioned without respect to the location of the inner bottom floors, as shown in 
Figure 9. 


e The steel coils are positioned with respect to the location of the inner bottom floors, as shown in Figure 
10. 


Figure 9 : Steel coils loaded independently of inner bottom floors locations 


Dunnage Žž te > 


Stee ‘ 
Wh 


Stee 


Inner bottom 


I coil | coil 
L J 


n, and f, are given by 
Tables 9 and 10 


Bottom shell 


Floor Floor Floor 


Figure 10 : Steel coils loaded between inner bottom floors 


< lsr >| 


Dunnage 


Steel coil Steel coil 


Inner bottom 


Bottom shell 
Floor Floor Floor 


4.1.3 Arrangement of steel coils independently of the floor locations 
For steel coils loaded without respect to the location of floors in the inner bottom, see Figure 9: 


The number n, of load point dunnages per elementary plate panels is to be found in comply with Table 9. 
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The distance lp, in m, between outermost load point dunnages per elementary plate panel is to be found in 
comply with Table 10. 


Table 9 : Number n, of load point dunnages per elementary plate panel 
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N3 
No 
2 3 4 5 
1 o<~<05 0< <0.33 0<Ž<0.25 o<% <0.2 
-St vst st st 
4 l £ 4% 
2 0.5 < — < 1.2 0.33 < — < 0.67 0.25 < — < 0.5 0.2 < — < 0.4 
Lst lst lst lst 
4 L 4 4 
3 1.2 < — < 1.7 0.67 < — < 1.2 0.5 < — < 0.75 0.4 < — < 0.6 
bg lst lst Lst 
4 l4 l4 4 
4 1.7 < — < 2.4 1.2 < — < 1.53 0.75 < — < 1.2 0.6 <— < 0.8 
Lii lot lst Let 
£ tl A $, 
5 24<—<2.9 1.53 <— < 1.87 1.2 < — < 1.45 0.8 < — < 1.2 
Lir la lst Lst 
£ 4 { £ 
6 2.9<—<3.6 1.87 < — < 2.4 1.45 < — < 1.7 1.2 <— < 1.4 
L lot lst lst 
£ L £ 4 
T 3.6<—<41 2.4<—<2.73 1.7 < — < 1.95 1.4 < — < 1.6 
Lst lst lst Lst 
4 L L 4 
8 4.1 < — < 4.8 2.73 < — < 3.07 1.95 < =~ < 2.4 1.6 < — < 1.8 
Ly Lb st lst fai 
4 L 4 4 
9 4.8 < — <5.3 3.07 <— < 3.6 2.4 < — < 2.65 1.8 < — < 2.0 
la lst lst Let 
4 L £ 4 
10 5.3 < — < 6.0 3.6 < — < 3.93 2.65 < — < 2.9 2.0 <= < 2.4 
Ls ts, Lt fa 
Table 10 : Distance between outermost load point dunnages per elementary plate panel, Lips inm 
N3 
N2 
2 3 4 5 
1 Actual breadth of dunnages 
2 0.52, 0.33 0.25¢, 0.20, 
3 1.20. 0.675 0.504, 0.40, 
4 1.7 bo 1.2044 0.75%, 0.625 
5 2.40, 1.532, 1.200. 0.805 
6 2.90. 1.87 lg 1.452, 1.20. 
7 3.6654 2.4065 1.702, 1.4¢,, 
8 4.10, 2.734 1.952, 1.624. 
9 4.86, 3.070, 2.406, 1.805, 
10 5.3¢ 5 3.600, 2.656, 2.065; 
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4.1.4 Arrangement of steel coils between floors 

For steel coils loaded with respect to the locations of floors in the inner bottom, see Figure 10: 
e The number n, of load point dunnages per elementary plate panels is to be taken as: nz = Ng 
e The distance @,, between outermost load point dunnages per elementary plate panel is to be taken as 

the distance between the outermost dunnage supporting one row of steel coils. 

4.1.5 Centre of gravity of steel coil cargo 

The centre of gravity of the steel coil cargo of the considered cargo hold is to be taken at the following position: 
a) Longitudinal position 


Xe@sc IS the X coordinate, in m, of the volumetric centre of gravity of the considered cargo hold with 
respect to the reference coordinate system defined in Ch 4, Sec 1, [1.2.1]. 


b) Transverse position 
= By 
Yase =E 4 


c) Vertical position 


A3 dsc 
= App t+ | i+ -1) =| => 
ZGsc DB | (N: ) 7 | 7 
where: 
E : Coefficient to be taken as: 


€= 1.0 when a port side structural member is assessed. 


£= -1.0 when a starboard side structural member is assessed. 


4.2 Total loads 


4.2.1 Total load on the inner bottom 

The total load F,,.;,, in KN, due to steel coil cargoes on the inner bottom is to be taken as: 
Fsc-ip = COS(Cyg Q) COS(Cye O) Fsce-ib-s + Fsc-ib-a DUt Not less than O 

where: 

Fcis 2 Static load, in KN, on the inner bottom, given in [4.3.1]. 

Facia : Dynamic load, in KN, on the inner bottom, given in [4.4.2]. 


Cyg, Cyg : Load combination factors, as defined in Ch 4, Sec 2, [2.2]. 


4.2.2 Total load on the hopper side 


The total load Fens, in KN, due to steel coil cargoes on the hopper side is to be taken as: 


cos(0, +€ Cyg 0) cos(C 
Ps = ee Fc_-ns_s + Fec_ns_q Dut not less than O 
h 


where: 
Fsenss : Static load, in KN, on the hopper side, given in [4.3.2]. 
F onsa : Dynamic load, in KN, on the hopper, given in [4.4.3]. 


Cyg, Cyg : Load combination factors, as defined in Ch 4, Sec 2, [2.2]. 
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4.3 Static loads 


4.3.1 Static loads on the inner bottom 


The static load F,,;.5, in KN, on the inner bottom due to steel coils is to be taken as: 


Fenis = Msc- ibE 
where: 
Mcp  : Equivalent mass of steel coils, in t, to be taken as: 


= Ny N2 
Myc -ib = Ks Ww 


for no<10 and n3;<5 
3 


Msc-ip = Ks wn, = for no>10 or n;>5 
st 


Ks : Coefficient to be taken as: 
Ks = 1.4 when steel coils are lined up in one tier with a key coil. 


KsĘ= 1.0 in other cases. 


4.3.2 Static load on the hopper side 

The static load F;e-nss in KN, on the hopper side due to steel coils is to be taken as: 
Fyo_ns-s = COSO,M,._,, "E 

where: 


Msc-ns_ : Equivalent mass of steel coils, in t, to be taken as: 


Moons = cC, w2 for n><10 and n;<5 
3; 


Msc_hs = We for no5>10 or n3>5 
st 


Cy, : Coefficient to be taken as: 


C, = 3.2 when steel coils are lined up two or more tiers, or when steel coils are lined up one tier and 
key coil is located second or 3rd from hopper sloping plate or inner hull plate. 


C, = 2.0 for other cases. 


4.4 Dynamic loads 


4.4.1 Tangential roll acceleration 


The tangential roll acceleration ap, in m/s?, is to be taken as: 


T an)" [2 2 
= == — + ea 
ar 0 180 (2 YGsc (R Zesc) 


where 

Yose : Y coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given 
in [4.1.5]. 

Zesc : Z coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given 
in [4.1.5]. 
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4.4.2 Dynamic load on the inner bottom 

The dynamic load F,,.;,.4, in KN, on the inner bottom due to steel coils is to be taken as: 

Feo-in-g = Msc-ib Az 

where: 

a, : Vertical acceleration, in m/s?, as defined in Ch 4, Sec 3, [3.2.4], calculated at the centre of gravity of 
the steel coil cargo of the considered cargo hold, given in [4.1.5]. 

4.4.3 Dynamic load on the hopper side 


The dynamic load F,,.,5.4, in KN, on the hopper side due to steel coils is to be taken as: 


Fsc-ns-a = EMsc-ns [Cva ap sin (tan Yesss |- an) — Cys asway Sin 6, | 


— ZGsc 
where: 
Cys, Cyg : Load combination factors, defined in Ch 4, Sec 2, [2.2]. 


asway > Sway acceleration, in m/s?, as defined in Ch 4, Sec 3, [2.2.2]. 


ap : Tangential acceleration, in m/s, as defined in [4.4.1]. 

YGsc : Y coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given 
in [4.1.5]. 

Zesc : Z coordinate, in m, of the centre of gravity of the steel coil cargo of the considered cargo hold, given 
in [4.1.5]. 


5 LOADS ON NON-EXPOSED DECKS AND PLATFORMS 


5.1 = Application 


5.1.1 General 


The loads defined in [5.2] and [5.3] are applicable to non-exposed decks, accommodation decks and 
platforms. 


5.2 Pressure due to distributed load 


5.2.1 


If a distributed load is carried on a deck, the static and dynamic pressures due to this distributed load are to 
be considered. 


The static distributed load is to be defined by the designer without being less than 3 kN/m? for 
accommodation decks and 10 kN/m? for other decks and platforms. 


The pressure Py, in KN/m?, due to this distributed load for the static (S) design load scenarios, given in Ch 4, 
Sec 7, is to be taken as: 


Pa = Pas 


The pressure Py, in KN/m?, due to this distributed load for the static plus dynamic (S+D) design load scenarios, 
is to be derived for the envelope of dynamic load cases and is to be taken as: 


Pa = Pais + Par-a but not less than O. 


where: 


Pours : Static pressure, in kN/m?, due to the distributed load. 
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Paka  : Dynamic pressure, in KN/m?2, due to the distributed load, in KN/m?, to be taken as: 
a -eny 
Para = fp a Pai-s 


azen : Envelope of vertical acceleration, in m/s?, at the load position being considered, for the dynamic load 
cases, given in Ch 4, Sec 3, [3.3.3]. 


5.3 Concentrated force due to unit load 


5.3.1 


If a unit load is carried on an internal deck, the static and dynamic forces due to the unit load carried are to be 
considered. 


The force Fy, in kN, due to this concentrated load for the static (S) design load scenarios, given in Ch 4, Sec 7, 
is to be taken as: 


Fy = Fy_s 


The force Fy, in KN, due to this concentrated load for the static plus dynamic (S+D) design load scenarios, is to 
be derived for the envelope of dynamic load cases and is to be taken as: 


Fy = Fy_s+Fy_q but not less than 0. 


where: 

Fus : Static force, in kN, due to the unit load to be taken as: 
Fj- = Myg 

Fug : Dynamic force, in kN, due to unit load to be taken as: 
Fy_g = My fp az-env 

My : Mass of the unit load carried, in t. 


azen : Envelope of vertical acceleration, in m/s?, at the centre of gravity of the unit load carried for the 
dynamic load cases, given in Ch 4, Sec 3, [3.3.3]. 


6 = SLOSHING PRESSURES IN TANKS 


6.1 General 


6.1.1 Application 


This article applies to all liquid cargo, ballast tanks and other tanks with volume exceeding 100 m’, but does 
not apply to the water ballast cargo hold of bulk carriers. 


6.1.2 


The sloshing pressures defined in this article do not include the effect of impact pressures due to high velocity 
impacts with tank boundaries or internal structures. For tanks with a maximum effective sloshing breadth, bgp, 
see [6.4.2], greater than 0.56 B or a maximum effective sloshing length, /,,,, see [6.3.2], greater than 0.13 L 
at any filling level from 0.05 h max to 0.95 Amax, see [6.3.3], a Separate impact assessment is to be carried out in 
accordance with the Society procedures. 
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6.1.3 Sloshing pressure on tank boundaries and internal divisions 


The sloshing pressure due to liquid motions in a tank P,,, acting on any load point of a tank boundary or 
internal divisions, in kN/m?, for the sloshing design load scenario, given in Ch 4, Sec 7, is to be taken as 
follows, without being less than Pyipmin, as given in [6.2]: 


e Pon = Psm-ng for transverse bulkheads, as defined in [6.3.3]. 


e Psp = Pein-we for web frames and transverse stringers, as defined in [6.3.4]. 


e Pon = Pein for longitudinal bulkheads, as defined in [6.4.3]. 


© Pon = Pengo for longitudinal girders and stringers, see [6.4.4]. 


6.2 Minimum sloshing pressure 


6.2.1 


The minimum sloshing pressure, Psinmin, for tanks of cellular construction, i.e. double hull construction with 
internal structures restricting the fluid motion, is to be taken as 12 kKN/m?. 


The minimum sloshing pressure, P.,:min, for cargo and all other tanks is to be taken as 20 kN/m?. 


6.3 Sloshing pressure due to longitudinal liquid motion 


6.3.1 Application 


The sloshing pressure due to longitudinal liquid motion, P., ing is to be taken as a constant value over the full 
tank depth and is to be taken as the greater of the sloshing pressures calculated for filling levels from 
0.05 Amax to 0.95 Amaxr IN 0.05 Amax increments. 


6.3.2 Effective sloshing length 


The effective sloshing length, Zn, in m, is to be taken as defined in Table 11. 


Table 11 : Effective sloshing length /,,, 


Type of transverse bulkhead loin 


ll 


T ight bulkh ks 
ransverse tight bulkheads Ih (Ltn) (1+ fn) 


(1+ Mwr Owr) (1 + fe Owe) ltk-n 


1+ -1 1+ 
Transverse wash bulkheads | sn = L (nwr ) awr] ( 


(1+ wr) (1+ Fras) 


fwt Owe) Cth —h 


where: 
Nwr : Number of transverse wash bulkheads in the tank. 
wr : Transverse wash bulkhead coefficient, to be taken as (See Figure 11): 
Aowr 
a — ———— 
Y Ate th 
Oyf : Transverse web frame coefficient, to be taken as (see Figure 12): 
Awr = Ao-wt-n 
Atk-t-n 
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For tanks with changing shape along the length and/or with web frames of different shape the 
transverse web frame coefficient, @,;, may be taken as the weighted average of all web frame 


locations in the tank given as: 


considered filling height. 


filling height. 


to be taken as: 


we 
1+ Nyr 


wf 


max] 


: Length of cargo tank, in m, at considered filling height. 


: Number of transverse web frames, excluding wash bulkheads, in the tank. 


Figure 11 : Transverse wash bulkhead coefficient 


Dein 


max 


0.25 


Owr 


Figure 12 : Transverse web frame coefficient 
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Owe 


: Total area of openings, in m?, in the transverse section in way of the wash bulkhead below the 


: Total transverse cross sectional area, in m2, of the tank below the considered filling height. 


: Total area of openings, in m2, in the transverse section in way of the web frame below the considered 


: Factor to account for number of transverse web frames and transverse wash bulkheads in the tank, 
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6.3.3 Sloshing pressure in way of transverse bulkheads 


The sloshing pressure in way of transverse bulkheads including wash bulkheads due to longitudinal liquid 
motion, Psining in KN/m?, for a particular filling level, is to be taken as: 


LT bs L 
Pein-ing = Psin Elsin Fein [04 - (0.39 na Lat) a5 


L 350 
where: 
Loin : Effective sloshing length, in m, as defined in [6.3.2]. 
foin : Coefficient taken as: 
2 
fon= 1-2 (0.7 - tu 
Dein : Filling height, measured from tank bottom, in m, see Figure 11. 


6.3.4 Sloshing pressure on internal web frames or transverse stringers adjacent to a transverse 
bulkhead 


For tanks with internal web frames the sloshing pressure acting on a web frame or transverse stringer 
adjacent to transverse bulkheads or transverse wash bulkheads due to longitudinal liquid motion, Pgin.ye, in 


kN/m?, provided it is located within 0.25 £,,, from the bulkhead, is to be taken as: 


Sw \? 
where: 
Loin : Effective sloshing length, in m, as defined in [6.3.2]. 
Psning : Sloshing pressure due to longitudinal liquid motion acting on transverse bulkhead, as defined in 
[6.3.3]. 
Swf : Distance from transverse bulkhead to web frame under consideration, in m. 


The distribution of pressure across web frames and transverse stringers is given in Figure 13. 


Figure 13 : Sloshing pressure distribution on transverse stringers and web frames 


0.25 bon 


$ Deck s 
Pon = Point 
Pon = 0.5P apne 
Pon = 0-5Paining 
Transverse E 
bulkhead Pon a Paing 
(As for stringer 1) 
(As for stringer 1) 
Inner bottom 
Bottom 
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6.4 Sloshing pressure due to transverse liquid motion 


6.4.1 Application 


The sloshing pressure due to transverse liquid motion, Pane is to be taken constant as a constant value over 
the full tank depth and is to be taken as the greater of the sloshing pressures calculated for filling levels from 
0.05 Ama, to 0.95 Amax, iN 0.05 Ana, increments. 


6.4.2 Effective sloshing breadth 


The effective sloshing breadth, bn, in m, is to be taken as in Table 12, but not less than 0.3B. 


Table 12 : Effective sloshing breadth b.n 


Type of longitudinal bulkhead Doin 
ae — (1+ Nw Ow) (1+ fyra Agra) Bik-n 
L l h ikh bon = ( wL Awe rd Agra) Vt 
ongitudinal tight bulkheads th (1+ ny) (L+ fea) 
ae — [1+ (Mw 1) Om) (1+ fra Agra) Bek-n 
L | h bulkh bo, = Se eee 
ongitudinal wash bulkheads th (LF nm) (1+ Ferg) 
where: 
Nw : Number of longitudinal wash bulkheads in the tank. 
Ow : Longitudinal wash bulkhead coefficient: 
Aow: 
a Z = 
i Atk-L-h 
Agra : Girder coefficient, to be taken as: 
Ao- rd—h 
Qerg = 
i Atk—t-h 


Aow. : Total area of openings, in m2, in the longitudinal section in way of the wash bulkhead below the 
considered filling height. 


Aen : Total longitudinal cross sectional area, in m?, of the tank below the considered filling height. 


Aogah : Total area of openings, in m?, in the longitudinal section in way of the web frame below the 
considered filling height. 


Ferd : Factor to account for number of longitudinal girders and longitudinal wash bulkheads in the tank, to 
be taken as: 
Ferd = 4 a 
14+ ny 
Nera : Number of longitudinal girders, excluding longitudinal wash bulkheads, in the tank. 
Dien : Breadth of cargo tank, in m, at considered filling height. 


6.4.3 Sloshing pressure in way of longitudinal bulkheads 


The sloshing pressure in way of longitudinal bulkheads including wash bulkheads due to transverse liquid 
motion, Pom in KN/m2, for a particular filling level, is to be taken as: 


Point =7 Psin EF sin (2-0.3) GM?” 
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where: 
Doin : Effective sloshing breadth defined in [6.4.2]. 
GM : Metacentric height, given in Ch 4, Sec 3, [2.1.1]. 


For the calculation of sloshing pressure in ballast tanks the ‘ballast condition’ is to be used for oil 
tankers and the ‘normal ballast condition’ for bulk carriers. 


For the calculations of sloshing pressure in cargo tanks of oil tankers, the ‘partial load condition’ is to 
be used. 


6.4.4 Sloshing pressure on internal girders or longitudinal stringers adjacent to longitudinal 
bulkheads 


For tanks with internal girders or stringers, the sloshing pressure acting on the girder/web frame adjacent to 
longitudinal bulkheads and longitudinal wash bulkhead, Psi,ga, in KN/m?, provided it is located within 0.25 bg, 
from the bulkhead, is to be taken as: 


Sera)? 
= r 
Poin gra = Point (1-5) 


sih 


where: 

Dsin : Effective sloshing breadth defined in [6.4.2]. 

Paint : Sloshing pressure due to transverse liquid motion acting on longitudinal bulkhead, as defined in 
[6.4.3]. 

Serq : Distance from longitudinal bulkhead to girder under consideration, in m. 


The distribution of pressure across stringers is given in Figure 14. The distribution of pressure across 
longitudinal girders is similar to the deck web frame shown in Figure 13. 


Figure 14 : Sloshing pressure distribution on longitudinal stringers and girders 


Deck 


(As for stringer 2) 


Longitudinal 
bulkhead 


(As for stringer 2) 
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7 DESIGN PRESSURE FOR TANK TESTING 


7.4 Definition 


7.1.1 


The actual strength testing is to be carried out in accordance with Ch 1, Sec 2, [3.8.4]. In order to assess the 
structure, static design pressures are to be applied. 


The design pressure for tank testing, Psr, in KN/m?, is to be taken as: 


Psr = 10 (Zsr=-Z) 


where: 
Zsr : Design testing load height, in m, as defined in Table 13. 
Table 13 : Design testing load height z,, 
Compartment Zsr 
The greater of the following: 
Double bottom tanks ® Zst = Ztop + Pair 
Zst = Za 

Hopper side tanks, topside tanks, double The greater of the following: 

side tanks, fore and aft peaks used as tank, | Zs7 = Ztop + Mair 

cofferdams Zst = Zop + 2.4 

The greater of the following: 
Zst = Ztop t Nai 
Tank bulkheads, deep tanks, fuel oil bunkers Pog ST 
Zst = Zop t 2.4 
Zst = Ztop + 0.1 Ppy 
Ballast hold Zsr = Zp + 0.9 
Chain locker (if aft of collision bulkhead) Zst = Ztop 
The greater of the following: 
Independent tanks Zst = Ztop + Pair 
Zst = Ztop + 0.9 

Ballast ducts Testing load height corresponding to ballast 

pump maximum pressure 

where: 

Zoa : Z coordinate, in m, of the bulkhead deck. 

Za : Z coordinate, in m, of the top of hatch coaming. 

(1) For double bottom tanks connected with hopper side tanks, topside tanks or double side tanks, Zsr 
corresponding to "Hopper side tanks, topside tanks, double side tanks, fore and aft peaks used as tank, 
cofferdams' is applicable. 
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SECTION 7 
DESIGN LOAD SCENARIOS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


VBM _ : Design vertical bending moment, in kNm. 

Mw : Permissible hull girder hogging and sagging still water bending moment for seagoing operation, in 
kNm, as defined in Ch 4, Sec 4, [2.2.2]. 

Msyp, : Permissible hull girder hogging and sagging still water bending moment for harbour/sheltered water 
operation, in kNm, as defined in Ch 4, Sec 4, [2.2.3]. 

Ms,  : Permissible hull girder hogging or sagging still water bending moment M,,,,, for seagoing operation in 
the flooded condition, in kNm, as defined in Ch 4, Sec 4, [2.2.4]. 

Mwac : Vertical wave bending moment for a considered dynamic load case, in kNm, as defined in Ch 4, Sec 
4, [3.5.2]. 

HBM : Design horizontal bending moment, in kNm. 

Mypic : Horizontal wave bending moment for a considered dynamic load case, in kNm, as defined in Ch 4, 
Sec 4, [3.5.4]. 

TM : Design torsional moment, in kNm. 

Mwe : Wave torsional moment for a considered dynamic load case, in kNm, as defined in Ch 4, Sec 4, 
[3.5.5]. 

VSF : Design vertical shear force, in kN. 

Oey : Permissible hull girder positive and negative still water shear force limits for seagoing operation, 
in KN, as defined in Ch 4, Sec 4, [2.3.1] or Ch 4, Sec 4, [2.3.3]. 

Qswp  : Permissible hull girder positive and negative still water shear force limits for harbour/sheltered water 
operation, in KN, as defined in Ch 4, Sec 4, [2.3.2] or Ch 4, Sec 4, [2.3.4]. 

Qs,  : Permissible hull girder positive and negative still water shear force for seagoing operation in the 
flooded condition, in KN, as defined in Ch 4, Sec 4, [2.3.5]. 

Qwac : Vertical wave shear force for a considered dynamic load case, in kN, as defined in Ch 4, Sec 4, 
[3.5.3]. 

Pox : Design external pressure, in KN/m?. 

Ps : Static sea pressure at considered draught, in kN/m?, as defined in Ch 4, Sec 5, [1.2.1]. 

Pw : Dynamic pressure for a considered dynamic load case, in kN/m?, as defined in Ch 4, Sec 5, [1.3.2] to 
Ch 4, Sec 5, [1.3.8]. 
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Pp : Green sea load for a considered dynamic load case, in kN/m2, as defined in Ch 4, Sec 5, [2.2.3] and 
Ch 4, Sec 5, [2.2.4]. 


Pin : Design internal pressure, in KN/m?. 

Por : Tank testing pressure, in KN/m?, see Ch 4, Sec 6, [7.1.1]. 

Ps : Static liquid pressure in tank, in KN/m?, as defined in Ch 4, Sec 6, [1.2]. 

Pig : Dynamic liquid pressure in tank for a considered dynamic load case, in kN/m?, as defined in Ch 4, 
Sec 6, [1.3]. 

Pos : Dry bulk cargo static pressure, in kN/m?, as defined in Ch 4, Sec 6, [2.5.2]. 

Ppa : Dry bulk cargo dynamic pressure for a considered dynamic load case, in kKN/m?, as defined in Ch 4, 
Sec 6, [2.5.3]. 

Pis : Static pressure in compartments and tanks in flooded condition, in KN/m?, as defined in Ch 4, Sec 6, 
[1.4.1]. 

Pia : Dynamic pressure in compartments and tanks in flooded condition, in kN/m?, as defined in Ch 4, 
Sec 6, [1.5.1] 

Pats : Static pressure on non-exposed decks and platforms, in KN/m2, as defined in Ch 4, Sec 6, [5.2.1]. 

Para : Dynamic pressure on non-exposed decks and platforms for a considered dynamic load case, in 
kN/m?, as defined in Ch 4, Sec 6, [5.2.1] 

Fus : Static load acting on supporting structures and securing systems for heavy units or cargo, equipment 
or structural components, in KN, as defined in Ch 4, Sec 5, [2.3.2]. 

Fug : Dynamic load acting on supporting structures and securing systems for heavy units of cargo, 
equipment or structural components, in kN, as defined in Ch 4, Sec 5, [2.3.2]. 

Poy : Bottom slamming pressure, in kN/m?, as defined in Ch 4, Sec 5, [3.2]. 

Prep : Bow impact pressure, in KN/m2, as defined in Ch 4, Sec 5, [3.3]. 


Psp : Sloshing pressure, in KN/m?, as defined in Ch 4, Sec 6, [6]. 


1 GENERAL 


1.1 Application 


1.1.1 
This section gives the design load scenarios that are to be used for: 


e Strength assessment by prescriptive and direct analysis (Finite Element Method, FEM) methods, as 
given in [2]. 


e Fatigue assessment by prescriptive and direct analysis (FEM) methods, as given in [3]. 
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1.1.2 


For the strength assessment, the principal design load scenarios consist of either S (Static) loads or S+D 
(Static + Dynamic) loads. In some cases, the letter ‘A’ prefixes the S or S+D to denote that this is an accidental 
design load scenario. There are some additional design load scenarios to be considered which relate to impact 
(1) loads, sloshing (SL) loads and fatigue (F) load. 


2 


DESIGN LOAD SCENARIOS FOR STRENGTH ASSESSMENT 


2.1 Principal design load scenarios 


2.1.1 


The principal design load scenarios are given in Table 1. 


Table 1: Principal design load scenarios 


Harbourand pene Ballast 
Design load scenario sheltered : Accidental flooded 
with water Es 
water and à conditions ® 
` extremesea | exchange ® 
testing 
loads 
ic + ic + 
Static static ; Statie ; Static Static + dynamic 
Load components (S) Dynamic dynamic (A: S) (A: S+D) 
(S+D) (S+D) . , 
3 VBM Msw-p Mew + Mwac Mw + Mw-c Mewt (2) Mower + Mwac © 
E HBM x Myh.tc Mynic Munic™ 
oO 
5 VSF Qewp Qw + Qwic Qew + Qwic k (o j Qwic (3) 
I 
TM E M wt-LC M wt-LC P x 
P External deck for green sea - Pp 5 3 = 
* | Hull envelope Ps Ps + Pw Ps + Pw 5 - 
Ballast tanks ® Ps + Pig g 
Liquid cargo tanks Max (Ps, Psy) Po + Pry á : : 
P | Other tanks z ; 
n 
Ss 
S Watertight boundaries : - $ 
= Py Pig + Pra 
G Cargo holds Pps Pos + Poa 
3 
4 Internal decks for dr 
spaces y Pars Pars + Para : z = 
External deck for 
P P Pa +P - 2 - 
dk | distributed loads nee Toes 
External deck for heav 
units y Fus Fus + Fug 5 - 5 
(1) WB cargo hold is considered as ballast tank except for design load scenario ‘ballast water exchange’. 


(2) M,.w used for hull local scantling of watertight bulkhead 


(3) Hull girder strength check is performed according to Ch 5, Sec 1 for bulk carriers having a length L of 150 m or above 


(4) Applicable to prescriptive assessment only 


2.2 Additional design load scenarios 


2.2.1 


The design load scenarios to be considered for sloshing, bottom slamming and bow impact are given in 
Table 2. 
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Table 2 : Design load scenarios for impact and sloshing conditions 


Design load scenario 


Load components 


Bow impact 
Impact (I) 


Bottom 
slamming 


Impact (I) 


Sloshing 
Sloshing (SL) 


Hull Girder 


VBM 


- Mey 


HBM 


VSF 


TM 


Local Loads 


External deck for green sea 


Hull envelope 


Ballast tanks 


Liquid cargo tanks 


Other tanks 


Watertight boundaries 


Cargo holds ® 


Pax 


Internal decks for dry spaces 


External deck for distributed 
loads 


External deck for heavy units 


(1) 


Sloshing assessment is not to be considered for water ballast cargo holds of bulk carriers. 


3 


3.1.1 


The design load scenarios for fatigue assessment are given in Table 3. 


DESIGN LOAD SCENARIOS FOR FATIGUE ASSESSMENT 


3.1 Design load scenarios 


Table 3 : Design load scenarios for fatigue assessment 


COMMON STRUCTURAL RULES 


Design load scenario Fatigue: Static + Dynamic 
Load components (F: S+D) 
5 VBM Mew + Mw-c 
£ HBM Mywn-tc 
O 
= VSF Qsw + Qwic 
T 
TM Mwetc 
P External deck for green sea - 
™ | Hull envelope Ps + Pw 
Ballast tanks ® 
n Liquid cargo tanks Pi, + Pig 
Ss 
g Pin Other tanks designed for liquid filling 
-l 
Ẹ Watertight boundaries - 
S Cargo holds Pos + Poa 
Internal decks for dry spaces 3 
Px, | External deck for distributed loads - 
External deck for heavy units - 
(1) WB cargo hold is considered as ballast tank except for design load scenario ‘ballast water exchange’. 


1 JAN 2014 


‘@eeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeseeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeee 8 


PART 1 CHAPTER 4 SECTION 7 


PART 1 CHAPTER 4 SECTION 8 


IACS 


SECTION 8 
LOADING CONDITIONS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 

£ : Distance from propeller centreline to the waterline, in m. 

D : Propeller diameter, in m. 

Mey: Cargo mass, in t, as defined in Ch 4, Sec 6. 

My : Cargo mass, in t, as defined in Ch 4, Sec 6. 

Mpp : Cargo mass, in t, as defined in Ch 4, Sec 6. 

Max: Maximum cargo mass in cargo holds in block loading conditions, in t, as defined in Ch 4, App 1. 


Camic : Coefficient taken as the percentage of permissible SWBM, defined in Table 2 to Table 9 and Table 12 


to Table 21. 

Csrıc : Coefficient taken as the percentage of permissible SWSF, defined in Table 2 to Table 9 and Table 12 
to Table 21. 

Xparty Xp¢wa. Longitudinal position, in m, of respectively the aft and forward bulkhead of the mid-hold of the FE 
model. 

EA : Empty hold in alternate loading condition. 

FA : Full hold in alternate loading condition. 


Tua THa THa, Ta: Minimum permissible draught, in m, in harbour condition as defined in Ch 4, App 1. 


1 = APPLICATION 


1.1 Ships having a length L of 150m or above 


1.1.1 


The requirements in [2] to [5] are applicable to ships having a length L of 150 m or above. 


1.1.2 Design loading conditions for strength assessment 


Design loading conditions for strength assessment are given in [2] to [4]. The design loading conditions 
common to both oil tankers and bulk carriers are given in [2]. Specific design loading conditions for oil tankers 
and bulk carriers are given in [3] and [4] respectively. 


Unless otherwise specified, each of the design seagoing conditions is to be investigated for the arrival and 
departure conditions. 
1.1.3 


These requirements are not intended to prevent conditions to be included in the loading manual for which 
calculations are to be submitted. It is not intended to replace in any way the required loading 
manual/instrument. 
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1.1.4 


Loading conditions from the loading manual, which are not covered in [2] to [4], if any, are to be considered. 


1.1.5 Standard design load conditions for fatigue assessment 


The standard design loading conditions for fatigue assessment are given in [5]. 


1.2 Bulk carriers having a length L less than 150 m 


1.2.1 


The severest loading condition from the loading manual, midship section drawing or otherwise specified by the 
Designer are to be considered for the longitudinal strength given in Ch 5 and for local strength check of 
plating, ordinary stiffeners and primary supporting members given in Ch 6 and Pt 2, Ch 1, Sec 3 and 

Pt 2, Ch 1, Sec 4. 


The requirements in [2] are applicable to ships having a length L less than 150 m. 


1.3 Dynamic load cases 


1.3.1 Seagoing conditions 

Unless otherwise specified, each of the design seagoing conditions are to be investigated for all dynamic load 
cases. 

1.3.2 Beam and oblique sea dynamic load cases 


For FE load analysis, the beam sea and oblique sea dynamic load cases calculated for port and starboard 
sides are to be applied on the model to obtain the results for both model sides. 


For ship with structure symmetrical about the centreline, the beam sea and oblique sea dynamic load cases 
calculated for portside may be applied only to the model (i.e. dynamic load cases on starboard side may be 
omitted) provided the results (yield and buckling) are mirrored. 


2 COMMON DESIGN LOADING CONDITIONS 


2.1 Definitions 


2.1.1 


In general, the design cargo and ballast loading conditions, based on the amount of bunker, fresh water and 
stores at departure and arrival, are to be considered for the still water bending moment and shear force 
calculations. Where the amount and disposition of consumables at any intermediate stage of the voyage are 
considered more severe, calculations for such intermediate conditions are to be submitted in addition to those 
for departure and arrival conditions. Also, where any ballasting and/or deballasting is intended during voyage, 
calculations of the intermediate condition just before and just after ballasting and/or deballasting are to be 
submitted and included in the loading manual. 


2.1.2 Departure conditions 


The departure conditions are to be based on bunker tanks not taken less than 95% full and other 
consumables taken at 100% capacity. 


2.1.3 Arrival conditions 


The arrival conditions are to be based on 10% of the maximum capacity of bunker, fresh water and stores. 
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2.2 Partially filled ballast tanks 


2.2.1 Partially filled ballast tanks in ballast loading conditions 


Ballast loading conditions involving partially filled peak and/or other ballast tanks in any departure, arrival or 
intermediate condition are not permitted to be used as design loading conditions unless: 


e Stress levels are within the Rule acceptance criteria for loading conditions with the considered tanks 
full, empty and partially filled at intended level in any departure, arrival or intermediate condition. 


e For bulk carriers having a length L of 150 m or above, longitudinal strength of hull girder in flooded 
condition given in Ch 5, Sec 1 is to comply with loading conditions with the considered tanks full, empty 
and partially filled at intended level in any departure, arrival or intermediate condition. 


The corresponding full, empty and partially filled tank conditions are to be considered as design conditions for 
calculation of the still water bending moment and shear force, but these do not need to comply with propeller 
immersion and trim requirements as specified in [2.3.1], [3.1.1] or [4.1.1]. 


Where multiple tanks are intended to be partially filled, all combinations of empty, full and partially filled at 
intended levels for those tanks are to be investigated. These requirements are not applicable to ballast water 
exchange using the sequential method. 


2.2.2 Partially filled ballast tanks in cargo loading conditions 


In cargo loading conditions, the requirement in [2.2] applies to peak ballast tanks only. 


2.3 Seagoing conditions 


2.3.1 
The following seagoing loading conditions are to be included, as a minimum, in the loading manual: 


a) Homogeneous cargo loading condition including a condition at the scantling draught. Homogeneous 
loading conditions are to not include filling of ballast tanks in departure conditions. 


b) Ballast condition where the ballast tanks may be full, partially full or empty. Where ballast tanks are 
partially full, the conditions in [2.2.1] are to be complied with. All cargo tanks/holds are to be empty 
including cargo tanks/holds suitable for the carriage of water ballast at sea. The propeller is to be fully 
immersed. The trim is to be by the stern and is not to exceed 0.015 L,,. 


c) Conditions covering ballast water exchange procedures with the calculations of intermediate conditions 
just before and just after ballasting and/or deballasting any ballast tank. 


2.4 Harbour and sheltered water conditions 


2.4.1 

The following harbour and sheltered water conditions are to be included in the loading manual: 
a) Conditions representing typical complete loading and unloading operations. 
b) Docking condition afloat. 


c) Propellers inspection afloat condition, in which the propeller shaft centreline is at least D,/4 above the 
waterline in way of the propeller. 


2.5 Loading conditions 


2.5.1 Alternative design 


For structural arrangement not covered by this section, the loading conditions, including loading pattern, 
corresponding draught, still water bending moment and shear forces are to be agreed by the Society. 
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Specific design loading conditions 


3.1.1 Seagoing conditions 


The following seagoing loading conditions are to be included, as a minimum, in the loading manual: 


a) 


e€ 


Qa 90 
Sa 


© 


Heavy ballast condition where the ballast tanks may be full, partially full or empty. Where ballast tanks 
are partially full, the conditions in [2.2.1] are to be complied with. The fore peak water ballast tank is to 
be full, if fitted. If upper and lower fore peak tanks are fitted, the lower is required to be full and the 
upper tank may be full, partially full or empty. All the cargo tanks are to be empty including cargo tanks 
suitable for the carriage of water ballast at sea. The draught at the forward perpendicular is not to be 
less than that for the normal ballast condition. The propeller is to be fully immersed. The trim is to be by 
the stern and is not to exceed 0.015 L. 


Mid-voyage conditions relating to tank cleaning or other operations where these differ significantly from 
the ballast conditions. 


Any specified non-uniform distribution of loading. 
Conditions with high density cargo including the maximum design cargo density, when applicable. 


Design ballast condition in which all segregated ballast tanks in the cargo tank region are full and all 
other tanks are empty including fuel oil and fresh water tanks. This design condition is for assessment 
of hull strength and is not intended for ship operation. This condition will also be covered by the IMO 
73/78 SBT condition provided the corresponding condition in the loading manual only includes ballast 
in segregated ballast tanks in the cargo tank region. 


3.1.2 Additional loading conditions 


The following additional loading conditions are to be included in the loading manual if the ship is specifically 
approved and intended to be operated in such conditions: 


e Z 2 


Q 
— 


SA 


3.2 


3.2.1 


Seagoing ballast conditions including water ballast carried in one or more cargo tanks which are 
intended for use in emergency situations as allowed by MARPOL Reg. 18. 

Seagoing loading conditions where the net static upward load on the double bottom exceeds that given 
with the combination of an empty cargo tank and a mean ship’s draught of 0.9 Tsc- 

Seagoing loading conditions with cargo tanks less than 25% full with the combination of mean ship’s 
draught greater than 0.9 Tsc- 

Seagoing loading conditions where the net static downward load on the double bottom exceeds that 
given with the combination of a full cargo tank at a cargo density of 1.025 t/m? or greater and a mean 
ship’s draught of 0.6 Togo. 

For ships arranged with cross ties in the centre cargo tank, seagoing loading conditions showing a non- 
symmetric loading pattern where the difference in filling level between corresponding port and 
starboard wing cargo tanks exceeds 25% of the filling height in the wing cargo tank. 


Design load combinations for direct strength analysis 


The design load combinations for FE analysis are given in Table 1 as follows: 


Table 1 : Design load combination for oil tankers 


Midship cargo Outside midship Foremost cargo Aftmost cargo 
hold region cargo hold region tanks tanks 
danke A Table 2 Table 4 Table 6 Table 8 
bulkheads 
Tankers with one centreline 
oil-tight bulkhead Table 3 Table 5 Table 7 Table 9 


Note 1: Outside midship cargo hold region means the forward or aft cargo hold region except the foremost and aftmost cargo holds 
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3.2.2 


For tankers with two oil-tight longitudinal bulkheads, where the cargo tank length is less than 0.15 L, the 
draughts given in Table 2, Table 4, Table 6 and Table 8 are subject to special consideration by the Society. 


3.2.3 


For tankers with one centreline oil-tight longitudinal bulkhead, where the cargo tank length is less than 0.11 L, 
the draughts given in Table 3, Table 5, Table 7 and Table 9 are subject to special consideration by the Society. 


3.2.4 


For seagoing conditions, the dynamic load cases required to be investigated for each loading pattern are 
indicated in Table 2 to Table 9. Dynamic load cases are defined in Ch 4, Sec 2. 


3.2.5 Ships with structure symmetrical about centreline 


For ships with structure symmetrical about the centreline, the loading pattern mirrored about centreline of 
another pattern may be omitted provided the results (yield and buckling) are mirrored, e.g. Table 2 A7b, A12b. 


3.2.6 Tankers with two oil-tight longitudinal bulkheads except with a cross tie arrangement in the 
wing cargo tanks 


For tankers with two oil-tight longitudinal bulkheads except with a cross tie arrangement in the wing cargo 
tanks, loading patterns A7 and A12 in Table 2, Table 4, Table 6 and Table 8 are to be examined for the 
possibility that unequal filling levels in transversely paired wing cargo tanks would result in a more onerous 
stress response. Loading pattern A7 is required to be analysed only if such a non-symmetric seagoing loading 
condition is included in the ship loading manual. The actual loading pattern, draught, GM and k, from the 
loading manual are to be used in the FE analysis. Where the GM and k, are not given in the ship’s loading 
manual, GM and k, are to be determined in accordance with Ch 4, Sec 3. 


If loading patterns A7 and A12 are not considered, an operational restriction describing that the difference in 
filling level between corresponding port and starboard wing cargo tanks is not to exceed 25% of the filling 
height in the wing cargo tank, is to be added in the loading manual. 


Loading patterns A7 and A12 need not be examined for tankers with a cross tie arrangement in the wing cargo 
tanks. 


3.2.7 


For tankers with two oil-tight longitudinal bulkheads, seagoing loading pattern A3 and harbour loading pattern 
A13, with all cargo tanks abreast empty, in Table 2, Table 4, Table 6 and Table 8 are to be analysed with a ship 
draught of 0.65 Tsc and 0.7 Tsc respectively. If conditions in the ship loading manual specify greater draughts 
for loading pattern A3 or A13, then the maximum specified draught in the ship’s loading manual for the 
loading pattern is to be used. 


3.2.8 


For tankers with two oil-tight longitudinal bulkheads, seagoing loading pattern A5 and harbour loading pattern 
A11, with all cargo tanks abreast fully loaded, in Table 2, Table 4, Table 6 and Table 8 are to be analysed with 
a ship draught of 0.65 Ts, and 0.6 Tsc respectively. If conditions in the ship loading manual specify lesser 
draughts for loading pattern A5 or A11, then the minimum specified draught in the ship’s loading manual for 
the loading pattern is to be used. 


3.2.9 


For loading patterns A1, A2, B1, B2 and B3, with cargo tank(s) empty, in Table 2 to Table 9, a minimum ship 
draught of 0.9 Tsc is to be used in the analysis. If conditions in the ship loading manual specify greater 
draughts for loading patterns with empty cargo tank(s), then the maximum specified draught for the actual 
condition is to be used. 
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3.2.10 Ballast conditions 


Where a ballast condition is specified in the ship loading manual with ballast water filled in one or more cargo 
tanks, loading patterns A8 or B7 in Table 2 or Table 3 are to be examined. 


If the actual loading pattern as specified in the loading manual is different from load pattern A8 or B7 then: 


a) The actual loading patterns are to be substituted for the loading pattern A8 or B7 with the following 
calculation conditions: 


e Draught to be taken as TaLe, 

e Csmıc = 100% (sag.), 

* Corie = 100%, 

e 100% filling of the considered tanks carrying ballast water. 
b) The strength assessment is to be carried out for all the dynamic load cases as defined in Ch 4, Sec 2. 
c) An operational restriction corresponding to the analysed condition is to be added in the loading manual. 


The actual loading pattern, draught, GM and k, from the loading manual are to be used in the FE analysis. 
Where the GM and k, are not given in the ship’s loading manual, GM and k, are to be determined in 
accordance with Ch 4, Sec 3. 
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Table 2 : Load combinations for FE analysis for two oil-tight bulkheads oil tankers applicable to midship cargo hold region 


Still water loads Dynamic load cases 
: (0) :% of 
No. Loading pattern BM-LC -0 
=n Draught perm. h Sas Midship cargo region 
SWBM ` 
Seagoing conditions 
BSR-1P/S 
100% 
: 100% HSM-1 | BSP-1P/S | OST-1P/S 
saggin 
; (sagging) 
AL | oe la 0.9Ts¢ OST-2P/S 
S 100% 100% HSM-2 | BSP-1P/S 
(hogging) i FSM-2 OSA-1P/S 
100% a HSM-1 | BSR-1P/S _ 
== (sagging) TU HSA-1 | Bsp-1p/s | OSA 1P/S 
A2 0.9T, 0.9T 5c 
s 100% 100% HSM-2 | BSR-1P/S N/A 
(hogging) ° FSM-2 | BSP-1P/S 
100% (® 
Mar ceig | HSM N/A N/A 
100% 100% ® 
: (hogging) | Maxsric | "SM? me Wa 
= BSP-1P/S 
100% ©) 
0, es 
0% Maxerie. | OMi N/A N/A 
2 100% BSR-1P/S | OST-2P/S 
aa | ot | | 0.6Ts¢ , 100% HSM-1 
- (sagging) BSP-1P/S | OSA-2P/S 
100% (® 
Marceic. | POMA N/A N/A 
100% 100% ® 
"i I = (sagging) | Max SFLC a NA NA 
A a Gls BSR-1P/S | OSA-2P/S 
3 100% N/A 
BSP-1P/S 
0% 100% ® 
Maxseic | 1SM2 N/A N/A 
‘ 
100% 4 HSM-2 | BSR-1P/S | OSA-2P/S 
m aa J O-STso | (hogging) 100% | FSM-2 | BSP-1P/S 
S 
OST-2P/S 
; BSR-1P/S 
ATa _ 100% m HSM-2 OSA-1P/S 
al | | Ne (hogging) ee FSM-2 | BSP-1P/S 
S 
OSA-2P/S 
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Still water loads Dynamic load cases 
No. Loading pattern Comic: % of Corie: % of 
Draught perm. à SWSF Midship cargo region 
SWBM perm. 
OST-2P/S 
: BSR-1P/S 
A7b — o a 100% HSM-2 OSA-1P/S 
fe T, i 100% 
L = ne (hogging) i FSM-2 | BSP-1P/S 
OSA-2P/S 
al : OSA-2P/S 
A8 100% BSR-1P/S F 
a = T, 9, È 
‘ou D) BAE (sagging) oe is BSP-1P/S 
s 
Harbour and testing conditions 
p 
100% 
A9 | 0.25T. . 100% N/A 
ie | J - °° | (sagging) ° i 
D EE 
100% 
A10 | 0.25T. : 100% N/A 
baie - S° | (sagging) f 4 
100% ® 
= 100% Max SFLC ie 
A11 sA [DF | 0.6Ts¢ i 
> (sagging) 100% 9 N/A 
Max SFLC 
P 
A12a Saz 
ia | J | 0.33T5¢ N/A 
Ss 
p 
A12b | | 
_| 0.33Ts¢ N/A 
(1) 0.33 Tse 
S 
100% ) 
= 100% Max SFLC me 
A13 i] O.T Tsc iis 
: (hogging) 100% ®) NJA 
Max SFLC 
p 
100% 
Tsc T. O, 
A14 “| lj sc (hogging) 100% N/A 
(1) The actual shear force and bending moment that results from the application of local loads to the FE model are to be used. 
Adjusting vertical loads and bending moments are not applied. 
(2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
(4) For the mid-hold where Xpan < 0.5L and Xp.wa 2 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid- 
hold. 
(5) For the mid-hold where X,ar < 0.5L and X,4,7 2 0.5L, the shear force is to be adjusted to target value at forward bulkhead of the 
mid-hold. 
(6) This load combination is to be considered only for the mid-hold where Xpat > O.5L OF Xpwa < 0.5L. 
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Table 3 : Load combinations for FE analysis for one centreline oil-tight bulkheads oil tankers applicable to midship cargo region 


Still water loads Dynamic load cases 
No. Loading pattern Comic: % Of | Corie: % of eae : 
Draught perm. SWBM | perm. SWSF Midship cargo region 
Seagoing conditions 
100% 6 HSM-1 | BSP-1P/S 
T il F ogr.. |_S28sing) 100% | HSA-1 Na 
i “J! sc 
—— 100% z HSM-2 BSR-1P 
(hogging) LU FSM-2 BSP-1P Ole? 
100% HSM-1 
; 100% BSP-1P/S N/A 
B2 srd - ogr.. | Egge) ° | HSA-1 / / 
R sc 
100% A HSM-2 BSR-1S 
(hogging) TUUA FSM-2 BSP-1S Gales 
100% ® Max | HSM-2 
SFLC FSM-2 wa ne 
100% 100% Max | HSM-2 
as oH | öar (hogging) SFLC FSM-2 NAA NA 
k -Jl sc 
100% N/A BSP-1P/S N/A 
o% 100% ® Max | HSM-1 
l SFLC FSM-1 WA me 
zl L 100% P 
B4 067, 0.6Tsc (sagging) 75% HSM-1 BSP-1P |OSA-2P/S 
B5 — = 100% a 
0.67, i r | 0.6Tse (sagging) 75% HSM-1 BSP-1S |OSA-2P/S 
100% ® Max 
SFLC HSM-1 N/A N/A 
100% 0% (4) 
(sa in ) D a Ne N/A 
B6 0.6 Tacl BZ 0.6Ts¢ geng 
100% N/A Bors N/A 
(0) of (5) 
a a Ti HSM-2 | N/A N/A 
B7 100% 
nz E | T pate (sagging) 100% HSM-1 | BSP-1P/S N/A 
Harbour and testing conditions 
100% ™ Max N/A 
9 SFLC 
B8 | 0.33Ts¢ 100% 
0.33 Ta (sagging) 100% (2 Max 
SFLC Me 
100% 5 
B9 ma | 0.33T s¢ (sagging) 75% N/A 
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Still water loads 


Dynamic load cases 


No. Loading pattern Cc :%0f | C : % of 
Draught| ~8™*¢" wie Midship cargo region 
E perm. SWBM | perm. SWSF a 
p 
B10 100% 
_| E 0.33Tsc is 75% 
0.33 Tec J (sagging) 
S 
: 100% ™ Max 
_| i 100% SFLC 
B11 i Tse - 
J = (hogging) | 100% @ Max 
SFLC 
(1) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(2) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
(3) For the mid-hold where Xpat < 0.5L and X,4q 2 0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid- 
hold. 
(4) For the mid-hold where Xpat < 0.5L and X,4yq 2 0.5L, the shear force is to be adjusted to target value at forward bulkhead of the 
mid-hold. 
(5) This load combination is to be considered only For the mid-hold where X,.47 > O.5L OF Xp fq < O.5L. 
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Table 4 : Load combinations for FE analysis for two oil-tight bulkheads oil tankers applicable to outside midship cargo hold region 


Still water loads Dynamic load cases 
No. Loading pattern Comic: % OF | Csric: % of 
Draught perm. perm. Aft region Forward region 
SWBM SWSF 
Seagoing conditions 
HSM-1 
HSM-1, FSM-1 
100% i BSP-1P/S, 
100% BSP-1P/S, 
(sagging) BSR-1P/S, 
BSR-1P/S, 
p OST-1P/S, GETA 
Al mal ig 0.9Ts¢ best 
S 
HSM-2, FSM-2 
100% o HSM-2, FSM-2 
(hogging) ane BAP BSP-1P/S, 
OST-2P/S, 
OSA-1P/S, 
HSM-1, FSM-1 
100% ian HSM-1 BSP-1P/S, 
(sagging) ° | BSP-1P/S, BSR-1P/S, 
OSA-1P/S, 
i 
L HSM-2, FSM-2 
A2 oem 0.9T. ' 
T, - < HSA-2 HSM-2, FSM-2 
100% ioon BSP-1P/S, BSP-1P/S, 
(hogging) ° | BSR-4P/S, BSR-1P/S, 
OST-2P/S, OST-2P/S, 
OSA-1P/S, 
9 HSM-2 
100% -| HSM2 
100% Max SFLC FSM-2 
pe 100% | BSP-1P/S ea a 
P O - ; 
A3 os| | F 0.65Tsc pada 
100% 
S = = 
a Max src |Ma HSM-1 
BSP-1P/S, 
100% | BSP-1P/S, alah 
OSA-2P/S, 
PoR HSM-1 
- a 100% SOF BSP-1P/S 
A4 mal 0.6Ts¢ , 100% | BSP-1P/S, 
(sagging) BSR-1P/S, 
5 BSR-1P/S, 
OSA-2P/S, 
100% | HSM-1 
HSM-1 
100% Max SFLC | FSM-1 S 
: 
B (sagging) 
A5 oer | J 0.65Tsc 100% BSP-1P/S, BSP-1P/S, 
S 
0% 100% 
Max spic SM2 HSM-2 
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Still water loads 


Dynamic load cases 


No. Loading pattern Comic? % OF | Csric: % of 
Draught perm. perm. Aft region Forward region 
SWBM SWSF 
HSM-2 HSM-2, FSM-2 
a 9 BSP-1P/S, 
AG | ost F E 100% | BSP-1P/S, / 
J (hogging) BSR-1P/S, 
S BSR-1P/S, 
OSA-2P/S, 
HSM-2, FSM-2 
HSM-2, FSM-2 
BSP-1P/S, 
A7 : 100% BSR-1P, BSR-25 | POP LEYS: 
a) all = Te | hogging) | 20% | og ae BSR-1P, BSR-2S 
j OSA 2P/S, pub ou 
j T-2P/S, 
OST-1S, OST-2P ii Ja 
HSM-2, FSM-2 
HSM-2, FSM-2 
BSP-1P/S, 
A7b : 100% BSR-2P, BSR-19 | 2SP1P/S, 
ia | | Te a 100% i BSR-2P, BSR-1S 
(hogging) OSA-1P/S, 
s OSA-2P/S, 
pane OST-2P/S 
OST-1P, OST-2S 
Harbour and testing conditions 
| P 
100% 
AQ 0.25T. . 100% N/A 
m ILE) z S° | (sagging) i / 
100% 
A10 | 0.25T. $ 100% N/A 
0.25 Toa z SC (sagging) ? / 
100% (2 
N/A 
A11 cal ji ; O.6T. 100% Max SFLC / 
- “Sc | (sagging) 100% ) vi 
Max SFLC 7 
A12 2 
a | IU [JL 0.33Ts¢ N/A 
(4) 0.33 Tad z 
A12 : 
| osz 1B 0.33Tsc N/A 
S 
100% (2 
p N/A 
A13 nfl | ÒT. 100% Max SFLC 
- eee (hogging) 100% ®) N/A 
Max SFLC / 
D -E= 
> -— 100% g 
A14 Tec ihagaing) 100% N/A 
Ss 
(1) The actual shear force and bending moment that results from the application of local loads to the FE model are to be used. 
Adjusting vertical loads and bending moments are not applied. 
(2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Table 5 : Load combinations for FE analysis for one centreline oil-tight bulkheads oil tankers applicable to outside midship cargo hold 


region 
Still water loads Dynamic load cases 
No. Loading pattern Comic: % OF | Csric: % of 
Draught perm. perm. Aft region Forward region 
SWBM SWSF 
Seagoing conditions 
age HSM-1, FSM1 HSM-1 
i 100% BSP-1P/S, BSP-1P/S, 
(sagging) 
p OSA-1S OSA-2S 
B1 | %97 | J p 0.9T, HSM-2, FSM-2 
= vente HSM-2, FSM-2 
s 100% BSP-1P/S, 
. 100% BSP-1P/S, 
(hogging) OSA-1P Reis 
OST-2P/S, 
ioo HSM-1, FSM-1 | HSM-1 
o 100% BSP-1P/S, BSP-1P/S, 
(sagging) 
p OSA-1P OSA-2P 
B2 0.9 Tacl m 
9 Tad 0.9T. HSM-2, FSM-2 
J - = ieee Ba HSM-2, FSM-2 
100% BSP-1P/S, 
(hogging) OSA-1S 
OSA-2P 
OST-2P/S, 
100% HSM-2 HSM-2 
100% Max SFLC | FSM-2 FSM-2 
(hogging) BSP-1P/S, 
p 100% BSR-1P/S BSR-1P/S, 
B3 | °° | | 0.9Ts¢ 
= 100% HSM-1 HSM-1 
0% Max SFLC | FSM-1 FSM-1 
100% BSP-1P/S, BSP-1P/S, 
p ibog HSN HSM-1 
B4 | oe7, E 0.6Ts¢ odii 75% BSR-1P/S BSP-1P/S, 
: s ' OSA-2P/S, 
B5 i 100% HSM-1 Spas 
067, E 0.6Ts¢ agen 75% BSR-1P/S BSP-1P/S, 
s , OSA-2P/S, 
100% HSM-1 HSM-1 
100% Max SFLC | FSM-1 FSM-1 
(sagging) 
p 100% OST-1P/S, OSA-2P/S, 
B6 0.6 Teal 0.6Ts¢ 
L J - 100% HSM-2 HSM-2 
0% Max SFLC | FSM-2 FSM-2 
100% OSA-2P/S, OSA-2P/S, 
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Still water loads Dynamic load cases 
No. Loading pattern Comic! % Of | Cspic: % of 
Draught perm. perm. Aft region Forward region 
SWBM SWSF 
Harbour and testing conditions 
100% 
N/A 
i 100% Max SFLC / 
B8 l | 0.33Ts¢ n 
0.33 Tos (sagging) 100% (2 NA 
sS 
Max SFLC / 
p 
100% 
337, 9 
B9 | a | | 0.33Ts¢ agana) 75% N/A 
S 
P 
100% 
337. 9 
B10 „U L 0.33Tsc | (gagging) 75% N/A 
S 
100% 
N/A 
_ | = 100% Max SFLC / 
B11 i Tsc x 
J = (hogging) 100% 2 on 
Max SFLC / 
(1) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(2) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Table 6 : Load combinations for FE analysis for two oil-tight bulkheads oil tankers applicable for foremost cargo hold 


Still water loads Dynamic load cases 
No. Loading pattern Comic: % Of | Cspic: % of 
Draught perm. SWBM | perm. SWSF Foremost cargo hold 
Seagoing conditions 
100% HSM-1, FSM-1 
A1 0.9Tsc (aa a 100% BSP-1P/S, BSR-1P/S 
eging OSA-2P/S, OST-1P/S 
100% HSM-1, 
A2 0.9T. P 100% 
So | (sagging) ° | OSA-2P/S 
100% HSM-1 
- .65T. 9 , 
Ome 0-69Tsc | (sagging) 100% | OSA-2P/S 
100% HSM-2 
Max SFLC 
0% 
100% BSP-1P/S, 
0 
A3-2 (9 0.657 sc OSA-2P/S 
100% HSM-1 
100% Max SFLC 
(sagging) 
100% OSA-2P/S 
50% FSM-1, BSP-1P/S, 
(4) 0.6T. . 100% 
e S | (hogging) ° | OSA-2P/S 
100% HSM-1 
(0) 
of Max SFLC 
100% 
A5 0.65Tsc HSM-2 
100% Max SFLC 
(hogging) 
100% BSP-1P/S 
50% 
(1) 9 £ 
AG 0.6T sc (hogging) 100% OSA-2P/S 
HSM-1, HSA-1, FSM-1, 
100% 5 BSP-1P/S, BSR-1P/S 
Me Ne (sagging) 700% | OST-4P/S, 
OSA-2P/S 
HSM-1, HSA-1, FSM-1, 
100% BSP-1P/S, BSR-1P/S 
T, 0, 
Mp E (sagging) ae OST-1P/S, 
OSA-2P/S 
Harbour and testing conditions 
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Still water loads Dynamic load cases 
No. Loading pattern Conse? % Of | Csric: % of 
Draught perm. SWBM | perm. SWSF Foremost cargo hold 
100% o 
A9 0.25Ts¢ (hogging) 100% N/A 
100% : 
A10 > 0.25% | peok | 100% N/A 
100% ® 
N/A 
100% Max SFLC / 
A11 0.6Tsc , 
(hogging) 100% 9 N/A 
Max SFLC 
iri 0.33Tsc N/A N/A N/A 
i 0.33Tsc N/A N/A N/A 
100% ® 
N/A 
100% Max SFLC / 
A13 ® O.T Tsc . 
(sagging) 100% 9 NA 
Max SFLC 
100% 
T. (0) 
A14 sc (sagging) 100% N/A 
(1) 100% filling of all fore peak water ballast tanks. 
(2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Table 7 : Load combination for FE analysis for one centreline oil-tight bulkheads oil tankers applicable for foremost cargo hold 


Still water loads Dynamic load cases 
No. Loading pattern Comic: % Of | Cspic: % of 
Draught perm. SWBM | perm. SWSF Foremost cargo hold 
Seagoing conditions 
100% HSM-1 
B1 0.9Ts¢ iss . ' 100% BSP-1P/S 
ggng OSA-2P/S 
B2 | i 100% beige 
0.9Ts¢ 1s 5 j 100% | BSP-1P/S 
geng OSA-2P/S 
100% BSP-1S/P, OSA-2S/P 
B3-1 0.9T. 100% , i 
so (sagging) ° | HSM-1 
0% 100% HSM-2, BSP-1S/P, 
Max SFLC | OSA-2S/P 
B3-2 100% 
0.9T. £ as 
(1) sc iog Max SFLC HSM-1, FMS-1 
saggin 5 £ 
(sagging) 400% BSP-1S/P, OST-1S/P, 
OSA-2P/S 
100% 
pai 0.6Tsc , i 75% BSP-1P/S, OSA-2P/S 
9 (hogging) 
100% 
B59 0.6T. 75% BSP-1P/S, OSA-2P/S 
a S° | (hogging) ° / / 
100% 
Max src | SM4 
0% 
B6 0.6Tsc 100% OSA-2P/S 
100% 100% HSM-2, FSM-2, 
(hogging) Max SFLC | OSA-2P/S 
arbour and testing conditions 
100% (2 
N/A 
100% Max SFLC / 
B8 0.33Ts¢ À 
(hogging) 100% © N/A 
Max SFLC 
100% 
B9 0.33Tsc i 75% N/A 
(hogging) 
100% 
(4) 0.33T. 75% N/A 
B10 sc (hogging) 6 / 
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Still water loads Dynamic load cases 
No. Loading pattern Cc -% of | Con: % of 
D h BM-LC SF-LC F hold 
ARENI perm. SWBM | perm. SWSF oromga t Careu ne 
100% 
B11-1 Tsc . 100% N/A 
(sagging) 
100% @) 
N/A 
B11-2 T 100% Max SFLC / 
a me (sagging) 100% ® a 
Max SFLC 


(1) 100% filling of all fore end water ballast tanks. 
(2) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(3) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Table 8 : Load combinations for FE analysis for two oil-tight bulkheads oil tankers applicable for aftmost cargo hold 


Still water loads Dynamic load cases 
No. Loading pattern Comic: % Of | Corie: % of 
Draught perm. SWBM | perm. SWSF Aftmost cargo hold 
Seagoing conditions 
100% FSM-1, HSM-1 
100% l , 
(sagging) ° BSP-1P/S 
A1 0.9T. 
sc 100% HSM-2, 
Haaa 100% BSP-1P/S, BSR-1P/S 
(hogging) OSA-1P/S 
100% HSM-1, FSM-1 
; 100% BSR-1P/S, 
A2 0.9Ts¢ PARTA OST-1P/S 
100% HSM-2, FSM-1, FSM-2 
100% ' , , 
(hogging) i OSA-1P/S 
100% 100% HSM-2 
(hogging) Max SFLC | FSM-2 
A3-1 100% HSM-1, FSM-1 
0.65T. o i 
va z 100% Max SFLC 
saggin 
(sagging) 100% BSP-1P/S 
100% HSM-2 
100% Max SFLC 
hoggin 
(hogging) 100% BSP-1P/S, OSA-1P/S 
A3-2 
100% Max SFLC | HSM-1, FSM-1 
(sagging) 
100% BSP-1P/S, OST-1P/S 
100% HSM-1 
100% ; 
(sagging) BSP-1P/S 
A4 0.6T. g E 
sc 100% HSM-2, FSM-1, 
(hogging) 100% BSP-1P/S, 
sging OSA-1P/S, OSA-2P/S 
0% 100% HSM-1, HSM-2, FSM-1, 
Max SFLC 
100% HSM-2, FSM-1 
1 0.65T. 
Ani a 100% Max SFLC 
hoggin 
POBEME) 100% BSP-1P/S 
100% HSM-1, HSM-2 
0% Max SFLC 
A5-2) 0.65Tsc 100% BSP-1P/S, BSR-1P/S 
100% 100% HSM-2, FSM-2 
(hogging) Max SFLC 
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Still water loads Dynamic load cases 
No. Loading pattern Csm.ıc : % of Csrıc: % of 
Draught perm. SWBM | perm. SWSF Aftmost cargo hold 
100% HSM-2, FSM-1, 
A6 0.6Ts¢ dowsing) 100% BSP-1P/S, BSR-1P/S, 
Being OSA-1P/S 
HSM-2, FSM-1 
100% l , 
wa Tic Pona i 100% BSP-1P/S, BSR-1P/S, 
(hogging) OSA-1P/S 
HSM-2, FSM-1, BSP- 
0, , , 
os Tic isa 100% 1P/S, BSR-1P/S, 
(hogging) OSA-1P/S 
Harbour and testing conditions 
100% 
A9 0.25Ts¢ i 100% N/A 
(hogging) 
100% 
A10 0.25Ts¢ ies 100% N/A 
(hogging) 
A11-1 100% 100% ®) 
0.6T. N/A 
@) an (hogging) Max SFLC / 
100% ®© 
N/A 
A11-2 0.6T. 100% Max SFLC / 
@) “SC | (hogging) 100% ®© sm 
Max SFLC / 
cea 0337s N/A N/A N/A 
a 0.33Ts¢ N/A N/A N/A 
A13-1 100% 100% ®) 
TT. 
o2 | pice (hogging) Max SFLC ne 
100% ®) 
N/A 
100% Max SFLC / 
hoggin (6) 
(hogging) 100% N/A 
A13-2 Max SFLC 
0.7Ts¢ 
(1) (3) 9% (5) 
100% N/A 
100% Max SFLC 
(sagging) of (6) 
100% N/A 
Max SFLC 
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s Still water loads Dynamic load cases 
è No. Loading pattern C -% of C -% of 
° Draught BELG ee Aftmost cargo hold 
pa perm. SWBM | perm. SWSF 
: moe 100% N/A 
bd O 
: (hogging) 
Š A14 Tse 
° 100% 
o ii 100% N/A 
° (sagging) 
7 (1) 100% filling of fuel and water ballast tanks in engine room, with tank boundaries at the forward engine room bulkhead. 
ha (2) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward slop tank 
A bulkhead. 
Ps (3) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward machinery space 
° bulkhead. 
e (4) The actual shear force and bending moment that results from the application of local loads to the FE model are to be 
7 used. Adjusting vertical loads and bending moments are not applied. 
S (5) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
7 (6) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
e 
es 
: 
Fs 
e 
œ : 
Z ; 
em s 
O > 
Lil s 
v) « 
+ : 
Ow: 
L 
= o 
a 
rc: 
O : 
<i ° 
— s 
ct: 
a - 
e 
° 
° 
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Table 9 : Load combination for FE analysis for one centreline oil-tight bulkheads oil tankers applicable for the aftmost cargo hold 


Still water loads Dynamic load cases 
No. Loading pattern Comic % Of | Copic: % of 
Draught perm. SWBM | perm. SWSF Aftmost cargo hold 
Seagoing conditions 
100% E z 
l 0 100% HSM-1, FSM-1 
(sagging) BSP-1P/S, BSR-1P/S 
B1 0.9Ts¢ 
100% 100% HSM-2 
(hogging) BSP-1P/S, OSA-1P/S 
100% £ 3 
oF 0 100% HSM-1, FSM-41 
B2 0.97 (sagging) BSP-1P/S, BSR-1P/S 
E 100% Jooy | HSM-2 
(hogging) i BSP-1P/S, OSA-1P/S 
100% HSM-2 
100% Max SFLC 
hoggin 
(hogging) 100% BSP-1P/S 
B3-1 
(1) (2) 0.9Ts¢ 
100% HSM-1 
100% Max SFLC | FSM-1 
saggin 
(sagging) 100% BSP-1P/S 
100% HSM-2, FSM-2 
100% Max SFLC 
(hogging) 400% | BSP-1P/S, 
B3-2 | 0.9T. OSA-1P/S 
(1)(3) -J lsc 
100% HSM-1 
100% Max SFLC FSM-1 
saggin 
(sagging) 100% BSP-1P/S 
HSM-2 
100% , 
B4 0.6Ts¢ sade ° 75% BSP-1P/S, 
yieeone OSA-1P/S 
HSM-2 
100% : 
B5 0.6Ts¢ eee j 75% BSP-1P/S, 
(hogging) OSA-1P/S 
9, 
0% eee HSM-1 
B6-1 Max SFLC 
(2) 0.6Tsc 
100% 100% 
: HSM-2 
(hogging) Max SFLC 
100% 
9 - 
me Max SFLC HSM- 
B6-2 100% 
pi | 0.6Ts¢ joey Max sric | HSM-2 
(hogging) E HSA-2, 
anne BSR-1P/S, 
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Still water loads Dynamic load cases 
No. Loading pattern Cc -% of c -% of 
Draught | “MC sitios Aftmost hold 
raug perm. SWBM | perm. SWSF MOSE Cargo ng 
Harbour and testing conditions 
B8-1 100% 100% 
0.33T: N/A 
2 Se | (hogging) Max SFLC / 
100% ® 
N/A 
100% Max SFLC / 
hoggin % (5) 
(hogging) 100% N/A 
B8-2 Max SFLC 
a 0.33Tsc 
100% N/A 
100% Max SFLC 
(sagging) 100% ® 
Max SFLC ue 
100% 
B9 0.33Tsc 75% N/A 
(hogging) 
100% 
B10 0.33Tsc 75% N/A 
(hogging) 
100% % (4) 
l o 100% N/A 
B11-1 (hogging) Max SFLC 
(4) (2) Tsc 
100% 100% ® N/A 
(sagging) Max SFLC 
100% 
N/A 
100% Max SFLC / 
hoggin % (5) 
(hogging) 100% N/A 
B11-2 T Max SFLC 
(4) (3) oi 100% ® N/A 
100% Max SFLC 
(sagging) 9 (5) 
100% N/A 
Max SFLC 
(1) 100% filling of fuel and water ballast tanks in engine room, with tank boundaries at the forward engine room bulkhead. 
(2) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward slop tank 
bulkhead. 
(3) The required adjustment in shear force at aft bulkhead of the considered hold is to be done at forward machinery space 
bulkhead. 
(4) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(5) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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4 BULK CARRIERS 


4.1 Specific design loading condition 


4.1.1 Seagoing conditions 
The following seagoing loading conditions are to be included, as a minimum, in the loading manual: 
a) Cargo loading conditions as defined in [4.1.2] to [4.1.4]. 


b) Heavy ballast condition where the ballast tanks may be full, partially full or empty. Where ballast tanks 
are partially full, the conditions in [2.2.1] are to be complied with. The propeller immersion ¢/D, is to be 
at least 60%. The trim is to be by the stern and is not to exceed 0.015 L. The moulded forward draught 
is not to be taken less than the smaller of 0.03 L or 8 m. 


4.1.2 Cargo loading condition for BC-C 


Homogeneous cargo loaded condition is to be included in the loading manual where the cargo density 
corresponds to all cargo holds, including hatchways, being 100% full at scantling draught with all ballast tanks 
empty. 


4.1.3 Cargo loading condition for BC-B 
As required for BC-C, plus: 


Homogeneous cargo loaded condition is to be included in the loading manual where the cargo density is taken 
equal to 3.0 t/m?, and all cargo holds are taken with the same filling ratio (cargo mass/hold cubic capacity) in 
all cargo holds at scantling draught with all ballast tanks empty. 


In cases where the cargo density applied for this design loading condition is different from 3.0 t/m%, the 
maximum density of the cargo that the ship is allowed to carry is to be indicated in the loading manual. If the 
maximum density is less than 3.0 t/m? then the additional service feature {maximum cargo density x.y t/m} is 
to be indicated as defined in Ch 1, Sec 1, [3.2.1]. 


4.1.4 Cargo loading condition for BC-A 
As required for BC-B, plus: 


At least one cargo loaded condition with specified holds empty, with cargo density 3.0 t/m?, and the same 
filling ratio (cargo mass/hold cubic capacity) in all loaded cargo holds at scantling draught with all ballast 
tanks empty. 


The combination of specified empty holds is to be indicated with the additional service feature {holds a, b, ... 
may be empty}. 


In such cases where the design cargo density applied is different from 3.0 t/m%, the maximum density of the 
cargo that the ship is allowed to carry is to be indicated in the loading manual. If the maximum density is less 
than 3.0 t/m? then the additional service feature {holds a, b, ... may be empty with maximum cargo density 
x.y t/m*} is to be indicated as defined in Ch 1, Sec 1, [3.2.1]. 


4.1.5 Additional ballast conditions 
The following ballast conditions are to be included in the loading manual for longitudinal strength assessment: 
e Ballast conditions with all ballast tanks 100% full, 


e Heavy ballast conditions with all ballast tanks 100% full and one cargo hold adapted and designated for 
the carriage of water ballast at sea, where provided, 100% full. 
Where more than one hold is adapted and designated for the carriage of water ballast at sea, it is not 
required that two or more holds be assumed 100% full simultaneously in the longitudinal strength 
assessment, unless such conditions are expected in the heavy ballast condition. Unless each hold is 
individually investigated, the designated heavy ballast hold and any/all restrictions for the use of other 
ballast hold(s) are to be indicated in the loading manual. 
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4.1.6 Steel coils or heavy cargoes 


The following note is to be included in the loading manual: 


“Where the ship engages in a service carrying such cargoes as steel coils or heavy cargoes that may have an 
adverse effect on the local strength of the double bottom and which is not described as cargo in the loading 
manual, the maximum permissible and the minimum required mass of cargo are to be considered specially.” 


4.2 


Design load combinations for direct strength analysis 


4.2.1 Applicable general loading patterns 


The following loading patterns are to be applied: 


a) 


b) 


c) 


Any cargo hold carrying Mpu with fuel oil tanks in way of the cargo hold, if any, being 100% full and 
ballast water tanks in the double bottom in way of the cargo hold being empty, at scantling draught. 


Any cargo hold carrying minimum 50% of M,, with all double bottom tanks in way of the cargo hold 
being empty, at scantling draught. 


Any cargo hold taken empty, with all double bottom tanks in way of the cargo hold being empty, at the 
deepest ballast draught. 


4.2.2 Multiport conditions 


The following multiport conditions are applicable to all types of bulk carriers except when the service feature 
{no MP} is assigned: 


a) 


g 


Q 
ar 


Any cargo hold carrying Mpun with fuel oil tanks in way of the cargo hold, if any, being 100% full and 
ballast water tanks in the double bottom in way of the cargo hold being empty, at 67% of scantling 
draught. 


Any cargo hold taken empty with all double bottom tanks in way of the cargo hold being empty, at 83% 
of scantling draught. 


Any two adjacent cargo holds carrying Mpu with the next holds being empty, with fuel oil tanks in way of 
the cargo hold, if any, being 100% full and ballast water tanks in the double bottom in way of the cargo 
hold being empty, at 67% of the scantling draught. This requirement to the mass of the cargo and fuel 
oil in double bottom tanks in way of the cargo hold applies also to the condition where the adjacent hold 
is filled with ballast. 


Any two adjacent cargo holds being empty with the next holds being full, with all double bottom tanks in 
way of the cargo hold being empty, at 75% of scantling draught. 


4.2.3 Alternate conditions 


The following alternate conditions are applicable to BC-A only: 


8 


2 


Q 
= 


Cargo holds which are intended to be empty at scantling draught, being empty with all double bottom 
tanks in way of the cargo hold also being empty. 


Cargo holds which are intended to be loaded with high density cargo, carrying Mpp plus 10% of Mp, in 
the partially filled condition with highest density according to Ch 4, Sec 6, Table 1. The fuel oil tanks in 
way of the cargo hold, if any, being 100% full and ballast water tanks in the double bottom being empty 
in way of the cargo hold, at scantling draught. 


Cargo holds which are intended to be loaded with high density cargo, carrying Mpp plus 10% of M4 in the 
full condition with lowest density according to Ch 4, Sec 6, Table 1. The fuel oil tanks in way of the cargo 
hold, if any, being 100% full and ballast water tanks in the double bottom being empty in way of the 
cargo hold, at scantling draught. 


If the ship is intended to operate in alternate block load condition, any two adjacent cargo holds are to 
be loaded with the next holds being empty, carrying 10% of M,, in each hold in addition to the maximum 
cargo load according to that design loading condition, with fuel oil tanks in way of the cargo hold, if any, 
being 100% full and ballast water tanks in the double bottom in way of the cargo hold being empty, at 
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scantling draught. In operation the maximum allowable mass is to be limited to the maximum cargo 
load according to the design loading conditions. 


4.2.4 Heavy ballast condition 
The following condition applies to ballast holds only: 


e Cargo holds which are designed as ballast water holds, being 100% full of ballast water including 
hatchways, with all double bottom tanks in way of the cargo hold being 100% full, at any heavy ballast 
draught. For ballast holds adjacent to topside wing, hopper and double bottom tanks, it shall be 
strengthwise acceptable that the ballast holds are filled when the topside wing, hopper and double 
bottom tanks are empty except if this loading condition is explicitly prohibited in the loading manual. 


4.2.5 Additional harbour condition for all bulk carriers 
The following additional harbour conditions apply to all bulk carriers: 


a) At reduced draught during loading and unloading in harbour, the maximum allowable mass in a cargo 
hold may be increased by 15% of the maximum mass allowed at the scantling draught in seagoing 
condition, but is not to exceed the mass allowed at scantling draught in the seagoing condition. The 
minimum required mass may be reduced by the same amount. 


b) Any single cargo hold holding the maximum allowable seagoing mass at 67% of scantling draught, in 
harbour condition. 


Cc 


wa 


Any two adjacent cargo holds carrying Mpun with the next holds being empty, with fuel oil tanks in the 
double bottom in way of the cargo hold, if any, being 100% full and ballast water tanks in the double 
bottom in way of the cargo hold being empty, at 67% of scantling draught, in harbour condition. 


4.2.6 Design load combinations for direct strength analysis 

The loading patterns to be considered in the direct strength analysis of bulk carriers are Summarised in Table 
10. Load combinations providing the calculations details for each loading pattern are given in Table 12 to 
Table 21. 


Table 10 : Applicable loading patterns according to additional service features 


Loading pattern Requirement BC- BC- {no MP} 00 
A;B;]|CcC;A}]B/C ő 

Full load in homogeneous condition [4.2.1] item a x x x x x x n 
Slack load [4.2.1] item b x x x x x x a 
Deepest ballast [4.2.1] item c x x x x x x v) 
Multiport-1 [4.2.2] item a x x x Si 
Multiport-2 [4.2.2] item b x x x X 
Multiport-3 [4.2.2] item c x x x == 
Multiport-4 [4.2.2] item d x x x a 
Alternate load partial [4.2.3] itemsa&b x x T 
Alternate load full [4.2.3] items a & c x x = 
Alternate block load [4.2.3] item d x x a 
Heavy ballast [4.2.4] x x x x x x E 
Harbour condition [4.2.5] x x x x x x x 
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4.2.7 


The design load combinations for FE analysis are given as follows: 


Table 11 : Design load combinations for Bulk Carriers 


Midship cargo : Outside Aftmost cargo Foremost 
a midship cargo 
hold region ; hold cargo hold 
hold region 
BC-A - EA Table 12 Table 15 N/A N/A 
BC-A - FA Table 13 Table 16 Table 18 Table 20 
BC- B & BC-C Table 14 Table 17 Table 19 Table 21 


Note 1: Outside midship cargo hold region means the forward or aft cargo hold region except the foremost and aftmost cargo holds 


4.3 Hold mass curves 


4.3.1 


Based on the design loading criteria, as given in [4.2.1] to [4.2.5] except [4.2.4], hold mass curves for each 
single hold, as well as for any two adjacent holds are to be included in the loading manual and the loading 
instrument. The maximum allowable or minimum required cargo mass in a cargo hold, or in two adjacent 
loaded holds is related to the net load on the double bottom. The net load on the double bottom is a function 
of draught, cargo mass in the cargo hold, as well as the mass of fuel oil and ballast water contained in double 
bottom tanks. 


4.3.2 


Hold mass curves are to be calculated according to Ch 4, App 1 showing maximum allowable and minimum 
required masses as a function of draught in seagoing condition as well as during loading and unloading in 


harbour. 
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Table 12 : FE Load combinations applicable to empty hold in alternate condition of BC-A (EA) - midship cargo hold region 


Bes Comics | Corie 2% 
Description BM-LC ‘SF-LC . 
No. P Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynamic Wad 
Req ref SWBM SWSF case 
Seagoing conditions 
Full load e a 50% BSP-1P/S 
(2) T: 100% 
t [4.1.3] GGG = | Gag) e lost-1P/S 
Full load a p” p” 50% 
29| [4.2.1] Maw | Man] | | Mew Teo (sag) 100% |BSP-1P/S 
item a & 
3 ea EO% Mij ae | CMe K ae Tsc 0% 100% |BSP-1P/S 
item b — a 
Slack load - > cS ee 
4 [4.2.1] Mean Meu | }[50% My al Tsc 0% 100% BSP-1P/S 
item b 
ieee FSM-2 
‘0 
Deepest (hee) 100% |BSR-1P/S 
5®)| ballast 7 OST-2P/S 
(4) [4.2.1] Baer : BSP-1P/S 
item c a 100% |BSR-1P/S 
i OST-1P/S 
Multiport 3 9 HSM-1. 
6 [4.2.2] Meas | | Me g g g 0.67Tsc o 100% n pa 
item c l l u g OST-1P/S 
Multiport 3 9 HSM-1. 
7 [4.2.2] Mos] (Mas a 0.67Tsc e 100% Ha ‘es 
item c l i & -1P/ 
100% | Joox PSM-2 
‘0 
Multiport 4 a (hog.) OST-2P/S 
8 [4.2.2] Mes | K K 0.7 5Tsc ma BSP-1P/S 
item d ' i se) 100% |BSR-1P/S 
i OST-1P/S 
100% | ooi HSM-2 
‘0 
Multiport 4 P P a (hog.) OST-2P/S 
9 [4.2.2] Mey | | | 0.75T sc agen BSP-1P/S 
item d eas 100% |BSR-1P/S 
l OST-1P/S 
100% 9 
100% |max sFLe >“? 
(hog.) 
100% (9) 
FSM-2 
Alternate Max SFLC 
load partial : 
(2) 0.1M, 1M, 100% T-2P 
10""|[4.2.3] items = a K a Tsc cha ca a 
aandb 100% BSP-1P/S 
0% OST-1P/S 
oe HSM-1 
Max SFLC 
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wou (0 :%| C :% 
Description BMLC SF-LC i 
No. : Loading pattern Aft Mid Fore | Draught | of perm. | of perm. ae 
men rer SWBM | SWSF 
100% 9 |FSM-2 
100% |Max SFLC|HSM-2 
(hog.) 
Alternate 100% (19 |FSM-2 
load full = TF Max SFLC |HSM-2 
11 [4.2.3] 0.1M, oim, C K g Tsc > 
, M 100% |OST-2P/S 
items a and 
c ai 100% |BSP-1P/S 
100% “9 
HSM-1 
Max SFLC 
100% FSM-2 
100% 
41) Alt-block (hog.) ? |OST-2P/S 
(5) (6) load Tsc HSM-1 
(14) [4.2.3] 100% 
item d (sag) | 100% [BSP-1P/S 
OST-1P/S 
100% FSM-2 
100% 
430) Alt-block (hog.) > |OST-2P/S 
@@| load K < a Tez HSM-1 
a| [4-2.3] 100% : 
temid (sag) | 100% [BSP-1P/S 
OST-1P/S 
o 100% (19 |FSM-2 
0% [Max SFLCHSM-2 
100% |BSR-1P/S 
Heavy 100% (9 
140 ballast Taarn Max |HSM-1 
[4.2.4] 100% SFLC 
= ore HSM-1 
Max SFLC 
100% |BSR-1P/S 
150 Heavy 0% 100% |BSR-1P/S 
@ | Palasi fean | 100% | s00% lasrapys 
[4.2.4] (sag.) 6 -1P/ 
Harbour conditions 
Harbour 100% M 
condition (hog.) 109% NA 
16 | [4.2.5] Mew | | [Meu a C Tii - 
items a and 100% 100% N/A 
c (sag.) 
Harbour 100% 100% N/A 
condition (hog.) 
17 | [4.2.5] Meu || [Mas K a K Taa ; 
items a and 1 | 100% 100% N/A 
c (sag.) 
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inti Comic: % | Csr : % : 
Description f ; Dynamic load 
No. Reat ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. nae 
a SWBM | SWSF 
100% 42 
N/A 
100% |Max SFLC 
Harbour (hog.) | 490% 49) NJE 
condition F Max SFLC 
18 | [4.2.5] Meu, | ee 
š 0, 
items a and 160% 100% N/A 
b ° {Max SFLC 
$8) oom 
0 
N/A 
Max SFLC 
Alt-block 100% 
° | 100% N/A 
19 harbour — (hog.) 
condition IM 0.1 M, Tuz 
ae 100% 
[4.2.3] 100% N/A 
item d (sag.) 
Alt-block 100% 
harbour nee) aia N/A 
20 | condit g 
aa) condition OA 01M, | Tos mre 
[4.2.3] l ° | 100% N/A 
item d (sag.) 
(1) Loading pattern No. 1 with the cargo mass M,,,, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of 
this loading pattern. 
(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure. 
(3) In case of no ballast hold, normal ballast condition with assuming Msw = 100% (hog.) is to be analysed. 
(4) Position of ballast hold is to be adjusted as appropriate. 
(5) This condition is only required when this loading condition is included in the loading manual. 
(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value. 
(7) This condition is to be considered for the empty hold which is assigned as ballast hold, if any. 
(8) This condition is not required when this loading condition is explicitly prohibited in the loading manual. 
(9) For the mid-hold where Xsan <0.5L and X,jg>0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(10) For the mid-hold where X,.4,<O.5L and X, 4yq>0.5L, the shear force is to be adjusted to target value at forward bulkhead of the mid- 
hold. 
(11) This load combination is to be considered only for the mid-hold where Xpat? 0.5L OF Xp fyq<O-5L. 
(12) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(13) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
(14) This condition is only required when block loading condition is included in the loading manual. 
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Table 13 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) - 
midship cargo hold region 


ae (0 :% 1C :% 
Description BM-LC SF-LC i 
No. > ! Loading pattern Aft Mid Fore | Draught |of perm. | of perm. en ig 
Req: ref SWBM | SWSF 
Seagoing conditions 
Full load pe O ee 50% BSP-1P/S 
(2) T. 100% 
1) [4.4.3] d add = |s) e  lost-1P/s 
Full load 
L< L< p” 9 
20| [4.2.4] Mou WL Mow WL Moa Tsc a 100% |BSP-1P/S 
item a &- 
Slack load a = z 
3 [4.2.1] Meu | h50% Mild [| Me al Te 0% 100% |BSP-1P/S 
item b 
100% | 400% nee 
Deepest (hog.) i 
4®| ballast ; OST-2P/S 
@ | [4.2.1] Ea Pa BSP-1P/S 
item c ag) 100% |BSR-1P/S 
OST-1P/S 
100% |FSM-2 
100% Max SFLC HSM-2 
(hog.) | 100% @) |FSM-2 
Multiport 2 Max SFLC |HSM-2 
5 [4.2.2] Meu Mas E | K a | 0.83Tsc 100% |OST-2P/S 
item b L L 100% 49 
HSM-1 
100% |Max SFLC 
(sag.) BSP-1P/S 
100% 
OST-1P/S 
Multiport 3 b BSP-1P/S 
6 [4.2.2] Mas || [Mew E | a 0.67Ts: | 100% | 100% / 
tenc l l D i (sag.) OST-1P/S 
Multiport 3 -a a BSP-1P/S 
7 [4.2.2] Mew |) | Mew 4 0.67 Tsc hs 100% / 
item c j (sag.) OST-1P/S 
100% FSM-2, HSM-2 
à ° | 100% |BSR-1P/S 
Multiport 4 (hog.) OST-2P/S 
8 [4.2.2] Mau C | 0.75Ts¢ 
item d 100% BSP-1P/S 
(sag.) 100% |BSR-1P/S 
OST-1P/S 
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i Camic:% | Csric: % 
Description BM-LC SF-LC j 
No. : Loading pattern Aft Mid Fore | Draught | of perm. | of perm. eae 
Req' ref SWBM | SWSF 
jee FSM-2, HSM-2 
>° | 100% |BSR-1P/S 
Multiport 4 (hog.) OST-2P/S 
9 [4.2.2] Meu K C g 0.75Tsc 
: i a BSP-1P/S 
item d 100% 
a 100% |BSR-1P/S 
l OST-1P/S 
100% 49 |FSM-2 
fe) 
p Max SFLC|HSM-2 
nee ~ | 100% lost-2P/S 
10 load partial = 100% ® |FSM-1 
@ | [4-2.3] EA K a Tsc Max SFLC |HSM-1 
oe and j a 100% 00 |FSM-1 
‘0 
Max SFLC|HSM-1 
BSP-1P 
100% ciated 
OST-1P/S 
100% 49 |FSM-2 
O, 
o Max SFLC|HSM-2 
Alternate ~ | 100% lost-2P/S 
load full 
Vag a 100% ® 
14 | [4.2.3] oim K | K Tsc 00%™ SMA 
items a and i i Max SFLC 
Cc o0% 0/, (10) 
6 [100% | eif 
Max SFLC 
100% |BSP-1P/S 
12 | Alt-block (hog.) i 
2)(5) load EA KA OST-2P/S 
© | [4.2.3] — a < K G HSM-1 
à O, 
(14) item d nee 100% |BSP-1P/S 
i OST-1P/S 
13 | Alt-block (hog.) j 7 
(2)(5) load T OST-2P/S 
© | [4.2.3] E HSM-1 
$ O, 
aa | itemd Ee 100% |BSP-1P/S 
i OST-1P/S 
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a Cc 1% | Corie: % 
Description BM-LC ‘SF-LC . 
No. R 'p f Loading pattern Aft Mid Fore | Draught | of perm. | of perm. oli 
Sq 19 SWBM | SWSF 
100% (10 |FSM-2 
0% Max SFLC |HSM-2 
100% |BSR-1P/S 
Heavy ve) 
= ballast a TBALH seksi HSM-1 
(7) 
[4.2.4] — Max SFLC 
100% 100% 0 
(Sag.) HSM-1 
Max SFLC 
100% |BSR-1P/S 
15 Heavy 0% 100% |BSR-1P/S 
mal, Palast Tear 100% F 
[4.2.4] (sag.) 100% |BSR-1P/S 
Harbour conditions 
100% (12 N/A 
100% |Max SFLC 
Harbour (hog.) 100% (23) Sie 
1g | condition Max SFLC / 
Pa [4.2.5] Mo Tua 
items a and l 100% 42 N/A 
b 100% |Max SFLC 
(sag.) | 409% 43) ae 
Max SFLC / 
0, 
Harbour 100% 100% N/A 
condition | J (hog.) 
17 Eu 0.67 Tsc 
item a (sag.) 100% N/A 
0, 
Harbour 100% 100% N/A 
condition = [7 A (hog.) 
18 Eu 0.67 Tsc 
[4.2.5] C 100% 
i 100% N/A 
item a (sag.) 
0, 
Salo 100% | 100% N/A 
condition (hog.) 
19 [4.2.5] Maf | | Me € g @ Tai g 
items a and 100% 100% N/A 
c (sag.) 
0, 
pease 100% | 400% N/A 
condition (hog.) 
20 [4.2.5] Meu |) Meu 4 C g | Taa > 
items a and X 100% 100% N/A 
c (sag.) 
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Description f f Comic? % | Csric: % Dynamic load 
No. Redi ret Loading pattern Aft Mid Fore | Draught |of perm. | of perm. case 
q SWBM | SWSF 
Alt-block 100% 100% N/A 
harbour (hog.) 
21 o Mus 
[4.2.3] ° | 100% N/A 
item d (sag.) 
Alt-block 100% 100% N/A 
harbour (hog.) 
22 | condition C i 
an ——} es “| 100% 
[4.2.3] 100% N/A 
item d (sag.) 
(1) Loading pattern no. 1 with the cargo mass Mpu and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of 
this loading pattern. 
(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure. 
(3) In case of no ballast hold, normal ballast condition with assuming Msw = 100% (hog.) is to be analysed. 
(4) Position of ballast hold is to be adjusted as appropriate. 
(5) This condition is only required when block loading condition is included in the loading manual. 
(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value. 
(7) This condition is to be considered for the heavy cargo hold which is assigned as ballast hold, if any. 
(8) This condition is not required when this loading condition is explicitly prohibited in the loading manual. 
(9) For the mid-hold where X,ar <0.5L and X,.4,920.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(10) For the mid-hold, where X,ar <0.5L and X;,.4,720.5L, the shear force is to be adjusted to target value at forward bulkhead of the mid- 
hold. 
(11) This load combination is to be considered only for the mid-hold, where Xpan >0.5L OF Xp-wa<0.5L. 
(12) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(13) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
(14) This condition is only required when block loading condition is included in the loading manual. 
COMMON STRUCTURAL RULES 1 JAN 2014 


‘@eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 8 


PART 1 CHAPTER 4 SECTION 8 


285 


PART 1 CHAPTER 4 SECTION 8 


IACS 


Table 14 : FE Load combinations applicable for BC-B & BC-C - midship cargo hold region 


Cesmac: Csrac: 
Description 9 9 i 
No. P Loading pattern Aft Mid Fore | Draught wo oo Dynamic load 
Reqt ref perm. perm. case 
SWBM | SWSF 
Seagoing conditions 
1 
a | Full load ae gue Tes 50% | 100% | BSP-1P/S 
a | 141.3] A < F (sag.) OST-1P/S 
Full load 
2 [4.2.1] = Lam] yP y 7 50% 100% | BSP-1P/S 
(2) z : Full Full Full SC 3 
item a (sag.) OST-1P/S 
Slack load 
La ø” 9 
3 [4.2.1] Ma | (50% Mid | Mew Tes 0% On BSP-1P/S 
item b 
100% | 100% | FSM? 
0 (0) 
4 | Deepest reat BSR-1P/S 
w ballast r OST-2P/S 
e| [421] | oem SACH p BSP-1P/S 
item c eee 100% | BSR-1P/S 
OST-1P/S 
of (8) 
pa FSM-2 
ax 
SFLC HSM-2 
100% a 
(hog.) AOE” | FSNED 
Bees HSM-2 
Multiport 2 
5 [4.2.2] Mas Mas g K C 0.83Tsc 100% | OST-2P/S 
item b 100% 
(10) 
HSM-1 
100% Max 
(sag.) SFLC 
100% | BSP-1P/S 
OST-1P/S 
Multiport 3 | ese 100% | 100% | BSP-1P/S 
6 [4.2.2] Full Full 0.67 Tsc (sa ) OST. 1P S 
item c &- cae 
Multiport 3 s % | BSP-1P 
7 [4.2.2] Meu Mey < 0.67 Tsc E 100% el ee 
item c l i &- are 
FSM-2 
0, Ps 
100% 100% HSM-2 
Multiport 4 (hog.) BSR-1P/S 
8 [4.2.2] May, a 0.75Tsc¢ OST-2P/S 
item d ‘eae BSP-1P/S 
es } 100% | BSR-1P/S 
OST-1P/S 
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D Cesmac: Csrac: 
escription 9 o i 
No. j Loading pattern Aft Mid Fore | Draught Qol oo Dynamic load 
Reqt ref perm. perm. case 
SWBM | SWSF 
FSM-2 
100% 100% HSM-2 
Multiport 4 (hog.) BSR-1P/S 
9 [4.2.2] Mau, K K 0.7 5Tsc OST-2P/S 
item d i i iooi BSP-1P/S 
ead ) 100% | BSR-1P/S 
i OST-1P/S 
100% 
(10) FSM-2 
0% Max HSM-2 
SFLC 
100% | BSR-1P/S 
soe ae T, 100% ® 
(6) BAL-H £ 
[4.2.4] Max | HSM-1 
SFLC 
ae 100% ® 
(sag.) 
Max HSM-1 
SFLC 
100% | BSR-1P/S 
11 Heavy 0% 100% | BSR-1P/S 
(6) ballast ToäiH 100% 
D | [4.2.4] E a 100% | BSR-1P/S 
Harbour conditions 
Harbour 100% 100% N/A 
iti hog. 
4p | condition | (R= dr r 0.67T sc (hog.) 
[4.2.5] | | | 100% 3 
item a sagi 100% N/A 
Harbour 100% 100% N/A 
condition (hog.) 
13 Mey K K 0.67T. 
[4.2.5] i SG 100% J 
item a (sag.) 100% N/A 
H 100% 
ae 00% | 100% N/A 
condition (hog.) 
14 [4.2.5] Meu H Meu g G K Tpi > 
items a ; 100% 100% N/A 
and c (sag.) 
Harbour 100% 
condition (hog.) 100% N/A 
15 [4.2.5] Meu |) | Mey a Tut > 
items a l ) 100% 100% N/A 
and c (sag.) 
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Cesmac: Csrac: 
Description % of % of Dynamic load 
No. Loading pattern Aft Mid Fore | Draught ° E y 
Req ref perm. perm. case 
SWBM | SWSF 
100% 
(11) 
N/A 
Max 
100% SFLC 
(hog.) | 100% 
(12) 
N/A 
Harbour Max 
condition Ki SFLC 
16 | [4.2.5] May, K | K Tiz 
a 0, 
items a 100% 
11 
and b ca N/A 
Max 
100% SFLC 
(sag.) | 100% 
(12) 
N/A 
Max 
SFLC 
(1) Applicable to BC-B only. 
(2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mpu and the maximum cargo density as defined in [4.1.3] can be 
analysed in lieu of this loading pattern. 
(3) Maximum cargo density as defined in [4.1.3] is to be used for calculation of dry cargo pressure. 
(4) In case of no ballast hold, normal ballast condition with assuming Msw = 100% (hog.) is to be analysed. 
(5) Position of ballast hold is to be adjusted as appropriate. 
(6) This condition is to be considered for the cargo hold which is assigned as ballast hold, if any. 
(7) This condition is not required when this loading condition is explicitly prohibited in the loading manual. 
(8) For the mid-hold where X,.,,<0.5L and X,4,y>0.5L, the shear force is to be adjusted to target value at aft bulkhead of the mid- 
hold. 
(9) For the mid-hold where X,,,.<0.5L and X,.,,9>0.5L, the shear force is to be adjusted to target value at forward bulkhead of the 
mid-hold. 
(10) — This load combination is to be considered only for the mid-hold where X,.,2>0.5L OF Xp4,g<O0.5L. 
(11) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(12) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Cemic: | Cseic: | Dynamic load case 
Description , , % of % of 
No. Loading pattern Mid Fore | Draught 
Reqt ref Be E perm. | perm. |aft region foward 
SWBM | SWSF region 
Seagoing conditions 
HSM-1 
= — er BSP-1P/S 
L | Full load ro | 50% | so0% losrapys BSP-1P/S 
H H H O - 
[4.1.3] o n O oe OST-1P/S 
OSA-1P/S 
OSA-2P/S 
Full load D D a 
2@ | [4.2.1] Meat |) | Mew | | | Mew Tsc 100% |BSP-1P/S |BSP-1P/S 
item a 
Slack load P z 
3 [4.2.1] 50% vg | Mey |) | Mew Tsc 0% 100% |BSP-1P/S |BSP-1P/S 
: < ~ 
item b 
Slack load z a 
4 [4.2.1] Meu | | [Ma] [50% M € Tsg 0% 100% |BSP-1P/S |BSP-1P/S 
item b 
HSM-2 — |FSM-2 
100% 100% HSA-2 BSP-1P/S 
0 
Deepest (hog.) BSR-1P/S|BSR-1P/S 
5®| ballast 7 OST-2P/S |OSA-2P/S 
(4) [4.2.1] SSEESETST BALH HSM-1 
7 0, 
item c oe Joox HSM-4 [BSP-1P/s 
aa, BSP-1P/S |BSR-1P/S 
OSA-2P/S 
Multiport 3 F HSM-1 |HSM-1 
6® [4.2.2] Mew | | Meu d 0.67Tsc 100% 100% i : 
i (sag.) OST-1P/S |OST-1P/S 
item c 
Multiport 3 J HSM-1 |BSP-1P 
7®| [4.2.2] MAEA K | | 0.67Teq | 100% | 100% [4S AA 
; ; (sag.) OST-1P/S |OSA-2P/S 
item c 
inor HSM-2 HSM-2 
ie) 100% osT-2P/S BSR-1P/S 
Multiport 4 OST-2P/S 
8®| [4.2.2] Meu, K K 0.7 5Tsc HSM-1 
; i ; HSM-1 
item d 100% FSM-1 
100% BSP-1P/S 
(sag.) BSP-1P/S OST-1P/S 
OST-1P/S 
100% 100% HSM-2 |HSM-2 
(hog.) OST-2P/S |OST-2P/S 
Multiport 4 
95) [4.2.2] Mpun K 7 0.7 5Tsc HSM-1 HSM-1 
item d l 100% | Joox FSMt |BSP-1P/S 
(sag.) BSP-1P/S |BSR-1P/S 
OST-1P/S |OST-1P/S 
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Cesmac: | Csrac: | Dynamic load case 
Description 9 9 
No. á Loading pattern Aft Mid Fore | Draught mot wol forward 
Reqt ref perm. | perm. laft region $ 
SWBM | SWSF region 
100% 
Max |FSM-2  |FSM-2 
SFLC |HSM-2 |HSM-2 
100% 
hog. BSP-1P 
(nog) BSP-1P/S eee 
BSR-1P/S 
Alternate 100% |OST-2P/S 
10 load partial — m OSA-1P/S OST-2P/S 
a | 2a a a- OSA-2P/S 
items aan BSP-1P/S 
b 100% OST. a. AA 
i OST-2P/S 
OSA-1P/S 
0% | 100% 
Max |HSM-1  |HSM-1 
SFLC |FSM-1 |FSM-1 
100% 
Max |HSM-2  |HSM-2 
SFLC |FSM-2  |FSM-2 
100% 
(hog.) BSP-1P/S 
Alternate 5 BSP-1P/S |BSR-1P/S 
load full 100% OST-2P 
Mio + Mi + z /S OST-2P/S 
11 [4.2.3] 0.1 M; 0.1 M; Tsc OSA-2P/S 
items a and i 
e 100% |BSP-1P/S iis 
j BSP-1P/S 
o% | 100% 
HSM-1 |HSM-1 
Max |FSM-1 |FSM-1 
SFLC 
T FSM-2 |FSM-2 
‘0 
ao | aienak thog) 100% |BSP-1P/S |BSP-1P/S 
(2) (6) load Wn? a m OST-2P/S |OSA-2P/S 
m | 423) = a ; HSM-1 [HSM-1 
an | itemd a 100% |BSP-1P/S |BSP-1P/S 
í OST-1P/S |OSA-2P/S 
FSM-2 
100% ales BSP-1P/S 
rea » | 100% |BSP-1P/S 
Alt-block (hog.) PaA E OSA-2P/S 
(2)| load re OTS A 
m | [4.2.3] oe E K a a Tsc raliai 
: HSM-1 — |HSM-1 
(11) item d 100% 
ag] 100% |BSP-1P/S |BSP-1P/S 
` OST-1P/S |OSA-2P/S 
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Cgmic: | Csrac: | Dynamic load case 
Description 9 9 
No. P Loading pattern Aft Mid Fore | Draught aud 0 Ol forward 
Reqt ref perm. | perm. laft region i 
SWBM | SWSF region 
Harbour conditions 
0, 
Bacon 100% | 400% | N/A N/A 
condition (hog.) 
14 | [4.2.5] Meu || Me C g K Taz aaa 
items a and aes 100% N/A N/A 
c : 
0, 
Marbaur 100% | 100% | N/A N/A 
condition (hog.) 
15 | [4.2.5] Ms I) Maw K a oox 
A ] 
items a and i ae 100% N/A N/A 
c : 
100% ®) 
Max N/A N/A 
100% | SFLC 
(hog.) 1100% ® 
Harbour Max N/A N/A 
condition SFLC 
16 | [4.2.5] a Tho a 
items a and Zs . 100% ®) 
b Max N/A N/A 
100% | SFLC 
(sag.) 1100% 9 
Max N/A N/A 
SFLC 
- 0, 
Alt-block 100% 100% N/A N/A 
17 harbour T (hog.) 
an | condition 0.1 Mo. M1, a <a Tus |. DPT 
100% 
[4.2.3] 100% N/A N/A 
item d (sag.) 
-| 0, 
Alt-block 100% 100% N/A N/A 
1g | harbour A (hog.) 
«aay | condition 0.1 mo. m, K <a a Tus R 
[4.2.3] 100% | 400%] nya | N/A 
item d (sag.) 
(1) Loading pattern no. 1 with the cargo mass Mp, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of 
this loading pattern. 
(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure. 
(3) In case of no ballast hold, normal ballast condition with assuming Msw = 100% (hog.) is to be analysed. 
(4) Position of ballast hold is to be adjusted as appropriate. 
(5) This condition is not required when {no MP} notation is assigned. 
(6) This condition is only required when this loading condition is included in the loading manual. 
(7) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value. 
(8) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(9) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
(10) This loading condition is required only when the ballast hold is located inside the cargo hold model. 
(11) This condition is only required when block loading condition is included in the loading manual. 
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Table 16 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) - 
outside midship cargo hold region 


Description Caiet % | Csere: 96 Dynamic load case 
No. Beairt Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Aft Forward 
a SWBM | SWSF | Region | region 
Seagoing conditions 
HSM-1 
HSM-1 
4) | Full load ī 50% | 100% |Bsp-1p/s S~t 
H H H O - 
[4.1.3] d add = ag) BSP-1P/S 
OSA-1P/S 
OSA-2P/S 
Full load - a a 7 BSP-1P/S 
2M) [4.2.1] Mow | Mew || Mew Te a 100% |N/A ben a _ 
item a &- ae. 
E HSM-2 |HSM-1 
ack ioa 
a ad HSA-4 |HSA-1 
3 4.2.1 Meu | pE Mf | Mew T, 0% 100% 
ae -d = ° IBSP-1P/S |FSM-2 
OSA-1P/S |BSP-1P/S 
ioo HSM-2 
hen) 100% |FSM-2  |HSM-2 
Deepest OST-2P/S 
4| ballast T rey HSM-1 
(4) 4.21] leass Bare 7 2 
i 100% rsm-4 SAt 
aa (sag) | 100% lost 1P/S Rue 
i OSA-2P/8 BSP-1P/S 
OSA-2P/S 
100% 
100% Max |HSM-2 N/A 
(hog.) SFLC 
Multiport 2 100% |BSP-1P/S |BSP-1P/S 
5 [4.2.2] Mes Meu 0.83Tsc HSA-1 
i 100% |BSP-1P/S 
item b ae ° / BSR-1P/S 
‘0 
(sag) | 100% 
Max |HSM-1 N/A 
SFLC 
HSM-1. 
Malnipor 2 a Ee 9 BSP-4P/S |HSA-1 
6 | [4.2.2] Mw | Mew fe 0.67 Tsc 100% | so0% / 
amt N (sag.) BSR-1P/S |BSP-1P/S 
OSA-2P/S 
Multiport 3 eZ a R HSM-1 
7 [4.2.2] Meu | | [Mes 0.67 Tsc o 100% |BSP-1P/S |HSM-1 
item c f OST-1P/S 
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Description . . Comic: % | Cspic: % Dynamic load case 
No. Reat ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Aft Forward 
a SWBM | SWSF | Region | region 
HSM-2 
FSM-2 
9 BSR-1P/S |FSM-2 
100% | 4569 SR-1P/S |FS 
(hog.) BSP-1P/S |OSA-2P/S 
Multiport 4 OSA-1P/S 
Meu 
8 [4.2.2] K K 0.75Tsc OST-2P/S 
item d : : 
HSM-1 
9 BSR-1P/S |HSA-1 
100% | 4509 SR-1P/S |HS 
(sag) BSP-1P/S |BSP-1P/S 
OST-1P/S |OSA-2P/S 
100% HSM2  les-2 
ee) 100% |BSR-1P/S| ie 
i OST-2P/S 
Multiport 4 
9 [4.2.2] Mps z a a 0.75Tsc HSM-1 E 
item d , œ | FSM-1 
100% HSA-1 
100% |BSP-1P/S 
(sag.) BSP-1P/S 
ued 1P/S 
OST-1P/S 
HSA-2 
BSP-1P/S 
100% [BoP t/S OSA-2P/S 
100% oe OST-2P/S 
99% OST-2P/S 
(hog.) - 
Alternate ee HSM-2 =e 
load partial ax = 
7 FSM-2 
P [4.2.3] oim | a | Too SFLC 
items a and 9 
b re HSM-TSM-4 
ax Ss 
srie FSM-4 
= BSP-1P/S 
BSP-1P/S 
100% OSA-1P/S OSA-1P/S 
OSA-2P/S 
HSA2 gSA 1P/S 
100% |BSP-1P/S 0SA-2P/8 
100% OSA-1P/S 
Alternate (hog.) | 100% : 
FSM-2 
load full Max |HSM-2 lasm-2 
Mio + 
11 | [4.2.3] 01M, a C | Tsc SFLC 
items a and ; 100% 
$ Max |HSM-14 |HSM-1 
0% SFLC 
BSP-1P A-1P 
ad SP-1P/S |OSA-1P/S 
OSA-1P/S |OST-2P/S 
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peseipilen Camie te | Cseri: 96 Dynamic load case 
No. Reqt ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Aft Forward 
SWBM | SWSF | Region | region 
HSA-2 
HSM-2 
100% FSM2  lFsM-2 
° | 100% |BSP-1P/S 
Alt-block (hog.) BSP-1P/S 
12 ad —— OSA-1P/S meee 
@e| 0a ol, A Tsc OST-2P/S 
iter [4.2.3] 
item d HSM-1 
100% BSP-1P/S kga 
° | 100% BSP-1P/S 
(sag.) OSA-1P/S OSA-2P/S 
OST-1P/S 
HSM-2 
Jany FSM-2 FSM-2 
> | 100% BSP-1P/S 
(hog.) BSP-1P/S 
13 Alt-block OSA-2P/S 
7 OST-2P/S 
(2) (5) load KA A ad a a Tsc E 
(6) (9) [4.2.3] l 1 HSM-1 
A HSM-1 
item d e HSA-1 Tei 
> | 100% |FSM-1 
(sag.) BSP-1P/S 
BSP-1P/S OSA-2P/S 
OST-1P/S 
Harbour conditions 
100% 
Max N/A N/A 
100% SFLC 
(hog.) | 100% ® 
epe Max N/A N/A 
condition 
SFLC 
e 62s E | = 
items a and 100% 
b Max N/A N/A 
100% SFLC 
(sag-) | 490%) 
Max N/A N/A 
SFLC 
O, 
Harbour 100% | 100% | N/A N/A 
condition | Gq (hog.) 
15| (4.25) |= O-87Tse ooy 
Ze ‘0 
itema (sag.) 100% N/A N/A 
O, 
Eora e 100% | N/A N/A 
Ta aes =] C K oer E 
. . J J o 
item a (sag.) 100% N/A N/A 
O, 
Harbour 100% | 400% | N/A N/A 
condition[4. (hog.) 
17 2 $ 5] Meun Meu E g K Ty 1 p 
items a and 100% 100% N/A N/A 
A (sag.) 
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9 - % | Dynamic load case 
Description ; ; Comic? % | Csric: % | EY 
No. Banhart Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Aft Forward 
eq re 
i SWBM | SWSF | Region | region 
Harbour 100% 
arban 00% | 400% | N/A N/A 
condition (hog.) 
18 | [4.2.5] Mau || [Meu K Tii ; 
items a and 100% 100% N/A N/A 
c (sag.) 
Alt-block 100% 
Eplog 00% | 400% | N/A N/A 
4g | harbour | ¢ a (hog.) 
condition | Șoimii. v Te 
9 100% 
[4.2.3] 100% N/A N/A 
item d (sag.) 
Alt-block 100% 
aiia 00% | 400% | N/A N/A 
2g | harbour — (hog.) 
| Conatien K a a Te | sox 
[4.2.3] i ° | 100% N/A N/A 
item d (sag.) 
(1) Loading pattern No. 1 with the cargo mass M; and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of this 
loading pattern. 
(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure. 
(3) In case of no ballast hold, normal ballast condition with assuming Mw = 100% (hog.) is to be analysed. 
(4) Position of ballast hold is to be adjusted as appropriate. 
(5) This condition is only required when this loading condition is included in the loading manual. 
(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value. 
(7) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(8) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
(9) This condition is only required when block loading condition is included in the loading manual. 
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Table 17 : FE Load combinations applicable for BC-B & BC-C - outside midship cargo hold region 


Description Comic: % | Csrıc: % | Dynamic load case 
No. i Loading pattern Aft Mid Fore | Draught | of perm. | of perm. , forward 
Req' ref swBm | swsf [aft region región 
Seagoing conditions 
HSM-1 
FSM-1 HSM-1 
1® | Full load < a a F 50% | Joo% |BSP-1P/S |HSA-1 
@ | [4.1.3] S | (sag) OSA-1P/S |BSP-1P/S 
OST-1P/S |OSA-2P/S 
OST-2P/S 
HSM-1 
FSM-1 HSM-1 
Full load 50% BSP-1P/S |HSA-1 
28| [4.2.1] Mau | | [Mew | | [Mew ls ° 100% 
tema (sag.) OSA-1P/S |BSP-1P/S 
OST-1P/S |OSA-1P/S 
OST-2P/S 
HSM-1 
HSM-2 HSM-1 
Slack load HSA-1 HSA-1 
3 [4.2.1] Meu EA M Meu K K g Tsc 0% 100% |FSM-2 FSM-2 
item b BSP-1P/S |BSP-1P/S 
OSA-1P/S |OST-2P/S 
OST-2P/S 
ioi HSM-2 
(hog.) 100% |FSM-2 HSM-2 
Deepest OST-2P/S 
4®]| ballast T HSM-4 HSM-1 
© 4.2.1] |k BALH 7 3 
aa : 100% FSM-1 babe 
100% FSM-1 
(sag.) OSA-2P/S 
ost-1pys PoP P/S 
OSA-2P/S 
100% 
100% Max HSM-2 N/A 
(hog.) SFLC 
Multiport 2 100% |BSP-1P/S |BSP-1P/S 
5 [4.2.2] Mew Mew K K @ 0.83Ts¢ 100% |BSP-1P/S HSA-1 
item b i aa BSR-1P/S 
(0) 
(sag.) 100% 
Max |HSM-1 N/A 
SFLC 
HSM-1 
Multiport 3 g m] p 100% BSP-1P/S |HSA-1 
6 | [4.2.2] Moa |) (Mew 0.67 Tsc 100% 
item c l \ l (sag.) BSR-1P/S |BSP-1P/S 
OSA-2P/S 
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Deséiption . . Cinici% Cserni% Dynamic load case 
No. Peo ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. feel forward 
q SWBM | swsF tregion cio 
HSM-1 
Multiport 3 9 FSM-1 HSM-1 
7 | [4.2.2] Ie | VJ osez, | 10% | 100% 
item c l l l (sag.) BSP-1P/S |BSP-1P/S 
OST-1P/S 
HSM-2 
FSM-2 HSM-2 
100%- || ago. [Poe is : 
(hog.) ° IBSR-41P/S 
Multiport 4 OSA-2P/S 
ultiport m] r OSA-1P/S 
8 | [4.2.2] 0.75Tsc 
ane | N OST-2P/S 
HSM-1 
100% PMAN el 
> | 100% |BSR-1P/S 
(sag.) E BSP-1P/S 
OSA-2P/S 
100% HSM-2  EsM-2 
w 100% |BSR-1P/S E 
i OST-2P/S 
Multiport 4 
9 [4.2.2] Mos, K 4 C 0.75Ts¢ ei) HSM-1 
item d i 100% “|HSA-1 
100% |BSP-1P/S 
(sag.) Bonde 6 BSP-1P/S 
OST-1P/S ea 
Harbour conditions 
0, 
Harbour 100% | so0% N/A N/A 
condition | iz (hog.) 
10 [4 2 5] Full | 0.67 Tsc 100% 
2. l , h 
tema Gag) 100% N/A N/A 
0, 
ae nee 100% | N/A N/A 
14 | 25) a K K a OST e Tag 
. . ] ] 0 
item a (sag,) 100% N/A N/A 
Harbour 100% A 
condition[4. (hog.) 200% N/A N/A 
12 2 E 5 ] Meu Meu C E 4 Thi z 
items a and 100% 100% N/A N/A 
c (sag.) 
Harbour 100% 6 
condition (hog.) 190% IA AA 
13 | [4.2.5] Mes] | [Ma K Tos : 
items a and i 100% 100% N/A N/A 
c (sag.) 
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9 -% | Dynamic load case 
Description , f Comic: % | Csric? % | DY 
No. Reat ref Loading pattern Aft Mid Fore | Draught | of perm. | of perm. , forward 
eq re swBm | swsF jaftregion| egion 
100% ® 
Max N/A N/A 
100% SFLC 
(hog.) | 100% 
Harbour Max | N/A | NA 
condition SFLC 
14 | [4.2.5] = a Tyo AE 
items a and z N 100% 
b Max N/A N/A 
100% SFLC 
(sag.) 100% 
Max N/A N/A 
SFLC 
(1) Applicable to BC-B only. 
(2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mpun and the maximum cargo density as defined in [4.1.3]can be 
analysed in lieu of this loading pattern. 
(3) Maximum cargo density as defined in [4.1.3] is to be used for calculation of dry cargo pressure. 
(4) In case of no ballast hold, normal ballast condition with assuming Msw = 100% (hog.) is to be analysed. 
(5) Position of ballast hold is to be adjusted as appropriate. 
(6) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(7) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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Table 18 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) - aftmost cargo hold 


rr C :% IC :% 
Description BMC SELG i 
No. : Loading pattern Aft Mid Fore | Draught | of perm. | of perm. ee 
Req' ref SWBM | SWSF 
Seagoing conditions 
= FSM-1 
Full load A 80% 
42) N Tsc 100% |BSP-1P/S 
[4.1.3] a a (sag) eR 
Full load 
P g 80% 
(1) oD: Meu Meu T. 9 = 
2 [4 2.1] sc (sag.) 100% |FSM-1 
item a mm 
Slack load > O 100% FSM-1 
3 [4.2.1] 50% Ma) [ Maw Tsc >° | 100% |BSP-1P/S 
item b — ee (sag.) OST-1P/S 
HSM-2, FSM-1 
Deepest BSP-1P/S 
4® | ballast q 100% >, |BSR-1P/S 
(4) [4.2.1] À = N Teac (hog.) ee OST-1P/S 
item c OST-2P/S 
OSA-1P/S 
30% FSM-1, 
Multiport 2 d (hog.) AROA OSA-1P/S 
5 [4.2.2] Man 0.83Tsc g / 
item b = < 30% o |FSM-1 
(sag.) ne BSP-1P/S 
Multiport 3 9 
6 | [4.2.2] va) | C K 0.67Tsc i 100% |BSP-1P/s 
item c 8- OST-1P/S 
100% 
Max |HSM-2, 
SFLC 
50% 
(hog.) 
Alternate 
100% 
load partial — * BSP-4P/S 
7 (2) [4.2.3] LJ < Tee OSA-1P/S 
items a and 100% 
b Max |FSM-1 
SFLC 
0% 
BSP-1P/S 
100% |OST-1P/S 
OSA-1P/S 
100% 
Max  |HSM-2, FSM-2 
0, 
50% | SFLC 
(hog.) 
Alternate 100% BSP-1P/S, 
load full _ OSA-1P/S 
8 [4.2.3] oiM, l Tsc 100% 
items a and Max |HSM-1 
e SFLC 
0% 
BSP-1P/S 
100% |OST-1P/S 
OSA-1P/S 
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nds C :% |C :% 
Description BM-LC SF-LC . 
No. Z Loading pattern Aft Mid Fore | Draught | of perm. | of perm. abies 
Beaten SWBM | SWSF 
Alt-block 
92 load Mat Mat 50% R BSP-1P/S 
©®| [4.2.3] : sail “a a a Tsc (sag.) 100% lost -1P/S 
item d 
Harbour conditions 
100% 4 
(hog.) 100% N/A 
Harbour 100% (7) 
10 condition = ee N/A 
(2) [4.2.5] ` ss Tha o SFLC 
items a and 50% 
b (hog.) | 100% ® 
Max N/A 
SFLC 
Harbour 50% 100% N/A 
condition (hog.) 
11 . my | 0.67T. 
o i 199% 100% N/A 
i 0 
item a (sag.) 
Harbour 50% 
O, 
condition (hog.) 100% N/A 
12) [4.2.5] L AA rr Tus 
items a and i l l 50% 100% N/A 
Cc (Sag.) 
Alt-block 50% i 
harbour (hog.) 100% N/A 
13 ae re 
i | condition ` EUA KELA Tus 
50% 
[4.2.3] 100% N/A 
item d (sag.) 
(1) Loading pattern no. 1 with the cargo mass M,, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of 


this loading pattern. 


(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure. 

(3) In case of no ballast hold, normal ballast condition with assuming Msy = 100% (hog.) is to be analysed. 

(4) Position of ballast hold is to be adjusted as appropriate. 

(5) This condition is only required when this loading condition is included in the loading manual. 

(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value. 

(7) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 

(8) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 

(9) This condition is only required when block loading condition is included in the loading manual. 

1 JAN 2014 COMMON STRUCTURAL RULES 


Table 19 : FE Load combinations applicable for BC-B & BC-C - aftmost cargo hold 


IACS 


Cesmac : Csric: 
Description 9 9 i 
No. P Loading pattern Aft Mid Fore | Draught Ol ais Dynamic load 
Reqt ref perm. perm. case 
SWBM | SWSF 
Seagoing conditions 
1 FSM-1 
Full load 80% BSP-1P/S 
(a) T. 9 
i. [4.1.3] | 3e (sag.) see OST-1P/S 
OSA-1P/S 
Full load z FSM-1 
2 [4.2.1] Mau |) | Men Tsc 807 100% | BSP-1P/S 
(2) (sag.) 
item a OST-1P/S 
Slack load P FSM-1 
3 [4.2.1] 50% Mill | Mau Tsc 100% | BSP-1P/S 
item b &- OST-1P/S 
HSM-2, FSM-1 
4 Deepest BSP-1P/S 
ballast 100% BSR-1P/S 
(4) T, 9 
Š [4.2.1] 4 BALH | (hog) UR OST-1P/S 
item c OST-2P/S 
OSA-1P/S 
FSM-1 
30% P 
Multiport 2 (hog.) oO" oan i 
5 | [4.2.2] 4 me | 0.83T sc aE 
item b 
0, = 
30% 100% FSM-1, 
(sag.) OST-1P/S 
100% | BSP-1P/S 
60% 
Multiport 3 [4 Mag) 100% 
6 | [4.2.2] 4 vee l d 0.67 Tsc Max | HSM-2 
item a SFLC 
100% 
0% Max HSM-1 
SFLC 
Multiport 3 
d g 50% BSP-1P/S 
Mpun Mpun 9 
7 Sale, 0.67 Tsc (a 100% OST-1P/S 
Harbour conditions 
100% F 
(hog.) 100% N/A 
dele 100% © 
condition = Max N/A 
8 | [4.25] 4 m Tyo eee 
items a 50% 
and b (hog.) 100% 
Max N/A 
SFLC 
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Came : Csrac : 
Description : 9 9 Dynamic load 
No. Loading pattern Aft Mid Fore | Draught eet eek y ý 
Reqt ref perm. perm. case 
SWBM | SWSF 
9 
Harbour 50% 100% N/A 
condition = (hog.) 
9 Full 0.67 Tsc 
o 100% | 100% N/A 
item a (sag.) 9 
Harbour 50% 
O, 
condition (hog.) 100% N/A 
10 [4.2.5] 4 Meu | | | Meu Tiji 
items a 50% 
100% N/A 
and c (sag.) 
(1) Applicable to BC-B only. 
(2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mpu and the maximum cargo density as defined in [4.1.3] can be 
analysed in lieu of this loading pattern. 
(3) Maximum cargo density as defined in [4.1.3] is to be used for calculation of dry cargo pressure. 
(4) In case of no ballast hold, normal ballast condition with assuming Msy = 100% (hog.) is to be analysed. 
(5) Position of ballast hold is to be adjusted as appropriate. 
(6) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(7) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold 
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Table 20 : FE Load combinations applicable to loaded hold in alternate condition of BC-A (FA) - foremost cargo hold 


Comic? Csric : % 
Description 9 En i 
No. Z Loading pattern Aft Mid Fore | Draught mot of perm. Dynamiciead 
Reqt ref perm. SWSF case 
SWBM 
Seagoing conditions 
Sa HSM-4 
1 Full load | / [ 60% BSP-1P/S 
9 
@ | [4.1.3] d A | © | cag) | 200” J ostarys 
OSA-2P/S 
Full load — HSM-1 
2 - g 60% 
[4.2.1] Meu] | | Me = Tes 100% | BSP-1P/S 
(1) N N 
item a > wu. (sag,) OSA-2P/S 
3 eae Meu | (50% My D <a = Tsc a 100% are S 
item b = ‘Ss (sag.) OSA-2P/S 
A Deepest HSM-1, HSM-2 
ballast 100% BSP-1P/S 
(3) 9 
a [4.2.1] Teac (hog.) ee BSR-1P/S 
item c OSA-2P/S 
Multiport 2 = - = 60% f HSM-1, FSM-1 
5 [4.2.2] pui 4 ` 0.83Tsc ee 100% | BSP-1P/S 
item b (NE SS &- OSA-2P/S 
Multiport 3 = = a a i 50% ; HSM-1 
6 [4.2.2] add T 0.67Tsc fac 100% | BSP-1P/S 
item c &- OSA-2P/S 
Multiport 3 PA ca 
60% 
7 [4.2.2] Mas x 0.67Tsc 100% | FSM-2 
item a J — œ (hog) 
BSP-1P/S 
100% OST-2P/S 
60% OSA-2P/S 
Alternate (hog.) a 
8 load partial _ 100% HSM-2 
i [4.2.3] 0.1 My = a z Teg Max SFLC 
š [| o 
items a 100% corel 
and b oy | Max SFLC i 
0 
BSP-1P/S 
O, 
oe OSA-2P/S 
BSP-1P/S 
100% OST-2P/S 
60% OSA-2P/S 
Alternate (hog.) z 
load full _ P ta oak HSM-2 
9 [4.2.3] 0.1 My $ E T Tez Max SFLC 
items a = 100% mend 
and c oy Max SFLC i 
0 
BSP-1P/S 
O; 
tuo% OSA-2P/S 
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Camc: Csric:% 
Description 9 ee i 
No. P Loading pattern Aft Mid Fore | Draught mnt of perm. Dynamictead 
Reqt ref perm. SWSE case 
SWBM 
=~ Alt-block 
-DIOC 
2) HSM-1 
F F O, 
© e E a a 3 Tsc a : 100% | BSP-1P/S 
©) eee ——=—$ g. OSA-2P/S 
item d 
(9) 
Harbour conditions 
100% 
100% N/A 
Harbour (hog.) ° f 
condition 
a 100% ™ 
@ | [425] == B C| a T Ths y | Max SFLC hi 
items a — 50% 
and b (hog.) | 490% ®) 
N/A 
Max SFLC 
Harbour 
condition O 100% 
12 Mew (| 0.67T. 100% N/A 
[4.2.5] D a K C se | sag.) : / 
item a 
Harbour 
condition peN 
50% 
13 | [4.2.5] Mew || Maw 4 £ a x Tai : i 100% N/A 
items a (hog.) 
and c 
Alt-block 
harbour 5 
1+ | condition m f a a ` Ta o 100% N/A 
[4.2.3] | = 8- 
item d 
(1) Loading pattern no. 1 with the cargo mass Mp, and the maximum cargo density as defined in [4.1.4] can be analysed in lieu of 
this loading pattern. 
(2) Maximum cargo density as defined in [4.1.4] is to be used for calculation of dry cargo pressure. 
(3) In case of no ballast hold, normal ballast condition with assuming Msw = 100% (hog.) is to be analysed. 
(4) Position of ballast hold is to be adjusted as appropriate. 
(5) This condition is only required when this loading condition is included in the loading manual. 
(6) Actual still water vertical bending moment, as given in the loading manual, may be used instead of design value. 
(7) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 
(8) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
(9) This condition is only required when block loading condition is included in the loading manual. 
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Cesmac : Csrac : 
Description i 
No. P Loading pattern Aft Mid Fore | Draught on wo Dynamic load 
t 
Reqt ref perm. perm. case 
SWBM | SWSF 
Seagoing conditions 
HSM-1 
1® | Full load =, = 60% BSP-1P/S 
T. 9 
@ | [4.1.3] ao A SN se | sag) | 100% |ost-1P/s 
OSA-2P/S 
Full load a 
- - in 60% BSP-1P/S 
(2) 2s Meu Man T. 0, 
Wan 2 = a \ | Tse | sag) | 10° | ost-spys 
OSA-2P/S 
Slack load HSM-1 
p” 9, 
3 | [4.2.4] a a ea = Te nae 100% | BSP-1P/S 
item b 8- OSA-2P/S 
Deepest HSM-1, HSM-2 
44 ballast | EEE L_ 100% >, | BSP-LP/S 
© [4.2.1] ED Tea (hog.) Tope BSR-1P/S 
item c OSA-2P/S 
5 eee "| E E| E [osar] 8% | 100% Sei m 
2. Full z sc O - 
item b 2 WaS (sag.) OSA-2P/S 
Multiport 3 - oe hoe o HSM-1 
6 | [4.2.2] m na | 067 Toc eee 100% | BSP-1P/S 
item c &- OSA-2P/S 
BSP-1P/S 
100% | OST-2P/S 
Multiport 3 eh caidas 
= hog. 
7 [4.2.2] m | k T | 0-67 Tse (hog.) | 100% 
: Max HSM-2 
itema SFLC 
100% 
0% Max HSM-1 
SFLC 
Harbour conditions 
100% 100% 
N/A 
(hog) f 
ete cu 
8 [4.2.5] = K | C Tis Max N/A 
items a > = C 50% SFLC 
and b (hog.) 100% (7 
Max N/A 
SFLC 
Harbour 
condition mp 100% M 
9 [4.2.5] 5 d K = 0.67Tsc (sag) 100% N/A 
item a 
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Cesmac : Csric! 
Description 9 9 i 
No. p Loading pattern Aft Mid Fore | Draught mut mol Dynamic load 
Reqt ref perm. perm. case 
SWBM | SWSF 
Harbour 
condition z = a D. 50% : 
10 [4.2.5] ul ul b Tha (hog.) 100% N/A 
items a — " 
andc 


(1) Applicable to BC-B only. 


(2) For BC-B ships, the loading pattern no. 1 with the cargo mass Mpu and the maximum cargo density as defined in [4.1.3] can be 
analysed in lieu of this loading pattern. 
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(3) Maximum cargo density as defined in [4.1.3] is to be used for calculation of dry cargo pressure. 

(4) In case of no ballast hold, normal ballast condition with assuming M,,, = 100% (hog.) is to be analysed. 

(5) Position of ballast hold is to be adjusted as appropriate. 

(6) The shear force is to be adjusted to target value at aft bulkhead of the mid-hold. 

(7) The shear force is to be adjusted to target value at forward bulkhead of the mid-hold. 
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The standard loading conditions to be applied to oil tankers for fatigue assessment as required in Ch 9, Sec 1, 
[6.2], are defined in Table 22 to Table 24. 


Table 22 : Standard design FE loading conditions for fatigue assessment of oil tankers except for foremost and aftmost cargo holds 
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Still water loads 
C -4% le ry Dynamic 
No. Description Loading pattern BM-LC: “9 | ¥SF-LC* “ load 
Draught | of perm. | of perm. cases 
SWBM SWSF ® 
Oil tankers with two oil-tight bulkheads 
P 
60% 
- T 
A1-F Full load . L J sc (sag) All 
P 
Normal UJ 80% 
- T 
ia ballast i (hog.) alt 
Ss 
Oil tankers with centreline oil-tight bulkhead 
P 
60% 
B1-F Full load | | Dy T All 
a - E SC (sag.) 
A 
Normal [1 [| J | 80% 
- T 
Ber ballast |_| — PAE (hog.) i 
S 
(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. 
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Table 23 : Standard design FE loading conditions for fatigue assessment of oil tankers for aftmost cargo hold 


Still water loads 
E -4% C R7 Dynamic 
No. Description Loading pattern BM-LC: 7° | VSF-LC > /°9 load 
Draught | of perm. | of perm. cases 
SWBM SWSF 9 
Oil tankers with two oil-tight bulkheads 
60% 
A1-F Full load T All 
1 (sag.) 
Normal 80% 
- T 
RaT ballast | aia (hog.) al 
Oil tankers with centreline oil-tight bulkhead 
60% 
B1-F Full load T All 
a (sag.) 
Normal 80% 
- T 
BaF ballast BAS (hog.) Al 
(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. 
Table 24 : Standard design FE loading conditions for fatigue assessment of oil tankers for foremost cargo hold 
Still water loads 
C %1e R7 Dynamic 
No. Description Loading pattern BM-LC: 7° | VSF-LC > ° load 
Draught | of perm. | of perm. cases 
SWBM SWSF (9 
Oil tankers with two oil-tight bulkheads 
= 60% 
A1-F Full load T All 
=> = (sag.) 
ee 
Normal 80% 
- T 
Aer ballast P BAL (hog.) mm 
Oil tankers with centreline oil-tight bulkhead 
60% 
B1-F Full load > T All 
as (sag.) 
Normal 80% 
- T 
Be ballast > one (hog.) Al 
(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. 
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5.2 Bulk carriers 


5.2.1 


The standard loading conditions to be applied to bulk carriers for fatigue assessment as required in 
Ch 9, Sec 1, [6.3] are defined in Table 25, to Table 31 according to their additional service feature notations 
and the location of the assessed details. 


Table 25 : Standard design FE Load combinations for fatigue assessment applicable to empty hold of BC-A in alternate condition 
(EA) - cargo hold region except aftmost and foremost cargo holds 


Ceme: | Cseic: : 
BM-LC 'SF-LC Dynamic 
N nae ; : % of % of 
o. | Description | Loading pattern Aft Mid Fore | Draught load 
perm. perm. 
case 
SWBM SWSF 
1-F Full load =- ” P y 40% 
A y A te All 
@ | homogeneous (Sag.) 
2-F Full load 75% 100% 
oe D; Tsc : ° All 
(2) alternate — (hog.) 
3-F Normal pe P E n 80% a 
1 ; BAL 
(1) ballast | Gem: oS EECTESSSSTASTETETTIGT! N N (hog.) 
4-F z p? r 75% 100% an 
b : BAL-H 
#0) tiaa CESS GE (sag.) 
5-F Heavy P ë P r 45% 100% a 
1 BAL-H 
(2) (4) ballast D a (hog.) 
6-F P P P r 45% ra 
(1) (5) sen Chee È Yess BACH (h og.) 
(1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. 
(2) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. 
Where this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down 
to the target value. 
(3) This condition is to be considered for empty cargo hold which is assigned as ballast hold, if any 
(4) This condition is applicable when the WB hold corresponds to the forward or aft hold of the 3 hold model. 
(5) This condition is applicable when the WB hold is located outside the 3 cargo hold model 
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Table 26 : Standard design FE Load combinations for fatigue assessment applicable to loaded hold of BC-A in alternate condition 
(FA) - cargo hold region except aftmost and foremost cargo holds 


Ceme: | Csr-ic: : 
se | “Sete! | Dynami 
No. | Description | Loading pattern Aft Mid Fore | Draught : : load 
perm. perm. case 
SWBM SWSF 
1-F Full load 40% 
ie All 
() | homogeneous (sag.) 
2-F Full load 75% 100% 
Tsc All 
(2) alternate (hog.) 
3-F Normal 80% 
Tear All 
(4) ballast | mnia (hog.) 
4-F 75% 100% 
Tarn All 

Da (sag.) 

5-F Heavy p? T 45% 100% ai 

BDA ballast BALH (hog.) 

6-F P P P 7 45% Hi 
BAL-H 

D5) | a N N (hog.) 

(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. 

(2) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. Where 
this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down to the 
target value. 

(3) This condition is to be considered for loaded cargo hold which is assigned as ballast hold, if any 

(4) This condition is applicable when the WB hold corresponds to the forward or aft hold of the 3 hold model. 

(5) This condition is applicable when the WB hold is located outside the 3 cargo hold model. 
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Table 27 : Standard design FE Load combinations for fatigue assessment applicable to loaded hold of BC-A in alternate condition 
(FA) - Aftmost cargo hold 


Cem-tc: | Csr-tc: Dynamik 
ae ; ‘ % of % of 
No. | Description | Loading pattern Aft Mid Fore | Draught 3 i load 
perm. perm. case 
SWBM SWSF 
1-F | Full load . — [ ” y 7 40% A 
H H 
(2) | homogeneous 2 (sag.) 
2-F Full load 7 [7 75% 100% 
no Tee All 
(2) alternate KJ (hog.) 
3-F Normal . E | T 80% All 
4 \ k ; BAL 
(1) ballast | (H EU KSEETSURES. N ` (hog.) 
4-F P | P 45% 
Heavy ballast . Tear. All 

Da vy parast | J es eee ee GL R on BALH | (hog.) 

(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. 

(2) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. Where 
this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down to the 
target value. 

(3) This condition is applicable when the WB hold is located outside the 3 cargo hold model. 


Table 28 : Standard design FE Load combinations for fatigue assessment applicable to loaded hold of BC-A in alternate condition 


(FA) - Foremost cargo hold 


Cemic: | Csr-.c: Dynamite 
nae ; : % of % of 
No. | Description | Loading pattern Aft Mid Fore | Draught ° : load 
perm. perm. case 
SWBM SWSF 
1-F Full load 40% 
m, Iim, E Tsc j All 
(@ | homogeneous (Sag.) 
2-F Full load 75% 100% 
Tsc All 
(2) alternate (hog.) 
3-F Normal 80% 
Tear All 
(a) ballast (hog.) 
4-F 45% 

a Heavy ballast TpaLH (hog.) All 

(1) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. 

(2) The actual shear force that results from the application of static and dynamic local loads to the FE model are to be used. Where 
this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down to the 
target value. 

(3) This condition is applicable when the WB hold is located outside the 3 cargo hold model. 
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Table 29 : Standard design FE load combinations for fatigue assessment of BC-B, BC-C bulk carriers - cargo hold region except aftmost 
and foremost cargo holds 


Cem-tc: | Csr-ic: : 
se | “sete! | Dynami 
No. | Description | Loading pattern Aft Mid Fore | Draught z 7 load 
perm. perm. case 
SWBM SWSF 
1-F Full load T | E | EA P P 40% 
A A M Teg All 
() | homogeneous ù (sag.) 
2-F Normal po P p T 80% a 
h S s BAL 
(a ballast da D (hog.) 
3-F 75% 100% 
Taky All 
Da (sag.) 
4-F Heav p7 45% 
y Taic ° | 100% All 
(2) (4) ballast — (hog.) 
5-F P P P r 45% m 
b b BAL-H 
M6) || EeeaERE;EER ZZ \ N N (hog.) 
(1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. 
(2) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. 
Where this shear force exceeds the target value, the correction of vertical loads is to be applied to adjust the shear force down 
to the target value. 
(3) This condition is to be considered for cargo hold which is assigned as ballast hold, if any. 


(4) This condition is applicable when the WB hold corresponds to the forward or aft hold of the 3 hold model. 
(5) This condition is applicable when the WB hold is located outside the 3 cargo hold model. 


Table 30 : Standard design FE load combinations for fatigue assessment of BC-B, BC-C bulk carriers - Aftmost cargo hold 
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Cc 7:1 C š 
BM-LC SF-LC Dynamic 
PREIE : : % of % of 
No. | Description | Loading pattern Aft Mid Fore | Draught load 
perm. perm. ence 
SWBM SWSF 
j - 9 
1-F Full load M, M, i: 40% All 
®© | homogeneous pa (sag.) 
2-F Normal e A 7 80% Ai 
(a) ballast | Ue a ae N ies (hog.) 
3-F ae |P 45% 
Heavy ballast Tea. All 
o y meee AN XK A BALH | (hog) 
(1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. 
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Table 31 : Standard design FE load combinations for fatigue assessment of BC-B, BC-C bulk carriers - Foremost cargo hold 


Cc =|. : 
BM-LC 'SF-LC Dynamic 
Pe , i % of % of 
No. | Description | Loading pattern Aft Mid Fore | Draught load 
perm. perm. case 
SWBM SWSF 
z H 9 
1-F | Full load M z el E = r | 40% ‘a 
(© | homogeneous l C (sag.) 
2-F Normal a < = 80% a 
@) ballast S| AL (hog.) 
3-F 45% 
a) Heavy ballast (hog.) All 
(1) The actual shear force curve that results from the application of static and dynamic local loads to the FE model are to be used. 
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APPENDIX 1 
HOLD MASS CURVES 


SYMBOLS 


Symbols 


h 


: Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at 
the ship’s centreline, in m. 


h, : Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at 
the ship’s centreline of the aft cargo hold of two adjacent cargo holds, in m. 
hy : Vertical distance from the top of inner bottom plating to the lowest point of the upper deck plating at 
the ship’s centreline of the fore cargo hold of two adjacent cargo holds, in m. 
Mu : Cargo mass, in t, as defined in Ch 4, Sec 6. 
Mey  : Cargo mass, int, as defined in Ch 4, Sec 6. 
Mpp : Cargo mass, in t, as defined in Ch 4, Sec 6. 
Mex : The maximum cargo mass in a cargo hold of two adjacent cargo holds according to the block loading 
condition in the loading manual, in t. 
T; : In loading condition No. i, draught, in m, at mid-hold position of single cargo hold length or at mid- 
length of the two adjacent cargo holds considered. 
Trin : 0.75 Tse or draught in ballast conditions with the two adjacent cargo holds empty, whichever is 
greater, in m. 
Tha : Minimum permissible draught, in m, in harbour condition with Mpu in each of the two adjacent holds 
to be taken as: 
e For ships having {No MP} notation assigned: 
0.67 Tsc 
Tya = min 0.159 Mru 
Sc 
1.025(V Ya) 
h; Ne 
e For ships not having {No MP} notation assigned: 
0.15S°M;, 
ig OST Ihe ae Tae 
1.028(4 + a) 
h; he 
Tyo : Minimum permissible draught, in m, in harbour condition with M,,,, in EA holds of BC-A ships or with 
Mey in any holds of BC-B and BC-C ships to be taken as: 
e For ships having {No MP} notation assigned: 
0.67 Tsc 
Tyo = min T _0.15Mrun 
Vy 
1.025 — 
h 
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e For ships not having {No MP} notation assigned: 


Tyo = 0.67 Tso “one 
1.0254 
025 h 
Tu : Minimum permissible draught, in m, in harbour condition in case of block loading with Mz, , in each 


of the two adjacent holds of BC-A ships to be taken as: 


¥ (0.15 Marx + 0.1My) 


Tus = Tsc 
1.028(Vé + Va) 
h; hg 
Tha : Minimum permissible draught, in m, in harbour condition with Mpp in FA holds of BC-A ships to be 
taken as: 
0.67 Tsc 
TERE E 0.15Mpp + 0.1M,, 
Vy 
1.025— 
025 h 
Vy : Volume in mê, as defined in Ch 4, Sec 6. 
Va : Volume of the after cargo hold of two adjacent cargo holds excluding volume of the hatchway part, in 
mê. 
V; : Volume of the forward cargo hold of two adjacent cargo holds excluding volume of the hatchway part, 
in mê 
2 : The sum of masses of two adjacent cargo holds. 
EA : Empty hold in alternate loading condition. 
FA : Full hold in alternate loading condition. 
1 GENERAL 


1.1 Application 


1.1.1 


The requirements of this appendix apply to bulk carriers of 150 m in length L and above. 


1.1.2 
This appendix describes the procedure to be used for determination of: 


e The maximum and minimum mass of cargo in each cargo hold as a function of the draught at mid-hold 
position of cargo hold. 


e The maximum and minimum mass of cargo in any two adjacent holds as a function of the draught at 
mid-length of these two adjacent cargo holds. 


1.1.3 General 


The cargo mass curves of single cargo hold or of two adjacent cargo holds in seagoing and harbour conditions 
as defined in [2] and [3] are based on the loading conditions considered in Ch 4, Sec 8, [4.2]. However if the 
ship structure is checked for more severe loading conditions than the ones considered in Ch 4, Sec 8, [4.2.7], 
the minimum required cargo mass and the maximum allowable cargo mass can be based on those 
corresponding loading conditions. 
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1.1.4 Loading/unloading conditions in harbour 


For any bulk carrier, the maximum permissible cargo mass and the minimum required cargo mass of single 
cargo hold or of two adjacent cargo holds, corresponding to draught for loading/unloading conditions in 
harbour may be increased or decreased by 15% of the maximum permissible mass at the maximum draught 
for the cargo hold in seagoing condition. However, maximum permissible mass is in no case to be greater than 
the maximum permissible cargo mass at designed maximum load draught for each cargo hold. 

1.1.5 Maximum and minimum permissible mass expression 


The maximum and minimum permissible mass in seagoing conditions, (Wmaxs(T), Wmins(T;)) and in harbour 
condition ((Wmaxn(Ti), Winy(7;)) at various draughts (T) is obtained, in t, by the following formulae given in tables 
of [2] and [3] for the followings.: 


e BC-Aship not having {No MP} notation assigned, 

e BC-A ship having {No MP} notation assigned, 

e BC-B and BC ships not having {No MP} notation assigned, 
e BC-B and BCC ships having {No MP} notation assigned, 


Examples for mass curve of loaded cargo holds and cargo hold which can be empty at the maximum draught 
for BC-A ships not having {No MP} assigned are shown in figures of the above mentioned tables. 


1 JAN 2014 COMMON STRUCTURAL RULES 


2 MAXIMUM AND MINIMUM MASSES OF CARGO IN EACH HOLD 


IACS 


2.1 Maximum permissible mass and minimum required mass of single cargo hold 


2.1.1 BC-A ship not having {No MP} notation assigned 


Table 1: BC-A ship not having {No MP} notation assigned 


Hold | Loading conditions Max / Min curves pail Ref 
Maximum: Ch 4, 
TaT) | Sec 8, 
Wnaxs (T) = Mpo + 0.1 My- 1.025 Vy B < Mpp [4.2.3] 
Seagoing b&c 
Minimum: Ch 4, 
_ (T,- 0.83T 5c) Il Sec 8, 
Wrins (Ti) = 1.025 Vy an ar 20 [4.2.2] b 
Maximum: Ch 4, 
Sec 8, 
(0.67 Tsc—T;) Il-4 | [4.2.6] a 
Wraxu(T,) = max| Mro- 1.025 Vy h SMa | i2 | cha, 
Harbour Wraxs (T) + 0.145 Myo S Myn et 
Minimum: Ñ p 
ec 8, 
Wrin(T;) = Winins(Ti) — 0-15 Myo > 0 (4.2.5) 
Example BC-A ships not having {No MP} for FA holds 
FA 
T,,,(min. value) M,,+ 0.1 M, 
wa 
Mm ----- X------5 : Muy 
z 
S 
= 
x“ i soe 
J Seagoing 
x 
0.15 Me | : il 
0.15 M,,, 
Draught (m) 0.83 Toc Teg 
Harbour 
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Hold | Loading conditions Max / Min curves eo Ref 
Maximum Ch 4, 
0.67 Tsc- T; | Sec 8, 
Wmaxs (Ti) = Mpun- 1.025 Vy aa S Meu [4.2.2] a 
Seagoing — 
Minimum: Ch 4, 
a (T;— Tso) ll Sec 8, 
Wrins (1) = 1.025 Vy h 20 [4.2.3] a 
Maximum i - K 
ec 8, 
W maxn( Ti) z Wmaxs(T;) + 0.15M;un < Mpun [4.2.5] 
Harbour 
Minimum: v kas p 
ec 8, 
Wrinh(Ti) = Wmins(T:) — 0.15MFun 2 O [4.2.5] 
Example BC-A ships not having {No MP} for EA hold 
EA 
Tyo 
FULL 
z 
© 
= 
ae Seagoing i 
0.15 Moa j 
Draught (m) 0.67 Tog Ee 
1 JAN 2014 COMMON STRUCTURAL RULES 


2.1.2 BC-A ship having {No MP} notation assigned 


Table 2 : BC-A ship having {No MP} notation assigned 


IACS 


Hold | Loading conditions Max / Min curves pe Ref 
Maximum: Ch 4, 
(T T) | Sec 8, 
Wmaxs (T) = Mpp + 0.1 My- 1.025 Vy —=—§ < Mnp [4.2.3] 
h 
b&c 
Minimum: 
Seagoing Ch 4, 
Sec 8, 
1.025y, Tea) > 0 I-14 | [4.2.4] ¢ 
Wins (T) = min h 1-2 | Cha, 
0.5M,- 1.025 v, T= 5 9 Sec 8, 
h [4.2.1] b 
Maximum: Ch 4, 
Sec 8, 
(0.67 Tsc—T,) Il-4 | [4.2.6] a 
Wmmexn(T;) = max| Muo— 1.025 Vy h SMa | W2 | cha, 
Harbour Wmaxs (T;) + 0.15M < Mu ee 
Minimum: Ñ p 
ec 8, 
e Wminn(Ti) = Wmns(T:) - 0-15M yp 20 [4.2.5] 
Example BC-A ships having {No MP} for FA hold 
T,,,(min. value) 
p M,„+ 0.1 M, 
KM ----- Xx------5 Mp 
F 
© 
= 
Ke É oot 
í Seagoing 0.5 M, 
Xx 
0.15 Me | 0.15 Mp 
Draught (m) Toae Tse 
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Hold | Loading conditions Max / Min curves Ref Ref 
Maximum Ch 4, 
Tsc—T; | Sec 8, 
Wnas (T) = Mru- 1.025 Vy ED < Mpy meen 
Seagoing — 
Minimum: Ch 4, 
_ (T;— Tso) II Sec 8, 
Wnins (T) = 1.025 V,, E a 20 [4.2.3] a 
Maximum Ch 4, 
Sec 8, 
(0.67 Tsc— T;) Ill-4_ | [4.2.6] a 
Waen(T)) = max| Mro 1-025 Vy — a S Meu | m2 | Ch, 
Harbour Wmaxs(Ti) + 0.15 Mpun S Meu saga 
[4.2.5] 
Minimum: i a K 
ec 8, 
Wrin(T:) = Wenins(T;) - 0-15 Mpuy, 2 O (4.2.5) 
EA Example BC-A ships having {No MP} for EA hold 
T,,.(min. value) 
Seagoing 
Draught (m) Tse 
1 JAN 2014 COMMON STRUCTURAL RULES 


2.1.3 BC-B and BC-C ships not having {No MP} notation assigned 


Table 3 : BC-B and BC-C ships not having {No MP} notation assigned 


IACS 


Loading conditions Max / Min curves ig Ref 
Maximum Ch 4, 
0.67 Tsc- T; | Sec 8, 
Wnass (T) = Mpyy~ 1.025 Vy CSAs < Mpy Rre 
Seagoing — 
Minimum: Ch 4, 
_ (T;— 0.83T 5c) Il Sec 8, 
W ming (T) = 1.025 Vy — r >0 [4.2.2] b 
Maximum iii ki r 
ec 8, 
Wmaxn( T) = Wmaxs(T;) + 0.15 Mru < Meu [4.2.5] 
Harbour 
Minimum: iy be p 
ec 8, 
Wmnminn (Ti) = Wmins(Ti) — 0-15 Meu 2 O [4.2.5] 
Example BC-B and BC-C ships not having {No MP} 
Tiz 
X M 
z 
S 
= 
x Seagoing 1 
0.15 Maa i 
} 0.15 Meu 
Draught (m) 0.67 Te 0.83 T,, Tag 
Harbour 
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2.1.4 BC-B and BC-C ships having {No MP} notation assigned 


Table 4 : BC-B and BC-C ships having {No MP} notation assigned 


Mass (t) 


Seagoing 


Draught (m) T, 


BALH 


Loading conditions Max / Min curves Ref Ref 

Maximum: Ch 4, 

Tsc- T; | Sec 8, 
Wangs (T) = Mpyy~ 1.025 Vy EED < My, a 

, Minimum: Ch 4, 

Seagoing Sec 8, 
1.025V,, Ciz Tent —1) >0 l-4 | [4.2.4] 

Wrnins (T) = min á 2 | cha, 

0.5M, — 1.025 v, T2 >0 Sec 8, 
h [4.2.1] b 

Maximum: Ch 4, 

Sec 8, 
(0.67 Tsc-T,) Il-1 | [4.2.6] a 

Woox(T,) = max| Mru— 1.025 Vy h SMru | 2 | ch 4, 

Harbour Wrraxs (T) + 0.15Meun < Mpun 360A, 

[4.2.5] 

Minimum: r < p 

ec 8, 

Wrrinn(T:) = Wmins(T;) — 0-15 Mpuy) 2 O (4.2.5) 

Example BC-B and BC-C ships having {No MP} 
T,,.(min. value) 
&------: X-------- M 
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3 = MAXIMUM AND MINIMUM MASSES OF CARGO OF TWO ADJACENT HOLDS 


3.1 Maximum permissible mass and minimum required mass of two adjacent holds 


3.1.1 BC-A ships not having {No MP} notation assigned 


Table 5 : BC-A ship not having {No MP} notation assigned 


Loading . Curve 
conditions Max / Min curves Ref Ref 
Maxi : 
pee Ch 4, Sec 
Vv. v 8, [4.2.3] 
(Marx + 0.1 My) — 1.025 (= + v2 ) (Tsc— Ti) < Marx | 1® d 
Wrmaxs (Ti) = max a l-2 |Ch4,Sec 
V; V, D: 
Seagoing S Mru1.025 (s+ 2) (0.67 Tsc- T) $ Y Mpun 8, 2] 
Minimum: Ch 4, Sec 
Wins (T) = 1.025 = + a) (T;—0.75Ts0) 20 ll 8, [42,2] 
h; h; d 
Maximum: 
Ch 4, Sec 
I-41 |8, [4.2.5] 
Wmaxs (T;) + 0.1453 Msı SM 
Wraxn(T;) = max : 2 iene 2a l-2 |Ch 4, Sec 
Wrnaxs (T) + 0.155 Meu < X Mru 8, [4.2.5] 
Harbour — 
Minimum: 
Ch 4, Sec 
4 (9) 
Wans (T) -0.155 Ma2 0 peel pam 
Wrinu(7;) = min lV-2 |Ch 4, Sec 
W mins (Ti) — 0.15" Mpun 2 O 8, [4.2.5] 
(1) This limit curve is only applicable when block loading condition is included in the loading manual. 
Example BC-A ships not having {No MP} for two adjacent holds 
Tys 
Only applicable for M,,, , | p X(M,,,+ 0.1M,,) 
ae Maxx 
EM pu 
0.15 XM 
Ss i 1 
0.15 YMan oe : Only applicable 0.15 XM ou 
i for May 
Draught(m) 0.67 T, 0.757, | Nir, 0415 2Max 
Harbour 
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3.1.2 BC-A ships having {No MP} notation assigned 


Table 6 : BC-A ship having {No MP} notation assigned 


Loading : Curve 
canditions Max / Min curves Ref Ref 
Maximum: 
Vv. v Ch 4, Sec 8, 
$ Mark +0.1 M,,)-— 1.025 (= + v2 (Tsc-T;) < > Merk I-14 | [4.2.3] d 
Wrmaxs (Tj) = max Ce 2 |Ch4,Sec8, 
Ve Va 
S` Msu-1.025 G t ET [4.2.2] a 
Seagoin 
pong Minimum: 
vV. v Ch 4, Sec 8, 
1.025 (= + v2) (T;- Tear) 2 O Il-4 [4.2.2] c 
Wins (T) = min oe l-2 |Ch4, Secs, 
V; Ya [4.2.2] b 
0.5% M4 — 1.025 G + 7 (Tse- T) 20 
Maximum: 
Ch 4, Sec 8, 
Wmaxs (Ti) + 0.155 Maik < $ Marx naa) [42-5] 
iIl-2 Ch 4, Sec 8, 
Wrnawn(Ti) = MAX) S Mpyy-1.025 ( M4 Y2) (0.67Ts0- T) < F Mpun [4.2.6] b 
h; h Il-3 
E a Ch 4, Sec 8, 
Harbour W maxs (Ti) + 0.15 Mrun < $ Mru [4.2.5] 
Minimum: 
Ch 4, Sec 8, 
1 
Wmns (T) -0.159 Max 2 0 M 
Wrinn(Ti) = min IV-2 |Ch4, Sec 8, 
Wmns (Ti) — 0.155" Meu 2 O [4.2.5] 
(1) This limit curve is only applicable when block loading condition is included in the loading manual. 
Example BC-A ships having {No MP} for two adjacent holds 
Tyg 
Only applicable for Mp% X(M,,,,+ 0.1M,,) 
k an Mak 
= ee T,,, (min. value) 
al oe aah pig ts Seem ÈM pu 
= ; z 
0.15 =, , 
| Onl licabl 
0.15 EM, Seagoing be ee padi 0.15 5M, 
15 ÈM ou 
EA 
0.15 EM 
Draught (m) Tarin V-41 ô m 
1 JAN 2014 COMMON STRUCTURAL RULES 


3.1.3 BC-B, BC-C ships, not having {No MP} notation assigned 


Table 7 : BC-B and BC-C ships not having {No MP} notation assigned 


IACS 


Loading , Curve 
a Max / Min curves Ref Ref 
Maximum: Ch 4 
B V; Va) l Sec 8, 
Wmaxs (Tj) = $ Mrurm1.025 G + h, (0.67 Tsc- Tj) $ Mew [4.2.2] c 
Seagoing — 
Minimum: Ch 4 
E V Ve ) E > ll Sec 8, 
Wans (T) = 1.028 (M+ 72) (1,-0.75Ts0)20 (4.2.2) a 
Maximum: Ch 4, 
lll Sec 8, 
Wrraxu( Ti) = W maxs (Tj) + 0.15 '$°Meun < $ Mru [4.2.5] 
Harbour 
Minimum: Ch 4, 
IV Sec 8, 
Wrnint(Ti) = Wins (Ti) -0.159 Mru 2 O [4.2.5] 
Example BC-B and BC-C ships not having {No MP} for two adjacent holds 
To 
Seagoing ! ! 
} 0.15 5M, 
i i Harbour’ 
Draught (m) 0.67 To 0.75 Ta 
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3.1.4 BC-B, BC-C ships, having {No MP} notation assigned 


Table 8 : BC-B and BC-C ships having {No MP} notation assigned 


Loading : Curve 
conditions Max / Min curves Ref Ref 
Maximum: Ch 4 
_ V; va) | Sec 8, 
Wrmaxs (Ti) = Z Mru1.025 te + AE) Tse- T) S Z Meu 421a 
Minimum: 
. Ch 4, 
Seagoing Sec 8 
1.025 (“ + v2) (T;-Tepar_y) 20 Il-4 | [4.2.4] c 
Wrmins (Ti) = min a l-2 | Ch4, 
Vr. Va Sec 8 
0.55°M,-—1.025 = + ve) Tsc—T,)20 ’ 
Ln h; h; (Tsc= Ti) [4.2.1] b 
Maximum: Ch 4, 
Sec 8, 
S Mrur-1.025 i + ve) (0.67 Tec =T) $ F Mron Uke |[4.2.6]a 
Wnaxa(T) = max h; h, IIl-2 Ch 4, 
Harbour w T)+0.155 M- <5 M Sec 8, 
maxS ( i) > Full = £ Full [4.2.5] 
Minimum: Ch 4, 
IV Sec 8, 
Wrrint(T)) = Wring (T) -0.155 Mey > 0 [4.2.5] 
Example BC-B and BC-C ships having {No MP} for two adjacent holds 
T„„ (min. value) 
a X =M 
= FULL 
0.15 EM p Seagoing 0.15 M, 
0.15 IM pou 
Harbour- il 
Draught (m) Tea 0.67 To, Too 
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SECTION 1 
HULL GIRDER YIELDING STRENGTH 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


Mey : Permissible hogging and sagging vertical still water bending moment in intact seagoing condition, in 
kNm, at the hull transverse section considered, defined in Ch 4, Sec 4, [2.2.2]. 

Mey ) : Permissible hogging and sagging vertical still water bending moment for harbour/sheltered water 
operation, in kNm, at the hull transverse section considered, as defined in Ch 4, Sec 4, [2.2.3]. 

M,wt : Permissible hogging and sagging vertical still water bending moment in flooded condition at sea, in 
kNm, at the hull transverse section considered, as defined in Ch 4, Sec 4, [2.2.4]. 

Mw : Vertical wave bending moment in seagoing condition, in kNm, in intact or flooded conditions at the 
hull transverse section considered, defined in Ch 4, Sec 4, [3.1.1]. 

Mwn : Horizontal wave bending moment, in kNm, at the hull transverse section considered, defined in Ch 4, 
Sec 4, [3.3.1]. 

Qsw : Permissible positive or negative still water shear force for seagoing operation, in kN, at the hull 
transverse section considered, as defined in Ch 4, Sec 4, [2.3.3]. 

Qswp  * Permissible positive or negative still water shear force for harbour/sheltered operation, in KN, at the 
hull transverse section considered, as defined in Ch 4, Sec 4, [2.3.4]. 

Qswt  : Permissible positive or negative still water shear force for in flooded condition at sea, in kN, at the 
hull transverse section considered, as defined in Ch 4, Sec 4, [2.3.5]. 

Qw : Vertical wave shear force in seagoing condition, in kN, in intact or flooded conditions at the hull 
transverse section considered, defined in Ch 4, Sec 4, [3.2.1]. 

Qswicd : Vertical still water shear force for the considered loading condition in seagoing operation, in kN, at 
the hull transverse section considered. 

Qswicap : Vertical still water shear force for the considered loading condition in harbour/sheltered operation, in 
kN, at the hull transverse section considered. 

Qsw-cat : Vertical still water shear force for the considered flooded condition in seagoing operation, in kN, at 
the hull transverse section considered. 

X : X coordinate, in m, of the calculation point with respect to the reference coordinate system defined in 
Ch 1, Sec 4, [3.6]. 

Vp : Vertical distance to the equivalent deck line, in m, as defined in [1.4.3]. 

Z : Z coordinate, in m, of the calculation point with respect to the reference coordinate system defined in 
Ch 1, Sec 4, [3.6]. 

Zn : Z coordinate, in m, of horizontal neutral axis of the hull transverse section with net scantling defined 
in [1.2], with respect to the reference coordinate system defined in Ch 1, Sec 4, [3.6]. 

lanso  : Net moment of inertia, in m4, of the hull transverse section about its horizontal neutral axis, to be 
calculated according to [1.5]. 

lanso 2 Net moment of inertia, in m4, of the hull transverse section about its vertical neutral axis, to be 
calculated according to [1.5]. 
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Zanso. : Net section modulus, in m3, at any point of the hull transverse section, to be calculated according 


[1.4.1]. 

Zensor Zonso. Net section moduli, in m3, at bottom and deck, respectively, to be calculated according to [1.4.2] 
and [1.4.3]. 

Zvp : Z coordinate, in m, taken equal to Vp + Z}. 

Ce : Wave parameter defined in Ch 4, Sec 4. 

p : Seawater density, taken equal to 1.025 t/mê. 


1 = STRENGTH CHARACTERISTICS OF HULL GIRDER TRANSVERSE SECTIONS 


1.1 General 


1.1.1 


This section specifies the criteria for calculating the hull girder strength characteristics to be used for the 
checks in [2] to [3], in association with the hull girder loads specified in Ch 4, Sec 4. 


1.2 Hull girder transverse sections 


1.2.1 General 


Hull girder transverse sections are to be considered as being constituted by the members contributing to the 
hull girder longitudinal strength, i.e. all continuous longitudinal members below and including the strength 
deck defined in [1.3], taking into account the requirements in [1.2.2] to [1.2.13]. 

1.2.2 Net scantling 


The members contributing to the hull girder longitudinal strength are to be considered using the net offered 
scantlings based on gross offered thickness reduced by 0.5 t,, as defined in Ch 3, Sec 3, when the hull girder 
strength characteristics are used for the hull girder yielding check according to [2] to [3]. 


1.2.3 Structural members not contributing to hull girder sectional area 


The following members are not to be considered in the calculation as they are considered not contributing to 
the hull girder sectional area: 


e Superstructures which do not form a strength deck. 
e Deckhouses. 

e Vertically corrugated bulkheads, according to [1.2.7]. 
e Bulwarks and gutter plates. 

e Bilge keels. 

e Sniped or non-continuous longitudinal stiffeners. 


e Non-continuous hatch coaming. 


1.2.4 Continuous trunks and longitudinal continuous hatch coamings 

Continuous trunks and longitudinal continuous hatch coamings may be included in the hull girder transverse 
sections, provided that they are effectively supported by longitudinal bulkheads or primary supporting 
members. 

1.2.5 Longitudinal stiffeners or girders welded above the strength deck 


Longitudinal stiffeners or girders welded above the strength deck, including the deck of any trunk fitted as 
specified in [1.2.4], are to be included in the hull girder transverse sections. 
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1.2.6 Longitudinal girders between hatchways, supported by longitudinal bulkheads 

Where longitudinal girders, effectively supported by longitudinal bulkheads, are fitted between hatchways, the 
sectional area of these longitudinal girders are to be included in the hull girder transverse section. 

1.2.7 Longitudinal bulkheads with vertical corrugations 


For longitudinal bulkheads with vertical corrugations, the vertical corrugations are not to be included in the 
hull girder transverse section. Longitudinal bulkheads with vertical corrugations are not effective for hull girder 
bending, but they are effective for hull girder shear force. 


1.2.8 Members in materials other than steel 


Where a member contributing to the longitudinal strength is made in material other than steel with a Young’s 
modulus, E equal to 2.06x105 N/mm?, the steel equivalent sectional area that may be included in hull girder 
transverse section is obtained, in m?, from the following formula: 


E 2A 
2.06 x 10 


Ase-ns0 = M-n50 


where: 


Amnso : Sectional area, in m?, of the member under consideration. 


1.2.9 Definitions of openings 
The following definitions of opening are to be applied: 
a) Large openings are: 
¢ Elliptical openings exceeding 2.5 m in length or 1.2 m in breadth. 
e Circular openings exceeding 0.9 m in diameter. 
b) Small openings (i.e. manholes, lightening holes, etc) are openings that are not large ones. 
c) Isolated openings are openings spaced not less than 1 m apart in the ship’s transverse/vertical 
direction. 
1.2.10 Large openings and nearby small openings 


Large openings are to be deducted from the sectional area used in hull girder moment of inertia and section 
modulus. When small openings are spaced less than 1 m apart in the ship’s transverse/vertical direction to 
large openings, the total breadth of them is to be deducted from the sectional area. 


Additionally, isolated small openings which do not comply with the arrangement requirements given in Ch 3, 
Sec 6, [6.3.2] are to be deducted from the sectional areas included in the hull girder transverse sections. 
1.2.11 Isolated small openings 


Isolated small openings in one transverse section in the strength deck or bottom area need not be deducted 
from the sectional areas included in the hull girder transverse sections, provided that: 


Eb, < 0.06(B — Eb) 


Èbs : Total breadth of isolated small openings, in m, in the strength deck or bottom area at the transverse 
section considered, determined as indicated in Figure 1, not deducted from the section area as per 
[1.2.10]. 

Èb : Total breadth of large openings, in m, at the transverse section considered, determined as indicated 


in Figure 1, deducted from the section area as defined in [1.2.10]. 


Where the total breadth of isolated small openings Xb, does not fulfil the above criteria, only the excess of 
breadth is to be deducted from the sectional areas included in the hull girder transverse sections. 
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Figure 1 : Calculation of 3b and 5b, 


Hull transverse section 


| 7 = 
~ consideration 


b, and b, included in Xb and Xb, 


1.2.12 Lightening holes, draining holes and single scallops 


Lightening holes, draining holes and single scallops in longitudinals need not be deducted if their height is less 
than 0.25 h,, where h,, is the web height of the longitudinals, in mm. Otherwise, the excess is to be deducted 
from the sectional area or compensated. 


1.2.13 Non-continuous decks and longitudinal bulkheads 


When calculating the effective area in way of non-continuous decks and longitudinal bulkheads, the effective 
area is to be taken as shown in Figure 2. The shadow area, which indicates the ineffective area, is obtained by 
drawing two tangent lines with an angle of 15 deg to the longitudinal axis of the ship. 


Figure 2 : Effective area in way of non-continuous decks and bulkheads 


| | Effective area | | Non-effective area 
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1.3 Strength deck 


1.3.1 


The strength deck is, in general, the uppermost continuous deck. In the case of a superstructure or 
deckhouses contributing to the longitudinal strength, the strength deck is the deck of the superstructure or 
the deck of the uppermost deckhouse. 


1.4 Section modulus 


1.4.1 Section modulus at any point 


The section modulus at any point of a hull transverse section is obtained, in m°, from the following formula: 
= l -n50 
Z4- n50 = 2 
|z-Z,| 
1.4.2 Section modulus at bottom 


The section modulus at bottom is obtained, in m3, from the following formula: 


= ly n50 


ZB-n50 
n 


1.4.3 Section modulus at deck 


The section modulus at equivalent deck line is obtained, in m°, from the following formula: 


Zp-n50 = l=nso 
Vo 
where: 
Vp : Vertical distance of the equivalent deck line, in m, taken equal to: 


When no effective longitudinal members specified in [1.2.4] and [1.2.5] are positioned above a line extending 
from strength deck at side to a position (Zp- z,)/0.9 from the neutral axis at the centreline 


Vp = Zp-Zn 


When effective longitudinal members as specified in [1.2.4] and [1.2.5] are positioned above a line extending 
from strength deck at side to a position (Zp- z,)/0.9 from the neutral axis at the centreline 


Vp = (Zp—Zn) (0.9 + 0.2% ) > 2 —Zp 


Zp : Z coordinate, in m, of strength deck at side, defined in [1.3]. 


Yn Zr : Y and Z coordinates, in m, of the top of continuous trunk, hatch coaming, longitudinal stiffeners or 
girders, to be measured for the point which maximises the value of Vp. 


1.5 Moments of inertia 


1.5.1 


The net moment of inertia, |,,.59 and I,.,50, in m4, are those, calculated about the horizontal and vertical neutral 
axes, respectively, of the hull transverse sections defined in [1.2]. 
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2 HULL GIRDER BENDING ASSESSMENT 


2.1 General 


2.1.1 

Scantlings of all continuous longitudinal members of the hull girder based on moment of inertia and section 
modulus requirement in [2.3] are to be maintained within 0.4 L amidships. 

2.1.2 


The k material factors are to be defined with respect to the materials used for the bottom and deck members 
contributing to the longitudinal strength according to [1]. When material factors for higher strength steels are 
used, the requirements in [2.4] apply. 


2.2 Normal stresses 


2.2.1 


The normal stress, ©, induced by vertical bending moments, is to be assessed for both hogging and sagging 
conditions, along the full length of the hull girder, from AE to FE. 


The normal stress, ©, at any point of the hull transverse section located below Zyp is to comply with the 
following formula: 


OL < O perm 
where: 
OL : Normal stress, in N/mm?, as defined in [2.2.2]. 


Sperm  : Permissible hull girder bending stress, in N/mm?, as given in Table 1. 


2.2.2 


The normal stresses, ©, in N/mm, induced by vertical bending moments are given in Table 2: 


2.2.3 


The normal stresses in a member made in material other than steel with a Young’s modulus, E equal to 
2.06 x 105 N/mm?, included in the hull girder transverse sections as specified in [1.2.8], are obtained from 
the following formula: 


E 


O, = eee Ols 
2.06 x 10 
where: 
Ols : Normal stress, in N/mm?, in the member under consideration, calculated according to [2.2.2] 


considering this member as having the steel equivalent sectional area Asg defined in [1.2.8]. 


2.3 Minimum net moment of inertia and net section modulus at midship section 


2.3.1 


At the transverse section in the midship part, the net moment of inertia about the horizontal axis, |,,59 is to be 
not less than the value obtained, in m4, from the following formula: 


lR = 2.7 Cy L? B(Cgt 0.7) 10 
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Table 1: Permissible hull girder bending stress 


Permissible hull girder bending stress, Operm 
Operation Design load 
X X X X X 
-= <0.1 .1<- : 3<5=-<0.7 <r ; =>0. 
T (0) (0) Ss 0.3 T (0) (0) $7503 T 0.9 
: Linear Linear 
+ 
Seasolne om ee interpolation A i interpolation TROK 
Harbour/sheltered Linear Linear 
water (S) see interpolation aes interpolation Tok 
Flooded condition 
ät sea Tor bulk Linear Linear 
carriers having a (A:S+D) 140/k interpolation 190/k interoclation 140/k 
length L of 150 m p p 
or above 
Table 2 : Normal stress, 0, 
Normal stress, ©, 
Operation 
At any point located below Zyp At bottom ® At deck ® 
Msw + Mw Msw + Mw Msw + Mw 
Seagoing o, = ——— 10 ©, = ——— 10° ©, = —— 10? 
Za- nso ZB- n50 Zb-ns0 
Harbour/sheltered Msw-p Moy Mey - 
= SW 10-3 - SWP 10-3 = SWP 10-3 
water a Za—n50 2i ZB -n50 : a Zp-n50 j 
Flooded condition 
at sea for bulk 
M +M M +M M +M 
carriers having a o, = DRA 10-3 o, = E CE 10-3 o, = e 10-3 
length L of 150 m A-n50 B-n50 D-n50 
or above 
(1) The a; values at bottom and deck, correspond to the application of formula given for any point, calculated at equivalent deck line 


and at baseline. 


2.3.2 


At the transverse section in the midship part, the vertical hull girder net section modulus at the deck and the 
bottom, Zp.nso and Zp.n50, are not to be less than the value obtained, in m?, from the following formula: 


Zp = 0.9k C, L? B (Cp + 0.7) 10-8 


2.4 Extent of high tensile steel 


2.4.1 Vertical extent 


The vertical extent of higher strength steel, Zas,» in m, used in the deck zone or bottom zone and measured 
respectively from the moulded deck line at side or baseline is not to be taken less the value obtained from the 
following formula, see Figure 3: 


oO ; 
Znts, i = adie Spern.) 


OL 
where: 
Zi : Distance from horizontal neutral axis to moulded deck line or baseline respectively, in m. 
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Operm : Permissible hull girder bending stress of the considered steel, in N/mm?, as given in Table 1 and 


Figure 3. 
oO, : Hull girder bending stress, Oax at moulded deck line or © at baseline respectively, in N/mm? given in 
Table 3. 
Table 3 : Hull girder stresses at baseline and moulded deck line 
Operation At baseline At moulded deck line 
A M,,+M M,,+M 
Seagoing Op = [Mew + Mul 10-3 Oa. = [Mow + Mu (Zaks = Zn) 10-3 
y-n50 ly nso 
= Mew- -3 = Msw-~pl -3 
Harbour/sheltered water | Op, = Z,10 Oak = i (Zak-s— Zn) 10 
y-n50 y-n50 
Flooded condition at sea 
for bulk carriers having a Msw-t + Mw Msw-r + Mwy 
Op = ———— z, 103 Og. = ———" (Z — z,) 10-3 
length L of 150 m or j — n ak ly -n50 (Zax-s~ Zn) 
above 
Laks : Distance from baseline to moulded deck line at side, in m. 
Figure 3 : Vertical extent of higher strength steel 
en eee "em wai see aed a Paes Pere E nnn ai te 
H.T. steel 
Zhts, 1 
Operm, 1 
Vertical upper limit of steel “1” 
Zhts 2 
Zi Vertical upper limit of steel “2” 


2.4.2 Longitudinal extent 
Where used, the application of higher strength steel is to be continuous over the length of the ship to the 


location where the longitudinal stress levels are within the allowable range for mild steel structure, as shown in 
Figure 4. 
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Figure 4 : Longitudinal extent of higher strength steel 


Equivalent mild steel 


H.S. steel line 


Required hull girder section modules 


3 HULL GIRDER SHEAR STRENGTH ASSESSMENT 


3.1 General 

3.1.1 

The hull girder shear strength requirements apply along the full length of the hull girder, from AE to FE. 
3.2 Hull girder shear capacity 


3.2.1 


The total vertical hull girder shear capacity, Qp in kN, is the minimum of the calculated values for all plates i 
contributing to the hull girder shear of the considered transverse section and is to be taken as: 


Op = min( Terz -nso . 10°) 


I vi 


where: 

tinso  : Net thickness of plate i, in mm. For longitudinal bulkheads between cargo tanks of oil tankers, t;nso iS 
to be taken aS t,rnso (See [3.4.1]) and tsti-knso (See [3.5.1]) as appropriate. 

Qvi : Contribution ratio for hull girder shear force per mm, in mm, for the plate i based on net scantlings 


with deduction of 0.5 tẹ which is equal to the unit shear flow per mm, in N/mm, obtained from a 
numerical calculation based on thin-walled beam theory according to Ch 5, App 1. 


Tiperm : Permissible shear stress, in N/mm?, as given in Table 4, for plate i. 


Table 4 : Permissible hull girder shear stress 


Operation Design load Permissible hull girder shear, Tiperm 
Seagoing (S+D) 120/k 
Harbour/sheltered water (S) 105/k 
Flooded condition at sea of 
bulk carriers having a length L (A:S+D) 120/k 
of 150 m or above 
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3.3 Acceptance criteria 


3.3.1 Permissible vertical shear force 
The positive and negative permissible vertical shear forces are to comply with the following criteria: 
e For seagoing operation: 
[Qs] S Qe — [Qual 
e For harbour/sheltered water operation: 
[Qsw-p| S Qr 
¢ For flooded condition at sea of bulk carriers having a length L of 150 m or above: 
lQsw-d S Qe = [Qul 
where: 
QR : Total vertical hull girder shear capacity, in kN, as defined in [3.2.1]. 
The shear force Qw, used in 2 above criteria is to be taken with the same sign as the considered shear forces 
Qs, and Q.y.- respectively. 
3.3.2 Vertical still water shear force 
The vertical still water shear forces, in kN, for all loading conditions are to comply with the following criteria: 
e For seagoing operation: 
|Qsw—Lea- AQmar < |Qsw| 
e For harbour/sheltered water operation: 
[Qsw-tca-p— AQ nad < |Qsw-pl 
¢ For flooded condition at sea of bulk carriers having a length L of 150 m or above: 
|Qsw—Lea-r— AQmar| < |Qsw—d 
where: 
AQmar : Shear force correction at the transverse section considered, in kN, taken as: 
e For bulk carriers, the value defined in [3.6.1]. 
e For oil tankers, AQmar = O. 


The permissible shear forces Qsw, Qewp and Qware to be taken with the same sign as the considered shear 
forces Qsw-Lear Qsw-Lca-p and Qsw-Lca-f respectively. 


3.4 Effective net thickness for longitudinal bulkheads between cargo tanks of oil tankers 


3.4.1 


For longitudinal bulkheads between cargo tanks, the net thickness of the plating above the inner bottom, tsfi-ns50 
for plate i, in mm, is given by: 


tsti-nso = binso— tai 


where: 
tii : Thickness deduction for plate i, in mm, as defined in [3.4.2]. 
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3.4.2 


The vertical distribution of thickness reduction for shear force correction is to be triangular as indicated in 
Figure 5. The thickness deduction, ta; in mm, to account for shear force correction on the plate i, is to be taken 
as: 


ty; = 5Q3 (a _ _Xbik ) (2 _2(Z,- w) 
hoik Ti-perm 0.50% hoik 
where: 


5Q; : Shear force correction for longitudinal bulkhead as defined in [3.4.3] and [3.4.4] for ships with one 
or two longitudinal bulkheads respectively, in KN. 


Lik : Length of cargo tank, in m. 


Non : Height of longitudinal bulkhead, in m, defined as the distance from inner bottom to the deck at the 
top of the bulkhead, as shown in Figure 5. 


Xbik : Minimum longitudinal distance from section considered to the nearest cargo tank transverse 
bulkhead, in m. To be taken positive and not greater than 0.5 Zye 


Z : Vertical distance from the lower edge of plate i to the base line, in m, but not taken less than hap- 
Nap : Height of double bottom, in m, as shown in Figure 5. 
Tiperm : Permissible hull girder shear stress, in N/mm‘, for plate i: 


Tipem = 120/k. 


Figure 5 : Shear force correction for longitudinal bulkheads 


3.4.3 Shear force correction for a ship with a centreline longitudinal bulkhead 


For ships with a centreline longitudinal bulkhead, the shear force correction in way of transverse bulkhead, 
5Q;, in KN, is to be obtained from the following formula: 


where: 
Fab : Maximum resulting force on the double bottom in a tank, in kN, as defined in [3.4.5]. 
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K3 : Correction factor, to be taken equal to: 


1 
K; = ga: (1-2 j= 
3 1+n 3 


n : Number of floors between transverse bulkheads. 


f3 : Shear force distribution factor, as defined in Table 5. 


3.4.4 Shear force correction for a ship with two longitudinal bulkheads between the cargo tanks 


For ships with two longitudinal bulkheads between the cargo tanks, the shear force correction, 5Q, in kN, is to 


be obtained from the following formula: 
Q; = 0.5 K; Fa, 


where: 


Fab : Maximum resulting force on the double bottom in a tank, in kN, as defined in [3.4.5]. 


K3 : Correction factor, to be taken equal to: 


-os (1-ta 
K; = 0.5 (4 eee cg f3 


Table 5 : Shear force distribution factor for oil tanker 


Hull configuration 


f, factor 


One centreline bulkhead 


fs = 0.504 — 0.076 Sanso -0.156 Aon 


2-n50 3-n50 


Two longitudinal bulkheads 


ay 


A A 
fa = 0.353 — 0.049 ae —~ 0.095 i 


2-n50 3-n50 


where: 


consideration. 


outboard girder under. 
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A1n50 A2-nso, A3nso: Net projected area onto the vertical plane based on net thickness, t,50, of the side 
shell, inner hull or the longitudinal bulkhead respectively, at one side of the section under 


The area A,_,59 includes the net plating area of the side shell, including the bilge. 
The area Az p59 includes the net plating area of the inner hull, including the hopper side and the 


The Area Anso includes the net plating area of the longitudinal bulkheads, including the double 
bottom girders in line. The area Anso for the centreline bulkhead is not to be reduced for 
symmetry around the centreline. When the longitudinal bulkhead is made with corrugation, 
Azngo is to consider the equivalent net thickness of the corrugation as defined in [3.4.6]. 
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where: 
n : Number of floors between transverse bulkheads. 
r : Ratio of the part load carried by the wash bulkheads and floors from longitudinal bulkhead to the 
double side taken as: 
Pep eS: eee ee ED 
I A3-ns0 4 2 x 104 bso(Ns + aaa 
A1-n50 + Å2-n50 lx (Ns At-ns0 + R) 
lik : Length of cargo tank, between transverse bulkheads in the side cargo tank, in m. 
bso : 80% of the distance from longitudinal bulkhead to the inner hull longitudinal bulkhead, in m, at tank 


mid length. 


Arnso : Net shear area of the transverse wash bulkhead, including the double bottom floor directly below, in 
the side cargo tank, in cm?, taken as the smallest area in a vertical section. 


ALnso, Ao-nso: A3-nso:Net areas, as defined in Table 5, in m2. 


f : Shear force distribution factor, as defined in Table 5. 
Ns : Number of wash bulkheads in the side cargo tank. 
R : Total efficiency of the transverse primary supporting members in the side tank in cm?. 
R= (2 Sny 1) “e080 
2 y 


y= 14300 bso” Ag-nso 


lpsm-n50 


Aonso : Net shear area, in cm?, of a transverse primary supporting member in the wing cargo tank, taken as 
the sum of the net shear areas of floor, cross ties and deck transverse webs. The net shear area is to 
be calculated at the mid span of the members. 


Insmnso : Net moment of inertia for transverse primary supporting members, in cm’, in the wing cargo tank, 
taken as the sum of the moments of inertia of transverses and cross ties. The net moment of inertia 
is to be calculated at the mid span of the member including an attached plate width equal to the 
primary supporting member spacing. 

3.4.5 Vertical force on double bottom 


The maximum vertical resulting force on the double bottom in a tank, Fa is in no case to be less than that 
given by the minimum conditions given in Table 6. 


The maximum resulting force on the double bottom in a tank, F,, in KN, is to be taken as: 
Fan = &|Wert Wewar—P Do Lik Tmean| 
where: 
Wor : Weight of cargo, in tonnes, as defined in Table 7. 
Wower : Weight of ballast, in tonnes, as defined in Table 7. 
bo : Breadth, in m, as defined in Table 7. 
Lik : Length of cargo tank, between watertight transverse bulkheads in the wing cargo tank, in m. 


Tmean : Draught at the mid length of the tank for the loading condition considered, in m. 
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Table 6 : Minimum conditions for double bottom 


Structural configuration 


Positive/negative force, F,, 


Minimum condition 


Ships with centreline 
bulkhead 


Max positive net vertical 
force, Fans 


0.9 T,, and empty cargo tanks and ballast 
tanks 


Max negative net vertical 
force, Fap- 


0.6 T,, and full cargo tanks and empty ballast 
tanks 


Ships with two longitudinal 
bulkheads 


Max positive net vertical 
force, Fans 


0.9 T,, and empty cargo tanks and ballast 
tanks 


Max negative net vertical 
force, Fap- 


0.6 T,, and full centre cargo tank and empty 
ballast tanks 


Table 7 : Design conditions for double bottom 


Structural configuration 


Wer 


Wewer bə 


Ships with centreline 
bulkhead 


Weight of cargo in cargo 
tanks, in tonnes, using a 
minimum density of 
1.025 t/m?. 


Maximum breadth 


Weight of ballast between | between port and 
port and starboard inner | starboard inner sides at 
sides, in t. mid length of tank, in m, 


as shown in Figure 6. 


Ships with two 
longitudinal bulkheads 


Weight of cargo in the 


Maximum breadth of the 


centre tank, in tonnes, Weight of ballast below centre cargo tank at mid 
using a minimum density | the centre cargo tank, in t. | length of tank, in m, as 


of 1.025 t/m?. 


shown in Figure 6. 


Figure 6 : Tank breadth b, 


3.4.6 Equivalent net thickness of corrugation 


< > 


The equivalent net thickness, in mm, of the corrugation of vertical and horizontal corrugated bulkheads, too--nso; 
to be used for the calculation of the effective net shear area and for the unit shear flow, is given as follows: 


or satia, = -0.5t, 

where: 

tw-gr : Gross corrugation web thickness, in mm. 

tigr : Gross corrugation flange thickness, in mm. 

So : Projected length of one corrugation, in mm, as defined in Ch 3, Sec 6, Figure 21. 

c : Breadth of corrugation web, in mm, as defined in Ch 3, Sec 6, Figure 21. 

a : Breadth of corrugation flange, in mm, as defined in Ch 3, Sec 6, Figure 21. 
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3.5 Effective net thickness for longitudinal bulkheads between cargo tanks of oil tankers - 
Correction due to loads from transverse bulkhead stringers 


3.5.1 


In way of transverse bulkhead stringer connections, within areas as specified in Figure 7, the equivalent net 
thickness of plate, tst-k-n50 in mm, where the index k refers to the identification number of the stringer, is not to 
be taken greater than: 


= Tsti_k 
tsti-k—n50 > eta) 


Ti_perm 
where: 


Testi : Shear stress in plate i, in N/mm?, in the longitudinal bulkhead due to the stringer force in way of 
stringer k, taken as: 


= Qst-k 
Triak = ea 
beisk tsti-n50 


tsinso : Effective net plating thickness, in mm, calculated at the transverse bulkhead for the height 
corresponding to the level of the stringer. 


Tiperm : permissible hull girder shear stress, in N/mm2, as defined in Table 4 for the plate i. 
bevy : Connection length of stringer k, in m, as defined in Figure 7. 
Ostx : Shear force on the longitudinal bulkhead from the stringer in loaded condition with tanks abreast full 


in KN, taken as: 


Qst- = 0.8 re Clee 


Aoix 

Eik : Total stringer supporting force in way of a longitudinal bulkhead, in kN, taken as: 

Eus Ps Dst_~ (Ay + Ay 1) 

2 

Nap : Double bottom height, in m. 
Non : Height of bulkhead, in m, defined as the distance from inner bottom to the deck at the top of the 

bulkhead. 
Zst-k : Z coordinate of the stringer k, in m. 
Prix : Pressure on stringer k, in kN/m?, taken as:. 


Pew = E Pr Nu- 
PL : Density of the liquid in cargo tank, in t/m?, ad defined in Ch 4, Sec 6. 


hik : Height from the top of the tank to the midpoint of the load area between h,/2 below and h,.,/2 
above the stringer k, in m. 


hk : Vertical distance from the considered stringer k to the stringer k+1 below. For the lowermost stringer, 
it is to be taken as 80% of the average vertical distance to the inner bottom, in m. 


hki : Vertical distance from the considered stringer k to the stringer k-1 above. For the uppermost stringer, 
it is to be taken as 80% of the average vertical distance to the upper deck, in m. 


Dst-x : Load breadth acting on stringer k, in m, as defined in Figure 9 and Figure 10. 
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Figure 7 : Effective connection length of stringer 


Stringer connection length 


st-k 


Figure 8 : Region for stringer correction, t,, for ships with 3 stringers 
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Figure 9 : Load breadth of stringers for ships with a centreline bulkhead 


Buttress 


Figure 10 : Load breadth of stringers for ships with 2 inner longitudinal bulkheads 


In this figure: 
bwm is the breadth of wing cargo tank, in m. 
by, is the breadth of centre cargo tank, in m. 
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3.5.2 


Where reinforcement is provided to meet the above requirement, the reinforced area based on the maximum 
value Of toiicnso iS to extend longitudinally for the full length of the stringer connection and a minimum of one 
frame spacing forward and aft of the bulkhead. The reinforced area is to extend vertically from above the 
stringer level and down to 0.5 h, below the stringer, where h,, the vertical distance from the considered 
stringer to the stringer below is as defined in [3.5.1]. For the lowermost stringer the maximum plate thickness 
requirement, tst-knso ÎS to extend down to the inner bottom, see Figure 8. 


3.6 Shear force correction for bulk carriers 


3.6.1 


When hull girder shear strength assessment is performed in accordance with [3], shear force correction, which 
takes into account the portion of loads transmitted by the double bottom longitudinal girders to the transverse 
bulkheads, is to be considered. 


For the considered cargo hold, the shear force correction at the considered transverse section is to be 
obtained, in kN, from the following formula: 


M 
AQ, =¢,0(—M.- = T ‘al 
Qmat g g, P tem 


where: 
Ca : Distribution coefficient taken as: 
e C,=-1 atthe aft end of the considered cargo hold except for aftmost cargo hold. 
e C,=1 atthe fore end of the considered cargo hold except for foremost cargo hold. 
e C,=0 at mid-length of the cargo hold. 
e C,=0 atthe aft bulkhead of the aftmost cargo hold. 
e C,=0 atthe fore bulkhead of the foremost cargo hold. 
e C4: Linearly distributed at other locations. 
a : Coefficient taken as: 
pog ii 
2+ U7 
M : Mass, in t, in the hold in way of the considered transverse section for the considered loading 
condition. M is to include the mass of ballast water and fuel oil located directly below the flat portion 
of the inner bottom, if any, excluding the portion under the bulkhead stool. 
By : Breadth of the cargo hold, in m, as defined in Ch 4, Sec 6. 
ly : Length of the cargo hold, in m, as defined in Ch 4, Sec 6. 


lo, Do : Length and breadth, respectively, in m, of the flat portion of the double bottom in way of the hold 
considered; bois to be measured on the hull transverse section at the middle of the hold. 


@ = 1.38 + 1.55 £ , but not greater than 3.7. 
0 


Tiem : Draught, in m, measured vertically on the hull transverse section at the middle of the hold 
considered, from the moulded baseline to the waterline in the loading condition considered. 
AQcr  : Shear force correction for the full hold. 


AQce  : Shear force correction for the empty hold. 
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Figure 11 : Shear force correction, AQ, 


Bulkhead 


fio» 


Loaded hold 


Shear force obtained as 
specified in Ch 4, Sec 4 


1 JAN 2014 


PART 1 CHAPTER5 SECTION 1 


PART 1 CHAPTER5 SECTION 2 


IACS 


SECTION 2 
HULL GIRDER ULTIMATE STRENGTH 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4 


MswnMew-s: Permissible hogging and sagging vertical still water bending moment in intact seagoing condition, 
in kNm, at the hull transverse section considered, defined in Ch 4, Sec 4, [2.2.2]. 


Msw-p-» Msw-ps: Permissible hogging and sagging vertical still water bending moment for harbour/sheltered 
water operation, in kNm, at the hull transverse section considered, as defined in Ch 4, Sec 4, [2.2.3]. 


My.  : Permissible hogging and sagging vertical still water bending moment in flooded condition at sea, in 
kNm, at the hull transverse section considered, as defined in Ch 4, Sec 4, [2.2.4]. 


1 = APPLICATION 


1.1 General 


1.1.1 


The requirements of this section apply to ships equal to or greater than 150 m in length L. 


1.1.2 


The hull girder ultimate strength is to be assessed through the cargo hold region and machinery space. 


1.1.3 


The hull girder ultimate bending capacity is to be checked to ensure that it satisfies the checking criteria given 
in [2]. Such checking criteria are applicable to intact ship structures in the following conditions: 


e For bulk carriers: seagoing, harbour/sheltered water and flooded conditions. 


e For oil tankers: seagoing and harbour/sheltered water conditions. 


2 CHECKING CRITERIA 


2.1 General 


2.1.1 


The vertical hull girder ultimate bending capacity is to be checked for hogging and sagging conditions, for the 
following design load scenarios, as defined in Table 1: 


e For bulk carriers: design load scenario A, for seagoing, harbour/sheltered water and flooded conditions. 


e For oil tankers: design load scenario A, for seagoing and harbour/sheltered water conditions; and 
design load scenario B, for the operational seagoing homogeneous full load condition. 
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Table 1: Design load scenarios 


Design load scenarios Permissible still water bending moment, M,,,.y 


S+D Mew or Mews 


A S Mywep-n or Msw-ps 
A: S+D | Moy 
B S+D Maximum sagging still water bending moment for operational 


seagoing homogeneous full load condition ® 


(1) The maximum still water bending moment is to be taken from the departure condition with the ship homogeneously 
loaded at maximum draught and corresponding arrival and any mid-voyage conditions. 


2.1.2 


The vertical hull girder ultimate bending capacity at any hull transverse section is to satisfy the following 
criteria: 


m< we 
Yr 
where: 
M : Vertical bending moment, in kNm, to be obtained as specified in [2.2.1]. 
My : Vertical hull girder ultimate bending capacity, in kNm, to be obtained as specified in [2.3]. 
Yr : Partial safety factor for the vertical hull girder ultimate bending capacity to be taken equal to: 
Yr = Yu Yog 
Yu : Partial safety factor for the vertical hull girder ultimate bending capacity, covering material, geometric 
and strength prediction uncertainties; in general, to be taken equal to: 
Ym = 1.1 
Ypg : Partial safety factor for the vertical hull girder ultimate bending capacity, covering the effect of double 


bottom bending, to be taken equal to: 
e For hogging condition: 
* Ypg = 1.25 for empty cargo holds in alternate condition of BC-A bulk carriers, 


° Ypg = 1.10 for oil tankers, for BC-B and BC-C bulk carriers and loaded cargo holds in 
alternate condition of BC-A bulk carriers, 


e For sagging condition: Ypg = 1.0 


2.2 Hull girder ultimate bending loads 


2.2.1 


The vertical hull girder bending moment, M in hogging and sagging conditions, to be considered in the ultimate 
strength check is to be taken as: 


M = Ys Msw-u + Yw Mw 
where: 


M,wu : Permissible still water bending moment, in kNm, in hogging and sagging conditions at the hull 
transverse section considered as defined in Table 1. 


Mw : Vertical wave bending moment, in kNm, in hogging and sagging conditions at the hull transverse 
section considered as defined in Ch 4, Sec 4, [3.1]. 

Ys : Partial safety factor for the still water bending moment, as defined in Table 2. 

Yw : Partial safety factor for the vertical wave bending moment, as defined in Table 2. 
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Table 2 : Partial safety factors 


Design load scenarios Ys Yw 
A 1.0 1.2 
B 1.0 1.3 


2.3 Hull girder ultimate bending capacity 


2.3.1 


The ultimate bending moment capacities of a hull girder transverse section, in hogging and sagging 
conditions, are defined as the maximum values of the curve of bending moment capacity versus the curvature 
y% of the transverse section considered (see Figure 1). The curvature x is positive for hogging condition and 
negative for sagging condition. 


Figure 1 : Bending moment capacity versus curvature % 


M 


A 
M Hogging condition 
UH 


Mus 


Sagging condition 


The hull girder ultimate bending capacity, My, is to be calculated according to Ch 5, App 2. 


2.3.2 


The effective area for the hull girder ultimate strength capacity assessment is specified in Ch 5, App 2. 
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SECTION 3 
HULL GIRDER RESIDUAL STRENGTH 


1 = APPLICATION 


1.1 General 


1.1.1 


The requirements of this section apply to ships equal to or greater than 150 m in length L. 


1.1.2 


The hull girder ultimate bending capacity in the damaged condition is to be checked for the seagoing condition 
to ensure that it satisfies the residual strength checking criteria given in [2]. 


1.1.3 


The hull girder residual strength is to be assessed through the cargo hold region and the machinery space. 


2 CHECKING CRITERIA 


2.1 General 


2.1.1 


The vertical hull girder ultimate bending capacity in the damaged condition is to be checked for the damage 
conditions specified in [2.2] in hogging and sagging conditions. For the damage conditions specified in [2.2], 
for the design load scenario A, as defined in Table 1: 


Table 1 : Design load scenarios 


Design load scenario Permissible still water bending moment in damage, M,,,.p 
Collision A: S+D Mwn OF Mow-s 
Grounding A: S+D Mwn OF Mays 


2.1.2 


The vertical hull girder ultimate bending capacity in the damaged condition at any hull transverse section is to 
satisfy the following criteria: 


Mup 
ae Yro ' Cwa 

where: 

Mp : Vertical bending moment in the damaged condition, in kNm, to be obtained as specified in [2.3]. 

Mup : Vertical hull girder ultimate bending capacity in the damaged condition, in kNm, to be obtained as 
specified in [2.4]. 

Yep : Partial safety factor for the vertical hull girder ultimate bending capacity in the damaged condition, to 
be taken equal to: 
Yep = 1.0 
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Cha : Neutral axis coefficient taken as: 
e Cra = 1.0 for grounding, 


e Cpa = 1.1 for collision. 


2.2 Damage conditions 


2.2.1 General 


The damage conditions specified for collision in [2.2.2] and for grounding in [2.2.3] are to be considered. The 
damage extents specified in [2.2.2] and [2.2.3] are to be measured from the moulded lines of the ship. 


Plates of inner bottom and inner hull longitudinal bulkhead are to be considered intact unless the damage 
extent exceeds the distance from inner bottom and inner hull longitudinal bulkhead plate respectively, to the 
hull envelope plate. 


Stiffener element is to be considered intact unless the connection of stiffener with attached plate is included 
in the damaged extent. 


Plates and stiffeners of inner bottom and inner hull longitudinal bulkhead are to be considered intact unless 
the damage extent exceeds the moulded distance from inner bottom and inner hull longitudinal bulkhead 
plate respectively, to the hull envelope plate. 


2.2.2 Collision 


For the collision assessment of the considered transverse damage cross section, the damage is to be 
considered on one side and inclusive of the freeboard deck. 


The damage for collision extends from the point of intersection of the moulded lines of deck and side: 
e vertically downward for a distance h and upward without limit, 
e transversally inboard for a distance d and outward without limit, 


where h and d are given in Table 2 according to the side shell arrangement in the considered damage 
transverse section. 


On ships with a rounded gunwale, the point of intersection is to be taken from the continuation of the moulded 
lines of deck and side. 


Table 2 : Damage extent for collision 


Side shell arrangement 
Damage penetration, in m 
Single side Double side 
Height, h 0.75 D 0.60 D 
Depth, d B/16 B/16 


Figure 1 : Damage extent for collision 
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The capacity of the damaged transverse cross section is calculated with the damage extent on one side, the 
ship kept in upright position. 
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2.2.3 Grounding 


For the grounding assessment of the considered transverse damage cross section, the damage is to be 
considered on the bottom in the most unfavourable transversal position as regard to the structure considered 
by the damage. 


The damage extent for grounding is given in Table 3. 


Table 3 : Damage extent for grounding 


Damage penetration, inm | Bulk carriers Oil tankers 
Height, h Min (B /20, 2) | Min (B /15, 2) 
Breadth, b 0.60 B 0.60 B 


Figure 2 : Damage extent for grounding 


> 


2.3 Hull girder ultimate bending loads in the damaged condition 


2.3.1 


The vertical bending moment, Mp in hogging and sagging conditions, to be considered in the ultimate strength 
check of the hull girder in the damaged condition, is to be obtained from the following formula: 


Mp = Yso Msw-p + Ywo Mw 
where: 


Msy.p : Permissible still water bending moment, in kNm, in hogging and sagging conditions at the hull 
transverse section considered, as defined in Table 1. 


Mw : Vertical wave bending moment, in kNm, in hogging and sagging conditions at the hull transverse 
section considered, as defined in Ch 4, Sec 4, [3.1]. 


Ysp : Partial safety factor for the still water bending moment in the damaged condition, to be taken equal 
to: 
Yso = 1.1 


Ywo : Partial safety factor for the vertical wave bending moment in the damaged condition, to be taken 
equal to: 
Ywp = 0.67 


2.4 Hull girder ultimate bending capacity in the damaged condition 


2.4.1 


The hull girder ultimate bending capacity in the damaged condition is to be calculated according to 

Ch 5, App 2, with the damaged parts assumed not to contribute to the hull girder strength. When assessing the 
ultimate bending capacity, Myp of the damaged hull sections, damaged area as defined in [2.2] carries no 
loads and is to be removed in the capacity model. 
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2.4.2 
The effective area of the intact parts for the hull girder ultimate strength capacity assessment is specified in 


Ch 5, App 2. 
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APPENDIX 1 
DIRECT CALCULATION OF SHEAR 
FLOW 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


1 CALCULATION FORMULA 


1.1 General 


1.1.1 


This appendix describes the procedures of direct calculation of shear flow which is working along a ship cross 
section due to hull girder vertical shear force. Shear flow q,, at each location in the cross section, is calculated 
where considering the cross section is subjected to a unit vertical shear force, 1 N, in the direction of z 
coordinate. 


The unit shear flow per mm, q, in N/mm, can be considered equal to: 


qy = At Q, 

where: 

Op : Determinate shear flow, as defined in [1.2]. 

qı : Indeterminate shear flow which circulates around the closed cells, as defined in [1.3]. 


In the calculation of the unit shear flow, q,, the longitudinal stiffeners are to be taken into account. 


1.2 Determinate shear flow 


1.2.1 


The determinate shear flow, qp in N/mm, at each location in the cross section can be obtained from the 
following line integration: 


Qo (S) = - T J (E-z) tasods 

where: 

S : Coordinate value of running coordinate along the cross section, in m. 

lanso  : Moment inertia of the cross section, in m4. 

ta50 : Net thickness of plating, in mm, or equivalent net thickness of corrugated plate as defined in Ch 5, 
Sec 1, [3.4.6]. 

1.2.2 


Assuming the cross section is composed of line segments as shown in Figure 1, the determinate shear flow 
can be calculated by the following equation. 
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tasol 
qok = A (4) = - = 


Ser ae (Zk+ Zi— 2Z,) + qni 
y-n50 


where: 


dow Ap; : Determinate shear flow at node k and node i respectively, in N/mm. 


l : Length of line segments, in m. 
ZZ,  : Z coordinate of the end point of line segment, in m, as defined in Figure 1. 
1.2.3 


Where the cross section includes closed cells, the closed cell are to be cut with virtual slits, as shown in 
Figure 2 in order to obtain the determinate shear flow. 


However, the virtual slits must not be located at the walls by which the other closed cell is also bounded. 


1.2.4 


Calculations of the determinate shear flow at bifurcation points can be calculated such as water flow 
calculations as shown in Figure 3. 


Figure 1 : Definition of line segment 
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Figure 2 : Calculation of determinate shear flow at bifurcation 
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The indeterminate shear flow is working around the closed cells and can be considered as a constant value 
within the same closed cell. The following system of equation for determination of indeterminate shear flows 
can be developed. In the equations, contour integrations of several parameters around all closed cells are 


performed. 
Qn § oo > ds- ENE eng Ie ds 
ths k,i tnso taso 
where: 
qw qu : Indeterminate shear flow around the closed cell k and i respectively, in N/mm. 
1.3.2 
With assuming assembly of line segments shown in Figure 1, the equations in [1.3.1] can be expressed as 
follows: 
Ea £ 
qik ba -$ qi = TÀ, 6 
Sis tns 50 Il with cell k 
ce i common wall with ce cell k 
2 
S 
=f as) ds = -——4____ (z, + 2z,-3z,) + an, 
tns0 6x 10° |y_ nso tanso 
where: 
dpi : Determinate shear flow, in N/mm, calculated according to [1.2.2]. 


The difference in the directions of running coordinates specified in [1.2] and this sub-article is to be 


considered. 


Figure 3 : Closed cells and common wall 


1.4 Computation of several properties of the cross section 


1.4.1 


Properties of the cross section can be obtained by the following formulae where the cross section is assumed 


as the assembly of line segments: 


= JY- y) + (Z,-2,)° 


3 
anso = 10~ taso Anso = = $ aānso 

= Arso + sS = 
Sy-n50 = (Z, + Z;) y-n50 7 $ Sy-n50 
j = “a + + l j 
lyo-n50 = (zk Zk Zi z) y0-n50 7 = Sivo-ns0 
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where: 


anso Anso: Area of the line segment and the cross section respectively, in m?. 


Sy.n50r Sy-nso: First moment of the line segment and the cross section about the baseline, in m°. 


iyo.nsor !yonso: Moment inertia of the line segment and the cross section about the baseline, in m*. 


1.4.2 


The height of horizontal neutral axis, z in m, can be obtained as follows: 


1.4.3 


Inertia moment about the horizontal neutral axis, in m4, can be calculated as follows: 


_ 2 
Iy_-nso = lyo-n50— Zn Anso 


2 EXAMPLE OF CALCULATIONS FOR A SINGLE SIDE HULL CROSS SECTION 


2.1 Cross section data 


2.1.1 


The cross section is shown in Figure 4. The coordinates of the node points marked by filled black circles in 
Figure 4 are given in Table 1, where the plate thickness and the line segments (marked by circles in Figure 4) 


of the cross section are given in Table 2. 


The sample calculations are performed taking advantage of symmetry of the cross section. 


Table 1 : Node coordinates of cross section 


1 JAN 2014 


Node number | Y coordinate (m) | Z coordinate (m) 

0.00 0.00 
1 5.80 0.00 
2 11.70 0.00 
3 14.42 0.00 
4 16.13 1.72 
5 16.13 6.11 
6 11.70 1.68 
7 5.80 1.68 
8 0.00 1.68 
9 16.13 14.15 
10 16.13 19.60 
11 7.50 20.25 
12 7.50 19.63 
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2.1.2 


Line no. | Nodei | Node k | Thickness (mm) | Length (m) | anso (M?) | Sy-ns5o (M°) | fyonso (M^) 
1 O 1 17.0 5.80 0.099 0.000 0.00 
2 1 2 17.0 5.90 0.100 0.000 0.00 
3 2 3 17.0 2.72 0.046 0.000 0.00 
4 3 4 17.0 2.43 0.041 0.035 0.04 
5 4 5 18.0 4.39 0.079 0.309 1.34 
6 5 6 19.0 6.26 0.119 0.464 2.00 
7 6 7 21.0 5.90 0.124 0.208 0.35 
8 7 8 21.0 5.80 0.122 0.205 0.34 
9 5 9 18.0 8.04 0.145 1.466 15.63 
10 9 10 21.0 5.45 0.114 1.931 32.87 
11 10 11 24.0 8.65 0.208 4.139 82.47 
12 11 12 24.0 0.62 0.015 0.297 5.92 
13 12 15.0 10.22 0.153 2.590 44.13 
14 15.0 1.68 0.025 0.021 0.02 
15 15.0 1.68 0.025 0.021 0.02 

Total 1.416 11.686 185.138 


The Z coordinate of horizontal neutral axis and the inertia moment about the neutral axis are calculated as 


follow: 


7, = Donne _ 11.686 _ 


hy spo 2(¥ iyo-ns0-Zn Sanso) = 2(185.138 — 8.255’ x 1.416) = 177.34 
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Figure 4 : Numbering of nodes and lines 


i : Node number 


O: Line number 
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2.2 Calculations of the determinate shear flow 


2.2.1 


The virtual slits are added to cut the walls of the closed cells as shown in Figure 5. And then, the line 
integrations specified in [1.2.2] are performed to obtain determinate shear flow, gp. The calculation results are 
shown in Table 3. The locations of the virtual slits and the paths of line integrations shown in Figure 5 are one 
such example. These definitions can be arbitrarily determined so as to calculate them easily. 


Figure 5 : Ranges and directions of paths for line integrations 


O Start point 


| Virtual slit 


@ End point 


Table 3 : Calculation of determinate shear flow 


Path no. | Line no. | Node i | Node k n Ta Note 
i 1 (0) 1 0.0 4.6 Start from the virtual slit 
15 1 7 4.6 5.6 = 
2 1 2 0.0 4.7 Start from the virtual slit 
14 2 6 4.7 5.7 - 
3 2 3 0.0 2.2 Start from the virtual slit 
3 3 4 2.2 3.9 - 
5 4 5 3.9 5.8 - 
10 9 10 0.0 -5.6 Start from the virtual slit 
11 10 11 -5.6 -19.2 - 
4 12 11 12 -19.2 -20.2 - 
13 12 -20.2 -27.1 - 
9 9 -27.1 -29.2 - 
Start with the sum of 
3 2 p 9 oo ae at the ends of path 3 iy 
Start with the sum of 
j i 9 f ERE Aua at the ends of path 2 
Start with the sum of 
f 2 i = aa a0 at the ends of path 1 Be 
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2.3 Calculations of the indeterminate shear flow 


2.3.1 


To obtain the system of equations for indeterminate shear flows, the contour integrations around 3 closed cells 
as defined in Figure 6 are performed. The closed cell at the centre of double bottom is considered as an open 
shape since the symmetrical condition of the cross section is considered. The calculation results of contour 


integrations around the closed cells are shown in Table 4 to Table 6. 


Table 4 : Contour integration of //t,,;. and o around cell 1 


Line no. | Node į | Node k | qp;x106(N/mm) 4/ taso x102 (N/mm) Note 
2 1 2 0.0 347.1 0.81 - 
14 2 6 4.7 112.0 0.58 Common wall with cell 2 
7 6 7 -14.8 281.0 -3.50 - 
15 7 1 -5.6 112.0 -0.58 - 

Total 852.0 -2.68 - 
Table 5 : Contour integration of //t,;. and ọ around cell 2 
.x10°6 x103 
Line no. | Node i | Node k eee Ute, ae Note 
3 2 3 0.0 160.0 0.17 - 
4 3 4 2.2 142.7 0.43 - 
5 4 5 3.9 243.9 1.22 - 
6 5 6 -23.4 329.7 -7.32 - 
14 6 2 -5.7 112.0 -0.58 Common wall with cell 1 
Total 988.3 -6.07 - 
Table 6 : Contour integration of //t,„5o and o around cell 3 
Line no. | Node į | Node k | qp*10°(N/mm) L/tnso þx103 (N/mm) Note 
10 9 10 0.0 259.5 -0.65 - 
11 10 11 -5.6 360.6 -4.45 - 
12 11 12 -19.2 25.8 -0.51 
13 12 9 -20.2 681.5 -16.59 = 
Total 1327.5 -22.19 - 
2.3.2 


The following system of equations can be developed by using the results of the contour integration around 


each closed cell: 


e Cell 1: 852.0 qu - 112.0 q = 2.68 x 103 


e Cell 2: -112.0 qı + 988.3 q = 6.07 x 108 


¢ Cell 3: 1327.5 qı = 2.219x10? 


The solution of this system gives indeterminate shear flows of the closed cell 1 to 3: 


iz = 4.01 x 10°, q2 = 6.60 x 10°, q3 = 1.67 x 10° 
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Figure 6 : Numbering of closed cells 


2.4 Summation 


2.4.1 


The shear flow q,, at all locations of the cross section can be obtained by the summation of determinate shear 
flow, qp and indeterminate shear flow, q, as shown in Figure 7. 


Figure 7 : Calculation results of shear flow q,, in 10° N/mm for vertical shear force with 1 N 


x10° N/mm 
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APPENDIX 2 
HULL GIRDER ULTIMATE CAPACITY 


SYMBOLS 


For symbols not defined in this article, refer to Ch 1, Sec 4. 


lanso  : Moment of inertia, in m*, of the hull transverse section around its horizontal neutral axis, to be 
calculated according to Ch 5, Sec 1. 


Zensor Zp-nso : Section moduli, in mê, at bottom and deck, respectively, defined in Ch 5, Sec 1. 
Rey;  : Minimum yield stress, in N/mm?, of the material of the considered stiffener. 

Remp  : Minimum yield stress, in N/mm?, of the material of the considered plate. 

Asnso : Net sectional area, in cm?, of stiffener, without attached plating. 


Apnso : Net sectional area, in cm?, of attached plating. 
1 GENERAL 


1.1 Application 


1.1.1 


This appendix provides the criteria for obtaining the following ultimate longitudinal bending moment 
capacities: 


e My, to be used in the hull girder ultimate capacity check according to Ch 5, Sec 2, 


e Muyp to be used in the hull girder residual strength capacity check according to Ch 5, Sec 3 


1.1.2 


The hull girder ultimate longitudinal bending moment capacity, My or Myp, is defined as the maximum bending 
capacity of the hull girder beyond which the hull structure collapses. Hull girder failure is controlled by 
buckling, ultimate strength and yielding of longitudinal structural elements. 


1.2 Methods 


1.2.1 Incremental-iterative method 


The hull girder ultimate bending capacity is to be assessed by the incremental-iterative method defined in [2]. 


1.2.2 Alternative methods 


Principles for alternative methods for the calculation of the hull girder ultimate bending capacity; e.g. non- 
linear finite element analysis, are given in [3]. 


Application of alternative methods is to be agreed by the Society prior to commencement. Documentation of 
the analysis methodology and detailed comparison of its results are to be submitted for review and 
acceptance. The use of such methods may require the partial safety factors to be recalibrated. 
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1.3 Assumptions 


1.3.1 

The method for calculating the ultimate hull girder capacity is to identify the critical failure modes of all main 
longitudinal structural elements. 

1.3.2 


Structures compressed beyond their buckling limit have reduced load carrying capacity. All relevant failure 
modes for individual structural elements, such as plate buckling, torsional stiffener buckling, stiffener web 
buckling, lateral or global stiffener buckling; and their interactions, are to be considered in order to identify the 
weakest inter-frame failure mode. 

1.3.3 

Only vertical bending is considered. The effects of shear force, torsional loading, horizontal bending moment 
and lateral pressure are neglected. 


1.3.4 


For the calculation of the ultimate longitudinal bending moment capacity, Myp, used in the hull girder residual 
strength check according to Ch 5, Sec 3, the structural members in way of the damage part are to be excluded 
from the members participating to the considered cross section strength. 


2 INCREMENTAL-ITERATIVE METHOD 


2.1 Assumptions 


2.1.1 

In applying the procedure described in [2.2], the following assumptions are generally to be made: 
e The ultimate strength is calculated at hull transverse sections between two adjacent transverse webs. 
e The hull girder transverse section remains plane during each curvature increment. 
e The hull material has an elasto-plastic behaviour. 


e The hull girder transverse section is divided into a set of elements, which are considered to act 
independently. 


These elements are: 


e Transversely framed plating panels and/or stiffeners with attached plating, whose structural behaviour 
is described in [2.3.1]. 


e Hard corners, constituted by plating crossing, whose structural behaviour is described in [2.3.2]. 


e According to the iterative procedure, the bending moment M; acting on the transverse section at each 
curvature value 7; is obtained by summing the contribution given by the stress o acting on each 
element. The stress o corresponding to the element strain, € is to be obtained for each curvature 
increment from the non-linear load-end shortening curves o-e of the element. 


These curves are to be calculated, for the failure mechanisms of the element, from the formulae specified in 
[2.2]. The stress, © is selected as the lowest among the values obtained from each of the considered load-end 
shortening curves o-€. 


The procedure is to be repeated until the value of the imposed curvature reaches the value yp in m*, in 
hogging and sagging condition, obtained from the following formula: 


My 
=+ 
Xe = + 0.008 pp 
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where: 

My : Lesser of the values My, and My2, in KNM. 
My1 = 10° Rey Zenso. 
Myo =109 Rey Zonso- 


If the value yp is not sufficient to evaluate the peaks of the curve M-y, the procedure is to be repeated until the 
value of the imposed curvature permits the calculation of the maximum bending moments of the curve. 


2.2 Procedure 


2.2.1 General 


The curve M-y is to be obtained by means of an incremental-iterative approach, summarised in the flow chart 
in Figure 1. 


In this procedure, the ultimate hull girder bending moment capacity, My is defined as the peak value of the 
curve with vertical bending moment M versus the curvature y of the ship cross section as shown in Figure 1. 
The curve is to be obtained through an incremental-iterative approach. 


Each step of the incremental procedure is represented by the calculation of the bending moment M; which 
acts on the hull transverse section as the effect of an imposed curvature 7, 


For each step, the value 7; is to be obtained by summing an increment of curvature, Ay to the value relevant to 
the previous step y,., This increment of curvature corresponds to an increment of the rotation angle of the hull 
girder transverse section around its horizontal neutral axis. 


This rotation increment induces axial strains, £in each hull structural element, whose value depends on the 
position of the element. In hogging condition, the structural elements above the neutral axis are lengthened, 
while the elements below the neutral axis are shortened, and vice-versa in sagging condition. 


The stress o induced in each structural element by the strain Eis to be obtained from the load-end shortening 
curve o-€of the element, which takes into account the behaviour of the element in the non-linear elasto-plastic 
domain. 


The distribution of the stresses induced in all the elements composing the hull transverse section determines, 
for each step, a variation of the neutral axis position, since the relationship o-€ is non-linear. The new position 
of the neutral axis relevant to the step considered is to be obtained by means of an iterative process, imposing 
the equilibrium among the stresses acting in all the hull elements. 


Once the position of the neutral axis is known and the relevant stress distribution in the section structural 
elements is obtained, the bending moment of the section M; around the new position of the neutral axis, which 
corresponds to the curvature y; imposed in the step considered, is to be obtained by summing the contribution 
given by each element stress. 


The main steps of the incremental-iterative approach described above are summarised as follows (see also 
Figure 1): 


a) Step 1: Divide the transverse section of hull into stiffened plate elements. 
b) Step 2: Define stress-strain relationships for all elements as shown in Table 1. 


c) Step 3: Initialise curvature yı and neutral axis for the first incremental step with the value of 
incremental curvature (i.e. curvature that induces a stress equal to 1% of yield strength in strength 


deck) as: 
ee Rey 1 
Xı = A% = 0.01 Enaz 
where: 
Zp : Z coordinate, in m, of strength deck at side, with respect to reference coordinate defined in 
Ch 1, Sec 4, [3.6] 
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d) 


Step 4: Calculate for each element the corresponding strain, €; = x (Z; - Z,) and the corresponding stress 
O;. 


Step 5: Determine the neutral axis Zy, .y, at each incremental step by establishing force equilibrium over 
the whole transverse section as: 


LA inso O; = LAjnso O; (i-th element is under compression, j-th element under tension). 


Step 6: Calculate the corresponding moment by summing the contributions of all elements as: 
My = $ Oui Ai_nso |(Zi— Zwa_cur)| 


Step 7: Compare the moment in the current incremental step with the moment in the previous 
incremental step. If the slope in M-y relationship is less than a negative fixed value, terminate the 
process and define the peak value of My. Otherwise, increase the curvature by the amount of Ay and go 
to Step 4. 


2.2.2 Modelling of the hull girder cross section 


Hull girder transverse sections are to be considered as being constituted by the members contributing to the 
hull girder ultimate strength. 


Sniped stiffeners are also to be modelled, taking account that they do not contribute to the hull girder strength. 


The structural members are categorised into a stiffener element, a stiffened plate element or a hard corner 
element. 


The plate panel including web plate of girder or side stringer is idealised into either a stiffened plate element, 
an attached plate of a stiffener element or a hard corner element. 


The plate panel is categorised into the following two kinds: 


g 


Longitudinally stiffened panel of which the longer side is in the longitudinal direction, and 


Transversely stiffened panel of which the longer side is in the perpendicular direction to the longitudinal 
direction. 


Hard corner element: 


Hard corner elements are sturdier elements composing the hull girder transverse section, which 
collapse mainly according to an elasto-plastic mode of failure (material yielding); they are generally 
constituted by two plates not lying in the same plane. 


The extent of a hard corner element from the point of intersection of the plates is taken equal to 
20 t,59 On transversely stiffened panel and to 0.5 s on a longitudinally stiffened panel, see Figure 2. 


where: 
ta50 : Net offered thickness of the plate, in mm. 
S : Spacing of the adjacent longitudinal stiffener, in m. 


Bilge, sheer strake-deck stringer elements, girder-deck connections and face plate-web connections on 
large girders are typical hard corners. 


Stiffener element: 
The stiffener constitutes a stiffener element together with the attached plate. 
The attached plate width is in principle: 


e Equal to the mean spacing of the stiffener when the panels on both sides of the stiffener are 
longitudinally stiffened, or 


e Equal to the width of the longitudinally stiffened panel when the panel on one side of the 
stiffener is longitudinally stiffened and the other panel is of the transversely stiffened, see 
Figure 2. 
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Figure 1 : Flow chart of the procedure for the evaluation of the curve M-y 
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First step 
Xia =O 


ý 


Calculation of the position of the neutral axis N,, = 0 


ý 


Increment of the curvature 
X= Xia + AX 


ý 


Calculation of the strain € induced on 
each structural element by the curvature ¥; 
for the neutral axis position N., 


ý 


For each structural element; calculation of 
the stress o relevant to the strain € 


ý 


Calculation of the new position of the neutral 
axis N, imposing the equilibrium 
on the stress resultant F 


Check on the position 


of the neutral axis 
IN,- Nial < 0» 


Yes 


Calculation of the bending moment 
M, relevant to the curvature x; summing the 
contribution of each structural element stress 


No 


Yes 
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0,, ð, = specified tolerance on zero value 
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c) Stiffened plate element: 


The plate between stiffener elements, between a stiffener element and a hard corner element or 
between hard corner elements is to be treated as a stiffened plate element, see Figure 2. 


Figure 2 : Extension of the breadth of the attached plating and hard corner element 


s, = min(20 tso $,/2) 
S, - (S,+ S3)/2 : par : Í S= S$, - S,/2 S,/2f] 


(Long. Stiff.) (Transv. Stiff.) (Long. Stiff.) (Transv. Stiff.) (Long. Stiff.) 


Stiffener element 


Stiffened plate element 
=m Hard corner element 
The typical examples of modelling of hull girder section are illustrated in Figure 3 and Figure 4. 


Notwithstanding the foregoing principle, these figures are to be applied to the modelling in the vicinity of upper 
deck, sheer strake and hatch side girder. 


Figure 3 : Examples of the configuration of stiffened plate elements, stiffener elements and hard corner elements on a hull section 


s/2 s 


Hard corner element 


Stiffener element 


Stiffened plate element 


PART 1 CHAPTER5 APPENDIX 2 


368 1 JAN 2014 COMMON STRUCTURAL RULES 


IACS 


e Incase of the knuckle point as shown in Figure 5, the plating area adjacent to knuckles in the plating with an angle greater than 
30 deg is defined as a hard corner. The extent of one side of the corner is taken equal to 20 t„so on transversely framed panels 
and to 0.5 s on longitudinally framed panels from the knuckle point. 


e Where the plate members are stiffened by non-continuous longitudinal stiffeners, the non-continuous stiffeners are considered 
only as dividing a plate into various elementary plate panels. 


e Where the opening is provided in the stiffened plate element, the openings are to be considered in accordance with Ch 5, Sec 1, 
[1.2.9]. 


e Where attached plating is made of steels having different thicknesses and/or yield stresses, an average thickness and/or 
average yield stress obtained from the following formula are to be used for the calculation. 


— ty_ns0$1 + to_ns0S2 R — Rept t1-nso $1 + Renp2 t2-nso S2 
ep T SS 


taso 
S tas0S 


where Repi» Renpz ttnso» t2-ns0» S1» S2 and s are shown in Figure 6. 


Figure 4 : Extension of the breadth of the attached plating and hard corner element 


Figure 5 : Plating with knuckle point 


Knuckle point 


Figure 6 : Element with different thickness and yield strength 


PART 1 CHAPTER5 APPENDIX 2 


COMMON STRUCTURAL RULES 1 JAN 2014 369 


‘'@eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 8 


PART 1 CHAPTER 5 APPENDIX 2 


p@eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeseeeeeeeeeeeseeseeeseeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeseeeeeeeseeeseeeeeeeeeeeeeeeeeeeeeeseeeseseeeeeeeeeeeees 


IACS 


2.3 Load-end shortening curves 


2.3.1 Stiffened plate element and stiffener element 


Stiffened plate element and stiffener element composing the hull girder transverse sections may collapse 
following one of the modes of failure specified in Table 1. 


e Where the plate members are stiffened by non-continuous longitudinal stiffeners, the stress of the 
element is to be obtained in accordance with [2.3.3] to [2.3.8], taking into account the non-continuous 
longitudinal stiffener. 


In calculating the total forces for checking the hull girder ultimate strength, the area of non-continuous 
longitudinal stiffener is to be assumed as zero. 


e Where the opening is provided in the stiffened plate element, the considered area of the stiffened plate 
element is to be obtained by deducting the opening area from the plating in calculating the total forces 
for checking the hull girder ultimate strength. The consideration of the opening is in accordance with 
the requirement in Ch 5, Sec 1, [1.2.9]. 


e For stiffened plate element, the effective width of plate for the load shortening portion of the stress- 
strain curve is to be taken as full plate width, i.e. to the intersection of other plate or longitudinal 
stiffener - neither from the end of the hard corner element nor from the attached plating of stiffener 
element, if any. In calculating the total forces for checking the hull girder ultimate strength, the area of 
the stiffened plate element is to be taken between the hard corner element and the stiffener element or 
between the hard corner elements, as applicable. 


Table 1 : Modes of failure of stiffened plate element and stiffener element 


Element Mode of failure Curve o-€ defined in 
A e plate elementar Elasto-plastic collapse [2.3.3] 
Beam column buckling [2.3.4] 
Shortened stiffener element dprelehal Puchling ieee 
Web local buckling of flanged profiles [2.3.6] 
Web local buckling of flat bars [2.3.7] 
Shortened stiffened plate element Plate buckling [2.3.8] 


2.3.2 Hard corner element 

The relevant load-end shortening curve o-€ is to be obtained for lengthened and shortened hard corners 
according to [2.3.3]. 

2.3.3 Elasto-plastic collapse of structural elements 


The equation describing the load-end shortening curve o-e for the elasto-plastic collapse of structural 
elements composing the hull girder transverse section is to be obtained from the following formula, valid for 
both positive (Shortening) and negative (lengthening) strains, see Figure 7: 


o =D Roya 

where: 

Rena : Equivalent minimum yield stress, in N/mm?, of the considered element, obtained by the following 
formula: 


R = Renp Ap-s0 + Rens As_ns0 
eHA — 


Ap—ns0 fe As-n50 


® : Edge function, equal to: 
® =-1fore<-1 
=e for-1<e<1 
®=1fore>1 
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E : Relative strain, equal to: 
€ = EE 
Ey 
Ez : Element strain. 
& : Strain at yield stress in the element, equal to: 
R 
ey = = 


Figure 7 : Load-end curve o-€for elasto plastic collapse 


2.3.4 Beam column buckling 


The equation describing the load-end shortening curve O¢,p;-€ for the beam column buckling of stiffeners 
composing the hull girder transverse section is to be obtained from the following formula, see Figure 8: 


A n50 +A E-n5 


Ocriı = OOc, En 
a = As-ns0 + Åp-ns0 
where: 
® : Edge function, as defined in [2.3.3]. 
Oc1 : Critical stress, in N/mm?, equal to: 
Oc1 = cet for O1 Š Reng E 
Reng € R 
Oc, = R ce eHe ) for che 
C1 eHB 4Sa Of1 > 2 € 
Reng : Equivalent minimum yield stress, in N/mm?, of the considered element, obtained by the following 
formula: 
R ie = Reup A pEI- n50 loet Rens As -n50 lse 
e 


A pEI-n50 Loe + As-n50 lse 


Apenso : Effective area, in cm?, equal to: 
Apeinso = 10 bey thso 


log : Distance, in mm, measured from the neutral axis of the stiffener with attached plate of width bg; to 
the bottom of the attached plate. 


LE : Distance, in mm, measured from the neutral axis of the stiffener with attached plating of width bg; to 
the top of the stiffener. 
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E 


Be 


ApE-n50 


be 


: Relative strain, as defined in [2.3.3]. 
: Euler column buckling stress, in N/mm?, equal to: 


len = 
OE1 = TE SAT 10 i 
AE-nso l 
: Net moment of inertia of stiffeners, in cm4, with attached plating of width bg4. 
: Net area, in cm?, of stiffeners with attached plating of width be. 


: Effective width corrected for relative strain, in m, of the attached plating, equal to: 


Dex = Pa for B->1.0 
Be 


be, = S for Be<1.0 


S eR 
: Be = 10° —— jose 
Be taso E 


: Net sectional area, in cm?, of attached plating of width bg, equal to: 
ÅpE-n50 = 10 be tns0 
: Effective width, in m, of the attached plating, equal to: 


_ (2.25 1.25 
Be BE 
b: =S for Be < 1.25 


js for Be> 1.25 


Figure 8 : Load-end shortening curve O¢,1-€ for beam column buckling 


oy 


2.3.5 Torsional buckling 


The equation describing the load-end shortening curve Ocgz€ for the flexural-torsional buckling of stiffeners 
composing the hull girder transverse section is to be obtained according to the following formula, see 


Figure 9. 
= As_ns0 Oc2 + Ap-nso Ocp 

App = As_ns0 + Ap-n50 
where: 
® : Edge function, as defined in [2.3.3]. 
Oc2 : Critical stress, in N/mm?, equal to: 

Oc2 = ce for Op < — e 

Rens € R 
Ox: = Rs i- eHs ) for eHs 
c2 H Aor Of2> 2 (A 

OE2 : Euler torsional buckling stress, in N/mm?, taken as øp in Ch 8, Sec 5, [2.3.4] 
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€ : Relative strain, as defined in [2.3.3]. 
Ocp : Buckling stress of the attached plating, in N/mm?, equal to: 
2.25 1.25 
Ocp = (2:28 s ) Ren for B->1.25 
Be Be 
Ocp = Renp for B-< 1.25 
Be : Coefficient, as defined in [2.3.4]. 


Figure 9 : Load-end shortening curve 0¢,.-€ for flexural-torsional buckling 


Oco 


2.3.6 Web local buckling of stiffeners made of flanged profiles 


The equation describing the load-end shortening curve Gcp;3-€ for the web local buckling of flanged stiffeners 
composing the hull girder transverse section is to be obtained from the following formula: 
_ 10° be taso Renp + (Awe tw—n50 + by tt nso) Rens 
Ocr3 = P 3 
10° Staso + hw tw-nso + br tr-nso 


where: 
® : Edge function, as defined in [2.3.3]. 
be : Effective width, in m, of the attached shell plating, as defined in [2.3.4]. 
Awe : Effective height, in mm, of the web, equal to: 
2.25 1.25 
Awe = (2:28 3 ji for B2 1.25 
Bw Bê 
hwe = hw for Bw< 1.25 
hw € Rens 
Bw 2 a eee ion 
tw—ns0 E 
€ : Relative strain, as defined in [2.3.3]. 


2.3.7 Web local buckling of stiffeners made of flat bars 


The equation describing the load-end shortening curve Gcp,-€ for the web local buckling of flat bar stiffeners 
composing the hull girder transverse section is to be obtained from the following formula, see Figure 10: 


Ap-nso Ocp + As—ns0 Oc4 


Ocr4 = P 
Ap-n50 + Ås-ns0 


where: 


p : Edge function, as defined in [2.3.3]. 
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Ocp : Buckling stress of the attached plating, in N/mm?, as defined in [2.3.5]. 
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Oca : Critical stress, in N/mm?, equal to: 
oO 
Oc4 = Fa for Op, < = e 


Rens € R 
oO = Rs i (a _ —eHs ) f eHs 
c4 H Aca Or Og4> 7 E€ 


Oca : Local Euler buckling stress, in N/mm2, equal to: 


2 
Oc, = 160000 ( “zanso ) 


w 


€ : Relative strain, as defined in [2.3.3]. 


Figure 10 : Load-end shortening curve Cor4g-£ for web local buckling 


Ocra 


2.3.8 Plate buckling 


The equation describing the load-end shortening curve Oops-€ for the buckling of transversely stiffened panels 
composing the hull girder transverse section is to be obtained from the following formula: 


Renp® 
= H 2 
Ocrs = min PReup È (2 =) 401 (1-$) (1+ =) l 
£\ Be BE £ E 
where: 
® : Edge function, as defined in [2.3.3]. 
S eR 
: = 10° = /- ete 
Be: Be = 10° = Es 
S : Plate breadth, in m, taken as the spacing between the stiffeners. 
4 : Longer side of the plate, in m. 


3 ALTERNATIVE METHODS 


3.1 General 


3.1.1 


The bending moment-curvature relationship, M-y, may be established by alternative methods. Such models 
are to consider all the relevant effects important to the non-linear response with due considerations of: 


a) Non-linear geometrical behaviour. 


b) Inelastic material behaviour. 
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Geometrical imperfections and residual stresses (geometrical out-of-flatness of plate and stiffeners). 
Simultaneously acting loads: 
e Bi-axial compression. 
e Bi-axial tension. 
e Shear and lateral pressure. 
Boundary conditions. 
Interactions between buckling modes. 
Interactions between structural elements such as plates, stiffeners, girders, etc. 
Post-buckling capacity. 


Overstressed elements on the compression side of hull girder cross section possibly leading to local 
permanent sets/buckle damages in plating, stiffeners etc (double bottom effects or similar). 


3.2 Non-linear finite element analysis 


3.2.1 


Advanced non-linear finite element analyses models may be used for the assessment of the hull girder 
ultimate capacity. Such models are to consider the relevant effects important to the non-linear responses with 
due consideration of the items listed in [3.1.1]. 


3.2.2 


Particular attention is to be given to modelling the shape and size of geometrical imperfections. It is to be 
ensured that the shape and size of geometrical imperfections trigger the most critical failure modes. 
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SECTION 1 
GENERAL 


1 = APPLICATION 


1.1 Application 


1.1.1 
This chapter applies to hull structure over the full length of the ship including fore end, cargo hold region, 


machinery space and aft end, the side shell above the freeboard deck, engine casing, exposed decks of 
superstructure and internal decks except those inside superstructure and deckhouse. 


1.1.2 
This chapter provides requirements for evaluation of plating, stiffeners and Primary Supporting Members 
(PSM) subject to lateral pressure, local loads and to hull girder loads, as applicable. Requirements are 
specified for: 

e Load application in Ch 6, Sec 2. 

e Minimum thickness of plates, stiffeners and PSM in Ch 6, Sec 3. 

e Plating in Ch 6, Sec 4. 

e Stiffeners in Ch 6, Sec 5. 

e PSM and pillars in Ch 6, Sec 6. 


In addition, other requirements not related to defined design load sets, are provided. 


1.1.3 Required scantlings 


The offered net scantling is to be greater than or equal to the required scantlings based on requirements 
provided in this chapter. 


1.1.4 Additional local strength requirements 
Additional local strength requirements are provided in Ch 10 considering bow impact loads, bottom slamming 


loads and sloshing loads, and for fore end, machinery space and aft end. 


1.2 Acceptance criteria 


1.2.1 
Acceptance criteria set to be selected based on design load as follows: 
e AC-S for design load S; static loads. 


e AC-SD for design load S+D; combination of static and dynamic loads. 
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SECTION 2 
LOAD APPLICATION 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 
1 LOAD COMBINATION 


1.1 Hull girder bending 


1.1.1 Normal stresses 


The normal stress Opg, in N/mm?, induced by acting vertical and horizontal bending moments at the position 
being considered is given as follow. This stress is to be calculated for each design load set, as defined in [2] 
covering all dynamic load cases defined in Ch 4 in combination with M,,, both in hogging and in sagging. 


M.y + M 
Ong = ( F wv-LC 


y-n50 


(z-z) - Ye y) 10° 


z-n50 
where: 


Mw : Still water bending moment, in kNm, as defined in Ch 4, Sec 4, [2.2] in accordance with the 
considered design load scenario in Ch 4, Sec 7, Table 1. 


Mwac : Vertical wave bending moment, in kNm, of the considered dynamic load case, as defined in Ch 4, 
Sec 4, [3.5.2] in accordance with the considered design load scenario in Ch 4, Sec 7, Table 1, at the 
considered longitudinal position. 


Mypic : Horizontal wave bending moment, in kNm, of the considered dynamic load case, as defined in Ch 4, 
Sec 4, [3.5.4] in accordance with the considered design load scenario in Ch 4, Sec 7, Table 1, at the 
considered longitudinal position. 


lanso  : Net vertical hull girder moment of inertia, at the longitudinal position being considered, in m4. 
lanso : Net horizontal hull girder moment of inertia, at the longitudinal position being considered, in m*. 
y : Transverse coordinate of load calculation point, in m. 

Z : Vertical coordinate of the load calculation point under consideration, in m. 

Zn : Distance from the baseline to the horizontal neutral axis, in m. 


1.2 Lateral pressures 


1.2.1 Static and dynamic pressures in intact conditions 


The static and dynamic lateral pressures in intact condition induced by the sea and the various types of 
cargoes, ballast and other liquids are to be considered. Applied loads will depend on the location of the 
elements under consideration, and the adjacent type of compartments. 


1.2.2 Lateral pressure in flooded conditions 


Watertight boundaries of compartments not intended to carry liquids, excluding hull envelope, are to be 
subjected to lateral pressure in flooded conditions. 
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1.3 Pressure combination 


1.3.1 Elements of the outer shell 


If the compartment adjacent to the outer shell is intended to carry liquids, the static and dynamic lateral 
pressures to be considered are the differences between the internal pressures and the external sea pressures 
at the corresponding draught. 


If the compartment adjacent to the outer shell is not intended to carry liquids, the internal pressures and 
external sea pressures are to be considered independently. 
1.3.2 Elements other than those of the outer shell 


Except as specified in [1.3.1], the static and dynamic lateral pressures on an element separating two adjacent 
compartments are those obtained considering the two compartments individually loaded. 


2 DESIGN LOAD SETS 


2.1 Application of load components 


2.1.1 Application 
These requirements apply to: 
e Plating and stiffeners along the full length of the ship. 


e PSM outside the cargo hold region. 


2.1.2 Load components 

The static and dynamic load components are to be determined in accordance with Ch 4, Sec 7, Table 1. 
Radius of gyration, k,, and metacentric height, GM, are to be in accordance with Ch 4, Sec 3, Table 1 and Ch 4, 
Sec 3, Table 2 for the considered loading conditions specified in the design load sets given in Table 1. 

2.1.3 Design load sets for plating, stiffeners and PSM 

Design load sets for plating, stiffeners and primary supporting members are given in Table 1. 


In addition, the design load sets for primary supporting members of bulk carriers with length L less than 150 
m and of oil tankers within the cargo hold region are given respectively in Pt 2, Ch 1, Sec 4, [4.2] and in Pt 2, 
Ch 2, Sec 3, [1.2]. 


Table 1 : Design load sets 


Design Load Design ; os 
Item load set | component Draught load Loading condition 
E ition ® 
External shell and SEA-1 Pays Pp Tse S+D Full Load condition 
k 
exposed dee SEA-2 Pe Tsc S Harbour condition ® 
WB-1 P,- P, © on S+D Normal ballast 


condition 


Normal ballast 
WB-2 P= Pa?) Tear S+D condition 
Water ballast exchange 


Water ballast tank (oil 
tanker and bulk carrier) 


WB-3 Pa - Pe © | 0.25Ts¢ S Harbour/test condition 
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Design Load Design ? ih 
Item load set | component Draught load Loading condition 
WB-4 Pan - Pex ®© | Toa P S+D Heavy ballast condition 
Water ballast tank (bulk Heaw ballast condition 
carrier) and bulk cargo WB-5 @ | Pp- Pa ® | Tray P S+D w 
hold assigned as ballast Water ballast exchange 
hold 
WB-6 ®© Pin - S Harbour/test condition 
OT-1 Pin Tsc S+D Full Load condition 
Cargo oil tank OT-2 Pn 0.6Tsc S+D Partial load condition 
OT-3 Pin - S Harbour/Test condition 
BC-1 Pp Teo S+D ! 
Homogeneous loading, 
BC-2 P, g S fully filled 
BC-3 Pin Tsc S+D Homogeneous heavy 
cargo, partially filled 
BC-4 Pin - S (BC-A, B ships) 
Bulk cargo hold 
BC-5 Pin Tsc S+D ; 
Alternate light cargo, 
fully filled (BC-A ships 
BC-6 Pi, : s ee pa 
BC-7 Pin Tsc S+D | Alternate heavy cargo, 
partially filled (BC-A 
BC-8 Pin - S ships.) 
Normal ballast 
TK-1 Pin - Pa ® T +D Si 
Other tanks (fuel oil tank, yess is S condition 
fresh water tank) 7 
TK-2 Pn - Pex © | 0.25Ts¢ S Harbour/test condition 
-1 (©) P. T. ¥ iti 
Compartments not FD-1 ih sc S+D Flooded condition 
carne aquids FD-2 ®© Pn - S Flooded condition 
Normal ballast 
-1 ® Pan F T, S+D wae 
Exposed deck, internal ales Ti ii condition 
decks or platforms 7 
DL-2 (9 Pan Fy - S Harbour condition 
(1) For bulk carrier BC-A and BC-B, full load condition means ‘homogeneous heavy cargo’. 
(2) For external shell only. 
(3) P., is to be considered for external shell only. 
(4) Not to be applied to bulk cargo hold assigned as ballast hold. 
(5) Bulk cargo hold only. 
(6) FD-1 and FD-2 are not applicable to external shell and corrugations of transverse vertically corrugated bulkhead 
separating cargo holds. Requirement in flooded conditions of transverse corrugated bulkhead are given in Pt 2, Ch 1, 
Sec 3, [3]. 
(7) Minimum draught among heavy ballast conditions is to be used. 
(8) Distributed or concentrated loads only. Need not be combined with simultaneously occurring green sea pressure. 
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MINIMUM THICKNESSES 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


1 = PLATING 


1.1 Minimum thickness requirements 


IACS 


1.1.1 
The net thickness of plating in mm, is to comply with the appropriate minimum thickness requirements given 
in Table 1. 
Table 1 : Minimum net thickness for plating 
Element Location Area Net thickness 
Keel - 7.5 + 0.03 L, 
Fore Part 6.5 + 0.03 L, 
Bottom 
Shell Machinery space 
Side shell 3P 7.0 + 0.03 L, 
. Aft part 
Bilge 
Elsewhere 5.5 + 0.03 L, 
Breasthook Fore part 6.5 
Weather deck, strength deck, internal tank g 4.5 + 0.02 L> 
boundary 
Deck Machinery space 2.8 + 0.0067 s 
Platform deck 
Elsewhere 6.5 
Machinery space 6.6 + 0.024 L, 
Inner bottom ® |- 
Elsewhere 5.5 + 0.03 L, 
Longitudinal F : 
bulkheads of Ine ode Hopper tank top, Ob WINE tank Cargo hold region 0.7 L,Y? 
; longitudinal bulkhead 
bulk carriers 
Internal tank boundary, l : 4.5 + 0.02 L, 
Transverse/longitudinal watertight bulkhead 
Non-tigh Ikhead, 
Bulkheads on-tight bulkhead 
Wash bulkhead, - 4.5 + 0.01 L, 
Bulkheads between dry spaces. 
Pillar bulkheads in fore and aft peaks - 7.5 
Diaphragms in lower/upper stool - 5.0 + 0.015 L, 
Engine casing (in the cargo hold region) Cargo hold region 5.5 
Other members - — - - 
Engine casing (in way of accommodation) Accommodation 4.0 
Other plates in general - 4.5 + 0.01 L, 
(1) Applicable for both tight and non tight members 
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2 STIFFENERS AND TRIPPING BRACKETS 


2.1 Minimum thickness requirements 


2.1.1 


The net thickness of the web and face plate, if any, of stiffeners and tripping brackets in mm, is to comply with 
the minimum net thickness given in Table 2. 


In addition, the net thickness of the web of stiffeners and tripping brackets, in mm, is to be: 


e Not less than 40% of the net required thickness of the attached plating, to be determined according to 


Ch 6, Sec 4. 


e Less than twice the net offered thickness of the attached plating. 


Table 2 : Minimum net thickness for stiffeners and tripping brackets 


Element Location Net thickness 
Watertight boundary 3.5 + 0.015 L, 
Stiffeners and attached end brackets 
Other structure 3.0 + 0.015 Ly 
; ; ; ; Foremost hold ® 6.0 + 0.026 L 
Cargo hold side frames webs of single side bulk carriers 
Other holds ™ 5.2 + 0.023 L 
Tripping brackets 5.0 + 0.015 L, 
(1) L needs not to be taken greater than 200 m 


3 PRIMARY SUPPORTING MEMBERS 


3.1 Minimum thickness requirements 


3.1.1 


The net thickness of web plating and flange of primary supporting members in mm, is to comply with the 
minimum net thickness given in Table 3. 


Table 3 : Minimum net thickness for primary supporting members 


Element 


Location 


Net thickness 


Double bottom centreline girder 


Machinery space 


1.55 L3 + 3.5 


Elsewhere 5.5 + 0.025 L, 

Machinery space 1.7 L477 + 1.0 
Other bottom girder Fore part of ships with L >150 m 0.7 Lv? 

Elsewhere and fore part of ships with L < 150m 5.5 + 0.02 L, 


Girders bounding a duct keel 


Machinery space 


0.8L,72+2.5 


Machinery space 


1.7 L3 + 1.0 
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Bottom floor Fore part 0.7 L,Y? 
Elsewhere 0.6 L,¥? 
Aft peak floor - 0.7 L3”? 
Aft part / fore part 0.7 L,Y? 
Other primary supporting member In oil cargo tanks 5.5 + 0.015 L> 
Elsewhere 
For other cases 0.6 Lj 
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SECTION 4 
PLATING 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


Ap : Correction factor for the panel aspect ratio to be taken as follow but not to be taken greater than 1.0. 
E ee 
2.1a 
a : Length of plate panel, in mm, as defined in Ch 3, Sec 7, [2.2.2]. 


: Breadth of plate panel, in mm, as defined in Ch 3, Sec 7, [2.2.2]. 


P : Design pressure for the considered design load set, see Ch 6, Sec 2, [2], calculated at the load 
calculation point defined in Ch 3, Sec 7, [2.2], in kN/m?. 


Ong : Hull girder bending stress, in N/mm?2, as defined in Ch 6, Sec 2, [1.1], calculated at the load 
calculation point as defined in Ch 3, Sec 7, [2.2]. 


X : Coefficient taken equal to: 
e In intact condition: 
e y= 0.70 for inner bottom and hopper of bulk carriers, 
e y= 1.00 for other cases. 
e In flooded condition: 
e y= 1.00 for collision bulkheads for acceptance criteria set AC-S, 
e y= 0.95 for collision bulkheads for acceptance criteria set AC-SD, 


e y= 1.15 for other watertight boundaries of compartments. 


1 PLATING SUBJECTED TO LATERAL PRESSURE 


1.1 Yielding check 


1.1.1 Plating 


The net thickness, t in mm, is not to be taken less than the greatest value for all applicable design load sets, as 
defined in Ch 6, Sec 2, [2.1.3], given by: 


t = 0.0158 a, b |—Pl— 
x Ca Ren 


where: 
C; : Permissible bending stress coefficient for plate taken equal to: 
C, = B-a Sas , not to be taken greater than Cymax. 
eH 
B : Coefficient as defined in Table 1. 
a : Coefficient as defined in Table 1. 
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Cmax : Maximum permissible bending stress coefficient as defined in Table 1. 


Table 1 : Definition B, œ and Cmax 


Acceptance 
ciena set Structural member B a Ci mak 
Longitudinal | Longitudinally stiffened plating 0.9 0.5 0.8 
strength ; f 
AC-S members Transversely stiffened plating 0.9 1.0 0.8 
Other members 0.8 (0) 0.8 
Longitudinal | Longitudinally stiffened plating 1.05 0.5 0.95 
strength j ; 
AC-SD members Transversely stiffened plating 1.05 1.0 0.95 
Other members 1.0 (0) 1.0 


1.2 Plating of corrugated bulkheads 


1.2.1 Cold and hot formed corrugations 


The net thicknesses, t in mm, of the web and flange plates of corrugated bulkheads are not to be taken less 
than the greatest value calculated for all applicable design load sets, as defined in Ch 6, Sec 2, [2.1.3], given 
by: 


t = 0.0158b, |P- 


CB Ren 
where: 
bp : Breadth of plane corrugation plating: 
b, = a for flange plating, in mm, as defined in Ch 3, Sec 6, Figure 21. 
b, = c for web plating, in mm, as defined in Ch 3, Sec 6, Figure 21. 
Cop : Permissible bending stress coefficient for corrugated bulkhead plating taken equal to: 
e For acceptance criteria set AC-S for transverse corrugated bulkheads and vertically corrugated 
longitudinal bulkheads. 
Cog = 0.75 
e For acceptance criteria set AC-SD for transverse corrugated bulkheads and vertically 
corrugated longitudinal bulkheads. 
Cog = 0.90 
e For horizontally corrugated longitudinal bulkheads, without being greater than Cog may- 
Cop = Bcs- Oce ed 
Pes : Coefficient as defined in Table 2. 
Op : Coefficient as defined in Table 2. 


Cop.max : Maximum permissible bending stress coefficient as defined in Table 2. 


Table 2 : Definition Ssg, Gp and Coz max 


Acceptance 
criteria s&t Structural member Bee Or Con ina 
AC-S Horizontally corrugated longitudinal bulkheads 0.90 0.50 0.75 
AC-SD Horizontally corrugated longitudinal bulkheads 1.05 0.50 0.90 
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1.2.2 Built-up corrugations 


For built-up corrugations, with flange and web plate of different thickness, the net thickness, t; in mm, is to be 
taken as the greatest value calculated for all applicable design load sets, as defined in Ch 6, Sec 2, [2.1.3], 
given by: 


_ [0.0005 b>” |P| 2 

t= = -t 
Cop Ren 

where: 
ti : Net thickness of the thicker plating, either flange or web, in mm. 
to : Net thickness of the thinner plating, either flange or web, in mm. 
Dp : Breadth of thicker plate, either flange or web, in mm. 
Cos : Permissible bending stress coefficient as defined in [1.2.1]. 


2 SPECIAL REQUIREMENTS 


2.1 Minimum thickness of keel plating 


2.1.1 


The net thickness of the keel plating is not to be taken less than the offered net thickness of the adjacent 2 m 
width bottom plating, measured from the edge of the keel strake. 


The width of the keel is defined in Ch 3, Sec 6, [7.2.1]. 


2.2 Bilge plating 


2.2.1 Definition of bilge area 
The definition of bilge area is given in Ch 1, Sec 4, [3.8.1]. 


2.2.2 Bilge plate thickness within 0.4 L amidships 


The net thickness of bilge plating is not to be taken less than the offered net thickness for the adjacent bottom 
shell or adjacent side shell plating, whichever is greater. 


The net thickness of curved bilge plating, t, in mm, is not to be taken less than: 


t = 6.45 x10 (Pox s,)°* R°® 


where: 

Px : Design sea pressure for the design load set SEA-1 as defined in Ch 6, Sec 2, [2.1.3] calculated at the 
lower turn of the bilge, in kKN/m?. 

R : Effective bilge radius in mm. 
R= Ro +0.5 (As; + AS») 

Ro : Radius of curvature, in mm. See Figure 1. 

As, : Distance between the lower turn of bilge and the outermost bottom longitudinal, in mm, see Figure 1. 
Where the outermost bottom longitudinal is within the curvature, this distance is to be taken as zero. 

As» : Distance between the upper turn of bilge and the lowest side longitudinal, in mm, see Figure 1. 
Where the lowest side longitudinal is within the curvature, this distance is to be taken as zero. 

Sp : Distance between transverse stiffeners, webs or bilge brackets, in mm. 
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Longitudinally stiffened bilge plating is to be assessed as regular stiffened plating. The bilge thickness is not to 
be less than the minimum value obtained by [1.1.1] and [2.2.2]. A bilge keel is not considered as an effective 
‘longitudinal stiffening’ member and unless other longitudinal stiffeners are fitted, this requirement has to be 
applied. 


2.2.3 Bilge plate thickness outside 0.4 L amidships 


For transversely stiffened bilge plating outside 0.4 L amidships, the bilge plate thickness requirement is to be 
specially considered based on evaluation of support provided by the hull form and internal stiffening 
arrangements. Outside of 0.4 L amidships, the bilge plating thickness and arrangement are to comply with the 
requirements to side shell or bottom plating in the same region. Effect of increased loading in the forward 
region is to be specially considered. 


2.2.4 Transverse extension of bilge minimum plate thickness 


Where a plate seam is located in the straight plate just below the lowest stiffener on the side shell, any 
increased thickness required for the bilge plating does not have to be extended to the adjacent plate above the 
bilge provided the plate seam is not more than s./4 below the lowest side longitudinal. Similarly, for the flat 
part of adjacent bottom plating, any increased thickness for the bilge plating does not have to be extended to 
the adjacent plate provided that the plate seam is not more than s,/4 beyond the outboard bottom 
longitudinal. For definition of s; and Ss, see Figure 1. 


Figure 1 : Transverse stiffened bilge plating 


2.2.5 Hull envelope framing in bilge area 


For transversely stiffened bilge plating, a longitudinal is to be fitted at the bottom and at the side close to the 
position where the curvature of the bilge plate starts. The scantling of those longitudinals are to be not less 
than the one of the closer adjacent stiffener. The distance between the lower turn of bilge and the outermost 
bottom longitudinal, As,, is generally not to be greater than one-third of the spacing between the two 
outermost bottom longitudinals, s4. Similarly, the distance between the upper turn of the bilge and the lowest 
side longitudinal, As., is generally not to be greater than one-third of the spacing between the two lowest side 
longitudinals, S>. See Figure 1. 


2.3 Side shell plating 


2.3.1 Fender contact zone 


The net thickness, t in mm, of the side shell plating within the fender contact zone as specified in [2.3.2] is not 
to be taken less than: 


0.25 
t = 26 ( b +0.7) (=) 
1000 Rop? 
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2.3.2 Application of fender contact zone requirement 


The application extends within the cargo hold region as defined in Ch 1, Sec 1, [2.4.3], from the ballast 
draught Tsa, to 0.25 Tsc (minimum 2.2 m) above Tsc- 


2.4 Sheer strake 


2.4.1 General 
The minimum width of the sheer strake is defined in Ch 3, Sec 6, [8.2.4]. 


2.4.2 Welded sheer strake 
The net thickness of a welded sheer strake is not to be less than the offered net thickness of the adjacent 2 m 
width side plating, provided this plating is located entirely within the top wing tank or double side tank as the 
case may be. 
2.4.3 Rounded sheer strake 
The net thickness of a rounded sheer strake is not to be less than: 

e The offered net thickness of the adjacent 2 m width deck plating, or 

e The offered net thickness of the adjacent 2 m width side plating, 


whichever is greater. 


2.5 Deck stringer plating 


2.5.1 
The minimum width of deck stringer plating is defined in Ch 3, Sec 6, [9.1.2]. 


2.5.2 


Within 0.6 L of amidships, the net thickness of the deck stringer plate is not to be less than the offered net 
thickness of the adjacent deck plating. 


2.6 Supporting structure in way of corrugated bulkheads 


2.6.1 General 


Requirements for the arrangement of bulkhead as given in Ch 3, Sec 6, [10.4] are to be considered together 
with [2.6.2] to [2.6.4]. 


2.6.2 Lower stool 


a) The net thickness of the stool top plate is not to be less than that required for the attached corrugated 
bulkhead and is to be of at least the same material yield strength as the attached corrugation. The 
extension of the top plate beyond the corrugation is not to be less than the as-built flange thickness of 
the corrugation. 


2 


The net thickness of the stool side plate, within the region of the corrugation depth from the stool top 
plate, is not to be less than the corrugated bulkhead flange net required thickness at the lower end and 
is to be of at least the same material yield strength. The net thickness may be reduced to 90% of 
corrugation flange thickness if continuity is provided between the corrugation web and supporting 
brackets inside the stool as defined in (c). 


O 
wa 


Continuity between corrugation web and lower stool supporting brackets is to be maintained inside the 
stool. Alternatively, lower stool supporting brackets inside the stool are to be aligned with every knuckle 
point of corrugation web. 


COMMON STRUCTURAL RULES 1 JAN 2014 


PART 1 CHAPTER6 SECTION 4 


PART 1 CHAPTER6 SECTION 4 


}@eeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeseeeseeeeeeeeeseeseeeseeeeeeeeeeeeeeeeeeeeseeeeseeeseeeeeeseeeeseeseeeseeeeeeeeeeeeseeeeeeeeeeeeeeseseeeeeeeeeeeees 


IACS 


Qa 
s 


& 


The net thickness of supporting bracket is not to be less than 80% of the required net thickness of the 
corrugation webs and is to be of at least the same material yield strength. 


The net thickness of supporting floors is not to be less than the net required thickness of the stool side 
plating (excluding the application of GRAB requirements as defined in Pt 2, Ch 1, Sec 6) connected to 
the inner bottom and is to be of at least the same material yield strength. If material of different yield 
strength is used, the required thickness is to be adjusted by the ratio of the two material factors k, as 
defined in Ch 3, Sec 1, [2.2.1]. 


Where a lower stool is fitted, particular attention is to be given to the through-thickness properties, and 
arrangements for continuity of strength, at the connection of the bulkhead stool to the inner bottom. For 
requirements for plates with specified through-thickness properties, see Ch 3, Sec 1, [2.5]. 


2.6.3 Upper stool 


L 


g 


The net thickness of the stool bottom plate is not to be less than that required for the attached 
corrugated bulkhead and is to be of at least the same material yield strength as the attached 
corrugation. The extension of the top plate beyond the corrugation is not to be less than the as-built 
flange thickness of the corrugation. 


The net thickness of the lower portion of stool side plating is not to be less than 80% of the upper part 
of the bulkhead plating as required by [1.2] and Pt 2, Ch 1, Sec 3, [3.1], as applicable, whichever is the 
greater, where the same material is used. If material of different yield strength is used, the required 
thickness is to be adjusted by the ratio of the two material factors k as defined in Ch 3, Sec 1, [2.2.1]. 


2.6.4 Local supporting structure in way of corrugated bulkheads without a lower stool 


a) 


e 


2.7 


2.7.1 


The net thickness of the supporting floors and pipe tunnel beams in way of a corrugated bulkhead are 
not to be less than the required net thickness of the corrugation flanges and are to be of at least the 
same material yield strength. The inner bottom and hopper tank in way of the corrugation is to be of at 
least the same material yield strength as the attached corrugation, and Z grade steel as defined in Ch 
3, Sec 1, [2.5.1] is to be used unless through thickness properties are documented for approval. 


Brackets/carlings arranged in line with the corrugation web are to have a depth of not less than 0.5 
times the corrugation depth and a net thickness not less than 80% of the net thickness of the 
corrugation webs and are to be of at least the same material yield strength. Where support is provided 
by gussets with shedder plates instead of brackets/carlings, the height of the gusset plate, see hę in 
Pt 2, Ch 1, Sec 3, Figure 5, is to be at least equal to the corrugation depth. The gusset plates are to be 
fitted in line with and between the corrugation flanges. The net thickness of the gusset and shedder 
plates is not to be less than 100% and 80%, respectively, of the net thickness of the corrugation flange 
and is to be of at least the same material yield strength. 


Aft peak bulkhead 


The net thickness of the aft peak bulkhead plating in way of the stern tube penetration is to be at least 1.6 
times the required thickness for the bulkhead plating. 
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SECTION 5 
STIFFENERS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 

Oshr : Effective shear depth, in mm, as defined in Ch 3, Sec 7, [1.4.3]. 
vag : Effective bending span, in m, as defined in Ch 3, Sec 7, [1.1.2]. 
Lohr : Effective shear span, in m, as defined in Ch 3, Sec 7, [1.1.3]. 


P : Design pressure for the design load set being defined in Ch 6, Sec 2 and calculated at the load 
calculation point defined in Ch 3, Sec 7, [3.2], in kN/m?. 


Y : Coefficient taken equal to: 
e In intact condition: 
e %= 0.90 for inner bottom and hopper of bulk carriers, 
e y= 1.00 for other cases. 


e In flooded condition: yas defined in Ch 6, Sec 4 for flooded condition. 
1 = STIFFENERS SUBJECT TO LATERAL PRESSURE 


1.1 Yielding check 


1.1.1 Web plating 


The minimum net web thickness, ty in mm, is not to be taken less than the greatest value calculated for all 
applicable design load sets as defined in Ch 6, Sec 2, [2], given by: 


Tene |P] S Grr 


ty = with x C; not to be taken greater than 1.0. 


dsnr X Ct Ten 
where: 
foir : Shear force distribution factor taken as: 
e For continuous stiffeners with fixed ends, f,,,, is not to be taken less than: 
e fen = 0.5 for horizontal stiffeners and upper end of vertical stiffeners. 
e fen = O.T for lower end of vertical stiffeners. 
e For stiffeners with reduced end fixity, variable load or being part of grillage, the requirement in 
[1.2] applies. 
C, : Permissible shear stress coefficient for the design load set being considered, taken as: 


e C,= 0.75 for acceptance criteria set AC-S. 


e C,= 0.90 for acceptance criteria set AC-SD. 


1.1.2 Section modulus 


The minimum net section modulus, Z in cm, is not to be taken less than the greatest value calculated for all 
applicable design load sets as defined in Ch 6, Sec 2, [2.1.3], given by: 
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Fis [P| S hag? 
fbag X Cs Ren 


where: 
fbag : Bending moment factor taken as: 
e For continuous stiffeners with fixed ends, fsag is not to be taken higher than: 
* fbag = 12 for horizontal stiffeners and upper end of vertical stiffeners. 
* frag = 10 for lower end of vertical stiffeners. 
e For stiffeners with reduced end fixity, variable load or being part of grillage, the requirement in 
[1.2] applies. 
Cy : Permissible bending stress coefficient as defined in Table 1 for the design load set being considered. 
Ong : Hull girder bending stress, in N/mm?, as defined in Ch 6, Sec 2, [1.1], calculated at the load 
calculation point as defined in Ch 3, Sec 7, [3.2]. 
Bs; : Coefficient as defined in Table 2. 
VA : Coefficient as defined in Table 2. 


Cymax : Coefficient as defined in Table 2. 


Table 1 : Definition of C, 


Sign of hull girder Lateral pressure Coefficient C, 
bending stress, On, acting on 
Tension (positive) Stiffener side _ [Ongl 
C; E Bs — Os R 
Compression Plate side y 
(negative) but not to be taken greater than C,max 
Tension (positive) Plate side 
i Cs = Cam X 
Compression Stiffener side i 
(negative) 
Table 2 : Definition of £, œ and C, max 
Acceptance criteria set Structural member Bs Os Cimax 
ae Longitudinal strength member 0.85 1.0 0.75 
Transverse or vertical member 0.75 (0) 0.75 
Longitudinal strength member 1.0 1.0 0.9 
AC-SD - 
Transverse or vertical member 0.9 (0) 0.9 


1.1.3 Group of stiffeners 


Scantlings of stiffeners based on requirements in [1.1.1] and [1.1.2] may be decided based on the concept of 
grouping designated sequentially placed stiffeners of equal scantlings on a single stiffened panel. The 
scantling of the group is to be taken as the greater of the following: 


e The average of the required scantling of all stiffeners within a group. 


e 90% of the maximum scantling required for any one stiffener within the group. 


1.1.4 Plate and stiffener of different materials 


When the minimum specified yield stress of a stiffener exceeds the minimum specified yield stress of the 
attached plate by more than 35%, the following criterion is to be satisfied: 


Ren-s S (Ray-r- Se .oad l) Ze; Os [Ong] [On | 
s s 
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: Minimum specified yield stress of the material of the stiffener, in N/mm?. 
: Minimum specified yield stress of the material of the attached plate, in N/mm2. 


: Hull girder bending stress, in N/mm?, as defined in Ch 6, Sec 2, [1.1] with | O,g| Not to be taken less 
than 0.4 Rey-p- 


: Net section modulus, in way of face plate/free edge of the stiffener, in cm?. 
: Net section modulus, in way of the attached plate of stiffener, in cm®. 


: Coefficients defined in Table 2. 


Beam analysis 


Direct analysis 


The maximum normal bending stress, o and shear stress, Tin a stiffener using net properties with reduced 
end fixity, variable load or being part of grillage are to be determined by direct calculations taking into account: 


The distribution of static and dynamic pressures and forces, if any. 
The number and position of intermediate supports (e.g. decks, girders, etc). 
The condition of fixity at the ends of the stiffener and at intermediate supports. 


The geometrical characteristics of the stiffener on the intermediate spans. 


1.2.2 Stress criteria 
The stress is to comply with the following criteria where the coefficients C, and C,, are defined in [1.1.1] and 
[1.1.2]. 
© TIAC: Teh 
e oS VC, Ren 
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SECTION 6 
PRIMARY SUPPORTING MEMBERS 
AND PILLARS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


P : Design pressure for the design load set being considered as defined in Ch 6, Sec 2 and calculated at 
the load calculation point as defined in Ch 3, Sec 7, [4.1.1], in kN/m2. 


bag : Effective bending span, as defined in Ch 3, Sec 7, [1.1.6], in m. 


l snr : Effective shear span, as defined in Ch 3, Sec 7, [1.1.7], in m. 


Y : Coefficient taken equal to: 


e In intact condition: 
e %= 0.90 for inner bottom and hopper of bulk carriers, 
e %= 1.00 for other cases. 


e In flooded condition: yas defined in Ch 6, Sec 4 for flooded condition. 


1 GENERAL 


1.1 Application 


1.1.1 


The requirements of this section apply to primary supporting members subjected to lateral pressure and 
concentrated loads and pillars subjected to compressive axial loads. The yielding check is to be carried out for 
such members subjected to specific loads. 


2 PRIMARY SUPPORTING MEMBERS WITHIN CARGO HOLD REGION 


2.1 + Flooded condition 


2.1.1 


The requirements in this sub-article apply to the primary supporting members of watertight boundaries other 
than outer shell or tank boundaries, subject to lateral pressure in flooded condition. 


2.1.2 


The verification against flooded condition is to be made by using the pressure and hull girder loads for the 
appropriate design load set as defined in Ch 6, Sec 2 and the scantling requirements given in [3.2]. 
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2.2 Bulk carriers 


2.2.1 Bulk carriers having a length L of 150m and above 


The scantlings of primary supporting members within the cargo hold region are to be verified by FE structural 
analysis as defined in Ch 7. 


2.2.2 Bulk carriers having a length L less than 150m 


The scantlings of primary supporting members within the cargo hold region are to comply with the 
requirements given in Pt 2, Ch 1, Sec 4, [4]. Alternatively, the scantlings of such members may be verified by 
direct strength assessment as deemed appropriate by the Society. 


2.3 Oil tankers 


2.3.1 


Scantlings of primary supporting members within the cargo hold region are to comply with the requirements 
given in Pt 2, Ch 2, Sec 3, [1] and are to be verified by FE structural analysis, as defined in Ch 7. 


3 PRIMARY SUPPORTING MEMBERS OUTSIDE CARGO HOLD REGION 


3.1 Application 


3.1.1 


The requirements of this article apply to primary supporting members, subjected to lateral pressure within the 
fore part, aft part and machinery space. 


3.2 Scantling requirements 


3.2.1 Net section modulus 


The net section modulus, Z,59 in cm3, of primary supporting members subjected to lateral pressure is not to be 
taken less than the greatest value for all applicable design load sets defined in Ch 6, Sec 2, [2], given by: 


Znsp = 1000 ELS foe 
i X fbag Cs Ren 


where: 
foag : Bending moment distribution factor, as given in Table 2. 
C, : Permissible bending stress coefficient for the acceptance criteria set, as given in Table 1. 


3.2.2 Net shear area 


The net shear area, Agn-nso in cm?, of primary supporting members subjected to lateral pressure is not to be 
taken less than the greatest value for all applicable design load sets defined in Ch 6, Sec 2, [2], given by: 


Fehr IP] S lshr 


Asnr-nso = 10 1 C, Ton 

where: 

fiir : Shear force distribution factor, as given in Table 2. 

C, : Permissible shear stress coefficient for the acceptance criteria set being considered, as given in 
Table 1. 
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Table 1 : Permissible bending and shear stress coefficients for primary supporting members 


Acceptance criteria set Structure attached to primary supporting member C, and C, 
AC-S All boundaries, including decks and flats 0.70 
AC-SD All boundaries, including decks and flats 0.85 


Table 2 : Bending moment and shear force factors, f,4, and fonr 


Bending moment and shear force 
Load and boundary condition distribution factors (based on load at mid 
span, where load varies) 
Position 1 2 3 
Load 1 2 3 frags forage frags 
model Support Field Support Fohra - fonra 
A 12.0 24.0 12.0 
0.50 - 0.50 
B - 14.2 8.0 
0.38 - 0.63 
- 8.0 - 
C 
0.50 - 0.50 
D 15.0 23.3 10.0 
0.30 - 0.70 
E - 16.8 7.5 
0.20 - 0.80 
- - 2. 
F (0) 
- - 1.0 
Yo 


Note 1: The bending moment distribution factor, feag for the support positions is applicable for a distance of 0.2 Pia from the end of the 
effective bending span of the primary supporting member. 


Note 2: 


Note 3: 


The shear force distribution factor, f,,, for the support positions is applicable for a distance of 0.2 L» from the end of the 
effective shear span of the primary supporting member. 

Application of fgg and fsnr: 

The section modulus requirement within 0.2 Love from the end of the effective span is to be determined using the applicable 
fragt ANC frags, however f,,, is not to be taken greater than 12. 

The section modulus of mid-span area is to be determined using fig. = 24, OF frags from the table if lesser. 


The shear area requirement of end connections within 0.2 l» from the end of the effective span is to be determined using 
fsnr = 0.5 or the applicable fsnr1 OF fonra, whichever is greater. 


For models A through F, the value of f,,, may be gradually reduced outside of 0.2 l, towards 0.5 f,» at mid-span, where f,,,, is 
the greater value of fon-7 and fonra- 
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3.3 Advanced calculation methods 


3.3.1 Direct analysis 


Where complex grillage structures are employed or cross ties are fitted in side shell primary supporting 
members, the scantlings are to be determined by direct calculation taking into account: 


e The distribution of still water and wave pressure and forces, if any. 
e The number and position of intermediate supports (e.g. decks, girders, etc). 
e The condition of fixity at the ends of the primary supporting members and at intermediate supports. 


e The geometrical characteristics of the primary supporting members on the intermediate spans. 


3.3.2 Analysis criteria 


The calculated stresses are to comply with the following criteria where the coefficients C, and C,, are defined in 
[3.2]: 


+ OS YC, Ren 


7 TS YC, Tex 


where: 

T : Shear stress in member, in N/mm?, based on tso- 
oO : Normal stress in member, in N/mm?, based on t,5o- 
4 PILLARS 


4.1 Pillars subjected to compressive axial load 


4.1.1 Criteria 


The maximum applied compressive axial load on a pillar, Fi, in KN, is to be taken as the greatest value 
calculated for all applicable design load sets defined in Ch 6, Sec 2, [2], and is given by the following formula: 


Foi = Pb _sup btcte + Foi —upr 

where: 

Dasup : Mean breadth of area supported, in m. 

lasu : Mean length of area supported, in m. 

Foit-upr : Axial load from pillar including axial load from pillars above, in kN, if any. 
Apinso : Net cross section area of the pillar, in cm?. 


The buckling check of the pillar is to be performed according to Ch 8, Sec 4, [5.1], with o in N/mm?, as 
defined in Ch 8, Sec 5, [3.1] given by: 


Fits 


Apill—n50 


Oa = 10 


4.2 Pillars subject to tensile axial load 


4.2.1 Criteria 


Pillars and PSM members subjected to tensile axial load are to satisfy the criteria given in [3.3.2]. 
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SECTION 1 
STRENGTH ASSESSMENT 


1 GENERAL 


1.1 Application 


1.1.1 


This chapter provides requirements applicable to ships having rule length L of 150 m or above to assess the 
scantlings of the hull structure using finite element analysis. 


1.1.2 
The finite element analysis consists of three parts: 


a) Cargo hold analysis to assess the strength of longitudinal hull girder structural members, primary 
supporting structural members and bulkheads. 


b) Fine mesh analysis to assess detailed stress levels in local structural details. 


c) Very fine mesh analysis to assess the fatigue capacity of the structural details according to Ch 9. 


1.1.3 


The strength assessment performed with finite element analysis is to verify that the scantlings comply with the 
acceptance criteria specified in this chapter for: 


e Cargo hold structural analysis performed in accordance with Ch 7, Sec 2. 


e Local structural analysis performed in accordance with Ch 7, Sec 3. 


1.1.4 


Strength assessment based on finite element analysis is applicable for the entire cargo hold region. 


1.1.5 
The analysis is to verify the following: 
a) Stress levels are within the acceptance criteria for yielding. 


b) Buckling capability of plates and stiffened panels are within the acceptance criteria for bucking defined 
in Ch 8. 


c) Fatigue capacity of structural details is within the acceptance criteria defined in Ch 9. 


1.1.6 


A flow diagram showing the minimum requirement of finite element analysis is shown in Figure 1. 
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Figure 1 : Flow diagram of finite element analysis 
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2 NET SCANTLING 


2.1 Netscantling application 


2.1.1 


FE models for cargo hold FE analyses, local fine mesh FE analysis and very fine mesh FE analyses, are to be 
based on the net scantling approach, applying a corrosion addition of 0.5 t, as defined in Ch 3, Sec 2, Table 1. 


All buckling capacity assessment are to be based on corrosion addition t,, as defined in Ch 3, Sec 2, Table 1. 
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3.1 Used finite element types 


3.1.1 


The structural assessment is to be based on linear finite element analysis of three dimensional structural 
models. The general types of finite elements to be used in the finite element analysis are given in Table 1. 


Table 1 : Types of finite element 


Type of finite element Description 


Line element with axial stiffness only and constant cross 


R | : 
OONO UUS SEIE MSIE sectional area along the length of the element. 


Line element with axial, torsional and bi-directional shear and 
Beam element bending stiffness and with constant properties along the 
length of the element. 


Shell element with in-plane stiffness and out-of-plane bending 


Shell (or.plate) element stiffness with constant thickness. 


3.1.2 


Two node line elements and four node shell elements are, in general, considered sufficient for the 
representation of the hull structure. The mesh requirements given in this chapter are based on the 
assumption that these elements are used in the finite element models. However, higher order elements may 
also be used. 


4 SUBMISSION OF RESULTS 


4.1 Detailed report 


4.1.1 


A detailed report of the structural analysis is to be submitted by the designer/builder to demonstrate 
compliance with the specified structural design criteria. This report is to include the following information: 


a) List of plans used including dates and versions. 


b) Detailed description of structural modelling including all modelling assumptions and any deviations in 
geometry and arrangement of structure compared with plans. 


c) Plots to demonstrate correct structural modelling and assigned properties. 
d) Details of material properties, plate thickness, beam properties used in the model. 
e) Details of boundary conditions. 


f) Details of all loading conditions reviewed with calculated hull girder shear force, bending moment and 
torsional moment distributions. 


g) Details of applied loads and confirmation that individual and total applied loads are correct. 


h) Plots and results that demonstrate the correct behaviour of the structural model under the applied 
loads. 


i) Summaries and plots of global and local deflections. 


j) Summaries and sufficient plots of stresses to demonstrate that the design criteria are not exceeded in 
any member. 


k) Plate and stiffened panel buckling analysis and results. 


I) Tabulated results showing compliance, or otherwise, with the design criteria. 
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m) Proposed amendments to structure where necessary, including revised assessment of stresses, 
buckling and fatigue properties showing compliance with design criteria. 


n) Reference of the finite element computer program, including its version and date. 
5 COMPUTER PROGRAMS 


5.1 Use of computer programs 


5.1.1 


Any finite element computation program complying with Ch 1, Sec 3 may be employed to determine the stress 
and deflection of the hull structure, provided that the combined effects of bending, shear, axial and torsional 
deformations are considered. 
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SECTION 2 
CARGO HOLD STRUCTURAL 
STRENGTH ANALYSIS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


Mey : Permissible vertical still water bending moment, in kNm, as defined in Ch 4, Sec 4. 

Mw : Vertical wave bending moment, in kNm, in hogging or sagging condition, as defined in Ch 4, Sec 4. 

Mwn : Horizontal wave bending moment, in kNm, as defined in Ch 4, Sec 4. 

Mm : Wave torsional moment in seagoing condition, in kNm, as defined in Ch 4, Sec 4. 

Qsw : Permissible still water shear force, in kN, at the considered bulkhead position, as provided in Ch 4, 
Sec 4. 

Qw : Vertical wave shear force, in kN, as defined in Ch 4, Sec 4. 


Xpatv Xp-twa : coordinate, in m, of respectively the aft and forward bulkhead of the mid-hold. 
Xaft : X-coordinate, in m, of the aft end support of the FE model. 

Xtore : X-coordinate, in m, of the fore end support of the FE model. 

Xi : X-coordinate, in m, of web frame station i. 

Qart : Vertical shear force, in kN, at aft bulkhead of mid-hold as defined in [4.4.6]. 
Qhwa : Vertical shear force, in KN, at fore bulkhead of mid-hold as defined in [4.4.6]. 
Qtargart : Target shear force, in kN, at the aft bulkhead of mid-hold as defined in [4.3.3]. 


Qtargtwa : Target shear force, in kN, at the forward bulkhead of mid-hold as defined in [4.3.3]. 


1 OBJECTIVE AND SCOPE 


1.1 General 


1.1.1 
The cargo hold structural strength analysis is used for the assessment of scantlings of longitudinal hull girder 


structural members, primary supporting members and bulkheads within the cargo hold region. This section 
gives the requirements for cargo hold structural strength analysis. 


1.1.2 


Cargo hold structural strength analysis is mandatory within the cargo hold region including the aft bulkhead of 
the aftmost cargo hold and the collision bulkhead. The evaluation areas are defined in [5.1]. 
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1.1.3 


For the purpose of FE structural assessment and load application, the cargo hold region contains the following 
cargo hold regions, which may vary depending on the ship length and cargo hold arrangement, as defined in 
Figure 1: 


e Midship cargo hold region, 
e Forward cargo hold region, 
e After cargo hold region, 
e Foremost cargo hold(s), 


e Aftmost cargo hold(s). 


Figure 1 : Definition of cargo hold regions for FE structural assessment 


Engine |Slop 
room _|tank 
AE 


l oa | O ore | 
Ie >| e < < >| 


0.65L 


Aftmost After cargo Midship cargo hold region Forward Foremost 
cargo hold(s) hold region cargo cargo hold(s) 
hold region 


Holds in the forward cargo hold region are defined as holds with their longitudinal centre of gravity position forward of 0.7 L from AE, 
except foremost cargo hold. 

Holds in the midship cargo hold region are defined as holds with their longitudinal centre of gravity position at or forward of 

0.3 L from AE and at or aft of 0.7 L from AE. 

Holds in the after cargo hold region are defined as holds with their longitudinal centre of gravity position aft of 0.3 L from AE, except 
aftmost cargo hold. 

Foremost cargo hold(s) is (are) defined as hold(s) in the foremost location of the cargo hold region. 

Aftmost cargo hold(s) is (are) defined as hold(s) in the aftmost location of the cargo hold region. 


1.2 Cargo hold structural strength analysis procedure 


1.2.1 Procedure description 
The structural FE analysis is to be performed in accordance with the following: 
e Model: Three cargo hold model with: 
e Extent as given in [2.2] 
e Finite element types as given in [2.3] 
e Structural modelling as defined in [2.4] 
e Boundary conditions as defined in [2.5] 
e FE load combinations as defined in [3] 
e Load application as defined in [4] 
e Evaluation area as defined in [5.1] 


e Strength assessment as defined in [5.2] and [5.3] 


1.2.2 Mid-hold definition 


For the purpose of the FE analysis, the mid-hold is defined as the middle hold(s) of the three cargo hold length 
FE model. 
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In case of foremost and aftmost cargo hold assessment, the mid-hold represents the foremost and aftmost 
cargo hold including the slop tank if any, respectively. 
1.2.3 Scantling assessment 


The scantling assessment is carried out according to Ch 7, Sec 1 for each individual cargo hold using the FE 
load combinations defined in Ch 4, Sec 8 applicable to the considered cargo hold. The FE analysis results are 
applicable to the evaluation area as defined in [5.1.1], of the considered cargo hold. 


The individual transverse bulkhead structural elements, inclusive plating, stiffeners and horizontal stringers, 
are to be assessed considering two cargo hold finite element analyses, i.e. the analysis for the hold forward 
and the one for the hold aft of the considered transverse bulkhead. 


2 STRUCTURAL MODEL 


2.1 Members to be modelled 


2.1.1 
All main longitudinal and transverse structural elements are to be modelled. These include: 
e Inner and outer shell, 
e Deck, 
e Double bottom floors and girders, 
e Transverse and vertical web frames, 
e Hatch coamings, 
e Stringers, 
e Transverse and longitudinal bulkhead structures, 
e Other primary supporting members, 
e Other structural members which contribute to hull girder strength. 


All plates and stiffeners on the structure, including web stiffeners, are to be modelled. Brackets which 
contribute to primary Supporting member strength and the size of which is not less than the typical mesh size 
(s-by-s) described in [2.4.2], are to be modelled. 


2.2 Extent of model 


2.2.1 Longitudinal extent 


Except the foremost and aftermost cargo hold models, the longitudinal extent of the cargo hold FE model is to 
cover three cargo hold lengths. The transverse bulkheads at the ends of the model are to be modelled. Where 
corrugated transverse bulkheads are fitted, the model is to include the extent of the bulkhead stool structure 
forward and aft of the tanks/holds at the model ends. The web frames at the ends of the model are to be 
modelled. Typical finite element models representing the midship cargo hold region of different ship type 
configurations are shown in Figure 3 and Figure 4. 


The foremost and the aftmost cargo holds are located at the middle of the FE models as follows: 


e Foremost cargo hold: from the after bulkhead of the cargo hold no. 2 to the ship’s foremost cross 
section where the reinforced ring or web frame remains continuous from the base line to the strength 
deck. 


e Aftermost cargo hold: from the after bulkhead of the engine room to the forward bulkhead of no. N-41 
cargo hold, where N is the number of holds or sets of holds numbered from forward to aft. 


Examples of finite element models representing the foremost and aftermost cargo holds of different ship type 
configurations are shown in Figure 5 and Figure 6. 
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2.2.2 Hull form modelling 


In general, the finite element model is to represent the geometry of the hull form. In the midship cargo hold 
region, the finite element model may be prismatic provided the mid-hold has a prismatic shape. 


In the foremost cargo hold model, the hull form forward of the transverse section at the middle of the fore part 
up to the model end as defined in [2.2.1] may be modelled with a simplified geometry. The transverse section 
at the middle of the fore part up to the model end may be extruded out to the fore model end, as shown in 
Figure 2. 


In the aftmost cargo hold model, the hull form aft of the middle of the machinery space may be modelled with 
a simplified geometry. The section at the middle of the machinery space may be extruded out to its aft 
bulkhead, as shown in Figure 2. 


When the hull form is modelled by extrusion, the geometrical properties of the transverse section located at 
the middle of the considered space (fore or machinery space) are copied along the simplified model. The 
transverse web frames are to be considered along this extruded part with the same properties as the ones in 
the fore part or in the machinery space. 


Figure 2 : Hull form simplification for foremost and aftmost cargo hold model 
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2.2.3 Transverse extent 


Both port and starboard sides of the ship are to be modelled. 


2.2.4 Vertical extent 


The full depth of the ship is to be modelled including primary supporting members above the upper deck, 
trunks, forecastle and/or cargo hatch coaming, if any. 


The superstructure or deck house in way of the machinery space and the bulwark are not required to be 
included in the model. 


2.3 Finite element types 


2.3.1 


Shell elements are to be used to represent plates. 


2.3.2 


All stiffeners are to be modelled with beam elements having axial, torsional, bi-directional shear and bending 
stiffness. The eccentricity of the neutral axis is to be modelled. 


2.3.3 


Face plates of primary supporting members and brackets are to be modelled using rod or beam elements. 
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Example of 3 cargo hold model within midship region of oil tankers 
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Figure 4 : Example of 3 cargo hold model within midship region of a bulk carrier 
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Example of cargo hold model of a bulk carrier (Shows only port side of the full breadth model) 


Figure 5 : Example of FE model for the foremost cargo hold structure of an oil tanker 


Figure 6 : Example of FE model for the aftermost cargo hold structure of a bulk carrier 
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Figure 7 : Typical finite element mesh on web frame 
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Figure 8 : Typical finite element mesh on transverse bulkhead 


a 


Stiffener spacing 


COMMON STRUCTURAL RULES 


S 


PART 1 CHAPTER 7 SECTION 2 


peeeeeeeeeeeeeeeseeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeseeeeeeeeeaesee 


IACS 


2.4 Structural modelling 


2.4.1 Aspect ratio 


The aspect ratio of the shell elements is in general not to exceed 3. The use of triangular shell elements is to 
be kept to a minimum. Where possible, the aspect ratio of shell elements in areas where there are likely to be 
high stresses or a high stress gradient is to be kept close to 1 and the use of triangular elements is to be 
avoided. 


2.4.2 Mesh 


The shell element mesh is to follow the stiffening system as far as practicable, hence representing the actual 
plate panels between stiffeners. In general, the shell element mesh is to satisfy the following requirements: 


a) One element between every longitudinal stiffener, see Figure 7. Longitudinally, the element length is not 


= 


O 
si 


oa 


~~ 


to be greater than 2 longitudinal spaces with a minimum of three elements between primary supporting 
members. 


One element between every stiffener on transverse bulkheads, see Figure 8. 


One element between every web stiffener on transverse and vertical web frames, cross ties and 
stringers, see Figure 7 and Figure 9. 


At least 3 elements over the depth of double bottom girders, floors, transverse web frames, vertical web 
frames and horizontal stringers on transverse bulkheads. For cross ties, deck transverse and horizontal 
stringers on transverse wash bulkheads and longitudinal bulkheads with a smaller web depth, 
modelling using 2 elements over the depth is acceptable provided that there is at least 1 element 
between every web stiffener. For a single side bulk carrier, 1 element over the depth of side frames is 
acceptable. The mesh size of adjacent structure is to be adjusted accordingly. 


The mesh on the hopper tank web frame and the topside web frame is to be fine enough to represent 
the shape of the web ring opening, as shown in Figure 7. 


The curvature of the free edge on large brackets of primary supporting members is to be modelled to 
avoid unrealistic high stress due to geometry discontinuities. In general, a mesh size equal to the 
stiffener spacing is acceptable. The bracket toe may be terminated at the nearest nodal point provided 
that the modelled length of the bracket arm does not exceed the actual bracket arm length. The bracket 
flange is not to be connected to the plating, as shown in Figure 10. The modelling of the tapering part of 
the flange is to be in accordance with [2.4.8]. An example of acceptable mesh is shown in Figure 10. A 
finer mesh is to be used for the determination of detailed stress at the bracket toe, as given in Ch 7, 
Sec 3. 


Figure 9 : Typical finite element mesh on horizontal transverse stringer on transverse bulkhead 
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Figure 10 : Typical finite element mesh on transverse web frame main bracket 
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2.4.3 Finer mesh 


Where the geometry cannot be adequately represented in the cargo hold model and the stress exceeds the 
cargo hold mesh acceptance criteria, a finer mesh may be used for such geometry to demonstrate satisfactory 
scantlings. The mesh size required for such analysis can be governed by the geometry. In such cases, the 
average stress within an area equivalent to that specified in [2.4] is to comply with the requirements given in 
[5.2]. 


2.4.4 Corrugated bulkhead 


Diaphragms in the stools, supporting structure of corrugated bulkheads and internal longitudinal and vertical 
stiffeners on the stool plating are to be included in the model. Modelling is to be carried out as follows: 


2 


The corrugation is to be modelled with its geometric shape. 


2 


The mesh on the flange and web of the corrugation is in general to follow the stiffener spacing inside 
the bulkhead stool. 


O 
sae 


The mesh on the longitudinal corrugated bulkhead is to follow longitudinal positions of transverse web 
frames, where the corrections to hull girder vertical shear forces are applied in accordance with [4.4.7]. 


Q 
= 


The aspect ratio of the mesh in the corrugation is not to exceed 2 with a minimum of 2 elements for the 
flange breadth and the web height. 


g 


Where difficulty occurs in matching the mesh on the corrugations directly with the mesh on the stool, it 
is acceptable to adjust the mesh on the stool in way of the corrugations. 


f) For a corrugated bulkhead without an upper stool and/or lower stool, it may be necessary to adjust the 
geometry in the model. The adjustment is to be made such that the shape and position of the 
corrugations and primary supporting members are retained. Hence, the adjustment is to be made on 
stiffeners and plate seams if necessary. 


g) When corrugated bulkhead is subjected to liquid cargo or ballast, dummy rod elements with a cross 
sectional area of 1 mm? are to be modelled at the corrugation knuckle between the flange and the web. 
Dummy rod elements are to be used as minimum at the two corrugation knuckles closest to the 
intersection between: 


e Transverse and longitudinal bulkheads, 
e Transverse bulkhead and inner hull, 
e Transverse bulkhead and side shell. 


h) Manholes in diaphragms are to be modelled according to [2.4.9]. 


2.4.5 


Example of mesh arrangements of the cargo hold structure are shown in Figure 11 to Figure 14. 
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Figure 11 : Example of FE mesh arrangements of cargo hold structure for a bulk carrier 


Figure 12 : Example of FE mesh on transverse corrugated bulkhead structure for a product tanker 
Figure 13 : Example of FE mesh arrangements of cargo tank structure for an aframax tanker 
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Figure 14 : Examples of FE mesh arrangements of cargo tank structure for VLCC and product tanker 
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2.4.6 Sniped stiffener 


Non continuous stiffeners are to be modelled as continuous stiffeners, i.e. the height web reduction in way of 
the snip ends are not to be modelled. 


2.4.7 Web stiffeners of primary Supporting members 


Web stiffeners of primary Supporting members are to be modelled. Where these stiffeners are not in line with 
the primary FE mesh, it is sufficient to place the line element along the nearby nodal points provided that the 
adjusted distance does not exceed 0.2 times the stiffener spacing under consideration. The stresses and 
buckling utilisation factors obtained need not be corrected for the adjustment. Buckling stiffeners on large 
brackets, deck transverses and stringers parallel to the flange are to be modelled. These stiffeners may be 
modelled using rod elements. 


2.4.8 Face plate of primary supporting member 


The effective cross sectional area at the curved part of the face plate of primary supporting members and 
brackets is to be calculated in accordance with Ch 3, Sec 7. The cross sectional area of a rod or beam element 
representing the tapering part of the face plate is to be based on the average cross sectional area of the face 
plate in way of the element length. 
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2.4.9 Openings 


Methods of representing openings in webs of primary supporting members are to be in accordance with Table 
1 except for manholes which are to be modelled by removing the adequate elements. 


Table 1 : Representation of openings in primary supporting member webs 


Criteria Modelling decision 
h,/h < 0.5 and g, < 2.0 Openings do not need to be modelled 
h,/h 2 0.5 or g, 2 2.0 The geometry of the opening is to be modelled 
where: 
2 
g= E oe 
2.6(h —h,)* 
lo : Length of opening parallel to primary supporting member web direction, in m, see Figure 15. 
For sequential openings where the distance, d, between openings is less than 0.25 h, the 
length @, is to be taken as the length across openings as shown in Figure 16. 
h, : Height of opening parallel to depth of web, in m, see Figure 15 and Figure 16. 
h : Height of web of primary supporting member in way of opening, in m, see Figure 15 and Figure 
16. 
Figure 15 : Openings in web 
h 
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2.5 Boundary conditions 


2.5.1 General 

All boundary conditions described in this section are in accordance with the global coordinate system defined 
in Ch 4, Sec 1. 

2.5.2 Application 

The boundary conditions given [2.5.3] are applicable to cargo hold finite element model analyses in cargo hold 
region. 

2.5.3 Boundary conditions 


The boundary conditions consist of the rigid links at model ends, point constraints and end-beams. The rigid 
links connect the nodes on the longitudinal members at the model ends to an independent point at neutral 
axis in centreline. The boundary conditions to be applied at the ends of the cargo hold FE model, except for the 
foremost cargo hold, are given in Table 2. For the foremost cargo hold analysis, the boundary conditions to be 
applied at the ends of the cargo hold FE model are given in Table 3. 


Table 2 : Boundary constraints at model ends except the foremost cargo hold models 


i Translation Rotation 
ocation 
i] 6 5 a |8]4 
Aft End 
Independent point - Fix Fix Mrena - | - 
Cross section - | Rigid link | Rigid link | Rigid link | - | - 
End beam, see [2.5.4] 
Fore End 
Independent point - Fix Fix Fix - | - 
Intersection of centreline and inner bottom | Fix - - - - | - 
Cross section - | Rigid link | Rigid link | Rigid link | - | - 
End beam, see [2.5.4] 
Note 1: [-] means no constraint applied (free). 
Note 2: See Figure 17. 
Table 3 : Boundary constraints at model ends of the foremost cargo hold model 
Translation Rotation 
Location 
5, ô, 5 6 |6/46 
Aft End 
Independent point - Fix Fix Fix - | - 
Intersection of centreline and inner bottom | Fix - - - - | - 
- | Rigid link | Rigid link | Rigid link | - | - 
Cross section 
End beam, see [2.5.4] 
Fore End 
Independent point - Fix Fix Mrena - | - 
Cross section - | Rigid link | Rigid link | Rigid link | - | - 
Note 1: [-] means no constraint applied (free). 
Note 2: See Figure 17. 
Note 3: Boundary constraints in fore end are to be located at the most forward reinforced ring or web frame 
which remains continuous from the base line to the strength deck. 
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Figure 17 : Boundary conditions applied at the model end sections 


Independent Independent 
ra point £ iki 


ai @ 
Centreline inner Centreline inner 


L bottom y | Se ra bottom e | 


Independent Independent 
point J point 

+ o 

Centreline inner 


Centreline inner 


if bottom point re bottom poi 
point 


2.5.4 End constraint beams 


End constraint beams are to be modelled at the both end sections of the model along all longitudinally 
continuous structural members and along the cross deck plating of bulk carriers. An example of end beams at 
one end for a double hull bulk carrier is shown in Figure 18. 


Figure 18 : End constraint beams for a bulk carrier 


| 


The properties of beams are calculated at fore and after sections separately and all beams at each end 
section have identical properties as follows: 


e Net moment of inertia: ly.ns0 = lzz-n50 = lxx-nso YU) = 1/25 of the vertical hull girder moment of inertia of 
fore/aft end cross sections based on the net FE model. 


e Net cross sectional area: A,.nso and Aznso = 1/80 of the fore/aft end cross sectional areas based on the 
net FE model. 


where: 

lynso : Moment of inertia about local beam Y axial, in m*. 
lzns9 : Moment of inertia about local beam Z axial, in m4. 
lxnso J) : Torsional inertia, in m^. 

Aynso : Shear area in local beam Y direction, in m?. 


Aznso : Shear area in local beam Z direction, in m?. 
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3 FE LOAD COMBINATIONS 


3.1 Design Load combinations 


3.1.1 FE load combination definition 

A FE load combination is defined as a loading pattern, a draught, a value of still water bending and shear force, 
associated with a given dynamic load case. 

3.1.2 Mandatory load combinations 


For cargo hold structural strength analysis, the design load combinations specified in Ch 4, Sec 8 are to be 
used for considered ship type and considered cargo hold regions. 


Each design load combination given in Ch 4, Sec 8 consists of a loading pattern and dynamic load cases as 
given in Ch 4, Sec 2. Each load combination requires the application of the structural weight, internal and 
external pressures and hull girder loads. For seagoing condition, both static and dynamic load components 
(S+D) are applied. For harbour and tank testing condition, only static load components (S) are applied. 

3.1.3 Additional loading conditions 


Where the loading conditions specified by the designer are not covered by the load combinations given in 
Ch 4, Sec 8, these additional loading conditions are to be examined according to the procedure in [4]. 


4 LOAD APPLICATION 


4.1 General 


4.1.1 Structural weight 

Effect of the weight of hull structure is to be included in static loads, but is not to be included in dynamic loads. 
Density of steel is to be taken as given in Ch 4, Sec 6. 

4.1.2 Sign convention 


Unless otherwise mentioned in this Section, the sign of moments and shear force is to be in accordance with 
the sign convention defined in Ch 4, Sec 1. 


4.2 External and internal loads 


4.2.1 External pressure 


External pressure is to be calculated for each load case in accordance with Ch 4, Sec 5. External pressures 
include static sea pressure, wave pressure and green sea pressure. 


The forces applied on the hatch cover by the green sea pressure are to be distributed along the top of the 
corresponding hatch coamings. The total force acting on the hatch cover is determined by integrating the 
hatch cover green sea pressure as defined in Ch 4, Sec 5, [5]. Then the total force is to be distributed to the 
total length of the hatch coamings using the average line load. The effect of the hatch cover self weight is to be 
ignored in the loads applied to the ship structure. 


4.2.2 Internal pressure 


Internal pressure is to be calculated for each load case in accordance with Ch 4, Sec 6 for design load 
scenarios given in Ch 4, Sec 7, Table 1. Internal pressures include static dry and liquid cargo, ballast and other 
liquid pressure, setting pressure on relief valve and dynamic pressure of dry and liquid cargo, ballast and other 
liquid pressure due to acceleration. 
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4.2.3 Pressure application on FE element 
Constant pressure, calculated at the element’s centroid, is applied to the shell element of the loaded surfaces, 


e.g. outer shell and deck for external pressure and tank/hold boundaries for internal pressure. Alternately, 
pressure can be calculated at element nodes applying linear pressure distribution within elements. 


4.3 Hull girder loads 


4.3.1 General 

Each loading condition is to be associated with its corresponding hull girder loads which is to be applied to the 
model according to the procedure described in [4.4] for shear force and bending moment and in [4.5] for 
torsional moment. The hull girder loads are the combinations of still water hull girder loads and wave induced 


hull girder loads as specified in Ch 4, Sec 8. For each required FE load combination, the wave induced hull 
girder loads are to be calculated with the Load Combination Factors (LCFs), specified in Ch 4, Sec 2. 


4.3.2 Target hull girder vertical bending moment 

The target hull girder vertical bending moment, Mytarz, in kNm, at a longitudinal position for a given FE load 
combination is taken as: 

My -targ = Cem-tc Mew + Mw-ic 

where: 


Comic : Percentage of permissible still water bending moment applied for the load combination under 
consideration as given in Ch 4, Sec 8, 


Mw : Permissible still water bending moments in kNm, at the considered longitudinal position for seagoing 
and harbour conditions as defined in Ch 4, Sec 4, [2.2.2] and Ch 4, Sec 4, [2.2.3] respectively. 


Mwac : Vertical wave bending moment in kNm, for the dynamic load case under consideration, calculated in 
accordance with Ch 4, Sec 4, [3.5.2]. 


The values of M,-targ are taken as: 


e Midship cargo hold region: the maximum hull girder bending moment within the mid-hold(s) for each 
individual cargo hold for each given FE load combination as defined in Ch 4, Sec 8. 


e Outside midship cargo hold region: the values at all web frame and transverse bulkhead positions of 
the FE model under consideration. 


Both Cayic Msy and M,,1c are either in sagging or in hogging condition according to the FE load combinations 
given in the tables of Ch 4, Sec 8. 


4.3.3 Target hull girder shear force 


The target hull girder vertical shear force at the aft and forward transverse bulkheads of the mid-hold, Qiarg-aft 
and Qtargrwar in KN, for a given FE load combination is taken as: 


© Quma 2 Qart * 
Qrargaft T Csr_ic ` Qsw-neg = AQswa + Fp|Cowl Qwv—neg 


Qtare-twa i= Csp_ic ‘ Qopa a AQswt jE fo|CowlQw-pos 
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© Qhwa < Qar: 
Qtarg-art = Csp_ic 7 Qsw—pos + AQswa + fs |Cow!| Orvos 


Qiarg-twd = Csr-c' Qsw-neg =AQ yt fo|CowlQw-neg 
where: 


Qrvar Qarë: Vertical shear forces, in kN, due to the local loads respectively at the forward and aft bulkhead 
position of the mid-hold, as defined in [4.4.7]. 


Csrıc : Percentage of permissible still water shear force as given in Ch 4, Sec 8, for the FE load combination 
under consideration. 


Qsweposr Qsw-neg: Positive and negative permissible still water shear forces, in kN, at any longitudinal position for 
seagoing and harbour conditions as defined in Ch 4, Sec 4, [2.3.3] and Ch 4, Sec 4, [2.3.4] 
respectively. 


AQ.,, : Shear force correction, in KN, for the considered FE loading pattern at the forward bulkhead taken as: 
e For bulk carriers: 


Minimum of the absolute values of AQmar as defined in Ch 5, Sec 1, [3.6.1] calculated at 
forward bulkhead for the mid-hold and the value calculated at aft bulkhead of the forward 
cargo hold taken as: 


AQewe = Min(|AQmar|miar [AQmad Fwa) 
e For oil tankers: 
AQswr = O 
AQswa : Shear force correction, in KN, for the considered FE loading pattern at the aft bulkhead taken as: 
e For bulk carriers: 


Minimum of the absolute values of AQmar aS defined in Ch 5, Sec 1, [3.6.1] calculated at aft 
bulkhead for the mid-hold and the value calculated at forward bulkhead of the aft cargo hold 
taken as: 


AQswa = Min (JAQ matl mia» [AQ matar) 


e For oil tankers: 


AQswa = O 
fs : Wave heading factor, as given in Ch 4, Sec 4. 
Cow : Load combination factor for vertical wave shear force, as given in Ch 4, Sec 2. 


Qwv-posr Qwneg: Positive and negative vertical wave shear force, in KN, as defined in Ch 4, Sec 4, [3.2.1]. 


The values of Qtargart ANA Qiarg-twa are to be taken at after and forward transverse bulkheads of the mid-hold 
under consideration. 


4.3.4 Target hull girder horizontal bending moment 

The target hull girder horizontal bending moment, Mptarg, in KNm, for a given FE load combination is taken as: 
Mh -targ = Myn-te 

where: 


Mynic : Horizontal wave bending moment, in kNm, for the dynamic load case under consideration, calculated 
in accordance with Ch 4, Sec 4, [3.5.4]. 
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The values of M,,,1¢ are taken as: 


e Midship cargo hold region: the value calculated for the middle of the individual cargo hold under 
consideration. 


e Outside midship cargo hold region: the values calculated at all web frame and transverse bulkhead 
positions of the FE model under consideration. 
4.3.5 Target hull girder torsional moment 


For bulk carriers only, the target hull girder torsional moment, Myetarg: in KNm, for the dynamic load cases OST 
and OSA is the value at the target location taken as: 


Mwt-targ = Mwt—tc (Xtarg) 
where: 


Myttc (x): Wave torsional moment, in kNm, for the dynamic load case OST and OSA, defined in Ch 4, Sec 4, 
[3.5.5], calculated at x position. 


Xtarg : Target location for hull girder torsional moment taken as: 
e For midship cargo hold region: 
¢ If Xmiq £ 0.531 L: after bulkhead of the mid-hold. 
© If Xmiq > 0.531 L: forward bulkhead of the mid-hold. 
e Outside midship cargo hold region: 


The transverse bulkhead of mid-hold where the following formula is minimum: 


Mwt—tc(Xpna) 
[Mwe—-c(Xpna)| 


Xmid : X-coordinate, in m, of the mid-hold centre. 


* [Mwt-Lc(Xbna) M7- Fem(Xbna)] 


Xpna : X-coordinate, in m, of the after or forward transverse bulkhead of mid-hold. 


For dynamic load cases of bulk carriers other than OST and OSA and for all dynamic load cases of oil tankers, 
hull girder torsional moment Mwt-targı at middle of mid-hold is to be adjusted to zero. 


4.4 Procedure to adjust hull girder shear forces and bending moments 


4.4.1 General 


The procedure given in this sub-article [4.4] describes how to adjust the hull girder horizontal bending 
moment, vertical force and vertical bending moment distribution on the three cargo hold FE model to achieve 
the required target values at required locations. The hull girder load target values are specified in [4.3]. 


The target locations for hull girder shear force are at the transverse bulkheads of the mid-hold. The final 
adjusted hull girder shear force at the target location should not exceed the target hull girder shear force. 


The target location for hull girder bending moment is, in general, located at the centre of the mid-hold. If the 
maximum value of bending moment is not located at the centre of the mid-hold, the final adjusted maximum 
bending moment within the mid-hold is not to exceed the target hull girder bending moment. 

4.4.2 Local load distribution 

The following local loads are to be applied for the calculation of hull girder shear and bending moments: 


a) Ship structural steel weight distribution over the length of the cargo hold model (static loads). The 
structural steel weight is to be calculated based on the FE model with a net thickness of 0.5 t, 
deduction, as used in the cargo hold FE model. 


b) Weight of cargo and ballast (static loads). 
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c) Static sea pressure, dynamic wave pressure and, where applicable, green sea load. For the 
harbour/tank testing load cases, only static sea pressure needs to be applied. 


d) Dynamic cargo and ballast loads for seagoing load cases. 


With the above local loads applied to the FE model, the FE nodal forces are obtained through FE loading 
procedure. The 3D nodal forces will then be lumped to each longitudinal station to generate the one dimension 
local load distribution. The longitudinal stations are located at transverse bulkheads/frames and typical 
longitudinal FE model nodal locations in between the frames according to the cargo hold model mesh size 
requirement. Any intermediate nodes created for modelling structural details are not treated as the 
longitudinal stations for the purpose of local load distribution. The nodal forces within half of forward and half 
of afterward of longitudinal station spacing are lumped to that station. The lumping process will be done for 
vertical and horizontal nodal forces separately to obtain the lumped vertical and horizontal local loads, f, and 
f,;, at the longitudinal station i. 


4.4.3 Hull girder forces and bending moment due to local loads 


With the local load distribution, the hull girder load longitudinal distributions are obtained by assuming the 
model is simply supported at model ends. The reaction forces at both ends of the model and longitudinal 
distributions of hull girder shear forces and bending moments induced by local loads at any longitudinal 
station are determined by the following formulae: 


DOs Xan fyi Ryan = $ fut Rv rore 


Ry fore aS i 
Xtore — Xart 
(Xi— Xatt) fni 
= 2 ne Ry aft = -X fnt Ru tore 
Ru fore = i 
Xtore — Xaft 
F, = Xfi 
i 
Qv rem (X;) = Ry at- >of when X;<X; 
i 
Qu rem (Xj) = Ryan + $ fhi when x;<x; 
i 


Mv rem (X) = (Xj — Xatt) Ry at=) G- xX:) fu when X;i<X 


$ 


Mr_rem (Xj) = (Xj— Xatt) Ry att + X(x- xi) fhi when x,<x 


where: 


Ry ate Rv for» Rn ato Ru tore : Vertical and horizontal reaction forces at the aft and fore ends, in kN. 


Xaft : X-coordinate of the aft end support, in m. 

Xtore : X-coordinate of the fore end support, in m. 

fi : Lumped vertical local load at longitudinal station i as defined in [4.4.2], in kN. 

fri : Lumped horizontal local load at longitudinal station i as defined in [4.4.2], in KN. 

F, : Total net longitudinal force of the model, in KN. 

fi : Lumped longitudinal local load at longitudinal station i as defined in [4.4.2], in kN. 

Xj : X-coordinate, in m, of considered longitudinal station j. 

Xi : X-coordinate, in m, of longitudinal station i. 
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Qv rem (Xj), Qn rem (X), My Fem (Xj). Muy rem (X;) : Vertical and horizontal shear forces, in KN, and bending moments, 
in kNm, at longitudinal station x; created by the local loads applied on the FE model. The sign 
convention for reaction forces is that a positive creates a positive shear force. 


4.4.4 Longitudinal unbalanced force 


In case total net longitudinal force of the model, F}, is not equal to zero, the counter longitudinal force, (F,),, is to 
be applied at one end of the model, where the translation on X-direction, 4,, is fixed, by distributing longitudinal 
axial nodal forces to all hull girder bending effective longitudinal elements, as follows: 


where: 

(F); : Axial force applied to a node of the j-th element, in kN. 

F, : Total net longitudinal force of the model, as defined in [4.4.3], in KN. 
Ainso  : Net cross sectional area of the j-th element, in m?. 


J 


Axnso : Net cross sectional area of fore end section, in m?, 
Ax-n50 = SAj-ns0 
j 


: Number of nodal points of j-th element on the cross section, n; = 1 for beam element, n; = 2 for 4- 
node shell element. 
4.4.5 Hull girder shear force adjustment procedure 


The hull girder shear force adjustment procedure defined in this requirement applies to all FE load 
combinations given in Ch 4, Sec 8. The FE load combinations not directly covered by the load combination 
tables of Ch 4, Sec 8 are to be considered on a case by case basis. 


The two following methods are to be used for the shear force adjustment: 

e Method 1 (M1): for shear force adjustment at one bulkhead of the mid-hold as given in [4.4.6], 

e Method 2 (M2): for shear force adjustment at both bulkheads of the mid-hold as given in [4.4.7]. 
For the considered FE load combination, the method to be applied is to be selected as follows: 


e For maximum shear force load combination (Max SFLC), the method 1 applies at the bulkhead 
mentioned in Table 4 if the shear force after the adjustment with method 1 at the other bulkhead does 
not exceed the target value. Otherwise, the method 2 applies. 


e For other shear force load combination: 


e The shear force adjustment is not requested when the shear forces at both bulkheads are lower 
or equal to the target values. 


e The method 1 applies when the shear force exceeds the target at one bulkhead and the shear 
force at the other bulkhead after the adjustment with method 1 does not exceed the target 
value. Otherwise the method 2 applies, 


e The method 2 applies when the shear forces at both bulkheads exceed the target values, 


The “maximum shear force load combinations“ are marked as “Max SFLC“ in the load combination tables of 
Ch 4, Sec 8. The “other shear force load combinations“ are those which are not the maximum shear force load 
combinations. They are not marked in the load combination tables of Ch 4, Sec 8. 
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Design loading ; Condition | Mid-hold bulkhead 
M 
conditions Bulkhead location welt On Qiwa for SF adjustment 
<0 Qva > Qatt Fwd 
(sagging) | QOwa<Q Aft 
Xnen > 0.5 L fwd aft 
>0 Qva > Qatt Aft 
(hogging) | Qua Qan Fwd 
Seagoing 
> 
conditions <0 Oma > Qon an 
(sagging) Qiwa S Qant Fwd 
Xp-wa < 0.5 L 
>0 Qiwa > Qatt Fwd 
(hogging) | Quas Qan Aft 
Xpat € 0.5 L and Xpwa 2 0.5 L - - (4) 
nao ane whatever the location - - (4) 
testing conditions 
(1) For the FE load combinations covered by the load combination tables of Ch 4, Sec 8, the bulkhead where the shear 
force adjustment is to be done is indicated in those tables. 


Table 5 : Vertical shear force adjustment by application of vertical bending moments My „and My ,,,.for method 1 


Vertical shear force diagram 


Target position in mid-hold 


targaft 


Y_fore 


Orena 
Bkhd Bkhd Bkhd 
| 
Forward bulkhead 
i a Bkhd 
My an Qar y z 
G N 
Que as 
Bkhd eo MK Q Bkhd Bkhd 


Aft bulkhead 


Vertical shear force after adjustment 
Vertical shear force due to local loads 
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4.4.6 Method 1 for shear force adjustment at one bulkhead 


The required adjustments in shear force at following transverse bulkheads of the mid-hold are given by: 


e Aft bulkhead: 


Xtore — Xa 
My att = My fore = Pore Xai) Qtarg-art — Qart) 
e Forward bulkhead 
Xtore — Xa 
My ant = My tore = Oore Xai) Qtare-twa — Qtwa) 


where: 


My ato My fore: Vertical bending moment, in kNm, to be applied at the aft and fore ends in accordance with 


Qart 


Qiwa 


[4.4.10], to enforce the hull girder vertical shear force adjustment as shown in Table 5. The sign 
convention is that of the FE model axis. 


: Vertical shear force, in KN, due to local loads at aft bulkhead location of mid-hold, x, ar» resulting 


from the local loads calculated according to [4.4.3]. 


Since the vertical shear force is discontinued at the transverse bulkhead location, Qr is the 
maximum absolute shear force between the stations located right after and right forward of the aft 
bulkhead of mid-hold. 


: Vertical shear force, in KN, due to local loads at the forward bulkhead location of mid-hold, Xp. fwar 


resulting from the local loads calculated according to [4.4.3]. 


Since the vertical shear force is discontinued at the transverse bulkhead location, Qwa is the 
maximum absolute shear force between the stations located right after and right forward of the 
forward bulkhead of mid-hold. 


4.4.7 Method 2 for vertical shear force adjustment at both bulkheads 


The required adjustments in shear force at both transverse bulkheads of the mid-hold are to be made by 


applying: 


e Vertical bending moments, My ar, My fore at Model ends and, 


e Vertical loads at the transverse frame positions as shown in Table 7 in order to generate vertical shear 
forces, AQ r and AQ,,,q, at the transverse bulkhead positions. 


Table 6 shows examples of the shear adjustment application due to the vertical bending moments and to 
vertical loads. 


My at = 


My tore = 


AQtwa = 


Xfore — Xart . Qtarg—twd = Qrwa + Qtarg-aft = Qart 
2 2 


M Y_aft 


Qtarg-twd = Qiwa a (Qtarg-att Yi Qart) 
2 


AQarte = —AQtwa 
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My att My fore: Vertical bending moment, in kNm, to be applied at the aft and fore ends in accordance with 
[4.4.10], to enforce the hull girder vertical shear force adjustment. The sign convention is that of the 


FE model axis. 


AQ : Adjustment of shear force, in kN, at aft bulkhead of mid-hold. 


AQwa : Adjustment of shear force, in KN, at fore bulkhead of mid-hold. 


The above adjustments in shear forces, AQ. and AQwa at the transverse bulkhead positions are to be 
generated by applying vertical loads at the transverse frame positions as shown in Table 7. For bulk carriers, 
the transverse frame positions correspond to the floors. Vertical correction loads are not to be applied to any 
transverse tight bulkheads, any frames forward of the forward cargo hold and any frames aft of the aft cargo 
hold of the FE model. 


The vertical loads to be applied to each transverse frame to generate the increase/decrease in shear force at 
the bulkheads may be calculated as shown in Table 7. In case of uniform frame spacing, the amount of vertical 
force to be distributed at each transverse frame may be calculated in accordance with Table 8. 


Table 6 : Target and required shear force adjustment by applying vertical forces 


Bkhd 


Vertical shear force diagram 


Bkhd 


Bkhd 


Aft Bhd 


Fore Bhd 


SF target 


Qtargaft (-ve) 


SF target 


Qtars-twd (+ve) 


Bkhd 


Bkhd 


Bkhd 


Bkhd 


Qtargatt (+ve) 


Qtarg-twa (-ve) 


Vertical shear force after adjustment by use of M 
Vertical shear force due to local loads 


Vertical shear force after both adjustments 


Y_aft 


and M 
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Note 1: -ve means negative. 
Note 2: +ve means positive. 
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Table 7 : Distribution of adjusting vertical force at frames and resulting shear force distributions 


ow, = W1/(n, - 1) 
W1 = total load applied 

n, = number of frame spaces 

in aft tank of FE model 


ow, = W2/(n, - 1) 
W2 = total load applied 
n, = number of frame spaces 
in middle tank of FE 
model 


dw, = W3/(n, - 1) 
W3 = total load applied 

n, = number of frame spaces 
in forward tank of FE 

model 


ow, Ow, Ow, dw, dw, Ow, Ow, ðw, Ow, Ow, ðw, Ow, Ow, Ow, 
Simply 
support 


end 


Simply 
support 
end 


ow, Ow, Ow, Ow, Ow, ðw, Ow, 


Note: Transverse bulkhead frames not loaded 
Frames beyond aft transverse bulkhead of aft most tank and forward bulkhead of forward most tank not loaded 
F = Reaction load generated by supported ends 


AQ + F—_ | Bkhd Bkhd 


SF distribution generated 
(end reactions not included) 


ow, Ow, Ow, Ow, ow, ðw, Ow, Ow, Ow, ð 
Simply Simply 
support support 
end end 


ow, Ow, Ow, Ow, ð 


Shear Force distribution due to adjusting vertical force at frames 


Shear force generated 
by reaction force 


Simply Simply 


support support 
end end 
Note: F=Oif ti = f, and Ae ore = Aly and loads are symmetrical about mid-length of model 


Note 1: For definition of symbols, see Table 8. 
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Table 8 : Formulae for calculation of vertical loads for adjusting vertical shear forces 


Sw, = AQan (24 - l2- l3) + AQtwa (42 + £3) F=05 ( 


(ni= 1) (20-1, - 2€,— l3) l 


— (W1+W3) _ (AQar — AQrwa) 


w> 
(n2-1) (n2- 1) 

Sw, = AQma (24 = l1- l2) ~ AQan (41 + 42) 

‘ (ng—1) (26 -£,-26,- £3) 
where 
li : Length of aft cargo hold of model, in m. 
Ly : Length of mid-hold of model, in m. 
l : Length of forward cargo hold of model, in m. 


AQ.  : Required adjustment in shear force, in KN, at aft bulkhead of middle hold, see [4.4.7]. 
AQwa : Required adjustment in shear force, in KN, at fore bulkhead of middle hold, see [4.4.7]. 

F : End reactions, in kN, due to application of vertical loads to frames. 

W1 : Total evenly distributed vertical load, in KN, applied to aft hold of FE model, (n; - 1) dw,. 

W2 : Total evenly distributed vertical load, in kN, applied to mid-hold of FE model, (ns - 1) dw. 
W3 : Total evenly distributed vertical load, in KN, applied to forward hold of FE model, (n - 1) dw3. 


ny : Number of frame spaces in aft cargo hold of FE model. 
N2 : Number of frame spaces in mid-hold of FE model. 
N3 : Number of frame spaces in forward cargo hold of FE model. 


OW, : Distributed load, in kN, at frame in aft cargo hold of FE model. 
OW> : Distributed load, in kN, at frame in mid-hold of FE model. 
ÔW3 : Distributed load, in kN, at frame in forward cargo hold of FE model. 
Alena : Distance, in m, between end bulkhead of aft cargo hold to aft end of FE model. 
Aore : Distance, in m, between fore bulkhead of forward cargo hold to forward end of FE model. 
4 : Total length, in m, of FE model including portions beyond end bulkheads: 
= L1 + ly + l3 + Meng + Alrore 


Note 1: Positive direction of loads, shear forces and adjusting vertical forces in the formulae is in accordance with Table 6 and 
Table 7. 


Note 2: W1 + W3 = W2. 


Note 3: The above formulae are only applicable if uniform frame spacing is used within each hold. The length and frame spacing of 
individual cargo holds may be different. 


If non-uniform frame spacing is used within each cargo hold, the average frame spacing fa; is used to 
calculate the average distributed frame loads óW., according to Table 8, where i = 1, 2, 3 for each hold. 


Then 6w,,, is redistributed to the non-uniform frame as follows: 


k 
5wik = ôw lai k=1, 2, ..., n;— 1 , for each frame in cargo hold i, i=1, 2, 3 


OD st 
where 
boi : Average frame spacing, in m, calculated as ¢,/n,, in cargo hold i with i = 1, 2, 3. 
A : Length, in m, of the cargo hold i with i = 1, 2, 3 as defined in Table 8. 
nj : Number of frame spacing in cargo hold i with i = 1, 2, 3 as defined in Table 8. 


OW,,; : Average uniform frame spacing, in m, distributed force calculated according to Table 8 with the 
average frame spacing lą; in cargo hold i with i= 1, 2, 3. 


ow : Distributed load, in kN, for non-uniform frame k in cargo hold i. 
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Mo : Equivalent frame spacing, in m, for each frame k with k = 1, 2,..., n; - 1, in cargo hold i, taken as: 
k i nbati l 
Lavi = li -“ +- fork= 1 (first frame), in cargo hold i 
4: n; 2 
ţi +4 
on gett 
ie, ei for k = 2, 3,..., n4 - 2, in cargo i 
2 2 
ER eae 
Paget = = ae for k = n,- 1 (last frame), in cargo i 


eK : Frame spacing, in m, between the frame k - 1 and k in the cargo hold /: 


The required vertical load dw, for a uniform frame spacing or dw; for non-uniform frame spacing, are to be 
applied by following the shear flow distribution at the considered cross section, as described in Ch 5, App 1. 
For a frame section under vertical load ów, the shear flow, q, at the middle point of the element is calculated 
as: 


bw; 

qdr-k = j Qk-n50 
y-n50 

where: 

dik : Shear flow calculated at the middle of the k-th element of the transverse frame, in N/mm. 

Ow; : Distributed load at each transverse frame location for i-th cargo hold, i = 1, 2, 3, as defined in Table 
8, in N. 

lanso  : Moment of inertia of the hull girder cross section, in mm‘. 


Qknso : First moment about neutral axis of the accumulative section area starting from the open end (shear 
stress free end) of the cross section to the point sẹ for shear flow q;,, in mm3, taken as; 


aa Sy 
Qk-ns50 = i Zneu tnso AS 


Zags : Vertical distance from the integral point, s, to the vertical neutral axis. 
tnso : Net thickness, in mm, of the plate at the integral point of the cross section. 


The distributed shear force at j-th FE grid of the transverse frame, F; «iq, is obtained from the shear flow of the 
connected elements as following: 


s L 
Fj gira = X Ar-k 3 


k=1 
where: 
Ly : Length of the k-th element of the transverse frame connected to the grid j, in mm. 
n : Total number of elements connect to the grid j. 


The shear flow has direction along the cross section and therefore the distributed force, F;-gria, is a vector force. 
For vertical hull girder shear correction, the vertical and horizontal force components calculated with above 
mentioned shear flow method need to be applied to the cross section. 


4.4.8 Procedure to adjust vertical and horizontal bending moments for midship cargo hold region 


In case the target vertical bending moment needs to be reached, an additional vertical bending moment is to 
be applied at both ends of the cargo hold FE model to generate this target value in the mid-hold of the model. 
This end vertical bending moment is given as follows: 


My_ena = My_targ 7 My- peak 
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where: 


Mena : Additional vertical bending moment, in kNm, to be applied to both ends of FE model in accordance 
with [4.4.10]. 


Mytarg : Hogging (positive) or sagging (negative) vertical bending moment, in kNm, as specified in [4.3.2]. 


My peak : Maximum or minimum bending moment, in kNm, within the length of the mid-hold due to the local 
loads described in [4.4.3] and due to the shear force adjustment as defined in [4.4.5]. 


M,peax iS to be taken as the maximum bending moment if M,-targ is hogging (positive) and as the 
minimum bending moment if M,-targ is sagging (negative). M,peak iS to be calculated as follows based 
on a simply supported beam model: 


X—X 
M,_peak = Extremum {Ms (x) + Miinetoaa + My art (2 aft 1) 


Xtore — Xaft 


My rem(X): Vertical bending moment, in kNm, at position x, due to the local loads as described in [4.4.3]. 
My ar : End bending moment, in kNm, to be taken as: 

e When method 1 is applied: the value as defined in [4.4.6]. 

e When method 2 is applied: the value as defined in [4.4.7]. 

e Otherwise: My an =O 


Miinewaa : Vertical bending moment, in kNm, at position x, due to application of vertical line loads at frames 
according to method 2, to be taken as: 


Miineload = — (X — Xatt) F vx xi) 6w; when x;<x 


I 


F : Reaction force, in kN, at model ends due to application of vertical loads to frames as defined in 
Table 7. 

X : X-coordinate, in m, of frame in way of the mid-hold. 

ôW; : vertical load, in kN, at web frame station i applied to generate required shear force. 


In case the target horizontal bending moment needs to be reached, an additional horizontal bending moment 
is to be applied at the ends of the cargo tank FE model to generate this target value within the mid-hold. The 
additional horizontal bending moment is to be taken as: 


M, -ena = Mh —targ — Mp - peak 
where: 


Mpenq : Additional horizontal bending moment, in kNm, to be applied to both ends of the FE model according 
to [4.4.10]. 


Mhtarg : Horizontal bending moment, as defined in [4.3.4]. 


Mppeak : Maximum or minimum horizontal bending moment, in kNm, within the length of the mid-hold due to 
the local loads described in [4.4.3]. 


Mh-peak iS to be taken as the maximum horizontal bending moment if Mp targ iS positive (starboard side 
in tension) and as the minimum horizontal bending moment if Mptarg is negative (port side in 
tension). 


Mh-peax iS to be calculated as follows based on a simply supported beam model: 
Mn-peak = Extremum {My ce (X)} 


Mu rem (X): Horizontal bending moment, in kNm, at position x, due to the local loads as described in [4.4.3]. 


The vertical and horizontal bending moments are to be calculated over the length of the mid-hold to identify 
the position and value of each maxinum/minimum bending moment. 
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4.4.9 Procedure to adjust vertical and horizontal bending moments outside midship cargo hold 
region 


To reach the vertical hull girder target values at each frame and transverse bulkhead position, as defined in 
[4.3.2], the vertical bending moment adjustments, m„, are to be applied at web frames and transverse 
bulkhead positions of the finite element model, as shown in Figure 19. The vertical bending moment 
adjustment at each longitudinal location, i, is to be calculated as follows: 


j j i i Xi- Xa 
fi) = —My —targ() + My_rem(i) F Minetoad(!) + Myatt . (2 k ft 1) 


fore — Xaft 


i-41 


f(D) +f(i+1 
M; = ee D Myj 
j=0 
ni 
My end =>, Myj 
j=0 
where: 
i : Index corresponding to the i-th station, starting from i =1 at the aft end section up to n, 
Ni : Total number of longitudinal stations where the vertical bending moment adjustment, m,,, is applied. 
my; : Vertical bending moment adjustment, in kNm, to be applied at transverse frame or bulkhead at 
station i. 


My, ena : Vertical bending moment adjustment, in kNm, to be applied, at the fore end section (n,+1 station). 
: Argument of summation to be taken as: 
e M= 0 when j=0 
* mj =m, when j=i 
M,sarg(i) : Required target vertical bending moment, in kNm, at station i, calculated in accordance with [4.3.2]. 
Myrev(i): Vertical bending moment distribution, in kNm, at station į due to local loads as given in [4.4.3]. 


Miineloaa(!):Vertical bending moment, in kNm, at station i, due to the line load for the vertical shear force 
correction as required in [4.4.8]. 


Figure 19 : Adjustments of bending moments outside midship cargo hold region. 


| Transv. bhd | Transv. bhd 
| | 
| | 
m, m, m; m, Mat Mend 
i 
M can be substituted to m; in this figure 
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To reach the horizontal hull girder target values at each frame and transverse bulkhead position as defined in 
[4.3.4], the horizontal bending moment adjustments, m, are to be applied at web frames and transverse 
bulkhead positions of the finite element model, as shown in Figure 19. The horizontal bending moment 
adjustment at each longitudinal location, i, is to be calculated as follows: 


fi) = Mp —targ()—My_ cem(/) 


RDH S 


Mhi 7 My 
j=0 
ni 
Mh_ena = zX Mp 
j=0 
where: 
i : Longitudinal location for bending moment adjustments, m,,. 
N; : Total number of longitudinal stations where the horizontal bending moment adjustment, m,,, is 
applied. 
Mpi : Horizontal bending moment adjustment, in kNm, to be applied at transverse frame or bulkhead at 
station i. 


Mp ena : Horizontal bending moment adjustment, in kNm, to be applied at the fore end section (n,+1 station). 
: Argument of summation to be taken as: 

* Mp. = O when j=0 

* My7 My when j=i 


Mptard i): Required target horizontal bending moment, in kNm, at station i, calculated in accordance with 
[4.3.4]. 


Murem(i): Horizontal bending moment distribution, in kNm, at station i due to local loads as given in [4.4.3]. 


The vertical and horizontal bending moment adjustments, m,; and m,,, are to be applied at all web frames and 
bulkhead positions of the FE model. The adjustments are to be applied in FE model by distributing longitudinal 
axial nodal forces to all hull girder bending effective longitudinal elements in accordance with [4.4.10]. 


4.4.10 Application of bending moment adjustments on the FE model 


The required vertical and horizontal bending moment adjustments are to be applied to the considered cross 
section of the cargo hold model by distributing longitudinal axial nodal forces to all hull girder bending effective 
longitudinal elements of the considered cross section according to Ch 5, Sec 1, [1.2] as follows: 


¢ For vertical bending moment: 


M, A; 
Ehee z 


Iyenso Ni 


¢ For horizontal bending moment: 


Mp Ai-nso 
F. eo _ — V. 
(Fx); reece yi 
where: 
M, : Vertical bending moment adjustment, in kNm, to be applied to the considered cross section of the 
model. 
M, : Horizontal bending moment adjustment, in kNm, to be applied to the considered cross section the 
ends of the model. 
(Fi : Axial force, in KN, applied to a node of the i-th element. 
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lanso  : Hull girder vertical moment of inertia, in m4, of the considered cross section about its horizontal 
neutral axis. 

lanso  : Hull girder horizontal moment of inertia, in m4, of the considered cross section about its vertical 
neutral axis. 

Zi : Vertical distance, in m, from the neutral axis to the centre of the cross sectional area of the i-th 
element. 

Y; : Horizontal distance, in m, from the neutral axis to the centre of the cross sectional area of the i-th 
element. 


Ainso : Cross sectional area, in m?, of the i-th element. 


Ni : Number of nodal points of i-th element on the cross section, n; = 1 for beam element, n; = 2 for 4- 
node shell element. 


For cross sections other than cross sections at the model end, the average area of the corresponding i-th 
elements forward and aft of the considered cross section is to be used. 


4.5 Procedure to adjust hull girder torsional moments 


4.5.1 General 


The procedure in this sub-article describes how to adjust the hull girder torsional moment distribution on the 
cargo hold FE model to achieve the target torsional moment at the target location. The hull girder torsional 
moment target values are given in [4.3.5]. 


4.5.2 Torsional moment due to local loads 


Torsional moment, in kNm, at longitudinal station į due to local loads, Myre; in kNm, is determined by the 
following formula (See Figure 20): 


My rem = È Uni Zu Ze) -E (Fre) 
where: 
Mrrey; : Lumped torsional moment, in kNm, due to local load at longitudinal station i. 
Z, : Vertical coordinate of torsional reference point, in m: 

For bulk carrier, z, = O. 


For oil tanker, Z, = Z,,, Shear centre at the middle of the mid-hold. 


fhik : Horizontal nodal force, in kN, of node k at longitudinal station i. 
fuik : Vertical nodal force, in kN, of node k at longitudinal station i. 
Yik : Y-coordinate, in m, of node k at longitudinal station i. 

Zik : Z-coordinate, in m, of node k at longitudinal station i. 


Mzrfemo : Lumped torsional moment, in kNm, due to local load at aft end of the FE model (forward end for 
foremost cargo hold model), taken as: 


Mr_remo = S [fhol Zok-Z,)]- $ (fok You) + Ru_twa (Zina — Zr) for foremost cargo hold model 
k k 

Mz_remo = S [fhol Zok-Z,)]- X Cok Yok) + Ru_art (Zina — Zr) for the other cargo hold models 
k k 


Ry mwa : Horizontal reaction forces, in kN, at the forward end, as defined in [4.4.3]. 
Raat : Horizontal reaction forces, in kN, at the aft end, as defined in [4.4.3]. 


Zind : Vertical coordinate, in m, of independent point as defined in [2.5.3]. 


1 JAN 2014 COMMON STRUCTURAL RULES 


IACS 


Figure 20 : Station forces and acting location of torsional moment at section 


nO 
Z, ' 
i 
Reference point 


4.5.3 Hull girder torsional moment 


The hull girder torsional moment, M-ren (X;) in KNM, is obtained by accumulating the station torsional moment 
from the aft end section (forward end for foremost cargo hold model) as follows: 


T e when x; =x; for foremost cargo hold model, 
My_rem (Xj) = My Femi Ta , 
; e when x; < x; otherwise. 


where: 
Mzrem (X;): Hull girder torsional moment, in kNm, at longitudinal station x,. 


X; 


j : X-coordinate, in m, of considered longitudinal station j. 


The torsional moment distribution given in [4.5.2], has a step at each longitudinal station. 


4.5.4 Procedure to adjust hull girder torsional moment to target value 


The torsional moment is to be adjusted by applying a hull girder torsional moment Mreng in kNm, at the 
independent point of the aft end section of the model (forward end for foremost cargo hold model), given as 
follows: 


Mrena = Mwt-targ— Mr—rem (Xtarg) 

where: 

Xtarg : X-coordinate, in m, of the target location for hull girder torsional moment, as defined in [4.3.5]. 
Myetarg : Target hull girder torsional moment, in kNm, specified in [4.3.5], to be achieved at the target location. 
Mrcem (Xtarg): Hull girder torsional moment, in kNm, at target location due to local loads. 


Due to the step of hull girder torsional moment at each longitudinal station, the hull girder torsional moment is 
to be selected from the values aft and forward of the target location as follows: Maximum value for positive 
torsional moment and minimum value for negative torsional moment. 


4.6 Summary of hull girder load adjustments 


4.6.1 
The required methods of hull girder load adjustments for different cargo hold regions are given in Table 9. 


Table 9 : Overview of hull girder load adjustments in FE analyses 


Midship cargo hold | After and Forward Aft most cargo Foremost cargo 
region cargo hold region holds holds 
Adjustment of 
Vertical Shear See [4.4.5] 
Forces 
Adjustment of 
Bending Moments See [4.4.8] See [4.4.9] 
Adjustment of 
Torsional Moment merle 
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ANALYSIS CRITERIA 


5.1 General 


5.1.1 Evaluation areas 


Verification of results against the acceptance criteria is to be carried out within the longitudinal extent of the 


mid-hold, as shown in Figure 21 and Figure 22. 


Figure 21 : Longitudinal extent of evaluation area for oil tanker 


---. mid-hold 


Figure 22 : Longitudinal extent of evaluation area for bulk carrier 


sto qe = 


mid-hold 


5.1.2 Structural members 


The following structural elements within the evaluation area are to be verified with the criteria given in [5.2] 


and [5.3]: 


All hull girder longitudinal structural members, 
All primary supporting structural members and bulkheads within the mid-hold, 
All structural members being part of the transverse bulkheads, such as: 


e For oil tanker: stringer, buttress structure, stool tanks, partial girders together with attached 
transverse structures, 


e For bulk carrier: stool tanks together with connected longitudinal girders and double bottom 
floors, 


All structural members being part of the collision bulkhead, and extending to one web frame spacing 
forward of the collision bulkhead, 


All structural members being part of the forward transverse bulkhead of the machinery space and all 
hull girder longitudinal structural members aft of this transverse bulkhead within the extent of 15% of 
the aftmost cargo hold length excluding slop tanks. 
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5.2 Yield strength assessment 


5.2.1 Von Mises stress 


For all plates of the structural members defined in [5.1.2], the von Mises stress, Om, in N/mm?, is to be 
calculated based on the membrane normal and shear stresses of the shell element. The stresses are to be 
evaluated at the element centroid of the mid-plane (layer), as follows: 


Sym = 402-6, 0, +02 + 31, 
where: 
O,, © : Element normal membrane stresses, in N/mm?. 


By : Element shear stress, in N/mm?. 


5.2.2 Axial stress in beams and rod elements 

For beams and rod elements, the axial stress, Ozxian in N/mm/?, is to be calculated based on axial force alone. 
The axial stress is to be evaluated at the middle of element length. 

5.2.3 Coarse mesh permissible yield utilisation factors 


The coarse mesh permissible yield utilisation factors, A perm given in Table 10, are based on the mesh sizes 
and element types described in [2.3] to [2.4]. 


The yield utilisation factor resulting from element stresses of each structural component are not to exceed the 
permissible values as given in Table 10. 


Table 10 : Coarse mesh permissible yield utilisation factor 


Coarse mesh permissible yield utilisation factor, 
Structural component 


Ayperi 


Plating of all longitudinal hull girder structural 
members, primary supporting structural members and 
bulkheads. 

Face plate of primary supporting members modelled 
using shell or rod elements. 

Dummy rod of corrugated bulkhead 


1.0 (load combination S+D) 


0.8 (load combination S) 


Corrugation of vertically corrugated bulkheads with 
lower stool and horizontally corrugated bulkhead, 
under lateral pressure from liquid loads, for shell 
elements only. 

Supporting structure in way of lower end of corrugated 
bulkheads without lower stool ®. 


0.90 (load combination S+D) 


0.72 (load combination S) 


Corrugation of vertically corrugated bulkheads without 0.81 (load combination S+D) 
lower stool under lateral pressure from liquid loads j 


and without lower stool, for shell elements only. 0.65 (load combination S) 


(1) Supporting structure for a transverse corrugated bulkhead refers to the structure in the longitudinal direction within half a 
web frame space forward and aft of the bulkhead, and within a vertical extent equal to the corrugation depth. 
Supporting structure for a longitudinal corrugated bulkhead refers to the structure in transverse direction within 3 
longitudinal stiffener spacings from each side of the bulkhead, and within a vertical extent equal to the corrugation depth. 


5.2.4 Yield criteria 

The structural elements given in [5.1.2] are to comply with the following criteria: 
Ay S Ayperm 

where: 


A, : Yield utilisation factor. 
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(o : 
à, = — for shell elements in general. 
Ry 


Oaxi F 
hy = [Sasal for rod or beam elements in general. 
Y 


Om : Von Mises stress, in N/mm?. 
Ozxia)  : Axial stress in rod or beam element, in N/mm?. 
Apem : Coarse mesh permissible yield utilisation factors defined in Table 10. 
The yield check criteria is to be based on axial stress for the following members: 
¢ The flange of primary supporting members, 
e The intersections between the flange and web of the corrugations, according to [5.2.5]. 


Where the von Mises stress of the elements in the cargo hold FE model in way of the area under investigation 
by fine mesh exceeds the yield criteria, average von Mises stress, obtained from the fine mesh analysis, 
calculated over an area equivalent to the mesh size of the cargo hold finite element model is to satisfy the 
yield criteria above. 


In way of cut-outs, yield utilisation factor is to be obtained with shear stress correction, as given in [5.2.6]. 


5.2.5 Corrugation of corrugated bulkhead 
The stress in corrugation of corrugated bulkheads is to be evaluated based on: 
a) The von Mises stress, Om, in shell elements on the flange and web of the corrugation. 
b) The axial stress, Gxian in dummy rod elements, modelled with unit cross sectional properties at the 
intersection between the flange and web of the corrugation. 
5.2.6 Shear stress correction for cut-outs 


Except as indicated in [5.2.7], the element shear stress in way of cut-outs in webs is to be corrected for loss in 
shear area in accordance with the following formula. The corrected element shear stress is to be used to 
calculate the von Mises stress of the element for verification against the yield criteria. 


h tmoa-n 
Teor = TREN Telem 
where: 
io : Corrected element shear stress, in N/mm?. 
h : Height of web of girder, in mm, in way of opening, see Table 1. Where the geometry of the opening is 
modelled, h is to be taken as the height of web of the girder deducting the height of the modelled 
opening. 


tmoanso : Modelled web thickness, in mm, in way of opening. 


Asnenso : Effective net shear area of web, in mm?, taken as the web area deducting the area lost of all 
openings, including slots for stiffeners, calculated in accordance with Ch 3, Sec 7, [1.4.8]. 


Telem  : Element shear stress, in N/mm2, before correction. 


5.2.7 Exceptions for shear stress correction for openings 


Correction of element shear stress due to presence of cut-outs is not required for cases given in Table 11 
provided A,/C, complies with the criteria given in [5.2.4]. 
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Table 11 : Exceptions for shear stress correction 
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Identification 


Figure 


Difference between modelled 
shear area and the net effective 
shear area in % of the net 
effective shear area 


Arem —ns0 a Ashr—ns0 . 100% 


Ashr—n50 


Reduction factor for 
yield criteria, C, 


Upper and lower slots for 
local support stiffeners 
fitted with lugs or collar 
plates 


V 


< 15% 


0.85 


Upper or lower slots for local 
support stiffeners fitted with 
lugs or collar plates 


< 20% 


0.80 


In way of opening; upper 
and lower slots for local 
support stiffeners fitted with 
collar plates 


< 40% 


0.60 


Asn-nso : Effective net shear area of the web, in mm?, taken as the web area without the all opening areas 
and without the slots for stiffeners, in accordance with Ch 3, Sec 7, [1.4.8]. 


5.3 Buckling strength assessment 


5.3.1 


All structural elements in FE analysis carried out in accordance with this Section are to be assessed 
individually against the buckling requirements as defined in Ch 8, Sec 4. 
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SECTION 3 
LOCAL STRUCTURAL STRENGTH 
ANALYSIS 


1 OBJECTIVE AND SCOPE 


1.1 General 


1.1.1 
The local strength analysis of structural details is to be in accordance with the requirements given in this 
section. 
1.1.2 
The selection of critical locations on the structural members for fine mesh analysis is to be in accordance with 
this section. 
1.1.3 Fine mesh analysis procedure 
The details to be assessed by fine mesh analysis are to be modelled according to the requirements given in 
[4], under the FE load combinations defined in [5] and to comply with the criteria given in [6]. 
1.1.4 Scope of local structural strength verification 
The fine mesh verification is to be performed as follows: 
e Fine mesh analysis for the structural details given in [2], 


e Screening procedure according to [3]. 
2 LOCAL AREAS TO BE ASSESSED BY FINE MESH ANALYSIS 


2.1 List of mandatory structural details 


2.1.1 List of structural details 


In the midship cargo hold region, the following structural details are to be assessed according to the fine mesh 
analysis procedure defined in [1.1.3]: 


v 


Hopper knuckles for ship with double side as given in [2.1.2], 


e 


Side frame end brackets and lower hopper knuckle for single side bulk carrier as given in [2.1.3], 


c) Large openings as given in [2.1.4], 


d) Connections of deck and double bottom longitudinal stiffeners to transverse bulkhead as given in 
[2.1.5], 
e) Connections of corrugated bulkhead to adjoining structure as given in [2.1.6]. 


For each above mentioned structural detail, one fine mesh model is required within all the cargo hold models 
covering the midship cargo hold region. The selection of the location of this fine mesh model is to be based on 
requirements given from [2.1.2] to [2.1.6] from all cargo hold analyses in the midship cargo hold region. 
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2.1.2 Hopper knuckles for ship with double side 


Fine mesh analysis is to be carried out for the lower and upper hopper knuckles of either welded or bent type, 
in way of a typical transverse web frame, as indicated in Figure 1. 


For double side arrangements without the hopper plating, i.e. where the inner hull longitudinal bulkhead is 
fitted directly to the inner bottom, fine mesh analysis is to be carried out for the heel of the transverse web 
frame. 


The transverse web frame which, in the cargo hold analysis, has the maximum yield utilisation factor, A, in 
knuckle is to be selected for the fine mesh analysis. 


2.1.3 Side frame end brackets and lower hopper knuckle for single side bulk carrier 


Fine mesh analysis is to be carried out for the lower hopper knuckle of either welded or bent type, lower and 
upper end bracket of side frame, as indicated in Figure 2. 


The side frame which in the cargo hold analysis has the maximum yield utilisation factor, Ay in end bracket 
joints is to be selected for the fine mesh analysis. 


Figure 1 : Mandatory areas at hopper knuckles for ships with double side 


© Fine mesh analyses of lower and upper hopper knuckles are required for typical web frame of double side/hull ship 


Figure 2 : Mandatory areas at lower upper knuckle and side frame end brackets for single side bulk carrier 


PART 1 CHAPTER 7 SECTION 3 


© Fine mesh analyses of lower hopper knuckle, lower and upper end bracket 
of side frame are required for typical web frame of single side skin bulk carrier. 
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2.1.4 Large openings 


Large openings in way of primary supporting members, for which their geometry is required to be represented 
in the cargo hold model in accordance with Ch 7, Sec 2, [2.4.9], are to be assessed by fine mesh analysis. 


The structural member in way of the large openings having the maximum yield utilisation factor, A, in the 
cargo hold analysis is to be selected for the fine mesh analysis. 


2.1.5 Connections between deck and double bottom longitudinal stiffeners and adjoining 
structures of transverse bulkhead 


Fine mesh analysis is to be carried out for the connections of deck and double bottom longitudinal stiffeners 
and adjoining structures of transverse bulkhead, either plane or corrugated bulkhead. The adjoining 
structures of transverse bulkhead include the structural members in way of the bulkhead, the partial deck 
girders and partial double bottom girders, if any. 


For example, the following structural members are to be assessed, some of them being shown in Figure 3: 


e At least one pair of connections between inner and outer bottom longitudinal stiffeners and adjoining 
structures of transverse bulkhead. 


e At least one pair of connections between inner and outer bottom longitudinal stiffeners and adjoining 
structures of adjacent floor to the transverse bulkhead. 


e At least one connection between deck longitudinal stiffener (fitted above or below deck) and adjoining 
vertical structure of transverse oil tight bulkhead. 


e Connection between deck longitudinal partial girder on top of transverse oil tight bulkheads when fitted 
and adjoining vertical structure of transverse oil tight bulkhead. 


e Connection between bottom longitudinal partial girder in way of transverse oil tight bulkheads when 
fitted and adjoining vertical structure of transverse oil tight bulkhead. 


The selection of the connections between longitudinal and vertical stiffeners to be analysed is to be based on 
the maximum relative deflection between supports, i.e. between floor and transverse bulkhead or between 
deck transverse and transverse bulkhead. Where there is a significant variation in end connection 
arrangement between stiffeners or scantlings, analyses of additional connections may be required by the 
Society. 


2.1.6 Connections between corrugation and adjoining lower structure 


Fine mesh analysis is to be carried out for connections between corrugation and adjoining lower supporting 
structures. For example, the following structural members, as shown in Figure 4, are to be assessed: 


e Connection of the corrugation and supporting structure in way of lower stool shelf plate. 
e Connection of the corrugation and lower supporting structure to inner bottom if no lower stool is fitted. 


e Connection of the corrugation and the upper corner of the gusset plate if shedder plate with a gusset 
plate is fitted at top of the lower stool. 


The corrugation unit as defined in Ch 8, Sec 4, [3.3.2] which, in the cargo hold analysis, has the maximum 
yield utilisation factor, A, in way of the corrugation connection, is to be selected for the fine mesh analysis. 


Where there is a significant variation in the arrangement of Supporting structure of the corrugation, analysis of 
additional locations may be required by the Society. 


For ships with both longitudinal and transverse corrugated bulkheads, fine mesh analysis is required for the 
connection between corrugations and supporting structure in way of the lower stool shelf plate or inner 
bottom, if no lower stool is fitted, at the intersection between longitudinal and transverse corrugated 
bulkheads. 
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3 SCREENING PROCEDURE 


3.1 Screening areas 


3.1.1 


The structural details subject to this screening procedure are checked in the following ship areas: 


e Within the full cargo hold region for the details given in [3.2.1], 


e Outside midship cargo hold region for the details given in [3.2.2]. 


Table 1 : Screening areas of transverse web frame in oil tanker 


0 
OF 

0 olo 
~n 


sts 


Bracket toes 


[| Openings (shaded regions) 


Other Openings (unshaded regions) 
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Screening check to be performed except if: 

h,/h < 0.35 and g, < 1.2, and, each end of the 
opening forms a semi circle arc (i.e. radius of opening 
equal to b/2). 

h, h and g, is defined in Ch 7, Sec 2, [2.4.9], b is the 
smallest of the length and breadth of the opening. 
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List of structural details 


3.2.1 Cargo hold region 


The following structural details and areas in the cargo hold region are to be evaluated by screening: 


a) 


g 


O 
si 


Q 
r 


g 


m 


=j 
= 


Openings in way of web of primary supporting members, such as transverse web frame as indicated in 
Table 1 and Table 2, horizontal stringers as indicated in Table 3, floors and longitudinal girders in 
double bottom. 


Bracket toes on transverse web frame as indicated in Table 1 and Table 2, horizontal stringer and 
transverse plane bulkhead connected to double bottom or buttress structure specified in Table 3. 


Heels of transverse bulkhead horizontal stringers specified in Table 3. 


Connections of transverse lower stool to double bottom girders and longitudinal lower stool to double 
bottom floors as indicated in Figure 5. 


Connection of lower hopper to transverse lower stool structure as indicated in Figure 5. 
Connection of topside tank to inner side as indicated in Figure 6. 
Connection of corrugation and upper supporting structure to upper stool as indicated in Figure 7. 


Hatch corner area, such as the hatch coaming end bracket, the hatch corner and the hatch end beam 
connection as indicated in Figure 8. 


Within each group of the structural details having the same geometry and the same relative location inside the 
cargo region, the screening verification can be performed for the detail for which the yield utilisation factor, 4, 
is maximum 


Table 2 : Screening areas for transverse web frame in bulk carrier 


JJ Ls 


O 
O 
© 
Ls 


Bracket toes 


a Openings (shaded regions) 


Screening check to be performed except if: 
h/h < 0.35 and g, < 1.2, and, each end of the opening 


forms a semi circle arc (i.e. radius of opening equal to 


Other Openings (unshaded regions) b/2) 


h, h and g, is defined in Ch 7, Sec 2, [2.4.9], b is the 
smallest of the length and breadth of the opening. 
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Table 3 : Screening areas for horizontal stringer and transverse bulkhead to double bottom connections in oil tanker 


Bracket toes and heels 


Openings (shaded regions) 


Other Openings (unshaded 


Screening check to be performed except if: 
h/h < 0.35 and g, < 1.2, and, each end of the opening forms a 
semi circle arc (i.e. radius of opening equal to b/2). 


regions) i . ; . 
h,, h and g, is defined in Ch 7, Sec 2, [2.4.9], b is the smallest 
of the length and breadth of the opening. 
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Figure 5 : Screening areas at connections of lower stool to inner bottom and hopper tank 
Figure 6 : Screening areas at connections of topside tank to inner side 
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Figure 7 : Screening areas at connection of corrugation and upper supporting structure to upper stool 


3.2.2 Outside midship cargo hold region 

The following structural details outside midship cargo hold region are to be evaluated by screening: 
Hopper knuckle, as defined in [2.1.2] and [2.1.3], 

Side frame end bracket, as defined in [2.1.3], 


a 
b 


Se mH 


Large openings, as defined in [2.1.4], 


= NS 


Connections of corrugation to adjoining structure, as defined in [2.1.6], 
The above mentioned structural details to be screened are to be similar in its geometry, its proportion and its 
relative location to the corresponding detail modelled in fine mesh in the midship cargo hold region. 


When the above mentioned structural details outside the midship cargo hold region are different from the 
corresponding detail modelled in fine mesh in the midship cargo hold region, a fine mesh analysis is to be 
performed for the detail located where the yield utilisation factor, Ay is maximum for structural details having 
the same geometry and the same relative location, 


When it is deemed necessary, the Society may request a fine mesh analysis to be performed according to 
[1.1.3]. 
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3.3.1 Screening factors and permissible screening factors 


IACS 


The screening factors, As» and the permissible screening factors, Ascperm are given in Table 4 for the screening 


areas defined in [3.1]. 


Table 4 : Screening factors and permissible screening factors 


T f Detail Screening Permissible screening 
it at ed factors, A,, factors, Ascoerm 
Within the whole cargo hold region S+D S 
Openings in way of webs of primary supporting members, such 
as transverse web frame as indicated in Table 1 and Table 2, 
horizontal stringers as indicated in Table 3, floors and Table 5 LTO 1.36 
longitudinal girders in double bottom. 
Bracket toes on transverse web frames as indicated in Table 1 
and Table 2, horizontal stringers and transverse plane 
bulkhead to double bottom connection or buttress structure TIDER ne 1p 
specified in Table 3. 
Heels of transverse bulkhead horizontal stringers specified in Table 7 1.50 1.20 
Table 3. 
Connections of transverse lower stool to double bottom girders 
and longitudinal lower stool to double bottom floors as 
indicated in Figure 5. The connection of lower hopper to 
transverse lower stool structure as indicated in Figure 5. The hy 0.75 Ayperm 
connection of topside tank to inner side as indicated in 
Figure 6. The connection of corrugation and upper supporting 
structure to upper stool as indicated in Figure 7. 
Hatch corner area. hy 0.95 Ayperm 
Outside midship cargo hold region 
Hopper knuckle 1.50 f; 1.20 f; 
Kan 
Side frame end bracket 2 Asc = a 1.50 f; 1.20 f; 
Large openings ‘aj 1.70 f; 1.36 f; 
Connections of corrugation to adjoining structure 1.50 f; 1.20f; 
where: 
hy : Coarse mesh yield utilisation factor, as defined in Ch 7, Sec 2, [5.2.4]. 
Apem : Coarse mesh permissible yield utilisation factor, as defined in Ch 7, Sec 2, [5.2.4]. 
Kyo : Screening stress concentration factor, taken as: 
K.. = Orm 
Ocm 
Orm : Von Mises fine mesh stress, in N/mm?, for the considered detail calculated in the midship cargo 
hold region according to [2]. 
Oom : Von Mises coarse mesh stress, in N/mm?, for the considered detail calculated in the midship cargo 
hold region according to Ch 7, Sec 2. 
om : Von Mises coarse mesh stress, in N/mm?, for the area in way of considered detail. 
fr : Fatigue factor defined in [6.2.1]. 
(1) For each screened detail, -y and Gop are to be taken from the corresponding elements in the same plane position. 
(2) For the side frame end brackets of single side bulk carrier, O-y and Ccp are to be taken at the corresponding elements 
representing the flange of the end brackets. 
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Table 5 : Screening factor for openings in primary supporting members 


: Ase : Screening factor taken as 
Ps y4 0.74 h 0.74 k 
e Asc= 0.85C (jo, +0 +(2+(22) + (22) jk ) 
: nl l 2r 2r ltl) 335 
m on : Coefficient taken as @): 
° e For opening in web of PSM. 
e h h 2 
o = 1.0-0.2 (=) +2.12 (72) 
: Ca 0 -0.23 h h 
è ¢ For opening in web of main bracket and buttress (see figures below). 
e C, = 1.0 
= r : Radius of opening, in mm. 
: ho : Height of opening parallel to depth of web, in mm. 
> Lo : Length of opening parallel to girder web direction, in mm. 
° h : Height of web of girder in way of opening, in mm. 
: O, : Axial stress in element x-direction determined from cargo hold FE analysis according to the 
è coordinate system shown, in N/mm?. 
e Oy : Axial stress in element y-direction determined from cargo hold FE analysis according to the 
7 coordinate system shown, in N/mm?. 
7 ey : Element shear stress determined from cargo hold FE analysis™, in N/mm2. 
Š AY 
M o: 
= 3 
oO: 
= "> 
Q) e 
Lu: 
(7p) e 
N ° p Individual element in 
bad web to be verified 
x : aa | aes against criteria 
=r = 
oO: a 
<q: i} i 
E : = N 
° t--- I 
e __|fl__Ifl 
“4 ° (1) The element shear stress is to be adjusted using the formula given in Ch 7, Sec 2, [5.2.6] prior to the evaluation of yield 
E m utilisation factor for verification against the screening criteria. 
{í : (2) Where the geometry of the opening is required to be modelled in accordance with Ch 7, Sec 2, [2.4.9], fine mesh FE analysis is 
Qo. S to be carried out to determine the stress level and the screening criteria are not applicable. 
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Table 6 : Screening factor for bracket toes of primary supporting members 


Ase : Screening factor taken as: 
b 0.5 A 0.5 k 
sc c.( T (72) vm + Ü. ( Mesen=282 ) a) Dar 
À 0.75 b, Owm + 0.55 Da bs \Oneam| 535 
Ca : Coefficient taken as: 
E Ra | 
C,= 1.0-0.2 (= 


bı, b> +: Height of shell element in way of bracket toe in cargo hold FE model, in mm. 

Abeam-nso: Sectional area of beam or rod element in cargo hold FE model representing the face plate of 
bracket, in mm?. 

Obeam : Beam or rod element axial stress determined from cargo hold FE analysis, in N/mm?. 


Oy : Von Mises stress of shell element in way of bracket toe determined from cargo hold FE analysis, in 
N/mm?. 

taso : Net thickness of shell element in way of bracket toe, in mm. 

Ra : Leg length, in mm, not to be taken as greater than 1400 mm. 


beam-n50 


Bar element in 
cargo tank FE 
model 


Plate element in 
way of bracket toe 
in cargo tank FE 

model 


3.3.2 Screening criteria 


Stresses in areas defined in [3.1], calculated for all applicable FE load combinations given in [5], are to be 
checked against the following screening criteria. 


Ase S Nesparm 

where: 

Asc : Screening factor defined in [3.3.1] 

Ascperm : Permissible screening factor defined in [3.3.1] 


Where the screening criteria are not met, fine mesh analysis of the corresponding structural detail is required 
and to be performed according to [1.1.3]. 
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Table 7 : Screening factor for heels of transverse bulkhead horizontal stringers 


Asc : Screening factor taken as: 


e For heels at side horizontal girder and transverse bulkhead horizontal stringer, at the 
locations 1, 2 and 3 in figure below. 


a alee 
Ase= 3.0 Om 535 


e For heel at longitudinal bulkhead horizontal stringer, at the location 4 in figure below. 


k 
NaF 5.2 lo; 235 
O, : Axial stress in element x direction determined from cargo hold FE analysis in accordance with the 
coordinate system shown, in N/mm?. 
Ovm : Von Mises stress of shell element in way of heel determined from cargo hold FE analysis, in 
N/mm?. 


Longitudinal 
bulkhead ~ 


Side 
horizontal 
girder 


Horizontal 
stringer 


Horizontal 
stringer 


Horizontal 
stringer 


Transverse 
bulkhead 


x- direction ; 
Horizontal 


Inner hull girder 


[| Individual element in web to be verified against criteria 


Individual element in web to be verified against criteria. 


4 STRUCTURAL MODELLING 


4.1 General 


4.1.1 


Evaluation of detailed stresses requires the use of refined finite element mesh in way of areas of high stress. 
This fine mesh analysis can be carried out by fine mesh zones incorporated into the cargo hold model. 
Alternatively, separate local FE model with fine mesh zones in conjunction with the boundary conditions 
obtained from the cargo hold model may be used. 
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4.2 Extent of model 


4.2.1 


If a separate local fine mesh model is used, its extent is to be such that the calculated stresses at the areas of 
interest are not significantly affected by the imposed boundary conditions. The boundary of the fine mesh 
model is to coincide with primary supporting members in the cargo hold model, such as web frame, girders, 
stringers and floors. 


4.3 Mesh size 


4.3.1 


The mesh size in the fine mesh zones is not to be greater than 50 x 50 mm. 


4.3.2 


The extent of the fine mesh zone is not to be less than 10 elements in all directions from the area under 
investigation. A smooth transition of mesh density from fine mesh zone to the boundary of the fine mesh 
model is to be maintained. 


4.4 Elements 


4.4.1 


All plating within the fine mesh zone is to be represented by shell elements. The aspect ratio of elements 
within the fine mesh zone is to be kept as close to 1 as possible. Variation of mesh density within the fine 
mesh zone and the use of triangular elements are to be avoided. In all cases, the elements within the fine 
mesh model are to have an aspect ratio not exceeding 3. Distorted elements, with element corner angles of 
less than 45° or greater than 135°, are to be avoided. Stiffeners inside the fine mesh zone are to be modelled 
using shell elements. Stiffeners outside the fine mesh zones may be modelled using beam elements. 


4.4.2 


Where fine mesh analysis is required for main bracket end connections, including the end connection of hold 
frames of single skin bulk carriers, the fine mesh zone is to be extended at least 10 elements in all directions 
from the area subject to assessment, see Figure 9. 


4.4.3 


Where fine mesh analysis is required for an opening, the first two layers of elements around the opening are to 
be modelled with mesh size not greater than 50 x 50 mm. A smooth transition from the fine mesh to the 
coarser mesh is to be maintained. Edge stiffeners which are welded directly to the edge of an opening are to 
be modelled with shell elements. Web stiffeners close to an opening may be modelled using rod or beam 
elements located at a distance of at least 50 mm from the edge of the opening. Example of fine mesh zone 
around an opening is shown in Figure 10. 


4.4.4 


Face plates of openings, primary supporting members and associated brackets are to be modelled with at 
least two elements across their width on either side. 
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Figure 9 : Fine mesh zone around bracket toes 
Figure 10 : Fine mesh zone around an opening 
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4.5 Transverse web frames 


4.5.1 


In addition to the requirements of [4.2] to [4.4], the modelling requirements in this sub-section are applicable 
to the analysis of a typical transverse web frame. 


4.5.2 


Where a FE sub model is used, the model is to have an extent of at least 1+1 web frame spaces, i.e. one web 
frame space extending either side of the transverse web frame under investigation. For bulk carriers, the web 
frame space is the longer space of web frames in the upper wing and the lower hopper tanks. The transverse 
web frames forward and aft of the web frame under investigation need not be included in the sub model. 


4.5.3 
The full depth and full breadth of the ship are to be modelled, see Figure 11. 


Figure 12 shows a close up view of the finite element mesh at the lower part of the vertical web and backing 
brackets. 


Figure 11 : Example of extent of local model for fine mesh analysis of web frame bracket connections and openings 


Model Extent 


TM COS 


O 
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Figure 12 : Close-up view of finite element mesh at the lower part of a transverse web frame 
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4.6 Transverse bulkhead stringers, buttress and adjacent web frame 


4.6.1 


In addition to the requirements of [4.2] to [4.4], the modelling requirements in this sub-section are applicable 
to the analysis of transverse bulkhead structures and adjacent web frame. 


4.6.2 


Due to the structural interaction among the transverse bulkhead, horizontal stringers, web frames, deck and 
double bottom, it is recommended that the FE local model represents a full section of the hull. Longitudinally, 
the ends of the model should be extended at least one web frame space beyond the areas that require 
investigation, see Figure 13. 


4.6.3 


Alternatively, it is acceptable to use a number of local models, as shown in Figure 14, to analyse different parts 
of the structure. For the analysis of the transverse bulkhead horizontal stringers the full breadth of the ship are 
to be modelled. For the analysis of buttress structure, the local model width should be at least 4+4 
longitudinal spaces, i.e. four longitudinal spaces at each side of the buttress. 
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Figure 13 : Example of local model for fine mesh analysis of transverse bulkhead and adjacent structure 
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4.6.4 


Figure 15 shows the finite element mesh on a transverse bulkhead horizontal stringer. Figure 16 shows the 
local model for the analysis of buttress connections to transverse bulkhead and double bottom structure, and 


openings. 


Figure 15 : Example of finite element mesh on transverse bulkhead horizontal stringer 
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Figure 16 : Example of local model for the analysis of buttress connections to bulkhead and double bottom structure, 
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4.7 Deck, double bottom longitudinal and adjoining transverse bulkhead vertical 
stiffeners 


4.7.1 
In addition to the requirements of [4.2] to [4.4], the modelling requirements in this sub-section are applicable 
specifically to the analysis of longitudinal and vertical stiffener end connections and attached web stiffeners. 


4.7.2 


Where a local FE model is used, each end of the model is to be extended longitudinally at least two web frame 
spaces from the areas under investigation. The model width is to be at least 2+2 longitudinal spaces. 
Figure 17 shows the longitudinal extent of the local model for the analysis of deck and double bottom 
longitudinal stiffeners and adjoining transverse bulkhead vertical stiffener. 


4.7.3 


The web of the longitudinal stiffeners outside of the fine mesh zone should be represented by at least 3 shell 
elements across its depth. Similar size elements should be used to represent the plating of the bottom shell 
and inner bottom. The flange of the longitudinal stiffeners and face plate of brackets should be modelled with 
at least two shell elements across its width at one side. 

4.7.4 


The mesh size and extent of the fine mesh zone is to be in accordance with [4.3.1], see also Figure 17. 


4.8 Corrugated bulkheads 


4.8.1 


In addition to the requirements of [4.2] to [4.4], the modelling requirements in this sub-article are applicable 
to the analysis of connections of corrugated bulkheads to lower stool and the connection between lower stool 
and inner bottom. 


4.8.2 


The minimum extents of the local model are as follows, see also Figure 18: 


a) Vertically, the model is to be extended from the bottom of the ship to a level at least 2 m above the 
corrugation and lower stool connection. The upper boundary of the local model is to coincide with the 
horizontal mesh line of the cargo hold FE model for the purpose of applying boundary displacements, 
see [4.2]. 


Z 


For transverse corrugated bulkheads, the local model is to be extended transversely to the nearest 
diaphragm web in the lower stool on each side of the fine mesh zone (i.e. the local model covers two 
lower stool transverse web/diaphragm spaces). The end diaphragms need not be modelled. 


O 
~ 


For the longitudinal corrugated bulkheads, the local model is to be extended to the nearest web frame 
on each side of the fine mesh zone (i.e. the local model covers two frame spaces). The end web frames 
need not be modelled. 


d) For the corrugation and lower stool connection located close to the intersection of transverse and 
longitudinal corrugated bulkheads, such as for product tanker, the local model is to cover the structure 
between the diaphragms (in transverse direction) and web frames (in longitudinal direction) closest to 
the detail, whichever is relevant. In addition the local model is to be extended at least one 
diaphragm/web frame outside the intersection between the transverse stool and the longitudinal stool. 


e) For lower stool to inner bottom connection, the connection between inner bottom, lower stool plate, 
diaphragm and double bottom girder, where applicable, is the centre of the fine mesh zone. 
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Figure 17 : Example of local model for fine mesh analysis of end connections and web stiffeners of deck and double bottom longitudinals 
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4.8.3 


For corrugation connection, the fine mesh zone is to cover at least the corrugation flange under investigation, 
the adjacent corrugation webs and a further extension of 500 mm from each end of the corrugation web, i.e. 
the fine mesh zone covers at least four corrugation knuckles, see Figure 18 and Figure 19. The mesh size 
within the fine mesh zone is not to be greater than 50 x 50 mm. 


Figure 18 : Extent of local model and fine mesh zone for the analysis of corrugated bulkhead connection to lower stool and inner bottom 
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Above figures show extent of local model and fine mesh zone on longitudinal corrugated bulkhead connection to lower stool. Similar extent 
applies to transverse corrugated bulkhead. 
The model extents shown above are the minimum extents. 


Figure 19 : Example of partial local model for the analysis of connection of corrugated bulkhead to lower stool 
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4.8.4 


Diaphragm webs, brackets inside the lower stool and vertical stiffeners on the stool side plate are to be 
modelled at their actual positions within the extent of the local model. Shell elements are to be used for 
modelling of diaphragm, bracket and stiffener webs. Shell elements are be used to represent the flange of 
stiffeners and brackets in the fine mesh zone. 
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4.8.5 


Stiffeners on the lower stool plate are to be represented by beam elements. 


4.8.6 


Figure 19 shows the details of finite element local model for the fine mesh analysis of longitudinal bulkhead to 
lower stool connection. 


4.8.7 


Figure 20 shows the details finite element local model for the fine mesh analysis of lower stool to inner bottom 
connection. 


Figure 20 : Example of partial local model for the analysis of connection of lower stool to inner bottom 


N 


4.9 Hatch corner structures 


4.9.1 


In addition to the requirements of [4.2] to [4.4], the modelling requirements in this sub-article are applicable 
to the analysis of hatch corner structures. 


4.9.2 
m 
z The high stress areas, such as the hatch coaming end bracket, the hatch corner and the hatch end beam 
O connection, need to be analysed by fine mesh model. The fine mesh zones should cover these areas, see 
F- Figure 21. 
oO 
Lu 
WV) Figure 21 : Example of local model for the analysis of hatch opening structures 
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5 FE LOAD COMBINATIONS 


5.1 General 


5.1.1 


The fine mesh detailed stress analysis is to be carried out for all FE load combinations applied to the 
corresponding cargo hold analysis. 


5.2 Application of loads and boundary conditions 


5.2.1 General 


Where a separate local model is used for the fine mesh detailed stress analysis, the nodal displacements from 
the cargo tank model are to be applied to the corresponding boundary nodes on the local model as prescribed 
displacements. Alternatively, equivalent nodal forces from the cargo tank model may be applied to the 
boundary nodes. 


Where there are nodes on the local model boundaries which are not coincident with the nodal points on the 
cargo tank model, it is acceptable to impose prescribed displacements on these nodes using multi-point 
constraints. The use of linear multi-point constraint equations connecting two neighbouring coincident nodes 
is considered sufficient. 


All local loads, including any loads applied for hull girder bending moment and/or shear force corrections, in 
way of the structure represented by the separate local finite element model are to be applied to the model. 


6 ANALYSIS CRITERIA 


6.1 Stress assessment 


6.1.1 General 

Stress assessment of the fine mesh analysis is to be carried out for the FE load combinations specified in 
Ch 4, Sec 8. 

6.1.2 Reference stress 


Reference stress is von Mises stress, o,,,, which is to be calculated based on the membrane normal and shear 
stresses of the shell element evaluated at the element centroid. The stresses are to be evaluated at the mid 
plane of the element. 


6.1.3 Permissible stress 


The maximum permissible stresses are based on the mesh size of 50 x 50 mm as specified in [4.1] to [4.4]. 
Where a smaller mesh size is used, an area weighted von Mises stress calculated over an area equal to the 
specified mesh size may be used to compare with the permissible stresses. The averaging is to be based only 
on elements with their entire boundary located within the desired area. The average stress is to be calculated 
based on stresses at element centroid; stress values obtained by interpolation and/or extrapolation are not to 
be used. Stress averaging is not to be carried across structural discontinuities and abutting structure. 


6.2 Acceptance criteria 


6.2.1 
Verification of stress results against the acceptance criteria is to be carried out in accordance with [6.1]. 
The structural assessment is to demonstrate that the stress complies with the following criteria: 


Ar < Meperm 
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where: 
Ne : Fine mesh yield utilisation factor. 
Ovm ; 
yy = R for shell elements in general 
Y 
\Saxiall 3 
Ay = TRES for rod or beam elements in general 
Y 
Oym : Von Mises stress, in N/mm?. 
Gaxia) 2 Axial stress in rod element, in N/mm?. 


Apem : Permissible fine mesh utilisation factor, taken as: 
e Element not adjacent to weld: 
* Derm = 1.70 fe for S+D 
Mperm = 1.36 f; for S 
e Element adjacent to weld: 
Mperm = 1.50 f; for S+D 
perm = 1.20 f; for S 
f; : Fatigue factor, taken as: 
e f = 1.0 in general, 


e f, = 1.2 for details defined in Ch 9, Sec 2, Table 1, complying with the fatigue assessment 
criteria. 


Note 1: The maximum permissible stresses are based on the mesh size of 50 x 50 mm. Where a smaller mesh size is used, an average 
von Mises stress calculated in accordance with [6.1] over an area equal to the specified mesh size may be used to compare with 
the permissible stresses. 


Note 2: Average von Mises stress is to be calculated based on weighted average against element areas: 


= vA Ovm-i 


oO = 
vm—av n 


2^ 


where: 
Ovmay ÎS the average von Mises stress. 


Note 3: Stress averaging is not to be carried across structural discontinuities and abutting structure. 


6.2.2 Lower stool not fitted to a transverse or longitudinal corrugated bulkhead 


Where a lower stool is not fitted to a transverse or longitudinal corrugated bulkhead, the permissible stresses 
given in [6.2.1] are to be reduced by 10% for the areas under investigation by fine mesh analysis. 
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SECTION 1 
GENERAL 


1 INTRODUCTION 


1.1 Assumption 


1.1.1 


This chapter contains the strength criteria for buckling and ultimate strength of local supporting members, 
primary supporting members and other structures such as pillars, corrugated bulkheads and brackets. These 
criteria are to be applied as specified in Ch 6 for hull local scantlings and in Ch 7 for direct strength analysis. 


1.1.2 


For each structural member, the characteristic buckling strength is to be taken as the most 
unfavourable/critical buckling failure mode. 


1.1.3 

Unless otherwise specified, the scantling requirements of structural members in this chapter are based on net 
scantling obtained by removing t,from the gross offered thickness, where t, is defined in Ch 3, Sec 3. 

1.1.4 


In this chapter, compressive and shear stresses are to be taken as positive, tension stresses are to be taken 
as negative. 


2 APPLICATION 


2.1 Scope 


2.1.1 
The buckling checks are to be performed according to: 


e Ch 8, Sec 2 for the slenderness requirements of plates, longitudinal and transverse stiffeners, primary 
supporting members and brackets. 


e Ch 8, Sec 3 for the prescriptive buckling requirements of plates, longitudinal and transverse stiffeners, 
supporting members and other structures. 


e Ch 8, Sec 4 for the buckling requirements of the FE analysis for the plates, stiffened panels and other 
structures. 


e Ch8, Sec 5 for the buckling capacity of prescriptive and FE buckling requirements. 


2.1.2 Stiffener 


The buckling check of the stiffeners referred to in this Chapter is applicable to the stiffener fitted along the 
long edge of the buckling panel. 
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2.1.3 Enlarged stiffener 


Enlarged stiffeners, with or without web stiffening, used for Permanent Means of Access (PMA) are to comply 
with the following requirements: 


a) Slenderness requirements for primary Supporting members as follows: 
e For enlarged stiffener web, see item (a) of Ch 8, Sec 2, [4.1.1]. 
e For enlarged stiffener flange, see item (b) of Ch 8, Sec 2, [4.1.1] and Ch 8, Sec 2, [5.1]. 
e For stiffeners fitted on enlarged stiffener web, see Ch 8, Sec 2, [3.1.1] and Ch 8, Sec 2, [3.1.3]. 


g 


Buckling strength of prescriptive requirements as follows: 
¢ For enlarged stiffener web, see Ch 8, Sec 3, [3.2]. 
e For stiffeners fitted on enlarged stiffener web, see Ch 8, Sec 3, [3.1] and Ch 8, Sec 3, [3.3]. 


c) All structural elements used for PMA are to be complied with for the buckling requirements of the FE 
analysis in Ch 8, Sec 4 when applicable. 


Q 
= 


Buckling strength of longitudinal PMA platforms without stiffeners fitted on enlarged stiffener web is to 
be checked using the criteria for local supporting members in Ch 8, Sec 3, [3.1] and Ch 8, Sec 3, [3.3]. 


3 = DEFINITIONS 


3.1 General 


3.1.1 Buckling definition 


‘Buckling’ is used as a generic term to describe the strength of structures, generally under in-plane 
compressions and/or shear and lateral load. The buckling strength or capacity can take into account the 
internal redistribution of loads depending on the load situation, slenderness and type of structure. 


3.1.2 Buckling capacity 


Buckling capacity based on this principle gives a lower bound estimate of ultimate capacity, or the maximum 
load the panel can carry without suffering major permanent set. 


Buckling capacity assessment utilises the positive elastic post-buckling effect for plates and accounts for load 
redistribution between the structural components, such as between plating and stiffeners. For slender 
structures, the capacity calculated using this method is typically higher than the ideal elastic buckling stress 
(minimum Eigen value). Accepting elastic buckling of structural components in slender stiffened panels 
implies that large elastic deflections and reduced in-plane stiffness will occur at higher buckling utilisation 
levels. 


3.1.3 Assessment methods 


The buckling assessment is carried out according to one of the two methods taking into account different 
boundary condition types: 


e Method A: All the edges of the elementary plate panel are forced to remain straight (but free to move in 
the in-plane directions) due to the surrounding structure/neighbouring plates. 


e Method B: The edges of the elementary plate panel are not forced to remain straight due to low in-plane 
stiffness at the edges and/or no surrounding structure/neighbouring plates. 


3.2 Buckling utilisation factor 


3.2.1 


The utilisation factor, 77, is defined as the ratio between the applied loads and the corresponding ultimate 
capacity or buckling strength. 
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3.2.2 


For combined loads, the utilisation factor, 77,,;, is to be defined as the ratio of the applied equivalent stress and 
the corresponding buckling capacity, as shown in Figure 1, and is to be taken as: 


Nact = mpa = 7 
where: 
Wiet : Applied equivalent stress due to the combined membrane stresses, in N/mm?: 
Wact = Jo? +07+77 for plate 
Wact = 02+ O,+ 0, for stiffener 
Ox : Membrane stress applied in x direction, in N/mm?. 
0, : Membrane stress applied in y direction, in N/mm2?. 
T : Membrane shear stress applied in xy plane, in N/mm?. 
Oa : Actual stress in the stiffener as defined in Ch 8, Sec 5, [2.3], in N/mm?. 
Op : Bending stress in the stiffener as defined in Ch 8, Sec 5, [2.3], in N/mm?. 
Oy : Warping stress in the stiffener as defined in Ch 8, Sec 5, [2.3], in N/mm?. 
W, : Equivalent buckling capacity, in N/mm?, to be taken as: 
W, = Jo +02 +t? for plate 
W, = ~— for stiffener 


Ow Oey, To: Critical stress, in N/mm?, defined in Ch 8, Sec 5, [2.2] for plates and in Ch 8, Sec 5, [2.3] for 
stiffeners. 


Rens  : Specified minimum yield stress of the stiffener, in N/mm?. 
S : Partial safety factor as defined in Ch 8, Sec 5. 
Ue : Stress multiplier factor at failure. 


For each typical failure mode, the corresponding capacity of the panel is calculated by applying the actual 
stress combination and then increasing or decreasing the stresses proportionally until collapse. 


Figure 1 illustrates the buckling capacity and the buckling utilisation factor of a structural member subject to 
o, and o, stresses. 


Figure 1 : Example of buckling capacity and buckling utilisation factor 
o, A 


Buckling strength interaction curve 


act 
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3.3 Allowable buckling utilisation factor 


3.3.1 General structural elements 


The allowable buckling utilisation factor is defined in Table 1. 


Table 1 : Allowable buckling utilisation factor 


Structural component 


Nan Allowable buckling utilisation factor 


Plates and stiffeners 
Stiffened and unstiffened panels 


Vertically stiffened side shell plating of single side 
skin bulk carrier 


Web plate in ways of openings 


1.00 for load combination: S+D 
0.80 for load combination: S 


Struts, pillars and cross ties 


0.75 for load combination: S+D 
0.65 for load combination: S 


Corrugation of vertically corrugated bulkheads with 
lower stool and horizontally corrugated bulkhead, 
under lateral pressure from liquid loads, for shell 
elements only. 

Supporting structure in way of lower end of 
corrugated bulkheads without lower stool. 


0.90 for load combination: S+D 
0.72 for load combination: S 


Corrugation of vertically corrugated bulkheads 
without lower stool under lateral pressure from liquid 
loads, for shell elements only. 


0.81 for load combination: S+D 
0.65 for load combination: S 


Note 1: Supporting structure for a transverse corrugated bulkhead refers to the structure in longitudinal direction within half a web 
frame space forward and aft of the bulkhead, and within a vertical extent equal to the corrugation depth. 

Note 2: Supporting structure for a longitudinal corrugated bulkhead refers to the structure in transverse direction within three 
longitudinal stiffener spacings from each side of the bulkhead, and within a vertical extent equal to the corrugation depth. 


3.4 Buckling acceptance criteria 


3.4.1 


A structural member is considered to have an acceptable buckling strength if it satisfies the following criterion: 


Nact < Nall 

where: 

Nact : Buckling utilisation factor based on the applied stress, defined in [3.2.2]. 

Nat : Allowable buckling utilisation factor as defined in [3.3]. 
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SECTION 2 
SLENDERNESS REQUIREMENTS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


Deour : Maximum distance, in mm, from mid thickness of the web to the flange edge, as shown in Figure 1. 
hy : Depth of stiffener web, in mm, as shown in Figure 1. 
Ly : Effective length of edge of bracket, in mm, as defined in Table 3. 
4 : Length of stiffener between effective supports, in m. 
Seff : Effective width of attached plate of stiffener, in mm, taken equal to: 
Sef = 0.8 S 
t; : Net flange thickness, in mm. 
tp : Net thickness of plate, in mm. 
ty : Net web thickness, in mm. 


1 STRUCTURAL ELEMENTS 


1.1 General 


1.1.1 


All structural elements are to comply with the applicable slenderness and proportion requirements given in [2] 
to [4]. 


2 PLATES 


2.1 Net thickness of plate panels 


2.1.1 


The net thickness of plate panels is to satisfy the following criteria: 


b Ren 
t,2- 
P © C N235 
where: 
C : Slenderness coefficient taken as: 


C = 100 for hull envelope and cargo and tank boundaries. 
C = 125 for other structures. 


ReH : Specified minimum yield stress of the plate material, in N/mm?. 
The mild steel value may be used in this slenderness criterion provided the requirements specified in 
Sec 3 and Sec 4 are satisfied for the strake assumed in mild steel material. 


This requirement does not apply to transversely stiffened bilge plates and radius gunwale. 
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3 = STIFFENERS 


3.1 Proportions of stiffeners 


3.1.1 Net thickness of all stiffener types 


The net thickness of stiffeners is to satisfy the following criteria: 


a) Stiffener web plate: 


where: 


Cw Cy : Slenderness coefficients given in Table 1. 


Figure 1 : Stiffener scantling parameters 


Deout 
a n 
A 
hy Pu h, 
Flat bars Bulb flats Angles 


Table 1 : Slenderness coefficients 


fout 


T bars 


Type of Stiffener Cy C; 
Angle bars 75 12 
T-bars 75 12 
Bulb bars 45 = 
Flat bars 22 - 


3.1.2 Net dimensions of angle and T-bars 


The total flange breadth b; in mm, for angle and T-bars is to satisfy the following criterion: 


b; = 0.25h, 


3.1.3 Bending stiffness of stiffeners 


The net moment of inertia, in cm4, about the neutral axis parallel to the effective attached plate of stiffener, 
Sern IS NOt to be less than the minimum value given by: 


l2 C l Ax 
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where: 

Aeff : Net sectional area of stiffener including effective attached plate, Sep in cm?. 
Rey : Specified minimum yield stress of the material of the attached plate, in N/mm?. 
C : Slenderness coefficient taken as: 


C = 1.43 for longitudinal stiffeners including sniped stiffeners. 


C = 0.72 for other stiffeners. 
4 PRIMARY SUPPORTING MEMBERS 


4.1 Proportions and stiffness 


4.1.1 Proportions of web plate and flange 


The net thicknesses of the web plates and flanges of primary supporting members are to satisfy the following 
criteria: 


a) Web plate: 


ty 2 Se [Ren 
C, 4235 


b) Flange: 
Le De out Ren 
C; 235 


Sw : Plate breadth, in mm, taken as the spacing of the web stiffeners. 


Co : Slenderness coefficient for the web plate taken as: 
C, = 100 
C; : Slenderness coefficient for the flange taken as: 


C,= 12 


4.1.2 Deck transverse primary supporting members 


The net moment of inertia for deck transverse primary supporting members, lpsm-nso» iN cm4, supporting deck 
longitudinals subject to axial compressive hull girder stress, is to comply, within its central half of the bending 
span, with the following criterion: 


es 
I osm —n50 2 300 = lst 

Ss 
where: 


I,smnso : Net moment of inertia, in cm4, of deck transverse primary supporting member, with effective width of 
attached plate equal to 0.8S. 


Crag : Effective bending span of deck transverse primary supporting member, in m, as defined in 
Ch 3, Sec 7. 

S : Spacing of deck transverse primary supporting members, in m, as defined in Ch 3, Sec 7. 

lt : Moment of inertia of deck stiffeners within the central half of the bending span, in cm‘, as given in 
[3.1.3]. 
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4.2 Web stiffeners of primary supporting members 


4.2.1 Proportions of web stiffeners 


The net thickness of web and flange of web stiffeners fitted on primary Supporting members is to satisfy the 


requirements specified in [3.1.1] and [3.1.2]. 


4.2.2 Bending stiffness of web stiffeners 


The net moment of inertia, in cm4, of web stiffener, l, fitted on primary supporting members, with effective 
attached plate, Serp is not to be less than the minimum moment of inertia defined in Table 2. 


Table 2 : Stiffness criteria for web stiffeners 


Stiffener arrangement Minimum moment of inertia of web stiffeners, in cm* 
Web stiffeners fitted along the PSM span 
R 
A l2 C L Aer = 
st eff 235 
10002 sS Ren -5 
B l2 1.14 2s? t (25 WOO 5 E == 
7 ü s 1000// 235 
where: 
Cc : Slenderness coefficient to be taken as: 
C = 1.43 for longitudinal stiffeners including sniped stiffeners. 
C = 0.72 for other stiffeners. 
a : Length of web stiffener, in m. 
For web stiffeners welded to local supporting members, the length is to be measured between the flanges of the local 
support members. 
For sniped web stiffeners, the length is to be measured between the lateral supports, e.g. the total distance between the 
flanges of the primary supporting member as shown for stiffener arrangement B. 
Aeff : Net section area of web stiffener including effective attached plate, Sern in cm?. 
tw : Net web thickness of the primary supporting member, in mm. 
Ron : Specified minimum yield stress of the material of the web plate of the primary supporting member, in N/mm?. 


5.1 Tripping brackets 


5.1.1 Unsupported flange length 


The unsupported length of the flange of the primary supporting member, in m, i.e. the distance between 


tripping brackets, is not to be greater than: 


S, = p c ^m (232) 
í Anaso) “Ren? + but need not be less than Sp mn: 
Cz + ai) 
3 
where: 
b; : Flange breadth of primary supporting members, in mm. 
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C : Slenderness coefficient taken as: 
C = 0.022 for symmetrical flanges. 
C = 0.033 for asymmetrical flanges. 
Arnso _: Net cross sectional area of flange, in cm?. 
Awnso : Net cross sectional area of the web plate, in cm?. 
Rey : Specified minimum yield stress of the PSM material, in N/mm?. 
Simin 2 Minimum unsupported flange length taken as: 


Sp.min = 3-0 m for the cargo tank/hold region, on tank/hold boundaries or the hull envelope including 
external decks. 


Sp-min = 4-0 m for other areas. 
5.1.2 Edge stiffening 


Tripping brackets on primary Supporting members are to be stiffened by a flange or edge stiffener if the 
effective length of the edge, 4, as defined in Table 3, in mm, is greater than: 


Ly = 75t, 
where: 
ty : Bracket net web thickness, in mm. 


5.2 End brackets 


5.2.1 Proportions 


The net web thickness of end brackets, in mm, subject to compressive stresses is not to be less than: 


t= dp Ren 
> C 4235 


where: 

dp : Depth of brackets, in mm, as defined in Table 3. 

C : Slenderness coefficient as defined in Table 3. 

ReH : Specified minimum yield stress of the end bracket material, in N/mm?. 


5.3 Edge reinforcement 


5.3.1 Edge reinforcements of bracket edges 


The depth of stiffener web, h, in mm, of edge stiffeners in way of bracket edges is not to be less than: 


hy, = C @, Ret or 50 mm, whichever is greater. 
235 
where 
C : Slenderness coefficient taken as: 


C = 75 for end brackets. 
C = 50 for tripping brackets. 


Rex : Specified minimum yield stress of the stiffener material, in N/mm7?. 


5.3.2 Proportions of edge stiffeners 


The net thickness of the web plate and flange of the edge stiffener is to satisfy the requirements specified in 
[3.1.1] and [3.1.2]. 
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Table 3 : Buckling coefficient, C, for proportions of brackets 


Mode C 


Brackets without edge stiffener 


C = 20 (=) +16 
lp 
where 
0.25 < de < 1.0 
lp 

d, 
Brackets with edge stiffener 

C=70 


6 OTHER STRUCTURES 


6.1 Pillars 


6.1.1 Proportions of I-section pillars 


For I-sections, the thickness of the web plate and the flange thickness are to comply with requirements 
specified in [3.1.1] and [3.1.2]. 


6.1.2 Proportions of box section pillars 


The thickness of thin walled box sections is to comply with the requirements specified in item (a) of [3.1.1]. 
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6.1.3 Proportions of circular section pillars 
The net thickness, t, of circular section pillars, in mm, is to comply with the following criterion: 


po 


50 
where: 


r : Mid thickness radius of the circular section, in mm. 


6.2 [Edge reinforcement in way of openings 


6.2.1 Depth of edge stiffener 


When fitted as shown in Figure 2, the depth of web, h,,in mm, of edge stiffeners in way of openings is not to be 
less than: 


h, =Cé Ren or 50 mm, whichever is greater. 
235 


where: 
C : Slenderness coefficient taken as: 
C=50 
Rex : Specified minimum yield stress of the edge stiffener material, in N/mm7?. 


6.2.2 Proportions of edge stiffeners 


The net thickness of the web plate and flange of the edge stiffener is to satisfy the requirements specified in 
[3.1.1] and [3.1.2]. 


Figure 2 : Typical edge reinforcements 
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SECTION 3 
PRESCRIPTIVE BUCKLING 
REQUIREMENTS 


SYMBOLS 


Nat : Allowable buckling utilisation factor, as defined in Ch 8, Sec 1, [3.3]. 
EPP : Elementary Plate Panel as defined in Ch 3, Sec 7, [2.1]. 
LCP : Load calculation point as defined in Ch 3, Sec 7, [2.2.2] and Ch 3, Sec 7, [3.2]. 


1 GENERAL 
1.1 Scope 
1.1.1 


This section applies to plate panels and stiffeners subject to hull girder compression and shear stresses. In 
addition the following structural members subject to compressive stresses are to be checked: 


e Corrugation of transverse vertically corrugated bulkhead. 
e Corrugation of longitudinal corrugated bulkhead. 

e Strut. 

e Pillar. 


e Cross tie. 


1.1.2 
The hull girder buckling strength requirements apply along the full length of the ship. 


1.1.3 Design load sets 


The buckling checks are to be performed for all design load sets defined in Ch 6, Sec 2, [2], both in intact and 
in flooded conditions with pressure combination defined in Ch 6, Sec 2, [1.3]. 


For each design load set, for all dynamic load cases, the lateral pressure is to be determined according to Ch 4 
at the load calculation point defined in Ch 3, Sec 7, and is to be applied together with the hull girder stress 
combinations given in [2.2]. 


1.2 Equivalent plate panel 


1.2.1 


In longitudinal stiffening arrangement, when the plate thickness varies over the width b, of a plate panel, the 
buckling check is to be performed for an equivalent plate panel width, combined with the smaller plate 
thickness, t,. The width of this equivalent plate panel, beg, in mm, is defined by the following formula: 


t 135. 
beg = 44+ to (2) 
7 
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where: 

Ly : Width of the part of the plate panel with the smaller plate thickness, t,, in mm, as defined in Figure 1. 
Ly : Width of the part of the plate panel with the greater plate thickness, tz, in mm, as defined in Figure 1. 
Figure 1 : Plate thickness change over the width 

1.2.2 


In transverse stiffening arrangement, when a EPP is made with different thicknesses, the buckling check of 
the plate and stiffeners is to be made for each thickness considered constant on the EPP, the stresses and 
pressures being estimated for the EPP at the LCP. 


1.2.3 Materials 


When the plate panel is made of different materials, the minimum yield strength is to be used for the buckling 
assessment. 


2 HULL GIRDER STRESS 


2.1 General 


2.1.1 


The hull girder bending stresses, Ong, in N/mm, are determined according to Ch 6, Sec 2. 


2.1.2 
The hull girder shear stresses, Tng, in N/mm?, in the plate i are determined as follows: 


— Qrot(X) qvi 10° 


The 
ti_nso 
where: 


Q(X) : Total vertical shear force, in kN, at the ship longitudinal location x, taken as the greater of the 
following values: 


e For the design load combination S+D 


e For seagoing operations: 


Qrot(X) = lQsw + Qwv-cel 


e For flooded conditions at sea for bulk carriers having a length L of 150 m or above: 


Qrot(X) = lQsw-t + Qwiel 


¢ For the design load combination S 
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e For harbour/sheltered water operations: 


Qrot(X) = lQsw-ol 


Qvi : Contribution ratio in way of the plate i, as defined in Ch 5, Sec 1, [3.2.1]. 

tinso  : Net thickness of the plate i, in mm as defined in Ch 5, Sec 1, [3.2.1], used for shear stress 
calculation. 

Qw : Permissible positive or negative still water shear force for seagoing operation, in kN, at the hull 


transverse section considered, as defined in Ch 4, Sec 4, [2.3.3]. 


Qswp  : Permissible positive or negative still water shear force for harbour/sheltered operation, in kN, at the 
hull transverse section considered, as defined in Ch 4, Sec 4, [2.3.4]. 


Qswr  : Permissible positive or negative still water shear force in flooded condition at sea, in KN, at the hull 
transverse section considered, as defined in Ch 4, Sec 4, [2.3.5]. 


Qwac : Vertical wave shear force in seagoing condition, in kN, in intact or flooded conditions at the hull 
transverse section considered for the considered dynamic load case, defined in Ch 4, Sec 4, [3.5.3]. 


2.2 Stress combinations 


2.2.1 


Each elementary plate panel and stiffeners are to satisfy the criteria defined in [3] with the following stress 
combinations: 


a) Longitudinal stiffening arrangement: 


e Stress combination 1 with: 


e Stress combination 2 with: 


0.7 Ong 


Ox 
Oy 
T Trg 


b) Transverse stiffening arrangement: 


e Stress combination 1 with: 


0, =0 
Oy = Ong 
T = 0.7 Tg 


e Stress combination 2 with: 


6, =0 
Oy = O.T Ong 
T = Thg 
where: 
Ong : Hull girder bending stress in the elementary plate panel or stiffener, as defined in [2.1.1], in N/mm?. 
The : Hull girder shear stress, in N/mm?, in the elementary plate panel or stiffener attached plate as 
defined in [2.1.2]. 
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3 BUCKLING CRITERIA 


3.1 Overall stiffened panel 


3.1.1 

The buckling strength of overall stiffened panels is to satisfy the following criterion: 
Noveran = Man 

where: 


Noverat © Maximum utilisation factor as defined in Ch 8, Sec 5, [2.1]. 


3.2 Plates 


3.2.1 

The buckling strength of elementary plate panels is to satisfy the following criterion: 
Nplate S Mau 

where: 


Neate © Maximum plate utilisation factor calculated according to SP-A, as defined in Ch 8, Sec 5, [2.2]. 


For the determination of Mpate Of the vertically stiffened side shell plating of single side skin bulk carrier 
between hopper and topside tanks, the cases 9 and 12 of Ch 8, Sec 5, Table 3 corresponding to the shorter 
edge of the plate panel clamped are to be considered together with a mean o, stress and wy = 1. 


3.3 Stiffeners 


3.3.1 


The buckling strength of stiffeners or of side frames of single side skin bulk carriers is to satisfy the following 
criterion: 


Nstittener = Man 
where: 
Nstiffener : Maximum stiffener utilisation factor, as defined in Ch 8, Sec 5, [2.3]. 


Note 1: This capacity check can only be fulfilled when the overall stiffened panel capacity, as defined in [3.1.1], is satisfied. 


3.4 Vertically corrugated transverse and longitudinal bulkheads 


3.4.1 


The shear buckling strength of vertically corrugated transverse and longitudinal bulkheads is to satisfy the 
following criterion: 


Shear < Man 
where: 


Nshear : Maximum shear corrugated bulkhead utilisation factor. 


N shear = 
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Tond : Shear stress, in N/mm2, in the bulkhead taken as 
e For longitudinal bulkheads: hull girder shear stress defined in [2.1.2] 
e For transverse bulkheads: shear stress in the corrugation defined in Pt 2, Ch 1, Sec 3, [3.2.1]. 


To : Shear critical stress, in N/mm?, as defined in Ch 8, Sec 5, [2.2.3]. 


3.5 Horizontally corrugated longitudinal bulkhead 


3.5.1 

Each corrugation, within the extension of half flange, web and half flange, is to satisfy the following criterion: 
N S Nan 

where: 

n : Overall column utilisation factor, as defined in Ch 8, Sec 5, [3.1]. 


3.6 Struts, pillars and cross ties 


3.6.1 

The compressive buckling strength of struts, pillars and cross ties is to satisfy the following criterion: 

1 < Nan 

where: 

n : Maximum buckling utilisation factor of struts, pillars or cross ties, defined in Ch 8, Sec 5, [3.1]. 
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SECTION 4 
BUCKLING REQUIREMENTS FOR 
DIRECT STRENGTH ANALYSIS 


SYMBOLS 

Nan : Allowable buckling utilisation factor, as defined in Ch 8, Sec 1, [3.3]. 
a : Aspect ratio of the plate panel, defined in Ch 8, Sec 5. 

1 GENERAL 

1.1 Scope 

1.1.1 


The requirements of this Section apply for the buckling assessment of direct strength analysis subjected to 
compressive stress, shear stress and lateral pressure. 
1.1.2 


All structural elements in the FE analysis carried out according to Ch 7 are to be assessed individually. The 
buckling checks have to be performed for the following structural elements: 


e Stiffened and unstiffened panels. 

e Web plate in way of openings. 

e Corrugated bulkhead. 

e Vertically stiffened side shell of single side skin bulk carrier. 
e Struts, pillars and cross ties. 


2 STIFFENED AND UNSTIFFENED PANELS 
2.1 General 


2.1.1 


The plate panel of hull structure is to be modelled as stiffened or unstiffened panel. Method A and Method B 
as defined in Ch 8, Sec 1, [3] are to be used according to Table 1 and Figure 1 to Figure 9. 


2.1.2 Average thickness of plate panel 


Where the plate thickness along a plate panel is not constant, the panel used for the buckling assessment is 
to be modelled according to Ch 7 with a weighted average thickness taken as: 


ŞA t 


ty eei 
yA 
1 

where: 

A; : Area of the i-th plate element. 

t; : Net thickness of the i-th plate element. 

n : Number of finite elements defining the buckling plate panel. 
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Table 1 : Structural members 


Structural elements 


Assessment method 


Normal panel definition 


Longitudinal structure, see Figure 1, 


Figure 5 and Figure 7 


Longitudinally stiffened panels 
Shell envelope 


Length: between web frames 


girders or stringers 


Deck SP-A Width: b . : 
inner nil idth: between primary supporting 
members 
Hopper tank side 
Longitudinal bulkheads 
Double bottom longitudinal girders in Length: between web frames 
line with longitudinal bulkhead or SP-A Width: full web depth 
connected to hopper tank side ATU AWE OSR 
Web of double bottom longitudinal 
girders not in line with longitudinal SP.B Length: between web frames 
bulkhead or not connected to hopper Width: full web depth 
tank side 
Web of horizontal girders in double Length: between web frames 
side space connected to hopper tank SP-A : 
. Width: full web depth 
side 
Web of horizontal girders in double Length: between web frames 
side space not connected to hopper SP-B Width: full web depth 
tank side Iai TU WED AER 
Web of single skin longitudinal UP-B Plate between local stiffeners/face 


plate/PSM 


Transverse structure, see Figure 2, Figure 6 and Figure 8 


Web of transverse deck frames 


Plate between local stiffeners/face 


including brackets UEB plate/PSM 
Length: full web depth 

Vertical web in double side space SP-B Width: between primary supporting 
members 

Irregularly stiffened panels; ce. Web Plate between local stiffeners/face 

panels in way of hopper tank and UP-B 

. plate/PSM 

bilge 
Length: full web depth 

Double bottom floors SP-B Width: between primary supporting 
members 

Vertical web frame including UP-B Plate between vertical web stiffeners/face 

brackets plate/PSM 

Gross tiewen plal UP-B Plate between vertical web stiffeners/face 


plate/PSM 


Transverse oil-tight and watertight bu 


Regularly stiffened bulkhead panels 
inclusive the secondary buckling 


Ikheads, see Figure 3 and transverse wash bulkheads, see Figure 4 


Length: between primary supporting 
members 


and bilge 


1 JAN 2014 


; : SP-A 
stiffeners perpendicular to the Width: between primary supporting 
regular stiffener (Such as carlings) members 
Irregularly stiffened bulkhead panels, 
e.g. web panels in way of hopper tank UP-B Plate between local stiffeners/face plate 
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Structural elements 


Assessment method 


Normal panel definition 


Web plate of bulkhead stringers 
including brackets 


UP-B 


Plate between web stiffeners /face plate 


Transverse corrugated bulkheads and cross deck, see Figure 9 


Upper/lower stool including 


Length: between internal web diaphragms 


j SP-A 
stiffeners Width: length of stool side 
Stool internal web diaphragm UP-B k between local stiffeners /face plate / 
Cross deck SP-A Plate between local stiffeners/ PSM 


Note 1: SP and UP stand for stiffened and unstiffened panel respectively. 
Note 2: A and B stand for Method A and Method B respectively. 


2.1.3 Yield stress of the plate panel 


The panel yield stress Re pis taken as the minimum value of the specified yield stresses of the elements 
within the plate panel. 


2.2 Stiffened panels 


2.2.1 


To represent the overall buckling behaviour, each stiffener with attached plate is to be modelled as a stiffened 
panel of the extent defined in Table 1. 


2.2.2 


If the stiffener properties or stiffener spacing varies within the stiffened panel, the calculations are to be 
performed separately for all configurations of the panels, i.e. for each stiffener and plate between the 
stiffeners. Plate thickness, stiffener properties and stiffener spacing at the considered location are to be 


assumed for the whole panel. 


Procedure 
for curved 
panel 


Figure 1 : Longitudinal plates for oil tankers 
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Transverse web frames for oil tankers 


Figure 2 


Procedure 


for opening 
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Transverse bulkhead for oil tankers 


Figure 3 
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Figure 5 : Longitudinal plates for single hull bulk carrier 
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Figure 7 : Longitudinal plates for double hull bulk carrier 
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Figure 8 : Transverse web frames for double hull bulk carrier 
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Figure 9 : Corrugated bulkhead and cross deck for bulk carriers 
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2.3 Unstiffened panels 


2.3.1 Irregular plate panel 


In way of web frames, stringers and brackets, the geometry of the panel (i.e. plate bounded by web 
stiffeners/face plate) may not have a rectangular shape. In this case, an equivalent rectangular panel is to be 
defined according to [2.3.2] for irregular geometry and [2.3.3] for triangular geometry and to comply with 
buckling assessment. 


2.3.2 Modelling of an unstiffened panel with irregular geometry 


Unstiffened panels with irregular geometry are to be idealised to equivalent panels for plate buckling 
assessment according to the following procedure: 


a) The four corners closest to a right angle, 90 deg, in the bounding polygon for the plate are identified. 


b) The distances along the plate bounding polygon between the corners are calculated, i.e. the sum of all 
the straight line segments between the end points. 


c) The pair of opposite edges with the smallest total length is identified, i.e. minimum of d; + d and 
də + d4 


[ok 
aa 


A line joins the middle points of the chosen opposite edges (i.e. a mid point is defined as the point at 
half the distance from one end). This line defines the longitudinal direction for the capacity model. The 
length of the line defines the length of the capacity model, a measured from one end point. 


< 


The length of shorter side, b in mm, is to be taken as: 
b = A/a 

where: 

A : Area of the plate, in mm? 


a : length defined in (d), in mm 


f) The stresses from the direct strength analysis are to be transformed into the local coordinate system of 
the equivalent rectangular panel. These stresses are to be used for the buckling assessment. 
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2.3.3 Modelling of an unstiffened plate panel with triangular geometry 


Unstiffened panels with triangular geometry are to be idealised to equivalent panels for plate buckling 
assessment according to the following procedure: 


a) 


g 


O 
sat 


[ok 
er 


2 


2.4 


Medians are constructed as shown below. 


Q 


& 8) 


The longest median is identified. This median the length of which is 4; in mm, defines the longitudinal 
direction for the capacity model. 


X) 


QI z 


O 


The width of the model, Z2, in mm, is to be taken as: 


lo = ASL, 
where: 
A : Area of the plate, in mm? 


The lengths of shorter side, b, and of the longer side, a, in mm, of the equivalent rectangular plate panel 
are to be taken as: 


The stresses from the direct strength analysis are to be transformed into the local coordinate system of 
the equivalent rectangular panel and are to be used for the buckling assessment of the equivalent 
rectangular panel. 


Reference stress 


2.4.1 


The stress distribution is to be taken from the direct strength analysis and applied to the buckling model. 


2.4.2 


The reference stresses are to be calculated using the Stress based reference stresses as defined in App 1. 
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2.5 Lateral pressure 


2.5.1 


The lateral pressure applied to the direct strength analysis is also to be applied to the buckling assessment. 


2.5.2 


Where the lateral pressure is not constant over a buckling panel defined by a number of finite plate elements, 
an average lateral pressure, N/mm?, is calculated using the following formula: 


5A, P; 


= AL 
Rays 


T 


where: 

A; : Area of the i-th plate element, in mm?. 

P; : Lateral pressure of the i-th plate element, in N/mm?. 
n : Number of finite elements in the buckling panel. 


2.6 Buckling criteria 


2.6.1 UP-A 

The compressive buckling strength of UP-A is to satisfy the following criterion: 
Mura S Man 

where: 


Nupa  : Maximum plate utilisation factor, calculated according to Method A as defined in Ch 8, Sec 5, [2.2]. 


2.6.2 UP-B 

The compressive buckling strength of UP-B is to satisfy the following criterion: 
Ture S Mai 

where: 


Nueg  : Maximum plate utilisation factor, calculated according to Method B as defined in Ch 8, Sec 5, [2.2]. 


2.6.3 SP-A 
The compressive buckling strength of SP-A is to satisfy the following criterion: 
Nsp.a S Nau 
where: 
spa  : Maximum stiffened panel utilisation factor taken as the maximum of: 
e The overall stiffened panel capacity as defined in Ch 8, Sec 5, [2.1]. 
e The plate capacity calculated according to Method A as defined in Ch 8, Sec 5, [2.2]. 


e The stiffener buckling strength as defined in Ch 8, Sec 5, [2.3] considering separately the 
properties (thickness, dimensions), the pressures defined in [2.5.2] and the reference 
stresses of each EPP at both sides of the stiffener. 


Note 1: The stiffener buckling capacity check can only be fulfilled when the overall stiffened panel capacity, as defined in Ch 8, Sec 5, 
[2.1], is satisfied. 
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2.6.4 SP-B 
The compressive buckling strength of SP-B is to satisfy the following criterion: 
Nsp-8 SMan 
where: 
speg  : Maximum stiffened panel utilisation factor taken as the maximum of: 
e The overall stiffened panel capacity as defined in Ch 8, Sec 5, [2.1]. 
e The plate capacity calculated according to Method B as defined in Ch 8, Sec 5, [2.2]. 


e The stiffener buckling strength as defined in Ch 8, Sec 5, [2.3] considering separately the 
properties (thickness, dimensions), the pressures defined in [2.5.2] and the reference 
stresses of each EPP at both sides of the stiffener. 


Note 1: The stiffener buckling capacity check can only be fulfilled when the overall stiffened panel capacity, as defined in Ch 8, Sec 5, 
[2.1], is satisfied. 

2.6.5 Web plate in way of openings 

The web plate of primary supporting members with openings is to satisfy the following criterion: 


Topening S Natt 
where: 


Nopening : Maximum web plate utilisation factor in way of openings, as defined in Ch 8, Sec 5, [2.4]. 


3 CORRUGATED BULKHEAD 


3.1 General 


3.1.1 

Three buckling failure modes are to be assessed on corrugated bulkheads: 
e Corrugation overall column buckling. 
e Corrugation flange panel buckling. 


e Corrugation web panel buckling. 


3.2 Reference stress 


3.2.1 


Each corrugation flange and web panel is to be assessed. 


3.2.2 


The membrane stresses at element centroid are to be used. 


3.2.3 

The maximum normal stress parallel to the corrugation, ©, is the maximum of the 2 following stresses: 
e The normal stress parallel to the corrugation taken at b/2 from the corrugation ends, 
e The normal stress parallel to the corrugation within the mid span of the corrugation. 


When the corrugation end is fitted with a shedder plate, the normal stress parallel to the corrugation at end is 
to be taken at b/2 from the intersection of the shedder plate with the point at mid breadth of the flange or of 
the web, as the case may be. 
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The maximum shear stress is the shear stress which is maximum at the corrugation flange or web at the point 
b/2 from ends as defined above for the normal stress parallel to the corrugation. 


The in plane stresses, œ and o,, and shear stress, 7, are to be taken as the element stresses averaged over 
the width of the considered member (flange or web) at the considered location. 


When the stress value at b/2 from ends cannot be obtained directly from FE element, the stress at this 
location is to be obtained by interpolation. This interpolation is to be made on elements extending over a 
distance equal to 3b to a point located at b/2 from the end of the corrugation or from the intersection of the 
shedder plate if fitted, measured at the mid breadth of the flange or of the web. The interpolation of the in 
plane stresses, o, and o,, are to be made in accordance with Ch 8, App 1, [2.1]. 


The shear stress at b/2 is obtained by linear interpolation between the elements most close to 'b/2' location. 
For the application of this requirement, b is defined as follows: 


b : Width of the considered member of the corrugation, i.e. flange or web. 


3.2.4 


Where more than one plate thicknesses are used for flange panel, maximum stress is to be obtained for each 
thickness range and to be checked with the buckling criteria for each thickness. 


3.3 Overall column buckling 


3.3.1 


The overall buckling failure mode of corrugated bulkheads subjected to axial compression is to be checked for 
column buckling (e.g. horizontally corrugated bulkheads and vertically corrugated bulkheads subjected to local 
vertical forces). 


Table 2 : Application of overall column buckling for corrugated bulkhead 


Corrugation Orientation 
Bulkhead orientation 
Horizontal Vertical 
Longitudinal bulkhead Required Required, when subjected to local 
Transverse bulkhead Required vertical forces (e.g. crane loads) 


3.3.2 


Each corrugation unit within the extension of half flange, web and half flange (i.e. single corrugation as shown 
in grey in Figure 10) is to satisfy the following criterion: 


Novera = Man 


where: 


Noverat : Maximum overall column utilisation factor, as defined in Ch 8, Sec 5, [3.1.1] and Ch 8, Sec 5, [3.1.2], 
considered as a pillar with a unsupported length taken as the length of the corrugation. 


Figure 10 : Single Corrugation 
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3.3.3 


End constraint factor, fena corresponding to pinned ends is to be applied except for fixed end support to be 
used in way of stool with width exceeding 2 times the depth of the corrugation. 


3.4 Local buckling 


3.4.1 


The compressive buckling strength of a unit flange and a unit web of corrugation bulkheads is to satisfy the 
following criterion: 


Noor = Man 

where: 

Noor  : Maximum unit flange or unit web utilisation factor, as defined in Ch 8, Sec 5, [3.2.1]. 
Two stress combinations are to be considered for the application of the above criterion: 


e The maximum normal stress parallel to the corrugation, o,, combined with the stress perpendicular to 
the corrugation, o,, and with the shear stress, 7, at the location where the maximum normal stress 
parallel to the corrugation occurs. 


e The maximum shear stress, T, combined with the normal stress parallel to the corrugation, o,, and with 
the stress perpendicular to the corrugation, o,, at the location where the maximum shear stress occurs. 


The buckling assessment is to be performed for an aspect ratio œ equal to 2, and for the thicknesses of the 
member where the maximum compressive/shear stress occurs (see [3.2.4]). 


4 VERTICALLY STIFFENED SIDE SHELL OF SINGLE SIDE SKIN BULK 
CARRIER 


4.1 Buckling criteria 


4.1.1 Side shell plating 


The compressive buckling strength of the vertically stiffened side shell plating of single side skin bulk carrier is 
to satisfy the following criterion: 


Tyss < Natt 

where: 

Mss : Maximum vertically stiffened side shell plating utilisation factor calculated according to Method A as 
defined in Ch 8, Sec 5, [2.2.1] and for the cases 8, 9 and 12 of Ch 8, Sec 5, Table 3 corresponding to 
the shorter edge of the plate panel clamped, considering the following stress combinations: 

e Pure vertical stress: 

e The maximum vertical stress of stress elements is used with 
a=t1and y%=1. 

e Maximum vertical stress combined with longitudinal and shear stress: 

e The maximum vertical stress in the buckling panel plus the shear and longitudinal 
stresses at the location where the maximum vertical stress occurs is used with 
a=2and y= y,=1. 

e The plate thickness to be considered in the buckling strength check is the one where 
the maximum vertical stress occurs. 

e Maximum shear stress combined with longitudinal and vertical stress: 
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e The maximum shear stress in the buckling panel plus the longitudinal and vertical 
stresses at the location where maximum shear stress occurs is used with 


a=2and w= w=. 


e The plate thickness to be considered in the buckling strength check is the one where 
the maximum shear stress occurs. 


e Distributed longitudinal stress associated with vertical and shear stress: 

e The actual size of the buckling panel is used to define a. 

e The average values for longitudinal, vertical and shear stresses are to be used. 

e Kw WYa1. 

e The plate thickness to be considered in the buckling strength check is the minimum 

thickness of the buckling panel. 

4.1.2 Side frames 
The buckling strength of side frames of single side skin bulk carriers is to satisfy the following criterion: 
Nstittener = Man 
where: 


Nstirfener : Maximum stiffener utilisation factor, as defined in Ch 8, Sec 5, [2.3]. 
5 STRUTS, PILLARS AND CROSS TIES 


5.1 Buckling criteria 


5.1.1 
The compressive buckling strength of struts, pillars and cross ties is to satisfy the following criterion: 


Neitar S Nan 


where: 


Neitar © Maximum utilisation factor of struts, pillars or cross ties, as defined in Ch 8, Sec 5, [3.1]. 
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SECTION 5 
BUCKLING CAPACITY 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


As : Net sectional area of the stiffener without attached plating, in mm?. 
a : Length of the longer side of the plate panel as defined in Table 3, in mm. 
b : Length of the shorter side of the plate panel as defined in Table 3, in mm. 
Dest : Effective width of the attached plating of a stiffener, in mm, as defined in [2.3.5]. 
berr : Effective width of the attached plating of a stiffener, in mm, without the shear lag effect taken as: 
e Foro,>0 
e For prescriptive assessment: 
ae C,104 + Cyob2 
2 
e For FE analysis: 
berı = Cb 
e Foro, <O 
berra = b 
b; : Breadth of the stiffener flange, in mm. 
bı, b> : Width of plate panel on each side of the considered stiffener, in mm. 
C,4,Cy2 : Reduction factor defined in Table 3 calculated for the EPP1 and EPP2 on each side of the considered 
stiffener according to case 1. 
€r : Distance from attached plating to centre of flange, in mm, as shown in Figure 1 to be taken as: 
e; = h, for flat bar profile. 
e; = hy - 0.5 t; for bulb profile. 
e; = hy + 0.5 t; for angle and Tee profiles. 
Fiong : Coefficient defined in [2.2.4]. 
Figs : Coefficient defined in [2.2.5]. 
Ay : Depth of stiffener web, in mm, as shown in Figure 1. 
L : Span, in mm, of stiffener equal to spacing between primary supporting members or span of side 
frame equal to the distance between the hopper tank and top wing tank as defined in Pt 2, Ch 1, 
Sec 2, Figure 2. 
R : Radius of curved plate panel, in mm. 
Rep  : Specified minimum yield stress of the plate in N/mm2. 
Rens _: Specified minimum yield stress of the stiffener in N/mm?. 
S : Partial safety factor to be taken as: 
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e S= 41.1 for structures which are exposed to local concentrated loads (e.g. container loads on 
hatch covers, foundations). 


e S= 1.15 for bulk carrier stiffeners located on the hatchway coamings, the sloping plate of the 
topside and hopper tanks, the inner bottom, the inner side if any, the side shell of single side 
skin construction and the top and bottom stools of transverse bulkheads. 


e S= 1.0 for all other cases. 


tp : Net thickness of plate panel, in mm. 
tw : Net stiffener web thickness, in mm. 
t; : Net flange thickness, in mm. 


x axis: Local axis of a rectangular buckling panel parallel to its long edge. 


yaxis : Local axis of a rectangular buckling panel perpendicular to its long edge. 


a : Aspect ratio of the plate panel, defined in Table 3 to be taken as: 
a — a 
b 
B : Coefficient taken as: 
B = i-y 
a 
Qo : Coefficient taken as: 


œ = min (3;0) 


Ox : Stress applied on the edge along x axis of the buckling panel, in N/mm?. 
0, : Stress applied on the edge along y axis of the buckling panel, in N/mm?. 
O1 : Maximum stress, in N/mm?. 
O> : Minimum stress, in N/mm?. 
Ot : Elastic buckling stress, in N/mm? to be taken as: 
SPEE (fe) 
© 12(1-vô \b 
T : Applied shear stress, in N/mm2. 
Te : Buckling strength in shear, in N/mm?, as defined in [2.2.3]. 
y : Edge stress ratio to be taken as: 
Oo 
y : Stress multiplier factor acting on loads. When the factor is such that the loads reach the interaction 


formulae, y = Yə 


Ne : Stress multiplier factor at failure. 


1 JAN 2014 COMMON STRUCTURAL RULES 


Figure 1 : Stiffener cross sections 


(0 


d t] 


1 General 
1.1 Scope 
1.1.1 


IACS 


This section contains the methods for determination of the buckling capacity of plate panels, stiffeners, pri- 


mary supporting members, struts, pillars, cross ties and corrugated bulkheads. 


1.1.2 


For the application of this section, the stresses o,, o, and Tapplied on the structural members are defined in: 


e Ch8, Sec 3 for prescriptive requirements. 


e Ch8, Sec 4 for FE analysis requirements. 


1.1.3 Ultimate buckling capacity 


The ultimate buckling capacity is calculated by applying the actual stress combination and then increasing or 
decreasing the stresses proportionally until the interaction formulae defined in [2.1.1], [2.2.1], and [2.3.4] are 


equal to 1.0. 


1.1.4 Buckling utilisation factor 


The buckling utilisation factor of the structural member is equal to the highest utilisation factor obtained for 


the different buckling modes. 
1.1.5 Lateral pressure 
The lateral pressure is to be considered as constant in the buckling strength assessment. 


2 Interaction Formulae 


2.1 Overall stiffened panel capacity 


2.1.1 
The elastic stiffened panel limit state is based on the following interaction formula: 


P, 
C; 


=1 


where c; and P,are defined in [2.3.4]. 
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2.2 Plate capacity 


2.2.1 Plate limit state 


The plate limit state is based on the following interaction formulae: 


Yea Ox Si 1 foro, 20 
Ocx3 


Yer Gy 1 for 6,20 


Ovy3 
YeslTlS = 1 
Te 
(s Ox =a + (1 Oy =) _ (1 Ox >) (1 O LN + (te lod S + Yes lo; aja -%)=1 
Ocx1 Ocy1 Ocx1 Ocy1 Ocx2 Ocy2 
with 


Yo = MIN(Yc1s¥c2°¥e3»Vea) 

where: 

0,, 6, : Applied normal stress to the plate panel, in N/mm/?, to be taken as defined in [2.2.7]. 
T : Applied shear stress to the plate panel, in N/mm?. 

A : Weighting factor to be taken as given in Table 1. 


Oox11 Opx21 Opx3: Ultimate critical stresses, in N/mm?, in direction parallel to the longer edge of the buckling 
panel as defined in [2.2.3]. 


Ovy1» Oy2 O3: Ultimate critical stresses, in N/mm?, in direction parallel to the shorter edge of the buckling 
panel as defined in [2.2.3]. 


Te : Ultimate critical shear stresses, in N/mm’?, as defined in [2.2.3]. 


Kerr Kor Yor Fea: Stress multiplier factors at failure for each of the above different limit states. %, and % are 
only to be considered when o, 2 O and o, 2 O respectively. 


Table 1 : Definition of weighting factor Ç and coefficients 1, Ka Kn Ke 


Applied Stress a Ka | Ko | Ka | Kp 
` 0.2 
0,20 0,20 min] ; OC; ea] Kg Ke 
Bp 
0, < 0oro,< 0 1.0 Ka = Kya 5 


2.2.2 Reference degree of slenderness 


The reference degree of slenderness is to be taken as: 


x = Ren p 
Kog 
where: 


K : Buckling factor, as defined in Table 3 and Table 4. 


2.2.3 Ultimate critical stresses 


The ultimate critical stresses of plate panels are to be taken as: 


Ocx1 = Kya Ren_p Ocx2 = Kyo Ren_p Ocx3 = Ky3 Ren_p 
Ocya = Kya Ren p Ovy2 = Kyo Ren p Ovy3 = Kys Ren p 
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The ultimate critical stress of plate panels subject to shear is to be taken as: 
Ren p 


J3 


T = C, 


where: 
Kya Ko Kı Kyo: Coefficients defined in Table 1. 


K3» Ka, Kg, Kya:Coefficients to be taken as: 


men al E- (ES) a-o S a-is 


26,5 C, c? T Gs C; 
C ia acer. (Sy yeltlS 1- 
s ES ij c 2 c = z 
Ky3 l ( C, ) c? Ex $ ) + (1-6) 1 1 T, 


Rey p 
1 
Gxt 5 —— 
Bp 
z min(5,a)°° 
Syt = 


vB, 


C,, Cp, C,:Reduction factors, as defined in Table 3 and Table 4. 
e For SP-A and UP-A, C, is calculated according to Table 3 by using 


C, = (1-4)20 
a 


e For SP-B and UP-B, C, is calculated according to Table 3 by using 
c= 1 


e For vertically stiffened single side skin of bulk carrier, C, is calculated according to Table 3 by using 


Cı = (1-4)20 
a. 


e For corrugation of corrugated bulkheads, C, is calculated according to Table 3 by using 


cC = (1-4)20 
a 


The boundary conditions for plates are to be considered as simply supported, see cases 1, 2 and 11 of Table 
3. If the boundary conditions differ significantly from simple support, a more appropriate boundary condition 
can be applied according to the different cases of Table 3 subject to the agreement of the Society. 


2.2.4 Correction factor Fiong 


The correction factor Fong depending on the edge stiffener types on the longer side of the buckling panel is 
defined in Table 2. An average value of Fong is to be used for plate panels having different edge stiffeners. For 
stiffener types other than those mentioned in Table 2, the value of c is to be agreed by the Society. In such a 
case, value of c higher than those mentioned in Table 2 can be used, provided it is verified by buckling 
strength check of panel using non-linear FE analysis and deemed appropriate by the Society. 
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Table 2 : Correction factor F,,,, 


Structural element types Fong c 
Unstiffened Panel 1.0 N/A 
Stiffened | Stiffener not fixed at both ends 1.0 N/A 
panel Stiffener | Flat bar ® , 0.10 
fixed at : F 22044 top ot 
Bulb profile long = © or > 0.30 
both ends “SP i tp 
Angle profile 0.40 
T profile ty? ty 0.30 
Fong = ¢ (=) +1 for -—<1 
tp tp 
Girder of high rigidity 1.4 N/A 
(e.g. bottom transverse) 
(1) tw is the net web thickness, in mm, without the correction defined in [2.3.2]. 


2.2.5 Correction factor Fian 
The correction factor F;,., is to be taken as: 
e For transversely framed EPP of single side skin bulk carrier, between the hopper and top wing tank: 


e Fran = 1.25 when the two adjacent frames are supported by one tripping bracket fitted in way of 
the adjacent plate panels. 


© Fran = 1.33 when the two adjacent frames are supported by two tripping brackets each fitted in 
way of the adjacent plate panels. 


* Fran = 1.15 elsewhere. 


e For other cases: Fya, = 1 


2.2.6 Curved plate panels 
Table 4 applies to curved plate panels with R/t, < 2500. Otherwise, Table 3 is applicable. 
For the application of Table 4, the stresses and coefficients are to be taken as: 

e Ford28: Oax O, Oig Op, C=C,, and C=Cig. 

e Otherwise : 0,,=0,, Oig Ox, Cx= Cig and Cy=C,,. 


Table 3 : Buckling factor and reduction factor for plane plate panels 


Case Stress | Aspect Buckling factor K Reduction factor C 
ratio y| ratio o 
1 ro When o, < 0: 
N 8.4 = 
= > > K = Fiong will C,= 1 
= : N i When g > O: 
a ER 
7 C, = 1for A<. 
v:o, ee | 
Í A [K = Fong [7-63 -y (6.26 -10 G, = ¢ (4-9:22) tor a> 
> x long Í -4 ( g T: y)] X A 2 c 
A 
ro} 
where: 


c = (1.25-0.12y) < 1.25 


vi | Ky = Fong [5-975(1 - y)°] 
J long =£ (1+ ja - 288) 
2 c 
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Case Stress | Aspect Buckling factor K Reduction factor C 
ratio y| ratio o 
2 When o, <0: 
1)? C =1 
(1+ a When g> O: 
K, Fran 
1—y)/2. 1 R+F°(H-R 
1+yw+! (24 + 6.9f,) C = ¢(4-R+F HR) 2) 
m 100 \ g? : y N E 
N 
T [ase |f, = (1-w)(a-1) where: 
A c = (1.25-0.12y) < 1.25 
one n= 0.6(1-2¥)(o+ 4) R=)X(1-A/c) forr<A, 
a o R = 0.22 for À >A, 
but not greater than 14.5 — 225 A, = 0.5c (1+ J1—0.88/c) 
a 
52 F= (1-(-1)aj]e,20 
K = 200Firan(1 +B) 0.91 
y 2 
(1 —fs)(100 + 2.48 + 6.9F, + 23f,) 42 = 12-05 for1<i2<3 
S |a= 0.6(4 f 148) c, as defined in [2.2.3] 
l B _ Qn 
J |H = w- — < >R 
y | but not greater than 14.5 - 0.358 c (T+4T°-4) 
A 
14 ,1 
3 = = T = Xx +——+= 
ae te= 9 15’ 3 
S 
| 
S| = 
| © 
a VI fi = 1 — 
N 3 B 
~ ~ lbsft=0 
A S 2 3 
| 
$ 
o 
= 
| 
= 
v 1 2 
Y | f= 2 (2-08) -9(@B-1)(2- 8) 
VI B 3 
S IR=f=0 
| 
od 
5 
od 
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Case Stress | Aspect Buckling factor K Reduction factor C 
ratio y| ratio o 
e Fora> 1.5: 
1 (A) 1 
n=l 98-9 
OAB 3/ /\B 
= f =3ß-2 
s e Fora< 1.5: 
V 
3 
vI f, = (45 = ee ) 
> days B 
| 
= piv- 16f4) 
2 1-a 
=O 
f, = (1.5 — Min(1.5;0))? 
> 
4 fi = (0) 
S |f=1+ 2.31(B-1)-48(4-p) Fi 
vI 3 
> f. a-1 
fs = 3f,(B—1 ( 4 ~%=1) 
1 [f= 36B-Direr- Tar 
| f, = (4.5 - Min(1.5;0)) 
o 
K, = 5.972Firanz a 
S| |where: 
| 
a 
v BST fs + it3w) 
> 181 5.24 
-2 IAN 
fs = 16! + Max(-1;y)) 
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Case Stress | Aspect Buckling factor K Reduction factor C 
ratio y| ratio o 
B o 
NI 2 
. i S |K, = 4 (0.425 + 1/a°) 
N 3y +1 
b od 
i 
° N |K, = 4(0.425+1/07) (1+ y) 
> 
A - 5y (1 - 3.424) 
= C, = 1 for A<0.7 
4 
i 1 
1\ 3- à 
P i N |K = ( 425 + 4) a= C, = ——— for ’> 0.7 
2 = a eee a” 2 A? +0.51 
Gallo os. = 2, o a 
D st 
© 
-< K, = 1.28 
NI 
3 
b 
Š 1 
<d |K, = = +0.56 + 0.1307 
v a 
3 
6 
C, = 1 for A < 0.83 
H = - IK, = 6.97 
= t | |p 6.9 C = 1,13 = 
for à > 0.83 
7 
C, = 1 for à < 0.83 
4 = 2.07 , 0.67 
= K,=4+ + 
: a y a os C, =1,13 (t- 0.22) 
„TTT A A 
° for à > 0.83 
8 
a>4 |k,=4 C, = 1 for A < 0.83 
= A =| |e = = E 1 0.22 
K, = 4+ 2.74/59) C,= 1,13 (3- = 
Ik a<4 r 
for à > 0.83 
9 Fora < 2: 
C, = C 
Fora 2=2 
—  |K, = K, determined as per case 2 C= (a 06 + =) Cs 
where: 
Cy.  : C, determined as per 
case 2 
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Case Stress | Aspect Buckling factor K Reduction factor C 
ratio y| ratio o 
10 
az4 |K, = 6.97 C, = 1 for à < 0.83 
—— a<4 IK, = 6.97 + 3.1)-5%] AO 
for à > 0.83 
11 
T —> = 4 
_ Ik= J3|5.34+ 5 
(o N 
P b 
—— T 
a 
12 
T — ens 
EET- peost: 1) 
pone oe C, = 1 for à < 0.84 
a 
C= sst for À > 0.84 
13 K,= K rcase11 r 


K -case11. K, according to case 11 


r : Opening reduction factor taken as: 


2<0.7 and t <o.7 


Edge boundary conditions: 


Plate edge free. 


Plate edge simply supported. 


— Plate edge clamped. 


Note 1: Cases listed are general cases. Each stress component (0,0) is to be understood in local coordinates. 
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Table 4 : Buckling and reduction factor for curved plate panel with R/t, < 2500 


p.= external pressure in 


Case Aspect Buckling factor K Reduction factor C 
ratio 
1 d Pp P a 2 aÊ For general application: 
R tp 3 Rt, Ca = 1 for A < 0.25 
2 2 
d os IB |k = 0267 & [3-$ El >0.4 L| Ca = 1.233 -0.9331 
R tp Rt, RNR Rt, 
for 0.25<A<1 
Cox = 0.3/4? for 1< A< 1.5 
Ca = 0.2/0 for A> 1.5 
For curved single fields, e.g. 
bilge strake, which are bounded 
by plane panels as shown in Ch 
6, Sec 4, Figure 1: 
Ca oe <1.0 
2a 0.175 For general application: 
d <1 63 E =- +3 Bil 
A R tp JRt, Cig = 1 for 4S 0.4 
2 242 
g >1.63 = 03 $ +2.25 (2) u= bet OGRE), 
tp R d t, for 0.4 <À < 1.2 


_ 0.65 


2 


Cig for à> 1.2 


For curved single fields, e.g. 
bilge strake, which are bounded 
by plane panels as shown in Ch 
6, Sec 4, Figure 1: 


0.8 
Cig = a2 < 1.0 


[N/mm?] 
3 d < R _ 0.6d . dP ig Rt, As in load case 2a. 
R Nt, JRt, 4 a? 
a? ( R? | 
= 0.3 = +0. EFE 
d R 0.3 55 0.291 at, 
R” Nt, 
d RI 0.67 a° C, = 1 for A< 0.4 
Rest E = J3 |28.3 + =2—— 
d p R tp 
ad - C, = 1.274 — 0.6861 
| d g7 E = /3 0.280 for0.4<A<1.2 
T R tp RJRt, 


c, = 9.65 for à> 1.2 
ia 


Plate edge free. 


— Plate edge clamped. 
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Explanations for boundary conditions: 


Plate edge simply supported. 


Note 1: For curved plate panels, the C-value need not be taken less than for the expanded plane panel. 
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2.2.7 Applied normal stress to plate panel 


The normal stress, o, and ©, in N/mm2?, to be applied for the plate panel capacity calculation as given in 
[2.2.1] are to be taken as follows: 


e For FE analysis, the reference stresses as defined in Ch 8, Sec 4, [2.4]. 


e For prescriptive assessment, the axial or transverse compressive stresses calculated according to Ch 8, 
Sec 3, [2.2.1], at load calculation points of the considered elementary plate panel, as defined in Ch 3, 
Sec 7, [2]. 


¢ For grillage analysis where the stresses are obtained based on beam theory, the stresses taken as: 


= Oxp + VOyp 
2 
1-v 
5 Oyb + VO,b 
2 
1-v 
where: 


Ox» Op : Stress, in N/mm?, from grillage beam analysis respectively along x or y axis of the attached 
buckling panel. 


The shear stress qt, in N/mm?, to be applied for the plate panel capacity calculation as given in [2.2.1] are to be 
taken as follows: 


e For FE analysis, the reference shear stresses as defined in Ch 8, Sec 4, [2.4]. 


e For prescriptive assessment, the shear stresses calculated according to Ch 8, Sec 3, [2.2.1], at load 
calculation points of the considered elementary plate panel, as defined in Ch 3, Sec 7, [2]. 


¢ For grillage beam analysis, t = O in the attached buckling panel. 


2.3 Stiffeners 


2.3.1 Buckling modes 
The following buckling modes are to be checked: 
e Stiffener induced failure (SI). 


e Associated plate induced failure (PI). 


2.3.2 Web thickness of flat bar 


For accounting the decrease of the stiffness due to local lateral deformation, the effective web thickness of 
flat bar stiffener, in mm, is to be used in [2.3.4] for the calculation of the net sectional area, A,, the net section 
modulus, Z, and the moment of inertia, /, of the stiffener and is taken as: 


= 1= =] qt 
twored ty ( 3 s s 


2.3.3 Idealisation of bulb profile 


Bulb profiles are to be considered as equivalent angle profiles, as defined in Ch 3, Sec 7, [1.4.1]. 


2.3.4 Ultimate buckling capacity 


When o, + 6, + 6,, > O, the ultimate buckling capacity for stiffeners is to be checked according to the following 
interaction formula: 


Ve Oa t Op + Ow 


Be S=1 


where: 
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Oa : Effective axial stress, in N/mm?, at mid span of the stiffener, acting on the stiffener with its attached 
plating. 
re St, +A, 
j X berra tp + As 
Ox : Nominal axial stress, in N/mm2, acting on the stiffener with its attached plating. 
e For FE analysis, o, is the FE corrected stress as defined in [2.3.6] in the attached plating in the 
direction of the stiffener axis. 
¢ For prescriptive assessment, ©, is the axial stress calculated according to Ch 8, Sec 3, [2.2.1] 
at load calculation point of the stiffener, as defined in Ch 3, Sec 7, [3]. 
e For grillage beam analysis, ©, is the stress acting along the x-axis of the attached buckling 
panel. 
Rex : Specified minimum yield stress of the material, in N/mm7?: 
Rey = Ren_s for stiffener induced failure (SI). 
Ren = Ren_p for plate induced failure (PI). 
Op : Bending stress in the stiffener, in N/mm?: 
- Mot My 
? ~~ “4000Z 
Z : Net section modulus of stiffener, in cm%, including effective width of plating according to [2.3.5], to 
be taken as: 
e The section modulus calculated at the top of stiffener flange for stiffener induced failure (SI). 
e The section modulus calculated at the attached plating for plate induced failure (PI). 
Cp, : Plate induced failure pressure coefficient: 
Cp = 1 if the lateral pressure is applied on the side opposite to the stiffener. 
Cp = -1 if the lateral pressure is applied on the same side as the stiffener. 
Cg, : Stiffener induced failure pressure coefficient: 
Cz, = -1 if the lateral pressure is applied on the side opposite to the stiffener. 
Cs = 1 if the lateral pressure is applied on the same side as the stiffener. 
M, : Bending moment, in Nmm, due to the lateral load P: 
2 
M; = C; IP|s¢ 3 for continuous stiffener 
24x10 
2 
M; = C; Est for sniped stiffener 
8x10 
P : Lateral load, in kN/m?. 
e For FE analysis, P is the average pressure as defined in Ch 8, Sec 4, [2.5.2] in the attached 
plating. 
¢ For prescriptive assessment, P is the pressure calculated at load calculation point of the stiff- 
ener, as defined in Ch 3, Sec 7, [3]. 
C; : Pressure coefficient: 
C; = Cx for stiffener induced failure (S/). 
C; = Cp, for plate induced failure (PI). 
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Mo : Bending moment, in Nmm, due to the lateral deformation w of stiffener: 
P, w 
Mo = F i Z ) ith c- P, 
0 E GaP. with C; >0 
Fre : Ideal elastic buckling force of the stiffener, in N. 
2 
F. = (=) E1104 
L 
l : Moment of inertia, in cm4, of the stiffener including effective width of attached plating according to 
[2.3.5]. l is to comply with the following requirement: 
3 
> St, 
12x10 
tp : Net thickness of plate, in mm, to be taken as 
e For prescriptive requirements: the mean thickness of the two attached plating panels, 
e For FE analysis: the thickness of the considered EPP on one side of the stiffener. 
P; : Nominal lateral load, in N/mm?, acting on the stiffener due to stresses, œ, o, and 7, in the attached 
plating in way of the stiffener mid span: 
t ns’ 
P, = z Q (=$) +2cyo,+ /2t, 
As 
Oy = YO,|1+—] but not less than O 
st, 
Tı = yitl=t, Po E (@ + ma) but not less than O 
a b 
0, : Stress applied on the edge along y axis of the buckling panel, in N/mm?, but not less than O. 
e For FE analysis, ©, is the FE corrected stress as defined in [2.3.6] in the attached plating in the 
direction perpendicular to the stiffener axis. 
e For prescriptive assessment, o, is the maximum compressive stress calculated according to 
Ch 8, Sec 3, [2.2.1], at load calculation points of the stiffener attached plating, as defined in 
Ch 3, Sec 7, [2]. 
e For grillage beam analysis, ©, is the stress acting along the y-axis of the attached buckling 
panel. 
T : Applied shear stress, in N/mm?. 
e For FE analysis, T is the reference shear stress as defined in Ch 8, Sec 4, [2.4.2] in the 
attached plating. 
¢ For prescriptive assessment, Tis the shear stress calculated according to Ch 8, Sec 3, [2.2.1] 
at load calculation point of the stiffener attached plating, as defined in Ch 3, Sec 7, [2]. 
¢ For grillage beam analysis, t = O in the attached buckling panel. 
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Mı, Mz, : Coefficients taken equal to: 


Wo 


Wi 


Cr 


m; = 1.47, m, = 0.49 for a22 
m, = 1.96, m, = 0.37 for a<2 


: Factor taking into account the stresses in the attached plating acting perpendicular to the stiffener’s 


axis: 


c = 0.5(1+w) for O<y<1 


1 
c = —— for wy<0 
2(1-y) a 


: Edge stress ratio for case 2 according to Table 3. 


: Deformation of stiffener, in mm: 


W = Wot Wy 


: Assumed imperfection, in mm, to be taken as: 


Wo = £/1000 in general. 
Wo = —Wna for stiffeners sniped at both ends considering stiffener induced failure (SI). 
Wo = Wha for stiffeners sniped at both ends considering plate induced failure (PI). 


: Distance from the mid-point of attached plating to the neutral axis of the stiffener calculated with the 


effective width of the attached plating according to [2.3.5]. 


: Deformation of stiffener, in mm, at mid-point of stiffener span due to lateral load P. In case of uni- 


formly distributed load, w; is to be taken as: 
c, —lPisé" 
' 384x10" El 
ele 5|P|sc* 
' 384x10" El 


w, = in general 


for stiffeners sniped at both ends 


: Elastic support provided by the stiffener, in N/mm?: 


K 


CETA 


Cr = Fe( 
i aT A 
1+ 285 ( 


== 10*- 1) 
Cxa St, 


: Coefficient to be taken as: 


2, 
Cxa = (£428) for €>2s 


g 2\2 
Cya = (1+(=) ) for €<2s 


: Stress due to torsional deformation, in N/mm7, to be taken as: 


t D? 1 
Ow = Eya ($+ hu) o (7) | ae —-1 E 
‘ 2 rod 4 0:4Ren_s for stiffener induced failure (SI). 


Oer 
oO, = 0 for plate induced failure (PI). 
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Yw : Distance, in mm, from centroid of stiffener cross section to the free edge of stiffener flange, to be 
taken as: 
Yw = by for flat bar 
w 2 a 
2 + 2 
Vu = p= Noah for angle and bulb profiles. 
Yw = A for T profile. 
D : Coefficient taken as: 
£ 3 
®=—1 
On, O 
Ort : Reference stress for torsional buckling, in N/mm: 
a 2 
Ger = F (Sata So + 0.3851) 
P p 
Ip : Net polar moment of inertia of the stiffener, in cm4, about point C as shown in Figure 1, as defined in 
Table 5. 
Ir : Net St. Venant’s moment of inertia of the stiffener, in cm4, as defined in Table 5. 
lo : Net sectional moment of inertia of the stiffener, in cm®, about point C as shown in Figure 1, as 
defined in Table 5. 
E : Degree of fixation. 
2 
Hio 
ESk 
f (273s re or Ot) 
t te 
Aw : Net web area, in mm?. 
Ar : Net flange area, in mm?. 
Table 5 : Moments of inertia 
Flat bars ® Bulb, angle and T profiles 
| 3 T 2 
P hy = = (e,— 0.5t,) +A, e?) 10% 
3x10 3 
l h, È -0.5t) È t t 
T | fe (1-063 #) | Se 88 t (10.63 —*_) + (1-0.63 =) 
3x10 hy 3x10 e;—0.5t,/ 3-10 b; 
lo k È A; e b? (At aan 
36x10° 12x10 \ Art Aw 
for bulb and angle profiles. 
b; t; e; 
12x10° 
for T profiles. 
(1) t, is the net web thickness, in mm. tw rea aS defined in [2.3.2] is not to be used in this table. 
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2.3.5 Effective width of attached plating 
The effective breadth of attached plating of stiffeners, bep in mm, is to be taken as: 
e For o,>0: 
e For FE analysis, 
Deg = min (C, b, Xs S) 


e For prescriptive assessment, 


+ 
ber = min [Seco 2 Da + Cra ba Xs s) 
2 
e For & <0: 
e Dert = Xs S 
where: 
Us : Effective breadth coefficient to be taken as: 
1.12 
Xs = min 1.75 ;1.0 for letza 
1+ — 
(£) 1.6 
S 
Xs = 0.4072" for £f <1 
Lost : Effective length of the stiffener, in mm, taken as: 


L 
Llet = — for stiffener fixed at both ends. 


[3 
Lett = 0.752 for stiffener simply supported at one end and fixed at the other. 
Lor = L for stiffener simply supported at both ends. 


2.3.6 FE corrected stresses for stiffener capacity 


When the reference stresses o, and ©, obtained by FE analysis according to Ch 8, Sec 4, [2.4] are both com- 
pressive, they are to be corrected according to the following formulae: 


e Ifo,< voy: 
Oxcor = 0 


Oycor = Oy 


Oycor = O 
e Inthe other cases: 
Oxcor = Ox— VO, 


Oycor = Oy- VO, 
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2.4 Primary supporting members 


2.4.1 Web plate in way of openings 


The web plate of primary supporting members with openings is to be assessed for buckling based on the com- 
bined axial compressive and shear stresses. 


The web plate adjacent to the opening on both sides is to be considered as individual unstiffened plate panels 
as shown in Table 6. 


The interaction formula of [2.2.1] is to be used with: 


°. Ox, = Oa 
e o, =0 
eT = Tay 
where: 
Ony : Weighted average compressive stress in the area of web plate being considered according to case 1, 
2 or 3 in Table 3, in N/mm?. 
Tay : Weighted average shear stress in the area of web plate being considered according to case 11 or 13 


in Table 3, in N/mm?. 
For the application of the Table 6, the weighted average shear stress is to be taken as: 


e Opening modelled in primary supporting members: 

e Configuration a) when using case 13: 
e In PL: % = (P1) (h-ho)/h 
e In P2: ty = Ta(P2) (h-ho)/h 

e Configuration b) when using case 11: 
e In PL: T= T%/(P1) 
e In P2: t= Ta (P2) 

e Configuration c): 
e In P1 when using case 13: Taw = Ta(P1) (h-họ)/h 
e In P2 when using case 13: %, = Ta (P2) (h-ho)/h 
e In P3 when using case 11: Ta = 7,,(P3) 

e Opening not modelled in primary supporting members: 
e Configuration a) when using case 13: 
Tay = Tay(web) 

e Configuration b) when using case 11: 
© In P1: ty = Taą(P1) h/(h-ho) 
e In P2: Ty = T(P2) h/(h-ho) 

e Configuration c): 
e In P1 when using case 13: 7, = 7,(web) 
e In P2 when using case 13: %, = (web) 


e In P3 when using case 11: 7, = Ta(P3) h/(h-ho) 


where: 

h : Height, in m, of the web of the primary supporting member in way of the opening. 

ho : Height in m, of the opening measured in the depth of the web. 
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T(P1), T(P2), TF; (P3): Weighted average shear stress, in N/mm, within the areas P1, P2 and P3, as shown in 
Table 6. 


T,(web): Weighted average shear stress, in N/mm?, in the area of the web marked with a dash rectangular 
shape, as shown in Table 6. 


2.4.2 Reduction factors of web plate in way of openings 


The reduction factors, C, or C, in combination with, C, of the plate panel(s) of the web adjacent to the opening 
is to be taken as shown in Table 6. 


2.4.3 


The equivalent plate panel of web plate of primary supporting members crossed by perpendicular stiffeners is 
to be idealised as shown in Figure 2. 


3 Other Structures 


3.1 Struts, pillars and cross ties 
3.1.1 Buckling utilisation factor 


The buckling utilisation factor, n, for axially compressed struts, pillars and cross ties is to be taken as: 


N= Oav 
Ocr 

where: 
Ony : Average axial compressive stress in the member, in N/mm?. 
Oor : Minimum critical buckling stress, in N/mm?, taken as: 

Oo = Of for 0:S$0.5Rey s 

R 

Oy = (i= es) Rens for Ge>O.5Rey s 

Or : Minimum elastic compressive buckling stress, in N/mm?, according to [3.1.2] to [3.1.4]. 


Rens : Specified minimum yield stress of the considered member, in N/mm?. For built up members, the low- 
est specified minimum yield stress is to be used. 


Figure 2 : Web plate idealisation 


Equivalent plate panel 


The correction of panel breadth is applicable also for other slot configurations provided that the web or collar plate is attached to at least 
one side of the passing stiffener. 
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Table 6 : Reduction factors 


Configuration 


Cy, Cy 


C, 


(a) Without edge reinforcements: 


Separate reduction 
factors are to be 
applied to areas P1 
and P2 using case 3 
in Table 3, with edge 
stress ratio: 


y= 1.0 


A common reduction 
factor is to be applied 
to areas P1 and P2 
using case 13 in 
Table 3 for area 
marked: 


WW 
a 


N \ 
WW Y 


Separate reduction 
factors are to be 
applied for areas P1 
and P2 using C, for 
case 1 or C, for case 
2 in Table 3 with 
stress ratio: 


y = 1.0 


Separate reduction 
factors are to be 
applied for areas P1 
and P2 using case 11 
in Table 3. 


(c) Example of hole in web: 


A 


Panels P1 and P2 are to be evaluated in 
accordance with (a). Panel P3 is to be evalu- 
ated in accordance with (b). 


Note 1: Web panels to be considered for buckling in way of openings are shown shaded and numbered P1, P2, etc. 


3.1.2 Elastic column buckling stress 


The elastic compressive column buckling stress, zc, in N/mm? of members subject to axial compression is to 


be taken as: 


Geo = n° Efona sla 10% 
pill 
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where: 
l : Net moment of inertia about the weakest axis of the cross section, in cm‘. 
A : Net cross sectional area of the member, in cm?. 
f om : Length of the member, in m, taken as: 
e For pillar and strut: unsupported length of the member 
e For cross tie: 
e In centre tank: distance between the flanges of longitudinal stiffeners on the starboard 
and port longitudinal bulkheads to which the cross tie’s horizontal stringer is attached. 
e In wing tank: distance between the flanges of longitudinal stiffeners on the longitudinal 
bulkhead to which the cross tie’s horizontal stringer is attached, and the inner hull 
plating. 
fond : End constraint factor, taken as: 


e For pillar and strut: 
fena = 1.0 where both ends are simply supported. 
* feng = 2.0 where one end is simply supported and the other end is fixed. 
* feng = 4.0 where both ends are fixed. 
e For cross tie: 
fena = 2-0 
A pillar end may be considered fixed when brackets of adequate size are fitted. Such brackets are to be sup- 
ported by structural members with greater bending stiffness than the pillar. 
3.1.3 Elastic torsional buckling stress 


The elastic torsional buckling stress, o-;, in N/mm?, with respect to axial compression of members is to be 
taken as: 


2 
Glsy + T fena ECwarp 107+ 


lpoi looi lin 
where 
fs, : Net St. Venant’s moment of inertia, in cm4, see Table 7 for examples of cross sections. 
lopi : Net polar moment of inertia about the shear centre of cross section, in cm4 


lpoi = ly + lp +A (yo + Zo) 
Cwarp  : Warping constant, in cm®, see Table 7 for examples of cross sections. 
f oim : Length of the member, in m as defined in [3.1.2]. 


Yo : Transverse position of shear centre relative to the cross sectional centroid, in cm, see Table 7 for 
examples of cross sections. 


Zo : Vertical position of shear centre relative to the cross sectional centroid, in cm, see Table 7 for exam- 
ples of cross sections. 


A : Net cross sectional area, in cm?, as defined in [3.1.2] 
: Net moment of inertia about y axis, in cm4. 


l, : Net moment of inertia about z axis, in cm’. 


COMMON STRUCTURAL RULES 1 JAN 2014 


PART 1 CHAPTER8 SECTION 5 


PART 1 CHAPTER 8 SECTION 5 


IACS 


3.1.4 Elastic torsional/column buckling stress 


For cross sections where the centroid and the shear centre do not coincide, the interaction between the tor- 
sional and column buckling mode is to be examined. The elastic torsional/column buckling stress, O¢7-, with 
respect to axial compression is to be taken as: 


1 
Orr = 2¢ [(Ge¢ + Ger) — Morc + Ger)” -4% Otc Ger] 


where: 
G : Coefficient taken as: 
t= 1 -WarzZ0A 
Ino 
Yo : Transverse position of shear centre relative to the cross sectional centroid, in cm, as defined in 
[3.1.3]. 
Zo : Vertical position of shear centre relative to the cross sectional centroid, in cm, as defined in [3.1.3]. 
A : Net cross sectional area, in cm?, as defined in [3.1.2]. 
lpo : Net polar moment of inertia about the shear centre of cross section, in cm4 as defined in [3.1.3]. 
Orc : Elastic column compressive buckling stress, as defined in [3.1.2]. 
Ort : Elastic torsional buckling stress, as defined in [3.1.3]. 


3.2 Corrugated bulkhead 


3.2.1 


The buckling utilisation factor of flange and web of corrugation of corrugated bulkheads is based on the com- 
bination of in plane stresses and shear stress. 


The interaction curve of [2.2.1] is to be used with the following coefficients: 
e Q= 2 


e Y=AW=A1 
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- cm4 
lav = 5 (2b; t? + de te) 10% 
2 ,3 6 
bit 6 cm 
Cwarp = oon f 10 
_1 3 3 -4 cm4 
ley ~ 3 (b; t; + dw tw) 10 
Yo=0 cm 
z = 05d tu jot em 
i Awe ty + b; t; 
_ bp te+4du ty ane cm® 
Cwarp = ry 10 
1 = cm4 
lsv-nso = 3 (By ty + 2dye ty) 10 
Yo =0 cm 
> daty 10” O.5dm tuy 10” cm 
Zo = -1—1 Co 
2dwityt brte dw twt bru t6 
o = Bi dir tu (dun ty +2; t) 40-0 ar 
EE 12(6dw: tw + Dey t,) 
e cm4 
lay = E (Bra thy + bye thy + bra ta + due ty) 10 
Yo =O cm 
z, = z. (Pr dm tr + 0.5dm ty) 107 a 
O CS du twt br tr + 2b tra + bra ty 
6 
2 la b; dy em 
Cwarp = (la Zs + 00 F Fe (Sx -z) ) 
4 
lL, = Cc tis)” tra + bro tro bi) 107+ ena 
a 12 2 
4 
[= bia tia 10% me 
12 
4 
jaz bis tis 107% em 
f3 T 12 
Z = Ira dwt 107 cm 
lea + liz 
Note 1: All dimensions are in mm. 
Note 2: Cross sectional properties are given for typical cross sections. Properties for other cross sections are to be determined by 
direct calculation. 
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APPENDIX 1 
STRESS BASED REFERENCE 
STRESSES 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


a : Length, in mm, of the longer side of the plate panel as defined in Sec 5. 

b : Length, in mm, of the shorter side of the plate panel as defined in Sec 5. 

Aj : Area, in mm?, of the i-th plate element of the buckling panel. 

n : Number of plate elements in the buckling panel. 

Oi : Actual stress, in N/mm?, at the centroid of the i-th plate element in x direction, applied along the 


shorter edge of the buckling panel. 


Oi : Actual stress, in N/mm?, at the centroid of the i-th plate element in y direction, applied along the 
longer edge of the buckling panel. 

y : Edge stress ratio as defined in Sec 5. 

G : Actual membrane shear stress, in N/mm?, at the centroid of the i-th plate element of the buckling 


panel. 


1 STRESS BASED METHOD 


1.1 Introduction 


1.1.1 


This section provides a method to determine stress distribution along edges of the considered buckling panel 
by 2"4 order polynomial curve, by linear distribution using least square method and by weighted average 
approach. This method is called Stress based Method. 


The reference stress is the stress components at centre of plate element transferred into the local system of 
the considered buckling panel. 


1.1.2 Definition 


A regular panel is a plate panel of rectangular shape. An irregular panel is plate panel which is not regular, as 
detailed in Ch 8, Sec 4, [2.3.1]. 


1.2 Stress application 


1.2.1 Regular panel 


The reference stresses are to be taken as defined in [2.1] for a regular panel when the following conditions are 
satisfied: 
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At least, one plate element centre is located in each third part of the long edge a of a regular panel and 


This element centre is located at a distance in the panel local x direction not less than a/4 to at least 


one of the element centres in the adjacent third part of the panel. 


1.2.2 Irregular panel 


The reference stresses of an irregular panel are to be taken as defined in [2.2]. 


2 


2.1 


REFERENCE STRESSES 


Regular Panel 


2.1.1 Longitudinal stress 


The longitudinal stress o, applied on the shorter edge of the buckling panel is to be calculated as follows: 


For plate buckling assessment, the distribution of ox) is assumed as 2" order polynomial curve as: 


6,(X) = C-xX*+D-xt+E 


The best fitting curve o,(x) is to be obtained by minimising the square error II considering the area of 


each element as a weighting factor. 


O = S Alo- (Cx; + Dx, + E)]” 


i=1 


The unknown coefficients C, D and E must yield zero first derivatives, 2I with respect to C,D and E 


respectively. 


oll A v2 2 

sn = 2) AX [Ox (Cx; + Dx; + E)] = 0 
S 2 [ox-( )] 

oll n 2 

—=2 AiXi10;x — (Cx; + Dx; + E)] = O 
5D 2 XilO;x— (Cx X )] 

T 7 25 Alon- (Cx? + Dx;+E)| = 0 


i=1 


The unknown coefficients C, D and E can be obtained by solving the 3 above equations. 


b 2 
Ox = Ffo oodx = Zc + 2p +E 
0 


Ox2 = : | 009x = (a?-ab+%)c+(a-2)o+ E 


If -D/2C < b/2 or -D/2C > a-b/2, ©, is to be ignored. Otherwise, ©, is taken as: 


xmax 2 2 
O3 = = Í 0,(x)dax = 2c- +E 


b 


xmin 
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where 
Xmin = >. 
2 2C 
Xmax = B i cs 
2 2C 


The longitudinal stress is to be taken as: 
Ox = MAX(G4436x235x3) 


The edge stress ratio is to be taken as: 


Wad 
¢ For stiffener buckling assessment, g(x) applied on the shorter edge of the attached plate is to be taken 
as: 
Ai Ox; 
O, = Ż 


oii 
1 
The edge stress ratio y for the stress © is equal to 1.0. 


2.1.2 Transverse stress 


The transverse stress o, applied along the longer edges of the buckling panel is to be calculated by 
extrapolation of the transverse stresses of all elements up to the shorter edges of the considered buckling 
panel. 


Figure 1 : Buckling panel 


a 
 —————————— S| 


The distribution of o,(x) is assumed as straight line. Therefore: 
Oy (x) = A+ Bx 


The best fitting curve o,(x) is to be obtained by the least square method minimising the square error II 
considering area of each element as a weighting factor. 
Tl = SA [0y- (A + Bx]? 

i=1 


The unknown coefficients C and D must yield zero first partial derivatives, O/7 with respect to C and D, 
respectively. 
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onl _ 4X = 
OA 2 A [oy- (A + Bx)] = 0 
oll _ 4d = 
a= 25A; x; [oi — (A + Bx)] = 0 


i=1 


The unknown coefficients A and B are obtained by solving the 2 above equations and are given as follow: 


(Za oy) yA xi) -(ya x) (yA Xi oy) 
(£4) Gad -(Favs) 


te 


(54) ($a na)-($a 1) (SA) 


f=1 j= f=1 f=1 


(SA) (Sax) - (24) 


A= 


©, = max (A,A + Ba) 


” max (A, A+ Ba) 
weal for o,< 0 


_ min (A, A+ Ba) for 6,>0 


2.1.3 Shear stress 


The shear stress T is to be calculated using a weighted average approach, and is to be taken as: 


2.2 Irregular panel 


2.2.1 Reference stresses 


The longitudinal, transverse and shear stresses are to be calculated using a weighted average approach. They 
are to be taken as: 


O, = n 
2A 
q 
n 
Ai Oyi 
o = = 
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SECTION 1 
GENERAL CONSIDERATIONS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


Tor : Design fatigue life, in year, specified by the designer, but not to be taken less than 25 years. 


1 = RULE APPLICATION FOR FATIGUE REQUIREMENTS 


1.1 Scope 


1.1.1 General 


This chapter provides requirements applicable to ships having rule length L between 150 m and 500 m to 
evaluate fatigue strength of the ship’s structural details considering an operation time in North Atlantic 
environment equal to the design fatigue life, Tp-. 


1.1.2 Assessed area 


Fatigue assessment is performed for structural details located in the ship’s cargo hold region in order to 
prevent the following types of fatigue failure: 


e Fatigue cracks initiating from the toe of the weld and propagating into the plate. 


e Fatigue cracks initiating from free edge of non-welded details. 


1.1.3 Structural details to be assessed 
The structural details required for fatigue assessment are given in Ch 9, Sec 2: 
e Structural details to be checked are listed in: 
e Ch9Q, Sec 2, [1] for simplified stress analysis according to Ch 9, Sec 4, or 
e ChQ, Sec 2, [2] for finite element stress analysis according to Ch 9, Sec 5. 
e Structural details to be checked by screening fatigue assessment are listed in Ch 9, Sec 2, Table 2. 


Additional specific details may be requested to be checked on a case-by-case basis by the Society. 


1.1.4 Detail design standard 


Detail design standard given in Ch 9, Sec 6 provides welding requirement at critical structural details in order 
to prevent the following types of fatigue failure: 


e Fatigue cracks initiating from the weld toe into the base material. 
e Fatigue cracks initiating from the weld root and propagating into the plate section under the weld. 
e Fatigue cracks initiating from the weld root and propagating through the weld throat. 


e Fatigue cracks initiating from surface irregularity or notch at the free edge into the base material. 
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1.1.5 Material 


The fatigue assessment is applicable for steel material with specified minimum yield stress less than or equal 
to 390 N/mm. For steel with specified minimum yield stress value higher than 390 N/mm? and for steels with 
improved fatigue performance, the S-N curves to be used are considered by the Society on a case-by-case 
basis. 

1.1.6 Wave loads 


Fatigue assessment is based on quasi-static wave loads. 


1.1.7 Loads other than wave loads 


Fatigue induced by low cycle loads such as cargo variations or impact loads such as sloshing in partially filled 
tanks which may induce fatigue damage is disregarded in this chapter. 


2 DEFINITION 


2.1 Hotspots 


2.1.1 


Hot spots are locations in the structure where fatigue cracks may initiate due to the combined effect of 
nominal structural stress fluctuation and stress raising effects due to the weld geometry or similar effects due 
to notch in the base material. 


Hot spots may be located at: 
e Weld toe. 
e Weld root of partial penetration or fillet weld. 


e Base material at free edge of plate. 


2.2 Nominal stress 


2.2.1 


Nominal stress is the stress in a structural component taking into account macro-geometric effect but 
disregarding the stress concentration due to structural discontinuities and the presence of welds. Nominal 
stress is to be obtained either using coarse or fine mesh FE analysis, as required in Ch 9, Sec 5 or using 
analytical calculation based on beam theory, as required in Ch 9, Sec 4. 


2.3 Hotspot stress 


2.3.1 


Hot spot stress is the stress at the weld toe taking into account the stress concentration due to structural 
discontinuities and presence of welded attachments but disregarding the non-linear stress peak caused by the 
notch at the weld toe. The hot spot stresses to be considered correspond to the two principal stresses on the 
surface plating at the weld toe. The first principal stress acts within +45°, perpendicular to the weld and the 
second principal stress acts outside +45°. 


The hot spot stress is to be obtained by multiplying the nominal stress by a Stress Concentration Factor (SCF), 
according to Ch 9, Sec 4, [5] or directly by a very fine mesh FE analysis, according to Ch 9, Sec 5, [3] and 
Ch 9, Sec 5, [4]. 
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2.4 Local stress at free edge 


2.4.1 


Local stress at free edge is the stress at the plate free edge derived using finite element analysis according to 
Ch 9, Sec 5, [3.2]. 


2.5 Fatigue stress 


2.5.1 
Fatigue stress is the stress relevant for fatigue assessment purpose, i.e.: 


e Maximum of the two principal hot spot stress for weld toe with the mean stress effect and thickness 
effect corrections. 


e Local stress at free edge with corrections due to the base material surface finishing, mean stress effect, 
thickness effect and material strength. 


3 ASSUMPTIONS 


3.1 General 


3.1.1 


The following assumptions are made in the fatigue assessment: 


L 


A linear cumulative damage model, i.e. Palmgren-Miner’s Rule, given in Ch 9, Sec 3, [5], has been used 
in connection with the design S-N curves, given in Ch 9, Sec 3, [4]. 


2 


Design fatigue life, Tp-, is taken not less than 25 years. 


c) Rule quasi-static wave induced loads are based on North Atlantic wave environment. They are 
determined at 10? probability level of exceedance by the Equivalent Design Wave (EDW) concept. 


Qa 
= 


Net thickness t,s59 approach is used, according to [5]. 


2 


Type of stress used for crack initiating at the weld toe is the hot spot stress. Type of stress used for 
crack initiating at free edge of non-welded details is local stress at free edge. 


f) Fatigue stress range Adz. may be calculated by simplified stress analysis or by finite element stress 
analysis for details with more complex geometry. 


Long term distribution of stress range of a structural detail is assumed to follow a two-parameter 
Weibull distribution. Weibull shape parameter éis equal to 1 and the fatigue stress range Ao;, is given 
at the reference probability level of exceedance equal to 102. 


wr 


=. 
= 


The acceptance criteria for fatigue checking are the total fatigue damage D to be less than 1 for the 
design fatigue life, as required in Ch 9, Sec 3, [2]. 


4 METHODOLOGY 


4.1 Principles 


4.1.1 General 


Appropriate fatigue strength of structural details is ensured by use of: 
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e Detail design standards given in Ch 9, Sec 6, providing specific design requirements. 


e Fatigue strength assessment by fatigue life calculation, based on three different methods for hot spot 
stress calculation: simplified stress analysis, very fine mesh finite element stress analysis and fatigue 
screening assessment. 


4.2 Simplified stress analysis 


4.2.1 


Procedure based on simplified stress analysis, required in Ch 9, Sec 4, is used to determine the hot spot stress 
at weld toe of longitudinal stiffener end connections, given in Ch 9, Sec 2, [1.1]. 


Nominal stresses are calculated by using analytical method based on beam theory according to Ch 9, Sec 4, 
[3] and Ch 9, Sec 4, [4]. Hot spot stresses are obtained by multiplying nominal stresses by stress 
concentration factors (SCF) of the considered detail according to Ch 9, Sec 4, [5.2]. 


4.3 Finite element stress analysis 


4.3.1 


Procedure based on finite element stress analysis, required in Ch 9, Sec 5, is used to determine hot spot 
stress at weld toe of specified structural details, from very fine mesh models. 


The hot spot stress is generally highly dependent on the finite element model used for representing the 
structure. 


General procedure for the calculation of hot spot stress at weld toe for any welded details except for web 
stiffened cruciform joints is given in Ch 9, Sec 5, [3.1]. Procedure for the calculation of hot spot stress at the 
flange connections for web stiffened cruciform joints is given in Ch 9, Sec 5, [4]. Calculation of local stress for 
non-welded area is provided in Ch 9, Sec 5, [3.2]. 


A list of details for which the fatigue assessment is to be made through a compulsory very fine mesh finite 


element analysis or through the compliance with the design standard given in Ch 9, Sec 6 if a very fine mesh 
finite element analysis is omitted, is given respectively in Ch 9, Sec 2, Table 1 and Ch 9, Sec 2, Table 3. 


4.4 Fatigue screening assessment 


4.4.1 
A fatigue screening procedure is used to assess the fatigue strength of specified structural details, given in 
Ch 9, Sec 2, [2.1.3]. The screening procedure is based on screening hot spot stress at weld toe of specified 


structural details determined by multiplying the stresses obtained from a local fine mesh finite element model, 
required in Ch 7, Sec 3, by stress magnification factor n of the considered detail, given in Ch 9, Sec 5, Table 2. 


4.5 Fatigue design standards 


4.5.1 
Detail design standards given in Ch 9, Sec 6 are provided to ensure improved fatigue performance of critical 


structural details. Alternative detail design configurations may be accepted subject to demonstration of 
satisfactory fatigue performance. 
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5 CORROSION MODEL 


5.1 Net thickness 


5.1.1 General 


The fatigue assessment should be performed based on net thicknesses according to Ch 3, Sec 2. 


5.1.2 Stress correction 


The hull girder stresses for simplified stress analysis and stresses calculated by FE analysis are to be corrected 
by multiplying the calculated stress by fẹ, correction factor taken as: 


f, = 0.95 
6 LOADING CONDITIONS 


6.1 Description 


6.1.1 
Fatigue analyses are to be carried out for representative loading conditions according to the intended ship’s 


operation as given in [6.2] and [6.3]. 


6.2 Loading conditions for oil tankers 


6.2.1 


The loading conditions to be considered for oil tankers and corresponding fraction of time for each loading 
condition, œ, are defined in Table 1. The standard loading conditions for fatigue assessment of oil tankers are 
provided in Ch 4, Sec 8, [5.1]. 


Table 1 : Fraction of time in each loading condition for oil tanker 


Loading conditions % 
Full Load condition (Homogeneous) 0.5 
Normal ballast condition 0.5 


6.3 Loading conditions for bulk carriers 


6.3.1 


The loading conditions to be considered for bulk carriers and corresponding fraction of time for each loading 
condition, a, are defined respectively in Table 2 and Table 3 depending on the ship’s type (BC-A, BC-B, BC-C). 
The standard loading conditions for fatigue assessment of bulk carriers are provided in Ch 4, Sec 8, [5.2]. 


7 ~~ LOAD CASES 


7.4 Assumptions 


7.1.1 
The load cases to be considered for fatigue assessment are given in Ch 4, Sec 2, [3]. 


The design load scenario for fatigue assessment is defined in Ch 4, Sec 7, Table 3. 
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For each loading condition defined in [6], all fatigue load cases are to be considered to generate the 
combination of dynamic loads for fatigue assessment 


7.1.2 Predominant load case 


The predominant load case for each loading condition (j) is defined as load case where the fatigue stress 
range for the critical location is the maximum among all fatigue load cases. 


Table 2 : Loading conditions for bulk carriers 


Full load condition Ballast condition 
Ship type 
Homogeneous Alternate Normal ballast Heavy ballast 
BC-A X X X X 
BC-B X - X X 
BC-C X - X X 
Table 3 : Fraction of time for each loading condition of bulk carriers 
, 2 o) 
Ship length Loading conditions 
BC-A BC-B, BC-C 
Homogeneous 0.60 0.70 
Alternate 0.10 = 
L<200m 
Normal ballast 0.15 0.15 
Heavy ballast 0.15 0.15 
Homogeneous 0.25 0.50 
Alternate 0.25 - 
L > 200 m 
Normal ballast 0.20 0.20 
Heavy ballast 0.30 0.30 
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SECTION 2 
STRUCTURAL DETAILS TO BE 
ASSESSED 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 
EA : Empty cargo hold in alternate loading condition. 


FA : Full cargo hold in alternate loading condition. 
1 = SIMPLIFIED STRESS ANALYSIS 


1.14 Structural details to be assessed 


1.1.1 


Critical structural details to be checked over the full extent of the cargo region for fatigue assessment by 
simplified stress analysis according to Ch 9, Sec 1 are: 


e End connections of longitudinal stiffeners to transverse bulkheads, including swash bulkheads, 


e End connections of longitudinal stiffeners to floors and web frames. 
2 FINITE ELEMENT ANALYSIS 


2.1 Structural details to be assessed 


2.1.1 General 


Critical structural details to be checked for fatigue by finite element analysis according to Ch 9, Sec 5 are given 
in [2.1.2] to [2.1.4]. 


Table 4 to Table 18 give the list of hot spots for structural details. 


2.1.2 Details to be checked by very fine mesh analysis 


Critical structural details to be assessed for fatigue by very fine mesh analysis according to Ch 9, Sec 5, [1] to 
Ch 9, Sec 5, [4] are provided in Table 1, irrespective of their compliance with the design standard given in Ch 
9, Sec 6. 

2.1.3 Details to be checked by screening fatigue assessment 


The structural details listed in Table 2 for which FE fine mesh models have been analysed according to yielding 
requirements given in Ch 7, Sec 3 are to be assessed using the screening fatigue procedure as given in Ch 9, 
Sec 5, [6]. 

2.1.4 Details in accordance with detail design standard 


Table 3 gives critical structural details for which fatigue assessment by very fine mesh analysis can be omitted 
if their design is in accordance with detail design standard given in Ch 9, Sec 6. 
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Table 1 : Structural details to be assessed by very fine mesh analysis 


Applicability 
No Critical detail 
Oil tanker Bulk carrier 
Welded lower hopper knuckle connection (intersection of 
hopper sloping plate, inner bottom plate, longitudinal ia 
1 girder, floor and transverse web) at the most critical frame One cargo tank Ballast hold 
location. © 
Radiused lower hopper knuckle connection (intersection of 
2 | knuckled inner bottom plate, longitudinal girder, floor and One cargo tank | Ballast hold 
transverse web) at the most critical frame location. 
Welded upper knuckle connection (intersection of hopper 
sloping plate, inner hull longitudinal bulkhead, transverse Ballast hold of 
3 | web and side stringer) where the angle between hopper One cargo tank ™ | double side bulk 
plate and inner hull longitudinal bulkhead is less than 130 carrier 
deg, at the most critical frame location. 
Connections of transverse bulkhead lower stools to the 
4]. naan : k ® | Ballast hold 
inner bottom plating in way of double bottom girders. @)) One Cargo tan 
FA hold ®, EA hold 
5 Upper side frame bracket toe in case of flat bottom of top N/A (® and ballast hold 
wing tank. ® of single skin bulk 
carrier 
Two aftermost 
Deck plating and longitudinal hatch coaming end bracket holds, midship hold 
6 N/A 
toe. and two foremost 
holds 
(1) The most critical frame position is generally, but not necessarily, located closest to the mid length of the hold. Where a swash 
bulkhead is fitted, this is generally located closest to the mid length between the swash bulkhead and the oil-tight bulkhead. 
(2) Stool connections at each end of the hold are to be checked unless these are symmetrical about mid-hold. 
(3) Position at the mid breadth location of the largest hold. 
(4) Cargo hold located closest to the midship. 
Table 2 : Structural details for screening fatigue assessment 
Applicability 
No Critical detail 
Oil tanker Bulk carrier 
Bracket toe of transverse web frame Applicable ® N/A 
2 | Toe of horizontal stringer Applicable ® N/A 
Lower hopper knuckle connection in EA 
3 hold @ and in FA hold @ not assigned as a N/A Applicable ® 
ballast hold 
Connections of transverse bulkhead 
lower stool to inner bottom in EA hold @ 
4 ; ; N/A Applicable 
and in FA hold @) where the ballast hold is / d 
not assigned to the ship 
(1) For details assessed by fine mesh analysis according to Ch 7, Sec 3, [2.1] and Ch 7, Sec 3, [3.3.2]. 
(2) Cargo hold located closest to the midship 
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Table 3 : Structural details to be assessed by very fine mesh analysis if not designed in accordance with detail design standard 


Corresponding Applicability 
No Critical detail detail design 
standard Oil tanker Bulk carrier 
Radi h knuckl i 
tadiused upper opper nuc e connection Ballast hold of 
(intersection of knuckled inner side plate, side One cargo tank : 
1 : ae Ch 9, Sec 6, [4] double side 
girder and transverse web) at the most critical (4) : 
: bulk carrier 
frame location. ® 
Corrugated transverse bulkhead to lower stool or ON, pet GIG] One cargo tank 
2 N's : + (2) (3) and Ch 9, Sec 6, A Ballast hold 
inner bottom plating connection. @¢ [7] (4) 
Corrugated transverse bulkhead to upper 
3 E PP Ch 9, Sec 6, [6] N/A Ballast hold 
stool. (28) 
Cruciform heel connections between side 
stringers in double side and transverse bulkhead One cargo tank 
4 ; : ; h9, 3 N/A 
horizontal stringers, for the stringer closest to Che See or [5] (4) i 
the mid depth and for the uppermost one. 
FA hold ™, EA 
: ay hold ® and 
Lower side frame bracket toe at the most critical 
5 Bn oni Ch 9, Sec 6, [8] N/A ballast hold of 
frame position. © ; i 
single skin bulk 
carrier 
ers A : FA hold ®, EA 
6 Cut out for longitudinal stiffeners in web-frame Ch 9, Sec 6, One cargo tank h ee d 
without web stiffener connection. [2.1] (4) 9 an 
ballast hold 
Scallops in way of block joints on strength deck FA hold ®, EA 
. One cargo tank 
7 | close to mid hold (and down to 0.1D from deck Ch 9, Sec 6, [3] a hold ® and 
corner). ballast hold 
(1) The most critical frame position is generally, but not necessarily, located closest to the mid length of the hold. Where a swash 
bulkhead is fitted, this is generally located closest to the mid length between the swash bulkhead and the oil-tight bulkhead. 
(2) Stool connections at each end of the hold are to be checked unless these are symmetrical about mid-hold. 
(3) Position at the mid breadth location of the largest hold in the considered transverse section. 
(4) Cargo hold located closest to the midship. 
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Table 4 : Hot spots for welded lower hopper knuckle connection 


Procedure for calculation 


Hot spot location of hot spot stress 


Hot spot 1: Inner bottom plate, on cargo tank side Ch 9, Sec 5, [4.2] 
Hot spot 2: Hopper sloping plate, on cargo tank side 


Hot spot 3: Hopper web, outboard of side girder 
Hot spot 4: Double bottom floor, inboard the side girder 
Hot spot 5: Side girder 


Ch 9, Sec 5, [4.3] 


Hot spot 6: Scarfing bracket to the inner bottom plate Ch 9, Sec 5, [3.1], type ‘b’ 


Hopper 
plate 


Inner bottom 
ee 


a Hot spot 4 


Transverse web eae errr 
Hot spot 3 


Side girder Fa ~ 


Hot spot 5 Hot spot 5 


1} V^ 
Side girder Transverse web 


Inner bottom plate 
Hot spot 6 


Scarfing 
bracket 


Hot spot 6 "ai 
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Table 5 : Hot spots for radiused lower hopper knuckle connection 


Hot spot location 


Procedure for calculation 
of hot spot stress 


Hot spot 1: Inner bottom plate on ballast tank side, inboard of the side girder 


Hot spot 2: Radiused hopper sloping plate on ballast tank side 
outboard of the side girder 


Hot spot 3: Radiused hopper sloping plate on ballast tank side, outboard of the 


side girder, towards transverse web 

Hot spot 4: Hopper web, outboard of side girder 

Hot spot 5: Double bottom floor, inboard of the side girder 
Hot spot 6: Side girder 


Ch 9, Sec 5, [3.3] 


a> 


Side 
girder 


Hot spot 2 


Transverse 
web 


Side girder 


Hopper sloping 
plate 


Hot spots 3 


Side girder 


Transverse web outboard removed 


Hopper 
J plate 


Inner bottom 
plate 


Hot spot 5 


Hot spot 4 


[ Hot spot 6 
VN 


7 N Hot spot 6 


Side girder 


V^ 


Side girder 


Transverse web 
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Table 6 : Hot spots for welded upper knuckle connection 


Hot spot location 


Procedure for calculation 
of hot spot stress 


Hot spot 1: Side stringer on ballast tank side 
Hot spot 2: Hopper sloping plate, on ballast tank side 


Ch 9, Sec 5, [4.2] 


Hot spot 3: Transverse web, below stringer. 
Hot spot 4: Transverse side web, above stringer 
Hot spot 5: Inner hull longitudinal bulkhead on ballast tank side 


Ch 9, Sec 5, [4.3] 


Side 
stringer Hot spot 2 
Side 


\ b 
fesse stringer 


Hot spot 4 


N 


— 


Transverse web 


Inner longitudinal 
bulkhead 


Hopper plate 


Hot spot 5 
Inner Hot spot 5 
longitudinal Side stringer 
bulkhead Jf / 


Hopper plate 
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Table 7 : Hot spots for connections of transverse bulkhead lower stools to the inner 


bottom plating in way of double bottom girders 


Hot spot location 


Procedure for calculation 
of hot spot stress 


Hot spot 1: Inner bottom plate, on cargo hold side 
Hot spot 2: Stool sloping plate, on cargo hold side 


Ch 9, Sec 5, [4.2] 


Hot spot 3: Longitudinal girder, under hold, to supporting floor in line with stool 
plate 

Hot spot 4: Longitudinal girder, under stool space to supporting floor in line with 
stool plate 

Hot spot 5: Double bottom supporting floor in line with stool plate 


Ch 9, Sec 5, [4.3] 


Lower stool plate 


Lower stool plate 


me Longitudinal 
girder 


Hot spot Hot spot 3 


Hot spot 5 


\ 


Hot spot 5 


Double bottom floor 


Double bottom floor Longitudinal girder 
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Table 8 : Hot spots for corrugated transverse bulkhead to lower stool connection 


Hot spot location 


Hot spots 1 and 3: Corrugation web above shedder plate 
Hot spot 4: Corrugation web below shedder plate 
Hot spot 5, 7 and 8: Corrugation flange 


Hot spot 6: Gusset plate Ch 9, Sec 5, [3.1], type ‘a’ 


Hot spot 9: Lower stool plate to stool top plate 
Hot spot 10: Corrugation corner to stool top plate 
Hot Spot 11: Gusset plate in way of corrugation corner 


Hot spot 2: Corrugation web below shedder plate Ch 9, Sec 5, [4.3] 


Corrugation web 


Shedder 
plate 


Corrugation flange 


Hot spot 8 \ 


> 
Hot spot 6 A 


Shedder 
plate 


Hot spot 10 


y 


Hot spot 9 
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Table 9 : Hot spots for corrugated transverse bulkhead to lower stool - Intersecting shedder plates and single sided shedder plate 


Procedure for calculation 


Hot spot location of hot spot stress 


Intersecting shedder plates 


Hot spot 12: Intersection of shedder plates Ch 9, Sec 5, [3.1], type ‘a’ 


Shedder plate 


Gusset plate 
Stool top plate —»4A4&———"+ 


/ Diaphragm 


web ring 


Single sided shedder plate 


Welded connection of web and flange of corrugation to lower stool top 
For details of hot spots see Table 10, hot spots 1-3 Ch 9, Sec 5, [3.1], type ‘a’ 
If supported brackets are fitted, see Table 10 for hot spots 4 


Shedder plate 


Gusset plate Hot spots 
Stool top 
plate 
Diaphragm 
web ring 
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Table 10 : Hot spots for corrugated transverse bulkhead to lower stool or inner bottom plating connection 


Procedure for calculation 


Hot spot location of hot spot stress 


Hot spot 1: Inner bottom/lower stool top 
Hot spot 2: Corner of corrugation flange in way of inner bottom/lower stool top 
Hot spot 3: Corner of corrugation web in way of inner bottom/lower stool top Ch 9, Sec 5, [3.1], type ‘a’ 


Hot spot 4: Inner bottom/lower stool top in way of brackets supporting 
corrugation web 


Hot spot 5: Edge of supporting brackets Ch 9, Sec 5, [3.2]. 


Inner bottom/stool top plate plan 


Stiffener 


Hot spot 1 
Corrugation 7 
Hot spot 1 
. Corrugation web Corrugation web 
Corrugation flange 
Corrugation 
web 
Hot spot 2 Hot spot 3 


ra Inner bottom/ Va on 

stool top plate 

e pp Inner bottom/ 
À stool top plate 


Hot spot 4 Hot spot 5 


= 


Double bottom floor/ 
lower stool plate 


Table 11 : Hot spots for connections of corrugated longitudinal bulkhead to lower stool top 


Procedure for calculation 


Hot spot location of hot spot stress 


See Table 9 Ch 9, Sec 5, [3.1], type ‘a’ 
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Table 12 : Hot spots for connections of corrugated transverse bulkhead to upper stool bottom plate or to deck plate for tanker design 


without top stool 


Hot spot location 


Procedure for calculation 
of hot spot stress 


See Table 8 and Table 9 


Additional bending stresses in the deck stiffeners in way of corrugation flange 
induced by the bulkhead need to be considered 


Table 13 : Hot spots for connection between transverse bulkhead and inner hull longitudinal bulkhead in way of transverse bulkhead 
horizontal stringer and side stringer without backing bracket at stringer heel 


Hot spot location 


Procedure for calculation 
of hot spot stress 


Hot spot 1: Inner hull longitudinal bulkhead plate on cargo tank side connection 
to plane side of transverse bulkhead (i.e. opposite side to stiffening) at heel of 
transverse bulkhead horizontal stringer 

Hot spot 2: Transverse bulkhead plate on plane side (i.e. opposite stiffening) at 
heel of transverse bulkhead horizontal stringer 


Ch 9, Sec 5, [4.2] 


Hot spot 3: Heel of transverse bulkhead horizontal stringer 
Hot spot 4: Side stringer in double side diagonally opposite horizontal stringer 
Hot spot 5: Side stringer in double side in line with horizontal stringer 


Transverse 
bulkhead 


Ch 9, Sec 5, [4.3] 


Horizontal 
stringer 


Hot spot 3 


Transverse 
bulkhead 


Inner 
longitudinal 
bulkhead 
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Table 14 


: Hot spots for connection between transverse bulkhead and inner hull longitudinal bulkhead in way of transverse bulkhead 
horizontal stringer and side stringer, with backing bracket at stringer heel 


Procedure for calculation 


Hot spot location of hot spot stress 


Hot spot 1: Bracket edge where a face plate is not fitted to the bracket 
Hot spot 4: Radius of bracket toe 


Ch 9, Sec 5, [3.2] 


Hot spot 2: Inner longitudinal bulkhead at bracket toe 
Hot spot 3: Transverse bulkhead at bracket toe 

Hot spot 6: Side stringer, in way of bracket toe 

Hot spot 7: Horizontal stringer in way of bracket toe 


Ch 9, Sec 5, [3.1], type ‘a’ 


Hot spot 5: Where a face plate is fitted to the bracket, the weld connection of 
face plate to bracket in way of the face plate termination 


Ch 9, Sec 5, [3.1], type ‘b’ 


Transverse 


bulkhead 
Hot spot 1 


Hot spot 3 
Hot spot 2 


Hot spots 5 
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Hot spot location 


Procedure for calculation 
of hot spot stress 


Hot spot 1: Hopper sloping plate in way of hold frame toe 


Ch 9, Sec 5, [3.1], type ‘a’ 


Hot spot 2: Hold frame toe in way of face plate termination 


Ch 9, Sec 5, [3.1], type ‘b’ 


Side shell 


Hopper plate 


Hot spot 2 


Hot spot 1 


Table 16 : Hot spots for connection of longitudinal stiffener and transverse web including cut-outs and lug plates 


Hot spot location 


Procedure for calculation 
of hot spot stress 


The critical hot spot has to be decided for each design in agreement with the 
Society. Typically the following three hot spot types are to be considered: 


Hot spot 1: Corners of the cut-out edge 


Ch 9, Sec 5, [3.1]. 


Hot spot 2: Connection of transverse web/lug-plate to longitudinal stiffener web 


in way of slot 
Hot spot 3: Overlapping connection between transverse web and lug plate 


Ch 9, Sec 5, [3.1], type ‘b’ 


Hot spot 1 


Hot spot 1 
x 


Gara ij org 
a 


Hot spot 1 Hot spot 2 
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Table 17 : Hot spots for scallops in way of block connections joints at deck 


Procedure for calculation 
Hot spot location of hot spot stress 


Hot spot 1: Butt weld in longitudinal stiffener web in way of scallop. 


Ch 9, Sec 5, [3.1], type ’a’ 
Hot spot 2: Deck plate in way of scallop. [3.1], typ 


Stiffener 


Hot spot 2 


Table 18 : Hot spots for deck plating and longitudinal hatch coaming end bracket toe 


Procedure for calculation 


Hot spot location of hot spot stress 


Hot spot 1: Hatch corner radiused edge 


Ch 9, Sec 5, [3.2 
Hot spot 3: Radius of hatch coaming bracket toe [3.2] 


Hot spot 2: Deck plating in way of hatch coaming bracket toe Ch 9, Sec 5, [3.1], type ‘a’ 


Hot spot 4: Where a face plate is fitted to the bracket, the weld connection of 


face plate to bracket in way of the face plate termination Ch 9, Sec 5, [3.1], type ‘b 
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Longitudinal hatch 


coamin 
£ Transverse hatch 


— Se ee coaming 


Hot spot 1 


Hot spot 2 


Hot spot 4 


Hot spot 3 Da 


___ Longitudinal 
hatch coaming 


1 JAN 2014 COMMON STRUCTURAL RULES 


IACS 


SECTION 3 
FATIGUE EVALUATION 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


(i) : Suffix which denotes load case HSM, FSM, BSR-P, BSR-S, BSP-P, BSP-S, OST-P or OST-S specified in 
Ch 4, Sec 2, [3]. 


‘i1’ denotes load case: HSM-1, FSM-1, BSR-1P, BSR-1S, BSP-1P, BSP-1S, OST-1P or OST-1S. 

‘2’ denotes load case: HSM-2, FSM-2, BSR-2P, BSR-2S, BSP-2P, BSP-2S, OST-2P or OST-2S. 
(i) : Suffix which denotes loading condition: 

Full load or normal ballast for oil tankers as defined in Ch 9, Sec 1, [6.2]. 


Full load homogeneous, full load alternate, normal ballast or heavy ballast for bulk carriers as 
defined in Ch 9, Sec 1, [6.3]. 


Te : Time in corrosive environment, in years, according to Table 5. 

Tp : Design life, in years, to be taken as 25 years. 

Tp : Design fatigue life, in year, as defined in Ch 9, Sec 1. 

Te : Fatigue life, in year, calculated according to [5]. 

m : Inverse slope of the design S-N curve, as given in Table 2 for in-air environment and in Table 3 for 


corrosive environment. 


The inverse slope for S-N curves in-air environment changes from m to m+2 at N = 10’ cycles. 


Nic : Number of applicable loading conditions, as defined in Ch 9, Sec 1, [6.2] and Ch 9, Sec 1, [6.3]. 
fo : Correction factor as defined in Ch 9, Sec 1, [5.1.2]. 
finick : Correction factor for plate thickness effect given in [3.3]. 


fmean, iq) : Correction factor for mean stress effect given in [3.2] 


1 FATIGUE ANALYSIS METHODOLOGY 


1.1 Cumulative damage 


1.1.1 


The fatigue assessment of the structure is based on the application of the Palmgren-Miner cumulative 
damage D taken as: 


tot p, 
P= dN, 

where 

nj : Number of cycles at stress range Aq. 

N; : Number of cycles to failure at stress range 40; 

Not : Total number of stress range blocks. 

i : Stress range block index. 
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1.1.2 
As the long term stress range distribution of a structural detail in a ship can be described by a two-parameter 


Weibull distribution, as given in Ch 9, Sec 1, [3.1.1], fatigue damage can be obtained by means of a closed- 
form equation, as given in [5]. 


1.2 Fatigue strength assessment 


1.2.1 

Assessment of the fatigue strength of structural members according to [2] includes the following three steps: 
a) Calculation of stress ranges, according to [3]. 
b) Selection of the design S-N curve, according to [4]. 


c) Calculation of the cumulative damage and the fatigue life calculation, according to [5]. 
2 ACCEPTANCE CRITERIA 


2.1 Fatigue life and acceptance criteria 


2.1.1 


The calculated fatigue life, T-, is to comply with the following formula: 


Te Top 
3 REFERENCE STRESSES FOR FATIGUE ASSESSMENT 


3.1 Fatigue stress range 


3.1.1 


The fatigue stress range for each load case of each loading condition is defined in [3.1.2] for welded joints and 
in [3.1.3] for base material free edge. 


The stress range of each loading condition (j) to be considered is the stress range obtained from the 
predominant load case, according to Ch 9, Sec 1, [7.1.2]. 


Ars, gy = Max; (AOrs, iq) 
where: 


AO;s, i) : Fatigue stress range, in N/mm?, for load case (i) of loading condition (j), as defined in [3.1.2] for 
welded joints and in [3.1.3] for base material free edge. 


3.1.2 Welded joints 


For welded joints, the fatigue stress range Ad;s i), in N/mm?, corrected for mean stress effect, thickness effect 
and warping effect, is taken as: 


e For simplified stress analysis: 


AOrs, ig) = Fmean, ig)’ ftnick * fwaro © AOus, i0) 
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e For FE analysis: 
e For web-stiffened cruciform joints: 
AOrs, ig) = Max(AOrs1, iy, AGeso, ig) 
e For other joints: 
AGrs, ij) = MAX sidet, sizer) LMAX(AGesa, ig AOrs2, ii) ] 
where: 


Ads, : Hot spot stress range, in N/mm?, due to dynamic loads in load case (i) of loading condition (j) given in 
Ch 9, Sec 4, [2.1.1]. 


Ao;s1, iq): Fatigue stress range, in N/mm?,due to the principal hot spot stress range Adys;1_ i) 
AGes1,17) = Fmeant, i0) ftnick * fo © AOps1, ig) 

AO;so iy): Fatigue stress range, in N/mm?,due to the principal hot spot stress range Adyso iq) 
AGes, ig) = 0.9 + fmean2, iy * Frick * fe © AOns2, ig) 


SideL, SideR: Left and right side respectively of the line A-A as shown in Ch 9, Sec 5, Figure 15 and Ch 9, Sec 
5, Figure 16. 


Fmeant, ij) : Correction factor for mean stress effect given in [3.2]. 
Fnean2, q): Correction factor for mean stress effect given in [3.2]. 
Taro : Correction factor due to warping effect, taken as: 


e fwar = 1-07 for the deck longitudinal stiffener of bulk carrier, the closest to the longitudinal 
hatch coaming in way of the hatch corner as shown in Figure 1, 


* fwarp = 1.04 for following deck longitudinal stiffeners of bulk carrier: 


e The closest stiffener to the longitudinal hatch coaming at one web frame away from the 
hatch corner, in way of the hatch opening as shown in Figure 1, 


e The second closest stiffener away from the longitudinal hatch coaming in way of the 
hatch corner as shown in Figure 1, 


* fwarp = 1.0 for the other cases. 


Figure 1 : Warping effect on deck longitudinal stiffeners of bulk carrier 


P= n == | 


eee nee cael cee 
EN 


i- Se 


AGis1, i): Principal hot spot stress ranges, in N/mm?, due to dynamic loads for load case (i) of loading 
condition (j) which acts within +45° of the perpendicular to the weld toe, determined in Ch 9, Sec 5, 
[3.1.2], Ch 9, Sec 5, [3.3.2] and Ch 9, Sec 5, [4.2.3] for the two types of shell elements (4-node or 8- 
node). 
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Adio, i): Principal hot spot stress ranges, in N/mm?, due to dynamic loads for load case (i) of loading 
condition (j) which acts outside +45° of the perpendicular to the weld toe, determined in Ch 9, Sec 5, 
[3.1.2], Ch 9, Sec 5, [3.3.2] and Ch 9, Sec 5, [4.2.3] for the two types of shell elements (4-node or 8- 
node). 


3.1.3 Base material free edge 

For base material free edge, the fatigue stress range, Ad¢s iq in N/mm?, is taken as the local stress range at 
free edge, Adgs i, aS defined in Ch 9, Sec 1, [2.4] with correction factors: 

AGss, iy = Ker’ materiai’ fmean, i0) * fthick © AOBs, i0) 

where: 

Kes : Surface finishing factor for base material given in [4.2.3]. 

fmateraı : COrrection factor for material strength, taken as: 


1200 
965 + Rey 


fmatēria G 


AOgs, ) : Local stress range, in N/mm2, due to dynamic loads in load case (i) of loading condition (j) taken as: 
AOgs, ij) = \Sgs, i10) — Oss, i20) 


Obs, i10) Ops, i20) : Local stress, in N/mm?, in load case ‘i1’ and ‘i2’ of loading condition (j), obtained by very fine 
mesh FE analysis specified in Ch 9, Sec 5. 


3.2 Mean stress effect 


3.2.1 Correction factor for mean stress effect 


The mean stress correction factor to be considered for each principal hot spot stress range of welded joint, 
AOns, ig Or for local stress range at free edge, Adgg jy), is taken as: 


a) For welded joint: 


min [1.0, 0.9+0.2 Se fOr Oncor ZO 
2 2A0us, i) , 
fiean, ij) ~ a 
max|0.3, 0.9 + 0.8 | FOF Gmncor. yy < 0 
2A0us, i0) í 


b) For base material: 


min [10, 0.8 + 0.4 sae | for Omcor, ig) 2 O 


f E AOgs, ij) 
mean, ilj) 7 
oO a 
max|0.3, 0.8 + he fOr Omcor,i < O 
2405s, id) 
where: 
oO Cor, iQ) = O mean, i(j) for O max < Ry 
mCor, i 
Reeg a Omax + Omean, i(/) for Omax > Reca 


6233 Max; g(AGus, ig) + Omean, ig) for welded joint 
max 
max; g(AOgs, ig) + Omean, iy) for base material 


Reca = Max(315; Ren) 


Omean, ig) : Fatigue mean stress, in N/mm2, for base material or welded joint calculated according to [3.2.2]. 
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3.2.2 Mean stress for base material free edge 
The fatigue mean stress for base material free edge, Omean,ig in N/mm?, due to static and dynamic loads case 


‘il’ and ‘i2’ of loading condition (j) is calculated by the following formula based on local stress: 


— Oss, i19) + Oss, i29) 


O mean, i(j) 2 


3.2.3 Mean stress for simplified method 

The fatigue mean stress to be considered for welded joint assessed by the simplified stress analysis is to be 
obtained from Ch 9, Sec 4, [2.2]. 

3.2.4 Mean stress for FE analysis 


The fatigue mean stresses for welded joint due to static and dynamic loads, Omean, ig)ox aNd Omean, igoy» ÎN 
N/mm?, for load cases ‘i1’ and ‘i2’ of loading condition (j) ,pelonging to the two principal hot spot stress range 
directions, pX and pY, is calculated by the following formula based on hot spot stress components as defined 
in Ch 9, Sec 5, [3.1.2], Ch 9, Sec 5, [3.3.2] and Ch 9, Sec 5, [4.2.3]: 


2 (Ons, n0) xx + (Gus, 120) xx + (Ons, 10) yy + (Ons, 120) wy T 


O mean, i(j)px 7 
(Ss i10) xx + (Ons, i20) a- (Gus, n0) y~ (Ons, i20) 2) .cos20 + (Ss aD) xy 3 (Gus, i20) x) . sin20 
Snan ioa = (Gus, n0) xx + (Ons, i20) — (Gus, no) yy + (Gus, 20) y 
(Gus, n0) xx + (Ons, i20) a (Gus, iq) yy (Sus, i2qy) Y. cos20— (Ss no) ths (Guys, i20) x) -sin20 
0 : Angle between the direction x of the element coordinate system and the principal direction pX of the 


principal hot spot stress range coordinate system (Ch 9, Sec 5, [3.1.2], Ch 9, Sec 5, [4.2.3]). The 
direction x of the element coordinate system is defined as the normal to the weld toe. 


The one of the two mean stresses Omean, px ANd Onean, ipy Which has a principal stress direction with an 
absolute value less than 45° is defined aS Oneanz, i), belonging to Adjys1, i. The other mean stress is defined as 
Omean2, ig) belonging to AO ps2, i) 


3.3 Thickness effect 


3.3.1 


Plate thickness primarily influences the fatigue strength of welded joints through the effect of geometry, and 
through-thickness stress distribution. The correction factor, fiice for plate thickness effect is taken as: 


e For t so <22 mm, fipick = 1.0. 


e For taso > 22 MM, fhick = (tn50 /22)" 


where: 
tn50 : Net thickness of the considered member in way of the hot spot for welded joints or base material free 
edge, in mm. 
e For simplified stress analysis, the net thickness to be considered for stiffeners is as follows: 
e Flat bar and Bulb profile: no correction, 
e Angle bar and T-bar: flange net thickness. 
e For FE analysis, the net thickness to be considered is the net thickness of the member where 
the crack is likely to initiate and propagate. 
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For 90° attachments, i.e. cruciform welded joints, transverse T-joints and plates with 
transverse attachment, the net thickness to be considered is to be taken as: 


.(d 
taso = min( $150} 


n : Thickness exponent provided in Table 1 and Table 4 respectively for welded and non-welded joints. 
n is to be selected according to the considered stress direction. For this selection, AOps1 and Adjyjso 
are considered perpendicular and parallel to the weld respectively. 


d : Toe distance, in mm, as shown in Figure 2, taken as: 


d = tanso + 2 leg 


tinso  : Net thickness, in mm, of the continuous plate as shown in Figure 2. 

tonso  : Net thickness, in mm, of the transverse attach plate where the hot spot is assessed, as shown in 
Figure 2. 

Lieg : Fillet weld leg length, in mm. 


When post-weld treatment methods are applied to improve the fatigue life of considered welded joint, the 
thickness exponent is provided in [6]. 


Figure 2 : Toe distance for cruciform welded joints, transverse T-joints and plates with transverse attachment 


4 S-N CURVES 


4.1 Basic S-N curves 


4.1.1 Capacity 


The capacity of welded steel joints and steel base material with respect to fatigue strength is defined by S-N 
curves which provide the relationship between the stress range applied to the detail and the number of 
constant amplitude load cycles to failure. 


4.1.2 Design S-N curves 


The fatigue assessment is based on use of S-N curves which are obtained from fatigue tests. The design S-N 
curves are established at two standard deviations below the mean S-N curves corresponding to 50% of 
probability of survival for relevant experimental data. Design S-N curves given in Table 2 and Table 3 
correspond to a probability of survival of 97.7%. 


4.1.3 S-N curve scope of application 


The S-N curves are applicable to normal and high strength steels up to a specified minimum yield stress equal 
to 390 N/mm?. 
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Joint category ee 
No no Geometry Condition n 
description 
As-welded 0.25 
Cruciform joints, 
transverse T-joints, 
1 . 
plates with transverse 
attachments 
A Weld toe treated by 
post-weld 
: 0.2 
improvement 
method 
a 
As-welded 0.2 
2 | Transverse butt welds | <«<— C ae —» | Ground flush or 
weld toe treated by 
post-weld 0.1 
improvement 
method 
Any 0.1 
Longitudinal welds or 
3 attachments to plate 
edges 
Weld toe treated by 
l post-weld 0.1 
improvement 
method 
a 
(1) No benefit applicable for post-weld treatment of longitudinal end connections. 
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Joint category 


No ite Geometry Condition n 
description 
Any (0) 
Longitudinal 
4 attachments on the flat <— —> Weld toe treated by 
bar or bulb profile post-weld 
improvement 0 
method ® 
As-welded 0.2 
Longitudinal 
5 attachments and < Weld toe treated by 


doubling plates 


I post-weld 0.1 
o l improvement i 
method 


As-welded 0.1 
<—— —_> 


Earner) 


Longitudinal 
attachments and 
6 doubling plates Weld toe treated by 
supported post-weld 
longitudinally improvement 9 
method ® 
— Sy 
(1) No benefit applicable for post-weld treatment of longitudinal end connections. 


4.1.4 In-air environment 


The basic design curves in-air environment shown in Figure 3 are represented by linear relationships between 
log (Ao) and log (N) as follows: 


log (N) = log (K2)—m- log (Ao) 
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where: 


log (K2) = log (K,) - 28. 


Kı : Constant related to mean S-N curve, as given in Table 2. 

Ky : Constant related to design S-N curve, as given in Table 2. 

ô : Standard deviation of log (N), as given in Table 2. 

Ao, : Stress range at N = 10’ cycles related to design S-N curve, in N/mm, as given in Table 2. 


Table 2 : Basic S-N curve data, in-air environment 


: sanaaa |, | menses | Denne, 
Class m cycles cycles 
K, logioKy log400 Kə Ao, N/mm? N/mm? 
2.343E15 | 15.3697 | 4.0 0.1821 1.01E15 100.2 149.9 
1.082E14 | 14.0342 | 3.5 0.2041 4.23E13 78.2 123.9 
D 3.988E12 | 12.6007 | 3.0 0.2095 1.52E12 53.4 91.3 


Figure 3 : Basic design S-N curves, in-air environment 
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Number of cycles to failure, N 


4.1.5 Corrosive environment 


The basic design curves for corrosive environment shown in Figure 4 are represented by linear relationships 
between log(Ao) and log(N) as follows: 


log (N) = log (Kz)-—m- log (Ao) 


N : Predicted number of cycles to failure under stress range Ao. 
Ky : Constant related to design S-N curve as given in Table 3. 
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Table 3 : Basic S-N curve data, corrosive environment 


Class K, m | Design stress range at 2x106 cycles, N/mm? 
Boon 2.246E12 3.0 103.9 
Ci. 1.267E12 3.0 85.9 
Dror 7.600E11 3.0 72.4 


Figure 4 : Basic design S-N curves, corrosive environment 
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Number of cycles to failure, N 


4.2 Selection of S-N curves 


4.2.1 Welded joints 


For fatigue assessment of welded joints exposed to in-air environment, S-N curve D as defined in Table 2 is to 
be used. For corrosive environment, S-N curve D,,,, as defined in Table 3 is to be used. 


4.2.2 Base material free edge 
For fatigue assessment of base material at free edge exposed to in-air environment, S-N curves B or C as 


defined in Table 2 are to be used. For corrosive environment, S-N curves B,,,, OF Coo, aS defined in Table 3 are 
to be used. 


4.2.3 Surface finishing factor 


The S-N curve C is applicable to most of non-welded locations taking into account the likelihood of some 
notching from corrosion, wear and tear in service with surface finishing factor as given in Table 4. 


Higher surface finishing quality may be applied in using S-N curve B as given in Table 4, provided adequate 
protective measures are taken against wear, tear and corrosion. 
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Table 4 : Non-welded joints: thickness exponent and surface finishing factor 


Joint configuration, fatigue crack Edge cutting Edge Surface S-N 
location and stress direction process treatment finishing curve 


Rolled or extruded plates and 
sections as well as seamless 
pipes, no surface or rolling 
defects 


No surface 
i o Tt ue ae nor roll defect 0 0:94 B 


T 


Edges Smooth 
l machined | surface free 0.1 | 1.07 B 
Machine- or ground | of cracks and 
cutting e.g. bya | Smooth notches 
Cut edges 
thermal Surface free 


process. of cracks and 
Sheared edge | No edge severe 
? cutting. treatment | notches E ae i 
(inspection 
procedure) 
Surface free 
Manually of cracks and 


thermally cut No edge severe 

e.g. by flame treatment | notches of eee ¢ 
cutting (inspection 
procedure) 


Note 1: Stress increase due to geometry of cut-outs to be considered. 


5 FATIGUE DAMAGE CALCULATION 


5.1 General 


5.1.1 


The design fatigue life is divided into a number of time periods due to different loading conditions and due to 
limitation of the corrosion protection. 


It is assumed that the corrosion protection (i.e. coating system) is only effective for a limited number of years 
during which the structural details are protected, i.e. in-air environment. During the remaining part of the 
design life as specified in Table 5, the structural details are unprotected i.e. exposed to corrosive environment. 


5.1.2 


The elementary fatigue damage, given in [5.2], is the damage accumulated during a specific loading condition 
(j) associated with a specific environmental condition either protected condition, i.e. in-air environment, or 
unprotected condition, i.e. corrosive environment. 


The combined fatigue damage, given in [5.3], is the combination of damage accumulated for a specific loading 
condition (j) for the in-air and corrosive environment time. 
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Total fatigue damage, given in [5.4], is the sum of the combined fatigue damages obtained for all loading 
conditions. 


5.2 Elementary fatigue damage 


5.2.1 


The elementary fatigue damage for each fatigue loading condition (j) is to be calculated independently for both 
protected in-air environment and unprotected corrosive environment, based on the fatigue stress range 
obtained for the predominant load case as follows: 


Ol): N Aon i m 
De» = g) D Pw yy -r(1+2) 
EG) K (InN ye 0) E 
where 
Np : Total number of wave cycles experienced by ship during the design fatigue life, taken as: 
Np = 31.557 x 108 (foT,) / (4 log L) 
fo : Factor taking into account time in seagoing operations excluding time in loading and unloading, 
repairs, etc. 
fo = 0.85. 
i) : Fraction of time in each loading condition given in Ch 9, Sec 1, Table 1 for oil tanker and in Ch 9, Sec 


1, Table 3 for bulk carrier. 


Ao;s, 4) : Fatigue stress range at the reference probability level of exceedance of 10, in N/mm?. 


Ne : Number of cycles corresponding to the reference probability of exceedance of 10°. 
Np = 100. 
é : Weibull shape parameter, 
é=1. 
Tx) : Complete Gamma function. 
Ky : Constant of the design S-N curve, as given in Table 2 for in-air environment and in Table 3 for 


corrosive environment. 
Hy : Coefficient taking into account the change of inverse slope of the S-N curve, m, 


e For in-air environment: 


Ma + E vo) Ste ay (a + (2 ame v) 


6 
Vo) = ( a= we ) In Ne 
AGrs, (i) 
e For corrosive environment: 
Mg = 1.0 


y(a,x) : Incomplete Gamma function. 


Ao, : Stress range, in N/mm7, corresponding to the intersection of the two segments of design S-N curve 
at N = 10’ cycles, as given in Table 2. 

Am : Change in inverse slope of S-N curve at N=10’ cycles. 
Am = 2 
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5.3 Combined fatigue damage 


5.3.1 


The combined fatigue damage in protected in-air environment and unprotected corrosive environment for each 
loading condition (j) is to be calculated as follows: 
To- Te Te 


Do = De arg: Be oe 8 
0) E, airj) E, corr(j) 
Tp Tp 


where: 
De air : The elementary fatigue damage for in-air environment for loading condition (j) given in [5.2.1]. 


Decoy) : The elementary fatigue damage for corrosive environment for loading condition (j) as calculated in 
[5.2.1]. 


Table 5 : Time in corrosive environment, To 


Time in corrosive 
Location of weld joint or structural detail environment 
To, in years 


Water ballast tank 


Oil cargo tank 5 


Lower part™ of bulk cargo hold and water ballast cargo hold 


Bulk cargo hold and water ballast cargo hold except lower part ® 


- 2 
Void space 
Other areas 
(1) Lower part means cargo hold part below a horizontal level located at a distance of 300 mm below 


the frame end bracket for holds of single side skin construction or 300 mm below the hopper tank 
upper end for holds of double side skin construction (see Pt 2, Ch 1, Sec 2, Figure 1). 


5.4 Total fatigue damage 


5.4.1 


The total fatigue damage for all applicable loading conditions is calculated as follows: 


une 
D = » Do 
jaa 
where: 
Dy : Combined fatigue damage for each applicable loading condition, as given in [5.3]. 


5.5 Fatigue life calculation 


5.5.1 


The fatigue life, T;, is taken as: 


T, -of 
T; = D if p, $ (To-To) 
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T, Dair + 
Te = Tp-Tet ( 2 Tp + T.) D otherwise. 


air corr 
where: 


Dair : Total fatigue damage for all loading conditions in-air environment taken as: 


Nic 


Dair m > De, air(j) 
j=1 


Deor  : Total fatigue damage for all loading conditions in corrosive environment taken as: 


nig 


Deorr = X De, corr(j) 


6 WELD IMPROVEMENT METHODS 


6.1 General 


6.1.1 


Post-weld fatigue strength improvement methods are to be considered as a supplementary means of 
achieving the required fatigue life, and subjected to quality control procedures. The benefit from post-weld 
treatment can only be applied for corrosion free condition and may only be considered provided that a 
protective coating is applied after the post-weld treatment and maintained during the design life time. 


6.1.2 Limitation of the benefit of post-weld treatment 


For structural details where the benefit of post-weld treatment is applicable, the calculated fatigue life at the 
design stage for the considered structural detail excluding the post-weld treatment effects, is not to be less 
than TpF/ 1.47. 


However, for structural details inside a bulk cargo hold the calculated fatigue life at design stage excluding 
post-weld treatment effects is not to be less than 25 years. 


Note 1: When Tp is taken equal to 25 years, the calculated fatigue life at the design stage for the considered structural detail excluding 
the post-weld treatment effects, is not to be less than 17 years. 


6.1.3 Post-weld treatment at fabrication stage 

There is one basic post-weld treatment method considered in these Rules to improve fatigue strength at the 
fabrication stage, i.e. weld geometry control and defect removal method by burr grinding. 

6.1.4 Weld toe 


The improvement method is applied to the weld toe. Thus, it is intended to increase the fatigue life of the weld 
from the viewpoint of a potential fatigue failure arising at the weld toe. The possibility of failure initiation at 
other locations is always to be considered. If the failure is shifted from the weld toe to the root by applying post- 
weld treatment, there may be no significant improvement in the overall fatigue performance of the joint. 
Improvements of the weld root cannot be expected from treatment applied to weld toe. 


A brief description of the method and the degree of improvement which can be achieved is given in [6.2]. 


6.1.5 Weld type for post-weld treatment 


When weld improvements are planned, full or partial penetration welds with a minimum root face according to 
Ch 12, Sec 3, [2.4] are to be used to mitigate or to eliminate the possibility of cracking at the weld root. 
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6.2 Weld toe burr grinding 


6.2.1 


The weld may be machined using a burr grinding tool to produce a favourable shape to reduce stress 
concentrations and remove defects at the weld toe, see Figure 5. In order to eliminate defects, such as 
intrusions, undercuts and cold laps, the material in way of the weld toe is to be removed. The total depth of the 
burr grinding is not to be greater than the lesser of 2 mm and of 7% the local gross thickness of the machined 
plate. Any undercut not complying with this requirement is to be repaired by an approved method. 


6.2.2 


To avoid introducing a detrimental notch effect due to small radius grooves, the burr diameter is to be scaled to 
the plate thickness at the weld toe being ground. The diameter is to be in the 10 to 25 mm range for 
application to welded joints with plate thickness from 10 to 50 mm. The resulting root radius of the groove is to 
be no less than 0.25 tas_bui The weld throat thickness and leg length after burr grinding must comply with the 
rule requirements or any increased weld sizes as indicated on the approved drawings. 


The inspection procedure is to include a check of the weld toe radius, the depth of burr grinding, and 
confirmation that the weld toe undercut has been removed completely. 


Figure 5 : Details of ground weld toe geometry 


Effective | 


Weld leg 


tas ult 


6.3 Fatigue improvement factor 


6.3.1 


The benefit of burr grinding corresponds to an increase in fatigue strength by a factor of 1.3 (i.e. a reduction of 
the effective stress range by 1.3), reducing the damage in air to D,,,/ 2.2, 


where: 


Dair : Fatigue damage in air as given in Ch 9, Sec 3, [5.3.1]. 


6.4 Applicability 


6.4.1 


The application of post-weld improvement and fatigue improvement factor provided in this section is subject to 
following limitations: 


e The weld type complies with [6.1.5]. 
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The weld improvement is effective in improving the fatigue strength of structural details under high 
cycle fatigue conditions therefore the fatigue improvements factors do not apply to low-cycle fatigue 
conditions, i.e. when N < 5x104, where N is the number of life cycles to failure. 


Unless otherwise specifically stated, the fatigue improvement factor is to be used for welds, joining steel 
plates which are between 6 and 50 mm thick. 


This benefit can only be achieved in a corrosion free condition and may only be considered provided 
that a suitable protective coating is applied after the post-weld treatment and maintained during the 
design life time. 


Fatigue improvement factor is to be applied to as-welded transverse butt welds, as-welded T-joint and 
cruciform welds and as-welded longitudinal attachment welds excluding longitudinal end connections. 


In way of areas prone to mechanical damage, fatigue improvement may only be granted if these are 
adequately protected. 


Treatment of inter-bead toes is required for large multi-pass welds as shown in Figure 6. 


The builder is to provide the list of details and their locations on the ship for which the post-weld 
treatment has been applied. 


Figure 6 : Extent of weld toe burr grinding to remove inter-bead toes on weld face 


‘as_built 


: Weld leg length. 
: Width of groove. 
: Depth of grinding to be 0.5 mm<d<1mm. 


WORKMANSHIP 


7.4 = Application 


7.1.1 


In general, the fatigue performance of structural details can be improved by adopting enhanced workmanship 
standards, which include building alignment and weld control. 


7.2 Workmanship control for construction details 


7.2.1 Building alignment and tolerance control 


Building alignment exceeding construction tolerance could introduce additional stress concentration for 
structural details, reducing the fatigue performance. The builder is responsible to comply with the construction 
requirements given in Ch 12, Sec 1. 
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7.2.2 Weld profile control 


Poor weld geometry could introduce additional stress concentration; therefore special attention should be 
given to achieving a favourable geometry and smooth transition at the weld toe. Weld profile control, i.e. 
enhanced workmanship may be required by the Society in way of critical weld toe locations. 


The weld notch stress concentration is a direct function of the weld flank angle and the weld toe radius. 


The validity of the aforementioned S-N curves is based on a weld flank angle with a maximum mean value of 
50 deg and on a weld toe radius with a minimum mean value of 0.5 mm. Welding details may be requested to 
be submitted for approval for some critical areas considering the calculated fatigue life. 


7.2.3 Post-weld treatment methods 
Post-weld treatment methods may be used to improve fatigue resistance of structural detail, as specified in 
[6]. 


At the design stage, the calculated fatigue life should not generally take into account any benefit that may be 
derived from such treatment. This benefit should only be considered in exceptional cases when the design 
fatigue life can not reasonably be achieved by adopting alternative design measures such as improvement of 
the shape of the cut-outs, soft brackets toes, local increase in thickness or other changes in geometry of the 
structural detail. This is to be considered on a case-by-case basis by the Society. 


7.2.4 Detail design standard 


Requirements for improved design of structural details are provided in Ch 9, Sec 6. The detail design standard 
also includes workmanship and welding requirements. 


COMMON STRUCTURAL RULES 1 JAN 2014 


‘@eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee8 


PART 1 CHAPTERY9 SECTION 3 


PART 1 CHAPTER9 SECTION 4 


IACS 


SECTION 4 
SIMPLIFIED STRESS ANALYSIS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


(i) 


(i) 


1.1 


1.1.1 


: Suffix which denotes dynamic load case HSM, FSM, BSR-P, BSR-S, BSP-P, BSP-S, OST-P or OST-S 
specified in Ch 4, Sec 2, [3.1]. 


‘i1’ denotes dynamic load case HSM-1, FSM-1, BSR-1P, BSR-1S, BSP-1P, BSP-1S, OST-1P or OST-1S 

‘2’ denotes dynamic load case HSM-2, FSM-2, BSR-2P, BSR-2S, BSP-2P, BSP-2S, OST-2P or OST-2S. 
: Suffix which denotes loading condition: 

‘Full load’ or ‘Normal ballast’ for oil tankers, as defined in Ch 9, Sec 1, [6.2]. 


‘Full load homogeneous’, ‘Full load alternate’, ‘Normal ballast’ or ‘Heavy ballast’ for bulk carriers, as 
defined in Ch 9, Sec 1, [6.3]. 


: Effective bending span of stiffener, in m, as defined in Ch 3, Sec 7. 
: Net vertical hull girder moment of inertia, at the longitudinal position being considered, in m4. 
: Net horizontal hull girder moment of inertia, at the longitudinal position being considered, in m*. 
: Transverse coordinate of the load calculation point under consideration, in m. 
: Vertical coordinate of the load calculation point under consideration, in m. 
: Distance from the baseline to the horizontal neutral axis, in m. 
: Correction factor as defined in Ch 9, Sec 1, [5.1.2]. 
: Correction factor taken as: 
e For bulk carrier: 
e fya = 1.0 for O < z <D/2 
e fya = 0.95 forz =D 
¢ fya: linear interpolation for other values of z 
e For oil tanker: fya = 1.0 
: Geometrical stress concentration factor for stress due to axial load given in [5.2]. 
: Geometrical stress concentration factor for stress due to lateral pressure given in [5.2]. 


: Stress concentration factor due to unsymmetrical stiffener geometry, as defined in [5.1]. 


GENERAL 


Application 


This section defines the procedure for a simplified stress assessment which is to be used to evaluate the 
fatigue strength of the longitudinal stiffener end connections. 
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1.1.2 


The hot spot stress ranges and hot spot mean stresses in way of each end connection of longitudinal stiffener, 
as shown in Figure 2 are to be evaluated at the flange of the longitudinal stiffener in the following locations: 


a) Transverse webs or floors other than those located 
e At transverse bulkhead including swash bulkhead of cargo hold or 
e In way of stool, 
such that additional hot spot stress due to the relative displacement is not to be considered. 
b) Transverse webs or floors located 
e At transverse bulkhead including swash bulkhead of cargo hold or 
e In way of stool, 
such that additional hot spot stress due to the relative displacement are to be considered. 


Stress concentration factors due to unsymmetrical stiffener geometry according [5.1] and due to the stiffener 
end connection geometry at point ‘A’ and ‘B’ according to [5.2] are to be applied. 


1.2 Assumptions 


1.2.1 
The following assumptions are made in the fatigue assessment for longitudinal stiffener end connections: 
a) The hot spot stress is based on: 
e Nominal stresses. 
e Stress concentration factors given in [5]. 
e Loading conditions specified in Ch 9, Sec 1, [6]. 


b) The longitudinal stiffener end connection types are described in [5.2]. 


1.2.2 


The end connections given in [5.2] are based on typical joint geometry under axial and lateral loadings. When 
a structural detail is different from those shown in Table 4, a finite element analysis is to be used to 
demonstrate the adequacy of the detail in terms of fatigue strength, according to [5.3]. 


2 HOTSPOT STRESS 


2.1 Hotspot stress range 


2.1.1 


The hot spot stress range, in N/mm7?, due to dynamic loads for load case (i) of loading condition (j) is obtained 
from the following formula: 


AGus, ii) = (Sep, i10) t Oxp, i10) + Gap, i10) — (ep, i20) + Oto, i20) + Sap, i2u))| 

where: 

O¢p,i1g Sep i2g: Stresses due to global hull girder wave bending moments, in N/mm?, as defined in [3.1.1]. 
OLn,i10» OLp,i2q: Stresses due to local dynamic pressure, in N/mm2?, as defined in [4.1.1]. 


Oap,i10 Sav,i2@: Stresses due to relative displacement in wave, in N/mm2?, as defined in [4.2.4] and [4.2.5]. 
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2.2 Hotspot mean stress 


2.2.1 


The hot spot mean stress, in N/mm?, due to static and dynamic loads for load case (i) of loading condition (j) is 
obtained from the following formula: 


Omean, ii) = Sas, o) * Ors, g) + Oas, G+ Omio, ig) + Oman, i0) 

where for the load case (i) of loading condition (j): 

O¢s,) + Stress due to still water hull girder bending moment, in N/mm2?, as defined in [3.2.1]. 
Ois, : Stress due to local static pressure, in N/mm/?, as defined in [4.1.2]. 

Oasa) + Stress due to relative displacement in still water, in N/mm2?, as defined in [4.2.7]. 


Omto, i) : Mean stress due to local dynamic pressure, in N/mm?, as defined as: 


o — Op, iag) © Oro, i20) 
mLD, iĝ) 5 


OLn,i10» OLp,i2q: Stress due to local dynamic pressure, in N/mm2?, as defined in [4.1.1]. 


Omep, i) + Mean stress due to global wave bending moment, in N/mm2?, as defined as: 


o — Saep, ig t Oep, i20) 
mGD, i(/) 5 


O¢p,i1q): Sep ing: Stress due to global wave bending moment, in N/mm?, as defined in [3.1.1]. 
3 HULL GIRDER STRESS 


3.1 Stress due to hull girder wave bending moments 


3.1.1 


The hull girder hot spot stress, in N/mm?, for load cases i1 and i2 of loading condition (j) is obtained from the 
following formula: 


M i M j s 
Oen, ing) = fer Ka [Meise (Z-Z): fya - ——= y) 10° 
i ly -n50 lz-n50 
where: 


Mw-c ix: Vertical wave bending moment, in kNm, of the considered dynamic load case, as defined in Ch 4, Sec 
4, at the hull girder load calculation point of the considered longitudinal position for the loading 
condition (j) for ik being equal to i1 and i2. 


Myn-tc, x: Horizontal wave bending moment, in kNm, of the considered dynamic load case, as defined in Ch 4, 
Sec 4, at the hull girder load calculation point of the considered longitudinal position for the loading 
condition (j) for ik being equal to i1 and i2. 


3.2 Stress due to still water hull girder bending moment 


3.2.1 


The hull girder hot spot stress due to still water bending moment, in N/mm, in loading condition (j) is obtained 
from the following formula: 


= fo: fna: Ka + By: Mew: (Z—Zn) 1 


-3 
Oss, 4) = 0) 


Iy_-n50 
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where: 

Mew : Permissible still water vertical bending moment, in kNm, as defined in Ch 4, Sec 4 at the hull girder 
load calculation point of the considered longitudinal position. 

By : Fraction of permissible still water vertical bending moment, as defined in Table 1. 


Table 1 : Fraction of permissible still water vertical bending moments, By 


: : at Longitudinal position 
Ship type Loading conditions <i ai the considered section By 
: Homogeneous 0.60 in sagging condition 
Oil tankers 
Normal ballast 0.80 in hogging condition 
Homogeneous N/A 0.40 in sagging condition 
Alternate 0.75 in hogging condition 
Normal ballast 0.80 in hogging condition 
Bulk carriers Ballast hold 0.75 in sagging condition 
Heavy ballast Cargo holds adjacent to Enel mierpalatan eaa 
(See Figure 1) ballast hold 0.75 in sagging condition and 
8 0.45 in hogging condition 
Other cargo holds 0.45 in hogging condition 


Figure 1 : Distribution of still water bending moment for fatigue assessment in way of ballast hold 
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4 LOCAL STIFFENER STRESS 


4.1 Stress due to stiffener bending 


4.1.1 Stress due to dynamic pressure 


The hot spot stress, in N/mm?, due to local dynamic pressure in load case i1 and i2 for loading condition (j) is 
obtained from the following formula: 
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6xXe , 6X." 
K, Kns bie (Nw fre Pw. ikg) + Nia Pra, ikg + Noa Poa, ip) (i= + 2a 


O1p, iki) = 
12 Zetf-n50 


where: 


Pw ikg : Dynamic wave pressure, at the mid span, in KN/m?, specified in Ch 4, Sec 5, [1.4], in load case i1 
and i2 for loading condition (j). 


Pig, ing) : Dynamic liquid tank pressure, at the mid span, in kN/m?, as specified in Ch 4, Sec 6, [1.1.1], in load 
case i1 and i2 for loading condition (j). 


Pressure acting on both sides of the stiffener, i.e. applied on the attached plate on stiffener side or 
on opposite side to the stiffener, could be simultaneously considered if relevant in the loading 
condition. 


Poa, ix) : Dynamic dry bulk cargo pressure at the mid span, in kKN/m?, as specified in Ch 4, Sec 6, [2.4.1], in 
load case i1 and i2 for loading condition (j). 


Nw: Nar Moa: Pressure normal coefficients, taken as: 
n = 1 when the considered pressure is applied on the stiffener side, 


n = -1 otherwise. 


fye : Correction factor for the non-linearity of the wave pressure taken as: 
fy =1 for z>T,c+ 2h, 
fy = 2.5 ey for Tio + 1.8h,<Z<Tic+ 2h, 
fy. = 0.5 ze 0.4 for Tic + 1.6hw<Z<T,c+ L8hy 
fy, = 0.4 for Tic+ 1.2h,<Z<T,¢+ L6hy 
fy, = 0.7-0.25 ae for Tie + O.6h,<Z<Tic+ L2hy 
fy, = 1-0.75 zke for T,p-O.2hy<Z<T,¢+0.6h,, 


w 


fy, = 0.1875 zee + 1.1875 for Tie- h„<Z<T,c—-0.2h„ 


w 


fu = 1 for zZz<Tıc—-hw 
hy : Water head equivalent to the pressure at waterline, in m, as defined in Ch 4, Sec 5. 
Xe : Distance, in m, to the hot spot from the closest end of the span pag as defined in Figure 2. 


Zernso 2 Net section modulus, in cm?, of the considered stiffener calculated considering an effective breadth 
ber Of attached plating. 


Derr : Effective breadth, in mm, of attached plating specified at the ends of the span and in way of end 
brackets and supports, taken as: 


Dey = S- min 105 31.0] for “au 4 — 1) x10°> 1 
1+ 
L 1 3 1.35 
abdgi 4 = 
( s (a ) 10 ) 
1 l 1 

Derr = 0.26 lnag 1 = yr for ae = a x10°< 1 
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Figure 2 : Definition of effective span and x, for hot spot 
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4.1.2 Stress due to static pressure 


The hot spot stress due to local static pressure, in N/mm?, for loading condition (j) is obtained from the 
following formula: 


2 
6Xe i 6Xe 


K, Kns Voie (Ns Ps, Gy + Nis Pis, g + Nos Pos, o) (2- 3 
bdg Crag 
12 Lett —n50 


Ols, 9) = 
where: 
Ps @ : Static external pressure, in KN/m?, in loading condition (j) specified in Ch 4, Sec 5, [1.2]. 
Ps,  : Static liquid tank pressure, in kN/m?, in loading condition (j) specified in Ch 4, Sec 6, [1.1.1]. 


Pressure acting on both sides could be simultaneously considered if relevant in the loading 
condition. 


Pos,  : Static dry bulk cargo pressure, in kN/m2, in loading condition (j) specified in Ch 4, Sec 6, [2.4.1]. 
Ns, Ms, MpsiPressure normal coefficients, taken as: 
7 = 1 when the considered pressure is applied on the stiffener side, 


7 = -1 otherwise. 


4.2 Stress due to relative displacement 


4.2.1 General 

For longitudinal stiffener end connections fitted on transverse web or floor located 
e At transverse bulkhead including swash bulkhead of cargo hold or 
e In way of stool, 


the additional hot spot stress due to the relative displacement is to be considered. 


4.2.2 Relative displacement definition 
The relative displacement is defined as follows. 


e For longitudinals penetrating floors in way of stool the relative displacement is defined as the 
displacement of the longitudinal measured at the first floor forward (Fwd) or afterward (Aft) relative to 
the displacement of the longitudinal at the floor in way of stool. 


e For other longitudinals, the relative displacement is defined as the displacement of the longitudinal 
measured at the first transverse web frame (or floor) forward (Fwd) or afterward (Aft) relative to the 
displacement of the longitudinal at the transverse bulkhead including swash bulkhead. 

4.2.3 Sign convention 

Where the stress at the hot spot location, i.e. at the flange of longitudinal, due to relative displacement is in 
tension, the sign of the relative displacement is positive. 

4.2.4 Oil tankers 


The additional hot spot stress due to relative displacement for load case i1 and i2 of loading condition (j) for an 
oil tanker is to be accounted for either using finite element method as described in [4.2.6] or by applying a 
stress factor on the local dynamic stress component as described in the following: 


Oan, p = (Ka-1): IS, ikl 
where: 


Oin, ig) +: Local dynamic stress defined in [4.1.1]. 
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Ky : Bending stress factor for longitudinal stiffeners caused by relative displacement between supports, 
shown on Figure 3, as given in Table 2. 


Table 2 : Bending stress factor of longitudinals due to relative displacement between transverse bulkhead (including swash bulkhead) 
and adjacent web frames (floors) 


K, factor 
Location Full load Ballast 
condition condition 
Mid position between longitudinal bulkhead, bottom girders 
1.50 
or buttress structure 
ae At longitudinal bulkhead, bottom girders (except centre line 1.15 
Bottom longitudinal | girder) or buttress structure ' 
At centre line girder 1.30 
Intermediate position between above bottom positions Linear interpolation 
Mid position between lowest side stringer and deck at side 1.30 1.15 
Side longitudinals Lowest side stringer and deck at side 1.15 1.15 
Intermediate positions P Heat 1.15 
interpolation 
Other longitudinals 1.15 


Figure 3 : K, factor in full load condition for oil tanker with two longitudinal bulkheads 


1.15 


13 | y 
A 


1.15 


ele ee a 


4.2.5 Bulk carriers 


The additional hot spot stress due to relative displacement for load case i1 and i2 of loading condition (j) for a 
bulk carrier is to be calculated using finite element method as described in [4.2.6]. 


4.2.6 Stress due to relative displacement derived using FE method 


The following procedure is based on a cargo hold model complying with Ch 7, Sec 2, [2] to calculate the stress 
due to relative displacements. The stress due to relative displacements, in N/mm2, for load case i1 and i2 of 


“na” 


loading condition (j) for both locations “a” and “f” is to be calculated directly using the following expression: 


ae Ky Oarwa-a, irg) + Ko Saan—a, xg) for location “a” (k = 1,2) 
> KO | Re Oaewa-t mo t Ko Cire ayy. for location ”t” í 
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where: 
a, f : Suffix which denotes the location as indicated in Figure 4. 


Aft, Fwd: Suffix which denotes the direction, afterward (Aft) or forward (Fwd), from the transverse bulkhead. as 
shown in Figure 4. 


Kp : Stress concentration factor due to bending for the location ‘a’ or ‘f which may correspond to points 
‘A’ or ‘B’ as defined in Table 4. 


Oarwa-a,iki) Ouarta,ikj» Oarwa-rixi) Oaare icy Additional stress at location ‘a’ and ‘f, in N/mm?, due to the relative 
displacement between the transverse bulkhead including swash bulkhead or floors in way of stool 
and the forward (Fwd) and afterward (Aft) transverse web or floor respectively for load case i1 and i2 
of loading condition (j), taken as: 


Darri- ki = 3.98 ewe ik) El art—ns0 lFwd-nso (i= 1.15 Xoan ) 105 
Laft—n50 lewd (Care lewd —n50 T lewa laft—n50) Aft 

Gain [a an te eusao (as 1.15 Kear (BR Eta 10° 
Zaft —n50 latt (lar lewd -n50 + Lewa I aft—n50) Aft Linh tee 


‘ ik) El I PE - 
Oafwa-f, iki) 7 | 3.985 va, x Aftzn50 Fwd 780 (i= 1.15 Bea) Oå ai Ean ai 10° 


Zewa—n50 “ewa (Lart lewa + Lrwa lart-ns0) ° Fwd Lewd—n50 a, 
S = 3.98 are, ikg) Elan—ns0 lrwa—ns0 (2 1.15 Kerndl ) 10° 
dAft—f, iki) — =a 
Zrwa—nso fart (Lart lFwa-ns0 + Crwa lart-ns0) l Fwd 


Iewa-ns0 larenso. Net moment of inertia, in cm4, of forward (Fwd) and afterward (Aft) longitudinal. 
Zewa-nsor Zartnso. Net section modulus of forward (Fwd) and afterward (Aft) stiffener, in cm®. 
Crwa lae: Span, in m, of forward (Fwd) and afterward (Aft) longitudinal, as shown in Figure 4. 


Xerwar Xeart. Distance, in m, as shown in Figure 2, to the hot spot in location ‘a’ or ‘f from the closest end of Cpwq 
and fa, respectively. 


Orwa,ixg) Oatting: Relative displacement in the direction perpendicular to the attached plate, in mm, between the 
transverse bulkhead (including swash bulkhead or floor in way of stools) and the forward (Fwd) or 
afterward (Aft) transverse web (or floor) as shown in Figure 4. 


Figure 4 : Definition of the relative displacement (example of the side longitudinal) 


Transverse Transverse 


4.2.7 Stress due to relative displacement in still water 


The additional hot spot stress, in N/mm2, in still water, due to the relative displacement in the direction 
perpendicular to the attached plate between the transverse bulkhead including swash bulkhead or floor in way 
of stools and the adjacent transverse web or floor is to be obtained according to procedures of [4.2.4] and 
[4.2.5] for oil tankers and bulk carriers respectively, replacing dynamic local stress op and dynamic pressure 
with static local stress o,s and static pressure. 
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5 STRESS CONCENTRATION FACTORS 


5.1 Unsymmetrical stiffener 


5.1.1 


The stress concentration factor K,, for unsymmetrical flange of built-up and rolled angle stiffeners under lateral 
load, calculated at the web’s mid-thickness position, as shown in Figure 5, is to be taken as: 


ee as 
"140 By, 
where: 
3(1+ 1.) 
280 
4+ aL 
40 


7 log 4492 
t7 3 2( 4: Astr_nso S 
bs- nso g tr_nso ` Agtr—nso mo + a 


tw-n50 


2 
B = 1 — ZPe-nso for built-up profiles. 
f-n50 


tun "i 
B = 1-2 for rolled angle profiles. 
f-n50 


bgnso : Eccentricity of the stiffener equal to the distance from flange’s edge to web’s centreline, in mm, as 
shown in Figure 6. 


Denso : Net breadth of flange, in mm, as shown in Figure 6. 

tenso : Net flange thickness, in mm, as shown in Figure 6. 

Ngenso : Net stiffener height, including face plate, in mm, as shown in Figure 6. 
twnso : Net web thickness, in mm, as shown in Figure 6. 

Awnso : Net web’s height stiffener, in mm, as shown in Figure 6. 


tnnso : Net thickness of attached plating, in mm, as shown in Figure 6. 


A : Coefficient given as: 
heno tw-ns0 -3 
= 1 
Bacar, = 
Zn50 : Net section modulus, in cmê, of stiffener with an attached plating breadth equal to the stiffener 
spacing. 


Figure 5 : Bending stress in stiffener with symmetrical and unsymmetrical flange 
K, Onominal 


O, 


nominal 


Neutral Axis 
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5.1.2 Bulb profiles 


Figure 6 : Stiffener - net scantling 


For bulb profiles K, factor is to be calculated using the equivalent built-up profile as shown in Figure 7. The 
flange of the equivalent built-up profile is to have the same properties as the bulb flange, i.e. same cross 
sectional area and moment of inertia about the vertical axis and neutral axis position. 


For HP bulb profiles, examples of the equivalent built up profile dimensions are listed in Table 3. 


Figure 7 : Bulb profile and equivalent built-up profile 


Table 3 : HP equivalent built-up profile dimensions 


HP-bulb Equivalent built-up flange in gross thickness 
Height (mm) | Gross web thickness, t,,.,(mm) b;(mm) tigr (mm) bg(mm) 
200 9-13 twee + 24.5 22.9 (tw-gr + 0.9)/2 
220 9-13 tw-gr + 27.6 25.4 (twgr + 1.0)/2 
240 10 - 14 twee + 30.3 28.0 (twgr + 1.1)/2 
260 10 - 14 tw-gr + 33.0 30.6 (twee + 1.3)/2 
280 10 - 14 twee + 35.4 33.3 (tw-gr + 1.4)/2 
300 11 - 16 twee + 38.4 35.9 (tw-gr + 1.5)/2 
320 11 - 16 tw-gr + 41.0 38.5 (tw-gr + 1.6)/2 
340 12-17 twgr + 43.3 41.3 (tw-gr + 1.7)/2 
370 13 - 19 tw-gr + 47.5 45.2 (tw-gr + 1.9)/2 
400 14 - 19 tw-gr + 51.7 49.1 (tw-gr + 2.1)/2 
430 15 - 21 tye + 55.8 53.1 (twer + 2.3)/2 
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5.2 Longitudinal stiffener end connections 


5.2.1 


The stress concentration factors K, and K, are given in Table 4 for end connection of stiffeners subjected to 
axial and lateral loads. The values given in Table 4 for soft toe are valid provided the toe geometry complies 
with the requirements given in [5.2.5]. The stress concentration factor K, given for lateral loads are to be used 
also for stress due to relative displacements. 


5.2.2 Other connection types 
When connection types other than those given in Table 4 are proposed, the fatigue strength for the proposed 
connection type is to be assessed either by performing a very fine mesh FE analysis as described in Ch 9, Sec 
5 to obtain directly the hot spot stress, or by calculating the stress concentration factor using FE analysis 
according to [5.3]. 
5.2.3 Overlapped connection 
Overlapped connection types for longitudinal stiffeners, i.e. attachments welded to the web of the 
longitudinals, are not to be used in the cargo hold region. 
5.2.4 End stiffener without connection to web stiffener 
Where the web stiffener is omitted or not connected to the longitudinal flange in way of: 

e Side shell below 1.1 T,,. 

e Bottom. 

e Inner hull longitudinal bulkhead below 1.1 T,,. 

e Hopper. 

¢ Topside tank sloping plating below 1.1 T,,. 

e Inner bottom. 
the following is required: 

e Acomplete collar as defined in Figure 8 (i.e. connection type ID 31 of Table 4), or, 

e A detail design for cut-outs as described in Ch 9, Sec 6, [2.1]. 


Equivalence to cut-outs given in Ch 9, Sec 6, [2.1] may be accepted provided it is assessed for fatigue by using 
comparative FE analysis which is based on hot spot stress around the cut-out in the web plate of the primary 
supporting member inclusive of the collar, as given in Ch 9, Sec 6, [2.2]. 


Figure 8 : Complete collar 


Scallop, only in way 
of non-tight sections 
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: 5.2.5 Soft toe of web stiffener and backing bracket 

° The toe geometry end connection of web stiffener and backing bracket is to comply with the following: 

*  @<20 

bd hoe S Max (tokt-gr 15) 

: where: 

° 6 : Angle of the toe, in deg, as shown in Figure 9. 

. Nice : Height of the toe, in mm, as shown in Figure 9. 

è toktgr | Gross thickness of the bracket, in mm. 

° 5.2.6 Recommended detail designs 

s Recommended detail designs for longitudinal end connections with soft toes and backing brackets are given 

. in Figure 9. 

7 Figure 9 : Detail design for soft toes and backing brackets 

s R 2 2.0d 

7 R>0.75d 

s Max. 15 mm | | Max. 15 mm 

f ro | t 

° Min. d/2 Min. 1.5d 

A Recommended design of soft toes and backing bracket of pillar stiffeners 

P R2 2X/3 

ê R 2 400 mm 

- R > 300 mm 

. A 

e / 

e Max. Max. 
Ji — 1 \@<20° 8 < 20° TD = 
Pes i , Min. X/2 
Oo : Xx Min. 300 mm 
Ea 3s 
O e 
W 5 
(7p) e 
D : 

Œ : 
L 
= 4 
a : 
<q: 
IL e 
O : 

e Height of soft toe: 

nd max. 15 mm or not to 
<< Š exceed the thickness 
=- ° of the bracket 
X e 
<x : 
ae . Recommended alternative design of soft toes of tripping brackets 
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Point ‘A’ Point ‘B’ 
ID Connection type 2) 
Ka K, Ka K, 
1.28 1.40 1.28 
for d < 150 for d < 150 for d < 150 
19 1.36 for 1.50 for 1.36 for 1.60 
150 <d< 250 | 150 < d < 250 | 150 < d < 250 
1.45 1.60 1.45 
for d > 250 for d > 250 for d > 250 
Ma 
1.28 1.40 1.14 
F for d < 150 for d < 150 for d < 150 
20 1.36 for 1.50 for 1.24 for 1.27 
150 < d <250 | 150 < d < 250 | 150 < d < 250 
1.45 1.60 1.34 
for d > 250 for d > 250 for d > 250 
3 1.28 1.34 1.52 1.67 
4 1.28 1.34 1.34 1.34 
5 KO 1.28 1.34 1.28 1.34 
=A a 
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Bai Point ‘A’ Point ‘B’ 
ID c tion t 
onnection type K, K, K, K, 
21 1.34 1.34 1.52 1.67 
22 1.34 1.34 1.34 1.34 
23 1.34 1.34 1.28 1.34 
A? () `> 
24 1.34 1.34 1.52 1.67 
A AO N B 
1.28 1.40 1.14 1.25 
ä for d < 150 for d < 150 for d < 150 for d < 150 
25 ~~) la 1.36 for 1.50 for 1.24 for 1.36 for 
(a) 150 <d<250 | 150 <d < 250 | 150<d<250 | 150 < d < 250 
a|) A B 1.45 1.60 1.34 1.47 
for d > 250 for d > 250 for d > 250 ford > 250 
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Point ‘A’ Point ‘B’ 
ID Connection type 2) 
K, K, K, K, 

314 1.34 1.47 1.34 1.47 

rT 
32 
(4)(5) 1.34 1.14 N/A N/A 
(6) 

(1) The attachment length d, in mm, is defined as the length of the welded attachment on the longitudinal stiffener flange 
without deduction of scallop. 

(2) Where the longitudinal stiffener is a flat bar and there is a web stiffener/bracket welded to the flat bar stiffener, the stress 
concentration factor listed in the table is to be multiplied by a factor of 1.12. This also applies to unsymmetrical profiles 
where there is less than 8 mm clearance between the edge of the stiffener flange and the attachment, e.g. bulb or angle 
profiles where the clearance of 8 mm cannot be achieved. 

(3) Designs with overlapped connection / attachments, see [5.2.3]. 

(4) ID. 31 and 32 refer to details where web stiffeners are omitted or not connected to the longitudinal stiffener flange. See 
[5.2.4] 

(5) For connection type ID. 32 with no collar and/or web plate welded to the flange, the stress concentration factors provided in 
this table are to be used irrespective of slot configuration. 

(6) The fatigue assessment point ‘A’ is located at the connection between the stiffener web and the transverse web frame or lug 
plate. 


5.3 Alternative design 


5.3.1 


Upon agreement by the Society, the geometrical stress concentration factors for alternative designs are to be 
calculated by a very fine mesh FE analysis according to the requirements given in Ch 9, Sec 5. Additional 
requirements for derivation of geometrical stress concentration factors for stiffener end connections using 


very fine mesh FE analysis are given below: 


a) FE model extent: the FE model, as shown in Figure 10, is to cover at least four web frame spacings in 
the longitudinal stiffener direction with the detail to be considered located at the middle frame. The 
same type of end connection is to be modelled at all the web frames. In the transverse direction, the 
model may be limited to one stiffener spacing. 


b) Load application: in general, two loading cases are to be considered: 


Axial loading by enforced displacement applied to the model ends and 


Lateral loading by unit pressure load applied to the shell plating. 


c) Boundary conditions: 


Symmetry conditions are applied along the longitudinal cut of the plate flange, along transverse 


and vertical cuts on web frames and on top of the web stiffener. 
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e For lateral pressure loading: the model is to be fixed in all degrees of freedom at both forward 
and aft ends. 


¢ For axial loading: the model is to be fixed for displacement in the longitudinal direction at the aft 
end of the model while enforced axial displacement is applied at the forward end, or vice versa. 


d) FE mesh density: At the location of the hot spots under consideration, the element size is to be in the 
order of the thickness of the stiffener flange. In the remaining part of the model, the element size is to 
be in the order of s/10, where s is the stiffener spacing. 


Figure 10 : Fine mesh finite element model for derivation of geometrical stress concentration factor 


tert 


For the 2 loading cases specified above, the stress concentration factors are determined as follows: 
e For the axial loading case: 
K. = Steen 
O Nomax 
e For the bending loading case: 
K, = O HsBa 
O NomBa 
Oasa  : Hot spot stress, in N/mm?, determined at the stiffener flange for the axial load. 


GOnomax : Nominal axial stress, in N/mm?, calculated at the stiffener flange according to [3.1] for the axial load 
applied for the FE calculation. 


Onsga : Hot spot stress, in N/mm?, determined at the stiffener flange for the unit pressure load. 


Onomea : Nominal bending stress, in N/mm?, calculated at the stiffener flange according to [4.1] in way of the 
hot spot for the unit pressure load applied for the FE calculation. 


The derivation of geometrical stress concentration factors for alternative designs is to be documented and 
provided to the Society. 
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SECTION 5 
FINITE ELEMENT STRESS ANALYSIS 


1 GENERAL 


1.1 Applicability 


1.1.1 


This section applies to fatigue assessment by finite element stress analysis. The methods are based on the hot 
spot stress approach and requirements are given for both welded and non-welded hot spots. The hot spot 
stress takes into account structural discontinuities due to the structural detail of the welded joint, but not 
taking into account the notch effect at the weld toe. 


1.1.2 


The hot spot stress is generally highly dependent on the finite element model used for representation of the 
structure and the procedure used to calculate the hot spot stress. No other methods than those described in 
this Section is to be adopted for calculation of FE based hot spot stress. 


1.1.3 


Two types of hot spots, denoted ‘a’ and ‘b’ are described in Table 1. These are defined according to their 
location on the plate and their orientation to the weld toe as illustrated in Figure 1. 


Table 1 : Types of hot spots 


Type Description 
a Hot spot at the weld toe on plate surface 
b Hot spot at the weld toe around the plate edge 


Figure 1 : Types of hot spots 


1.1.4 


The method for calculation of hot spot stress at weld toe for any welded details is given in [3.1] except for web- 
stiffened cruciform joints. The method for calculation of local stress for non-welded area is given in [3.2]. 
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1.1.5 


The method for calculation of hot spot stress at web-stiffened cruciform joints such as hopper knuckle 
connection, transverse bulkhead lower stool to inner bottom connection and horizontal stringer heel is given in 
[4]. 


1.1.6 


Attention is to be given to limitations of the hot spot stress methodology for simple connections given in [5]. 


2 FE MODELLING 


2.1 General 


2.1.1 


Evaluation of hot spot stresses for fatigue assessment requires the use of very fine finite element meshes in 
way of areas of high stress concentration. These very fine mesh zones may be incorporated into the global 
model as shown in Figure 2. The coarse mesh model of the cargo holds is to be made according to Ch 7, Sec 2, 
[2.4]. Alternatively, this very fine mesh analysis can be carried out by means of separate local finite element 
models with very fine mesh zones in conjunction with the boundary conditions obtained from a global model of 
the cargo holds. Typical local finite element models of a hopper knuckle with very fine mesh are shown in 
Figure 3, Figure 4, and Figure 5. 


2.1.2 Corrosion model 


The very fine mesh finite element models used for fatigue assessment are to be made using net thickness, 
taso, in accordance with Ch 9, Sec 1, [5.1]. 


2.1.3 Separate local FE model 


Where a separate local finite element model is used, the extent of the local model is to be such that the 
calculated stresses are not significantly affected by the imposed boundary conditions and application of loads. 
The boundary of the fine mesh model is to be taken at adjacent primary supporting members such as girders, 
stringers and floors in the cargo hold model as far as practicable. Transverse web frames, stringer plates and 
girders at the boundaries of the local model need not be represented in the local model. 


2.1.4 


The evaluation of hot spot stress for ‘a’ type hot spot is to be based on shell element of mesh size tyso X thso, 
where tso is the net thickness of the plate in way of the considered hot spot. The evaluation of hot spot stress 
for a ‘b’ type hot spot is to be based on shell element of mesh size 10x10 mm. The aforementioned mesh size 
is to be maintained within the very fine mesh zone, extending over at least 10 elements in all directions from 
the fatigue hot spot position. The transition of element size between the coarser mesh and the very fine mesh 
zone is to be done gradually and an acceptable mesh quality is to be maintained. This transition mesh is to be 
such that a uniform mesh with regular shape gradually transitions from smaller elements to larger ones. An 
example of the mesh transition in way of the side frame bracket toe is shown in Figure 6. 


2.1.5 


Four-node shell elements with adequate bending and membrane properties are to be used inside the very fine 
mesh zone. The four node element is to have a complete linear field of in-plane stresses and hence pure in- 
plane bending of the element can be exactly represented. In case of steep stress gradients, 8 node thin shell 
elements are to be used if deemed practical. The shell elements are to represent the mid plane of the plating. 
For practical purposes, adjoining plates of different thickness may be assumed to be median line aligned, i.e. 
no staggering in way of thickness change is required. The geometry of the weld and construction misalignment 
is not required to be modelled. 
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2.1.6 


All structure in close proximity to the very fine mesh zones is to be modelled explicitly with shell elements. 
Triangular elements are to be avoided where possible. Use of extreme aspect ratio (e.g. aspect ratio greater 
than 3) and distorted elements (e.g. element’s corner angle less than 60 deg or greater than 120 deg) are to 
be avoided. 


2.1.7 


Where stresses are to be evaluated on a free edge, such as cut-outs for stiffener connections at web frames, 
edge of plating and hatch corners, beam elements having the same depth as the adjoining plate thickness 
and negligible width is to be used to obtain the required local edge stress values. 


2.2 Hopper knuckle welded connection 


2.2.1 

In addition to the general requirements in [2.1], the modelling requirements in this sub-article are applicable 
to the modelling of bilge hopper lower-knuckle and upper-knuckle welded connections. 

2.2.2 


Where a separate local finite element model is used, the minimum extent of the local model is to be according 
to the following: 


a) Longitudinally, the model is to cover two web frame spaces (i.e. one web frame space extending either 
side of the transverse web frame of interest). Transverse web frames at the end of the local model need 
not be represented in the local model. 


2 


Vertically, the model is to extend from the baseline to the lower stringer in the double side water ballast 
tank for tankers and double skin bulk carriers. For single skin bulk carriers, the model is to extend from 
the baseline to the top of the hopper ballast tank. Where a fatigue assessment is also carried out for 
the upper knuckle connection, the model is to be extended to four longitudinal spaces above the lower 
stringer in the double side ballast tank. 


O 
wa 


Transversely, for the hopper lower knuckle, the model is to extend from the ship side to 4 longitudinal 
spaces inboard of the double bottom side girder. For the upper hopper knuckle, the model is to extend 
from the ship side to the double bottom side girder. 


2.2.3 


Any scarfing brackets on the web frame adjoining the inner bottom plating, the first longitudinal stiffeners 
away from the knuckle hot spot as well as any carlings and brackets offset from the main frames are to be 
modelled explicitly using shell elements. Longitudinal stiffeners further away from the knuckle may be 
modelled by beam elements. The inner bottom plate ‘overhang’ outboard of the girder is to be modelled using 
shell elements up to the extent of the scarfing bracket. Away from the scarfing bracket in longitudinal direction, 
the inner bottom plate ‘overhang’ may be modelled using line elements of equivalent the area. Any 
perforations, such as cut-outs for cabling, pipes and access that are within one stiffener space from the 
knuckle point are to be modelled explicitly. 


2.2.4 


Figure 3, Figure 4 and Figure 5 show typical local finite element models of the hopper knuckle connection and 
close-up views of the tso X taso Mesh zone. 


2.3 Horizontal stringer heel connection 


2.3.1 


In addition to the general requirements in [2.1], the modelling requirements in this sub-article are applicable 
to the modelling of horizontal stringer heel connections. 
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2.3.2 


Where a separate local finite element model is used, the minimum extent of the local model is to be according 
to the following: 


a) Longitudinally, the model is to cover one web frame space away from the stringer heel to at least one 
web frame space ahead of the stringer toe. Transverse web frames at the end of the local model need 
not be represented in the local model. 


b) Vertically, the model is to extend at least to the next stringer level above and below the concerned 
stringer heel location. 


c) Transversely, the model is to extend from the ship side to a half of the tank width in case of a stringer 
heel located at the inner hull longitudinal bulkhead. In case of stringer heel located at other longitudinal 
bulkheads the model is to extend transversely up to half the tank width on either side of the concerned 
stringer heel. 


2.3.3 


Shell elements are to be used for modelling the stringer heel connection and adjacent stiffeners. The first 
longitudinal and vertical stiffeners away from the heel hot spot are to be modelled explicitly using shell 
elements. Longitudinal and vertical stiffeners further away from the hot spot may be modelled by beam 
elements. Figure 7 shows a typical finite element model of the stringer heel connection with the very fine mesh 
zone having tso X taso mesh size. 


2.4 Lower stool - inner bottom connection 


2.4.1 

In addition to [2.1], the modelling requirements in this sub-article are applicable to the assessment of the 
connection between lower stool plate and inner bottom plate. 

2.4.2 

The minimum extent of the local model is as follows: 


a) Vertically, from the bottom shell to a level at least 2 m above the inner bottom or up to the connection of 
the corrugation to the upper shelf plate of the lower stool, whichever is greater. 


b) The local model is to be extended transversely to the nearest diaphragm web in the lower stool on each 
side of the fine mesh zone (i.e. to the adjacent double bottom girder). The end diaphragms need not be 
modelled. 


c) Longitudinally, the model is to cover one floor space aft of the aft lower stool - inner bottom connection 
and one floor space forward of the forward lower stool - inner bottom connection. 
2.4.3 


Diaphragm webs, brackets inside the lower stool and stiffeners on the stool plates are to be modelled at their 
actual positions within the extent of the local model. Shell elements are to be used for modelling of 
diaphragms and brackets. The first vertical or horizontal stiffeners on the lower stool plate and the first 
longitudinal stiffeners on the inner bottom are to be represented by shell elements, other stiffeners may be 
represented by beam elements. Figure 8 shows a typical finite element model of the lower stool - inner bottom 
connection with very fine mesh zone having taso X taso mesh size. 


2.5 Lower stool - corrugated bulkhead connection 


2.5.1 


In addition to [2.1], the modelling requirements in this sub-article are applicable to the assessment of the 
connection between lower stool plate and corrugated bulkhead. 
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2.5.2 
The minimum extent of the local model is as follows: 


a) Vertically, from the bottom of the lower stool to a level at least 2 m above the upper shelf plate of the 
lower stool. 


b) The local model is to be extended transversely to the nearest diaphragm web in the lower stool on each 
side of the fine mesh zone (i.e. to the adjacent double bottom girder). The end diaphragms need not be 
modelled. 


c) Longitudinally, the model is to cover one floor space aft of the aft lower stool - inner bottom connection 
and one floor space forward of the forward lower stool - inner bottom connection. 
2.5.3 


Diaphragm webs, brackets inside the lower stool and stiffeners on the stool plates are to be modelled at their 
actual positions within the extent of the local model. Shell elements are to be used for modelling of 
diaphragms, and bracket. The first vertical or horizontal stiffeners on the lower stool plate are to be 
represented by shell elements, other stiffeners may be represented by beam elements. Figure 9 shows a 
typical finite element model of the lower stool - corrugated bulkhead connection with very fine mesh zone 
having tnso X taso mesh size. 


2.6 Side frame bracket to hopper sloping plate connections 


2.6.1 

In addition to the general requirements in [2.1], the modelling requirements in this sub-article are applicable 
to the modelling of a side frame to hopper sloping plate bracket connections. 

2.6.2 


Shell elements are to be used for modelling the side frame bracket, hopper tank sloping plate and adjacent 
stiffeners. Figure 10 shows a typical finite element model of the side frame bracket to hopper sloping plate 
connection with the very fine mesh zone having tso x taso mesh size. 


2.6.3 


Where a separate local finite element model is used, the minimum extent of the local model is to be according 
to the following: 


a 


~~ 


Longitudinally, the model is to cover two web frame spaces (i.e. one web frame space extending either 
side of the bracket connection of interest). Transverse web frames at the end of the local model need 
not be represented in the local model. 


e 


Vertically, the model is to extend from the baseline to the bottom of the topside tank sloping plate. 


O 
~ 


Transversely, the model is to extend from the ship side to the adjacent double bottom side girder. 


2.7 Side frame bracket to the upper sloping / flat bottom wing tank connections 


2.7.1 


In addition to the general requirements in [2.1], the modelling requirements in this sub-article are applicable 
to the modelling of a side frame bracket to upper sloping/flat bottom wing tank connections. 


2.7.2 


Shell elements are to be used for modelling the side frame bracket, upper sloping or flat bottom plate and 
adjacent stiffeners. Figure 11 shows a typical finite element model of the side frame bracket to upper sloping 
wing tank with the very fine mesh zone having t,,59 X taso mesh size. 
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2.7.3 


Where a separate local finite element model is used, the minimum extent of the local model is to be according 
to the following: 


a) Longitudinally, the model is to cover two web frame spaces (i.e. one web frame space extending either 
side of the bracket connection of interest). Transverse web frames at the end of the local model need 
not be represented in the local model. 


b) Vertically, the model is to extend from the deck level to the top of the hopper sloping plate. 


c) Transversely, the model is to extend from the ship side to the end of upper sloping/flat bottom wing 
tank. 


2.8 Hatch corners and hatch coaming end bracket 


2.8.1 


In addition to the general requirements in [2.1], the modelling requirements in this sub-article are applicable 
to the modelling of hatch corners/hatch coaming end bracket. The selection of hatch corners / hatch coaming 
end bracket for fatigue analysis is to be determined based on the level of stresses obtained from the cargo 
hold FE analysis. 


2.8.2 
Where separate local finite element models are used, the model extents are to be according to the following: 
a) Transversely, over the half-breadth of the ship, 


b) Longitudinally, from the midpoint of the cargo hold in which the concerned hatch corners/hatch 
coaming end bracket is located to the adjacent cargo hold up to and including the full width of the cross 
deck nearest to the concerned hatch corners/hatch coaming end bracket. 


c) Vertically, from the top plate of coaming to the intersection of the topside tank sloping plate with the 
side or inner side shell. 


2.8.3 


The primary supporting members and coaming stays are to be represented by shell finite elements having 
both membrane and bending properties. Figure 12 shows a typical FE model of the toe connection of a 
longitudinal hatch coaming end bracket to the deck plating with the very fine mesh zone having tyso * taso 
mesh size. 


2.8.4 


The level of FE mesh refinement is to be such as to enable stress concentrations arising from the hatch corner 
geometry to be captured in the hot spot stress. The plate edge of hatch opening corners at the level of upper 
deck and cross deck structure is to be assessed. The free edge of hatch coaming end bracket and bracket toe 
welded connection to the deck plating are also to be assessed. Beam elements having the same depth as the 
adjoining plate thickness and negligible width are to be used at a plate edge of hatch opening corners or free 
edge of the hatch coaming end bracket to obtain the required local edge stress values as outlined in [2.1.7]. 


2.8.5 


The local structural geometry, particularly in the areas of concern, is to be represented. The hatch corner area 
is to be meshed using elements with a sufficiently small size to capture the local stress on the edge. In 
general, a minimum of 15 elements in a 90 degree arc are to be used to describe the curvature of the 
hatchway radius plating for a rounded corner (see Figure 13). For an elliptical or parabolic corner, a minimum 
of 15 elements are to be used from the inboard radius end to a point on the edge located at half the 
longitudinal distance of the semi- major axis. A total of 20 elements are to be used at the elliptical edge of the 
hatch corner (see Figure 14). However, the element edge dimensions along the free edge of the radius need 
not be less than the thickness of the plating being represented and also should not be greater than 5 times 
the thickness of the plating being represented. Except where necessary from practical meshing 
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considerations, this level of idealisation is to be maintained over the bracket plating and is to extend into the 


stringer plating, deck plating and coaming. Mesh transitions should not be arranged close to bracket toes. 


2.9 Boundary conditions 


2.9.1 Cargo hold model 


The boundary conditions to be applied to the ends of the cargo hold model are to be in accordance with Ch 7, 


Sec 2, [2.5]. 


2.9.2 Separate local finite element model 


Where a separate local finite element model is used for evaluating the hot spot stress range, the boundary 


conditions and application of loads are to be in accordance with Ch 7, Sec 3, [4.2]. 


gure 2 : Very fine mesh areas incorporated directly into the cargo hold model 
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Figure 3 : Local very fine mesh model (t,50 * tanso) of hopper knuckle connection between inner bottom and hopper plate 


Figure 4 : Local very fine mesh model (t,,59 * taso) of hopper knuckle connection between inner bottom, hopper plate, web frame, girder 
and bracket 
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Figure 5 : Local very fine mesh model (t,59 * taso) of upper hopper knuckle connection between inner side shell and hopper plate 
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Figure 7 : Finite element model of stringer heel connection 
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Figure 8 : Local FE model of lower stool connection between inner bottom and lower stool plate, t,,59 * taso mesh 
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Figure 9 : Local finite element model of lower stool - corrugated bulkhead connection between corrugated bulkhead and lower stool 


plate, t,.50 * taso mesh 
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Figure 10 : Local finite element model of side frame bracket, t„5o * t,59 mesh 
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Figure 11: Local FE model of upper side frame bracket, t,,5o * tanso mesh 
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Figure 12 : Local FE model of longitudinal hatch coaming end bracket to the deck plating with very fine mesh zone, t,,59 * taso mesh 
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Figure 13 : Mesh density for rounded hatch corner 
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Figure 14 : Mesh density for elliptical hatch corner 
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3 HOT SPOT STRESS FOR DETAILS DIFFERENT FROM WEB-STIFFENED 
CRUCIFORM JOINTS 


3.1 Welded details 


3.1.1 


For hot spot type ‘a’, the structural hot spot stress, Ops, is calculated from a finite element analysis with tpso X 
taso mesh density and is obtained by the following formula: 


Ops = 112-6 

where: 

oO : Surface principal stress, in N/mm?, read out at a distance t,59/2 away from the intersection line. 
tnso : Plate net thickness, in mm, in way of the weld toe. 


At structural details where the hot spot type ‘a’ is classified as a web-stiffened cruciform joint, the stress read 
out procedure of [4.2] is to be applied. 


For hot spot type ‘b’, the stress distribution is not dependent on the plate thickness; the structural hot spot 
stress, Oys, is derived from a finite element analysis with mesh density 10x10 mm and is obtained by the 
following formula: 


Ons = 112-6 

where: 

oO : Surface principal stress, in N/mm?, read out at an absolute distance from the intersection line of 
5mm. 


3.1.2 Stress read out methods 
Depending on the element type, one of the following stress read out method is to be used: 
e With 4-node shell element: 


Element surface stress components at the centre points are linearly extrapolated to the line A-A as 
shown in Figure 15 to determine the stress components for load case ‘i1’ and ‘i2’ at the stress read out 
point located at a distance t,<5,/2 from the intersection line for type 'a' hot spot. Two principal hot spot 
stress ranges are determined at the stress read out point from the stress components tensor 
differences (between load case ‘i1’ and ‘i2’) calculated from each side (side L, side R) of line A-A. The 
angle © between the direction x of the element co-ordinate system and the principal direction pX of the 
principal hot spot stress range co-ordinate system has to be determined. 


e With 8-node shell element: 


With a taso X taso element mesh using 8-node element type, the element mid-side node is located on the 
line A-A at a distance t,,5,/2 for type 'a' hot spots. This node coincides with the stress read out point. The 
element surface stress components for load case ‘i1’ and ‘i2’ can be used directly without extrapolation 
within each adjacent element located on each side (side L, side R) of the line A-A as illustrated in Figure 
16. Two principal hot spot stress ranges are determined at the stress read out point from the stress 
components tensor difference (between load case ‘i1’ and ‘i2’) calculated from each side of line A-A. 
The angle 8 between the direction x of the element coordinate system and the principal direction pX of 
the principal hot spot stress range coordinate system has to be determined. 


For fatigue assessment of type ‘b’ hot spots, a beam element is to be used to obtain the fatigue stress range. 
The stress range is to be based on axial and bending stress in the beam element. The beam element is to have 
the same depth as the connecting plate thickness while the in-plane width is negligible. 
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Figure 15 : Determination of stress read out points and hot spot stress for 4-node element 
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Figure 16 : Determination of stress read out points and hot spot stress for 8-node element 
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3.1.3 


The above read out procedure is based on element surface stresses. Generally, in FE software the element 
stresses are calculated at the Gaussian integration points located inside the element. Depending on the 
element type implemented in the FE software, it may be necessary to perform several interpolations in order to 
determine the actual stress at the considered stress read out point at the surface of the element mid-point or 
element edge. 


3.2 Base material 


3.2.1 


For fatigue assessment at a free plate edge, a beam element is to be used to obtain the fatigue stress range. 
The beam element is to have the same depth as the connecting plate thickness while the in-plane width 


should be negligible. 


3.3 Bent hopper knuckle 


3.3.1 


The hot spot stress at the inner bottom/hopper sloping plate in transverse and longitudinal directions (i.e. hot 
spots 1, 2 and 3 defined in Ch 9, Sec 2, Table 5) of a bent hopper knuckle is to be taken as the surface 
principal stress read out from a point shifted away from the intersection line between the considered member 
and abutting member by the weld leg length. 


The hot spot stress, in N/mm?, is obtained by the following formula: 


Ops = Osnitt 
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where: 


Osni  : Surface principal stress, in N/mm?, at the shifted read out position as defined in [4.2.1] and taken 
as: 


Osnitt = O membrane (Xsnitt) + Obending (Xsnitt) 
Openaing (Xsnin): Bending stress, in N/mm?, at Xsnir position. 


Omembrane(Xsnirt): Membrane stress at Xni position, in N/mm?. 


3.3.2 


The procedure for calculation of hot spot stress at flange such as inner bottom /hopper sloping plate is the 
same that for web-stiffened cruciform joints as described in [4.2.1]. The procedure that applies for hot spots 
on the ballast tank side of the inner bottom/hopper plate in way of a bent hopper knuckle is in principal the 
same as that applied on the cargo tank side of the inner bottom plate for welded knuckle in Figure 18 and 
Figure 19. The intersection line is taken at the mid-thickness of the joint assuming median alignment. The 
plate angle correction factor and the reduction of bending stress as applied for a web-stiffened cruciform joint 
in [4.2.2] are not to be applied for the bent hopper knuckle type. 


3.3.3 


The stress at hot spots located in way of the web such as transverse web and side girder (i.e. hot spots 4, 5 
and 6 defined in Ch 9, Sec 2, Table 5) at a bent hopper knuckle type is to be derived as described for web- 


stiffened cruciform joints in [4.3.1]. 


4 HOT SPOT STRESS FOR WEB-STIFFENED CRUCIFORM JOINT 


4.1 = Applicability 


4.1.1 


Among the structural details to be assessed listed in Ch 9, Sec 2, Table 3 the following structural details are 
considered as a web-stiffened cruciform joint: 


a) Welded hopper knuckle connection, shown in Figure 17. 
b) Heel of horizontal stringer, shown in Figure 17. 
c) Lower stool - inner bottom connection. 
Two kinds of hot spots relative to the web-stiffened cruciform joints are to be assessed: 
e Hotspots at the flange of web-stiffened cruciform joint, 


e Hot spots in way of the web of web-stiffened cruciform joint. 


4.1.2 


The procedure for calculating hot spot stress at flange of web-stiffened cruciform joint is given in [4.2]. 


4.1.3 


The procedure for calculating hot spot stress in way of the web of the web-stiffened cruciform joint is given in 
[4.3]. 
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Figure 17 : Web-stiffened cruciform joints 
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4.2 Calculation of hot spot stress at the flange 


4.2.1 


For hot spot at the flange of web-stiffened cruciform joints, the surface principal stress is to be read out from a 
point shifted away from the intersection line between the considered member and abutting member to the 
position of the actual weld toe and multiplied by 1.12. The intersection line is taken at the mid-thickness of the 
cruciform joint assuming a median alignment. 


The hot spot stress, in N/mm2, is to be obtained as: 

Ons = 1.12 Oshin 

where: 

Osni  : Surface principal stress, in N/mm, at shifted stress read out position. 


The stress read out point shifted away from the intersection line is obtained as: 


t1_ns0 
Xshnit = — am t Xw 


where: 
tinso : Net plate thickness of the plate number 1, in mm, as shown in Figure 18 


Xwt : Extended fillet weld leg length, in mm, as defined in Figure 18, not taken larger than tinso/2. 


4.2.2 
The stress at the shifted position is derived according to the following formula and illustrated in Figure 19: 
Osnitt = [Omembrane (Xsnitt) + 0-60 - Openaing (Xsnitt) | - B 
where: 
Openaing (Xsnin):Bending stress, in N/mm?, at the shifted position taken as: 
Obenaing (Xsnift) = Osurface (Xsnitt) — Omembrane (Xsnift) 
OzurfacelXsnitt) : Total surface stress at X,nņn position (including membrane stress and bending stress), in N/mm?. 


Omembrane(Xsnir): Membrane stress at Xsnin position, in N/mm?. 


B : Plate angle hot spot stress correction factor, taken as: 
e Fora=135°: 
x x 2 
B = 0.96-0.13 —* + 0.20 (=) 
ti-ns0 ti-ns0 


e Fora=120°: 


2 
B = 0.97 -0.14  +0,32 (=) 
ti-n50 


ti-n50 
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e Fora=90°: 


2 
B = 0.96 +0.031 —“ + 0.24 ( Xut ) 


1-n50 1-n50 
a : Angle, in deg, between the plates forming a web-stiffened cruciform joint as shown in Figure 19. 


Correction factors for connections with plate angles intermediate to those given should be derived based on a 
linear interpolation of the above values. The calculated hot spot stress is to be used in conjunction with the hot 
spot S-N curve for weld toe connections according to Ch 9, Sec 3, [4.2]. 


Figure 18 : Geometrical parameters of web-stiffened cruciform connections 


Figure 19 : Procedure for calculation of hot spot stress at web-stiffened cruciform connections 


Linear interpolation 


a a 


Intersection line 


Shell FE model 


x Average of stress components 


+ Element midpoint surface stress 


O Stress readout point at X n: Ognin 


shift" 


4.2.3 


Surface principal stresses at the centre point of the two first elements on left and right side of the line A-A are 
averaged and taken as the surface principal stresses in way of the web position (line A-A). The surface 
principal stresses for load case ‘i1’ and ‘i2’ are linearly interpolated along the line A-A in order to determine hot 
spot principal stresses at the stress read out point located at the x,,i¢ position as shown in Figure 20. The two 
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4.3 Calculation of hot spot stress in the web 


4.3.1 


Hot spots located in way of the web as indicated in Figure 21 are to be checked with the hot spot stress 
defined from the maximum principal surface stress at the intersection offset by the distance x,,i, from the 
vertical and horizontal element intersection lines as illustrated in Figure 21. The intersection line is taken at 
the mid thickness of the cruciform joint assuming a median alignment. The hot spot stress, in N/mm?, is to be 
obtained as: 


Ons = Osnitt 
where: 
Oshin  : Maximum principal surface stress, in N/mm2?, at the intersection offset by the distance Xsnite 


The stress read out point at the intersection offset is obtained as: 


t3_n50 


Xshitt = t+ Xwe 


t3n5q0  : Net plate thickness of the web, in mm, as shown in Figure 21 
We : Extended fillet weld leg length, in mm, , taken as: 
Xwt = MIN (Liegi Ciega) 


Legt lieg2: Leg length, in mm, of the vertical and horizontal weld lines as shown in Figure 21. 


Figure 21 : Hot spots in way of web 


Element intersection lines 


Stess read out position 
for hot spot stresses 


Net thickness 


of web: t,,50 
ji 


Xw = min (Cagis Liga) 


5 LIMITATIONS OF HOT SPOT STRESS APPROACH 


5.1 Scope of application of hot spot stress approach 
5.1.1 


The hot spot stress approach given in Ch 9, Sec 1, [2.3.1] is not applicable for simple cruciform joints and 
simple T-joints when the stress flow in direction | as shown in Figure 22 is considered. For stresses in the 
direction normal to the weld at hot spot location “c” (direction |) there is no stress flow into the transverse 
plating as it is represented only by one plane in the shell model. However, it attracts stresses for in-plane 


“a” 


direction (direction Il) at hot spot location “a”. 


In situations where a bracket is fitted behind the transverse plate as shown in Figure 1, acting with stiffness in 
the direction normal to the transverse plate, stresses flow also into the transverse plate and the hot spot 
methodology is considered applicable. 
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5.1.2 


The hot spot stress at position ‘c’ for simple cruciform joints and simple T-joints is to be determined by the 
stress read out procedure given in [3.1] multiplied by a geometrical stress concentration factor of 1.3 and is 
taken as: 


Ops = 1.3- 1.120 


Figure 22 : Illustration of check points in way of a welded attachment under orthogonal applied in plane loads 


6 SCREENING FATIGUE ASSESSMENT 


6.1 Screening procedure 
6.1.1 Assumptions 
The screening fatigue procedure is based on: 


e Screening hot spot stress obtained by multiplying the stresses calculated from fine mesh analysis 
according to Ch 7, Sec 3 by the stress magnification factor of the considered structural detail. 


e Mean stress effect and thickness effect are used according to Ch 9, Sec 3, [3.2] and Ch 9, Sec 3, [3.3]. 


6.1.2 Procedure 
The screening fatigue procedure includes the following three phases: 
a) Phase 1: Calculation of fatigue stress. 


e Stresses are calculated at the stress read out point from the fine mesh element analysis with 
elements size of 50 x 50 mm, according to Ch 7, Sec 3 for all fatigue load cases defined in Ch 9, 
Sec 1, [7], for all loading conditions. Stresses to be used are element average membrane 
components stress defined in [6.2.3]. 


e Hot- spot surface stress components are calculated for each load case ‘ii’ and ‘i2’ from the 
stresses multiplied by the stress magnification factor n, taken as: 


° Ons, i16) = N Os, i10) 
e 


Ous, i26) = N Os, i20) 


e Hot spot principal surface stress ranges are the difference of hot spot stress components 
obtained for each load case ‘i1’ and ‘i2’. 


e Fatigue stress ranges for welded joints are determined from hot spot principal surface stress 
ranges with correction factor for mean stress and thickness effect. 


where: 


Os ig) + Stress calculated from the fine mesh analysis in load case ‘i1’ of loading condition (j) defined 


in [6.2]. 
Os, i2) : Stress calculated from the fine mesh analysis in load case ‘i2’ of loading condition (j) defined 
in [6.2]. 
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n : Stress magnification factor given in Table 2. 


b) Phase 2: Selection of S-N curve. 


IACS 


The S-N curve D defined in Ch 9, Sec 3, [4] is to be used with the fatigue stress range of weld toe in 
screening fatigue procedure. 


c) Phase 3: Calculation of fatigue damage and fatigue life according to [6.1.3]. 


Table 2 : Stress magnification factor 


Ship type Structural details category Stress magnification factor, 7 
Toe of stringer 2.45 
Oil tanker 
Bracket toe of transverse web frame 1.65 
2.10 for FA ® 
Lower hopper knuckle 
2.00 for EAM 
. Lower stool - inner bottom 
Bulk carrier | gor knuckle angle = 90 deg) 1a 
Lower stool - inner bottom 1.45 for FA ® 
(for knuckle angle > 90 deg) 1.75 for EA® 
(1) FA and EA mean full and empty cargo hold in alternate loading condition respectively. 


6.1.3 Screening fatigue criteria 


The total fatigue damage and the fatigue life of screened details are to comply with the criteria given in 


Ch 9, Sec 3, [2]. 


Structural details that do not comply with the acceptance criteria are to be checked with respect to fatigue 
strength using a very fine mesh finite element analysis as described in Ch 9, Sec 5. 


6.2 Stress read out procedure 


6.2.1 Bracket toe 


For bracket toe, the stress read out point is located at a 50 mm distance away from the bracket toe as shown 


in Figure 23. 


Figure 23 : Stress read out point at bracket toe 
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Element midpoint membrane stress 
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6.2.2 Knuckle detail 


For the lower hopper knuckle and for the connection between transverse bulkhead lower stool and inner 
bottom, the stress read out point is located at a 50 mm distance away from the knuckle line (i.e. model 
intersection line) as shown in Figure 24. 


Figure 24 : Stress read out point of knuckle detail 


+ Element midpoint membrane stress Stress read out point 


6.2.3 Read out point stress 


The average of membrane stress components at the centre of four elements, modelled with elements size of 
50 x 50 mm connected to the stress read out point (or node) can be used as read out point stress. 


When the element size is less than 50 x 50 mm, the stress of read out point can be derived using elements in 
an equivalent area as shown in Figure 25. 


Figure 25 : Equivalent area for element size less than 50 x 50 mm 


Hot spot 


X Read cut point. Located at the centre of equivalent area 


WY Equivalent area 


-+ Element midpoint in equivalent area 
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SECTION 6 
DETAIL DESIGN STANDARD 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 
1 GENERAL 


1.1 Purpose 


1.1.1 


Design standard provides fatigue resistant detail design at an early stage in the structural design process by 
giving consideration to the following aspects: 


e Application of fatigue design principles. 
e Construction tolerances and other practical considerations. 


e In-service experience and fatigue performance. 


1.1.2 
The design standard is to be applied to the design of ship structural details in following steps: 
e Highlighting potential critical areas within the ship structure. 
e Identification of the fatigue hot spot locations for each of the critical structural details. 
e Provision of a set of alternative improved configurations from which a suitable solution can be selected. 


e Requirements on geometrical configurations, scantlings, welding requirements and construction 
tolerances. 


e Post fabrication method of improving fatigue life, such as weld toe grinding. 


1.2 Application 


1.2.1 
The structural details described in this section are to be designed according to the given design standard but 
alternative detail design configurations may be accepted subject to demonstration of satisfactory fatigue 


performance. 


For the details given in Ch 9, Sec 2, Table 3, the fatigue assessment by very fine mesh finite element analysis 
may be omitted if the detail is designed in accordance with the design standard given in this section. 
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2 STIFFENER-FRAME CONNECTIONS 


2.1 Design standard A 


2.1.1 


Designs for cut outs in cases where web stiffeners are omitted or not connected to the longitudinals are 
required to adopt tight collar or the improved design standard “A” as shown in Table 1 or equivalent, for the 
following members: 


e Side shell below 1.1T,,. 

e Bottom. 

e Inner hull longitudinal bulkhead below 1.1T,,. 
e Topside tank sloping plating below 1.1T,,. 

e Hopper. 


e Inner bottom. 


2.1.2 


Designs that are different from those shown in Table 1 are acceptable subject to demonstration of satisfactory 
fatigue performance, e.g. by using comparative finite element analysis. The comparative FE analysis is to be 
performed following the modelling guidance given in Figure 1. 


Figure 1 : Finite element model for verification of equivalent design 


N 
NS 
WS 


os 


2.2 Equivalent design of stiffener-frame connections 


2.2.1 


If the required designs for stiffener-frame connections in [2.1] are not followed, the alternative design is to be 
verified to have equivalent fatigue strength to the design standard “A” or to be verified to have satisfactory 
fatigue performance. The alternative design is to be verified according to the procedure given in [2.2.2] to 
[2.2.5] and documentation of results is to be submitted to the Society. 


2.2.2 


The procedure of [2.2.3] and [2.2.4] is provided to verify the alternative design to have equivalent fatigue 
strength with respect to any position in the transverse ring, i.e. double bottom and double side. The hot spot 
stress of the alternative design and that of the required design is to be compared to the critical hot spots in 
way of the cut-out. The critical hot spots depend on the detail design and are to be selected in agreement with 
the Society. The hot spot stress is to be derived according to Ch 9, Sec 5, [3.1] and Ch 9, Sec 5, [3.2]. It is to be 
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noted that welded hot spots at the free edge are classified as hot spot type “b”. Example of typical hot spots 


for checking is shown in Ch 9, Sec 2, [2]. 


Table 1 : Design standard A - stiffener-frame connection 


Cut outs for longitudinals in transverse webs where web stiffeners 
are omitted or not connected to the longitudinal flange 


Design standard A 


Plate of same 
thickness 


Plate of same 
thickness 


greater. 


Note 1: Soft toes marked ‘*’ are to be dimensioned to suit the weld leg length such that smooth transition from the weld to the 
curved part can be achieved. Maximum 15 mm or thickness of transverse web/collar plates/lug plates whichever is the 


Note 2: Configurations 1 and 4 indicate acceptable lapped lug plate connections. 


Critical location 


Locations around cut-out with high stress concentration and locations in way 
of weld terminations. 


Detail design standard 


Improved slot shape to avoid high stress concentrations in transverse webs 
due to shear loads and local pressure loads transmitted via welded joints. 


Building tolerances 


Ensure alignment of all connecting members and accurate dimensional 
control of cut-outs according to IACS Recommendation No. 47. 


Welding requirements 
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A wraparound weld, free of undercut or notches, around the transverse web 
connection to longitudinal stiffener web. 
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2.2.3 


The very fine mesh finite element models are made to analyse the behaviour in way of double side or double 
bottom. The models should have an extent of 3 stiffeners in cross section, i.e. 4 stiffener spacings, and the 
longitudinal extent is to be one half frame spacing in both forward and aft direction. A typical model is shown in 
Figure 1. No cut-outs for access openings are to be included in the models. Connection between the lug or the 
web-frame to the longitudinal stiffener web, connections of the lug to the web-frame and free edges on lugs 
and cut-outs in web-frame are to be modelled with elements of net plate thickness size (taso * taso). The mesh 
with net plate thickness size should extend at least five elements in all directions. Outside this area, the mesh 
size may gradually be increased in accordance with the requirements in Ch 9, Sec 5, [2]. The eccentricity of 
the lapped lug plates is to be included in the model. Transverse web and lug plates are to be connected by 
eccentricity elements (transverse plate elements). The height of eccentricity element is to be the distance 
between mid-layers of transverse web and lug plates having a thickness equal to 2 times the net thickness of 
web-frame plate t,,59. Eccentricity elements representing fillet welds are shown in Figure 2. 


Figure 2 : Modelling of eccentric lug plate by shell elements 


<— Lug plate 


t 
> a 
= IN Shell elements 
B 
æ— Fillet weld 
A 
Ly 
Section A 
enlarged 


2.2.4 
Three load cases are to be applied to the models of the design standard and alternative designs: 
e External pressure of unit value, fixed boundary conditions at top and bottom of model. 


e Shear stress by prescribed unit displacement at the model top and fixed boundary conditions at the 
model bottom. 


e Axial load by prescribed unit displacement at the model top and fixed boundary conditions at the model 
bottom. 


The forward and aft part of the model should have symmetry condition describing the behaviour in a double 
hull structure. Load application and boundary conditions are provided in Figure 3. 


2.2.5 


The alternative design may also be verified to have satisfactory fatigue performance using sub-modelling 
technique where a very fine mesh model of the alternative design located at the actual position of the 
stiffener-frame connection is analysed. The alternative design is considered acceptable if the fatigue 
acceptance criterion of Ch 9, Sec 1 is achieved. The fatigue acceptance criterion is checked by applying the 
methodology described in Ch 9, Sec 1, Ch 9, Sec 3 and Ch 9, Sec 5. The alternative design is considered 
acceptable only for the particular position where it is analysed. 


Figure 3 : Load application and boundary conditions - FE model for verification of alternative design 


HHHH 


Prescribed 
displacement in 
vertical direction 


Prescribed 
displacement 
transverse direction 


Zero displacement in 
vertical direction 
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3 = SCALLOPS IN WAY OF BLOCK JOINTS 


3.1 Design standard B 


3.1.1 


Scallops in way of block joints in the cargo tank/hold region, located on the stiffeners fitted on strength deck, 
and side above 0.9 D from the baseline, are required to be designed according to the design standard B as 
shown in Table 2. 


4 HOPPER KNUCKLE CONNECTION 


4.1 Design standard C to H 


4.1.1 


The welded knuckle between hopper plating and inner bottom plating for double-hull oil tankers is to be 
designed according to the design standard C in Table 3. The design standard D in Table 4 may be used as an 
alternative to increase fatigue strength at the hopper connection. 


4.1.2 


The welded knuckle between hopper plating and inner bottom plating for bulk carriers is to be designed 
according to the design standard E in Table 5. 


4.1.3 
The radiused knuckle between hopper plating and inner bottom plating is to be designed according to the 
design standard F in Table 6 for double hull oil tankers. 


Alternative structural arrangements may be accepted based on verification in accordance with Ch 9, Sec 5, 
[3.3]. 


4.1.4 


The radiused knuckle between hopper plating and inner bottom plating for bulk carriers is to be designed 
according to the design standard G in Table 7. 


4.1.5 
The radiused knuckle between hopper plating and inner side plating for oil tankers and double side bulk 
carriers is to be designed according to the design standard H in Table 8. 


4.1.6 

In general, the prescribed minimum requirements for welding, weld dressing and building tolerances as given 
in Table 3 to Table 8 are to be followed. Alternative positioning and/or dispensation of some support structure, 
such as transverse and longitudinal brackets may be accepted subject to demonstration of acceptable fatigue 
lives. Inserts and/or weld dressing additional to those prescribed may be required as a consequence of hot 
spot fatigue analysis. 
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Table 2 : Design standard B - scallops in way of block joints 


Welding of deck stiffeners in way of block joints 


Critical areas 


Design standard B 


Double-Hull Oil Tanker 


Bulk Carrier 
— = 


Critical locations 


Transverse section 


Deck 


Deck longitudinal 
Critical location 


(1) Offset butt on stiffener 


d = 30mm 
Deck plate 


S 


$ 


E. 


Deck stiffener 


(III) Closing scallop with collar 


S 


A A ? 


-N Collar to be fitted 


over scallop 


Note 1: Alternative scallop geometry to that shown in option II may 
be accepted subject to demonstration of satisfactory fatigue 
life based on hull girder loads taking into account additional 
stress concentration factor in way of weld 


Critical location 


Welding of deck stiffeners in way of block joints in cargo tank region, the 
strength deck and side above 0.9 D from the baseline. 


Detail design standard | All scallops are to be fitted according to detail design standard B. 


Building tolerances 


Ensure alignment of all structural members according to IACS 
Recommendation No. 47. 


Welding requirements 
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Full penetration butt weld, free of undercut or notches, around the web and 
flange of the longitudinal stiffener at block joints, particularly in way of the 
weld termination at the scallop for option Il. 
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Table 3 : Design standard C - hopper knuckle connection detail, welded, without bracket, double hull oil tanker 


Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing welded inner bottom and hopper sloping plating 


Critical areas 


Design standard C 


Side girder 


Increased 
radius, r 


i 


Critical locations 


Hopper 


Critical location 


100-150mm 


Inner bottom 
` 


Full or partial 
penetration 


Elimination of scallops and 
extension of inner bottom 


welding a 


Minimum requirement 


Section A-A 


Ed 


N 


Section B-B 


As a minimum, detail design standard C or D is to be fitted. The ground surface is 
to be protected by a stripe coat of suitable paint composition, where the lower 
hopper knuckle region of cargo tanks is not coated. 


Critical location 


Hopper sloping plating connections to inner bottom plating in way of floors. Floor 
connections to inner bottom plating and side girder in way of hopper corners. 


Detail design standard 


Elimination of scallops in way of hopper corners, extension of inner bottom plating 
to reduce level of resultant stresses arising from cyclic external hydrodynamic 
pressure, cargo inertia pressure and hull girder loads. Scarfing bracket thickness 
is to be close to that of the inner bottom in way of the knuckle. 


Building tolerances 


Median line of hopper sloping plate is to be in line with the median line of the 


girder with an allowable tolerance of tas-buin/3 or 5 mm, whichever is less, where tas- 


buit iS the as-built side girder thickness. The allowable tolerance is to be measured 
parallel to the inner bottom. 


Welding requirements 


Full or partial penetration welding is to be applied to hopper sloping plating and 
inner bottom plating connection. Partial penetration welding is to be applied to 
connections of side girder to inner bottom plating, to connections of floors to inner 
bottom plating and to side girder, to connections of hopper transverse webs to 
sloping plating, to inner bottom and to side girder in way of the hopper knuckle. 
Definition of full and partial penetration welding and their required extent are given 
in Ch 12, Sec 3 

Weld between hopper plating and inner bottom plating to be enlarged and ground 
smooth. Visible undercuts are to be removed, see Ch 9, Sec 3, [6]. 

Weld enlargement and grinding are applicable to minimum 200 mm on each side 
of the floor. 


COMMON STRUCTURAL RULES 


1 JAN 2014 


PART 1 CHAPTER9 SECTION 6 


613 


PART 1 CHAPTER9 SECTION 6 


IACS 


Table 4 : Design standard D - hopper knuckle connection detail, welded, with bracket, double hull oil tanker 


Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing welded inner bottom and hopper sloping plating 


Critical areas 


Critical locations 


Hopper 


Critical location 


Design standard D 
Bracket 


Ly 


Inner bottom 
X 


Critical 
location 


Minimum requirement 


Section A-A 


VY 


Note 1: Bracket to be fitted inside cargo tank. 

Note 2: Bracket to extend approximately to the first longitudinal. 

Note 3: The bracket toes are to have a soft nose design. 

Note 4: Bracket material to be same as that of inner bottom. 

Note 5: Slenderness of bracket to be in accordance with Ch 8, Sec 2, [5.2]. 


As a minimum, detail design standard C or D is to be applied. 


Critical location 


Hopper sloping plating connections to inner bottom plating in way of floors. Floor 
connections to inner bottom plating and side girder in way of hopper corners. The 
bracket connection to inner bottom and hopper sloping plate. 


Detail design standard 


Elimination of scallops in way of hopper corners, extension of inner bottom plating 
to reduce level of resultant stresses arising from cyclic external hydrodynamic 
pressure, cargo inertia pressure and hull girder loads. Scarfing bracket thickness 
similar to that of the inner bottom in way of the knuckle. 


Building tolerances 


Median line of hopper sloping plate is to be in line with the median line of girder 
with an allowable tolerance of tas-buit /3 Or 5 mm, whichever is less, where tag.pujt iS 
the as-built side girder thickness. 


Welding requirements 


Partial penetration welding is to be applied to hopper sloping plating and inner 
bottom plating connection, to connections of side girder to inner bottom plating, to 
connections of floors to inner bottom plating and to side girder, to connections of 
hopper transverse webs to sloping plating, to inner bottom and to side girder in way 
of the hopper knuckle. 

Partial penetration welding is to be applied to the bracket connections to inner 
bottom and hopper sloping plate, full penetration welding is to be applied at 
bracket toes. Definition of full and partial penetration welding and their required 
extent are given in Ch 12, Sec 3. 
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Table 5 : Design standard E - hopper knuckle connection detail, welded, bulk carrier 


Connections of floors in double bottom tanks to hopper tanks 


Welded knuckle connection of hopper tank sloping plating to inner bottom plating 


Critical areas Design standard E 


a) Improvement at the knuckles 


LET TT TTT Tritt) i : 
No scallop. Full or partial Scarfing 
penetration weld bracket 

Critical locations 
Longitudinal section G G 
A<—_ B<—> v | y 
Critical location | Hopper f 
Only below Ug sansverse 
la WB holds | ting frames kæ 


Side girder 


a<—! B <«_l 


Transverse section A-A 


Critical location 


Inner bottom 


Longitudinal girder 


Floor 


Inner bottom 
Scarfing bracket arrangement 


; , (Section C-C) 
Partial penetration 
weld Longitudinal girder 
Inner 
bottom! 
Bottom shell 
——— 
| Hopper 
i Floor transverse 
ring web 
ee Scarfing bracket 
ransverse 
ring web frame (Gusset plate) 


Minimum requirement 


As a minimum, detail design standard E is to be fitted. 


Ballast holds: No scallops or close scallops with collars; scarfing bracket; 
intermediate bracket if floor spacing greater than 2.5 m. 


Dry holds: No scallop or close scallops with collars and scarfing bracket. 


Critical location 


Hopper sloping plating connections to inner bottom plating in way of the floors. 
Floor connections to inner bottom plating and side girder in way of the hopper 
knuckle. 


Detail design standard 


Elimination of scallops in way of hopper knuckle, extension of inner bottom plating 
to reduce level of resultant stresses arising from cyclic external hydrodynamic 
pressure, cargo inertia pressure and hull girder loads. Scarfing bracket net 
thickness is to be minimum 80% of that of the inner bottom in way of knuckle and 
steel material to be of the same yield strength. 


Building tolerances 


Median line of hopper sloping plate is to be in line with the median line of girder 
with an allowable tolerance of tas-buin/3 or 5 mm, whichever is less, where tas.puir iS 
the as-built side girder thickness. 


Welding requirements 
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Full or partial penetration welding is to be applied to hopper sloping plating and 
inner bottom plating connection for the length of the cargo hold. Partial 
penetration welding is to be applied to connections of side girder to inner bottom 
plating, to connections of floors to inner bottom plating and to side girder, to 
connections of hopper transverse webs to sloping plating, to inner bottom and to 
side girder in way of the hopper knuckle. Weld between hopper plating and inner 
bottom plating is to be enlarged and ground smooth. Visible undercuts are to be 
removed. Weld enlargement and grinding are applicable to minimum 200 mm on 
each side of the floor. Definition of full and partial penetration welding and their 
required extent are given in Ch 12, Sec 3. 
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Table 6 : Design standard F - hopper knuckle connection detail, radiused type, for double hull oil tanker 


Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing radiused knuckle between inner bottom and hopper sloping plating 


Critical areas Design standard F 
oO 
£ 
| v 
pa 
1 iS} 
1 `“ = 
= 
l < 
i Full l OEE 
| J penetration Elimination of scallops, 
; weld minimize knuckle distance 
Critical locations ea ae E 
Full or partial oe emer i 
penetration ransverse brackets 
weld 
Section A-A Section B-B 


H KY 
opper x 
Z £ Critical View A Transverse 
| location bracket 
1 
| Inner bottom 
[i T T 
E . 
Knuckle line Transverse bracket 


e l 


Section C-C 


CO 


B B 
Bottom shel a fey el je 1 A 


View A 


l 
Knuckle line Side girder | ! s ` Lo 
ria -—+ i 


PEE i Longitudinal 
Longitudinal =~ Side girder sea 
C <I 


bracket 


---— Note 1: Distance from side girder to centre of knuckle is to be as small as 
practicable, but is not to exceed 50 mm. 


Note 2: The knuckle radius is not to be less than 4.5 tzs-bun Or 100 mm, 
whichever is the greater, where tas-puin iS the as-built thickness of the 
knuckle part. 


Critical 
location 


Note 3: Additional transverse brackets offset at a suitable distance on either 
side of transverse floor/hopper connection. 


Note 4: Additional longitudinal bracket on the side of sloping plate. 


Note 5: Longitudinal and/or transverse brackets may be omitted if it can be 
demonstrated that the girder provides sufficient support at the 
knuckle line, i.e. that fatigue requirements according to Ch 9, Sec 5 
and local strength analysis requirements according to Ch 7, Sec 3 are 
fulfilled. 


Floor and hopper transverse web connections to inner bottom plating and hopper 
Critical location sloping plate, respectively and to side girder in way of hopper knuckle. Side girder 
connections to inner bottom plating in way of floors. 
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Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing radiused knuckle between inner bottom and hopper sloping plating 


Elimination of scallops in way of hopper/girder connection and additional 
transverse and longitudinal brackets to reduce peak and range of resultant 
Detail design standard | stresses arising from cyclic external hydrodynamic pressure, cargo inertia 
pressure, and hull girder global loading, and provide additional support to sloping 
plate. 


The nominal distance between the centres of thickness of the two abutting 
Building tolerances members (e.g. floor and hopper web plate) is not to exceed 1/3 of the as-built 
thickness of the side girder. 


Full penetration welding is to be applied to connections of floors to hopper/inner 
bottom plating in way of radiused hopper knuckle. Partial penetration welding is to 
be applied to connections of floors/hopper transverse webs to the side girder in 
way of hopper corner, and to connections of side girder to hopper/inner bottom 
Welding requirements | plating. Definition of full and partial penetration welding and their required extent 
are given in Ch 12, Sec 3. In order to improve the fatigue strength, weld 
enlargement and grinding are applicable to full and partial penetration welds with 
a minimum distance of 300 mm from the intersection point between the radiused 
knuckle, the floor and the side girder. 
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Table 7 : Design standard G - hopper knuckle connection detail, radiused type, bulk carrier 


Connections of floors in double bottom tanks to hopper tanks 
Hopper corner connections employing radiused knuckle between inner bottom and hopper sloping plating 


Critical areas 


Design standard G 


L 


Critical locations 


Section A-A 


Offset 


Critica 


Hopper 
transverse 
ring web 
frame 


Side girder 


O NE 


Knuckle line 


Full penetration weld 


Partial penetration weld 


Intermediate bracket arrangement (Section B-B). 


Two intermediate brackets at both sides of floor/transverse 
web. 


Inner bottom 


Intermediate brackets 
between floors 
if spacing > 2.5 m 


Longitudinal 
girder 


Note 1: Distance from side girder to centre of knuckle is to be as small as 
practicable, but is not to exceed 50 mm. 

Note 2: The knuckle radius is not to be less than 4.5 tas-bum Of LOO mm, 
whichever is the greater, in cases where t,,.,,; iS the as-built 
thickness of the knuckle part. 

Note 3: Additional transverse brackets on both side of transverse 
floor/hopper connection. 


Note 4: Transverse brackets may be omitted if it can be demonstrated that 
the girder provides sufficient support at the knuckle line, i.e. that 
fatigue requirements according to Ch 9, Sec 5 and local strength 
analysis requirements according to Ch 7, Sec 3 are fulfilled. 


Critical location 


Side girder connections to inner bottom plating in way of floors. Floor and hopper 
transverse web connections to inner bottom plating and hopper sloping plate, 
respectively, and to side girder in way of hopper corners. 


Detail design standard 


Elimination of scallops in way of hopper/girder connection. 

Ballast holds: Intermediate brackets fitted at approximately 0.5 floor space from 
floor/hopper web. 

Dry holds: Intermediate brackets fitted at 0.5 floor space from floor/hopper web if 
floor spacing is equal to or greater than 2.5 m. 
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Connections of floors in double bottom tanks to hopper tanks 


Hopper corner connections employing radiused knuckle between inner bottom and hopper sloping plating 


Building tolerances 


should not exceed 1/3 of the as-built thickness of the side girder. 


The nominal distance between the centres of thickness of the two abutting 
members (e.g. floor and hopper web plate and additional supporting brackets) 


Welding requirements 


in Ch 12, Sec 3. 


Full penetration welding is to be applied to connections of floors to hopper /inner 
bottom plating in way of radiused hopper knuckle. Partial penetration welding is to 
be applied to connections of floors/hopper transverse webs to side girder in way of 
hopper corners, to connections of side girder to hopper /inner bottom plating. 
Definition of full and partial penetration welding and their required extent are given 
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Table 8 : Design standard H - upper hopper knuckle connection detail, radiused type, oil tankers and double side bulk carrier 


Connections of transverse webs in double side tanks to hopper tanks 


Hopper corner connections employing radiused knuckle between side longitudinal bulkhead and hopper 


sloping plating 


Critical areas 


Design standard H 


Side shell 


Side stringer 


Critical locations 


Side longitudinal 
bulkhead 


A 
R= 100-150 mm 


<50 mm 
EE Knuckle line 


Critical location 


Hopper 
go web 
| Critical 
| location 


Side stringer 


Knuckle line 


Hopper 
transverse 
ring 


Elimination of scallops, 
closer knuckle distance 
from side girder and 
additional longitudinal/ 
transverse brackets 


Pe Hopper 1 


<——_A 


Critical locations 


-—— Knuckle line 


Section B-B 


Partial penetration weld 
Longitudinal 
<50 mm bracket 
——— - —— Knuckle 

A line 


Transverse 
bracket 
m >B 
Longitudinal | Knuckle 
bracket line 
C i C 
É O op | Longitudinal 
| T l brackets 
Transverse zl Transverse SEENON CA 
web bracket 
z2 >< >| View A 
800 mm 800 mm 
s B 
Note 1: Distance from side stringer to centre of knuckle is to be as small as 
practicable, but is not to exceed 50 mm. 
Note 2: The knuckle radius is not to be less than 4.5 tas-bun Or 100 mm, 


Note 3: 


Note 4: 
Note 5: 


whichever is the greater, where tas-buin iS the as-built thickness of the 
knuckle part. 


Additional transverse brackets offset at a suitable distance on either 
side of transverse floor/hopper connection. 


Additional longitudinal bracket on the side of sloping plate. 


Longitudinal and/or transverse brackets may be omitted if it can be 
demonstrated that the girder provides sufficient support at the 
knuckle line, i.e. that fatigue requirements according to Ch 9, Sec 5 
and local strength analysis requirements according to Ch 7, Sec 3 are 
fulfilled. 
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Critical location 


Detail design standard 


stringers. 


pressure. 


Side stringer connections to side longitudinal bulkhead in way of transverse webs. 
Double side tank transverse web and hopper transverse web connections to side 
longitudinal bulkhead and to side stringers in way of hopper corners. 


Elimination of scallops in way of hopper corners, closer knuckle distance from side 


Additional longitudinal/transverse brackets to reduce peak and range of resultant 
stresses arising from cyclic external hydrodynamic pressure and cargo inertia 
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Connections of transverse webs in double side tanks to hopper tanks 


Hopper corner connections employing radiused knuckle between side longitudinal bulkhead and hopper 
sloping plating 


Building tolerances 


The nominal distance between the centres of thickness of the two abutting 
members should not exceed 1/3 of the as-built thickness of the side stringer. 


Welding requirements 


Partial penetration welding is applied to connection of side stringers to side 
longitudinal bulkhead, connection of double side tank transverse webs to side 
longitudinal bulkhead and to side stringers, connection of hopper transverse webs 
to sloped side longitudinal bulkhead and to side stringers in way of hopper corners. 
Small scallops of suitable shape, which are to be closed by welding after 
completion of the continuous welding of side stringers to longitudinal bulkhead, 
are to be provided where scallops are eliminated. Definition of full and partial 
penetration welding and their required extent are given in Ch 12, Sec 3. 


5 HORIZONTAL STRINGER HEEL 


5.1 Design standard | 


5.1.1 


The horizontal stringer heel location between transverse oil-tight/swash bulkhead plating and inner hull 
longitudinal bulkhead plating for double hull oil tankers are required to be designed according to design 


standard I, as shown in Table 9. 


Table 9 : Design Standard I - transverse bulkhead horizontal stringer heel 


Critical areas 


Connections of horizontal stringer on plane oil-tight transverse bulkheads or 
wash bulkheads to inner hull longitudinal bulkheads 


Design standard | 


Critical locations 


Horizontal 
girder 


Horizontal stringer 


ae 


Critical location 


~~ Inner hull 
longitudinal 
bulkhead 


Oiltight or wash 
transverse bulkhead 


side shell 
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Bracket toe height, hp not 
to exceed the as-built 
thickness of the bracket 
or 15mm, whichever 

is the larger 


Edges ground smooth 


Note 1: Where a face plate is considered necessary, it is 
recommended that design features be adopted to 
reduce the stress concentration at the face plate 
termination (e.g. taper and soft nose). Adequate 
fatigue life of the weld on the bracket edge in way of 
such terminations is to be confirmed. 

Note 2: ‘Slit type cut-outs are to be adopted in way of the 
bracket toe as shown. Alternatively, cut-outs with 
insert type collars will be accepted. Scallops are to 
be avoided.’ 
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Connections of horizontal stringer on plane oil-tight transverse bulkheads or 
wash bulkheads to inner hull longitudinal bulkheads 


Intersections of webs of transverse bulkhead horizontal stringer and double side 


Artigal lecarion tank horizontal girder forming square corners. 


A soft toe backing bracket is to be fitted. The following bracket sizes are 
recommended: 
e VLCC: 800x800x30, R600 with soft toe as shown in figure above, 
Detail design standard e Other tankers: 800x600x25, R550 with soft toe as shown in figure above, 
where the longer arm length is in way of the inner skin. 
The specified minimum yield stress for the bracket is not to be less than 315 
N/mm2. The free edge is to be ground smooth with corners rounded. 


The nominal distance between the centres of thickness of the two abutting 
Building tolerances members should not exceed 1/3 of the as-built plate thickness of the inner hull 
longitudinal bulkhead. 


Vertical weld between the inner hull plating and transverse bulkhead plating, 
fillet welding having minimum weld factor 0.44. 

Welding between the backing bracket and the adjoining plates is to be double 
Welding requirements | sided fillet welding having minimum weld factor 0.44 except in way of the bracket 
toes. Full penetration welding is to be used for the connection of bracket toes to 
the inner hull and transverse bulkhead plating for a distance of 200 mm from the 
toes and the weld toes are to be ground smooth in way. 


6 BULKHEAD CONNECTION TO LOWER AND UPPER STOOL 


6.1 Design standard J, K and L 


6.1.1 


The welded connection of bulkhead to lower stool of bulk carriers and oil tankers are to be designed according 
to the design standard J and K respectively, as shown in Table 10 and Table 11. 


6.1.2 


The welded connection of bulkhead to upper stool of bulk carriers are to be designed according to the design 
standard M, as shown in Table 12. 
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Table 10 : Design standard J - transverse bulkhead connection detail, bulk carrier 


Connections of transverse bulkhead with lower stool 


Critical areas Design standard J 


y 
[e] 
3% | 
wc 
| 2S yo ar 
Critical area > ` 
a 
m : h>— 
Critical locations g 2 Gusset 
plate Stool top 
Shedder plate ) plate 
Ny 
L | Sloped plate of 
! lower stool Diaphragm/ 
oe F--------- | I web ring 
Gusset} f / \ > Full penetration welding 
plate 


ve////77 Partial penetration weld 
Fillet welding 


O : Critical locations 


Connections of lower stool shelf plate to lower stool and corrugated transverse 
Critical location bulkheads. 
Connections of shedder plates to corrugated transverse bulkhead. 


The use of scallops is to be avoided on diaphragms/web at lower stool top plates. 
Gusset plates are to be fitted to corrugated bulkheads. 

Gusset plates are to be made out of the same material and have the same as- 
built thickness as corrugated bulkheads; and, the height of gusset plates is to be 
Detail design standard | greater than half of breadth of the corrugation. 


To reduce stress concentrations at the crossing of the shedder plates one plate is 
to be moved higher than the other (as shown in Figure). Alternatively, bracketed 
stiffener can be fitted at the crossing points underneath the shedder plating 
facing the ballast hold. 


Ensure alignment between lower stool sloping plates and corrugation faces 


Building toleranaes according to IACS Recommendation No. 47. 


Full penetration welding is to be applied between lower stool top plates and the 
side plating of lower stools and corrugated bulkheads. 

Partial or full penetration welding is to be applied around gusset plates. However, 
full penetration welding is to be applied between lower stool top plates and gusset 
Welding requirement | plates. 

Partial or full penetration welding is to be applied between lower stool top plates 
and diaphragms/web rings. 

Ensure start and stop of welding is as far away as practicable from the critical 
corners. 
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Table 11 : Design standard K - transverse bulkhead connection detail, oil tanker 


Connections of transverse bulkhead with lower stool - oil tanker 


Critical areas Design standard K 
——————————— 
e A 


Critical locations 


Web 


D © 7 ! Stool top 
' i ; > plate 
Min. 0.5d $ 
Stool top potet | | | $ Supporting 
me e bracket ~ 
Q: Critical locations œ> Full penetration weld 
Sinener 444441114._Partial penetration weld 

Inner A H T 
bottom plan 
Stool A 
top plate 


Inclined aft 
stool plate M 


CI 
-R 


Inner A U 
bottom plan 
A i 

Stool B |: B 
top plate > B ' B 
Inclined aft E ie net eee a arene Ok ees 
stool plate Y V^ 

Critical location Connections of lower stool top plate to corrugated transverse bulkheads. 


The use of scallops is to be avoided on diaphragms/web at lower stool top plates. 


Detail design standard | Supporting brackets are to be fitted in line with corrugation web as required in 
Ch 6, Sec 4, [2.6.2]. Scallop is not permitted in the supporting bracket. 


Ensure alignment between lower stool side plates and corrugation faces 


Bullulne toeranges according to IACS Recommendation No. 47. 
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Connections of transverse bulkhead with lower stool - oil tanker 


Welding requirement 


Full or partial penetration welding is to be applied between lower stool top plates 
and the side plating of lower stools. 

Full penetration welding is to be applied between lower stool top plates and 
vertical corrugated bulkheads. 

Full or partial penetration welding is to be applied between lower stool top plates 
and supporting brackets. 

Ensure start and stop of welding is as far away as practicable from the critical 
corners. 

Connection ‘J’, as shown in the figure, of in line supporting bracket to stool top 
plate and side plate of lower stool is to be full or partial penetration welding, on 
minimum 300 mm from the corner. 
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Table 12 : Design standard L - transverse bulkhead connection detail, bulk carrier 


Connections of transverse bulkhead with sloped plate of upper stool 


Critical areas Design standard L 


Critical area 


Side plate of upper stool 


N ' i 
p” | Diaphragm/ 


web ring 


Critical locations 


Gusset Stool bottom 
Side plate of plate plate 


upper stool 


44111111111111 Partial or full penetration weld 


Fillet weld 


O : Critical locations 


Critical location 


Connections of corrugated transverse bulkhead to the topside tank sloping 
plating and upper stool. 


Detail design standard 


The use of scallops is to be avoided on diaphragms/web at upper stool bottom 
plates. 

Gusset plates are to be fitted between the face plates of corrugated bulkheads in 
way of heavy ballast hold. 

In way of heavy ballast hold, a deep transverse web or well-stiffened backing 
stiffener is to be provided in the topside tank in line with the face plate of the 
bulkhead corrugations to ensure that the loads are effectively dissipated. 


Gusset plates are to have a thickness and material properties not less than those 
required for corrugation flanges. 


Building tolerances 


Welding requirement 


1 JAN 2014 


Ensure alignment between the face plates of corrugated bulkheads with the stool 
side plates as well as the watertight bulkheads and deep transverse web (or well- 
stiffened backing stiffener) in the topside tanks according to IACS 
Recommendation No. 47. 


In the case of ballast holds: 
e Partial or full penetration welding is to be applied between upper stool 
bottom plates and corrugation. 
e Fillet welding having minimum weld factor of 0.44 is to be applied between 
upper stool bottom plates and upper stool side plating. 
e Fillet welding having minimum weld factor of 0.44 is to be applied between 
upper stool bottom plates and diaphragms/web rings. 
Ensure start and stop of welding is as far away as practicable from the critical 
corners in all holds. 
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Table 13 : Design standard M - connection details for vertically corrugated bulkheads in cargo tanks and heavy ballast hold 


Connections of vertically corrugated bulkhead to inner bottom/hopper plating without stool 


Critical areas Design standard M 


Detail of in line bracket: 
d 


) 


Critical locations 


Corrugation 
web 


Inner bottom or 


girder or 


Bottom floor/ Y ae 


hopper web 


7 / L- 
/ —-Ö Ai. Min. 0.5d <==: Full penetration weld 
= ' ' ' ' “///// > Partial or full 
O: ae l ' penetration weld 


Critical location 


i Stiffener , Foot print of, i 
! l XN corrugation | ! Min. 0.25d i vA 


hopper plating 


—_——__———_>| 


Note 1: Brackets are to be arranged below inner bottom and hopper tank 
plating in line with corrugation webs. 

Note 2: Where gusset plate with shedder plate according to Ch 6, Sec 4, 
[2.6.4] item b, is provided, in line bracket may be omitted on the 
side of gusset plate. 


Material and scantling 
requirement 


Inner bottom and hopper tank plating in way of corrugations is to be in 
accordance to Ch 6, Sec 4, [2.6.4]. 

Floors/girders and hopper web that support corrugation flange is to be in 
accordance to Ch 6, Sec 4, [2.6.4]. 

Supporting bracket aligned with corrugation web is to be in accordance with 
Ch 8, Sec 2, [5.2] and Ch 6, Sec 4, [2.6.4]. 


Detail design standard 


Building tolerances 


Supporting brackets are to be fitted in line with corrugation web as required in 
Ch 6, Sec 4, [2.6.2]. Scallop is not permitted in the supporting bracket. 


Median line of corrugation is to be in line with the median line of the supporting 
members with an allowable tolerance of t,..,,; /3 or 5 mm, whichever is less, 
where tas-buit IS the inner bottom thickness. 


Welding requirement 


For the connection of vertically corrugated bulkheads to the inner bottom/hopper 
plating, full penetration welding is to be provided in according to Ch 12, Sec 3, 
[2.4] 

For the connection of supporting structures to inner bottom/hopper plating, 
partial or full penetration welding is to be provided in accordance with Ch 12, 
Sec 3, [2.4]. 

Partial or full penetration welding is also to be applied for the connection of in 
line brackets below corrugation web in accordance with Ch 12, Sec 3, [2.4] on 
minimum 300 mm from the corner. 


COMMON STRUCTURAL RULES 1 JAN 2014 


‘@eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 8 


PART 1 CHAPTER9 SECTION 6 


627 


PART 1 CHAPTER9 SECTION 6 


IACS 


7 BULKHEAD CONNECTION TO INNER BOTTOM 


7.14 Design standard M 


7.1.1 


The connection of vertically corrugated bulkhead to inner bottom/hopper plating of cargo tanks and heavy 
ballast hold are to be designed according to the design standard M, as shown in Table 13. 


8 LOWER AND UPPER TOE OF HOLD FRAME 


8.1 Design standard N 


8.1.1 


The welded connections of lower and upper bracket toes of hold frame of bulk carriers are to be designed 
according to design standard N, as shown in Table 14 


Table 14 : Design standard N - lower and upper toe detail of hold frame - bulk carrier 


Lower and upper hold frame connections 


Critical areas Design standard N 


os mca 


Max. 50 mm Max. 50 mm 


Critical area 


a P Examples of the soft and extended toes at the end of hold 
Critical locations 


frames. 
Top side tank 
Top side plate m 
LG 
f Bilge hopper 
Side shell tank 
Bilge hopper plate 

© : Critical location Connection of lower and upper end bracket of hold frame. 
Minimum As a minimum the detail design standard N is to be applied. Tapered extended toes 


requirement are more effective and are to be considered for high tensile steel side shell frame. 
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Lower and upper hold frame connections 


Critical location 


Toe connection of side shell frame lower and upper brackets to the hopper and 
topside sloping plates, including face plate terminations. 


Detail design 
standard 


Alternative geometries than stipulated above are permissible subject to 
demonstration of satisfactory fatigue performance. However, the maximum angles 
shown on the figures for thickness chamfering and face width tapering are not to be 
exceeded. Bracket toe height and the distance between the face plate termination and 
start of the toe radius (or toe taper) are to be kept to a minimum. 


The face plates of hold frames at lower or upper brackets are to be tapered and 
chamfered as shown. While chamfering may be dispensed with if the thickness of the 
face plates is less than 25 mm, it is nevertheless a recommended practice, with a 
larger gradient if necessary. 

Frames are to be built-up symmetrical sections with integral upper and lower brackets 
and are to be arranged with soft or elongated toes as shown. The side frame flange is 
to be curved (not knuckled) at the connection with the end brackets. 

Where the frame upper brackets are not positioned directly below a ring web, 
supporting brackets are to be provided. In the design ensure that if a topside tank 
stiffener is positioned above the end of frame upper bracket, the stiffener cut-out is 
avoided or closed with a full collar. Increasing the size of supporting brackets will 
reduce stress concentrations in the critical area. 


Where the frame lower brackets are not positioned directly above a ring web, 
supporting brackets are to be provided. In the design ensure that if a hopper tank 
stiffener is positioned below the end of the frame lower bracket, the stiffener cut-out is 
avoided or closed with a full collar. Increasing the size of supporting brackets will 
reduce stress concentrations in the critical area. 


Building 
tolerances 


Ensure alignment between side shell frame lower and upper bracket and transverse 
ring webs or supporting brackets according to IACS Recommendation No. 47. 
Maximum misalignment is to be not greater than tas-buin /3 where ts-buit iS the thinner 
as-built thickness of the webs to be aligned and misalignment is the overhang of the 
as-built thinner thickness. 


Welding 
requirement 


Welding is to comply with Ch 12, Sec 3, [3]. 

In way of the wrap around weld at the face plate termination, care should be taken to 
ensure no over- run onto the radius part and the toe is free from notches and 
undercut. 
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9 HATCH CORNER 


9.1 Design standard O 


9.1.1 


Hatch corners in the cargo hold region, located on the strength deck of bulk carriers are required to 


designed according to design standard O, as shown in Table 15. 


Table 15 : Design standard O - hatch corner of bulk carriers 


Hatch corner (bulk carriers) 


Design standard O 


Insert plate 


= 


without insert plate 


with insert plate 


Critical location 


Hatch corner curve 


Curved Radius 


Transition insert plate to deck 
plating 


Detail design standard 


Shape of hatch corner as required 
by Pt 2, Ch 1, Sec 2 


Radius and insert plate dimensions 
and thickness as required by Pt 2, 
Ch 1, Sec 2. 

Insert plate has to be tapered for 
smooth thickness transition to deck 
plating, the transition taper length 
has to be not less than 3 times the 


offset. 
Posttreatment Grinding of cut edge within the Grinding of cut edge within the 
radius radius 
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SECTION 1 
FORE PART 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


Ap : Correction factor for the panel aspect ratio to be taken as: 
Op = 12- = but not to be taken as greater than 1.0. 
fbag : Bending moment factor taken as: 


Ns 
a= (1+) 


Ns : End fixation factor taken as: 
N, = O for both ends with low end fixity (simply supported). 
n, = 1 for one end equivalent to built in and one end simply supported. 


n, = 2 for continuous members or members with bracketed fitted at both ends 
1 = GENERAL 


1.1 Application 


1.1.1 


The requirements of this section apply to the following structures of the fore part as defined in Ch 1, Sec 1, 
[2.4.2]: 


e Fore peak structures. 
e Stem. 

In addition, the requirements of this section apply to structure subjected to impact loads: 
e Flat bottom forward, according to [3.2]. 


e Bow area, according to [3.3]. 
2 STRUCTURAL ARRANGEMENT 


2.1 Floors and bottom girders 


2.1.1 Floors 
In case of transverse framing, solid floors are to be fitted at each web frame location. 


In case of longitudinal framing, the spacing of solid floors is not to be greater than 3.5 m or four transverse 
frame spaces, whichever is smaller. 


The minimum depth of the floor at the centreline is not to be less than the required depth of the double bottom 
of the foremost cargo hold. See Ch 2, Sec 3, [2.3]. 
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2.1.2 Bottom girders 


A supporting structure is to be provided at the centreline either by extending the centreline girder to the stem 
or by providing a deep girder or centreline bulkhead. 


Where a centreline girder is fitted, the minimum depth and thickness is not to be less than that required for 
the depth of the double bottom in the neighbouring cargo tank region, and the upper edge is to be stiffened. 


In case of transverse framing, the spacing of bottom girders is not to exceed 2.5 m. 
In case of longitudinal framing, the spacing of bottom girders is not to exceed 3.5 m. 


2.1.3 Alternative design verification 


This spacing, defined in [2.1.1] and [2.1.2] may be increased, if the designer performs a verification of the 
bottom structure by means of grillage analysis or FE analysis and provides their full documentation. The 
acceptance criteria to be applied are defined in Ch 6, Sec 6, [3]. A FE analysis is to be performed under 
consideration of the requirements provided in Ch 7. 


2.2 Wash bulkheads 


2.2.1 


Where a centreline wash bulkhead is fitted, the lowest strake is to have thickness not less than required for a 
centreline girder. 


Where a longitudinal wash bulkhead supports bottom transverses, the details and arrangements of openings 
in the bulkhead are to be configured to avoid areas of high stresses in way of the connection of the wash 
bulkhead with bottom transverses. 


2.3 Side shell supporting structure 


2.3.1 Web frames 


The spacing of web frames, S, in m as defined in Ch 1, Sec 4, Table 5, is to be taken as: 
S = 2.6 + 0.005 L, but not to be taken greater than 3.5 m. 
Perforated flats are to be fitted to limit the effective span of web frames to not greater than 10 m. 


2.3.2 Stringers 


The transverse framing forward of the collision bulkhead stringers are to be spaced approximately 3.5 m 
apart. Stringers are to have an effective span not greater than 10 m, and are to be adequately supported by 
web frame structures. 


2.3.3 Alternative design verification 


The spacing of web frames and stringers may be increased, if the designer performs a verification of the side 
shell supporting structure by means of beam analysis or FE analysis and provides their full documentation. 


The acceptance criteria to be applied are defined in Ch 6, Sec 6, [3]. A FE analysis is to be performed under 
consideration of the requirements provided in Ch 7. 


2.4 Tripping brackets 


2.4.1 


For side shell and tank walls, located forward of the collision bulkhead and vertically framed, tripping brackets 
spaced not more than 2.6 m are to be fitted, according to Figure 1, between primary supporting members, 
decks and/or platforms. 


The as-built thickness of the tripping brackets is not to be less than the as-built thickness of the side frame 
webs to which they are connected. 
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Figure 1 : Tripping brackets 


2.5 Bulbous bow 


2.5.1 General 

Where a bulbous bow is fitted, the structural arrangements are to be such that the bulb is adequately 
supported and integrated into the fore peak structure. 

2.5.2 Diaphragm plates 


At the forward end of the bulb the structure is generally to be supported by horizontal diaphragm plates 
spaced about 1m apart in conjunction with a deep centreline web. 


In general, vertical transverse diaphragm plates are to be arranged in way of the transition from the peak 
framing to the bulb framing. 
2.5.3 Special bulbous bow designs 


In way of a wide bulb, additional strengthening in the form of a centreline wash bulkhead is generally to be 
fitted. 


In way of a long bulb, additional strengthening in the form of transverse wash bulkheads or substantial web 
frames is to be fitted. 
2.5.4 Strengthening for anchor and chain cable contact 


The shell plating is to be increased in thickness at the forward end of the bulb and also in areas likely to be 
subjected to contact with anchors and chain cables during anchor handling. The increased plate thickness is 
to be the same as that required for plated stems given in [4.1.1]. 


3 STRUCTURE SUBJECTED TO IMPACT LOADS 


3.1 General 


3.1.1 Application 


The requirements of this sub-section cover the strengthening requirements for local impact loads that may 
occur in the forward structure. The impact loads to be applied in [3.2] and [3.3] are described in Ch 4, Sec 5, 
[3]. 


3.1.2 General scantling requirements 


The requirements of [3.2] and [3.3] are to be applied in addition to applicable scantling requirements in Ch 6. 
Local scantling increases due to impact loads are to be made with due consideration given to details and 
avoidance of hard spots, notches and other harmful stress concentrations. 
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3.2 Bottom slamming 


3.2.1 Application 


Where the minimum draughts forward, Tr. or Tr, as specified in Ch 4, Sec 5, [3.2.1], are less than 0.045 L, 
the bottom forward is to be additionally strengthened to resist bottom slamming pressures. 


The draughts for which the bottom has been strengthened are to be indicated on the shell expansion plan and 
loading guidance information, as required in Ch 1, Sec 5. 


The load calculation point of the primary supporting members is specified in Ch 3, Sec 7, [4]. 


3.2.2 Extent of strengthening 


The strengthening is to extend forward of 0.3 L from the FP over the flat of bottom and adjacent plating with 
attached stiffeners up to a height of 500 mm above the baseline, see Figure 2. 


Figure 2 : Extent of strengthening against bottom slamming 


Area of 
strengthening 


ae mm 
p | f 


> 
0.3L 


FP 


Outside the region strengthened to resist bottom slamming the scantlings are to be tapered to maintain 
continuity of longitudinal and/or transverse strength. 


3.2.3 Design to resist bottom slamming loads 
The design of end connections of stiffeners in the bottom slamming region is to provide end fixity, either by 
making the stiffeners continuous through supports or by providing end brackets complying with Ch 3, Sec 6, 


[3.2]. Where it is not practical to comply with this requirement, the net plastic section modulus, Z,, 41, in cms, 
for alternative end fixity arrangements is not to be less than: 


16Z 
Zpi—alt = = 
fbag 
where: 
Zoi : Net plastic section modulus, in cm’, as required by [3.2.5]. 


Scantlings and arrangements of primary supporting members, including bulkheads in way of stiffeners, are to 
comply with [3.2.7]. 


3.2.4 Shell plating 


The net thickness of the hull envelope plating, t, in mm, is not to be less than: 


, = 20158% b [Pa 


Ca Ca Ren 
where: 
C, : Plate capacity correction coefficient taken as: 
C= 1.3. 
Cz : Permissible bending stress coefficient taken as: 
C, = 1.0 for acceptance criteria set AC-I. 
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3.2.5 Shell stiffeners 


The shell stiffeners within the strengthening area defined in [3.2.2] are to comply with the following criteria: 


a) 


e 


O 
< 


The net plastic section modulus, Z,,, in cm, is not to be less than: 


pl 


Z, = Psi S brog. 


foag Cs Ren 
where: 
C; : Permissible bending stress coefficient taken as: 
C, = 0.9 for acceptance criteria set AC-I. 

The net web thickness, t,,, in mm, is not to be less than: 
fre Ps, SLsnr 

"Oden Cr Ton 
where: 
C: : Permissible shear stress coefficient taken as: 


C, = 1.0 for acceptance criteria set AC-I. 


The slenderness ratio is to comply with Ch 8, Sec 2. 


3.2.6 Bottom slamming load area for primary supporting members 


The scantlings of primary supporting members according to [3.2.7] are based on the application of the 
slamming pressure defined in Ch 4, Sec 5, [3.2] to an idealised slamming load area of hull envelope plating, 
Ag, in m2, given by: 


Ası = 


11LBC, 
1000 


3.2.7 Primary supporting members 


The size and number of openings in web plating of the floors and girders is to be minimised considering the 
required shear area as given in a): 


a) 


g 


Net shear area 


The net shear area, Agp-nso, in cm?, of each primary supporting member web at any position along its 
span is not to be less than: 


Q 
Ashr—n50 = 1057 
where: 
Qo, : The greatest shear force due to slamming for the position being considered, in kN, based on 
the application of a patch load, Fs, to the most onerous location, as determined in accordance 
with b) or c). 
(07 : Permissible shear stress coefficient taken as: 


C, = 0.9 for acceptance criteria set AC-I. 
Simplified calculation of slamming shear force 


For simple arrangements of primary supporting members, where the grillage affect may be ignored, the 
shear force, Qs, in KN, is given by: 


Qst = fot faist Fx 


where: 
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: Correction factor for the proportion of patch load acting on a single primary supporting 


member, taken as 


fa = 0.5 (fs? -2 fsL +2) 


: Patch load modification factor taken as: 


bs, 
f. = 5S 
SL 0.5 S 


: Factor for the greatest shear force distribution along the span, according to Figure 3. 


: Patch load, in kN, taken as: 


Fy = Py ls: Os 


: Extent of slamming load area along the span, in m, taken as: 


ls, = Ag, Out not to be greater than 0.54,,,. 


: Breadth of impact area supported by primary supporting member, in m, taken as: 


bs, = JAs, but not to be greater than S. 


: Surface defined in [3.2.6]. 


Figure 3 : Distribution of f,,,. along the span of simple primary supporting members 


S 
€ sr/ 2 € on /2 


Span Span 
point point 


c) Direct calculation method for slamming shear force 


For complex arrangements of primary supporting members, the greatest shear force, Qs, at any 
location along the span of each primary supporting member is to be derived by direct calculation in 
accordance with Table 1. 


Q 
= 


Web thickness of primary supporting member 


The net web thickness, t,, in mm, of primary supporting members adjacent to the shell is not to be less 


than: 


Sw : 
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Plate breadth, in mm, taken as the spacing between the web stiffening. 
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Table 1 : Direct calculation methods for derivation of Qs, 


Type of analysis 


Model extent 


Assumed end fixity of floors 


Beam theory 


Overall span of member between 
effective bending supports. 


Fixed at ends 


Double bottom grillage 


Longitudinal extent to be one 
cargo tank length. 
Transverse extent to be between 
inner hopper knuckle and 
centreline. 


Note 1: The envelope of greatest shear force along each primary supporting member is to be derived by applying the load patch 
on a square area as defined in [3.2.6], to a number of locations along the span. 


Note 2: A more extensive model in length and breadth can be considered. 


Floors and girders to be fixed at 
boundaries of the model. 


3.3 Bow impact 


3.3.1 Application 


The side structure in the ship forward area is to be strengthened against bow impact pressures. The 
strengthening is to extend forward of 0.1 L from the FP and vertically above the minimum design ballast 
draught, Tsa, defined in Ch 1, Sec 4, [3.1.5] and forecastle deck if any. See Figure 4. 


Figure 4 : Extent of strengthening against bow impact 


Outside the strengthening area the scantlings are to be tapered to maintain continuity of longitudinal and/or 


transverse strength. 


3.3.2 Design to resist bow impact loads 


a) Inthe bow impact strengthening area, longitudinal framing is to be carried as far forward as practicable. 


The design of end connections of stiffeners in the bow impact region are to ensure end fixity, either by 
making the stiffeners continuous through supports or by providing end brackets complying with 

Ch 3, Sec 6, [3.2]. Where it is not practical to comply with this requirement, the net plastic section 
modulus, Z-a in cm%, for alternative end fixity arrangements is not to be less than: 


Fig 
foag 
where: 
Zoi : Effective net plastic section modulus, in cm%, required by [3.3.4]. 
b) Scantlings and arrangements of primary supporting members, including decks and bulkheads, in way 


of the stiffeners, are to comply with [3.3.6]. In areas of the greatest bow impact load, the web stiffeners 
arranged perpendicular to the hull envelope plating and the double sided lug connections are to be 


provided. 
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The main stiffening direction of decks and bulkheads supporting shell framing is to be arranged parallel 
to the span direction of the supported shell frames, to protect against buckling. 


3.3.3 Side shell plating 


The net thickness of the side shell plating, t, in mm is not to be less than: 


t = 0.01580, b Pra 
a eH 
where: 
C, : Permissible bending stress coefficient taken as: 


C, = 1.0 for acceptance criteria set AC-I. 


3.3.4 Side shell stiffeners 


The side shell stiffeners within the strengthening area defined in [3.3.1] are to comply with the following 
criteria: 


a) The effective net plastic section modulus, Zp, in cm? in association with the effective 
plating to which it is attached, is not to be less than: 
Z= Pes S loog. 
foag Cs Ren 
where: 
Cy : Permissible bending stress coefficient taken as: 
C, = 0.9 for acceptance criteria set AC-I. 


b) The net web thickness, ty, in mm, is not to be less than: 


ae Pre S lshr 


a Ci Ton 
where: 
Oshr : Effective web depth of stiffener, in mm, as defined in Ch 3, Sec 7, [1.4.3]. 
C : Permissible shear stress coefficient taken as: 
C, = 1.0 for acceptance criteria set AC-l. 
c) The slenderness ratio is to comply with Ch 8, Sec 2. 


d) The minimum net thickness of breasthooks/diaphragm plates, t,, in mm, is not to be less than: 


t= S Ren 

” 70 4235 

where: 

S : Spacing of stiffeners on the web, as defined in Ch 1, Sec 4, Table 5, in mm. Where no 


stiffeners are fitted, s is to be taken as the depth of the web. 


3.3.5 Bow impact load area for primary supporting members 


The scantlings of primary supporting members according to [3.3.6] are based on the application of the bow 
impact pressure, as defined in Ch 4, Sec 5, [3.3.1], to an idealised bow impact load area of hull envelope 
plating, Ag, in m?, is given by: 


_11LBC, 
1000 


BI 
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3.3.6 Primary supporting members 


) 


<“ 


O 
~ 


wa 


~ 


The section modulus of the primary supporting member is to apply along the bending span clear of end 
brackets and cross sectional areas of the primary supporting member are to be applied at the 
ends/supports and may be gradually reduced along the span and clear of the ends/supports following 
the distribution of fyi, indicated in Figure 3. 


Primary supporting members in the bow impact strengthening area are to be configured to provide 
effective continuity of strength and the avoidance of hard spots. 


End brackets of primary supporting members are to be suitably stiffened along their edge. 
Consideration is to be given to the design of bracket toes to minimise abrupt changes of cross section. 


Tripping arrangements are to comply with Ch 8, Sec 2, [5.1.1]. In addition, tripping brackets are to be 
fitted at the toes of end brackets and at locations where the primary supporting member flange is 
knuckled or curved. 


The net section modulus of each primary supporting member, Z,so, in cm, is not to be less than: 


f. Baby for loaa 
Z = 1000 bdg-pt FB BI ‘BI bdg 
ji fie Ren 


where: 


foagpt  : Correction factor for the bending moment at the ends and considering the patch load taken 
as: 


foag-pt a3 fa 8 iar + 6 fsı 


fey : Patch load modification factor taken as: 
fg = tar 
loag 
Ley : Extent of bow impact load area, in m, along the span: 
lp, = JAg, but not to be taken as greater than /pag: 
De; : Breadth of impact load area, in m, Supported by the primary supporting member, to be taken 


as the spacing between primary supporting members, S, as defined in Ch 1, Sec 4, Table 5, 
but not to be taken as greater than Zp- 


Agi : Bow impact load area, in m?, as defined in [3.3.5]. 
fag : Bending moment factor taken as: 


frag = 12 for primary supporting members with end fixed continuous flange or where brackets 
at both ends are fitted in accordance with Ch 3, Sec 6, [4.4]. 


C; : Permissible bending stress coefficient taken as: 
C, = 0.8 for acceptance criteria set AC-I. 


The net shear area of the web, Aghrnso, in cm?, of each primary supporting member at the support/toe of 
end brackets is not to be less than: 


Sfp, Pre bei lhe 
C, TeH 


fp : Patch load modification factor taken as: 


l 
fo. = — 


lshr 
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ear : Extent of bow impact load area, in m, along the span taken as, 


lg, = Ag, but not greater than /,,,. 


C; : Permissible shear stress coefficient taken as: 
C, = 0.75 for acceptance criteria set AC-I. 


g) The net web thickness of each primary supporting member, ty, in mm including decks/bulkheads in way 
of the side shell is not to be less than: 


— _ Pre bey 
SINQ, Oorp 
where: 
Py : Angle, in deg, between the primary supporting member web and the shell plate, see Figure 5. 
Oor : Critical buckling stress in compression of the web of the primary supporting member or 


deck/bulkhead panel in way of the applied load given by Ch 8, Sec 5, [3.1.1], in N/mm?. 


Figure 5 : Angle between shell primary member and shell plate 


4 ADDITIONAL SCANTLING REQUIREMENTS 


4.1 Plate stem 


4.1.1 
The net thickness, tstm in mm, is not to be less than: 


tsim = (0.6 + 0.4S,) (0.08 L + 2.7) Jk but need not be greater than 22 /k—1 


where: 


Sp : Spacing, in m, between horizontal stringers (partial or not), breasthooks, or equivalent horizontal 
stiffening members. 


Starting from 0.6 m above the summer load waterline up to Tsc + Cy, the net thickness may gradually be 
reduced to 0.8 tsim: 


4.1.2 Breasthooks and diaphragm plating 


The net thickness of breasthooks/diaphragm plates, t,,, in mm, is not to be less than: 


i 2. Ren 
”“ 70 4235 
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where: 


S : Spacing of stiffeners on the web, as defined in Ch 1, Sec 4, Table 5, in mm. Where no stiffeners are 
fitted, s is to be taken as the depth of the web. 


4.2 Thruster tunnel 


4.2.1 


The net thickness of the tunnel plating, tiun, in mm, is not to be less than the net required thickness for the 
shell plating in the vicinity of the bow thruster. 


In addition, t;n is not to be taken less than: 

trun = 0.008 dj, + 1.8 

where: 

diun : Inside diameter of the tunnel, in mm, but not to be taken less than 970 mm. 


Where the outboard ends of the tunnel are provided with bars or grids, the bars or grids are to be effectively 
secured. 
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SECTION 2 
MACHINERY SPACE 


1 GENERAL 


1.1 Application 


1.1.1 


The requirements of this section apply to the scantlings and arrangement of structures located in the 
machinery space. It is the shipyard responsibility to design the ship in accordance with the machinery 
manufacturer’s requirements. 


2 MACHINERY SPACE ARRANGEMENT 


2.1 Structural arrangement 


2.1.1 

Where openings in decks/bulkheads are provided in the machinery space, the arrangements are to support 
the deck, side, and bottom structure. 

2.1.2 

All parts of the machinery, shafting, etc, are to be supported to distribute the loads into the ship’s structure. 
The adjacent structure is to be suitably stiffened. 

2.1.3 

Primary supporting members are to be positioned giving consideration to the provision of through stiffeners 
and in line pillar supports to achieve an efficient structural design. 

2.1.4 


The spacing of web frames in way of transversely framed machinery spaces is generally not to exceed five 
transverse frame spaces. Web frames are to be connected at the top and bottom to members of suitable 
stiffness, and supported by deck transverses. 


2.1.5 


End connections of side longitudinals at transverse bulkheads are to provide fixity, lateral support, and when 
not continuous are to be provided with soft-toe brackets. Brackets lapped onto the longitudinals are not to be 
fitted. 


2.1.6 


Where a transverse framing system is adopted, deck stiffeners are to be supported by a suitable arrangement 
of longitudinal girders in association with pillars or pillar bulkheads. Where fitted, deck transverses are to be 
arranged in line with web frames to provide end fixity and transverse continuity of strength. 


Where a longitudinal framing system is adopted, deck longitudinals are to be supported by deck transverses in 
line with web frames in association with pillars or pillar bulkheads. 
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2.1.7 


Machinery casings are to be supported by a suitable arrangement of deck transverses and longitudinal girders 
in association with pillars or pillar bulkheads. In way of particularly large machinery casing openings, cross ties 
may be required. These are to be arranged in line with deck transverses. 


2.1.8 


The foundations for main propulsion units, reduction gears, shaft and thrust bearings, and the structure 
supporting those foundations are to maintain the required alignment and rigidity under all anticipated 
conditions of loading. Consideration is to be given to the submittal of the following plans to the machinery 
manufacturer for review: 


a) Foundations for main propulsion units. 
b) Foundations for reduction gears. 
c) Foundations for thrust bearings. 


d) Structure supporting a), b) and c). 


2.2 Double bottom 


2.2.1 Double bottom height 


The double bottom height at the centreline, irrespective of the location of the machinery space, is to be not 
less than the value defined in Ch 2, Sec 3, [2.3.1]. This depth may need to be considerably increased in 
relation to the type and depth of main machinery seatings. 


The above height is to be increased by the shipyard where the machinery space is very large and where there 
is a considerable variation in draught between light ballast and full load conditions. 


Where the double bottom height in the machinery space differs from that in adjacent spaces, structural 
continuity of longitudinal members is to be provided by sloping the inner bottom over an adequate longitudinal 
extent. The knuckles in the sloped inner bottom are to be located in way of floors. Lesser double bottom height 
may be accepted in local areas provided that the overall strength of the double bottom structure is not thereby 
impaired. 


2.2.2 Centreline girder 


The double bottom is to be arranged with a centreline girder. In way of any openings for manholes on the 
centreline girder, permitted only where absolutely necessary for double bottom access and maintenance, local 
strengthening is to be arranged. 


2.2.3 Side bottom girders 


In the machinery space, the number of side bottom girders is to be adequately increased, with respect to the 
adjacent areas, to provide adequate rigidity of the structure. The side bottom girders in longitudinal stiffened 
double bottom, are to be a continuation of any bottom longitudinals in the areas adjacent to the machinery 
space and are generally to have a spacing not greater than 3 times that of longitudinals and in no case greater 
than 3m. 


2.2.4 Girders in way of machinery seatings 


Additional side bottom girders are to be fitted in way of machinery seating. 


2.2.5 Floors in longitudinally stiffened double bottom 


Where the double bottom is longitudinally stiffened, plate floors are to be fitted at every frame under the main 
engine and thrust bearing. Outboard of the engine and bearing seatings, the floors may be fitted at alternate 
frames. 
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2.2.6 Floors in transversely framed double bottom 


Where the double bottom in the machinery space is transversely stiffened, floors are to be arranged at every 
frame. 


2.2.7 Manholes and wells 


The number and size of manholes in floors located in way of seatings and adjacent areas are to be kept to the 
minimum necessary for double bottom access and maintenance. 


In general, manhole edges are to be stiffened with flanges; failing this, the floor plate is to be adequately 
stiffened with flat bars at manhole sides. 


Manholes with perforated portable plates are to be fitted in the inner bottom in the vicinity of wells arranged 
close to the aft bulkhead of the engine room. 


Drainage of the tunnel is to be arranged through a well located at the aft end of the tunnel. 


2.2.8 Inner bottom plating 
Where main engines or thrust bearings are bolted directly to the inner bottom, the net thickness of the inner 
bottom plating is to be at least 19 mm. Hold-down bolts are to be arranged as close as possible to floors and 


longitudinal girders. Plating thickness and the arrangements of hold-down bolts are also to consider the 
manufacturer’s recommendations. 


2.2.9 Heavy equipment 
Where heavy equipment is mounted directly on the inner bottom, the thickness of the floors and girders is to 


be suitably increased. 


3 MACHINERY FOUNDATIONS 


3.1 General 


3.1.1 


Main engines and thrust bearings are to be effectively secured to the hull structure by foundations of strength 
that is sufficient to resist the various gravitational, thrust, torque, dynamic, and vibratory forces which may be 
imposed on them. 


3.1.2 


In the case of higher power internal combustion engines or turbine installations, the foundations are generally 
to be integral with the double bottom structure. Consideration is to be given to substantially increase the inner 
bottom plating thickness in way of the engine foundation plate or the turbine gear case and the thrust bearing, 
see Type 1 of Figure 1. 


3.1.3 


For main machinery supported on foundations of Type 2, as shown in Figure 2, the forces from the engine into 
the adjacent structure are to be distributed as uniformly as possible. Longitudinal members supporting the 
foundation are to be aligned with girders in the double bottom, and transverse stiffening is to be arranged in 
line with the floors, see Type 2 of Figure 2. 
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Figure 1 : Machinery foundations Type 1 


Seat integral with tank top 


See Note 1 


Figure 2 : Machinery foundations Type 2 


Built up seat 


See Note 1 See Note 1 


Note 1: Brackets are to be as large as possible. Brackets may be omitted to avoid interference with the girders of the engine foundation, 
in accordance with recommendations of the engine manufacturer. 


3.2 Foundations for internal combustion engines and thrust bearings 


3.2.1 


In determining the scantlings of foundations for internal combustion engines and thrust bearings, 
consideration is to be given to the general rigidity of the engine and to its design characteristics with regard to 
out of balance forces. 


3.2.2 


Generally, two girders are to be fitted in way of the foundation for internal combustion engines and thrust 
bearings. 


3.3 Auxiliary foundations 


3.3.1 


Auxiliary machinery is to be secured on foundations that are of suitable size and arrangement to distribute the 
loads from the machinery evenly into the supporting structure. 
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SECTION 3 
AFT PART 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 
1 GENERAL 


1.1 Application 


1.1.1 


The requirements of this section apply for the scantlings and arrangement of structures located aft of the aft 
peak bulkhead. 


2 AFT PEAK 


2.1 Structural arrangement 


2.1.1 Floors 


Floors are to be fitted at each frame space in the aft peak and carried to a height at least above the stern tube. 
Where floors do not extend to flats or decks, they are to be stiffened by flanges at their upper end. 


Heavy plate floors are to be fitted in way of the aft face of the horn and in line with the webs in the rudder horn. 
They may be required to be carried up to the first deck or flat. In this area, cut outs, scallops or other openings 
are to be kept to a minimum. 


2.1.2 Platforms and side girders 


Platforms and side girders within the peak are to be arranged in line with those located in the area 
immediately forward. 


Where this arrangement is not possible due to the shape of the hull and access needs, structural continuity 
between the peak and the structures of the area immediately forward is to be ensured by adopting wide 
tapering brackets. 


Where the aft peak is adjacent to a machinery space whose side is longitudinally framed, the side girders in 
the aft peak are to be fitted with tapering brackets. 


Where the depth from the peak tank top to the weather deck is greater than 2.6 m and the side is transversely 
framed, one or more side girders are to be fitted, preferably in line with similar structures existing forward. 
2.1.3 Longitudinal bulkheads 


A longitudinal non-tight bulkhead is to be fitted on the centreline of the ship, in general in the upper part of the 
peak, and stiffened at each frame spacing. 


Where either the stern overhang is very large or the maximum breadth of the space divided by watertight and 
wash bulkheads is greater than 20 m, additional longitudinal wash bulkheads may be required. 
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2.1.4 Alternative design verification 
The spacing and arrangement requirements, defined in [2.1.1], [2.1.2] and [2.1.3] may be increased, if the 
designer performs a verification by means of grillage analysis or FE analysis and provides their full 


documentation. The acceptance criteria to be applied are defined in Ch 6, Sec 6, [3]. A FE analysis is to be 
performed under consideration of the requirements provided in Ch 7. 


2.2 = Stiffening of floors and girders in aft peak 


2.2.1 


The height of stiffeners, h in mm, on the floors and girders are not to be less than: 


ha = 80 Zr for flat bar stiffeners. 
hat = 70 Z for bulb profiles and flanged stiffeners. 


where: 


lott : Length of stiffener, in m, as shown in Figure 1. Length need not be taken greater than 5 m. 


2.2.2 
Stiffeners on the floors and girders in aft peak ballast or fresh water tanks above propeller are to be arranged 
with brackets. This apply for stiffeners located in an area extending longitudinally between the forward edge of 
the rudder and the after end of the propeller boss and transversely within the diameter of the propeller. End 
brackets are to be provided as follows: 

¢ Brackets are to be fitted at the lower and upper ends when Z+ exceeds 4 m. 

¢ Brackets are to be fitted at the lower end when Zr exceeds 2.5 m. 


where: 


l stet : Total length of stiffener, in m, as shown in Figure 1. 


Figure 1 : Stiffening of floors and girders in the aft peak tank 


when ¢_. > 2.5 when lns 2.5 


stft 
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3 STERN FRAMES 


3.1 General 


3.1.1 


Stern frames may be fabricated from steel plates or made of cast steel with a hollow section. For applicable 
material specifications and steel grades, see Ch 3, Sec 1. Stern frames of other material or construction will be 
specially considered. 


3.1.2 


Cast steel and fabricated stern frames are to be strengthened by adequately spaced plates with gross 
thickness not less than 80% of required thickness for stern frames. Abrupt changes of section are to be 
avoided in castings; all sections are to have adequate tapering radius. 


3.1.3 
In the upper part of the propeller aperture, where the hull form is full and centreline supports are provided, the 


thickness of stern frames may be reduced to 80% of the applicable requirement in [3.2.1]. 


3.2 Propeller posts 


3.2.1 Gross scantlings of propeller posts 


The gross scantlings of propeller posts are not to be less than those obtained from the formulae in Table 1 for 
single screw ships and Table 2 for twin screw ships. 


Scantlings and proportions of the propeller post which differ from those above may be considered acceptable 
provided that the section modulus of the propeller post section about its longitudinal axis is not less than that 
calculated with the propeller post scantlings in Table 1 or Table 2, as applicable. 


Table 1 : Single screw ships - Gross scantlings of propeller posts 


Gross Fabricated propeller post Cast propeller post Bar propeller post, cast or 
scantlings of forged, having rectangular 
propeller 3, section 
posts, in mm fi žo ee 
a 50 L,Y? 33 L1”? 10 /7.2L — 256 
b 35 L,Y? 23 L 10,/4.6L — 164 
ty 2.5 1,4 3.2 L,Y - 
to - 4.4L,” - 
ty 1.3 L1”? 2.0 L,¥? - 
R - 50 mm - 
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Table 2 : Twin screw ships - Gross scantlings of propeller posts 


Gross scantlings of Fabricated propeller Cast propeller post Bar propeller post, cast or 
propeller posts, in mm post forged, having rectangular 
section 


© 


5 
E 
E] 
g 
£ 
a 
& 
a 


Diaphragm of 


thickness t, 
thickness t; 


a 25 L”? 12.5 L? 24L+6 
b 25 Lv? 25 Lv? 0.8L+2 
t 2.5 L12 2.5 L,Y : 
t 3.2L,Y 3.2 L,Y : 
tz g 4.4 L,Y : 
ta 1.3 L,Y? 2.0 L,¥? : 


3.2.2 Section modulus below the propeller shaft bossing 


In the case of a propeller post without a sole piece, the section modulus of the propeller post may be gradually 
reduced below the propeller shaft bossing down to 85% of the value calculated with the scantlings in Table 1 
or Table 2, as applicable. 


In any case, the thicknesses of the propeller posts are not to be less than those obtained from the formulae in 
the Table 1 and Table 2. 


3.2.3 Propeller shaft bossing 


In single screw ships, the thickness of the propeller shaft bossing, included in the propeller post, is not to be 
less than 60% of the dimension b required in [3.2.1] for bar propeller posts with a rectangular section. 


3.3 Connections 


3.3.1 Connections with hull structure 


Stern frames are to be effectively attached to the aft structure and the lower part of the stern frame is to be 
extended forward of the propeller post to a length not less than 1500 + 6 L, mm, in order to provide an 
effective connection with the keel. However, the stern frame need not extend beyond the aft peak bulkhead. 


3.3.2 Connection with keel plate 


The thickness of the lower part of the stern frames is to be gradually tapered to that of the solid bar keel or 
keel plate. 


Where a keel plate is fitted, the lower part of the stern frame is to be designed to ensure an effective 
connection with the keel. 


3.3.3 Connection with transom floors 


Rudder posts and propeller posts are to be connected with transom floors having height not less than that of 
the double bottom height and a net thickness not less than that obtained, in mm, from the following formula: 


t = 9+0.023 L; 
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3.3.4 Connection with centre keelson 


Where the stern frame is made of cast steel, the lower part of the stern frame is to be fitted, as far as 
practicable, with a longitudinal web for connection with the centre keelson. 


4 SPECIAL SCANTLING REQUIREMENTS FOR SHELL STRUCTURE 


4.1 Shell plating 


4.1.1 Shell plating connected with stern frame 


The net thickness of shell plating connected with the stern frame is not to be less than that obtained, in mm, 
from the following formula: 


t = 0.094 (L2— 43) + 0.009 b 

In way of the boss and heel plate, the net thickness, t, of shell plating, in mm, is not to be less than: 
t = 0.105 (L,-47)+0.011 b 

where: 


b : Breadth of plate panel, in mm, as defined in Ch 3, Sec 7, [2.2.2]. 


4.1.2 Heavy shell plates 


Heavy shell plates are to be fitted locally in way of the heavy plate floors as required by [2.1.1]. Outboard of the 
heavy floors, the heavy shell plates may be reduced in thickness in as gradual a manner as practicable. Where 
the horn plating is radiused into the shell plating, the radius at the shell connection, r in mm, is not to be less 
than: 


r = 150+0.8 Lo 


4.1.3 Thruster tunnel plating 


The net thickness of the tunnel plating, tiun in mm, is to comply with the requirements in Ch 10, Sec 1, [4.2.1]. 
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SECTION 4 
TANKS SUBJECT TO SLOSHING 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


Ap : Correction factor for the panel aspect ratio to be taken as: 

a, = 1.2- ie but not to be taken as greater than 1.0. 
a : Length of plate panel, in mm, as defined in Ch 3, Sec 7, [2.2.2]. 
b : Breadth of plate panel, in mm, as defined in Ch 3, Sec 7, [2.2.2]. 


Loag : Effective bending span, as defined in Ch 3, Sec 7, [1.1.2], in m. 


Leth : Effective sloshing length, in m, as defined in Ch 4, Sec 6, [6.3.2]. 
boin : Effective sloshing breadth, in m, as defined in Ch 4, Sec 6, [6.4.2]. 
lanso  : Net horizontal hull girder moment of inertia, at the longitudinal position being considered, as defined 


in Ch 5, Sec 1, [1.5], in m4. 


Mw : Permissible hull girder hogging and sagging still water bending moment for seagoing operation at the 
location being considered, in kNm, as defined in Ch 4, Sec 4, [2.2.2]. 


Zn : Distance from the baseline to the horizontal neutral axis, as defined in Ch 5, Sec 1, in m. 
Z : Vertical coordinate of the load calculation point or at the reference point under consideration, in m. 
Ong : Hull girder bending stress, in N/mm, calculated at the load calculation point defined in Ch 3, Sec 7, 


[2.2] or in Ch 3, Sec 7, [3.2], as the case may be: 


Ong = (‘Eee 10° 


Iy_-ns0 
1 GENERAL 


1.1 Application 


1.1.1 


The requirements of this section cover the strengthening requirements for localised sloshing loads that may 
occur in tanks carrying liquid. 


Sloshing loads due to the free movement of liquid in tanks are given in Ch 4, Sec 6, [6]. 


1.2 General requirements 


1.2.1 Filling heights of cargo and ballast tanks 


The scantlings of all cargo and ballast tanks are to comply with the sloshing requirements given in this section 
for the following cases: 


e Unrestricted filling height for ballast tanks, 
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e Unrestricted filling height for cargo tanks with cargo density equal to p,, as defined in Ch 4, Sec 6, 


e All filling levels up to h,.,, for cargo tanks with cargo density equal to „ar taken as: 


h ie Puc Duley 
pari 
Popart 
where: 
Apart  * Maximum permissible filling height, in m, associated with a partial filling of the considered cargo 
tank with a high liquid density equal to Ppart- 
hik : Maximum tank height, in m. 
PL : Cargo density as defined in Ch 4, Sec 6. 
foed : Factor defined in Ch 4, Sec 6. 


Poart : Maximum permissible high liquid density as defined in Ch 4, Sec 6. 


1.2.2 Cargo holds of bulk carrier intended for the carriage of ballast water 

Cargo holds of bulk carrier intended for the carriage of ballast water are assumed either full or empty in 
seagoing condition and are not required to be assessed for sloshing pressures. 

1.2.3 Structural details 


Local scantling increases due to sloshing loads are to be made with due consideration given to details and 
avoidance of hard spots, notches and other harmful stress concentrations. 


1.3 Application of sloshing pressure 


1.3.1 General 


The structural members of the following tanks are to be assessed for the design sloshing pressures Psn-ng and 
Pnt in accordance with [1.3.4] and [1.3.5]. 


a) Cargo and slop tanks of oil tankers. 
b) Fore peak and aft peak ballast tanks. 


c) Other tanks which allow free movement of liquid, e.g. ballast tanks, fuel oil bunkering tanks and fresh 
water tanks, etc. 


Where the effective sloshing length, lsn is less than 0.03 L, calculations involving Psn-ng are not required and 
where the effective sloshing breadth b,n is less than 0.32 B, calculations involving P.n are not required. 
1.3.2 Minimum sloshing pressure 
The minimum sloshing pressure, Pp, min AS defined in Ch 4, Sec 6, [6.2] is to apply to tanks in which the 
effective sloshing length, Zn or breadth b.p, is less than defined in [1.3.1]. 
1.3.3 Structural members to be assessed 
The following structural members are to be assessed: 

a) Plates and stiffeners forming boundaries of tanks. 

b) Plates and stiffeners on wash bulkheads. 

c) Web plates and web stiffeners of primary supporting members located in tanks. 


d) Tripping brackets supporting primary supporting members in tanks. 
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1.3.4 Application of design sloshing pressure due to longitudinal liquid motion 


The design sloshing pressure due to longitudinal liquid motion, Psj,ing, as defined in Ch 4, Sec 6, [6.3.3] is to be 
applied to the following members as shown in Figure 1. 


a) Transverse tight bulkheads. 
b) Transverse wash bulkheads. 
c) Stringers on transverse tight and wash bulkheads. 


d) Plating and stiffeners on the longitudinal bulkheads, deck and inner hull within a distance from the 
transverse bulkhead taken as: 


© 0.25 bony 


e The distance between the transverse bulkhead and the first web frame if located inside the tank 
at the considered level, 


whichever is less. 


In addition, the first web frame next to a transverse tight or wash bulkhead if the web frame is located within 
0.25 / „n from the bulkhead, as shown in Figure 1, is to be assessed for the web frame reflected sloshing 
pressure, Psy, aS defined in Ch 4, Sec 6, [6.3.4]. 


The minimum sloshing pressure, P in-min, aS defined in Ch 4, Sec 6, [6.2] is to be applied to all other members. 


Figure 1 : Application of sloshing loads due to longitudinal liquid motion 


Protnawt 


Sloshing pressure on plating and 
stiffeners on: 

- transverse bulkhead 

- longitudinal bulkheads 

- deck 

Applies within 0.25 fn or to the 
first web frame if this is less 


Sloshing pressure on plating 
and stiffeners on: 

- wash bulkhead 

- longitudinal bulkheads 
Applies within 0.25 f „n or to the 
first web frame if this is less 


ss e e ie e A a E E E T T 
Transverse RODS} O0. ing b Gee Ree TR, 
tight bulkhead (74 ; p05 Ponne fi; 


- 2% w 
Inner bottom A ; ae a ab gogo oO 


Bottom Transverse 
wash bulkhead 


1.3.5 Application of design sloshing pressure due to transverse liquid motion 


The design sloshing pressure due to transverse liquid motion, P nm as defined in Ch 4, Sec 6, [6.4.3], is to be 
applied to the following members as shown in Figure 2. 


a) Longitudinal tight bulkhead. 
b) Longitudinal wash bulkhead. 


c) Horizontal stringers and vertical webs on longitudinal tight and wash bulkheads. 
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d) Plating and stiffeners on the transverse tight bulkheads including stringers and deck within a distance 
from the longitudinal bulkhead taken as: 


© 0.25 Dany 


e The distance between the longitudinal bulkhead and the first girder if located inside the tank at 
the considered level, 


whichever is less. 


In addition, the first girder next to the longitudinal tight or wash bulkhead if the girder is located within 0.25 b.n 
from the longitudinal bulkhead, as shown in Figure 2, is to be assessed for the reflected sloshing pressure, 
Psingra AS defined in Ch 4, Sec 6, [6.4.4]. 


The minimum sloshing pressure, Psipmin, as defined in Ch 4, Sec 6, [6.2], is to be applied to all other members. 


Figure 2 : Application of sloshing loads due to transverse liquid motion 


Deck 
0.25 bgp, 0.25 bgp, 
< >< > 


Point 


1 Paine + 


¿+| Sloshing pressure on plating and 
*| stiffeners on: 
++] - transverse bulkhead 
.°.°| -longitudinal bulkheads 
+7+7| -deck 
*.*.| Applies within 0.25 b,n or to the 
.'.'| first longitudinal girder if this is 
ze] less 


0.5 Paine 


Paint 


Longitudinal 
bulkhead 


1.3.6 Combination of transverse and longitudinal fluid motion 


The sloshing pressures due to transverse and longitudinal fluid motion are assumed to act independently. 
Structural members are therefore to be evaluated based on the greatest sloshing pressure due to longitudinal 
and transverse fluid motion. 


1.3.7 Additional sloshing impact assessment 


For tanks with effective sloshing breadth, b.n, greater than 0.56 B or effective sloshing length, Zn, greater 
than 0.13 L, an additional sloshing impact assessment is to be carried out in accordance with the individual 
Society’s procedures. 
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2 SCANTLING REQUIREMENTS 


2.1 Plating 


2.1.1 Net thickness 


The net thickness of plating, t in mm, subjected to sloshing pressures is not to be less than: 


t = 0.0158 ao, b Pon 
Ca Ren 
where: 
C : Permissible bending stress coefficient to be taken as: 
oO 
Ca = Ba- Qa Sad with coefficients defined in Table 1, but not to be taken greater than Cmax 
eH 
Ong : Hull girder bending stress, in N/mm?, corresponding to the greatest of the sagging and hogging 
bending moment in absolute value. 
Poin : The greater Of Peinings Psin-t OF Psin-min AS Specified in [1.3]. 
Table 1: Definition 3,, œ and C, max 
Acceptance Structural member £. a, Cc 
criteria set F 5 aR 
Longitudinal strength members in the cargo Lonøitudi 
ongitudinall 
hold region including but not limited to: eet eine 0.9 0.5 0.8 
e Deck. 
e Longitudinal plane bulkhead. 
: ee Transversely or 
e Horizontal corrugated longitudinal vertically stiffened 0.9 1.0 0.8 
bulkhead. plating i : ` 
e Longitudinal girders and stringers. 
AC-S 


Other strength members including: 
e Vertical corrugated longitudinal bulkhead. 
e Transverse plane bulkhead. 
e Transverse corrugated bulkhead. 0.8 0) 0.8 
e Transverse stringers and web frames. 


e Plating of tank boundaries and primary supporting 
members outside the cargo hold region. 


2.2 Stiffeners 
2.2.1 Net section modulus 
The net section modulus, Z in cm, of stiffeners subjected to sloshing pressures is not to be less than: 


ae Psn S Crag? 
fhag C, Ren 


where: 
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frag : Bending moment factor: 


frag = 12 for stiffeners fixed against rotation at each end. This is generally to be applied for scantlings 
of all continuous stiffeners. 


feag = 8 for stiffeners with one or both ends not fixed against rotation. This is generally to be applied 
to discontinuous stiffeners. 


C, : Permissible bending stress coefficient to be taken as defined in Table 2. 
Poin : The greater Of Psihings Psint OF Psin-min AS Specified in [1.3]. 


Table 2 : Permissible bending stress coefficient C, 


Stiffener 
Sign of hull girder 
are ae o0 p ay boundary frag Coefficient C, 
E wng actng:on condition ® 
(0) g 
C, = Bs — a, | h | 
F-F 12 Ren 
but not to be taken greater than C, max 
Stiffener side o 
C, = Bs — O, [Snel 
F-S 8 Ren 
but not to be taken greater than C, max 
Tension (positive) 
S-S 8 C; Cs-max 
F 12 C; = C5 max 
F-S 8 C, = Cy max 
Plate side Oo 
C, = Bs — Qs [Snel 
S-S 8 Ren 
but not to be taken greater than C-max 
F-F 12 C, = C-max 
F-S 8 C, = C-max 
Stiffener side lo] 
C, = Bs — O, [Snel 
S-S 8 Rex 
but not to be taken greater than C, max 
i (0) 
Compression 6 heads [Ongl 
(negative) F-F 12 Rey 
but not to be taken greater than C,-max 
Plate side Ong 
C, = Bs Qs | h | 
F-S 8 Ren 
but not to be taken greater than C, max 
S-S 8 C, T Cy max 
(1) Ong iS to be considered for the hogging and sagging situations. 
(2) For primary supporting members located inside the considered tank and for wash bulkheads, the sloshing pressure is to be 
applied both on stiffener and plate sides. 
(3) F - F stands for both ends of the stiffener fixed against rotation 


F - S stands for one end of the stiffener fixed and the other not fixed against rotation 


S - S stands for both ends of the stiffener not fixed against rotation 
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Table 3 : Definition £,, œ and C,-max 


piel Structural member Bs VA Comix 
Longitudinal strength members in the cargo tidi 
EE nud e but not limited to: : ae 0.85 1.0 0.75 
e Deck stiffeners. 
e Stiffeners on longitudinal bulkheads. Transverse bi 
* Stiffeners on longitudinal girders and | vertical stiffeners | 27 O 0.7 
AC-S stringers. 


Other strength members including: 
e Stiffeners on transverse bulkheads. 
e Stiffeners on transverse stringers and web frames. 0.75 (0) 0.75 


e Stiffeners on tank boundaries and primary supporting 
members outside the cargo hold region. 


2.3 Primary supporting members 


2.3.1 Web plating 


The web plating net thickness of primary supporting members, t in mm, is not to be less than: 


t = 0.0158 a, b |- s 
C, R 


a eH 

where: 

Poin : The greater of Psinings Psm Psmnwe Psmga and Psipmin as specified in [1.3]. The pressure is to be 
calculated at the load application point, defined in Ch 3, Sec 7, [4.1], taking into account the 
distribution over the height of the member, as shown in Figure 1 and Figure 2. 

C; : Permissible plate bending stress coefficient, as given in [2.1.1]. 


2.3.2 Stiffeners on web plating 


The net section modulus, Z in cm%, of each individual stiffener on the web plating of primary supporting 
members subjected to sloshing pressures is not to be less than: 


72 Psn S Crag? 
fhag C, Ren 


where: 


Poin : The greater of Psinings Pont Psin-wh Psm-ga and Psipmin AS specified in [1.3]. The pressure is to be 
calculated at the load application point, defined in Ch 3, Sec 7, [3.2], taking into account the 
distribution over the height of the member, as shown in Figure 1 and Figure 2. 


C; : Permissible bending stress coefficient as given in [2.2.1]. 


tag : Bending moment factor as given in [2.2.1]. 


2.3.3 Tripping brackets supporting primary Supporting members 


The net section modulus, Z in cm? in way of the base within the effective length, d, of tripping brackets and net 
shear area, Asn in cm?, after deduction of cut-outs and slots, of tripping brackets supporting primary 
supporting members is not to be less than: 


1000 Poin Strip P 


Z —, 
2 Cs Ren 
= Poin Strip h 
Ashr 10 C: Gi 
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where: 

Pain : The greater Of Ponang! Psinty Psin-we Peingra ANA Psn-min AS Specified in [1.3]. The average pressure may be 
calculated at mid point of the tripping bracket taking into account the distribution as shown Figure 1 
and Figure 2. 

Strip : Mean spacing, between tripping brackets or other primary supporting members or bulkheads, in m. 

h : Height of tripping bracket, see Figure 3, in m. 

C; : Permissible bending stress coefficient for tripping brackets to be taken as 0.75. 

C, : Permissible shear stress coefficient for tripping brackets to be taken as 0.75. 


The effective breadth of the attached plate to be used for calculating the section modulus of the tripping 
bracket is to be taken as h/3. 


Figure 3 : Effective length of tripping bracket 
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SECTION 1 
SUPERSTRUCTURES, DECKHOUSES 
AND COMPANIONWAYS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 
P : Pressure applied on the considered superstructure side or deck, in kN/m? 


P =P, for external decks, 
P = Py for unexposed deck, 
P = Pg, for superstructure side. 


Pp : Lateral pressure for exposed decks, in kN/m2, as defined in Ch 4, Sec 5, [2] and in Ch 4, Sec 5, [4.2]. 
Pu : Lateral pressure for unexposed decks, in kN/m?, as defined in Ch 4, Sec 6, [5]. 

Ps, : Lateral pressure for superstructure side, in kN/m?, as defined in Ch 4, Sec 5, [4.3]. 

Prep : Lateral pressure for side shell plating, in kN/m?, affected by bow impact requirements according to 


Ch 4, Sec 5, [8.3.1]. 


P, : External pressure for end bulkheads of superstructure and deckhouse walls, in kN/m? according to 
Ch 4, Sec 5, [4.4.1]. 


Loag : Effective bending span, in m, as defined in Ch 3, Sec 7. 

Lohr : Effective shear span, in m, as defined in Ch 3, Sec 7. 

c : Coefficient taken as: 
c = 0.75 for beams, girders and transverses which are simply supported in one or both ends. 
c = 0.55 in other cases. 


Ma : Coefficient taken as: 
s s 3 s 
a = 0.204 —— a- aor] | ith ——— <1 
iia OY TOO | 10004 | Y T000% 
1 GENERAL 


1.1 Application 


1.1.1 


The requirements of this section are applicable to superstructures, deckhouses and companionways, made of 
steel. 


The requirements of Pt 1, Ch 6 apply in addition to those of this section for exposed decks of superstructure 
and the side of superstructure or deckhouse when this side is part of the side shell. 


1.1.2 


For the application of this section, a superstructure is considered being located aft or forward 0.4 L amidships 
or having a length of less than 0.15 L. 
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1.1.3 


For the application of this section, the length of a deckhouse located within 0.4 L amidships is considered not 
exceeding 0.2 L. 


1.2 Gross scantlings 


1.2.1 


With reference to Ch 3, Sec 2, [1.1.3], all scantlings and dimensions referred to in [3] are gross. 
2 STRUCTURAL ARRANGEMENT 


2.1 = Structural continuity 


2.1.1 Bulkheads and sides of deckhouses 


The aft, front and side bulkheads are to be effectively supported by under deck structures such as bulkheads, 
girders and pillars. 


Sides and main longitudinal and transverse bulkheads are to be in line in the various tiers of deckhouses. 
Where such arrangement in line is not possible, other effective support is to be provided. 


Arrangements are to be made to minimise the effect of discontinuities in erections. All openings cut in the 
sides are to be framed and have well-rounded corners. Continuous coamings or girders are to be fitted below 
and above doors and similar openings. 


2.1.2 Deckhouse corners 
At the corners where the deckhouse is attached to the strength deck, attention is to be given to the 


arrangements to transmit load into the under deck supporting structure. 


2.2 End connections 


2.2.1 Deck stiffeners 


Transverse beams are to be connected to side frames by brackets according to Ch 3, Sec 6, [3.2]. Beams 
crossing longitudinal walls and girders may be attached to the stiffeners of longitudinal walls and the webs of 
girders respectively by welding without brackets. 


2.2.2 Longitudinal and transverse deck girders 


Face plates are to be stiffened by tripping brackets according to Ch 3, Sec 6, [4.3]. 


2.2.3 End connections of superstructure frames 


Vertical frames are to be welded to the main frames below, or to the deck under provision of a sufficient 
supporting structure. 


2.3 Local reinforcement on bulkheads 


2.3.1 


Local reinforcement is to be provided in way of large openings and areas supporting life saving appliances or 
high loads from other equipment, fittings, etc. 
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3 SCANTLINGS 
3.1 Superstructures sides and decks 


3.1.1 Exposed sides and exposed deck plating 


Exposed sides and exposed deck plating inclusive their Supporting structure are to comply with the 
requirements given in [3.2.1] to [3.2.5] and bow impact requirements in Ch 10, Sec 1, [3.3], if applicable. 


3.1.2 Deck plating of unexposed decks 


The deck plating and supporting structures of unexposed decks of superstructures are to comply with 
requirements given in [3.2.2] to [3.2.5]. 


3.2 Deckhouses 


3.2.1 Plating 


The gross thickness of the plating, tsr-exp in mm, is not to be less than 


ter_exp = 0-5 jae , on first tier. 
Ssta 


ter-exp = 1.0 (BS. , on second tier. 
Ssta 
= ks Fabris 
tsr-exp = 6.5 /— , on third tier and above. 
Ssta 
where: 
Sota : Standard reference spacing of stiffeners or beams, in mm, taken as: 


Seq = 470 + 1.67 L, 


Where deck is protected by sheathing, the gross thickness of the deck plating may be reduced by 1.5 mm, 
without being less than 5 mm. 


Where sheathing other than wood is used, attention is to be paid that the sheathing does not affect the steel. 
The sheathing is to be effectively fitted to the deck. 


3.2.2 Deck plating of unexposed decks 


The gross thickness of the unexposed deck plating, tsrunexp, in mm, is not to be less than the greater value of: 


ter—unexp = 0-9 tgr_exp at the tier considered, and 


s 
Efe Be . f 
ree (5 Baca 1) „/k but not less than 5.5 mm 


3.2.3 Beams and stiffeners 
The gross section modulus Z,,, in cm, and the gross shear area Ags, in cm?, of transverse beams and of 
stiffeners are not to be less than: 


& S 2 
Zg = CkP 1000 loag 


S 
Ag-sh = 0.05 (1 -0.817 ma) k P 1000 l snr 


3.2.4 Girders and transverses 


The gross section modulus Z,,, in cm®, and the gross shear area Assn in cm?, of girders and transverses are 
not to be less than: 
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Zy = OK P S lyg 
Agi, = 0.05 k P S lon 


The girder depth is not to be less than 4/25. The web depth of girders scalloped for continuous deck beams is 
to be at least 1.5 times the depth of the deck beams. 


3.2.5 Alternative grillage analysis for girders and transverses 


Where arrangements of deck girders and transverses are such that these members act as a grillage structure, 
additional analysis may be carried out with a structural model based on the gross scantling. 


The resulting stresses are not to exceed the following permissible bending, shear and equivalent stresses, in 
N/mm?, taken as: 


6, = 150/k 
t = 100/k 
Seqy = 180/k 


3.3 Deckhouse walls and end bulkheads of superstructure 


3.3.1 Application 


The requirements in [3.3] apply to end bulkhead of superstructure and deckhouse walls forming the only 
protection for openings and for accommodations. 


Special consideration may be given to the bulkhead scantlings of deckhouses which do not protect openings in 
the freeboard deck, superstructure deck or in the top of a lowest tier deckhouse. Special consideration may 
also be given to the bulkhead scantlings of deckhouses which do not protect machinery casings, provided they 
do not contain accommodation or do not protect equipment essential to the operation of the ship. 


3.3.2 Plate thickness 


The gross thickness of the plating tg, in mm, is not to be less than the greater of: 


S 
te = 0.9 Taam KPa + 15 


ty (5.0 + 4) lk, for the lowest tier. 


L : : 3 
tg = (4.0 + 4) Jk, for the upper tiers, without being less than 5.0 mm. 


3.3.3 Stiffeners 
The gross section modulus Z,,, in cm®, of the stiffeners is not to be less than: 


Za = 0.35 k P, T e 


This requirement assumes the webs of lowest tier stiffeners to be efficiently welded to the decks. Scantlings 
for other types of end connections are to be specially considered. 


The section modulus of deckhouse side stiffeners needs not to be greater than that of side frames on the deck 
situated directly below, taking account of spacing s and span 7. 


3.4 Companionways 
3.4.1 


The scantlings of companionways are to be determined in accordance with [3.2] and [3.3]. 
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SECTION 2 
BULWARK AND GUARD RAILS 


1 GENERAL REQUIREMENTS 


1.1 Application 


1.1.1 


Bulwarks or guard rails are to be provided at the boundaries of exposed freeboard and superstructure decks, 
at the boundary of first tier of deckhouses and at the ends of superstructures. 


1.2 Minimum height 


1.2.1 


Bulwarks, or guard rails, are to be a minimum of 1.0 m in height, measured above sheathing, and are to be 
constructed as required in [2.2] and [3.2]. Where this height would interfere with the normal operation of the 
ship, a lesser height may be accepted, on the basis of justifying information to be submitted. 


2 BULWARKS 


2.1 General 


2.1.1 


Plate bulwarks are to be stiffened at the upper edge by a suitable rail and supported either by stays or plate 
brackets spaced not more than 2.0 m apart. 


The free edge of the stay or the plate bracket is to be stiffened. 


2.1.2 


Within 0.6 L amidships, bulwarks are to be arranged to ensure that they are free from hull girder stresses. 


2.1.3 
Bulwarks are to be adequately strengthened and increased in thickness in way of mooring pipes. 


Cut-outs in bulwarks for gangways or other openings are to be kept clear of breaks of Superstructures. 


2.1.4 


Bulwark plating and stays are to be adequately strengthened in way of eye plates used for shrouds or other 
tackles in use for cargo gear operation, as well as in way of hawser holes or fairleads provided for mooring or 
towing. 

2.1.5 


Openings in bulwarks are to be arranged so that the protection of the crew is to be at least equivalent to that 
provided by the horizontal courses in [3.1.2]. 


For this purpose, vertical rails or bars spaced approximately 230 mm apart may be accepted in lieu of rails or 
bars arranged horizontally. 
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2.1.6 


In the case of ships intended for the carriage of timber deck cargoes, the specific provisions of the freeboard 
regulations are to be complied with. 


2.1.7 


Where mooring fittings subject the bulwark to large forces, the stays are to be adequately strengthened. 


2.2 Construction of bulwarks 


2.2.1 Plating 


The gross thickness of bulwark plating, at the boundaries of exposed freeboard and superstructure decks, is 
not to be less than that given in Table 1. 


Table 1 : Thickness of bulwark plates 


Height of bulwark Gross thickness 


Thickness required for a superstructure in the same 


aoc riper more position, obtained from Ch 11, Sec 1, [3.1] 


1.0m 6.5 mm 
Intermediate height To be determined by linear interpolation 
2.2.2 Stays 


The gross section modulus of stays, Zstay.gr in cm®, is not to be less than: 


sey OTE Mine Sko 
where: 

Now,  : Height of bulwark from the top of the deck plating to the top of the rail, in m. 

Sstay : Spacing of the stays, in m. 

In the calculation of the section modulus, only the material connected to the deck is to be included. The bulb 


or flange of the stay may be taken into account where connected to the deck. Where the bulwark plating is 
connected to the sheer strake, a width of attached plating, not exceeding GOO mm, may also be included. 


2.2.3 


Where bulwarks are cut completely, stays or plate brackets of increased strength are to be fitted at the ends of 
openings. 


Bulwark stays are to be supported by, or are to be in line with, suitable under deck stiffening. The stiffening is 
to be connected by double continuous fillet welds in way of bulwark stay connections. 


2.2.4 


At the ends of superstructures and for the distance over which their side plating is tapered into the bulwark, 
the latter is to have the same thickness as the side plating. Where openings are cut in the bulwark at these 
positions, adequate compensation is to be provided either by increasing the thickness of the plating or by 
other suitable means. 
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3 GUARD RAILS 


3.1 General 


3.1.1 

Where superstructures are connected by trunks, open rails are to be fitted for the whole length of the exposed 
parts of the freeboard deck. 

3.1.2 


In Type B-100 and Type A ships, open rails on the weather parts of the freeboard deck for at least half the 
length of the exposed parts are to be fitted. 


Alternatively, freeing ports complying with ICLL are to be fitted. 


3.2 Construction of guard rails 


3.2.1 

Stanchions of guard rails are to comply with the following requirements: 
a 
b 


Fixed, removable or hinged stanchions are to be fitted approximately 1.5 m apart. 
At least every third stanchion is to be supported by a bracket or stay. 


d 


) 
) 
c) Removable or hinged stanchions are to be capable of being locked in the upright position. 
) In the case of ships with rounded sheer strake, the stanchions are to be placed on the flat of the deck. 
) 


e) In the case of ships with welded sheer strake, the stanchions are not to be attached to the sheer strake, 


upstand or a continuous gutter bar. 
3.2.2 
The size of openings, below the lowest course of rails and the deck or upstand, is to be a maximum of 230 
mm. The distance between other courses is not to be greater than 380 mm. 
3.2.3 
Wire ropes may be accepted, in lieu of guard rails, only in special circumstances and then only in limited 
lengths. In such cases, they are to be made taut by means of turnbuckles. 
3.2.4 


Chains may be accepted, in lieu of guard rails, only where they are fitted between two fixed stanchions and/or 
bulwarks. if the opening is wide, the chains are to be fitted with vertical courses to prevent the horizontal 
courses from spreading apart. 
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SECTION 3 
EQUIPMENT 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 
1 GENERAL 


1.1 Application 


1.1.1 

The anchoring equipment specified in this section is intended for temporary mooring of a ship within a harbour 
or sheltered area when the ship is awaiting berth, tide, etc. 

1.1.2 


The equipment specified is not intended to be adequate to hold a ship off fully exposed coasts in rough 
weather or to stop a ship that is moving or drifting. In such a condition, the loads on the anchoring equipment 
increase to such a degree that its components may be damaged or lost. 

1.1.3 


The Equipment Number (EN) formula for the required anchoring equipment is based on an assumed current 
speed of 2.5 m/s, wind speed of 25 m/s and a scope of chain cable between 6 and 10. The scope of chain 
cable is defined as the ratio between the length of chain paid out and the waters depth. 


It is assumed that under normal circumstances a ship will use only one bow anchor and chain cable at a time. 
2 EQUIPMENT NUMBER CALCULATION 


2.1 Requirements 


2.1.1 


Anchors and chains are to be in accordance with Table 1 and the quantity, mass and sizes of these are to be 
determined by the equipment number (EN), given by: 


EN = A?’ +2B h+0.1A 


where: 

h : Effective height, in m, from the summer load waterline to the top of the uppermost house, to be 
obtained in accordance with the following formula: 
h = hpg + 2h, 
When calculating h, sheer and trim are to be disregarded. 

hrg : Freeboard amidships from the summer load waterline to the upper deck, in m. 

h, : Height, in m, at the centreline of superstructure or of deckhouse tier ‘n’ having a breadth greater 
than B/4. Where a house having a breadth greater than B/4 is above a house with a breadth of B/4 
or less, the upper house is to be included and the lower ignored (see in Figure 1). 
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A : Area, in m2, in profile view, of the parts of the hull, superstructures and houses above the summer 
load waterline which are within the length L and also have a breadth greater than B/4. 


Fixed screens or bulwarks 1.5 m or more in height are to be regarded as parts of houses when determining h 
and A. In particular, the hatched area shown in Figure 2 is to be included. 


The height of hatch coamings and that of any deck cargo, such as containers, may be disregarded when 
determining h and A. 


2.1.2 


For ships with EN greater than 16000, the determination of the equipment will be considered by the Society on 
a case-by-case basis. 


Figure 1 : Effective heights of deckhouses 


a 


<— B/8 —> 


Figure 2 : Profile areas of screens and bulwarks 
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Table 1 : Equipment - Bower anchors and chain cables 


Equipment plogh ices DOwes Chain cable stud link bower chain 
Number anchors 
Number Diameter, in mm 
Greater | Equal to or of Mass per Length, Normal , Extra high 
than less than anchors anehon, in m strength High strength strength steel 
a) ke steel (Grade 1) | Ste! (Grade 2) | (Grade 3) 
150 175 2 480 275 22 19 * 
175 205 2 570 302.5 24 20.5 * 
205 240 2 660 302.5 26 22 20.5 
240 280 2 780 330 28 24 22 
280 320 2 900 357.5 30 26 24 
320 360 2 1020 357.5 32 28 24 
360 400 2 1140 385 34 30 26 
400 450 2 1290 385 36 32 28 
450 500 2 1440 412.5 38 34 30 
500 550 2 1590 412.5 40 34 30 
550 600 2 1740 440 42 36 32 
600 660 2 1920 440 44 38 34 
660 720 2 2100 440 46 40 36 
720 780 2 2280 467.5 48 42 36 
780 840 2 2460 467.5 50 44 38 
840 910 2 2640 467.5 52 46 40 
910 980 2 2850 495 54 48 42 
980 1060 2 3060 495 56 50 44 
1060 1140 2 3300 495 58 50 46 
1140 1220 2 3540 522.5 60 52 46 
1220 1300 2 3780 522.5 62 54 48 
1300 1390 2 4050 522.5 64 56 50 
1390 1480 2 4320 550 66 58 50 
1480 1570 2 4590 550 68 60 52 
1570 1670 2 4890 550 70 62 54 
1670 1790 2 5250 577.5 73 64 56 
1790 1930 2 5610 577.5 76 66 58 
1930 2080 2 6000 577.5 78 68 60 
2080 2230 2 6450 605 81 70 62 
2230 2380 2 6900 605 84 73 64 
2380 2530 2 7350 605 87 76 66 
2530 2700 2 7800 632.5 90 78 68 
2700 2870 2 8300 632.5 92 81 70 
2870 3040 2 8700 632.5 95 84 73 
3040 3210 2 9300 660 97 84 76 
3210 3400 2 9900 660 100 87 78 
3400 3600 2 10500 660 102 90 78 
3600 3800 2 11100 687.5 105 92 81 
3800 4000 2 11700 687.5 107 95 84 
(1) Spare anchors are not included in the number of required anchors. 


Note 1: 
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Equipment Sochicse BONGI Chain cable stud link bower chain 
Number anchors 
Number Diameter, in mm 
Greater | Equal to or of Mass per Length, Normal : Extra high 
than less than anchors angnor in m strength High strength strength steel 
w inke steel (Grade 1) | Se! (Grade 2)| (grade 3) 
4000 4200 2 12300 687.5 111 97 87 
4200 4400 2 12900 715 114 100 87 
4400 4600 2 13500 715 117 102 90 
4600 4800 2 14100 715 120 105 92 
4800 5000 2 14700 742.5 122 107 95 
5000 5200 2 15400 742.5 124 111 97 
5200 5500 2 16100 742.5 127 111 97 
5500 5800 2 16900 742.5 130 114 100 
5800 6100 2 17800 742.5 132 117 102 
6100 6500 2 18800 742.5 * 120 107 
6500 6900 2 20000 770 * 124 111 
6900 7400 2 21500 770 x 127 114 
7400 7900 2 23000 770 F 132 117 
7900 8400 2 24500 770 X 137 122 
8400 8900 2 26000 770 * 142 127 
8900 9400 2 27500 770 X 147 132 
9400 10000 2 29000 770 x 152 132 
10000 10700 2 31000 770 X X 137 
10700 11500 2 33000 770 * ki 142 
11500 12400 2 35500 770 * * 147 
12400 13400 2 38500 770 7 * 152 
13400 14600 2 42000 770 x x 157 
14600 16000 2 46000 770 X K 162 
(1) Spare anchors are not included in the number of required anchors. 


Note 1: ‘*’ chain grade not to be used at this diameter. 


3 ANCHORING EQUIPMENT 


3.1 General 


3.1.1 General 


Two bower anchors are to be connected to chain cable and stowed in position ready for use. 


A third anchor is recommended to be provided as a spare bower anchor and is listed for guidance only; it is not 


required as a condition of classification. 


3.1.2 Design 


Anchors are to be of an approved design. The design of anchor heads is to be such as to minimise stress 


concentrations. In particular, the radii, on all parts of cast anchor heads are to be as large as possible, 
especially where there is considerable change of section. 


If the anchor design is different from standard or approved anchor types, drawing of the anchor, including 


material specification, is to be submitted for approval. 
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3.1.3 Testing 


All anchors and chain cables are to be tested at establishments and on machines recognised by the Society, 
under the supervision of surveyors or other representatives of the Society and in accordance with the relevant 
requirements for materials of the Society. 


Test certificates showing particulars of weights of anchors, or size and weight of cable and of the test loads 
applied are to be available. These certificates are to be examined by the surveyor when the anchors and 
cables are placed onboard the ship. 


3.2 Ordinary anchors 


3.2.1 Anchor mass 


The mass per anchor of bower anchors given in Table 1 is for anchors of equal mass. The mass of individual 
anchors may vary 7% above or below the tabulated value, provided that the combined mass of all anchors is 
not less than that required for anchors of equal mass. 


Anchors are to be of the stockless type. The mass of the head of anchor, including pins and fittings, is not to be 
less than 60% of the total mass of the anchor. 


3.3 High and Super High Holding power anchors 


3.3.1 General 


Where agreed by the owner, consideration will be given to the use of special types of anchors. High Holding 
Power (HHP) and Super High Holding Power (SHHP) anchors, i.e. anchors for which a holding power higher than 
that of ordinary anchors has been proved according to the applicable requirements of the Society’s Rules for 
Materials, do not require prior adjustment or special placement on the sea bottom. 


3.3.2 HHP or SHHP anchor mass 


Where HHP or SHHP anchors are used as bower anchors, the mass of each anchor is to be not less than 75% 
or 50%, respectively, of that required for ordinary stockless anchors in Table 1. 


The mass of SHHP anchors is to be, in general, less than or equal to 1500 kg. 


3.3.3 Application 


High holding power anchors are to be of a design that will ensure that the anchors will take effective hold of 
the sea bed without undue delay and will remain stable, for holding forces up to those required by [3.3.4], 
irrespective of the angle or position at which they first settle on the sea bed when dropped from a normal type 
of hawse pipe. A demonstration of these abilities may be required. 


The design approval of high holding power anchors may be given as a general/type approval, and listed in a 
published document by the Society. 


3.3.4 Testing 


An anchor for which approval is sought as a high holding power (HHP) anchor, is to be tested at sea to show 
that it has a holding power of twice that approved for a standard stockless anchor of the same mass. 


If approval is sought for a range of sizes, then at least two are to be tested. The smaller of the two anchors is to 
have a mass not less than one-tenth of that of the larger anchor. The larger of the two anchors tested is to have 
a mass not less than one-tenth of that of the largest anchor for which approval is sought. 


Each test is to comprise a comparison between at least two anchors: one ordinary stockless bower anchor and 
one HHP anchor. The masses of the anchors are to be approximately equal. 


The tests are generally to be carried out by means of a tug. The pull is to be measured by a dynamometer or 
determined from recently verified data of the tug's bollard pull as a function of propeller rpm. 
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During the test, the length of the chain cable on each anchor is to be sufficient to obtain an approximately 
horizontal pull on the anchor. Generally, a horizontal distance between anchor and tug equal to 10 times the 
water depth will be sufficient. 


For SHHP, the tests are to be conducted on at least three different types of bottom, which may be soft mud or 
silt, sand or gravel, and hard clay or similarly compacted material. 


3.4 Chain cables 


3.4.1 General 
The chain cables are classified as Grade 1, 2 or 3 depending on the type of steel used and its manufacture. 


The characteristics of the steel used and the method of manufacture of chain cables are to be approved by the 
Society for each manufacturer. The material from which chain cables are manufactured and the completed 
chain cables themselves are to be tested in accordance with the applicable requirements of the Society’s 
Rules for Materials. 


Chain cables which are intended to form part of the equipment are not to be used as check chains when the 


ship is launched. 


3.4.2 Application 


The total length of chain required to be carried onboard, as given in Table 1, is to be divided approximately 
equally between the two anchors. 


Where the owner requires equipment for anchoring at depths greater than 82.5 m, it is the owner’s 
responsibility to specify the appropriate total length of the chain cable required. In such a case, consideration 
can be given to dividing the chain cable into two unequal lengths. 


3.5 Chain lockers 


3.5.1 General 


The chain locker is to have adequate capacity and be of a suitable form to provide for the proper stowage of 
the chain cable, allowing an easy direct lead for the cable into the chain pipes when the cable is fully stowed. 
Port and starboard cables are to have separate spaces. 


The chain locker boundaries and access openings are to be watertight. Provisions are to be made to minimise 
the probability of the chain locker being flooded in bad weather. Adequate drainage facilities for the chain 
locker are to be provided. 


Chain or spurling pipes are to be of suitable size and provided with chafing lips. 


3.5.2 Application 


Provisions are to be made for securing the inboard ends of the chain to the structure. This attachment and its 
supporting structure are to be able to withstand a force of not less than 15% or more than 30% of the 
minimum breaking strength of the fitted chain cable. 


The fastening of the chain to the ship is to be arranged in such a way that in case of an emergency, when the 
anchor and chain have to be sacrificed, the chain can be readily released from an accessible position outside 
the chain locker. 
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3.6 Chain stoppers 


3.6.1 General 


Chain stoppers are to be provided to secure each chain cable once it is paid out. 


3.6.2 Application 
Securing arrangements of chain stoppers are to be capable of withstanding a load equal to 80% of the 


breaking load of the chain cable as required by [3.4.1], without undergoing permanent deformation. 


3.7 Windlass 


3.7.1 General 
A windlass of sufficient power and suitable for the size of chain is to be fitted to the ship in accordance with the 
requirements of the Society. Where an owner requires equipment significantly in excess of Rule requirements, 


it is the owner’s responsibility to specify increased windlass power. 


The windlass is to be capable of heaving in either cable. 


3.7.2 Application 


The design of the windlass is to be such that access to the chain pipe is adequate to permit the fitting of a 
cover or seal of sufficient strength over the spurling pipe. 


Special consideration will be given to the acceptance of equivalent arrangements that minimise the probability 
of the chain locker or forecastle being flooded. 


3.7.3 Anchor windlass trial 


Each windlass is to be tested under working conditions after installation onboard to demonstrate satisfactory 
operation. Each unit is to be independently tested for the following: 


a) Braking. 
b) Clutch functioning. 
c) Lowering and hoisting of chain cable and anchor. 
d) Proper riding of the chain over the chain lifter. 
e) Proper transit of the chain through the hawse pipe and the chain pipe. 
f) Effecting proper stowage of the chain and the anchor. 
During trials onboard ship, the windlass is to be shown to: 


a) For all specified design anchorage depths, raise the anchor from a depth of 82.5 m to a depth of 27.5 m 
at a mean speed of 9 m/min. 


b) For specified design anchorage depths greater than 82.5 m, in addition to (a), raise the anchor from the 
specified design anchorage depth to a depth of 82.5 m at a mean speed of 3 m/min. 


c) Where the depth of the water in the trial area is inadequate, suitable equivalent simulating conditions 
will be considered as an alternative. 
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3.8 Hawse pipes 


3.8.1 General 


Hawse pipes are to be of a suitable size and configuration to ensure adequate clearance and an easy lead of 
the chain cable from the chain stopper through the ship’s side. 


Hawse pipes are to be of sufficient strength. 


Their position and slope are to be so arranged as to create an easy lead for the chain cables and efficient 
housing for the anchors, where the latter are of the retractable type, avoiding damage to the hull during these 
operations. 


For this purpose, chafing lips of suitable form with ample lay-up and radius adequate to the size of the chain 
cable are to be provided at the shell and deck. The shell plating in way of the hawse pipes is to be reinforced as 
necessary. 


Where hawse pipes are not fitted, alternative arrangements will be specially considered. 


3.8.2 Application 


Hawse pipes are to be securely attached to thick, doubling or insert plates, by continuous welds. 


3.8.3 Stowage and deployment arrangements for anchors 


Hawse pipes and anchor pockets are to have full-rounded flanges or rubbing bars in order to minimise the nip 
on the cables and to minimise the probability of cable links being subjected to high bending stresses. The 
radius of curvature is to be such that at least three links of chain will bear simultaneously on the rounded 
parts of the upper and lower ends of the hawse pipes in those areas where the chain cable is supported during 
paying out and hoisting and when the ship is at anchor. 


On ships provided with a bulbous bow, where it is not possible to obtain a suitable clearance between shell 
plating and the anchors during anchor handling, local reinforcements of the bulbous bow are to be provided in 
the form of increased shell plate thickness. 
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SECTION 4 
SUPPORTING STRUCTURE FOR 
DECK EQUIPMENT AND FITTINGS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 


SWL _ : Safe working load as defined in [4.1.4]. 
1 GENERAL 


1.1 Application 


1.1.1 


Information pertaining to the supporting structure for deck equipment and fittings, as listed in this section, is 
to be submitted for approval. 


This section includes scantling requirements to the supporting structure and foundations of the following 
pieces of equipment and fittings: 


a) Anchor windlasses. 

b) Anchoring chain stoppers. 

c) Mooring winches. 

d) Deck cranes, derricks and lifting masts. 


e) Bollards and bitts, fairleads, stand rollers, chocks and capstans. 


1.1.2 


Where deck equipment is subject to multiple load cases, such as operational loads and green sea load, the 
loads are be applied independently for the evaluation of strength of foundations and support structure. 


1.2 Documents to be submitted 


1.2.1 


The documents to be submitted are indicated in Ch 1, Sec 3. 


2 ANCHORING WINDLASS AND CHAIN STOPPER 


2.1 General 


2.1.1 


The windlass is to be efficiently bedded and secured to the deck. 
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2.1.2 

The builder and the windlass manufacturer are to ensured that the foundation is suitable for the safe 
operation and maintenance of the windlass equipment. 

2.1.3 

The supporting structure is to be dimensioned to ensure that for each of the load scenarios specified in [2.1.5] 
and [2.1.6], the stresses do not exceed the permissible values given in [2.1.12] to [2.1.15]. 

2.1.4 


These requirements are to be assessed based on gross scantlings. 


2.1.5 

The following load cases are to be examined for the anchoring operation, as appropriate: 
a) Windlass where chain stopper is provided: 45% of BS. 
b) Windlass where chain stopper is not provided: 80% of BS. 
c) Chain stopper: 80% of BS. 

where: 


BS : Minimum breaking strength of the chain cable. 


2.1.6 


The following forces are to be applied in the independent load cases that are to be examined for the design 
loads due to green sea over the forward 0.25 L, see Figure 1: 


P, = 200 A,, in kN, acting normal to the shaft axis. 


P, = 150 A,f, in kN, acting parallel to the shaft axis (inboard and outboard directions to be examined 
separately). 


where: 
A, : Projected frontal area, in m2. 
Ay : Projected side area, in m?. 
f : Coefficient taken as: 
f = 1+ B,/H, but not to be taken greater than 2.5. 
Bw : Breadth of windlass measured parallel to the shaft axis, in m, see Figure 1. 
H : Overall height of windlass, in m, see Figure 1. 
Figure 1 : Directions of forces and weight 
Forward 
Centreline of vessel 
Centreline of windlass 7 
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2.1.7 


Forces resulting from green sea design loads in the bolts, chocks and stoppers securing the windlass to the 
deck are to be calculated. The windlass is supported by a number of bolt groups, N, each containing one or 
more bolts. See Figure 2. 


Figure 2 : Bolting arrangements and sign conventions 


P; 
Centreline of windlass _— 


bolt groups 


2.1.8 
The axial forces, R,; and Ry, in bolt group (or bolt) i, positive in tension, are given by: 


Ra = P, hx, A;/lx 


Boj 
Il 


P, hy, A;/ly 


R; = Rat Ryi- Rsi 


where: 

P; : Force acting normal to the shaft axis, in KN. 

P, : Force acting parallel to the shaft axis, either inboard or outboard, whichever gives the greater force in 
bolt group i, in KN. 

h : Shaft centre height above the windlass mounting, in cm, see Figure 1. 

Xin Y :X and y coordinates of bolt group i from the centroid of all N bolt groups, in cm. Positive in the 
direction opposite to that of the applied force. 

A; : Cross sectional area of all bolts in group i, in cm?. 

I, : Inertia in x direction for N bolt groups, in cm4, taken as: 
|, = 3A; x? 

ly : Inertia in y direction for N bolt groups, in cm4, taken as: 
ly = 3A, y? 

Ry : Static reaction at bolt group /, due to the weight of windlass, in kN. 
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2.1.9 


The shear forces, F,; and Fy, applied to the bolt group i, and the resultant combined force F, are given by: 


Fyi = (Px— C1 mg)/N 


Fy, = (P,—- Cı mg)/N 


Fi eee tE 


where: 
Ci : Coefficient of friction, taken equal to 0.5. 
m : Mass of windlass, in t. 
: Acceleration due to gravity, taken equal to 9.81 m/s?. 
N : Number of bolt groups. 
2.1.10 


The resultant forces from the application of the loads specified in [2.1.5] and [2.1.6] are to be considered in 
the design of the supporting structure. 


2.1.11 


Where a separate foundation is provided for the windlass brake, the distribution of resultant forces is to be 
calculated on the assumption that the brake is applied for load cases (a) and (b) defined in [2.1.5]. 


2.1.12 


The stresses resulting from anchoring design loads induced in the supporting structure are not to be greater 
than the following permissible values: 


e Normal stress, 1.00 Rey, 


e Shear stress, 0.58 R,,, 


2.1.13 


The tensile axial stresses resulting from green sea design loads in the individual bolts in each bolt group i are 
not to exceed 50% of the bolt proof strength. The load is to be applied in the direction of the chain cable. 
Where fitted bolts are designed to support shear forces in one or both directions, the von Mises equivalent 
stresses are not to exceed 50% of the bolt proof strength. 


2.1.14 


The horizontal forces resulting from the green sea design loads, F,; and F,; may be supported by shear chocks. 
Where pourable resins are incorporated in the holding down arrangements, due account is to be taken in the 
calculation. 


2.1.15 


The stresses resulting from green sea design loads induced in the supporting structure are not to be greater 
than the following permissible values: 


e Normal stress, 1.00 Ry. 


e Shear stress, 0.58 Rey. 
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3 MOORING WINCHES 


3.1 General 


3.1.1 


Mooring winches are to be efficiently bedded and secured to the deck. 


3.1.2 Foundation 

The builder and mooring winch manufacturer are to ensured that the foundation is suitable for the safe 
operation and maintenance of the mooring winch equipment. 

3.1.3 Rated pull 


The Rated Pull is defined as the maximum load which the mooring winch is designed to exert during operation. 


3.1.4 Holding load 

The Holding Load is defined as the maximum load which the mooring winch is designed to resist during 
operation and is to be taken as the design brake holding load or equivalent. 

3.1.5 Supporting structure 


The supporting structure is to be dimensioned to ensure that for each of the load cases specified in [2.1.5], 
the stresses do not exceed the permissible values given in [2.1.12] to [2.1.15]. 


For mooring winches situated within the forward 0.25 L, the supporting structure is to be dimensioned to 
ensure that for the load case specified in [3.1.7], the stresses do not exceed the permissible values given in 
[2.1.12] to [2.1.15]. 


3.1.6 Corrosion model 


These requirements are to be assessed based on gross scantlings. 


3.1.7 

Each of the following load cases are to be examined for design loads due to mooring operation: 
a) Mooring winch at maximum pull: 100% of the Rated Pull. 
b) Mooring winch with brake effective: 100% of the Holding Load. 


c) Line strength: 125% of the breaking strength of the mooring line (hawser) according to Ch 11, Sec 3, 
Table 1 for the ship’s corresponding equipment number. 


Rated pull and holding load are defined in [3.1.3] and [3.1.4]. The design load is to be applied through the 
mooring line according to the arrangement shown on the mooring arrangement plan. 
3.1.8 


For mooring winches situated within the forward 0.25 L, the resultant forces in the bolts obtained from green 
sea design loads are to be calculated in accordance with [2.1.6] to [2.1.9]. 


3.1.9 


Where a separate foundation is provided for the mooring winch brake, the distribution of resultant forces is to 
take into account of the different load path. The brake is only to be considered in relation to the forces in 
[3.1.7] item (b). 
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4 CRANES, DERRICKS, LIFTING MASTS AND LIFE SAVING APPLIANCES 


4.1 General 


4.1.1 


Supporting structure of life saving appliances and supporting structures of cranes, derricks and lifting masts 
with a Safe Working Load greater than 30 kN, or a maximum overturning moment to the supporting structure 
greater than 100 kNm, are to comply with these requirements. 

4.1.2 


These requirements apply to the connection to the deck and the supporting structure of cranes, derricks and 
lifting masts. Where the crane, derrick or lifting mast is to be certified by the Society, additional requirements 
may be applied by the Society. 
4.1.3 
These requirements do not cover the following items: 
a) Supports of lifting appliances for personnel or passengers, except foundation for life saving appliances. 
b) The structure of the lifting appliance pedestals or post above the area of the deck connection. 
c) Holding down bolts and their arrangement, which are considered part of the lifting appliance. 


The term ‘lifting appliance’ is defined as a crane, derrick or lifting mast. 


4.1.4 SWL Definition 

The Safe Working Load (SWL) is defined as the maximum load which the lifting appliance is certified to lift at 
any specified outreach. 

4.1.5 Self weight 

The self weight is the calculated gross self weight of the lifting appliance, including the weight of any lifting 
gear. 

4.1.6 Overturning moment 


The overturning moment is the maximum bending moment, calculated at the connection of the lifting 
appliance to the ship structure, due to the lifting appliance operating at Safe Working Load, taking into 
account outreach and self weight. 

4.1.7 


The crane pedestal and derrick mast are as defined in Figure 3. 


4.1.8 

Deck plating and under deck structure is to provide adequate support for derrick masts and crane pedestals 
against the loads and maximum overturning moment. Where the deck is penetrated, the deck plating is to be 
suitably strengthened. 

4.1.9 

Structural continuity of the deck structure is to be maintained. 

Under deck members are to be provided to support the crane pedestal and to comply with: 


a) Where the pedestal is directly connected to the deck, without above deck brackets, adequate under 
deck structure directly in line with the crane pedestal is to be provided. Where the crane pedestal is 
attached to the deck without bracketing or where the crane pedestal is not continuous through the 
deck, welding to the deck of the crane pedestal and its under deck support structure is to be made by 
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suitable full penetration welding. The design of the weld connection is to be adequate for the calculated 
stress in the welded connection, in accordance with [4.1.15]. 


8 


Where the pedestal is directly connected to the deck with brackets, under deck support structure is to 
be fitted to ensure a satisfactory transmission of the load, and to avoid structural hard spots. Above 
deck brackets may be fitted inside or outside of the pedestal and are to be aligned with deck girders 
and webs. The design is to avoid stress concentrations caused by an abrupt change of section. Brackets 
and other direct load carrying structure and under deck support structure are to be welded to the deck 
by suitable full penetration welding. The design of the connection is to be adequate for the calculated 
stress, in accordance with [4.1.15]. 


Figure 3 : Crane pedestal and derrick mast 


Crane Derrick 
pedestal mast œ 
Deck Deck | | 


4.1.10 


Deck plating are to be of a material strength compatible with the crane pedestal. Where necessary, a thicker 
insert plate is to be fitted. In no case are doublers to be used where structures are subject to tension. 


4.1.11 


The supporting structure is to be dimensioned to ensure that for the load cases specified in [4.1.13] and 
[4.1.14], the stresses do not exceed those given in [4.1.15]. 


The capability of the supporting structure to resist buckling failure is to be assured. 


4.1.12 


These requirements are to be assessed based on gross scantlings. 


4.1.13 


For lifting appliances which are limited to use in harbour, design load is to be taken equal to 1.3 times SWL 
added to the lifting appliances self weight. 


4.1.14 


For life saving appliances, design load is to be taken as 2.2 times SWL. 


4.1.15 
The stresses induced in the supporting structure are not to exceed the following permissible values: 
e Normal stress, 0.67 Rey 


e Shear stress, 0.39 Rey 
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5 BOLLARDS AND BITTS, FAIRLEADS, STAND ROLLERS, CHOCKS AND 
CAPSTANS 


5.1 General 


5.1.1 


Shipboard fittings (bollards and bitts, fairleads, stand rollers and chocks) and capstans used for mooring and 
towing operations are to be fitted to the deck or bulwark structures. 


5.1.2 

Where fairleads are fitted in bulwarks, the thickness of bulwarks may need to be increased. See Ch 11, Sec 2, 
[2.2]. 

5.1.3 

The structural arrangement is to provide continuity of strength. 


The structural arrangement of the ship’s structure in way of the shipboard fittings and their seats and in way of 
capstans is to be such that abrupt changes of shape or section are to be avoided in order to minimise stress 
concentrations. Sharp corners and notches are to be avoided, especially in highly stressed areas. 


5.1.4 


The supporting structure is to be dimensioned to ensure that for the loads specified in [5.1.6] to [5.1.8], the 
stresses do not exceed the permissible values given in [5.1.9]. 


The capability of the structure to resist buckling failure is to be assured. 


5.1.5 


These requirements are to be assessed based on net scantlings. 


5.1.6 
Design loads for the supporting structure for shipboard fittings are to be according to: 


a) Inthe case of normal towing in harbour or manoeuvring operations, 125% of the maximum towline load 
as indicated on the towing and mooring arrangement plan. 


b) In the case of towing service other than that experienced in harbour or manoeuvring operations, such 
as escort service, the nominal breaking strength of towline. 


c) Inthe case of mooring operations, 125% of the nominal breaking strength of the mooring line (hawser) 
or towline according to Ch 11, Sec 3, Table 1 for the ship’s corresponding equipment number. 


5.1.7 


The design load for the supporting structure for capstans is to taken as 125% of the maximum hauling in force. 


5.1.8 


The assessment of the structure is to consider lines of action of the applied design load, taking into account 
the particular arrangements proposed; however, the total load applied for towing and mooring scenarios 
described in [5.1.6] need not be more than twice the design load on the mooring line or towline. The acting 
point for the force on the shipboard fittings is to be taken as the attachment point of the mooring line or 
towline, or at a change in its direction. 
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5.1.9 


For the design load specified in [5.1.6] to [5.1.8], the stresses induced in the supporting structure and welds 
are not to exceed the following permissible values: 


e Normal stress, 1.00 Rey. 


e Shear stress, 0.60 Rey. 


5.1.10 


The following requirements on Safe Working Load apply for a single post basis (i.e. no more than one turn of 
one cable). 


a) The SWL used for normal towing operations, e.g. harbour/manoeuvring is not to exceed 80% of the 
design load per [5.1.6] item (a); and the SWL used for other towing operations, e.g. escort is not to 
exceed the design load per [5.1.6] item (b). For deck fittings used for both normal and other towing 
operations, the greater of the design loads of [5.1.6] item (a) and [5.1.6] item (b) is to be used. 


b) The SWL for mooring operations is not to exceed 80% of the design load per [5.1.6] item (c). 


c) The SWL of each deck fitting is to be marked (by weld bead or equivalent) on the deck fittings used for 
towing and/or mooring. 


d) The towing and mooring arrangements plan mentioned in [5.1.11] is to define the method of use of 
towing lines and/or mooring lines. 
5.1.11 


The SWL for the intended use for each deck fitting is to be stated in the towing and mooring arrangements plan 
available onboard for consistency for the guidance of the Master. For each deck fitting, the following is to be 
included: 


a) Location on the ship. 

b) Fitting type. 

c) SWL. 

d) Purpose (mooring/harbour towing/escort towing). 

e) Manner of applying towing or mooring line load including limiting fleet angles. 


This information is to be incorporated into the pilot card in order to provide the pilot with proper information on 
harbour/escorting operations. 


6 MISCELLANEOUS DECK FITTINGS 


6.1 Support and attachment 


6.1.1 


The following requirements are to be considered in the design of the support and attachment of miscellaneous 
fittings which impose relatively small loads on the ship's structure. The arrangement of such details and their 
approval is considered on a case-by-case basis by the Society. 


6.1.2 


Support positions are to be arranged so that the attachment to the ship structure is clear of deck openings 
and stress concentrations, such as the toes of end brackets. Design of supports is to be such that the 
attachment to the deck minimises the creation of hard points. 
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SECTION 5 
SMALL HATCHWAYS 


SYMBOLS 


For symbols not defined in this section, refer to Ch 1, Sec 4. 
1 GENERAL 


1.1 Application 


1.1.1 


The requirements in [1.2] to [1.6] apply to small hatchways at weather deck in positions 1 and 2 as defined in 
Ch 1, Sec 4, [3.2]. The requirements in [2] apply to small hatchways fitted on the exposed fore deck over the 
forward 0.25 L. 


Hatchways of bulk carriers not covered by the definition of small hatchways in [1.4.1] are to comply with 


applicable requirements in Pt 2, Ch 1. 


1.2 Materials 


1.2.1 


Materials used for the construction of steel hatch covers are to comply with the applicable requirements of the 
Society. 


1.2.2 


The use of materials other than steel is considered by the Society on a case-by-case basis. 


1.3 Height of hatch coamings 


1.3.1 
The height above the deck of hatch coamings is not to be less than: 
e 600 mm in position 1. 


e 450 mm in position 2. 


1.3.2 


The height, given in [1.3.1], of hatch coamings closed by steel covers provided with gaskets and securing 
devices may be reduced or the coamings may be omitted entirely, on condition that the Flag Administration is 
satisfied that the safety of the ship is not thereby impaired in any sea conditions. 


In such cases the scantlings of the covers, their gasketing, their securing arrangements and the drainage of 
recesses in the deck are considered by the Society on a case-by-case basis. 
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1.4 Small hatchways 


1.4.1 


Small hatches are hatches designed for access to spaces below the deck and are capable to be closed 
weathertight or watertight, as applicable. Their opening is generally equal to or less than 2.5 m?. 


Hatch covers on exposed decks are to be weathertight. 


Hatch covers fitted in way of ballast tanks, fuel oil tanks or other tanks are to be watertight. 


1.4.2 


Securing arrangements and stiffening of hatch cover edges are to be such that weathertightness can be 
maintained in any sea condition. At least one securing device is to be fitted at each side. Circular hole hinges 
are considered equivalent to securing devices. 

1.4.3 


Hatchways of special design are considered by the Society on a case-by-case basis. 


1.4.4 

The gross thickness of covers is to be not less than 8 mm. This thickness is to be increased or an efficient 
stiffening is to be fitted where the greatest horizontal dimension of the cover exceeds 0.6 m. 

1.4.5 

The gross thickness of coaming plate is not to be less than the lesser of the following values: 


e The gross thickness for the deck in way of hatch coaming, assuming as spacing of stiffeners the lesser 
of the values of the height of the coaming and the distance between its stiffeners. 


e 10mm. 


Coamings are to be strengthened where their height exceeds 0.8 m or their greatest horizontal dimension 
exceeds 1.2 m, unless their Shape ensures an adequate rigidity. 


1.5 Cargo tank access hatchways 


1.5.1 


Requirements given in [1.2] to [1.4] have to be considered as minimum requirements for cargo tank 
hatchways. 


The requirements of [1.5.4] do not apply to dished covers or covers of other specially approved design. 


1.5.2 


Covers for access hatches, tank cleaning and other openings for cargo tanks and adjacent spaces are to be 
manufactured from the following material: 


a) Normal strength steel in accordance with Ch 3, Sec 1. 


b) Non-ferrous material may be considered, such as bronze or brass. Aluminium alloy is not to be used for 
covers of any opening to cargo tanks and spaces adjacent thereto. 


c) Synthetic materials may be considered, taking into account their fire resistance and their physical and 
chemical properties in relation to the intended operating conditions. Details of the properties of the 
material, the design of the cover, and the method of manufacture are to be submitted for approval. 


The hatch cover packing material is to be compatible with the cargoes that are intended to be carried and is to 
be effectively held in place. 
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1.5.3 


The height of the hatch coaming above the upper surface of the freeboard deck is not to be less than 600 mm. 
Lower heights may be permitted by the Flag Administration. In addition, the top of the hatch coaming is not to 
be lower than the highest point of the tank over which it is fitted and is to be of sufficient height for the 
purpose of damage stability. 


The gross thickness of the coaming plate is not to be less than 10 mm. Where the coaming height, as fitted, 
exceeds 600 mm, the thickness may be required to be increased or edge stiffening fitted. The scantlings of 
coaming plates of tank access coamings that enclose an area of 1.2 m? or more, and/or those that are not 
configured with a well rounded shape, may be subject to additional requirements. 

1.5.4 


The gross thickness of unstiffened plate covers with an area less than 1.2 m? is not to be less than 12.5 mm. 
The gross thickness of covers of a larger area will need to be increased or the cover will require stiffening. 


Flat and unstiffened covers on circular hatchways are to be secured by fastenings with a spacing of not more 
than 600 mm. 


On rectangular hatchways, the spacing of fastenings is generally not to be greater than 450 mm and the 
distance between hatch corners and adjacent fastenings is not to be greater than 230 mm. 


Where the cover is hinged, adequate stiffening of the coaming and cover in way of the hinge is to be provided. 
In general, hinges are not to be considered securing devices for the cover and are to be designed so as to 
prevent the gasket from being over-tightened. 


1.6 Gaskets 


1.6.1 


The sealing is to be obtained by a continuous gasket of relatively soft elastic material compressed to achieve 
the necessary weathertightness. 


1.6.2 


Coamings and steel parts of hatch covers in contact with gaskets are to have no sharp edges. 


2 SMALL HATCHWAYS FITTED ON THE EXPOSED FORE DECK 


2.1 General 


2.1.1 


These requirements apply to small hatchways (generally openings 2.5 m? or less) on the exposed deck within 
0.25 L from the FP and located at a height less than 0.1 L or 22 m, whichever is less, from the summer load 
water line at the location of the hatch. 


2.1.2 


Hatchways designed for emergency escape need not comply with the requirements [2.3.1] items (a) and (b), 
[2.4.3] and [2.5.4]. 


2.1.3 


Securing devices of hatches designed for emergency escape are to be of a quick-acting type (e.g. one action 
wheel handles are provided as central locking devices for latching/unlatching of hatch cover) operable from 
both sides of the hatch cover. 
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2.2 Strength 


2.2.1 


For small rectangular steel hatch covers, the gross plate thickness, stiffener arrangement and scantlings are 
to be not less than those obtained, in mm, from Table 1 and Figure 2. Stiffeners, where fitted, are to be aligned 
with the metal-to-metal contact points, required in [2.4.1] and shown in Figure 2. Primary stiffeners are to be 
continuous. All stiffeners are to be welded to the inner edge stiffener, see Figure 1. 


Table 1: Gross scantlings for small steel hatch covers on the fore deck 


; ; Cover plate Primary stiffeners | Secondary stiffeners 
Nominal size, . 
Ami thickness, ae ; 
in mm Flat bar size, in mm ; number of stiffeners 
630 x 630 8 - - 
630 x 830 8 100 x 8; 1 - 
830 x 630 8 100 x 8; 1 - 
830 x 830 8 100 x 10; 1 - 
1030 x 1030 8 120x12;1 80x 8;2 
1330 x 1330 8 150 x 12;2 100 x 10;2 


2.2.2 

The upper edge of the hatchway coaming is to be suitably reinforced by a horizontal member, normally not 
more than 190 mm from the upper edge of the coaming. 

2.2.3 

For small hatch covers of circular or similar shape, the cover plate thickness and reinforcement is to provide 
strength and stiffness equivalent to the requirements for small rectangular hatches. 

2.2.4 


For small hatch covers constructed of materials other than normal strength steel, the required scantlings are 
to provide equivalent strength and stiffness. 


2.3 Primary securing devices 


2.3.1 


The primary securing devices are to be fitted such that the hatch cover can be secured in place and be made 
weathertight by means of a closing mechanism employing any one of the following methods: 


a) Butterfly nuts tightening onto forks (clamps), 
b) Quick acting cleats, or 
c) Acentral locking device. 


Dogs (twist tightening handles) with wedges are not acceptable. 


2.4 Requirement to primary securing 


2.4.1 


The hatch cover is to be fitted with a gasket of elastic material. This is to be designed to allow a metal to metal 
contact at a designed compression and to prevent over compression of the gasket by green sea forces that 
may cause the securing devices to be loosened or dislodged. The metal-to-metal contacts are to be arranged 
close to each securing device in accordance with Figure 2 and of sufficient capacity to withstand the bearing 
force. 
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2.4.2 


The primary securing method is to be designed and manufactured such that the designed compression 
pressure is achieved by one person without the need of any tools. 


2.4.3 


For a primary securing method using butterfly nuts, the forks (clamps) are to be of robust design. They are to 
be designed to minimise the risk of butterfly nuts being dislodged while in use; by means of curving the forks 
upward, a raised surface on the free end, or a similar method. The plate thickness of unstiffened steel forks is 
to be not less than 16 mm. An example arrangement is shown in Figure 1. 


2.4.4 


For small hatch covers located on the exposed deck forward of the foremost cargo hatch, the hinges are to be 
fitted such that the predominant direction of green seas will cause the cover to close, which means that the 
hinges are normally to be located on the fore edge. 


2.4.5 


On small hatches located between the main hatches, for example between No. 1 and No. 2, the hinges are to 
be placed on the fore edge or outboard edge, whichever is practicable for protection from green water in beam 
sea and bow quartering conditions. 


2.5 Secondary securing devices 


2.5.1 


Small hatches on the fore deck are to be fitted with an independent secondary securing device, e.g. by means 
of a sliding bolt, a hasp or a backing bar of slack fit, which is capable of keeping the hatch cover in place, even 
in the event that the primary securing device became loosened or dislodged. It is to be fitted on the side 
opposite to the hatch cover hinges. 


Figure 1 : Example or primary securing device 
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Figure 2 : Arrangement of stiffeners 
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SECTION 1 
CONSTRUCTION AND FABRICATION 


1 GENERAL 


1.1 Workmanship 


1.1.1 


All workmanship is to be of commercial marine quality and acceptable to the surveyor. Welding is to be in 
accordance with the requirements of Ch 12, Sec 2. Any defect is to be rectified to the satisfaction of the 
surveyor before the material is covered with paint, cement or any other composition. 


1.2 Fabrication standard 


1.2.1 

Structural fabrication is to be carried out in accordance with IACS Recommendation No. 47 or with a 
recognised fabrication standard which has been accepted by the Society prior to the commencement of 
fabrication/construction. 

1.2.2 

The fabrication standard to be used during fabrication/construction is to be made available to the attending 
representative of the Society prior to the commencement of the fabrication/construction. 

1.2.3 


The fabrication standard is to include information, to establish the range and the tolerance limits, for the items 
specified as follows: 


a) Cut edges: the slope of the cut edge and the roughness of the cut edges. 


b) Flanged stiffeners and brackets and built-up sections: the breadth of flange and depth of web, angle 
between flange and web, and straightness in plane of flange or at the top of face plate. 


c) Pillars: the straightness between decks and cylindrical structure diameter. 


d) Brackets and flat bar stiffeners: the distortion at the free edge line of tripping brackets and flat bar 
stiffeners. 


e) Sub-assembly stiffeners: details of sniped end of face plates and webs. 


f) Plate assembly: for flat and curved blocks, the dimensions (length and breadth), distortion and 
squareness, and the deviation of interior members from the plate. 


g) Cubic assembly: in addition to the criteria for plate assembly, twisting deviation between upper and 
lower plates, for flat and curved cubic blocks. 


es 
= 


Special assembly: the distance between upper and lower gudgeons, distance between aft edge of 
propeller boss and aft peak bulkhead, twist of stern frame assembly, breadth and length of top plate of 
main engine bed. Where boring out of the propeller boss and stern frame, skeg or solepiece are to be 
carried out after completing the major part of the welding of the aft part of the ship. Where block boring 
is used, the shaft alignment is to be carried out using a method and sequence submitted to and 
recognised by the Society. The fit-up and alignment of the rudder, pintles and axles are to be carried out 
after completing the major parts of the welding of the aft part of the ship. The contacts between the 
conical surfaces of pintles, rudder stocks and rudder axles are to be checked before the final mounting. 
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i) Butt joints in plating: alignment of butt joint in plating. 


j) Cruciform joints: alignment measured on the median line and measured on the heel line of cruciform 
joints. 


k) Alignment of interior members: alignments of flange of T profiles, alignment of panel stiffeners, gaps in 
T joints and lap joints, and distance between scallop and cut-outs for continuous stiffeners in assembly 
and in erection joints. 


1) Keel and bottom sighting: deflections for whole length of the ship, and for the distance between two 
adjacent bulkheads, cocking-up of fore body and of aft body, and rise of floor amidships. 


m) Dimensions: length between perpendiculars, moulded breadth and depth at midship, and length 
between aft edge of propeller boss and main engine. 


n) Fairness of plating between frames: deflections between frames of shell, tank top, bulkhead, upper 
deck, superstructure deck, deckhouse deck and wall plating. 


o) Fairness of plating in way of frames: deflections of shell, tank top, bulkhead, strength deck plating and 
other structures measured in way of frames. 


2 CUT-OUTS, PLATE EDGES 


2.1 General 


2.1.1 


The free edges (cut surfaces) of cut-outs, hatch corners, etc are to be properly prepared and are to be free 
from notches. As a general rule, cutting draglines, etc are to be smoothly ground. All edges are to be broken or 
in cases of highly stressed parts, be rounded off. 


Free edges on flame or machine cut plates or flanges are not to be sharp cornered and are to be finished off 
as specified above. This also applies to cutting drag lines, etc, in particular to the upper edge of sheer strake 
and analogously to weld joints, changes in sectional areas or similar discontinuities. 


2.1.2 


Corners in hatch opening are to be machine cut. 
3 COLD FORMING 


3.1 Special structural members 


3.1.1 


For highly stressed components of the hull girder where notch toughness is of particular concern (e.g. items 
required to be Class Ill in Ch 3, Sec 1, Table 3, such as radius gunwales (bent sheer plates) and bilge strakes), 
the inside bending radius, in cold formed plating, is not to be less than 10 times the as-built plate thickness for 
carbon-manganese steels (see Ch 3, Sec 1). The allowable inside bending radius may be reduced provided the 
requirements stated in [3.3] are complied with. 


3.2 Corrugated bulkheads and hopper knuckles 


3.2.1 


For corrugated bulkheads and hopper knuckles, the inside bending radius, in cold formed plating, is not to be 
less than 4.5 times the as-built plate thickness for carbon-manganese steels (See Ch 3, Sec 1). The allowable 
inside bending radius may be reduced provided the requirements stated in [3.3] are complied with. 


1 JAN 2014 COMMON STRUCTURAL RULES 


IACS 


3.3 Low bending radius 


3.3.1 


When the inside bending radius is reduced below 10 times or 4.5 times the as-built plate thickness according 
to [3.1] and [3.2] respectively, supporting data is to be provided. The bending radius is in no case to be less 
than 2 times the as-built plate thickness. As a minimum, the following additional requirements are to be 
complied with: 


a) For all bent plates: 

e 100% visual inspection of the bent area is to be carried out. 

e Random checks by magnetic particle testing are to be carried out. 
b) In addition to a), for bent plates subject to lateral liquid pressure: 

e The steel is to be of Grade D/DH or higher. 

e The material is impact tested in the strain-aged condition and satisfies the requirements stated 
herein. The deformation is to be equal to the maximum deformation to be applied during 
production, calculated by the formula tas-buit /(2l rag + tas-puit), Where tas-buit iS the as-built thickness 
of the plate material and fpag is the bending radius. One sample is to be plastically strained at the 
calculated deformation or 5%, whichever is greater and then artificially aged at 250°C for one 


hour then subject to Charpy V-notch testing. The average impact energy after strain ageing is to 
meet the impact requirements specified for the grade of steel used. 


4 HOT FORMING 


4.1 Temperature requirements 


4.1.1 


Steel is not to be formed between the upper and lower critical temperatures. If the forming temperature 
exceeds 650°C for as-rolled, controlled rolled, thermo-mechanical controlled rolled or normalised steels, or is 
not at least 28°C lower than the tempering temperature for quenched and tempered steels, mechanical tests 
are to be made to assure that these temperatures have not adversely affected both the tensile and impact 
properties of the steel. Where curve forming or fairing, by line or spot heating, is carried out in accordance with 
[4.2.1] these mechanical tests are not required. 


4.1.2 
After further heating, other than specified in [4.1.1], of Thermo-Mechanically Controlled Steels (TMCP plates) 


for forming and stress relieving, it is to be demonstrated that the mechanical properties meet the 
requirements specified by a procedure test using representative material. 


4.2 Line or spot heating 


4.2.1 
Curve forming or fairing, by linear or spot heating, is to be carried out using approved procedures in order to 


ensure that the properties of the material are not adversely affected. Heating temperature on the surface is to 
be controlled so as not to exceed the maximum allowable limit applicable to the plate grade. 
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5 ASSEMBLY AND ALIGNMENT 


5.1 General 


5.1.1 


The use of excessive force is to be avoided during the assembly of individual structural components or during 
the erection of sections. Major distortions of individual structural components are to be corrected before 
further assembly. 


After completion of welding, straightening and aligning are to be carried out in such a manner that the material 
properties are not influenced significantly. In case of doubt, the Society may require a procedure test or a 
working test to be carried out. 


5.1.2 


Structural members are to be aligned following the provisions of IACS Recommendation No. 47, Tables 7 or 
according to the requirements of a recognised fabrication standard that has been accepted by the Society. In 
the case of critical components, control drillings are to be made where necessary, which are then to be welded 
up again on completion. 
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SECTION 2 
FABRICATION BY WELDING 


1 GENERAL 


1.1 Application 


1.1.1 


The requirements of this section apply to the preparation, execution and inspection of welded connections in 
hull structures. 


1.2 Limits of application to welding procedures 


1.2.1 Weld type, size and materials 
The requirements of this section for weld type, size and materials are based on the following considerations: 
e Joint type. 
e Criticality of the joint. 
e Magnitude, type and direction of the stresses in the joint. 
e Material properties of the parent and weld material. 


e Weld gap size. 


1.2.2 Preparation, execution and inspection 


The requirements of this section are to be complemented by the general requirements relevant to fabrication 
by welding and qualification of welding procedures given by the Society when deemed appropriate by the 
Society. 


2 WELDING PROCEDURES, WELDING CONSUMABLES AND WELDERS 


2.1 General 


2.1.1 


All welding is to be carried out by approved welders, in accordance with approved welding procedures, using 
approved welding consumables, in compliance with the Rules of the Society. 


Personnel manning automatic welding machines and equipment are to be competent, sufficiently trained and 
certified by the Society as specified in Society Rules or Guidelines for welding. 


3 WELD JOINTS 


3.1 General 


3.1.1 


Welding of connections is to be executed according to the approved plans. 
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3.1.2 


The quality standard adopted by the shipyard is to be submitted to the Society and it applies to all welded 
connections unless otherwise specified on a case-by-case basis. 


3.1.3 


Consideration is to be given to the assembly sequence and the effect of the overall shrinkage of plate panels, 
assemblies, etc, resulting from the welding processes employed. Welding is to proceed systematically, with 
each welded joint being completed in correct sequence, without undue interruption. When practicable, welding 
is to commence at the centre of a joint and proceed outwards, or at the centre of assembly and progress 
outwards towards the perimeter so that each part has freedom to move in one or more directions. 


3.1.4 


Completed welded joints are to be to the satisfaction of the attending surveyor. Edge preparations and root 
gaps are to be in accordance with the approved welding procedure. The gap between the members being 
joined should not exceed the maximum values given in IACS Recommendation No. 47 or as specified in 
recognised fabrication standard approved by the Society. Where the gap between members being joined 
exceeds the specified values, corrective measures are to be taken in accordance with an approved welding 
procedure specification. 


3.1.5 


Where small fillets are used to attach heavy plates or sections, welding is to be based on approved welding 
procedure specifications. Special precautions, such as the use of preheating, low-hydrogen electrodes or low- 
hydrogen welding processes, are accepted. 


3.1.6 


When heavy structural members are attached to relatively light plating, the weld size and sequence may 
require modification. 


3.1.7 


Where quality control systems are in place which ensure that the grade of welding consumable used is higher 
than the minimum required for the particular strength steel being welded, the welding consumables that are 
used may have a weld deposit material yield strength that is greater than the minimum specified in Ch 12, 
Sec 3, [2.5.2] and the size of the weld may be determined based on the yield strength of the higher grade 
welding consumable. 


3.1.8 


In general, butt joints are to be welded from both sides. Before welding is carried out on the second side, 
unsound metal is to be removed at the root by a suitable method. Butt welding from one side will only be 
permitted for specific applications with an approved welding procedure specification. 


3.1.9 Arrangements at junctions of welds 


Welds are to be made flush in way of the faying surface where stiffening members, attached by continuous 
fillet welds, cross the completely finished butt or seam welds. Similarly, butt welds in webs of stiffening 
members are to be completed and made flush with the stiffening member before the fillet weld is made. The 
ends of the flush portion are to run out smoothly without notches or sudden changes of section. Where these 
conditions can not be complied with, a scallop is to be arranged in the web of the stiffening member. Scallops 
are to be of the size, and in a position, that a satisfactory return weld can be made. 


3.1.10 Leak stoppers 


Where structural members pass through the boundary of a tank, leakage into adjacent space could be 
hazardous or undesirable, and full penetration welding is to be adopted for the members for at least 150 mm 
on each side of the boundary. Alternatively, a small scallop of suitable shape may be cut ina member close to 
the boundary outside of the compartment, and carefully welded all around. 
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4 NON-DESTRUCTIVE EXAMINATION (NDE) 


4.1 General 


4.1.1 


The NDE plan to be submitted for approval has to contain the necessary data relevant to the locations and 
number of examinations, welding procedures applied, method of NDE applied, etc. Visual inspection of 
finished welds is to be carried out by the shipyard to ensure that all welding has been satisfactory completed. 
In addition to visual inspection, welded joints are to be examined using any one or a combination of ultrasonic, 
radiographic, magnetic particle, eddy current, dye penetrant or other acceptable methods appropriate to the 
configuration of the weld. Above inspections are to be carried out as per the requirements of the Society. 


4.1.2 


NDE of welding is to be carried out at the positions indicated by the NDE plan in order to ensure that the welds 
are free from cracks and unacceptable internal defects with regards to the requirements of the Society. NDE is 
to be carried out by qualified personnel certified by recognised bodies in compliance with recognised 
standards. 
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SECTION 3 
DESIGN OF WELD JOINTS 


SYMBOLS 
Awe  : Effective fillet weld area, in cm?. 
f : Root face, in mm. 


Fveld : Weld factor. 


fya : Correction factor taking into account the yield strength of the weld deposit as defined in [2.5.2]. 
laep : Total length of deposit of weld metal, in mm. 

leg : Leg length of continuous, lapped or intermittent fillet weld, in mm. 

L wea : Length of the welded connection in mm. 


Rex wea : Minimum yield stress of weld deposit, in N/mm?. 
tas-buit : AS-built thickness of the member being joined, in mm. 
tsap : Allowance for fillet weld gap, is to be taken equal to 2.0 mm. 


tihroat  : Throat thickness of fillet weld in mm, as defined in [2.5.3]. 


1 GENERAL 


1.1 Application 


1.1.1 


The requirements of this section apply to the design of welded connections in hull structures and are based on 
the considerations mentioned in Ch 12, Sec 2, [1.2.1]. 


1.1.2 


Plans and/or specifications showing weld sizes and weld details are to be submitted for approval. 


1.1.3 


The leg length of welds is to comply with the minimum leg length given in Table 1. 


1.2 Alternatives 


1.2.1 


The requirements given in this section are considered minimum for electric-arc welding in hull construction, 
but alternative methods, arrangements and details will be specially considered for approval. 
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2.1 Application 


2.1.1 
The connection of primary supporting members, stiffener webs to plating as well as the plating abutting on 
another plating, are to be made by fillet or penetration welding, as shown on Figure 1. 


Figure 1 : Tee or cross joints 


t t 


as-built t as-built 


as-built tas-buit 
i . 


tas-buit : AS-built thickness of the member being attached, mm. 


0 : Connecting angle, in deg. 


2.1.2 


Where the connection is highly stressed or otherwise considered critical, a partial or full penetration weld is to 
be achieved by bevelling the edge of the abutting plate. 


2.2 Continuous fillet welds 


2.2.1 

Continuous welding is to be adopted in the following locations: 
a) Connection of the web to the face plate for all members. 
b) All fillet welds where higher strength steel is used. 


c) Boundaries of weathertight decks and erections, including hatch coamings, companionways and other 
openings. 


d) Boundaries of tanks and watertight compartments. 

e) All structures inside tanks and cargo holds. 

f) Stiffeners and primary supporting members at tank boundaries. 

g) All structures in the aft peak and stiffeners and primary supporting members of the aft peak bulkhead. 
h) All structures in the fore peak. 


i) Welding in way of all end connections of stiffeners and primary supporting members, including end 
brackets, lugs, scallops, and at orthogonal connections with other members. 


j) All lap welds in the main hull. 
k) Primary supporting members and stiffener members to bottom shell in the 0.3 L forward region. 


I) Flat bar longitudinals to plating. 
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m) The attachment of minor fittings to higher strength steel plating and other connections or attachments. 
n) Pillars to heads and heels. 


0) Hatch coaming stay webs to deck plating, see [2.4.5]. 


2.3 Intermittent fillet welds 


2.3.1 


Where continuous welding is not required, intermittent welding may be applied. 


2.3.2 


Where beams, stiffeners, frames, etc, are intermittently welded and pass through slotted girders, shelves or 
stringers, there is to be a pair of matched intermittent welds on each side of every intersection. In addition, the 
beams, stiffeners and frames are to be efficiently attached to the girders, shelves and stringers. 


Where intermittent welding or one side continuous welding is permitted, double continuous welds are to be 
applied for one-tenth of their shear span, in accordance with [2.5.2] and [2.5.3]. 
2.3.3 Deckhouses 


One side continuous fillet welding is acceptable in the dry spaces of deckhouses. 


2.3.4 Size for one side continuous weld 


The size for one side continuous weld is to be of fillet required by [2.5.2] for intermittent welding, where f, 
factor is to be taken as 2.0. 


2.4 Partial and full penetration welds 


2.4.1 High stress area definition 


For the application of this section, high stress area means an area where fine mesh finite element analysis is 
to be carried out and the fine mesh yield utilisation factor in elements adjacent to the weld is more than 90% 
of the fine mesh permissible utilisation factor, as defined in Ch 7, Sec 3, [6.2]. 


2.4.2 Partial or full penetration welding 
In areas with high tensile stresses or areas considered critical, full or partial penetration welds are to be used. 


In case of full penetration welding, the root face is to be removed, e.g. by gouging before welding of the back 
side. 


For partial penetration welds the root face, f, is, to be taken between 3 mm and tas puyji¢ /3- 


The groove angle made to ensure welding bead penetrating up to the root of the groove, a, is usually from 40° 
to 60°. 


The welding bead of the full/partial penetration welds is to cover root of the groove. 


Examples of partial penetration welds are given on Figure 2. 


Figure 2 : Partial penetration welds 
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2.4.3 One side partial penetration weld 

For partial penetration welds with one side bevelling the fillet weld at the opposite side of the bevel is to 
satisfy the requirements given in [2.5.2]. 

2.4.4 Extent of full or partial penetration welding 


The extent of full or partial penetration welding in each particular location listed in [2.4.5] and [2.4.6] is to be 
approved by the Society. However, the minimum extent of full/partial penetration welding from the reference 
point (i.e. intersection point of structural members, end of bracket toe, etc.) is not to be taken less than 300 
mm. 


2.4.5 Locations required for full penetration welding 


Full penetration welds are to be used in the following locations and elsewhere as required by the rules, see 
Figure 3: 


D 


Floors to hopper/inner bottom plating in way of radiused hopper knuckle. 


g€ 


Radiused hatch coaming plate at corners to deck. 


QO 
S 


Connection of vertical corrugated bulkhead to the lower hopper plate and to the inner bottom plate 
within the cargo hold region, when the vertical corrugated bulkhead is arranged without a lower stool. 


Q 
— 


Connection of vertical corrugated bulkhead to top plating of lower stool. 


SA 


Edge reinforcement or pipe penetration both to strength deck, sheer strake and bottom plating within 
0.6 L amidships, when the dimensions of the opening exceeds 300 mm. 


f) Abutting plate panels with as-built thickness less than or equal to 12 mm, forming outer shell 
boundaries below the scantling draught, including but not limited to: sea chests, rudder trunks, and 
portions of transom. For as-built thickness greater than 12 mm, partial penetration in accordance with 
[2.4.2]. 


Crane pedestals and associated bracketing and support structure. 


3I wa 
co fF 


For toe connections of longitudinal hatch coaming end bracket to the deck plating, full penetration weld 
for a distance of 0.15 H, from toe of side coaming termination bracket is required, where H, is the hatch 
coaming height. 


i) Rudder horns and shaft brackets to shell structure. 
j) Thick flanges of long transverse web frames to side web frames. Thick flanges of long longitudinal 
girder to bulkhead web frames. 
2.4.6 Locations required for full or partial penetration welding 


Partial penetration welding as defined in [2.4.2], is to be used in the following locations. Additional locations 
may be required based on other criteria, such as fatigue assessment as given in Ch 9 (See Figure 3): 


a) Connection of hopper sloping plate to longitudinal bulkhead (inner hull). 

b) Longitudinal/transverse bulkhead primary supporting member end connections to the double bottom. 
c) Corrugated bulkhead lower stool side plating to lower stool top plate. 

d) Corrugated bulkhead lower stool side plating to inner bottom. 

e) Corrugated bulkhead lower stool supporting floors to inner bottom. 

f) Corrugated bulkhead gusset and shedder plates. 

g) Structural elements in double bottom below bulkhead primary supporting members and stool plates. 
h) Lower hopper plate to inner bottom. 


i) Horizontal stringers on bulkheads in way of their bracket toe and the heel. 
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Figure 3 : High stress areas welding (examples) 
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2.4.7 Fine mesh finite element analysis 


In high stress area, at least partial penetration welds as defined in [2.4.2] are to be used. The minimum extent 
of full or partial penetration welding in that case is to be the greater of the following: 


e 150 mm in either direction from the element with the highest yield utilisation factor. 


e The extent covering all elements that exceed the above mentioned yield utilisation factor criteria. 


2.4.8 Shedder plates 


In case where shedder plates are fitted at the lower end of corrugated bulkhead, the shedder plates are to be 
welded to the corrugation and the top plate of the transverse lower stool by one side penetration welds. 


2.5 Weld size criteria 


2.5.1 


The required weld sizes are to be rounded to the nearest half millimetre. 


2.5.2 


The leg length, /ieg in mm, of continuous, lapped or intermittent fillet welds is not to be taken less than the 
greater of the following values: 


Lieg = fi fo tas_puitt 
Lieg = fya fweia fo f3 tas-puit + tgap 
Leg aS given in Table 1. 
where: 
fı : Coefficient depending on welding type: 
fı = 0.30 for double continuous welding. 
f,= 0.38 for intermittent welding. 
fə : Coefficient depending on the edge preparation: 
fə = 1.0 for double continuous welding without bevelling. 
fə = 0.85 for partial penetration welds with one side bevelling and f = tas.puir /2- 
fə = 0.70 for partial penetration welds with one side bevelling and f = ts-buit /3- 


fya : Coefficient not to be taken less than the following: 


1 0.5 235 0.75 
BEG e a 
k Ren weld 
fa = 0.71. 
Ren wea : Specified minimum yield stress for the weld deposit in N/mm?, not to be less than: 
> Ren wea = 305 N/mm? for welding of normal strength steel with Rey = 235N/mm?. 


: Ren wea = 375 N/mm? for welding of higher strength steels with Rey from 265 to 355 N/mm?. 


> Ren wea = 400 N/mm? for welding of higher strength steel with Rey = 390N/mm?. 


fweid : Weld factor dependent on the type of the structural member, see Table 2 and Table 3. 
k : Material factor of the abutting member. 
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f3 : Correction factor for the type of weld: 


f = 1.0 for double continuous weld. 


fz = Sor / Lwe fOr intermittent or chain welding. 


So : Distance between successive fillet welds, in mm. 


2.5.3 


The throat size troan iN MM, as Shown in Figure 4, is not to be less than: 


— Leg 


g2 


tthroat 


Figure 4 : Weld scantlings definitions 


t 


throat 


£ weld 


Sctr 
Chained an 


Table 1: Minimum leg size 
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Area Type of space Minimum 
yP p length, in mm 
Welds within 3m below 6.59 
Cargo tanks and holds top of compartment 
Elsewhere 6.0% 
cele MO TERIN Welds within 3m below am 
Water ballast and fresh top of compartment : 
water tanks 
Elsewhere 6.0% 
Dry spaces and voids 5.0 
Other tanks 6.0 
Welds within 3m below 6.0m 
Water ballast and fresh top of compartment : 
water tanks 
Elsewhere 5.54 
TE : Welds within 3m below 5.0 
Oren areas Fuel oil, diesel oil and top of compartment . 
other tanks 
Elsewhere 4.5 
Welds within 3m below 
4.5 
Dry spaces and voids top of compartment 
Elsewhere 4.0 
(1) If the as-built thickness of the element is less than 12 mm, the minimum leg length may be reduced by 0.5 mm. 


Table 2 : Weld factors for different structural members 
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Connection 
Hull area Feld 
Of To 
Watertight plate Boundary plating 0.48 
Oil-tight plate Boundary plating 0.51 
General Brackets at ends of members 0.48 
unless Ordinary stiffener and Deep tank bulkheads 0.24 
ete collar plates Web of primary supporting members and collar plates | 0.38 
the table ® Plating (except deep tank bulkhead) 0.20 
Web of stiffener Face plates of At ends (15% of span) 0.38 
built-up 
stiffeners Elsewhere 0.20 
Ordinary stiffener Bottom and inner bottom plating 0.24 
: Shell plates 0.38 
Centre girder 
Inner bottom plate 0.38 
a a Bottom and inner bottom plating 0.24 
Bottom 
and double shell plates and At ends, on a length equal to two 
inner bottom 0.38 
bottom frame spaces 
Floor plates 
Centre girder and side girders in way of hopper tanks 0.38 
Elsewhere 0.24 
Bracket on centre girder Centre girder, inner bottom, floors and shell plates 0.38 
Web stiffener Floor and girder 0.20 
Side plating 0.30 
Side and 7 
inner side l Inner side plating | in way of deck transverse and end 0.43 
in double Web of primary and web of connections f 
side supporting members fae in way of cross tie 0.36 
structure Supportin 
members elsewhere 0.30 
7; is Side shell plating within 0.6L midship PPW ® 
Strength aa Elsewhere 0.48 
deck 
tas puit < 13 Side shell plating 0.48 
Side shell plating 0.38 
Other deck - 
Deck Stiffeners 0.20 
At corners of hatchways for 15% of FPW © 
Hatch coamings Deck plating the hatch length 
Elsewhere 0.38 
Web stiffeners Coaming webs 0.20 ®) 
pe ee aor Boundaries Swash bulkheads 0.24 
Pre Bulkhead At ends (25% of ), wh 
k ulkhea ends 6 of span), where no 
stiffener plating end brackets are fitted 0:43 
Boundaries and each other: below waterline 0.38 
Aft peak Internal members 
Above waterline 0.20 
Fore peak Internal members Boundaries and each other 0.20 
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Connection 
Hull area Gi To feia 
Centre girder Keel and inner bottom 0.48 
Machinery Floor Centre girder 0.48 
Space Engine foundation girders Top plate and primary hull structure PPW ® 
Floors and girders Inner bottom and shell plate 0.38 
E | bulkh fi 
OUN ; pad St Deck, external bulkhead 0.48 
Super- and second tier erections) 
structure 
External bulkheads and Elsewhere 0.20 
internal bulkheads 
Watertight/oil-tight joints 0.48 
Hatch p 1) 
At ends of stiffeners 0.38 
cover Hatch cover 
Elsewhere 0.24 4 
Ventilator Coaming Deck 0.48 
(1) For bulk carrier hatch covers use weld factor of 0.38 for watertight joints and 0.24 at ends of stiffeners. 
(2) fwea =0.43 for hatch coaming other than in cargo holds. 
(3) Continuous welding. 
(4) PPW: Partial penetration welding in accordance with [2.4.2]. 
(5) FPW: Full penetration welding in accordance with [2.4.2]. 


2.5.4 


For primary supporting members connections not listed in Table 2, the weld factors from Table 3 are to be 
used. 


Table 3 : Weld factors for primary supporting members 


Hull Connection 
structural fweid 
member Of To 
Shell plating, deck Within 15% of shear span at ends 0.48 
plating, inner bottom 
plating, bulkhead Elsewhere 0.38 
In tanks/holds 0.38 
Primary Web plate Members located within 0.125L from fore peak i 
supporting Face plate Elsewhere if cross section area of face plate Aas 
member exceeds 65 cm? : 
Elsewhere 0.24 
; In way of boundaries of ballast and cargo tanks 0.48 
End connections 
Elsewhere 0.38 
2.5.5 


Where the as-built web thickness of the abutting longitudinal stiffener is greater than 15 mm and exceeds the 
thickness of the attached plating, the welding is to be double continuous and the leg length of the weld is not 
to be less than the largest of the following: 


a) 0.30 tosouin, Where tas-buin IS the as-built thickness of the attached plating without being taken greater 
than 30 mm. 


b) 0.27 tospuin + 1, where tos oui iS the as-built thickness of the abutting member. The leg size resulting of 
this formula needs not to be taken greater than 8.0 mm. 


c) Leg length given in the Table 1. 
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2.5.6 


Where the minimum weld size is determined by the requirements of second formula shown in [2.5.2], the weld 
connections to shell, decks or bulkheads are to take account of the material lost in the cut out, where 
stiffeners pass through the member. In cases where the width of the cut-out exceeds 15 % of the stiffener 
spacing, the size of weld leg length is to be multiplied by: 


0.85s 
by 
where 
S : Stiffener spacing in mm, as shown in Figure 5. 
Ly : Length of web plating between notches, in mm, as shown in Figure 5. 


Figure 5 : Effective material in web cut-outs for stiffeners 


‘ 


k A r k Width of cut-out 


2.5.7 Shear area of primary supporting member end connections 


Welding of the end connections, inclusive 10% of shear span, of primary supporting members is to be such 
that the weld area is to be equivalent to the gross cross sectional area of the member. The weld leg length in 
mm, lieg, is to be taken as: 


h 
lisz = 1.41 fy Aw ter-req 
liep 
where: 
hy : Web height of primary supporting members, in mm. 
tg req | Required gross thickness of the web in way of the end connection, including 10% of shear span, 
based on the highest average usage factor for yield from cargo hold FE analysis or the shear area 
requirement for PSM outside cargo hold region, in mm. 
Lweld : Length of the welded connection in mm, as shown in Figure 6. 
faep : Total length of deposit of weld metal, in mm, see Figure 6 taken as: 


Ldep = 2 Lwe 


The size of weld is not to be less than the value calculated in accordance with [2.5.2]. 


2.5.8 Longitudinals 


Welding of longitudinals to plating is to be doubled continuous at the ends of the longitudinals at the extent of 
15 % of shear span as defined in Ch 3, Sec 7, [1.1.3]. 


In way of primary supporting members, the length of the double continuous weld is to be equal to the depth of 
the longitudinal or the end bracket, whichever is greater. 
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Figure 6 : Shear area of primary supporting member 


= lve =l + fat ba 


Note 1: The length wewa is the length of the welded connection. The total length of the weld deposit Bisp if welded with double continuous 
fillet welds is twice the length of the welded connection fwe. 


2.5.9 Deck longitudinals 

For deck longitudinals, a matched pair of welds is required at the intersection of longitudinals with primary 
supporting members. 

2.5.10 Longitudinal continuity provided by brackets 


Where a longitudinal strength member is to cut at a primary supporting structure and the continuity of 
strength is provided by brackets, the weld area A,ejq is not to be less than the gross cross sectional area of the 
member. The weld area, Ayeig in cm2, is to be determined by the following formula: 


= fya tinroat Liep 


A 
weld 100 


2.5.11 Unbracketed stiffeners 


Where intermittent welding is permitted, unbracketed stiffeners of shell, watertight and oil-tight bulkheads, 
and deckhouse fronts are to have double continuous welds for one-tenth of their length at each end. 
Unbracketed stiffeners of non-tight structural bulkheads, deckhouse sides and aft ends are to have a pair of 
matched intermittent welds at each end. 


2.5.12 Reduced weld size 


Where an approved automatic deep penetration procedure is used and quality control facilitates are working 
to a gap between members of 1 mm and less, the weld factors given in Table 2 may be reduced by 15% but not 
more than fillet weld leg size of 1.5 mm. Reductions of up to 20%, but not more than the fillet weld leg size of 
1.5 mm, will be accepted provided that the shipyard is able to consistently meet the following requirements: 


a) The welding is performed to a suitable process selection confirmed by welding procedure tests covering 
both minimum and maximum root gaps. 
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b) The penetration at the root is at least the same amount as the reduction into the members being 
attached. 


c) Demonstrate that an established quality control system is in place. 


2.5.13 Reduced weld size justification 

Where any of the methods for reduction of the weld size are adopted, the specific requirements giving 
justification for the reduction are to be indicated on the drawings. The drawings are to document the weld 
design and dimensioning requirements for the reduced weld length and the required weld leg length given by 


[2.5.2] without the leg length reduction. Also, notes are to be added to the drawings to describe the difference 
in the two leg lengths and the requirements for their application. 


3 BUTT JOINT 


3.1 General 


3.1.1 


Joints in the plate components of stiffened panel structures are generally to be joined by butt welds, see 
Figure 7. 


Figure 7 : Typical butt welds 


Single bevel butt Double bevel butt 


tas-puilt [6] 


A 
zalk 


tas-built f] 


Gap Gap 
Double vee butt, uniform bevels Single vee butt, one side welding 
with backing 
tas-buitt tas-built 6 
| f a 
Gap Gap 


3.2 Thickness difference 


3.2.1 Taper 


In the case of welding of plates with difference in as-built thickness equal to or greater than 4 mm, the thicker 
plate is normally to be tapered. The taper has to have a length of not less than 3 times the difference in as- 
built thickness. If the width of groove is not less than 3 times the difference the transition taper is to be 
avoided. 
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4 OTHER TYPES OF JOINTS 


4.1 Lapped joints 


4.1.1 Areas 


Lap joint welds may be adopted in very specific cases subject to the approval of the Society. Lap joint welds 
may be adopted for the following: 


e Peripheral connections of doublers. 


e Internal structural elements subject to very low stresses. 


4.1.2 Overlap width 


Where overlaps are adopted, the width of the overlap is not to be less than three times, but not greater than 
four times the as-built thickness of the plates being joined, see Figure 8. Where the as-built thickness of the 
thinner plate being joined has a thickness of 25 mm or more, the overlap will be subject to special 
consideration. 


Figure 8 : Fillet weld in lapped joint 


tt, 


4.1.3 Overlaps for lugs 


The overlaps for lugs and collars in way of cut-outs for the passage of stiffeners through webs and bulkhead 
plating are not to be less than three times the thickness of the lug but not be greater than 50 mm. 


4.1.4 Lapped end connections 


Lapped end connections are to have continuous welds on each edge with leg length, Zeg in mm, as shown on 
Figure 8 such that the sum of the two leg lengths is not less than 1.5 times the as-built thickness of the thinner 
plate. 


4.1.5 Overlapped seams 


Overlapped seams are to have continuous welds on both edges, of the sizes required by [2.5.2] for the 
boundaries of tank/hold or watertight bulkheads. Seams for plates with as-built thickness of 12.5 mm or less, 
which are clear of tanks/holds, may have one edge with intermittent welds in accordance with [2.5.2] for 
watertight bulkhead boundaries. 


4.2 Slot welds 


4.2.1 


Slot welds may be adopted in very specific cases subject to the approval of the Society. However, slot welds of 
doublers on the outer shell and strength deck are not permitted within 0.6 L amidships. 


4.2.2 


Slots are to be well-rounded and have a minimum slot length, oœ of 75 mm and width, Wot of twice the as- 
built plate thickness. Where used in the body of doublers and similar locations, such welds are in general to be 
spaced a distance, Syot Of 2 Lst tO 3 4), but not greater than 250 mm, see Figure 9. The size of the fillet welds 
is to be determined from second formula shown in [2.5.2] using tas-puin Of the thinner plate and a weld factor of 
0.48. 
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Figure 9 : Slot welds 
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slot 
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4.2.3 Closing plates 


For the connection of plating to internal webs, where access for welding is not practicable, the closing plating 
may be attached by slot welds to face plates fitted to the webs. 


4.2.4 


Slots are to be well-rounded and have a minimum slot length, Zst of 90 mm and a minimum width, Wst Of 
twice the as-built plate thickness. Slots cut in plating are to have smooth, clean and square edges and are in 
general to be spaced a distance, Sot not greater than 140 mm. Slots are not to be filled with welding. 


4.3 Stud and lifting lug welds 


4.3.1 


Where permanent or temporary studs or lifting lugs are to be attached by welding to main structural parts in 
areas subject to high stress, the proposed locations are to be submitted for approval. 


5 CONNECTION DETAILS 


5.1 Bilge keels 


5.1.1 


The ground bar is to be connected to the shell with a continuous fillet weld, and the bilge keel to the ground 
bar with a continuous fillet weld in accordance with Table 4. 


Table 4 : Connections of bilge keels 


Leg length of weld, in mm 
Structural items being joined 


At ends Elsewhere 
Ground bar to the shell 0.62 tras puitt 0.48 tras puitt 
Bilge keel web to ground bar 0.48 toss puitt 0.30 toas puitt 


tiasbuit : AS-built thickness of ground bar, in mm. 


toaspuit : AS-built thickness of web of bilge keel, in mm. 


5.1.2 


Butt welds, in the bilge keel and ground bar, are to be well clear of each other and of butts in the shell plating 
as shown in Figure 10. In general, shell butts are to be flush in way of the ground bar and ground bar butts are 
to be flush in way of the bilge keel. Direct connection between ground bar butt welds and shell plating is not 
permitted. This may be obtained by use of removable backing. 
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5.1.3 


The ground bar is to be continuously fillet welded with a leg length as given in Table 4. At the ends of the 
ground bar, the leg length is to be increased as given in Table 4, without exceeding the as-built thickness of the 
ground bar as shown in Figure 10. The welded transition at the ends of the ground bar to the plating 
connection should be formed with the weld flank angle of 45 deg or less. 


5.1.4 


In general, scallops and cut-outs are not to be used. Crack arresting holes are to be drilled in the bilge keel 
butt welds as close as practicable to the ground bar. The diameter of the hole is to be greater than the width of 
the butt weld and is to be a minimum of 25 mm. Where the butt weld has been subject to non-destructive 
examination, the crack arresting hole may be omitted. 


Figure 10 : Bilge keel 


min. 50 mm, about 3h 
max 100 mm zi 


Lee SY 
MCC ed bi asi 
ALLIS 


As close as 


practicable about 1.5b 


Bilge keel 


5.2 Bulk carrier side frames 


5.2.1 


The following requirements are applicable to side frames, end brackets and tripping brackets of single side 
skin bulk carriers. 


5.2.2 


For zones ‘a’ and ‘b’ as shown in Figure 11, double continuous fillet welding should be used with leg lengths of 
0.62 tas ui ANA O.57 tos puin respectively, where t,.,vi IS the as-built thickness of the thinner of two connected 
members, in mm. 
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Double continuous welding is to be adopted for the connections of tripping brackets with side shell frames and 


plating. The leg length, Zeg in mm, for these connections should be taken as: 
© 0.5 tas puit + 1.0 if tas-buin < 10 
e 0.4 tas puit + 2-0 if 10 < tas puin < 20 
e 0.3 tas puit + 4.0 if tas uit 2 20. 


In these formulas t,5 pi iS as-built thickness of the abutting plate. 


Figure 11 : Bulk carrier side frames 
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5.3 End connections of pillars and cross ties 


5.3.1 


The end connections of pillars and cross ties are to have an effective fillet weld area, in cm?, (weld throat 


multiplied by weld length) not less than: 


235 4" 
Aweid 7 fs ae E 
where: 
F : Design load, for the structure under consideration, in KN. 
fə : Coefficient equal to: 


f = 0.05 when pillar or cross tie is in compression only. 


f= 0.14 when pillar or cross tie is in tension. 


5.4 Abutting plates with small angles 


5.4.1 


Where the angle 8 between the abutting plate and the connected plate is less than 75 deg as shown in Figure 
12, the size of fillet welds ¢,, in mm, for the side of larger angle is to be increased in accordance with: 


ly = AR 
J2sin = 
where: 
Lieg : Leg length of fillet weld, in mm, as defined in [2.5.2]. 
0 : Connecting angle, in deg, as shown in Figure 12. 
Figure 12 : Connecting angle 
5.4.2 


Connections of main strength members where ĝis less than 45 deg, see Figure 12, may be applied only in dry 


spaces and voids. 
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SECTION 1 
PRINCIPLES AND SURVEY 
REQUIREMENTS 


1 = PRINCIPLES 


1.1 Application 


1.1.1 


The purpose of this chapter is to provide criteria for the allowable thickness diminution of ships’ hull 
structures. 


1.1.2 


The criteria apply only to ships in operation that are classed in accordance with these Rules. 


1.1.3 


Thickness measurement is to be used to assess ships’ hull structures against the specified renewal criteria. 


1.1.4 


The hull survey requirements are those given, as applicable, in the Rules and/or documents of the individual 
Society which incorporate: 


e UR Z10.2 for single side skin bulk carriers. 
e UR Z10.4 for double hull oil tankers. 
e UR Z10.5 for double side skin bulk carriers. 


1.2 Corrosion allowance concept 


1.2.1 Corrosion allowance 


Corrosion allowance is comprised of two aspects: local and global corrosion, as defined in Ch 3, Sec 2, [1.1.2]. 


1.2.2 Assessment 


Assessment against both local and global corrosion renewal criteria is required during the operational life of 
ships. 


Assessment against the newbuilding requirements which incorporate corrosion additions, given in Ch 3, Sec 3, 
and which consider all relevant loads and limit states, e.g. yielding, buckling, and fatigue is not required during 
the operational life of ships, provided that the measured thickness of any structural members remain greater 
than the renewal thickness specified in Ch 13, Sec 2, [2]. 

1.2.3 Steel renewal 


Steel renewal is required if either the local or global corrosion allowance is exceeded. 
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1.3 Requirements for documentation 


1.3.1 Plans 


The plans to be supplied onboard the ship, as required in Ch 1, Sec 3, are to include, for each structural 
element, both the as-built and renewal thickness as defined in Ch 13, Sec 2. Any thickness for voluntary 
addition is also to be clearly indicated on the plans. 


For the list of plans and information to be supplied onboard the ship, reference is made to the Rules and/or 
documents of the individual Society which incorporate IACS UR Z10.2, Z10.4 or Z10.5 as applicable. 
1.3.2 Hull girder sectional properties 


The Midship section plan to be supplied onboard the ship is to include the minimum required hull girder 
sectional properties, as defined in Ch 5, Sec 1, for the transverse sections of all cargo holds. 


2 HULL SURVEY REQUIREMENTS 


2.1 General 


2.1.1 Minimum hull survey requirements 


The minimum hull survey requirements including thickness measurements for the maintenance of class are 
given in the Rules and/or documents of the individual Society which incorporate IACS UR Z10.2, Z10.4 and 
Z10.5. 
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SECTION 2 
ACCEPTANCE CRITERIA 


SYMBOLS 


tas-buit : AS built thickness, in mm. 
to : Corrosion addition in mm, as defined in Ch 3, Sec 2. 
ties : Reserve thickness, taken equal to 0.5 mm. 


tolaga : Thickness for voluntary addition, in mm. 
1 GENERAL 


1.1 Application 


1.1.1 


This section gives requirements for the application of the acceptance criteria. 


1.2 Definition 


1.2.1 Deck zone 
The deck zone includes all the following items contributing to the hull girder strength: 
e For bulk carriers: elements above or crossed by the 0.9 D level line above the baseline such as: 
e Strength deck plating. 
e Deck stringer. 
e Sheer strake. 
e Side shell plating. 
e Inner hull and other longitudinal bulkhead plating, if any. 
e Topside tank sloped plating, including horizontal and vertical strakes. 
e Longitudinal stiffeners, girders and stringers connected to the above mentioned plating. 
¢ For oil tankers: 
e Strength deck plating. 
e Deck stringer. 
e Sheer strake. 
e Inner hull and other longitudinal bulkheads upper strake. 


e Longitudinal stiffeners, girders and stringers connected to the above mentioned plating. 
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1.2.2 Bottom zone 
The bottom zone includes the following items contributing to the hull girder strength: 


e For bulk carriers: elements up to the upper level of the hopper sloping plating or up to and including the 
inner bottom plating if there is no hopper tank: 


e Keel plate. 
e Bottom plating. 
e Bilge plating. 
e Bottom girders. 
e Inner bottom plating. 
e Hopper tank sloping plating, and horizontal plating, if any. 
e Longitudinal stiffeners connected to the above mentioned plating. 
e Side shell plating. 
e For oil tankers: 
e Keel plate. 
e Bottom plating. 
¢ Bilge plating. 
e Longitudinal bulkheads lower strake. 
¢ Bottom girders. 


e Longitudinal stiffeners connected to the above mentioned plating. 


1.2.3 Neutral axis zone 


The neutral axis zone includes the following items between the deck zone and the bottom zone, as for 
example: 


e Side shell plating. 
e Inner hull plating and longitudinal bulkheads, if any. 
e Topside tank sloped plating. 


For the longitudinal strength members forming the web of the hull girder which are inclined to the vertical, the 
area of the member to be included in the zone area is to be based on the projected area onto the vertical 
plane. 


2 RENEWAL CRITERIA 


2.1 Local corrosion 


2.1.1 Renewal thickness of local structural elements 
Local structural elements include local supporting members and primary supporting members. 


Steel renewal is required if the measured thickness, t,, in mm, is less than the renewal thickness, t,en defined 
as: 


tren = tas- built = te = tyol_aad 


2.1.2 Renewed area 


Areas which need to be renewed based on the renewal criteria in [2.1.1] are, in general, to be repaired with 
inserted material which is to have the same or greater grade and yield stress as the original, and to have a 
thickness, tepair in mm, not less than: 


trepair = tas built — tyol_add 
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2.1.3 Alternative solutions 


Alternative solutions may be adopted in accordance with the requirements of the Rules and/or documents of 
the individual Society which incorporate IACS UR Z10.2, Z10.4 and Z10.5, where the measured thickness, t,, is 
such as: 


tren < tm < tren + tres 


2.2 Global corrosion 


2.2.1 Application 


The ship’s longitudinal strength is to be evaluated by using the thickness of structural members measured, 
renewed and reinforced, as appropriate, during special surveys, for ships over 10 years of age. 


2.2.2 Renewal criteria 
The hull girder strength criteria are given as detailed below. 


a) Deck and bottom zones: 
The current hull girder section modulus at deck and at bottom determined with the thickness 
measurements are not to be less than 90% of the section modulus calculated according to Ch 5, Sec 1 
with the gross offered thickness. 
Alternatively, the current sectional areas of the bottom zone and of the deck zone which are the sum of 
the measured item areas of the considered zones are not to be less than 90% of the sectional area of 
the corresponding zones determined with the gross offered thickness. 


2 


Neutral axis zone: 

The current sectional area of the neutral axis zone, which is the sum of the measured plating areas of 
this zone, is not to be less than the sectional area of the neutral axis zone calculated with the gross 
offered thickness minus 0.5 t,. 


If the actual reduction of the gross offered thickness of all items, of a given transverse section, which 
contribute to the hull girder strength is less than 10% for the deck and bottom zones and 0.5t, for the neutral 
axis zone, the hull girder strength criteria of this transverse section is satisfied and the calculations of the 
different zone areas with measured thicknesses need not be carried out. 


The gross offered thickness is defined in Ch 3, Sec 2. 
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SECTION 1 
GENERAL ARRANGEMENT DESIGN 


1  FORECASTLE 


1.1 General 


1.1.1 
An enclosed forecastle is to be fitted on the freeboard deck. 


The aft bulkhead of the enclosed forecastle is to be fitted in way or aft of the forward bulkhead of the foremost 
hold, as shown in Figure 1. 


However, if this requirement hinders hatch cover operation, the aft bulkhead of forecastle may be fitted 
forward of the forward bulkhead of the foremost cargo hold provided the forecastle length is not less than 7% 
of ship length for freeboard as specified in Pt 1, Ch 1, Sec 4, [3.1.2] abaft the fore side of stem. 


Figure 1 : Forecastle arrangement 


Top of the hatch coaming 


Forward 
bulkhead 


1.1.2 
The forecastle height, H; above the main deck is not to be less than the greater of the following values: 
e The standard height of a superstructure as specified in Pt 1, Ch 1, Sec 4, [3.3]. 
e H+ 0.5m, where H¢ is the height of the forward transverse hatch coaming of the foremost cargo hold, 
i.e. cargo hold No. 1. 
1.1.3 


All points of the aft edge of the forecastle deck are to be located at a distance less than or equal to @,, taken 
as: 


l; = 54H,- He 


from the hatch coaming plate. 


1.1.4 


A breakwater is not to be fitted on the forecastle deck with the purpose of protecting the hatch coaming or 
hatch covers. If fitted for other purposes, it is to be located such that its upper edge at centreline is not less 
than H,/ tan 20° forward of the aft edge of the forecastle deck, where Hg is the height of the breakwater 
above the forecastle, see Figure 1. 
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SECTION 2 
STRUCTURAL DESIGN PRINCIPLES 


SYMBOLS 


For symbols not defined in this section, refer to Pt 1, Ch 1, Sec 4. 


1 = = APPLICATION 


1.1 


1.1.1 


This section applies to structures in all parts of bulk carriers, in addition to requirements given in Pt 1, Ch 3, 
Sec 6. 


2 CORROSION PROTECTION 


2.1 General 


2.1.1 Void double side skin spaces 


Void double side skin spaces are to have a corrosion protective system fitted in accordance with [2.2]. 


2.1.2 Cargo holds and ballast holds 


Cargo holds and ballast holds are to have a corrosion protective system fitted in accordance with [2.3]. 


2.2 Protection of void double side skin spaces 


2.2.1 


Void double side skin spaces in the cargo area for ships having a freeboard length L,, of not less than 150 m 
are to have an efficient corrosion prevention system, such as hard protective coatings or equivalent. 


2.3 Protection of cargo hold spaces 


2.3.1 Coating 

It is the responsibility of the builder and of the owner to choose coatings suitable for the intended cargoes, in 
particular for the compatibility with the cargo. 

2.3.2 Application 


All internal and external surfaces of hatch coamings and hatch covers, and all internal surfaces of cargo holds 
(side and transverse bulkheads), excluding the inner bottom area and part of the hopper tank sloping plate 
and lower stool sloping plate, are to have an efficient protective coating, of an epoxy type or equivalent, applied 
in accordance with the manufacturer’s recommendation. 


The side and transverse bulkhead areas to be coated are specified in [2.3.3] and [2.3.4] respectively. 
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2.3.3 Side areas to be coated 
The areas to be coated are the internal surfaces of: 
e The inner side plating. 
e The internal surfaces of the topside tank sloping plates. 


e The internal surfaces of the hopper tank sloping plates for a distance of 300 mm below the frame end 
bracket for holds of single side skin construction, or below the hopper tank upper end for holds of 
double side skin construction. 


These areas are shown in Figure 1. 


Figure 1 : Side areas to be coated 


Topside Topside 
tank tank 


Area to be 
coated 


Area to be 
coated 


Hopper tank Hopper tank 


2.3.4 Transverse bulkhead areas to be coated 


The areas of transverse bulkheads to be coated are all the areas located above an horizontal level located ata 
distance of 300 mm below the frame end bracket for holds of single side skin construction or below the 
hopper tank upper end for holds of double side skin construction. 


3 STRUCTURAL DETAIL PRINCIPLES 


3.1 Double bottom structure 


3.1.1 Application 


In addition to the requirements provided in Pt 1, Ch 2, Sec 3, [2], the requirements of this sub-article are 
applicable to the following ships: 


e All bulk carriers of less than 150 m in length, 


e Bulk carriers with a length of 150 m or above, with one or more cargo holds arranged for carriage of 
water ballast. 


3.1.2 Double bottom height 


Height of double bottom in cargo area, dpg, in m, measured from keel line at mid-length of each cargo hold is 
not to be less than: 


dpg = 0.032B + 0.19,/Ts¢ 
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A lower double bottom height may be accepted, provided all of the following requirements are satisfied: 


e The spacing of adjacent girders is not to be greater than 4.6 m or 5 times the spacing of bottom or inner 
bottom stiffeners, whichever is the smaller. 


e The spacing of floors is not to be greater than 3.5 m or 4 times the side frame spacing, whichever is the 
smaller. Where side frames are not transverse, the nominal frame spacing as specified by the designer 
is to be used. 


3.1.3 Girder spacing 


The spacing of adjacent girders is generally not to be greater than 4.6 m or 5 times the spacing of bottom or 
inner bottom stiffeners, whichever is the smaller. 


3.1.4 Floor spacing 


The spacing of floors is generally not to be greater than 3.5 m or 4 times the side frame spacing, whichever is 
the smaller. Where side frames are not transverse, the nominal frame spacing as specified by the designer is 
to be used. 


3.2 Single side structure 


3.2.1 Application 
This article applies to the single side structure with transverse framing of single side bulk carrier. 


If single side structure is supported by transverse or longitudinal primary supporting members, the 
requirements in Pt 1, Ch 3, Sec 6, [8] apply to these primary supporting members as regarded to ones in 
double side skin. 


3.2.2 General arrangement 
Side frames are to be arranged at every frame space. 


If air pipes are passing through the cargo hold, they are to be protected by appropriate measures to avoid a 
mechanical damage. 


3.2.3 Side frames 


Frames are to be built-up symmetrical sections with integral upper and lower brackets and are to be arranged 
with soft toes. 


The side frame flange is to be curved (not knuckled) at the connection with the end brackets. The radius of 
curvature is not to be less than r, in mm, given by: 


to : Corrosion addition, in mm, specified in Pt 1, Ch 3, Sec 3. 
bst;  : Flange width and net thickness of the curved flange, in mm. The end of the flange is to be sniped. 


In ships less than 190 m in length, mild steel frames may be asymmetric and fitted with separate brackets. 
The face plate or flange of the bracket is to be sniped at both ends. Brackets are to be arranged with soft toes. 


The dimensions of side frames are defined in Figure 2. 


1 JAN 2014 COMMON STRUCTURAL RULES 


Figure 2 : Dimensions of side frames 
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Figure 3 : Dimensions of lower and upper brackets 
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3.2.4 Upper and lower brackets 


The face plates or flange of the brackets is to be sniped at both ends. Brackets are to be arranged with soft 
toes. The as-built thickness of the brackets is not to be less than the as-built thickness of the side frame webs 
to which they are connected. 


The dimensions (in particular the height and length) of the lower brackets and upper brackets are not to be 
less than those shown in Figure 3. 


3.2.5 Tripping brackets 


In way of the foremost hold and in the holds of BC-A ships, side frames of asymmetrical section are to be fitted 
with tripping brackets at every two frames, as shown in Figure 4. 


The as-built thickness of the tripping brackets is not to be less than the as-built thickness of the side frame 
webs to which they are connected. 


Double continuous welding is to be adopted for the connections of tripping brackets with side shell frames and 
plating. 


Figure 4 : Tripping brackets to be fitted in way of foremost hold 
If Ss 


3.2.6 Support structure 


Structural continuity with the lower and upper end connections of side frames is to be ensured within hopper 
and topside tanks by connecting brackets as shown in Figure 5. 


Figure 5 : Example of support structure for lower end 
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3.3 Deck structures 


3.3.1 Web frame spacing in topside tanks 


For bulk carriers less than 150 m in length, the spacing of web frames in topside tanks is generally not to be 
greater than 6 frame spaces. 


3.3.2 Cross deck between hatches of bulk carriers 


Inside the line of openings, where a transversely framed structure is adopted for the cross deck structures, 
hatch end beams and cross deck beams are to be adequately supported by girders and extended outward to 
the second longitudinal from the hatch side girders towards the deck side. Where the extension of girders 
outward is impracticable, intercostal stiffeners are to be fitted between the hatch side girder and the second 
longitudinal and checks of the structure are to be performed in compliance with the requirements in Pt 1, Ch 7 
or by means deemed appropriate by the Society. 


The transverse primary members supporting the cross deck are to be supported by side or topside tank 
primary supporting members. 


Smooth connection of the strength deck at side with the transversely framed cross deck is to be ensured by a 
plate of intermediate thickness. 


3.3.3 Topside tank structures 
The topside tank sloping plates are to be longitudinally framed. 


Topside tank structures, where fitted, are to extend as far as possible within the machinery space and are to 
be adequately tapered. 


Where a double side primary supporting member is fitted outside the plane of the topside tank web frame, 
special attention is to be paid to structural continuity. 


3.3.4 Openings in strength deck - Corner of hatchways 


For hatchways located within the cargo hold region, insert plates, whose thicknesses are to be determined 
according to the formula given after, are to be fitted in way of corners where the plating cut-out has a circular 
profile. 


The radius of circular corners is not to be less than 5% of the hatch width, where a continuous longitudinal 
deck girder is fitted below the hatch coaming. 


Corner radius, in the case of the arrangement of two or more hatchways athwartship, is considered by the 
Society on a case-by-case basis. 


For hatchways located within the cargo hold region, insert plates are, in general, not required in way of corners 
where the plating cut-out has an elliptical or parabolic profile and the half axes of elliptical openings, or the 
half lengths of the parabolic arch, are not less than: 


e 1/20 of the hatchway width or 600 mm, whichever is the lesser, in the transverse direction. 
e Twice the transverse dimension, in the fore and aft direction. 


Where insert plates are required, their net thickness is to be obtained, in mm, from the following formula: 
= b 
tns = | 0.8 + 0.47 E 


without being taken less than t, or greater than 1.6 tor. 


where: 

L : Width, in m, in way of the corner considered, of the cross deck strip between two consecutive 
hatchways, measured in the longitudinal direction, see Pt 1, Ch 3, Sec 6, Figure 15. 

b : Width, in m, of the hatchway considered, measured in the transverse direction, see Pt 1, Ch 3, Sec 6, 
Figure 15. 

torf : Offered net thickness, in mm, of the deck at the side of the hatchways. 
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For the extreme corners of end hatchways, insert plates are required. The net thickness of these insert plates 
is to be 60% greater than the net offered thickness of the adjacent deck plating. A lower thickness may be 
accepted by the Society on the basis of calculations showing that stresses at hatch corners are lower than 
permissible values. 


Where insert plates are required, the arrangement is shown in Pt 1, Ch 9, Sec 6, Table 15, in which d1, do, d3 
and d, are to be greater than the stiffener spacing. 


For hatchways located outside the cargo hold region, a reduction in the thickness of the insert plates in way of 
corners may be considered by the Society on a case-by-case basis. 


For ships having length L of 150 m or above, the corner radius, the thickness and the extent of insert plate 
may be determined by the results of a direct strength assessment according to Pt 1, Ch 7, including buckling 
check and fatigue strength assessment of hatch corners according to Pt 1, Ch 8 and Pt 1, Ch 9 respectively. 


3.3.5 Protection against wire rope 


Wire rope grooving in way of cargo holds openings is to be prevented by fitting suitable protection such as half- 
round bar on the hatch side girders (i.e. upper portion of topside tank plates) or hatch end beams in cargo hold 
and upper portion of hatch coamings. 
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HULL LOCAL SCANTLINGS 


SYMBOLS 


For symbols not defined in this section, refer to Pt 1, Ch 1, Sec 4. 

Cyg Cys, Cyr, Cyg: Czp, Czę: Load combination factors, as defined in Pt 1, Ch 4, Sec 2. 
Oshr : Effective shear depth of the stiffener as defined in Pt 1, Ch 3, Sec 7, [1.4.3]. 
Fp : Resultant force, in kN, as defined in Pt 1, Ch 4, Sec 6, Table 7. 

Fscips 2 Static load, in KN, as defined in Pt 1, Ch 4, Sec 6, [4.3.1]. 

Fscip : Total load, in kN, as defined in Pt 1, Ch 4, Sec 6, [4.2.1]. 

Fscnss : Static load, in KN, as defined in Pt 1, Ch 4, Sec 6, [4.3.2]. 

Fons : Total load, in KN, as defined in Pt 1, Ch 4, Sec 6, [4.2.2]. 


lA : Distance, in m, as defined in Pt 1, Ch 4, Sec 6. 

Lp : Distance, in m, as defined in Pt 1, Ch 4, Sec 6. 

lop : Side frame span, in m, as defined in Ch 1, Sec 2, Figure 2, not to be taken less than 0.25 D. 

P : Design pressure in kKN/m?, for the design load set being considered according to Pt 1, Ch 6, Sec 2, [2] 
and calculated at the load calculation point defined in Pt 1, Ch 3, Sec 7, [3.2]. 

Pp : Resultant pressure, in KN/m?, as defined in Pt 1, Ch 4, Sec 6, Table 7. 

Sow : Plate width, in mm, taken as the width of the corrugation flange a or the web c, whichever is greater, 


see Pt 1, Ch 3, Sec 6, Figure 21. 


Sc : Half pitch, in mm, of the corrugation flange as defined in Pt 1, Ch 3, Sec 6, Figure 21. 
1 CARGO HOLD SIDE FRAMES OF SINGLE SIDE BULK CARRIERS 


1.1 Strength criteria 


1.1.1 Net section modulus and net shear sectional area 


The net section modulus Z, in cm, and the net shear sectional area A,nn in cm?, in the mid-span area of side 
frames subjected to lateral pressure are not to be taken less than: 


P s4, 


Z = 1.1250,, ——— 
frag C; Ren 


Asn = 5.5-0 Poete (£25) 10° 


S 
C: Ten lsr 


On : Coefficient taken as: 
GO, = 0.42 for BC-A ships. 


Qn = 0.36 for other ships. 


COMMON STRUCTURAL RULES 1 JAN 2014 


‘@eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee8 


PART 2 CHAPTER1 SECTION 3 


PART 2 CHAPTER1 SECTION 3 


peeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


IACS 


tag : Bending coefficient taken as 10. 
C, : Permissible bending stress coefficient for the design load set being considered taken as: 
C, = 0.75 for acceptance criteria set AC-S. 
C, = 0.90 for acceptance criteria set AC-SD. 
As : Coefficient taken as: 
Qs = 1.1 for side frames of empty holds in alternate condition of BC-A ships. 
Œs = 1.0 for other side frames. 
lg : Lower bracket length, in m, as defined in Figure 1. 


P : Design pressures, in kN/m?, for design load sets as defined in Pt 1, Ch 6, Sec 2, Table 1, excluding 
the design load sets WB-4 to WB-6. 


C : Permissible shear stress coefficient for the design load set being considered, taken as: 
C, = 0.75 for acceptance criteria set AC-S. 


C, = 0.90 for acceptance criteria set AC-SD. 


Figure 1 : Side frame lower bracket length 


d, = Frame web depth 
Section b) 


t = Lower bracket length 


Section a) 


1.1.2 Side frames in ballast holds 


In addition to [1.1.1], for side frames in cargo holds designed to carry ballast water in heavy ballast condition, 
the net section modulus Z, in cm, and the net web thickness, t,, in mm, all along the span are to be in 
accordance with Pt 1, Ch 6, Sec 5 where the span of the side frame is / as defined in Pt 1, Ch 3, Sec 7, [1.1] 
with consideration to brackets at ends. 


1.1.3 Additional strength requirements 


The net moment of inertia I, in cm4, of the three side frames located immediately abaft the collision bulkhead 
is not to be taken less than: 


4 
I = 0.18 P tse 

n 
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where: 


n : Frame number of considered side frame counted from the collision bulkhead to the frame in 
question, taken equal to 1, 2 or 3. 


As an alternative, supporting structures, such as horizontal stringers, are to be fitted between the collision 


bulkhead and a side frame which is in line with transverse webs fitted in both the topside tank and hopper 
tank, maintaining the continuity of the forepeak stringers within the foremost hold. 


1.2 Lower bracket of side frame 


1.2.1 


At the level of the lower bracket as shown in Ch 1, Sec 2, Figure 2, the net section modulus of the frame and 
bracket, or integral bracket, with associated shell plating, is not to be taken less than twice the required net 
section modulus Z, in cm3,for the frame mid-span area obtained from [1.1.1]. 


1.2.2 


For holds intended to carry ballast water in heavy ballast condition, the net section modulus Z, in cm, at the 
level of the lower bracket is not to be taken less than twice the greater of the required net section moduli given 
in [1.1.1] and [1.1.2]. 


1.2.3 


The net thickness t,g, in mm, of the lower bracket is not to be taken less than: 
tig-=ty+1.5 


where t, is the net thickness of the side frame web, in mm. 


1.2.4 


The net thickness t,, of the lower bracket is to comply with the following formula: 


e For symmetrically flanged frames: 


ne < 87 Jk 


LB 
e For asymmetrically flanged frames: 


hig 


LB 


< 73,/k 


The web depth h,, of lower bracket is to be measured from the intersection between the hopper tank sloping 
plating and the side shell plate, perpendicularly to the face plate of the lower bracket as shown in Ch 1, Sec 2, 
Figure 5. 


For the three side frames located immediately abaft the collision bulkhead, where the frames are 
strengthened in accordance with [1.1.2] and the offered t,, is greater than 1.73 t,, the t,, applied in [1.2.4] 
may be taken as t’,, given by: 


; 2 1/3 
Uis = (tie ty) 


where t, is the net thickness of the side frame web, in mm, corresponding to A,,,, determined in accordance to 
[1.1.1]. 
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1.3 Upper bracket of side frame 


1.3.1 


At the level of the upper bracket as shown in Ch 1, Sec 2, Figure 2 the net section modulus of the frame and 
bracket, or integral bracket, with associated shell plating, is not to be taken less than twice the net section 
modulus Z required for the frame mid-span area obtained from [1.1.1]. 


1.3.2 


For holds intended to carry ballast water in heavy ballast condition, the net section modulus Z, in cm3, at the 
level of the upper bracket is not to be taken less than twice the greater of the required net sections modulus 
obtained from [1.1.1] and [1.1.2]. 


The net thickness tyg of the upper bracket, in mm, is not to be less than the net thickness of the side frame 
web. 


1.4 Provided support at upper and lower connections of side frames 


1.4.1 Net section modulus 

The net section modulus of the: 
e Side shell and hopper tank longitudinals supporting the lower connecting brackets. 
e Side shell and topside tank longitudinals supporting the upper connecting brackets. 


is to comply with the following formula: 


P Use C4 

$ Zpi d; 2 Qr 16 Rex 

where: 

n : Number of the longitudinal stiffeners on the side shell and hopper/topside tank supporting the 
lower/upper end connecting bracket of the side frame, as applicable. 

Loli : Net plastic section modulus, in cm, of the ith longitudinal stiffener on the side shell or 
hopper/topside tank supporting the lower/upper end connecting bracket of the side frame, as 
applicable. 

d; : Distance, in m, of the above i-th longitudinal stiffener from the intersection point of the side shell and 
hopper/topside tank. 

li : Spacing, in m, of transverse supporting webs in hopper/topside tank, as applicable. 

Ren : Lowest value of specified yield stress, in N/mm?, among the materials of the longitudinal stiffeners 
of side shell and hopper/topside tanks that support the lower/upper end connecting bracket of the 
side frame. 

Or : Coefficient taken as: 


Œr =150 for the longitudinal stiffeners supporting the lower connecting brackets. 


a, = 75 for the longitudinal stiffeners supporting the upper connecting brackets. 


1.4.2 Net connection area of brackets 


The net connection area, Aj, in cm?, of the lower or upper connecting bracket to the i-th supporting longitudinal 
stiffener is not to be taken less than: 


Zi S Kor 


A, = 0.4 1—10” 
1 Kigi 
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where: 

Zi : Net section modulus, in cm%, of the i-th longitudinal stiffener on the side or hopper/topside tank 
supporting the lower/upper end connecting bracket of the side frame, as applicable. 

Ly : As defined in [1.4.1]. 

Kokt : Material factor for the bracket. 

Kigi : Material factor for the i-th longitudinal stiffener. 


2 STRUCTURE LOADED BY STEEL COILS ON WOODEN DUNNAGE 


2.1 General 


2.1.1 


The net thickness of inner bottom plating, hopper side plating and inner hull plating for ships intended to carry 
steel coils is to comply with [2.3.1] and [2.4.1] up to a height not less than the one corresponding to the top of 
upper tier in touch with hopper or inner hull plating. 


The net section modulus and the net shear sectional area of longitudinal stiffeners on inner bottom, hopper 
tank top and inner hull for ships intended to carry steel coils are to comply with [2.3.2] and [2.4.2] up toa 
height not less than the one corresponding to the top of upper tier in touch with hopper or inner hull plating. 


Standard terminology and means for securing of steel coils is described in Figure 2. 


Figure 2 : Inner bottom loaded by steel coils 


Key coil 


Wiring Shoring 


Chocking 


Dunnage 


2.2 Load application 


2.2.1 Design load sets 
The static and dynamic load components are to be determined in accordance with Pt 1, Ch 4, Sec 7, Table 1. 


Radius of gyration, k,, and metacentric height, GM, are to be in accordance with Pt 1, Ch 4, Sec 3, Table 2 for 
the considered loading condition specified in the design load set. The design load sets for steel coil loading is 
given in Table 1. 


Table 1 : Design load sets 


Design i 
Item g Load component | Draught Design Loading condition 
load set load 
Inner bottom, hopper sloping i Steel Coil 
plate and inner hull Bee Fsoips OF Fsonss Tse > condition 
Inner bottom, hopper sloping : Steel Coil 
plate and inner hull eet Foi OF Feons Tsc SED condition 
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2.3 = Inner bottom 


2.3.1 Inner bottom plating 


The net thickness t, in mm, of plating of longitudinally framed inner bottom is not to be taken less than: 


3 

t=K, Fec-in-sX10 for design load set BC-9 

Ca Ren 

3 

t=K, Fso- X10 for design load set BC-10 

Ca Ren 
where: 
Kı : Coefficient taken as: 

S S g 2 2 
1.7 700027 0.7355) KŻ- (l-l) 
1 
S 
—— + 
20275 20K) 
Ky : Coefficient taken as: 
2 2 2 
10002 £ 
Kosie ( = ) + 1.37 (12221) E +2.33 

? 10002 | 10002 s 7; 

C, : Permissible bending stress coefficient, as defined in Pt 1, Ch 6, Sec 4, [1.1.1]. 


2.3.2 Stiffeners of inner bottom plating 


The net section modulus Z, in cm, and the net web thickness, t,, in mm, of single span stiffeners located on 
inner bottom plating are not to be taken less than: 


F. 


Z= TI and t, = Taela? for design load set BC-9. 
Z= kgg 10° and t, = Fae’ for design load set BC-10. 
where: 
K3 : Coefficient as defined in Table 2. 
K; = 20/3, when n, > 10. 
C; : Permissible bending stress coefficient, as defined in Pt 1, Ch 6, Sec 5, [1.1.2]. 
C, : Permissible shear stress coefficient for the design load set being considered, to be taken as: 
C, = 0.85 for acceptance criteria set AC-S. 
C, = 1.00 for acceptance criteria set AC-SD. 
No : Number of load points per EPP of the inner bottom, see Pt 1, Ch 4, Sec 6, [4.1.3]. 
Table 2 : Coefficient K; 
n | 1 2 3 4 5 6 7 8 9 10 
K3 | 2 1- 4 pai gali th 1-b ai 1-26 Lr gaa ti 
£ 3 92 2¢ 15¢ 92 72 122 272 
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2.4 Hopper tank and inner hull 


2.4.1 Hopper side plating and inner hull plating 


The net thickness t, in mm, of plating of longitudinally framed bilge hopper sloping plate and inner hull is not to 
be taken less than: 


t= kK, Fsts=10° , applicable for design load set BC-9. 
a'‘eH 


t= K, Feo-ne 493 , applicable for design load set BC-10. 


aRenH 
where: 

Kı : Coefficient as defined in [2.3.1]. 
Ca : As defined in [2.3.1]. 


2.4.2 Stiffeners of hopper side plating and inner hull plating 


The net section modulus Z, in cm, and the net web thickness, t,, in mm, of single span ordinary stiffeners 
located on bilge hopper sloping plate and inner hull plate are not to be taken less than: 


0.5 Fsc-ns-sx10 


F; —hs-s . . 
Z = K === 10° and t, , applicable for design load set BC-9. 


8 C Rey dsnrC:Ten 
Fsc-n 3 0.5 F. 3 ; 
Z = K3-—*-10° and t, = ==——==x10 __, applicable for design load set BC-10. 
°8 Cy Ren dsnrC:Ten m p 
where: 
K3 : Coefficient as defined in Table 2. 


K3 = 24/3 when nz > 10. 


C, C, : As defined in [2.3.2]. 


3 TRANSVERSE VERTICALLY CORRUGATED WATERTIGHT BULKHEADS 
SEPARATING CARGO HOLDS IN FLOODED CONDITION 


3.1 Net thickness of corrugation 


3.1.1 Cold formed corrugation 


The net plate thickness t, in mm, of transverse vertically corrugated watertight bulkheads separating cargo 
holds is not to be taken less than: 


t = 14.9 110" Sew pooo Es 
Ren 


The net thicknesses is also to comply with the requirements given in Pt 1, Ch 6, Sec 4, [1.2.1]. 


3.1.2 Built-up corrugation 


Where the thicknesses of the flange and web of built-up corrugations of transverse vertically corrugated 
watertight bulkheads separating cargo holds are different, the net plate thicknesses are not to be taken less 
than that obtained from the following formula. 
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The net thickness ty, in mm, of the narrower plating is not to be taken less than: 


1.05 Pp 


eH 


ty = 14.9 10 sy 


Sy : Plate width, in mm, of the narrower plating. 


The net thickness ty, in mm, of the wider plating is not to be taken less than the greater of the following 
formulae: 


ty = 149-10 soy e 
Ren 
= G2 Si PR 2 
wT Ry aoe 
where: 
tno : Net offered thickness of the narrower plating, in mm, not to be taken greater than: 
two = 14.9 - 10° soy |192 Pr 
Ren 


The net thicknesses is also to comply with the requirements given in Pt 1, Ch 6, Sec 4, [1.2.2]. 


3.1.3 Lower part of corrugation 
The net thickness of the lower part of corrugations is to be maintained for a distance of not less than 0.15 £e 


measured from the top of the lower stool, or from the inner bottom where no lower stool is fitted. The span of 
the corrugations £c, in m, is to be taken as given in Pt 1, Ch 3, Sec 6, [10.4.5]. 


3.1.4 Middle part of corrugation 
The net thickness of the middle part of corrugations is to be maintained for a distance not greater than 0.3 7e 


from the bottom of the upper stool, or from the deck if no upper stool is fitted. The net thickness is also to com- 
ply with the requirements in [3.2.1] and Pt 1, Ch 6, Sec 4, [1.2]. 


Figure 3 : Parts of corrugation 


A 
Upper part 0.3 ¢, 
Upper part 0.3 £, y 
À 
£ Middle part ; 
f Middle part 
Lower part 0.15 ¢, 
y 
Lower part 0.15 £, 
Y 
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3.2 Bending, shear and buckling check 


3.2.1 Bending capacity and shear capacity 


The bending capacity and the shear capacity of the corrugations of transverse watertight corrugated 
bulkheads separating cargo holds are to comply with the following formulae: 


M 3 
Wie + Wy 2 = 1 
0.5Wie + Wa 2 O95 Ren 9 
Ren 
< 
TS 
where: 
M : Bending moment in a corrugation, in kNm, taken as: 
M = Fr Lo 
8 
Fp : Resultant force, in KN, given in Pt 1, Ch 4, Sec 6, [3.1.7]. 
le : Span of the corrugations, in m, as given in Pt 1, Ch 3, Sec 6, [10.4.5]. 
Wie : Net section modulus, in cm, of one half pitch corrugation, to be calculated at the lower end of the 


corrugations according to [3.3], not to be taken greater than: 


hgl10°-0.5 hG Sc P 
Wien = Wee = g10°—0.5 he Sc Pr 
i Ren 
We : Net section modulus, in cm3, of one half pitch corrugation, to be calculated in way of the upper end of 

shedder or gusset plates, as applicable, according to [3.3]. 


Q : Shear force, in kN, at the lower end of a corrugation, to be taken as: 
Q = 0.8 Fr 
Ne : Height, in m, of shedders or gusset plates, as applicable as shown in Figure 4 to Figure 6. 
Pp : Resultant pressure, in kN/m?, to be calculated in way of the middle of the shedders or gusset plates, 


as applicable, according to Pt 1, Ch 4, Sec 6, [3.1.7]. 


Wu : Net section modulus, in cm%, of one half pitch corrugation, to be calculated at the mid-span of 
corrugations according to [3.3] without being taken greater than 1.15 W,-. 


T : Shear stress, in N/mm?, in the corrugation to be taken as: 
Q 
t= 10 
Ashr 
Asir : Net shear area, in cm?, of one half pitch corrugation. The calculated net shear area is to consider 


possible reduced shear efficiency due to non-straight angles between the corrugation webs and 
flanges. In general, the reduced shear area may be obtained by multiplying the web sectional area by 
sin @. 


p : Angle between the web and the flange, see Pt 1, Ch 3, Sec 6, Figure 21. 


The net section modulus of the corrugations in the upper part of the bulkhead, as defined in Figure 3, is not to 
be taken less than 75% of that of the middle part complying with this requirement and Pt 1, Ch 6, Sec 4, [1.2], 
corrected for different minimum yield stresses. 
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3.2.2 Shear buckling check of the bulkhead corrugation webs 


The shear stress 7, calculated according to [3.2.1], is to comply with the following formula: 


TS To 
where 
To : Critical shear buckling stress, in N/mm?, to be taken as: 
Ren 
To = Te for awe 
Ren ( Ren ) Ren 
To = t- for Te > —= 
JBS 4,34, E 2B 
Te : Euler shear buckling stress, in N/mm?, to be taken as: 
t 2 
Te =0.9k, E (=) 
k; : Coefficient, to be taken equal to 6.34. 
ty : Net thickness, in mm, of the corrugation webs. 
c : Width, in mm, of the corrugation webs as shown in Pt 1, Ch 3, Sec 6, Figure 21. 


3.3 Net section modulus at the lower end of the corrugations 


3.3.1 Effective flange width 


The net section modulus at the lower end of the corrugations is to be calculated with the compression flange 
having an effective flange width ber not larger than the following formula: 


Dey = Cea 
where: 
CE : Coefficient to be taken equal to: 
_ 2.25 1.25 
C: = B p for B > 1.25 
C: = 1.0 for B < 1.25 
B : Coefficient to be taken equal to: 
= a Ren 
p t; i E 
a : Width, in mm, of the corrugation flange as shown in Pt 1, Ch 3, Sec 6, Figure 21. 
t; : Net flange thickness, in mm. 


3.3.2 Webs not supported by local brackets 


Unless welded to a sloping stool top plate as defined in [3.3.5], if the corrugation webs are not supported by 
local brackets below the stool top plate (or below the inner bottom) in the lower part, the section modulus of 
the corrugations is to be calculated considering the corrugation webs 30% effective. 
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3.3.3 Effective shedder plates 


Provided that effective shedder plates are fitted as shown in Figure 4, when calculating the section modulus at 
the lower end of the corrugations (Sections ‘1’ in Figure 4), the net area, in cm?, of flange plates may be 
increased by the factor lsp to be taken as: 


lsu = 2.5-10a „ft; tg, without being taken greater than 2.5 a t; 10° 


where: 

a : Width, in mm, of the corrugation flange as shown in Pt 1, Ch 3, Sec 6, Figure 21. 
tsu : Net shedder plate thickness, in mm. 

t; : Net flange thickness, in mm. 


Effective shedder plates are those which: 
e are not knuckled, 
e are welded to the corrugations and the lower stool top plate according to Pt 1, Ch 12, 
e are fitted with a minimum slope of 45°, their lower edge being in line with the lower stool side plating, 
e have thickness not less than 75% of that required for the corrugation flanges, 


e have material properties not less than those required for the flanges. 


Figure 4 : Symmetrical and unsymmetrical shedder plates 


Shedder plate 


Ñ 


—— 0O 


Lower stool 


Lower stool 


Figure 5 : Symmetrical and unsymmetrical gusset / shedder plates 


Gusset plate Gusset plate 


© 


Lower stool Lower stool 
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Figure 6 : Asymmetrical gusset / shedder plates 


Lower stool 


3.3.4 Effective gusset plates 


Provided that effective gusset plates are fitted, when calculating the section modulus at the lower end of the 
corrugations (Sections ‘1’ in Figure 5 and Figure 6), the net area, in cm?, of flange plates may be increased by 
the factor Ig to be taken as: 


le = 7 het; 
where: 
Ne : Height, in m, of gusset plates as shown in Figure 5 and Figure 6 but not to be taken greater than: 
10 Sey 
7 


Sey : Width, in m, of gusset plates. 
t; : Net flange thickness, in mm. 
Effective gusset plates are those which: 


* are in combination with shedder plates having thickness, material properties and welded connections 
as requested for shedder plates in [3.3.3], 


e have a height not less than half of the flange width, 
e are fitted in line with the lower stool side plating, 


e are welded to the lower stool top plate, corrugations and shedder plates according to Pt 1, Ch 12, Sec 3, 
[2.4.6], 


e have thickness and material properties not less than those required for the flanges. 


3.3.5 Sloping stool top plate 


Where the corrugation webs are welded to a sloping stool top plate which has an angle not less than 45° with 
the horizontal plane, the section modulus at the lower end of the corrugations may be calculated considering 
the corrugation webs fully effective. For angles less than 45°, the effectiveness of the web may be obtained by 
linear interpolation between 30% efficient for 0° and 100% efficient for 45°. 


Where effective gusset plates are fitted, when calculating the net section modulus of corrugations, the net 
area of flange plates may be increased as specified in [3.3.4] above. No credit may be given to shedder plates 
only. 


1 JAN 2014 COMMON STRUCTURAL RULES 


IACS 


4 ALLOWABLE HOLD LOADING FOR BC-A & BC-B SHIPS IN FLOODED 
CONDITIONS 


4.1 Evaluation of double bottom capacity and allowable hold loading 


4.1.1 Shear capacity of the double bottom 
The shear capacity of the double bottom is to be calculated as the sum of the shear strength at each end of: 


e Floors connected to hopper tanks, less one half of the shear strength of the two floors adjacent to each 
stool, or transverse bulkhead if no stool is fitted as shown in Figure 7. The shear strength of floors is to 
be calculated according to [4.1.2]. 


e Double bottom girders connected to stools, or transverse bulkheads if no stool is fitted. The shear 
strength of girders is to be calculated according to [4.1.3]. 


The floors and girders to be considered when calculating the shear capacity of the double bottom are those 
inside the hold boundaries formed by the hopper tanks and stools or transverse bulkheads if no stool is fitted. 
Where both ends of girders or floors are not directly connected to the hold boundaries, their strength is to be 
evaluated for the connected end only. 


The hopper tank side girders and the floors directly below the connection of the stools or transverse bulkheads 
if no stool is fitted to the inner bottom may not be included. 


For special double bottom designs, the shear capacity of the double bottom is to be calculated by means of 
direct calculations carried out in accordance with requirements specified in Pt 1, Ch 7, as applicable. 
4.1.2 Floor shear strength 
The floor shear strength, in kN, is to be taken as given in the following formulae: 
e In way of the floor panel adjacent to the hopper tank: 
T J 
Sy =A. T 10° 


e In way of the openings in the outermost bay (i.e., that bay which is closer to the hopper tank): 


Ta 4 7-3 
Sr = Asn — 10 
f2 ae 


2 


where: 
A; : Net sectional area, in mm?, of the floor panel adjacent to the hopper tank. 
Ath : Net sectional area, in mm?, of the floor panels in way of the openings in the outermost bay (i.e., the 
bay which is closer to the hopper tank). 
Ta : Allowable shear stress, in N/mm2, to be taken as the lesser of: 
T, = 0.645 Bei and Tt = 22 
(s/t) J3 
For floors adjacent to the stools or transverse bulkheads, 74 is taken as: 
Ren 
J3 
t : Floor web net thickness, in mm. 
S : Spacing, in m, of stiffening members of the panel considered. 
nı : Coefficient to be taken equal to 1.1. 
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No : Coefficient to be taken equal to 1.2. It may be reduced to 1.1 where appropriate reinforcements are 
fitted in way of the openings in the outermost bay, to be examined by the Society on a case-by-case 
basis. 

4.1.3 Girder shear strength 

The girder shear strength, in kN, is to be taken as given in the following formulae: 

e In way of the girder panel adjacent to the stool or transverse bulkhead, if no stool is fitted: 
T T 
Sq = Ag 10° 
1 


e In way of the largest opening in the outermost bay (i.e., that bay which is closer to the stool) or 
transverse bulk-head, if no stool is fitted: 


T -3 
Sso = Agn ra 10 


Ag : Net sectional area, in mm?, of the girder panel adjacent to the stool (or transverse bulkhead, if no 
stool is fitted). 

Agn : Net sectional area, in mm?, of the girder panel in way of the largest opening in the outermost bay (i.e. 
that bay which is closer to the stool) or transverse bulkhead, if no stool is fitted. 

Ta : Allowable shear stress, in N/mm?, as defined in [4.1.2] where t, is the girder web net thickness. 

nı : Coefficient to be taken equal to 1.1. 

No : Coefficient to be taken equal to 1.15. It may be reduced to 1.1 where appropriate reinforcements are 
fitted in way of the largest opening in the outermost bay, to be examined by the Society on a case-by- 
case basis. 


4.1.4 Allowable hold loading 


The allowable hold loading, in t, is to be taken as: 


W = Pc ve 

where: 

Pe : Density of the dry bulk cargo, in t/m?, as defined Pt 1, Ch 4, Sec 6, [2.3.3]. 
V : Volume, in mê, occupied by the cargo up to the level hp. 

F : Coefficient to be taken as: 


F = 1.1 in general. 
F = 1.05 for steel mill products. 


hg : Level of cargo, in m, to be taken as: 
hp = -È 
Pc 
P : Pressure, in kN/m2, to be taken as: 


e For dry bulk cargoes, the lesser of: 


P= Z+ pg (Z-— 0.1 Dı-hħhp) 


1+£ (perm — 1) 
Pc 


U 
j 


Z+ pg (zr—-0.1 D,—h- perm) 
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e For steel mill products: 


P= Z+ pg (zr-0.1 D; — hr) 


1- 
Pc 
D, : Distance, in m, from the baseline to the freeboard deck at side amidships. 
he : Inner bottom flooded height, in m, measured vertically with the ship in the upright position, from the 
inner bottom to the flooded level z». 
Zr : Flooded level, in m, as defined in Pt 1, Ch 4, Sec 6, [3.1.3]. 
perm : Permeability of cargo, which need not be taken greater than 0.3. 
Z : Pressure, in kN/m?, to be taken as the lesser of: 
Z= Cy 
Aps, H 
Z= PCer 
Aps, E 
Cy : Shear capacity of the double bottom, in KN, to be calculated according to [4.1.1], considering, for 
each floor, the lesser of the shear strengths S; and Sp as defined in [4.1.2] and, for each girder, the 
lesser of the shear strengths S,, and Sg. as defined in [4.1.3]. 
Apsu : Area, in m?, taken as: 
Aps, H = sS Bos. i 
i=1 
Ce : Shear capacity of the double bottom, in kN, to be calculated according to [4.1.1], considering, for 
each floor, the shear strength S; as defined in [4.1.2] and, for each girder, the lesser of the shear 
strengths S,, and S, as defined in [4.1.3]. 
Aps£ : Area, in m?, taken as: 
Aps. = Si (Bos -$) 
i=. 
n : Number of floors between stools or transverse bulkheads, if no stool is fitted. 
S; : Space of i-th floor, in m. 
Bps,i : Length, in m, to be taken equal to: 
Bog = Bog - S for floors for which Sp < Sy. 
Bogi = Bog for floors for which Sy 2 Spo. 
Bop : Breadth, in m, of double bottom between the hopper tanks as shown in Figure 8. 
Bogn : Distance, in m, between the two openings considered as shown in Figure 8. 
S : Spacing, in m, of inner bottom longitudinal ordinary stiffeners adjacent to the hopper tanks. 
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Figure 7 : Double bottom structure 
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Figure 8 : Dimensions Bp, and Bpg,n 
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SECTION 4 
HULL LOCAL SCANTLINGS FOR BULK 
CARRIERS L<150M 


SYMBOLS 


For symbols not defined in this section, refer to Pt 1, Ch 1, Sec 4. 

Cror : Permissible shear stress coefficient for primary supporting members taken equal to: 
Crp = 0.70 for AC-S. 
Ci, = 0.85 for AC-SD. 


Log : Length of the double bottom within hold under consideration, in m. Where stools are provided at 
transverse bulkheads, fp, may be taken as the distance between the toes. 


Bop : Distance between the toes of hopper tanks at centre of lpg within hold under consideration, in m. 


Xo : X coordinate, in m, of the centre of double bottom structure under consideration with respect to the 
reference coordinate system, as defined in Pt 1, Ch 1, Sec 4, [3.6]. 


X,y,Z : X,Y and Z coordinates, in m, of the evaluation point with respect to the reference coordinate system, 
as defined in Pt 1, Ch 1, Sec 4, [3.6]. 


1) : Major diameter of the openings, in m. 


: The greater of a or S4, in m. 
1 GENERAL 


1.1 Application 


1.1.1 


Unless otherwise defined, the requirements of this section define the strength criteria applicable to bulk 
carriers of less than 150 m in length. 


2 STRUTS CONNECTING STIFFENERS 


2.1 Scantling requirements 


2.1.1 Net sectional area and moment of inertia 


The net sectional area Asp, in cm?, and the net moment of inertia Isp about the main axes, in cm’, of struts 
connecting stiffeners are not to be less than the values obtained from the following formulae: 


— Psp sl 
SR 20000 
SR “47200 Assr— SL (Psr1 + Psr2) 
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where: 

Pop : Pressure to be taken as the greater of the following values, in KN/m?: 
Psp = 0.5 (Pogi t Pspo) 
Psp = Psr3 

Pori : External pressure in way of the strut, in kKN/m?, acting on one side, outside the compartment in which 
the strut is located. 

Pspo : External pressure in way of the strut, in kN/m?, acting on the opposite side, outside the compartment 
in which the strut is located. 

Psp3 : Internal pressure at mid-span of the strut, in kN/m2, in the compartment in which the strut is located. 

S : Spacing, in mm, of stiffeners, measured at mid-span along the chord. 

4 : Span, in m, of stiffeners connected by the strut defined in Pt 1, Ch 3, Sec 7, [1.1.5]. 

lsr : Length of the strut, in m. 

Aasr : Actual net sectional area of the strut, in cm?. 


3 TRANSVERSE CORRUGATED BULKHEADS OF BALLAST HOLDS 


3.1 Plate thickness 


3.1.1 


The net thickness of web and flange plating is not to be less than the values obtained in Pt 1, Ch 6, Sec 3, 
[1.1.1] and Pt 1, Ch 6, Sec 4, [1.2]. 


3.2 Net section modulus 


3.2.1 


The net section modulus Z, in cm%, of corrugated bulkhead of ballast holds, subjected to lateral pressure are 
not to be less than the values obtained from the following formula: 


ore Ps, 07 

foag Cs Ry 

where: 

K : Coefficient given in Table 1 and Table 2, according to the type of end connection. When dy < 2.5 do, 
both section modulus per half pitch of corrugated bulkhead and section modulus of lower stool at 
inner bottom are to be calculated. 

P : Design pressure for the design load set as defined in Pt 1, Ch 6, Sec 2, Table 1 and calculated at the 
load calculation point defined in Pt 1, Ch 3, Sec 7, [3.2], in kN/m?. 

Sc : Half pitch length, in mm, of the corrugation, as defined in Pt 1, Ch 3, Sec 6, Figure 21. 

4 : Length, in m, between the supports, as indicated in Figure 1. 

C; : Coefficient defined in Pt 1, Ch 6, Sec 5, [1.1.2]. 


fbag : Coefficient defined in Pt 1, Ch 6, Sec 5, [1.1.2]. 


The effective width of the corrugation flange in compression is to be considered according to Ch 1, Sec 3, 
[3.3.1] when the net section modulus of corrugated bulkhead is calculated. 
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Table 1 : Values of K, in case dy 2 2.5d, 


Upper end support 


Welded directly to deck 


IACS 


Welded to stool efficiently 
supported by ship structure 


1.25 


1.00 


0.83 


Table 2 : Values of K, in case dy <2.5d, 


Section modulus of 


Upper end support 


Supported by girders 


Connected to deck 


Connected to stool 


Corrugated bulkhead 


0.83 


0.714 


0.65 


Stool at bottom 


0.83 


1.25 


1.13 


Figure 1: Measurement of / 


d,, > 2.5d, dy < 2.5d, 
B B 
BE <> 


al ve a) te 


dy ? d,| H 
<> <>| 
Y 
Y 
<—_\_—_> a 
dy d, 
e =A (1-d,/2B) e =A (1-d,/2B) 


4 PRIMARY SUPPORTING MEMBERS 


4.1 Application 


4.1.1 


The requirements of this section apply to the strength check of primary supporting members in cargo hold 
structures, subjected to lateral pressure for ships having a length L less than 150 m. 


4.1.2 


As an alternative to [4.1.1], the strength check may be verified by direct strength assessment deemed as 
appropriate by the Society. 


4.2 Design load sets 


4.2.1 Application 


Design load sets as given in Table 3 are to be considered for primary supporting members on cargo hold 
boundaries of bulk carriers less than 150 m in length. 
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4.2.2 Loading conditions 


The severest loading conditions from the loading manual or otherwise specified by the designer are to be 
considered for the calculation of P, in design load sets BC-9 to BC-10. 


If primary supporting members support deck structure or tank/watertight boundaries, applicable design load 
sets in Pt 1, Ch 6, Sec 2, Table 1 are also to be considered. 


Table 3 : Design load sets for primary supporting members in cargo hold region 


Design i 
Item E Load component | Draught Design Loading condition 
load set load 
Bulk cargo hold WB-4 Pin - Pax ® Tean © S+D Heavy ballast condition 
assigned as 
ballast hold WB-6 Pin - S Harbour/test condition 
BC-9 Pn- Pa ® Tsc S+D Cargo loading condition 
Bulk cargo hold ae 
BC-10 Pp- Px ® - S Harbour condition 
Compartments not FD-1 2) Pn Tsc S+D Flooded condition 
carrying liquids FD-2 @) Pin S Flooded condition 
(1) Px is to be considered for external shell only. 
(2) FD-1 and FD-2 are not applicable to external shell. 
(3) Minimum draught among heavy ballast conditions is to be used. 


4.3 Centre girders and side girders 


4.3.1 Net web thickness 


The net thickness of girders in double bottom structure, in mm, is not to be less than the greater of the value 
t; and t, specified in the followings according to each location: 


ti = 


IPIS |x — x, (2 y 
C, ——— 1-4 | 
5 (do— d1) Cr_pr Ten Bog 


in which |x - X,|iS to be taken less than or equal to 0.25 fp,. 


where: 

P : Design pressure in kN/m?, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 
[2.1.3], calculated at mid-point of a floor located midway between transverse bulkheads or 
transverse bulkhead and toe of stool, where fitted. 

S : Distance between the centres of the two spaces adjacent to the centre or side girder under 
consideration, in m. 

do : Depth of the centre or side girder under consideration, in m. 

dı : Depth of the opening, if any, at the point under consideration, in m. 

C, : Coefficient given in Table 4 depending on Bpg/fps. For intermediate values of Bog /fpg, Cz is to be 
obtained by linear interpolation. 

a : Depth of girders at the point under consideration, in m. However, where horizontal stiffeners are 
fitted on the girder, a is the distance from the horizontal stiffener under consideration to the bottom 
shell plating or inner bottom plating, or the distance between the horizontal stiffeners under 
consideration. 

S; : Spacing, in m, of vertical stiffeners or floors. 
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(0 : Coefficient given in Table 5 depending on S, /a. For intermediate values of S, /a, C’, is to be 
determined by linear interpolation. 


H : Value obtained from the following formulae: 


e Where the girder is provided with an unreinforced opening: 
H = 1+0.5 $ 
a 


e In other cases: 
H= 1.0. 


Table 4 : Coefficient C, 


Bpg/ lpg 0.4 and under | 0.6 0.8 1.0 1.2 1.4 | 1.6 and over 
Ci 0.5 0.71 | 0.83 | 0.88 | 0.95 | 0.98 1.00 


Table 5 : Coefficient C’, 


S,/a | 0.3 and under | 0.4 | 0.5 | 0.6 | 0.7 | 0.8 | 0.9 | 1.0 | 1.2 | 1.4 and over 


C’, 64 38 | 25 | 19 | 15 | 12 | 10 9 8 7 


4.4 Floors 


4.4.1 Net web thickness 


The net thickness of floors in the double bottom structure, in mm, is not to be less than the greatest of values 
t, and t, specified in the following according to each location: 


IP| S Bos (2 Ml) ea 
ti = Co ——————__ | = 1-2 |— 
5 A (do— d1) Cr_pr Ten \ Bos log 


in which |x - X,|iS to be taken less than or equal to 0.25 fp, and |y|is to be taken less than or equal to B’pp/4. 


Qo. 2: 
t, = 1.75 sf Seat Cin Teh t, 


2 


where: 

P : Design pressure in kN/m?, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 
[2.1.3], calculated at mid-point of a floor located midway between transverse bulkheads or 
transverse bulkhead and toe of stool, where fitted. 

S : Spacing of solid floors, in m. 

do : Depth of the solid floor at the point under consideration in m. 

dı : Depth of the opening, if any, at the point under consideration in m. 

B’bg : Distance between toes of hopper tanks at the position of the solid floor under consideration, in m. 

C3 : Coefficient given in Table 6 depending on Bpg/fpg. For intermediate values of Bpg /lpp, Co is to be 
obtained by linear interpolation. 

a : Depth of the solid floor at the point under consideration, in m. However, where horizontal stiffeners 
are fitted on the floor, a is the distance from the horizontal stiffener under consideration to the 
bottom shell plating or the inner bottom plating or the distance between the horizontal stiffeners 
under consideration. 

S; : Spacing, in m, of vertical stiffeners or girders. 

C’> : Coefficient given in Table 7 depending on S, /dọ. For intermediate values of Sı /do, C’. is to be 
determined by linear interpolation. 
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H : Value obtained from the following formulae: 
Where openings with reinforcement or no opening are provided on solid floors: 


e Where slots without reinforcement are provided: 


H = 14.0 L 1.0 without being taken less than 1.0. 
$ 


e Where slots with reinforcement are provided: 
H= 1.0. 
Where openings without reinforcement are provided on solid floors: 


e Where slots without reinforcement are provided: 


H = (a +0.5 2) 4.0 es 1.0 without being taken less than 1+0.5 LA 
do Si do 


e where slots with reinforcement are provided: 
H=1+0.5 v 
do 


dz : Depth of slots without reinforcement provided at the upper and lower parts of solid floors, in m, 
whichever is greater. 


Table 6 : Coefficient C, 


Bog /fpg | 0.4 and under | 0.6 0.8 1.0 1.2 1.4 | 1.6 and over 


Cy 0.48 0.47 | 0.45 | 0.43 | 0.40 | 0.37 0.34 


Table 7 : Coefficient C’, 


S:/do | 0.3 and under | 0.4 | 0.5 | 0.6 | 0.7 | 0.8 | 0.9 | 1.0 | 1.2 | 1.4 and over 


KARACA 


4.5 Stringer of double side structure 


4.5.1 Net web thickness 


The net thickness of stringers in double side structure, in mm, is not to be less than the greater of the value 
t; and t, specified in the followings according to each location: 


|P |S |x- x4] 
(do- dı) Cr_pr TeH 


in which |x - x,|is to be taken less than or equal to 0.25 fpe. 


2 2 
2 nre 2 Comtes t, 


3 


1=C; 


where: 

P : Design pressure in kN/m?, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 
[2.1.3], as measured vertically at the upper end of hopper tank, longitudinally at the centre of ps. 

S : Breadth of part supported by stringer, in m. 

do : Depth of stringers, in m. 
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dı : Depth of opening, if any, at the point under consideration, in m. 
Los : Length of the double side structure between the transverse bulkheads under consideration, in m. 
hps : Height of the double side structure between the upper end of hopper tank and the lower end of 


topside tank located midway between transverse bulkheads of hold under consideration, in m. 


C3 : Coefficient given in Table 8 depending on hps/lps. For intermediate values of hps/lps, C3 is to be 
obtained by linear interpolation. 


a : Depth of stringers at the point under consideration, in m. However, where horizontal stiffeners are 
fitted on the stringer, a is the distance from the horizontal stiffener under consideration to the side 
shell plating or the longitudinal bulkhead of double side structure or the distance between the 
horizontal stiffeners under consideration. 


Sı : Spacing, in m, of transverse stiffeners or web frames. 


C’3 : Coefficient given in Table 9 depending on S,/a. For intermediate values of S,/a, C’; is to be obtained 
by linear interpolation. 


H : Value obtained from the following formulae: 


e Where the stringer is provided with an unreinforced opening: 
H = 1+0.5 c 
a 


e In other cases: 
H= 1.0. 


Table 8 : Coefficient C, 


hps /ps | 0.5 and under | 0.6 0.7 0.8 0.9 1.0 1.1 1.2 | 1.3 and over 
C3 0.16 0.23 | 0.30 | 0.36 | 0.41 | 0.44 | 0.47 | 0.50 0.54 


Table 9 : Coefficient C’; 


S,/a | 0.3 and under | 0.4 | 0.5 | 0.6 | 0.7 | 0.8 | 0.9 | 1.0 | 1.2 | 1.4 and over 
C’3 64 38 | 25 | 19 | 15 | 12 | 10 9 8 7 


4.6 Transverse web in double side structure 


4.6.1 Net web thickness 


The net thickness of transverse webs in double side structure, in mm, is not to be less than the greater of the 
value t; and t, specified in the followings according to each location: 


ti = C, IP| Shops ( Fan 


oo [1-21.75 — 
(do 2 dı) Ci-pr TeH h DS 


in which Z - Zp, is to be taken greater than or equal to 0.4 h’ps- 


Hoa Cpt 
tə = 1.75 [E onte ti 


4 


where: 

P : Design pressure in kN/m?, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 
[2.1.3], as measured vertically at the upper end of hopper tank, longitudinally at the centre of 2ps- 

S : Breadth of part supported by transverses, in m. 

do : Depth of transverses, in m. 

dı : Depth of opening at the point under consideration, in m. 
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Si 


C’, 


a 


: Coefficient given in Table 10 depending on hps/lps. For intermediate values of hps/ lps, C4 is to be 
obtained by linear interpolation. 


: Z coordinate, in m, of the upper end of hopper tank with respect to the reference coordinate system 
defined in Pt 1, Ch 1, Sec 4, [3.6]. 


: As defined in the requirements of [4.5.1]. 


: Height of the double side structure between the upper end of hopper tank and the lower end of 
topside tank at the position under consideration, in m. 


: As defined in the requirements of [4.5.1]. 


: Depth of transverses at the point under consideration, in m. However, where vertical stiffeners are 
fitted on the transverse, a is the distance from the vertical stiffener under consideration to the side 
shell or the longitudinal bulkhead of double side hull or the distance between the vertical stiffeners 
under consideration. 


: Spacing, in m, of horizontal stiffeners or stringers. 


: Coefficient given in Table 11 depending on S, /a. For intermediate values of S, /a, C’, is to be 
obtained by linear interpolation. 


: Value obtained from the following formulae: 


e Where the transverse is provided with an unreinforced opening: 
H = 1+0.5 $ 
a 


e In other cases: 
H = 1.0. 


: The greater of a or S;, in m. 


Table 10 : Coefficient C, 


hps/£ps | 0.5 and under | 0.6 0.7 0.8 0.9 1.0 1.1 1.2 | 1.3 and over 


C4 0.62 0.61 | 0.59 | 0.55 | 0.52 | 0.49 | 0.46 | 0.43 0.44 


Table 11 : Coefficient C’, 


S/a | 0.3 and under | 0.4 | 0.5 | 0.6 | 0.7 | 0.8 | 0.9 | 1.0 | 1.2 | 1.4 and over 


C’4 64 38 | 25 | 19 | 15 | 12 | 10 9 8 T 


4.7 Primary supporting member in bilge hopper tanks and topside tanks 


4.7.1 Boundary conditions 


The requirements of this sub-article apply to primary supporting members considered as clamped at both 
ends. For boundary conditions deviated from the above, the yielding check is to be considered on a case-by- 
case basis. 
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4.7.2 Net section modulus, net shear sectional area and web thickness 


The net section modulus Z, in cm3, the net shear sectional area A,,,, in cm?, and the net web thickness t,, in 
mm, subjected to lateral pressure are not to be less than the values obtained from the following formulae: 


2 
z= Pl Slos 493 


fbag Cs -pr Ren 


Ashr z= 5 [P] Slsnr 
Cy_ pr TeH 
h 

t, = 1.75, Me Dita Asr 

10°C; 

where: 

P : Design pressure in kN/m?, for the design load set being considered according to Pt 1, Ch 6, Sec 2, 
[2.1.3], calculated at the mid-point of span ¢ of a web frame located midway between transverse 
bulkheads of holds. 

S : Spacing of primary supporting members, in m. 

Loag : Effective bending span, in m, of primary supporting members, measured between the supporting 
members as defined in Pt 1, Ch 3, Sec 7, [1.1.6]. 

l snr : Effective shear span, in m, of primary Supporting members, measured between the supporting 
members as defined in Pt 1, Ch 3, Sec 7, [1.1.7]. 

fbag : Bending moment factor: 

¢ For continuous stiffeners and where end connections are fitted consistent with idealisation of 
the stiffener as having as fixed ends and is not to be taken higher than: 
feag = 10. 

e For stiffeners with reduced end fixity, the yield check is to be considered on a case-by-case 
basis. 

Cist : Permissible bending stress coefficient for primary supporting members taken equal to: 

Cs-pr = 0.70 for AC-S. 
Cpr = 0.85 for AC-SD. 

hy : Web height, in mm. 

Cs : Coefficient defined in Table 12 according to s; and dọ. For intermediate values of s; /do, coefficient 
C; is to be obtained by linear interpolation. 

Si : Spacing of stiffeners or tripping brackets on web plate, in m. 

do : Spacing of stiffeners parallel to shell plate on web plate, in m. 


Table 12 : Coefficient C, 


S1/do | 0.3 and less | 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.5 | 2.0 and over 
Cs 60.0 40.0 | 26.8 | 20.0 | 164 | 14.4 | 13.0 | 12.3 | 11.1 10.2 
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SECTION 5 
CARGO HATCH COVERS 


SYMBOLS 


For symbols not defined in this section, refer to Pt 1, Ch 1, Sec 4. 


Ps : Still water pressure, in kKN/m?, as defined in [4.1]. 
Pw : Wave pressure, in kN/m?, as defined in [4.1]. 
Po : Pressure acting on the hatch coaming, in kN/m?, as defined in [6.2]. 


Fs, Fy : Coefficients taken equal to: 
Fs = O and Fy = 0.9 for ballast water loads on hatch covers of the ballast hold. 


Fs = 1.0 and Fy = 1.0 in other cases. 


b, : Effective breadth, in mm, of the plating attached to the stiffener or primary supporting member, as 
defined in [3]. 

Asnr : Net shear sectional area, in cm?, of the stiffener or primary supporting member. 

foo : Boundary coefficient for stiffeners and primary supporting members, taken equal to: 
feo = 8, in the case of stiffeners and primary supporting members simply supported at both ends or 
supported at one end and clamped at the other end. 
fso = 12, in the case of stiffeners and primary supporting members clamped at both ends. 

te : Total corrosion addition, in mm, as defined in [1.4]. 


Oa Ta : Allowable stresses, in N/mm?, as defined in [1.5]. 


1 GENERAL 


1.1 Application 


1.1.1 


The requirements in [1] to [8] apply to steel hatch covers in positions 1 and 2 on weather decks, as defined in 
Pt 1, Ch 1, Sec 4, [3.2]. 


1.2 Materials 


1.2.1 Steel 

The formulae for scantlings given in [5] are applicable to steel hatch covers. 

Materials used for the construction of steel hatch covers are to comply with the applicable requirements of the 
Society. 

1.2.2 Other materials 


The use of materials other than steel is to be considered by the Society on a case-by-case basis, by checking 
that criteria adopted for scantlings are such as to ensure strength and stiffness equivalent to those of steel 
hatch covers. 
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1.3 Netscantlings 


1.3.1 

All scantlings referred to in this section are net, i.e. they do not include any margin for corrosion. 
When calculating the stresses oand Tin [5.3] and [5.4], the net scantlings are to be used. 

The gross scantlings are obtained as specified in Pt 1, Ch 3, Sec 2. 

The corrosion additions are given in [1.4]. 


1.4 Corrosion additions 


1.4.1 


The total corrosion addition for both sides to be considered for the plating and internal members of hatch 
covers is equal to the value specified in Table 1. 


The corrosion addition for hatch coamings and coaming stays is defined according to Pt 1, Ch 3, Sec 3. 


Table 1 : Corrosion addition t, for hatch covers 


Corrosion addition t,, in mm, for both sides 


Plating and stiffeners of single skin hatch cover 2.0 


Top and bottom plating of double skin hatch cover | 2.0 


Internal structures of double skin hatch cover 1.5 


1.5 Allowable stresses 


1.5.1 


The allowable stresses o, and 7,, in N/mm?, are to be obtained from Table 2. 


Table 2 : Allowable stresses, in N/mm? 


Members of Subjected to Oa, in N/MM? | %, in N/mm? 
Weathertight hatch cover External pressure, as defined in [4.1.2] 0.80 Rey 0.46 Rey 
Weathertight hatch cover | Other loads, as defined in [4.1.3] to [4.1.6] 0.90 Rey 0.51 Rey 


The allowable buckling utilisation factors are given in Table 3: 


Table 3 : Allowable buckling utilisation factors 


Structural component Subject to Nan Allowable buckling utilisation factor 


External pressure, as defined in 0.80 for load combination: S+D 


Plates and stiffeners [4.1.2] 
Web of PSM Other loads, as defined in [4.1.3] to 0.80 for load combination: S+D 
[4.1.6] 0.64 for load combination: S 


2 ARRANGEMENTS 

2.1 Height of hatch coamings 

2.1.1 

The height of hatch coamings is not to be less than: 


e 600 mm in position 1. 


e 450 mm in position 2. 
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2.1.2 


The height of hatch coamings in positions 1 and 2 closed by steel covers provided with gaskets and securing 
devices may be reduced with respect to the above values or the coamings may be omitted entirely, on 
condition that the Administration is satisfied that the safety of the ship is not thereby impaired in any sea 
conditions. 


In such cases the scantlings of the covers, their gasketing, their securing arrangements and the drainage of 
recesses in the deck are considered by the Society on a case-by-case basis. 


2.2 Hatch covers 


2.2.1 

The stiffeners and primary supporting members of the hatch covers are to be continuous over the breadth and 
length of the hatch covers, as far as practical. When this is impractical, sniped end connections are not to be 
used and appropriate arrangements are to be adopted to ensure sufficient load carrying capacity. 

2.2.2 

The spacing of primary supporting members parallel to the direction of stiffeners is not to be greater than 1/3 
of the span of primary supporting members. 

2.2.3 


The breadth of the primary supporting member face plate is not to be less than 40% of their depth for laterally 
unsupported spans greater than 3 m. Tripping brackets attached to the face plate may be considered as a 
lateral support for primary supporting members. 


The face plate outstand is not to exceed 15 times the gross face plate thickness. 


2.2.4 


Efficient retaining arrangements are to be provided to prevent translation of the hatch cover under the action 
of the longitudinal and transverse forces exerted by cargoes on the cover, if any. These retaining arrangements 
are to be located in way of the hatch coaming side brackets. 

2.2.5 


The width of each bearing surface for hatch covers is to be at least 65 mm. 


2.3 Hatch coamings 


2.3.1 


Coamings, stiffeners and brackets are to be capable of withstanding the local forces in way of the clamping 
devices and handling facilities necessary for securing and moving the hatch covers as well as those due to 
cargo stowed on the latter. 


2.3.2 

Special attention is to be paid to the strength of the fore transverse coaming of the forward hatch and to the 
scantlings of the closing devices of the hatch cover on this coaming. 

2.3.3 


Longitudinal coamings are to be extended at least to the lower edge of deck beams. 


e Where they are not part of continuous deck girders, the lower edge of longitudinal coamings are to 
extend for at least two frame spaces beyond the end of the openings. 


e Where longitudinal coamings are part of deck girders, their scantlings are to be as required in Pt 1, Ch 
6, Sec 6 and Pt 1, Ch 8, Sec 3. 
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2.3.4 


A web frame or a similar structure is to be provided below the deck in line with the transverse coaming. 
Transverse coamings are to extend below the deck and to be connected with the web frames. 


3 WIDTH OF ATTACHED PLATING 


3.1 Stiffeners 


3.1.1 
The width of the attached plating b,, in mm, to be considered for the check of stiffeners is to be taken as: 
e Where the attached plating extends on both sides of the stiffener: 
b, =S 
e Where the attached plating extends on one side of the stiffener: 


b, = 0.5 s 


3.2 Primary supporting members 


3.2.1 


The effective breadth, in mm, of the attached plating to be considered for the yielding and buckling checks of 
primary supporting members analysed through isolated beam or grillage model is to be taken as: 


e Where the plating extends on both sides of the primary supporting member: 
b, = Dpi + bp2 
e Where the plating extends on one side of the primary supporting member: 
b, = Dot 
where: 


bor = min (0.165 l, Sp1) 


b2 = min (0.165 £,, Sp2) 


4 : Span, in m, of the considered primary supporting member. 


p 


Spx Spo : Half distance, in m, between the considered primary supporting member and the adjacent ones, S,, 
for one side, S,2 for the other side. 


For structural evaluations based on isolated beam or grillage models, the areas of stiffeners are not to be 
included in the idealisation of the attached plating of the primary members. 


4 LOAD MODEL 


4.1 Lateral pressures and forces 


4.1.1 General 


The lateral pressures and forces to be considered as acting on hatch covers are given in [4.1.2] to [4.1.6]. 
When two or more panels are connected by hinges, each individual panel is to be considered separately. 


In any case, the sea pressures defined in [4.1.2] are to be considered for hatch covers located on exposed 
decks. 
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Additionally, when the hatch cover is intended to carry uniform cargoes, special cargoes or containers, the 
pressures and forces defined in [4.1.3] to [4.1.6] are to be considered independently from the sea pressures. 
4.1.2 Sea pressures 

The still water and wave lateral pressures are to be considered and are to be taken equal to: 


e Still water pressure: P, = 0. 
e Wave pressure Py = Puo, as defined in Pt 1, Ch 4, Sec 5, [5.2]. 


4.1.3 Internal pressures due to ballast water 

If applicable, the internal static and dynamic lateral pressures due to ballast water are to be considered and 
are defined in Pt 1, Ch 4, Sec 6, [1]. 

4.1.4 Pressures due to uniform cargoes 

If applicable, the static and dynamic pressures due to uniform cargoes are to be considered and are defined in 
Pt 1, Ch 4, Sec 5, [5.3.1]. 

4.1.5 Pressures or forces due to special cargoes 

In the case of carriage of special cargoes (e.g. pipes, etc) on the hatch covers which may temporarily retain 
water during navigation, the lateral pressures or forces to be applied are considered by the Society on a case- 
by-case basis. 

4.1.6 Forces due to containers 

In the case of carriage of containers on the hatch covers, the concentrated forces under the containers 
corners are to be determined in accordance with the applicable requirements of the Society. 

4.1.7 Self weight 


The effect of the hatch cover structure weight is to be included in the static loads but not in the dynamic loads. 


4.2 Load point 


4.2.1 Wave lateral pressure for hatch covers on exposed decks 

The wave lateral pressure to be considered as acting on each hatch cover is to be calculated at a point located: 
e Longitudinally, at the hatch cover mid-length. 
e Transversely, on the longitudinal plane of symmetry of the ship. 
e Vertically, at the top of the hatch cover. 

4.2.2 Lateral pressures other than the wave pressure 

The lateral pressure is to be calculated at the level of the tight boundary of the cover: 


e In way of the geometrical centre of gravity of the plate panel, for plating. 
e At mid-span, for stiffeners and primary supporting members. 


5 STRENGTH CHECK 


5.1 General 


5.1.1 Application 


The strength check is applicable to rectangular hatch covers subjected to a uniform pressure, designed with 
primary supporting members arranged in one direction or as a grillage of longitudinal and transverse primary 
supporting members. 
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In the latter case, i.e. when the hatch cover is arranged as a grillage of longitudinal and transverse primary 
supporting members, or when the Society deems it necessary, the stresses in the primary supporting 
members are to be determined by a grillage or a finite element analysis. 


It is to be checked that stresses induced by concentrated loads are in accordance with the criteria in [5.4.4]. 


When FE analysis is carried out, the buckling assessment as described in [5.2.3], [5.3.4] and [5.4.6] can be 
made considering only the stresses given by the FE analysis 

5.1.2 Hatch covers supporting containers 

The scantlings of hatch covers supporting containers are to comply with the applicable requirements of the 
Society. 

5.1.3 Hatch covers subjected to special cargoes 


For hatch covers supporting special cargoes, stiffeners and primary supporting members are generally to be 
checked by direct calculations, taking into account the stiffener arrangements and their relative inertia. It is to 
be checked that stresses induced by special cargoes are in accordance with the criteria in [5.4.4]. 


5.2 Plating 


5.2.1 Net thickness 


The net thickness, in mm, of steel hatch cover top plating is not to be taken less than: 


t = 0.0158 F,b [fs hs*fw Pw 
0.95 Rex 


where: 
Fa : Factor for combined membrane and bending response, equal to: 
F,=1.5 in general. 
Epo L9 = for 620.80, for the attached plating of primary supporting members. 
oO : Normal stress, in N/mm?, in the attached plating of primary supporting members, calculated 


according to [5.4.3] or determined through a grillage analysis or a finite element analysis. 


5.2.2 Minimum net thickness 


In addition to [5.2.1], the net thickness, in mm, of the plating forming the top of the hatch cover is not to be 
taken less than the greater of the following values: 


-b 


paent 


100 
t=6 


5.2.3 Buckling strength 


The buckling strength of the hatch cover plating subjected to loading conditions as defined in [4.1] is to comply 
with the following formula: 


Neate S Man 
where: 


Neate © Maximum plate utilisation factor calculated according to Method A, as defined in Pt 1, Ch 8, Sec 5, 


[2.2]. 
e For stresses obtained from beam theory, i.e. not calculated by means of finite element 
analysis: 
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* ©, or ©, is selected for the uniaxial check of the plate in the direction parallel to the 
primary supporting member, 


e tT=0. 
e For stresses calculated by means of finite element analysis: ©, o,, T obtained from FE 
analysis. 
Nat : Allowable utilisation factor, as given in Table 3. 


5.3 Stiffeners 


5.3.1 
For flat bar stiffeners, the ratio h, /t,, is to comply with the following formula: 


235 
tw Ren 


5.3.2 Minimum net thickness of web 
The net thickness, in mm, of the stiffener web is to be taken not less than 4 mm. 
5.3.3 Net section modulus and net shear sectional area 


The net section modulus Z, in cm’, and the net shear sectional area Asnn in cm2, of a stiffener subject to lateral 


pressure are to be taken not less than given by the following formulae: 


_ (Fs Pst Fy Pw) 8-5 4 


Z o° 
foc Oa 
_ 5(Fs Ps + Fw Pw) S 4s 
Asnr a aaa a E a a 
Ta 
where: 
bs : Stiffener span, in m, to be taken as the spacing, in m, of primary supporting members or the distance 


between a primary supporting member and the edge support, as applicable. When brackets are 
fitted at both ends of all stiffener spans, the stiffener span may be reduced by an amount equal to 
2/3 of the minimum brackets arm length, but not greater than 10% of the gross span, for each 
bracket. 

5.3.4 Buckling strength 


The buckling strength of the hatch cover stiffeners subjected to loading conditions as defined in [4.1] is to 
comply with the following formula: 


NStittener S Man 
where: 
Nstitfener : Maximum stiffener utilisation factor calculated according to Pt 1, Ch 8, Sec 5, [2.3]. 


e For uniaxial stresses obtained by beam theory, i.e. not calculated by means of finite element 
analysis: 


e œ©,: stiffener axial stress, 
e Oy = O, 


e T=0. 
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e For stresses calculated by means of finite element analysis: 
e œ©,: stiffener axial stress from FE analysis, 
* oy: stress perpendicular to the stiffener, 
e t:shear stress in the attached plate. 


Nall : Allowable utilisation factor, as given in Table 3. 


5.4 Primary supporting members 


5.4.1 Application 


The requirements in [5.4.3] to [5.4.5] apply to primary supporting members which may be analysed through 
isolated beam models. 


Primary supporting members whose arrangement is of a grillage type and which cannot be analysed through 
isolated beam models are to be checked by direct calculations, using the checking criteria in [5.4.4]. 
5.4.2 Minimum net thickness of web 


The web net thickness of primary supporting members, in mm, is not to be less than 6 mm. 


5.4.3 Normal and shear stress for isolated beam 


In case that grillage analysis or finite element analysis are not carried out, according to the requirements in 
[5.1.1], the maximum normal stress o and shear stress 7, in N/mm, in the primary supporting members are to 
be taken as given by the following formulae: 


s (Fs Ps + Fw Pw) lm 


oO = 
foc Z 
t= 5 s(Fs Ps + Fw Pw) £m 
Ashr 
where: 
bi : Bending span, in m, of the primary supporting member. 


5.4.4 Checking criteria 


The normal stress o and the shear stress 7, calculated according to [5.4.3] or determined through a grillage 
analysis or finite element analysis, as the case may be, are to comply with the following formulae: 


o<, 


TST, 


5.4.5 Deflection limit 


The net moment of inertia of a primary supporting member, when loaded by sea pressure, excluding the self- 
weight of the structure, is to be such that the deflection does not exceed U Lmax 


where: 
4u : Coefficient taken equal to: 
4 = 0.0056 for weathertight hatch covers. 
Linas : Greatest span, in m, of primary supporting members. 


5.4.6 Buckling strength of the web panels of the primary supporting members 
The web of primary supporting members subject to loading conditions as defined in [4.1] is to be taken as: 


Nplate S Man 
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where: 


Neate © Maximum plate utilisation factor calculated according to Method A, as defined in Pt 1, Ch 8, Sec 5, 
[2.4]. 


e Shear stress obtained by beam theory (i.e. calculated according to [5.4.3] or determined 
through a grillage analysis), or 


* Ox Oy, T obtained by FE analysis. 


Nat : Allowable utilisation factor, as given in Table 3. 


5.4.7 Slenderness criteria 


For buckling stiffeners on webs of primary supporting members, the ratio h,,/t,, is to comply with the following 


formula: 
Aw e45 |235 
ty Ren 


5.5 Stiffeners and primary supporting members of variable cross section 


5.5.1 


The net section modulus Z, in cm®, of stiffeners and primary supporting members with a variable cross section 
is to be taken not less than the greater of the values given by the following formulae: 


Z = Xes 


es (1+320-w—038) Zoe 


7wt+0.4 

where: 
Zos : Net section modulus, in cm%, for a constant cross section, complying with the checking criteria in 

[5.4.4]. 
a : Coefficient taken equal to: 
y : Coefficient taken equal to: 

Z 

ae 
Ly : Length of the variable section part, in m, as shown in Figure 1. 
Lo : Span measured, in m, between end supports, as shown in Figure 1. 
Zi : Net section modulus at end, in cmê, as shown in Figure 1. 
Zo : Net section modulus at mid-span, in cm, as shown in Figure 1. 


Moreover, the net moment of inertia, in cm4, of stiffeners and primary supporting members with a variable 
cross section is to be taken not less than the greater of the values given by the following formulae: 


l = Ios 
|= E + 80° (=e) los 
0.2+3J/ 
where: 
los : Net moment of inertia, in cm4, with a constant cross section complying with [5.4.5]. 
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o : Coefficient taken equal to: 
-h 
® 7 
li : Net moment of inertia at end, in cm4, as shown in Figure 1. 
lo : Net moment of inertia at mid-span, in cm’, as shown in Figure 1. 


The use of these formulae is limited to the determination of the strength of stiffeners and primary supporting 
members in which abrupt changes in the cross section do not occur along their length. 


Figure 1 : Variable cross section stiffener 


6 HATCH COAMINGS 


6.1  Stiffening 


6.1.1 


The stiffeners of the hatch coamings are to be continuous over the breadth and length of the hatch coamings. 


6.1.2 


Coamings are to be stiffened on their upper edges with a stiffener suitably shaped to fit the hatch cover 
closing appliances. 


6.1.3 
Where the height of the coaming exceeds 900 mm, additional strengthening may be required. 


However, reductions may be granted for transverse coamings in protected areas. 


6.1.4 


When two hatches are close to each other, under deck stiffeners are to be fitted to connect the longitudinal 
coamings in order to maintaining the continuity of their strength. 


Similar stiffening is to be provided over 2 frame spacings at ends of hatches exceeding 9 frame spacings in 
length. 


In some cases, the Society may require the continuity of coamings to be maintained above the deck. 

6.1.5 

Where watertight metallic hatch covers are fitted, other arrangements of equivalent strength may be adopted. 
6.2 Load model 


6.2.1 
The wave lateral pressure, Po in KN/m?, to be considered as acting on the hatch coamings is defined in [6.2.2] 


and [6.2.3]. 
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6.2.2 


The wave lateral pressure, Po in KN/m2, on the No. 1 forward transverse hatch coaming is to be taken equal to: 
e P¿= 220, when a forecastle is fitted in accordance with Ch 1, Sec 1, [1]. 


e P= 290, in the other cases. 


6.2.3 


The wave lateral pressure, Po in kN/ m?, on the hatch coamings other than the No. 1 forward transverse hatch 
coaming is to be taken equal to: 


P, = 220 


6.2.4 


For cargo holds intended for the carriage of liquid cargoes, the liquid internal pressures applied on hatch 
coaming is also to be determined according to Pt 1, Ch 4, Sec 6. 


6.3 Scantlings 


6.3.1 Plating 


The net thickness, in mm, of the hatch coaming plate is not to be taken less than the greater value given by the 
following formulae: 


t = 0.0166 |—Pe— 
0.95R., 


t=9.5 


6.3.2 Stiffeners 


The net section modulus, Z, in cm%, of longitudinal or transverse stiffeners fitted on hatch coamings is not to 


be taken less than: 


P 2 
Z = 1.21 Pest 
foc Cp Ren 
where: 
Foc : Coefficient taken equal to: 


fy, = 16 in general. 
fec = 12 for the end span of stiffeners sniped at the coaming corners. 


: Ratio of the plastic section modulus to the elastic section modulus of the stiffeners with an attached 
plate breadth, in mm, equal to 40 t, where t is the plate net thickness. 


C, = 1.16 in the absence of more precise evaluation. 


6.3.3 Coaming stays 


At the connection with deck, the net section modulus Z, in cm3, and the net thickness tẹ, in mm, of the 
coaming stays designed as beams with flange connected to the deck or sniped and fitted with a bracket 
(examples shown in Figure 2 and Figure 3) are to be taken not less than: 


z= Se Po He 
1.9 Rey 
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— Sc Pc He 
“05h Rew 
where: 
He : Stay height, in m. 
Sc : Stay spacing, in mm. 
h : Stay depth, in mm, at the connection with deck. 


Figure 2 : Coaming stay (example 1) 


For calculating of offered section modulus of coaming stays, the face plate area may be taken into account 
only when it is welded with full penetration welds to the deck plating and provided with adequate under deck 
structure supporting the coaming stay in the deck structure. 


For other designs of coaming stays, such as those shown in Figure 4 and Figure 5, the stress levels determined 
through a grillage analysis or finite element analysis, as the case may be, apply and are to be checked at the 
highest stressed locations. The stress levels are to comply with the following formulae: 


o $0.95 Rey 


TS 0.5 Rey 
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Figure 4 : Coaming stay (example 3) 


Figure 5 : Coaming stay (example 4) 


6.3.4 Local details 


The design of local details is to comply with the requirements in this section ensuring adequate structural 
continuity from the hatch covers into the supporting deck structure. 


Hatch coamings and supporting structures are to be adequately stiffened to accommodate the loading from 
hatch covers, in longitudinal, transverse and vertical directions. 


The normal stress o and the shear stress T, in N/mm2, induced in the under deck structures by the loads 
transmitted by stays are to comply with the following formulae: 


06 $0.95 Rey 
TS 0.5 Rey 


Unless otherwise stated, weld connections and materials are to be dimensioned and selected in accordance 
with the requirements of the Society. 


Double continuous fillet welding is to be adopted for the connections of stay webs with deck plating and the 
weld leg length is not to be less than 0.62 t,,, where t, is the gross thickness of the stay web. 


Toes of stay webs are to be connected to the deck plating with partial penetration double bevel welds 
extending over a distance not less than 15% of the stay width. 
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@ ~~ WEATHERTIGHTNESS, CLOSING ARRANGEMENT, SECURING DEVICES 
AND STOPPERS 


7.1 Weathertightness 


7.1.1 


Where the hatchway is exposed, the weathertightness is to be ensured by gaskets and clamping devices 
sufficient in number and quality. 


7.1.2 


In general, a minimum of two securing devices or equivalent is to be provided on each side of the hatch cover. 


7.2 Gaskets 


7.2.1 


The weight of hatch covers and any cargo stowed thereon, together with inertia forces generated by ship 
motions, are to be transmitted to the ship’s structure through steel to steel contact. 


This may be achieved by providing continuous skirt plates on the hatch covers or by means of defined bearing 
pads. 


7.2.2 


The sealing is to be obtained by a continuous gasket of relatively soft elastic material compressed to achieve 
the necessary weathertightness. Similar sealing is to be arranged between cross-joint elements. 


Where fitted, compression flat bars or angles are to be well rounded where in contact with the gasket and to 
be made of a corrosion-resistant material. 


7.2.3 


The gasket and the securing arrangements are to maintain their efficiency when subjected to large relative 
movements between the hatch cover and the ship’s structure or between hatch cover elements. 


If necessary, suitable devices are to be fitted to limit such movements. 


7.2.4 


The gasket material is to be of a quality suitable for all environmental conditions likely to be encountered by 
the ship, and is to be compatible with the cargoes transported. 


The material and form of gasket selected are to be considered in conjunction with the type of hatch cover, the 
securing arrangement and the expected relative movement between the hatch cover and the ship’s structure. 


The gasket is to be effectively secured to the hatch cover. 


7.2.5 


Coamings and steel parts of hatch covers in contact with gaskets are to have no sharp edges. 


7.2.6 


Metallic contact is required to ensure earthing connection between the hatch cover and the hull structures. 
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7.3 Closing arrangement, securing devices and stoppers 


7.3.1 General 


Panel hatch covers are to be secured by appropriate devices (bolts, wedges or similar) suitably spaced along 
the coamings and between cover elements. 


Hatch covers provided with special sealing devices, insulated hatch covers, flush hatch covers and those 
having coamings of a reduced height according to [2.1.2] are to be considered by the Society on a case-by- 
case basis. 


7.3.2 Arrangements 


The securing and stopping devices are to be arranged so as to ensure sufficient compression on gaskets 
between hatch covers and coamings and between adjacent hatch covers. 


Arrangement and spacing are to be determined with due attention to the effectiveness for weathertightness, 
depending on the type and the size of the hatch cover, as well as on the stiffness of the hatch cover edges 
between the securing devices. 


At cross-joints of multi-panel covers, (male/female) vertical guides are to be fitted to prevent excessive relative 
vertical deflections between loaded/unloaded panels. 


The location of stoppers is to be compatible with the relative movements between hatch covers and the ship’s 
structure in order to prevent damage to them. The number of stoppers is to be as small as possible. 
7.3.3 Spacing 


The spacing of the securing arrangements is not to be greater than 6 m. 


7.3.4 Construction 


Securing arrangements with reduced scantlings may be accepted provided it can be demonstrated that the 
possibility of water reaching the deck is negligible. 


Securing devices are to be of reliable construction and securely attached to the hatchway coamings, decks or 
hatch covers. 


Individual securing devices on each hatch cover are to have approximately the same stiffness characteristics. 


7.3.5 Area of securing devices 


The gross cross area of each securing device is not to be less than the value obtained, in cm?, from the 
following formula: 


A = 1.4 S; (=) 

where: 

Ss : Spacing, in m, of securing devices. 
a : Coefficient taken equal to: 


a= 0.75 for Re, > 235 N/mm?. 
a=1.0 for Re, < 235 N/mm?2. 
In the above calculations, R,,, may not be taken greater than 0.7 Rm- 


Between hatch cover and coaming and at cross-joints, a packing line pressure sufficient to obtain 
weathertightness is to be maintained by securing devices. For packing line pressures exceeding 5 N/mm, the 
net cross area A is to be increased in direct proportion. The packing line pressure is to be specified. 


In the case of securing arrangements which are particularly stressed due to the unusual width of the 
hatchway, the net cross area A of the above securing arrangements is to be determined through direct 
calculations. 
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7.3.6 Inertia of edges elements 


The hatch cover edge stiffness is to be sufficient to maintain adequate sealing pressure between securing 
devices. 


The moment of inertia of edge elements is not to be less than the value obtained, in cm4, from the following 
formula: 


1=6P,S5 

where: 

P, : Packing line pressure, in N/mm, to be taken not less than 5. 
Ss : Spacing, in m, of securing devices. 


7.3.7 Diameter of rods or bolts 


Rods or bolts are to have a gross diameter not less than 19 mm for hatchways exceeding 5 m? in area. 


7.3.8 Stoppers 


Hatch covers are to be effectively secured, by means of stoppers, against the transverse forces arising from a 
pressure of 175 kN/m?. 


With the exclusion of No. 1 hatch cover, hatch covers are to be effectively secured, by means of stoppers, 
against the longitudinal forces acting on the forward end arising from a pressure of 175 kN/m2. 


No. 1 hatch cover is to be effectively secured, by means of stoppers, against the longitudinal forces acting on 
the forward end arising from a pressure of 230 kN/m?. This pressure may be reduced to 175 kN/m? if a 
forecastle is fitted in accordance with Ch 1, Sec 1, [1]. 


The equivalent stress in stoppers, their Supporting structures and calculated in the throat of the stopper welds 
is to be equal to or less than the allowable value, equal to 0.8 Rey. 


7.4 Cleats 


7.4.1 


Where rod cleats are fitted, resilient washers or cushions are to be incorporated. 


7.4.2 


Where hydraulic cleating is adopted, a positive means is to be provided to ensure that it remains mechanically 
locked in the closed position in the event of failure of the hydraulic system. 


8 DRAINAGE 


8.1 Arrangement 


8.1.1 


Drainage is to be arranged inside the line of gaskets by means of a gutter bar or vertical extension of the hatch 
side and end coaming. 


8.1.2 


Drain openings are to be arranged at the ends of drain channels and are to be provided with efficient means 
for preventing ingress of water from outside, such as non-return valves or equivalent. 


8.1.3 
Cross-joints of multi-panel hatch covers are to be arranged with drainage of water from the space above the 
gasket and a drainage channel below the gasket. 


8.1.4 
If a continuous outer steel contact is arranged between the cover and the ship’s structure, drainage from the 


space between the steel contact and the gasket is also to be provided. 
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SECTION 6 
ADDITIONAL CLASS NOTATION GRAB 


SYMBOLS 
Mer : Mass of unladen grab, in t. 
1 = GENERAL 


1.1 Application 


1.1.1 

The additional class notation GRAB [X] is assigned, in accordance with Pt 1, Ch 1, Sec 1, [3.2.2], to ships with 
holds designed for loading/unloading by grabs having a maximum mass of unladen grab, in tons up to [X] tons, 
in compliance with the requirements of this section. 

1.1.2 


It is to be noted that this additional class notation does not negate the use of heavier grabs, but the owner and 
operators are to be made aware of the increased risk of local damage and possible early renewal of inner 
bottom plating if heavier grabs are used regularly or occasionally to discharge cargo. 


2 SCANTLINGS 
2.1 Plating 


2.1.1 General 


The net thickness of plating of inner bottom and vertical sloped cargo hold; excluding bilge wells, is to be taken 
as the greater of the following values: 


e t,as obtained according to requirements in Pt 1, Ch 6 and Pt 1, Ch 7. 
e ter, as defined in [2.1.2] and [2.1.3]. 


2.1.2 Inner bottom plating 


The net thickness tgp, in mm, of the inner bottom plating is to be obtained from the following formula: 


M 0.25 
ter = 0.62./bk ($2) 
2.1.3 Vertical and sloped cargo hold boundaries 
The net thickness tgp, in mm, as defined in this sub-section apply to the following structural elements. 
e Hopper tank sloped plating. 
e Transverse lower stool plating. 
e Transverse plane bulkhead plating. 
e Face plates of transverse corrugated bulkheads without lower stool. 
e Inner hull. 


Up to a height of 3.0 m above, the lowest point of the inner bottom is to be obtained from the following 
formula: 


M 0.25 
ter = 0.55,/bk (=) 
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SECTION 1 
GENERAL ARRANGEMENT DESIGN 


1 GENERAL 
1.141 General 
1.1.1 


This section covers the general structural arrangement requirements for oil tankers, which are based on 
national and international regulations. 


2 SEPARATION OF CARGO TANKS 


2.1 General 


2.1.1 


The cargo pump room, cargo tanks, slop tanks and cofferdams are to be positioned forward of machinery 
spaces. Main cargo control stations, control stations, accommodation and service spaces are to be positioned 
aft of cargo tanks, slop tanks and spaces which isolate cargo or slop tanks from machinery spaces, but not 
necessary aft of the oil fuel bunker tanks and ballast tanks. 


2.1.2 


A cofferdam is to be provided to separate the cargo tanks from the machinery space. Pump room, ballast 
tanks or fuel oil tanks may be considered as cofferdam for this purpose. 


3 DOUBLE HULL ARRANGEMENT 


3.1 General 


3.1.1 


All oil tankers are to be provided with double bottom tanks and spaces, and double side tanks and spaces, in 
accordance with Pt 1, Ch 2, Sec 3. The double bottom and double side tanks and spaces, protect the cargo 
tanks or spaces, and are not to be used for the carriage of oil cargoes. 


3.1.2 


Cargo tanks are to be of a size and arrangement that hypothetical oil outflow from side and bottom damage, 
anywhere in the length of the ship, is limited. 


4 ACCESS ARRANGEMENTS 


4.1 Special requirements for oil tankers 


4.1.1 


Where a duct keel or pipe tunnel is fitted, provision is to be made for at least two exits to the open deck 
arranged at a maximum distance from each other. The duct keel or pipe tunnel is not to pass into machinery 
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spaces. The aft access may lead from the pump room to the duct keel. Where an aft access is provided from 
the pump room to the duct keel, the access opening from the pump room to the duct keel is to be provided 
with an oil-tight cover plate or a watertight door. 


Mechanical ventilation is to be provided and such spaces are to be sufficiently ventilated prior to entry. A 
notice board is to be fitted at each entrance to the pipe tunnel stating that before any attempt is made to enter, 
the ventilating fan must have been in operation for a sufficient period. In addition, the atmosphere in the 
tunnel is to be sampled by a gas monitor, and where an inert gas system is fitted in cargo tanks, an oxygen 
monitor is to be provided. 


4.1.2 


Where a watertight door is fitted in the pump room for access to the duct keel, the scantlings of the watertight 
door are to comply with the requirements of the individual Society and the following additional requirements: 


a) The watertight door is to be capable of being manually closed from outside the main pump room 
entrance, in addition to bridge operation. A means of indicating whether the door is open or closed is to 
be provided locally and on the bridge. 


b) A notice is to be affixed at each operating position to the effect that the watertight door is to be kept 
closed during normal operations of the ship, except when access to the pipe tunnel is required. 
4.1.3 


Special consideration is to be given to any proposals to fit permanent repair/maintenance access openings 
with oil-tight covers in cargo tank bulkheads. Attention is drawn to the relevant national regulations concerning 
load line and oil outflow aspects of such arrangements. 
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SECTION 2 
STRUCTURAL DESIGN PRINCIPLES 


1 CORROSION PROTECTION 


1.1 General 


1.1.1 Cathodic protection systems in cargo tanks 


Cathodic protection systems, if fitted in cargo tanks, are to comply with [1.2]. 


1.1.2 Paint containing aluminium 


Paint containing aluminium, when used in cargo tanks, is to comply with [1.3]. 


1.2 Internal cathodic protection systems 


1.2.1 


When a cathodic protection system is to be fitted to steel structures in tanks used for liquid cargo with flash 
point below 60°C, a plan of the fitting arrangement is to be submitted for approval. The arrangements are to 
be considered for safety against fire and explosion. This approval also applies to adjacent tanks. 


1.2.2 


Permanent anodes in tanks made of, or alloyed with magnesium are not acceptable, except in tanks solely 
intended for water ballast that are not adjacent to cargo tanks. 


Impressed current systems are not to be used in cargo tanks due to the development of chlorine and hydrogen 
that can result in an explosion. 


Aluminium anodes are accepted, however, in tanks with liquid cargo with flash point below 60°C and in 
adjacent ballast tanks, aluminium anodes are to be located so a kinetic energy of not more than 275 J is 
developed in the event of their loosening and becoming detached. 


1.2.3 


Aluminium anodes are to be located in such a way that they are protected from falling objects. They are not to 
be located under tank hatches or Butterworth openings unless protected by adjacent structure. 


1.2.4 
Tanks, in which anodes are installed, are to have sufficient holes for the circulation of air to prevent gas from 
collecting in pockets. 


1.3 Paint containing aluminium 


1.3.1 


The use of aluminium coatings containing greater than 10% aluminium by weight in the dry film is prohibited in 
cargo tanks, cargo tank deck area, pump rooms, cofferdams or any other area where cargo vapour may 
accumulate unless it has been shown by appropriate tests that the paint to be used does not increase the 
incendiary sparking hazard. Tests need not be performed for coatings with less than 10% aluminium by weight. 


1.3.2 


Aluminised pipes may be permitted in ballast tanks, in inerted cargo tanks and, provided the pipes are 
protected from accidental impact, in hazardous areas on open deck. 
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SECTION 3 
HULL LOCAL SCANTLING 


SYMBOLS 


For symbols not defined in this section, refer to Pt 1, Ch 1, Sec 4. 

S : Primary supporting member spacing as defined in Pt 1, Ch 3, Sec 7, [1.2.2], in m. 

Cror : Permissible shear stress coefficient for primary supporting members taken equal to: 
Crp = 0.70 for AC-S. 
Cpr = 0.85 for AC-SD. 

Cy or : Permissible bending stress coefficient for primary supporting members taken equal to: 
Cy, = 0.70 for AC-S. 
C; pr = 0.85 for AC-SD. 


Sog : Half pitch length of corrugation, in mm. See Figure 4. 

log : Length of corrugation, in m, which is defined as the distance between the lower stool and the upper 
stool. Where no lower or upper stool is fitted, Z, is to be measured to lower or upper end as shown in 
Figure 4. 


1 = PRIMARY SUPPORTING MEMBERS IN CARGO HOLD REGION 


1.1 General 


1.1.1 


The following requirements relate to the determination of scantlings of the primary supporting members within 
0.4 L amidships and those outside 0.4 L amidships provided that the geometry and fixation of primary 
supporting member is similar with those amidships. 


1.1.2 


The section modulus and shear area criteria for primary supporting members contained in this sub-section 
apply to structural configurations shown in Pt 1, Ch 1, Sec 1, Figure 3 and are applicable to the following 
structural elements: 


D 


Floors and girders within the double bottom, 

b) Deck transverses, 

c) Side transverses within double side structure, 

d) Vertical web frames on longitudinal bulkheads with or without cross ties, 


e) Horizontal stringers on transverse bulkheads, except those fitted with buttresses or other intermediate 
supports, 


f) Cross ties in wing cargo and centre cargo tanks. 
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1.1.3 


Floors, horizontal stringers, side transverses and vertical webs adjacent to transverse bulkheads which get 
additional supports by horizontal stringers or buttresses are excluded from the application of this section. 


1.1.4 


Webs of the primary supporting members are to be stiffened in accordance with Pt 1, Ch 8, Sec 2, [4]. 


1.1.5 

Webs of the primary supporting members are to have a depth of not less than given by the requirements of 
[1.5.1], [1.7.1] and [1.8.1], as applicable. 

1.1.6 


In any case, primary supporting members that have open slots for stiffeners are to have a depth not less than 
2.5 times the depth of the slots if slots are not closed. 


1.1.7 


Where it is impracticable to fit a primary Supporting member with the required web depth, then it is 
permissible to fit a member with reduced depth provided that the fitted member has equivalent moment of 
inertia or deflection to the required member. The required equivalent moment of inertia is to be based on an 
equivalent section given by the effective width of plating at mid span with required plate thickness, web of 
required depth and thickness and face plate of sufficient width and thickness to satisfy the required mild steel 
section modulus. 


The equivalent moment of inertia may be also demonstrated by an equivalent member having the same 
deflection as the required member. 


All other rule requirements, such as minimum thicknesses, slenderness ratio, section modulus and shear 
area, are to be satisfied for the member of reduced depth. 


1.2 Design load sets 


1.2.1 
The design load sets for the evaluation of primary supporting members are given in Table 1. 


Table 1 : Design load sets for primary supporting members 


Item Design load set 0) Load Draught Design Loading condition 
component load 
SEA-1 Pa 0.9T,,2) S+D 
Sea pressure only 
Double bottom SEA-2 Pex Tsc S 
floors and OT-4 Pn - Po 0.6T,, S+D Net pressure 
girders © tT 7 difference between 
OT-5 Pin - Pax (4) S cargo pressure and 
sea pressure 
SEA-1 Pox 0.9T 5, S+D 
Sea pressure only 
SEA-2 Pex Tee S 
Side 
transverses ®) Ont Pin Tso oP 
OT-2 Pin 0.6T,, S+D Cargo pressure only 
OT-3 P, z S 
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i (1) (5) (6) Load Design : B 
Item Design load set Draught E Loading condition 
component load 
Green sea pressure 
SEA-1 Px Tc S+D only or other loads on 
deck 
Deck 
transverses OT-1 Pin Tsc S+D 
OT-2 Pin 0.6T,, S+D Cargo pressure only 
OT-3 Pin - S 
Vertical web OT-1 Pin Tsc S+D Pressure from one 
frames on side only. Full cargo 
we OT-2 P, 0.6T x, S+D E E 
longitudinal tank with adjacent 
bulkheads OT-3 Pin - S cargo tank empty 
Horizontal OT-1 Pn Tie S+D Pressure from one 
. side only. Full cargo 
stringers on tank with adi t 
transverse OT-2 Pin 0.6Tec S+D ank with adjacen 
bulkhead forward or aft cargo 
OT-3 Pin - S tank empty. 
Pnp t Pn- 
OT-1 Se Te S+D 
Cross ties in P, +P. Full wing cargo tanks, 
centre tanks OT-2 Sag 0.6T,, S+D centre tank empty. 
OT-3 Pn - S 
Pa +P 
OT-6 a a Te S+D 
Cross ties in Pi, +P, Full centre tank, win 
l OT-7 Lin + Pex 0.6Ts, S+D g 
wing tanks 2 cargo tanks empty. 
Pa +P 
OT-8 E Tsc S 

where: 

Pin-pt : Design pressure from port side wing cargo tank, in kKN/m?. 

Pns  : Design pressure from starboard side wing cargo tank, in kN/m?. 

(1) The static and dynamic load components are to be determined in accordance with Pt 1, Ch 4, Sec 7, Table 1. 

(2) If the loading condition where the combination of an empty cargo tank and a mean ship’s draught greater than 0.9 T,, is 
included in ship’s loading manual, the maximum corresponding draught is to be considered. 

(3) Draughts specified for bottom floors, girders and side transverses are based on operational limits specified in Pt 1, Ch 4, 
Sec 8, [2] and Pt 1, Ch 4, Sec 8, [3]. Where the optional loading conditions exceed the minimum Rule required loading 
conditions, the draughts will be subject to special consideration. 

(4) For tankers with two oil-tight longitudinal bulkheads, the draught is to be taken as 0.25 T,,. For tankers with a centreline 
bulkhead, the draught is to be taken as 0.33 T,- 

(5) When the ship’s configuration cannot be described by the structural members or structural configurations identified above, 
then the applicable Design Load Sets to determine the scantling requirements of primary supporting member are to be 
selected so as to specify all applicable cases from the following: 

e A full tank on one side of the member with the tank or space on the other side empty. 

e A full tank on one side of the member with the external pressure minimised. 

e External pressure maximised with the adjacent tank or space empty. 
The boundary is to be evaluated for loading from both sides. Design Load Sets are to be selected based on the tank or space 
contents and are to maximise the net pressure on the structural boundary, the draught to use is to be taken in accordance 
with the Design Load Set and this table. Design Load Sets covering the S and S+D design load combinations are to be 
selected. 

(6) For a void or dry space, the pressure component from the void side is to be ignored. 
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Plate floors are to be arranged in way of transverse bulkheads and bulkhead stools. 


1.3.2 


Net shear area 


The net shear area, Asnrnso in cm?, of the floors at any position in the floor is not to be less than: 


2y, 
fsnr = AAR = =) but not to be taken as less than 0.2. 


: Shear force distribution factor at the end of the span, Zn as given in Table 2. 


: Effective shear span, of the double bottom floor, in m, as shown in Figure 2. In way of bracket ends, 
the effective shear span is measured to the toes of the effective end bracket, as defined in Pt 1, Ch 
3, Sec 7, [1.1.7]. Where the floor ends on a girder at a hopper or stool structure, the effective shear 
span is measured to a point that is one-half of the distance from the girder to the adjacent bottom 
and inner-bottom longitudinal, as shown in Figure 2. 


: Distance from the considered cross section of the floor to the nearest end of the effective shear 


=- _8.5 

Aaa“ a 

where: 

Q : Design shear force, in KN. 
Q = fean P S Low 

fe : Shear force distribution factor: 

“shr 

fonr 

lshr 

Yi 
span, snr in M. 

P 


: Design pressure given in Table 1 for the design load set being considered, calculated at mid point of 
effective shear span, nr of a floor located midway between transverse bulkheads or transverse 
bulkhead and wash bulkhead, where fitted, in kN/m?. 


Table 2 : Shear force distribution factors of floors 


Structural configuration 


Centre tank 
(fenrg in Figure 1) 


Wing tank 


At inboard end 
(fsnr2 in Figure 1) 


At hopper knuckle end 
(fenr1 in Figure 1) 


Ships with centreline 
longitudinal bulkhead 


0.40 


0.60 


Ships with two longitudinal 
bulkheads 


0.5 


0.50 


0.65 


er.) 


fonra fonra Fou fonra 
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Figure 2 : Effective shear span of floors 


Typical arrangement with hopper and end bracket 


Typical arrangement with hopper and stool 


1.4 Girders in double bottom 


1.4.1 Structural arrangement 


Continuous double bottom girders are to be arranged at the centreline or duct keel, at the hopper side and in 
way of longitudinal bulkheads and bulkhead stools. 


1.4.2 Net shear area of centre girders 


For double bottom centre girders where no longitudinal bulkhead is fitted above, the net shear area, Asnr-nso in 


cm?, of the double bottom centre girder in way of the first bay from each transverse bulkhead and wash 
bulkhead, where fitted, is not to be less than: 


8.5 

where: 
Q : Design shear force, in kN, taken as: 

Q = 0.21n, nz P £3, 
Ehr : Effective shear span as defined in [1.3.2]. 
P : Design pressure, in kN/m?, as defined in [1.3.2]. 
ny : Coefficient taken as: 

n= 0.00935 (&)- 0.163( 2) + 1.289 
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n : Coefficient taken as: 
S 
- 13-(§) 
Ny 3 12 


1.4.3 Net shear area of side girders 


For double bottom side girders where no longitudinal bulkhead is fitted above, the net shear area, Asnr-nso in 


cm?, of the double bottom side girder in way of the first bay from each transverse bulkhead and wash 
bulkhead, where fitted, is not to be less than: 


8.5 

Asnr-n50 = ee 
where: 
Q : Design shear force, in KN. 

Q = 0.14 n; n, P £3, 
N3 : Coefficient taken as: 

n= 1.072 — 0.0357 ( ar) 
Ng : Coefficient taken as: 

n,= 1.2- ( =) 
Lohr : Effective shear span as defined in [1.3.2]. 
P : Design pressure, in kN/m?, as defined in [1.3.2]. 


1.5 Deck transverses 
1.5.1 Web depth 
The web depth of under deck transverses is not to be less than: 
e 0.20 leagar for deck transverses in the wing cargo tanks of ships with two longitudinal bulkheads. 


e 0.13 Cragat for deck transverses in the centre cargo tanks of ships with two longitudinal bulkheads. The 
web depth of deck transverses in the centre cargo tank is not to be less than 90% of that of the deck 
transverses in the wing cargo tank. 


* 0.10 leagar for the deck transverses of ships with a centreline longitudinal bulkhead. 
e The web height required in [1.1.6]. 
The web depth of above deck transverses is not to be less than: 
© 0.10 brag at 
e The web height required in [1.1.6]. 
where: 


loagat : Effective bending span, in m, as defined in [1.5.2]. 


1.5.2 Net section modulus of deck transverses fitted below the upper deck 


The net section modulus of deck transverses fitted below the upper deck, in cm’, is not to be less than Zm.nso 
and Z,,.n50 aS given by the following formulae. 


The net section modulus of the deck transverses fitted below the upper deck in the wing cargo tanks is also 
not to be less than required for the deck transverses fitted below the upper deck in the centre tanks. 
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850 Min 

Zin —n50 = 

Cy _ pr Ren 
850 Mex 
Zex—n50 caer 
Gezir Ren 
where: 
Min : Design bending moment due to cargo pressure, in kNm, taken as: 
e For deck transverses in wing cargo tanks of ships with two longitudinal bulkheads, and for 
deck transverses in cargo tanks of ships with a centreline longitudinal bulkhead: 
Min= 0.042 Q; Pin_at S lfag-at + Msi but is not to be taken as less than Mo. 
e For deck transverses in centre cargo tank of ships with two longitudinal bulkheads: 
Min = 0.042 Q; Pin_at S LEag-at + My but is not to be taken as less than Mo. 
Ms : Bending moment transferred from the side transverse, in KNm: 
Ma z Cst Bst Pin-st S lbag-st 
where a cross tie is fitted in a wing cargo tank and lpagstot iS greater than 0.7 logest, then Coggst in the 
above formula may be taken aS lpag-st-ct 

Mw : Bending moment transferred from the vertical web frame on the longitudinal bulkhead, in kNm: 

Mw = Cyw Bw Pin-vw S Cede —vw 

where Crag-w-ct IS greater than 0.7 Cpggw then Lnag- in the above formula may be taken aS Cygeww.ct- FOr 
vertically corrugated bulkheads, M,, is to be taken equal to bending moment in upper end of 
corrugation over the spacing between deck transverses. 

Mo : Minimum bending moment, in kNm. 

Mo = 0.083 Pin-at S Cb dg—at 

Mex : Design bending moment due to green sea pressure, in kNm. 
Mex = 0.067 Pex-at S lÊag-at 

Pia: Design cargo pressure given in Table 1 for the design load set being considered, calculated at mid- 
point of effective bending span, lpagat Of the deck transverse located at mid tank, in kN/m?. 

Pin-st : Corresponding design cargo pressure in wing cargo tank given in Table 1 for the design load set 
being considered, calculated at the mid-point of effective bending span, Cy... of the side transverse 
located at mid-tank, in kN/m2. 

Piw : Corresponding design cargo pressure in the centre cargo tank of ships with two longitudinal 
bulkheads given in Table 1 for the design load set being considered, calculated at mid-point of 
effective bending span, lbag-w Of the vertical web frame on the longitudinal bulkhead located at mid- 
tank, in kN/m?. 

Paat  : Design green sea pressure given in Table 1 for the design load set being considered, calculated at 
mid-point of effective bending span, /pagat Of the deck transverse located at mid tank, in kKN/m?. 

P: : Coefficient taken as: 

Q= 1-5 (2) but not taken less than 0.6. 
loag—at 

Yioe : Distance from the end of effective bending span, fyag.4 to the toe of the end bracket of the deck 
transverse, in m. 
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l bdg-st 


£ bdg-st-ct 


l bdg-vw 


£ bdg-vw-ct : 


l dt-n50 


lstn50 


l vw-n50 


Structural configuration Cot Ciy 
Ships with centreline longitudinal bulkhead 0.056 - 
Cross tie in Mw based on lpag-ww-ct - 0.044 
I wi one a Mg based on fpag-st OF Myy based ON lygew 0.044 0.016 
longitudinal | Cross tiesin | M,, based on lpagstot OF Myy based ON Lraguwot | 0.044 0.044 


bulkheads | wing cargo 
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: Coefficient taken as: 


| 
Bu= 0.9 (Ses) (2) but not taken less than 0.10 or greater than 0.65. 


loag—at lst-n50 


: Coefficient taken as: 


£ I 
By= 0.9 (2) (2) but not taken less than 0.10 or greater than 0.50. 
bodezad Iw —ns0 


: Effective bending span of the deck transverse, in m, see Pt 1, Ch 3, Sec 7, [1.1.6] and Figure 3, but is 


not to be taken as less than 60% of the breadth of the tank at the location being considered. 


: Effective bending span of the side transverse, in m, between the deck transverse and the bilge 


hopper, see Pt 1, Ch 3, Sec 7, [1.1.6] and Figure 3. 


: Effective bending span of the side transverse, in m, between the deck transverse and the mid depth 


of the cross tie, where fitted in wing cargo tank, see Pt 1, Ch 3, Sec 7, [1.1.6]. 


: Effective bending span of the vertical web frame on the longitudinal bulkhead, in m, between the 


deck transverse and the bottom structure, see Pt 1, Ch 3, Sec 7, [1.1.6] and Figure 3. 


Effective bending span of the vertical web frame on longitudinal bulkhead, in m, between the deck 
transverse and the mid depth of the cross tie, see Pt 1, Ch 3, Sec 7, [1.1.6]. 


: Net moment of inertia of the deck transverse at mid-span with an effective breadth of attached 


plating specified in Pt 1, Ch 3, Sec 7, [1.3.2], in cm4. 


: Net moment of inertia of the side transverse at mid-span with an effective breadth of attached 


plating specified in Pt 1, Ch 3, Sec 7, [1.3.2], in cm’. 


: Net moment of inertia of the longitudinal bulkhead vertical web frame at mid-span with an effective 


breadth of attached plating specified in Pt 1, Ch 3, Sec 7, [1.3.2], in cm4. 


: Coefficient given in Table 3. 


: Coefficient given in Table 3. 


Table 3 : Values of c., and c,, for deck transverses 


tanks Mg based on Lpag-st OF Myy based ON lygg ww 0.041 0.015 


1.5.3 Net shear area of deck transverses fitted below the upper deck 


The net shear area of deck transverses fitted below the upper deck, in cm?, is not to be less than Asnr-in-nso and 
Ashr-ex-n50 as given by: 


8.5Q, 
shr—in-—n50 CO: Ten 
8.5 Qex 
A > 
shr-ex-n50 Cir Ten 
where: 
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Qin : Design shear force due to cargo pressure, in kN. 
Qin = 0.65 Pin at S enr t C1 D Dor, S Pi E 
Qex : Design shear force due to green sea pressure, in KN. 
Qex = 0.65 Pox-at S €shr 
Pin-dt : Design pressure in kN/m2, defined in [1.5.2]. 
Poxa : Design pressure in kN/m?, defined in [1.5.2]. 
Coagat : Effective span, in m, defined in [1.5.2]. 
Ley : Effective shear span, of the deck transverse, in m, see Pt 1, Ch 3, Sec 7, [1.1.7]. 
Cy : Coefficient taken as: 
e c = 0.04 in way of wing cargo tanks of ships with two longitudinal bulkheads. 
e c4 = 0.00 in way of centre tank of ships with two longitudinal bulkheads. 
e c= 0.00 for ships with a centreline longitudinal bulkhead. 


Borr : Breadth of the centre tank, in m. 


Figure 3 : Definition of spans of deck, side transverses, vertical web frames on longitudinal bulkheads and horizontal stringers on 
transverse bulkheads 


1.5.4 Deck transverses fitted above the upper deck 


When deck transverses are fitted above the upper deck, the net section modulus and shear area of deck 
transverses are not to be less than Z,59 and Asnr-nso, in cm? and cm? respectively, as given by the following 
formulae. The required section modulus and shear area are to be maintained over the full length of span. 


be 850 [PIS lrag 
fbag C, -prRen 


= 8.5 Tonle lS se 


Ashr—n50 > 
Cr_ pr Tex 
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where: 

P : Design pressure given in Table 1 for the design load set being considered, calculated at midpoint of 
effective bending span, lpag of the deck transverse located at mid tank, in kKN/m?. 

frag : Coefficient taken as: 
frag = 12 for design load set OT-1, OT-2 and OT-3 as defined in Table 1. 
fbag = 15 for design load set SEA-1 as defined in Table 1. 

foir : Coefficient taken as: 
Fen = 0.5 

lbag : Effective bending span of the deck transverse fitted above upper deck, in m, measured from inner 
hull welded to deck to longitudinal bulkhead, or upper stool plating where upper stool is fitted 

Ihr : Effective shear span of the deck transverse fitted above upper deck, in m, measured from inner hull 


welded to deck to longitudinal bulkhead, or upper stool plating where upper stool is fitted 


As an alternative, the required section modulus and shear area may be obtained by finite element method in 
accordance with Pt 1, Ch 7 and with in consideration of loading patterns A1, A2 or B1, B2 as defined in Pt 1, 
Ch 4, Sec 8, [3.2.9] with draught equal to T,, and cargo density of 1.025 t/m?. 


1.5.5 Deck transverse adjacent to transverse bulkhead 


The scantling of deck transverse adjacent to the transverse bulkhead is to comply with the requirements of 
[1.5.2] to [1.5.4] for design green sea pressure only. 


1.6 Side transverses 


1.6.1 Net shear area 


The net shear area, Asnrnso, in cm?, of side transverses is not to be less than: 


8.5 
Ashr-n50 = ae 
where: 
Q : Design shear force as follows, in KN: 
Q = Q, for upper part of the side transverse. 
Q = Q, for lower part of the side transverse. 
Q, : Shear force, in kN, taken as: 
Qu= Sey ls (Put Pi) -hu Pu] 
where a cross tie is fitted in a wing cargo tank and Ze is greater than 0.7 Z then /« in the above 
formula is taken as stet 
Q, : Shear force, in kN, taken as the greater of the following: 
e Sle, l4(P, +P.) —h, P] 
© 0.35¢,S 4a (Py +P) 
e 1.2Q, 
where a cross tie is fitted in a wing cargo tank and Zea is greater than 0.7 Z then /« in the above 
formula is taken as stot 
Ps : Design pressure given in Table 1 for the design load set being considered, in kN/m?, calculated at 
mid length of tank and at mid height of h,. 
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h, 
Cy 
Ci 


: Design pressure given in Table 1 for the design load set being considered, calculated at mid height h, 


located at mid length of tank, in kN/m?. 


: Length of the side transverse, in m, taken as follows: 


e Where deck transverses are fitted below deck, /,, is the length between the flange of the deck 
transverse and the inner bottom, see Figure 3. 


e Where deck transverses are fitted above deck, Zx is the length between the elevation of the 
deck at side and the inner bottom. 


: Length of the side transverse, in m, taken as follows: 


e Where deck transverses are fitted below deck, Zsto is the length between the flange of the 
deck transverse and mid depth of cross tie, where fitted in wing cargo tank. 


e Where deck transverses are fitted above deck, /,,,, is the length between the elevation of the 
deck at side and mid depth of the cross tie, where fitted in wing cargo tank. 


: Effective length of upper bracket of the side transverse, in m, taken as follows: 


e Where deck transverses are fitted below deck, h, is as shown in Figure 3. 
e Where deck transverses are fitted above deck: 


e When an inner hull longitudinal bulkhead is arranged with a top wing structure as 
follows, h, is taken as the distance between the deck at side and the lower end of slope 
plate of the top wing structure: 


e The breadth at top of the wing structure is greater than 1.5 times the breadth of 
the double side and. 


e The angle along a line between the point at base of the slope plate at its 
intersection with the inner hull longitudinal bulkhead and the point at the 
intersection of top wing structure and deck is 30 deg or more to vertical. 


e Inthe other cases: h, is taken as O. 


: Height of bilge hopper, in m, as shown in Figure 3. 
: Coefficient defined in Table 4. 
: Coefficient defined in Table 4. 


Table 4 : Values of c, and c, for side transverses 


Structural configuration Cy (on 
: : Less than Equal togi Less than Equal io oF 
Number of side stringers three greater three greater 
than three than three 
Ships with a centreline longitudinal bulkhead 
Cross tie in centre cargo tank 0.12 0.09 0.29 0.21 
Ships with two 
longitudinal Cross tiesin | Q, or Q, based on Zstet 
bulkheads wing cargo 
tanks Q, or Q, based on Zg 0.08 0.20 


1.6.2 Shear area over the length of the side transverse 


The shear area over the length of the side transverse is to comply with the following. When materials of 
different yield stress are employed, appropriate adjustments are to be made to account for differences in 
material yield stress. 


a) The required shear area for the upper part is to be maintained over the upper 0.2 @,,,,. 


b) The required shear area for the lower part is to be maintained over the lower 0.2 @,,,,. 
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c) Where Q, and Q, are determined based on /,,..,, the required shear area for the lower part is also to be 
maintained below the cross tie. 


d) For ships without cross ties in the wing cargo tanks, the required shear area between the upper and 
lower parts is to be reduced linearly towards 50% of the required shear area for the lower part at mid- 
span. 


e) For ships with cross ties in the wing cargo tanks, the required shear area along the span is to be 
tapered linearly between the upper and lower parts. 


where: 
Lohr : Effective shear span of the side transverse, in m. 
Lene = lst— hu — h, where Q, and Q, are determined based on lg 


Lone = €st-ct-hy, where Q, and Q, are determined based on ¢,,.,;. 


Lois st-ctr Pus Ny, Qus Qi: Parameters defined in [1.6.1]. 


1.7 Vertical web frames on longitudinal bulkhead 


1.7.1 Web depth 
The web depth of the vertical web frame on the longitudinal bulkhead is not to be less than: 


e 0.14 fragyw for ships with a centreline longitudinal bulkhead. 
* 0.09 fragww for ships with two longitudinal bulkheads. 
e The web height required in [1.1.6]. 

where: 


loagvw : Effective bending span, in m, defined in [1.7.2]. 


1.7.2 Netsection modulus 


The net section modulus, Z„so in cm®, of the vertical web frame is not to be less than: 


850M 

Zn — ——— 

= Cy pr Ren 

where: 

M : Design bending moment, in kNm, as follows: 
M = c, P S léug vw for upper part of the web frame. 
M = c, P S £éag yw for lower part of the web frame. 
where a cross tie is fitted and Code wot iS greater than 0.7 frog, then foggy in the above formula is to 
be taken aS Cydew-ct: 

P : Design pressure given in Table 1 for the design load set being considered, calculated at mid-point of 


the effective bending span, lpagww Of the vertical web frame located at mid tank, in kN/m?. 


loagvw : Effective bending span of the vertical web frame on the longitudinal bulkhead, between the deck 
transverse and the bottom structure, in m, see Figure 3. 


Coagvwet : Effective bending span of the vertical web frame on longitudinal bulkhead, between the deck 
transverse and mid-depth of the cross tie on ships with two longitudinal bulkheads, in m. 


Ĉi : Coefficient defined in Table 5. 
Ci : Coefficient defined in Table 5. 
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Table 5 : Values of c, and c, for vertical web frame on longitudinal bulkheads 


Structural configuration Cy (on 
Ships with a centreline longitudinal bulkhead 0.057 0.071 
M based on Cpgew.ct 0.057 0.071 
Cross tie in centre cargo tank 
Ships with two M based on fpag-w 0.012 0.028 
longitudinal 
bulkheads M based on Cp gew.ct 0.057 0.071 


Cross ties in wing cargo tanks 
M based on lpgew 0.016 0.032 


1.7.3 Section modulus over the length of the vertical web frame 


The section modulus over the length of the vertical web frame on the longitudinal bulkhead is to comply with 
the following. When materials of different yield stress are employed, appropriate adjustments are to be made 
to account for differences in material yield stress. 


a 


~~ 


The required section modulus for the upper part is to be maintained over the upper 0.2 Lpag-vw OF 
0.2 lrag-w-ct AS applicable. 


g 


The required section modulus for the lower part is to be maintained over the lower 0.2 Cpag wy OF 
0.2 lrg wwct AS applicable. 


c) Where the required section modulus is determined based on fyggywct the required section modulus for 
the lower part is also to be maintained below the cross tie. 


Q 
= 


The required section modulus between the upper and lower parts is to be reduced linearly to 70% of the 
required section modulus for the lower part at mid-span. 


where: 


Loagvw Loagw-ct : Effective bending span, in m, defined in [1.7.2]. 


1.7.4 Net shear area 


The net shear area, Ag,,.,59 in cm?, of the vertical web frame is not to be less than: 


8.5 
Asnr-n50 = ae 
where: 
Q : Design shear force as follows, in kN: 
Q = Q, for upper part of the web frame. 
Q = Q, for lower part of the web frame. 
Q, : Shear force, in kN, taken as: 
Qu= Sey lw (Pu + Pi) -hu Paul 
where a cross tie is fitted in a centre or wing cargo tank and ¢,,. is greater than 0.7 Zw, then Zw in 
the above formula is to be taken as fwy.o- 
Q, : Shear force, in KN, taken as the greater of the following: 


© Sle, ly (Pu + P)) —h, Pil 
= Cy SC, Lyy(Py + Pi) 
° 120, 


where a cross tie is fitted in a centre or wing cargo tank and Zw.-g is greater than 0.7 Zw, then £w in 
the above formula is to be taken as fvwy.c- 
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P; : Design pressure given in Table 1 for the design load set being considered, calculated at mid-height of 
upper bracket of the vertical web frame, h, located at mid tank, in kN/m2. 


P; : Design pressure given in Table 1 for the design load set being considered, calculated at mid-height of 
lower bracket of the vertical web frame, h, located at mid tank, in kN/m2. 


£ ie : Length of the vertical web frame, in m, between the flange of the deck transverse and the inner 
bottom, see Figure 3. 


let : Length of the vertical web frame, in m, between the flange of the deck transverse and mid-depth of 
the cross tie, where fitted. 


hy : Effective length of upper bracket of the vertical web frame, in m, as shown in Figure 3. 
h, : Effective length of lower bracket of the vertical web frame, in m, as shown in Figure 3. 
Cy : Coefficient defined in Table 6. 

Ci : Coefficient defined in Table 6. 

Cw : Coefficient taken as: 


e c, = 0.57 for ships with a centreline longitudinal bulkhead, 
e Cy = 0.50 for ships with two longitudinal bulkheads. 


Table 6 : Values of c, and c, for vertical web frame on longitudinal bulkhead 


Structural configuration Cy Cı 
Ships with a centreline longitudinal bulkhead 
0.17 0.28 
Ships with two Qu or Q, based on Cyw.ce 
longitudinal bulkheads Q, or Q, based on Low 0.075 0.18 


1.7.5 Shear area over the length of the vertical web frame 


The shear area over the length of the vertical web frame on the longitudinal bulkhead is to comply with the 
following. When materials of different yield stress are employed, appropriate adjustments are to be made to 
account for differences in material yield stress. 


D, 


The required shear area for the upper part is to be maintained over the upper 0.2 L nr- 


2 


The required shear area for the lower part is to be maintained over the lower 0.2 Lnr- 


ie) 
wa 


Where Q, and Q, are determined based on /,,,.;, the required shear area for the lower part is also to be 
maintained below the cross tie. 


Q 
= 


For ships without cross ties in the wing or centre cargo tanks, the required shear area between the 
upper and lower parts is to be reduced linearly towards 50% of the required shear area for the lower 
part at mid-span. 


D 


For ships with cross ties in the wing or centre cargo tanks, the required shear area along the span is to 
be tapered linearly between the upper and lower parts. 


where: 


Lohr : Effective shear span of the vertical web frame, in m. 


Lsnr = w—hu— h, where Q, and Q, are determined based on £w- 
Lsnr = Lww-cot >Nu where Q, and Q, are determined based on Lw-ct 


Low Cwwectr Pus Ny, Qu, Q: Parameters defined in [1.7.4]. 
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1.8 Horizontal stringers on transverse bulkheads 


1.8.1 Web depth 
The web depth of horizontal stringers on transverse bulkhead is not to be less than: 
e 0.28 lpaghs for horizontal stringers in wing cargo tanks of ships with two longitudinal bulkheads. 


e 0.20 Craghs for horizontal stringers in centre tanks of ships with two longitudinal bulkheads, but the web 
depth of horizontal stringers in centre tank is not to be less than required depth for a horizontal stringer 
in wing cargo tanks. 


e 0.20 Lbagns for horizontal stringers of ships with a centreline longitudinal bulkhead. 
e The web height required in [1.1.6]. 
where: 


Coaghs : Effective bending span, in m, defined in [1.8.2]. 


1.8.2 Net section modulus 


The net section modulus, Z,,59 in cm, of the horizontal stringer over the end 0.2 lpagns iS NOt to be less than: 


anes ce 
where: 
M : Design bending moment, in kNm. 
M = c PS €246 hs 
P : Design pressure given in Table 1 for the design load set being considered, calculated at mid-point of 


effective bending span, lpagns and at mid-point of the spacing, S of the horizontal stringer, in kN/m?. 


loaghs : Effective bending span of the horizontal stringer, in m, but is not to be taken as less than 50% of the 
breadth of the tank at the location being considered, see Figure 3. 


c : Coefficient taken as: 
e c= 0.073 for horizontal stringers in cargo tanks of ships with a centreline bulkhead. 
e c= 0.083 for horizontal stringers in wing cargo tanks of ships with two longitudinal bulkheads. 


e c= 0.063 for horizontal stringers in the centre tank of ships with two longitudinal bulkheads. 


1.8.3 Section modulus over the length of horizontal stringers 


The required section modulus at mid effective bending span is to be taken as 70% of that required at the ends, 
intermediate values are to be obtained by linear interpolation. When materials of different yield stress are 
employed, appropriate adjustments are to be made to account for differences in material yield stress. 


1.8.4 Net shear area 


The net shear area, Asnrnso in cm?, of the horizontal stringer over the end 0.2 /,,, is not to be less than: 


8.5Q 


Asnr-n50 = C 
t-pr TeH 


where: 
Q : Design shear force, in kN. 


Q = 0.5P Shs snr 
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P : Design pressure given in Table 1 for the design load set being considered, calculated at mid-point of 
effective bending span, lpagns and at mid-point of the spacing, S of the horizontal stringer, in kKN/m?. 


Shs : Spacing, in m, defined in [1.8.2]. 
bene : Effective shear span of the horizontal stringer, in m. 
1.8.5 Shear area at mid effective shear span 


The required shear area at mid effective shear span is to be taken as 50% of that required in the ends, 
intermediate values are to be obtained by linear interpolation. When materials of different yield stress are 
employed, appropriate adjustments are to be made to account for differences in material yield stress. 


1.9 Cross ties 


1.9.1 Maximum applied design axial load 


The maximum applied design axial load on cross ties, W,, is to be less than or equal to the permissible load, 
Wetperm aS given by: 


Wet S Wet_perm 

where: 

Wa : Applied axial load, in kN. 
Wa = Pby S 

Werperm : Permissible load, in KN. 
Wet-perm = 0.12 Act-ns0 Nan Scr 


P : Maximum design pressure for all the applicable design load sets being considered given in Table 1, 
calculated at centre of the area supported by the cross tie located at mid tank, in kKN/m?. 


Det : Span, in m, taken as: 
e Cross tie fitted in centre cargo tank: by = 0.5 lodge w 
e Cross ties fitted in wing cargo tanks: 
* Dy = 0.5 lbagw for design cargo pressure from the centre cargo tank. 
° Dy = 0.5 lrogst for design sea pressure. 
loagvw : Effective bending span, in m, defined in [1.5.2]. 
Coagst  * Effective bending span, in m, defined in [1.5.2]. 
Nall : Allowable buckling utilisation factor as defined in Pt 1, Ch 8, Sec 1, [3.3]. 


Oor : Critical buckling stress in compression of the cross tie, in N/mm7?, as calculated using the net 
sectional properties in accordance with Pt 1, Ch 8, Sec 5, [3.1.1]. 


Anso : Net cross sectional area of the cross tie, in cm?. 


1.9.2 Welded connections 


Special attention is to be paid to the adequacy of the welded connections for the transmission of the forces, 
and also to the stiffening arrangements, in order to provide effective means for transmission of the 
compressive forces into the webs. 


Particular attention is to be paid to the welding at the toes of all end brackets of the cross ties. 


1.9.3 Horizontal stiffeners 


Horizontal stiffeners are to be located in line with, and attached to, the longitudinals at the ends of the cross 
ties. 
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2 VERTICALLY CORRUGATED BULKHEADS 


2.1 Application 


2.1.1 


In addition to the requirements of Pt 1, Ch 6, Sec 4, [1], vertically corrugated bulkheads of oil tankers are also 
to comply with the requirements of [2.2]. 


2.2 Scantling requirements 


2.2.1 Net plate thickness over the height 


The net plate thicknesses as required by [2.2.3] and [2.2.4] are to be maintained for two thirds of the 
corrugation length, lg from the lower end. Above that, the net plate thickness may be reduced by 20% from the 
net thickness required in [2.2.3] for the mid part of the corrugation provided that the net section modulus of 
the upper end of the corrugation complies with [2.2.4]. 


2.2.2 Net web plating thickness over the height 


The net web plating thickness of the lower 15% of the corrugation, t, in mm, is to be taken as the greatest 
value calculated for all applicable design load sets, as given in Pt 1, Ch 6, Sec 2, [2], and given by the following. 
This requirement is not applicable to corrugated bulkheads without a lower stool. 


t= 1000] Qc 
dog Cr_og Tex 


where: 

Qog : Design shear force imposed on the web plating at the lower end of the corrugation, in kN. 
Q, = Su Leg |3Pi + Pal 

S 8000 

P, : Design pressure given in Table 1 for the design load set being considered, calculated at the lower 
end of the corrugation, in KN/m?. 

Pi : Design pressures given in Table 1 for the design load set being considered, calculated at the upper 
end of the corrugation, in KN/m?. 

dog : Depth of corrugation, in mm, see Figure 4. 

Crog : Permissible shear stress coefficient: 


Ctog = 0.75 for acceptance criteria set AC-S. 


Crcg= 0.90 for acceptance criteria set AC-SD. 


2.2.3 Net thicknesses of the flanges over the height 


The net thicknesses of the flanges of corrugated bulkheads, t; in mm, for two thirds of the corrugation length 
from the lower end are to be taken as the greatest value calculated for all applicable design load sets, as given 
in Pt 1, Ch 6, Sec 2, [2], and given by the following. This requirement is not applicable to corrugated bulkheads 
without a lower stool. 


t _ 6.57 bie lS vag—max.4 0-3 
eo (0 


ý 
where: 


Obagmax : Maximum value of the vertical bending stresses in N/mm? in the flange. The bending stress is to be 
calculated at the lower end and at the mid span of the corrugation length. 
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Obag-max 7 Zoua 
Meg : Vertical bending moment, in kNm, as defined in [2.2.4]. 


Zega | Actual net section modulus at the lower end and at the mid length of the corrugation, in cm°. 


biog : Breadth of flange plating, in mm. See Figure 4. 
Dweg  : Breadth of web plating, in mm. See Figure 4. 
C; : Coefficient taken as: 
b 2 
C; = 7.65-0.26 (7) 
Drog 
2.2.4 Net section modulus over the height 


The net section modulus at the lower and upper ends and at the mid length of the corrugation (¢,./ 2) of a unit 
corrugation, Z,, are to be taken as the greatest value calculated for all applicable design load sets, as given in 
Pt 1, Ch 6, Sec 2, [2] and given by the following. 


Zog = 1000 Meg 
Cs _og Ren 

where: 
Meg : Vertical bending moment in kNm. 

M, = CiIP|Scg Lâ 

a 12000 

P : Averaged pressure in kKN/m?. 

P = Py t+ P; 

2 


P,P, : Design pressure given in Table 1 for the design load set being considered, calculated at the lower 
and upper ends of the corrugation, respectively, in KN/m?: 


e For transverse corrugated bulkheads, the pressures are to be calculated at a section located 
at b / 2 from the longitudinal bulkheads of each tank. 


e For longitudinal corrugated bulkheads, the pressures are to be calculated at the ends of the 
tank, i.e. the intersection of the forward and aft transverse bulkheads and the longitudinal 


bulkhead. 
Dix : Maximum breadth of tank under consideration measured at the bulkhead, in m. 
Ma : Effective bending span of the corrugation, in m, measured from the mid depth of the lower stool to 


the mid depth of the upper stool. Where no lower or upper stool is fitted, ¢,, is to be measured to 
lower or upper end. See Figure 4. 


C; : Bending moment coefficient given in Table 7. 

Cyog : Permissible bending stress coefficient at the mid-length of the corrugation length, leg: 
C..4g = Ce but not to be taken as greater than 0.75 for acceptance criteria set AC-S. 
Cs-og = Ce but not to be taken as greater than 0.90 for acceptance criteria set AC-SD. 
At the lower and upper ends of the corrugation length, leg: 
Cg = 0.75 for acceptance criteria set AC-S. 


Cog = 0.90 for acceptance criteria set AC-SD. 
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Co : Coefficient taken as: 
2.25 1.25 
e7 ——-—>  forpB21.25 
p pe OP 
C= 1.0 for B < 1.25 
B : Coefficient taken as: 


B = Brog Ren 


Drog : Breadth of flange plating, in mm, see Figure 4. 
t; : Net thickness of the corrugation flange, in mm. 
Table 7 : Values of C, 
Bulkhead At lower end of ¢,, At mid-length of lg At upper end of l.s 
Transverse bulkhead C, Cmi 0.65 Cm1 
Longitudinal bulkhead C3 Cm3 0.65 Cm3 
where: 
Ci : Coefficient taken as: 
C= aıt b; Aar but taken not less than 0.60. 
dk 
C= aı—bı Au for transverse bulkhead with no lower stool, but taken less than 0.55. 
dk 
aı : Coefficient taken as: 
a,= 0.95- 24 
Roe 
a,= 1.0 for transverse bulkhead with no lower stool. 
bı : Coefficient taken as: 
beg 207 20 
Rot 
b,= 0.13 for transverse bulkhead with no lower stool. 
Cra : Coefficient taken as: 
Cri= amı + Om1 fa but not taken less than 0.55. 
dk 
Cmi= @m1—Om1 far for transverse bulkhead with no lower stool, but not taken less than 0.60. 
dk 
amı : Coefficient taken as: 
a„ı= 0.63 + 222 
bt 
@mi= 0.85 for transverse bulkhead with no lower stool. 
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bmi : Coefficient taken as: 
b„ı= -0.25 - -441 
bt 
bm1= 0.34 for transverse bulkhead with no lower stool. 
C3 : Coefficient taken as: 
C3= a; + b3 [a but not taken less than 0.60. 
dk 
C= a3- b3 roe for longitudinal bulkhead with no lower stool, but not taken less than 0.55. 
dk 
a3 : Coefficient taken as: 
a= 0.86 - 033 
Ry 
a= 1.0 for longitudinal bulkhead with no lower stool. 
b3 : Coefficient taken as: 
bjs gire 
bl 
b3= 0.13 for longitudinal bulkhead with no lower stool. 
Cm3 : Coefficient taken as: 
Cm3= am3 +t Dm3 fe but not taken less than 0.55. 
dk 
Cm3= am3— Dm3 Aui for longitudinal bulkhead with no lower stool, but not taken less than 0.60. 
dk 
am3 : Coefficient taken as: 
a„a= 0.32 + 2:24 
bl 
A@m3= 0.85 for longitudinal bulkhead with no lower stool. 
Dm3 : Coefficient taken as: 
Dma= -0.12 — 2:40 
bl 
Dm3= 0.19 for longitudinal bulkhead with no lower stool. 
Rot : Coefficient taken as: 
A : 
Ry= — (a + z (4 + Pav) for transverse bulkheads. 
bin bip Nee 
Ry : Coefficient taken as: 
A ; 
R= 2X (4 + zit ( 1+ Pav for longitudinal bulkheads. 
li bin hs, 
Ad : Cross sectional area enclosed by the moulded lines of the transverse bulkhead upper stool, in m2. 
Aa =O if no upper stool is fitted. 
Aa : Cross sectional area enclosed by the moulded lines of the longitudinal bulkhead upper stool, in m2. 
Aw=O0O if no upper stool is fitted. 
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Abt : Cross sectional area enclosed by the moulded lines of the transverse bulkhead lower stool, in m?. 
Ap : Cross sectional area enclosed by the moulded lines of the longitudinal bulkhead lower stool, in m?. 
Dove : Average width of transverse bulkhead lower stool, in m. See Figure 4. 

Days : Average width of longitudinal bulkhead lower stool, in m. See Figure 4. 

hy : Height of transverse bulkhead lower stool, in m. See Figure 4. 

hy : Height of longitudinal bulkhead lower stool, in m. See Figure 4. 

bin : Breadth of cargo tank at the inner bottom level between hopper tanks, or between the hopper tank 


and centreline lower stool, in m. See Figure 4. 


Dax : Breadth of cargo tank at the deck level between upper wing tanks, or between the upper wing tank 
and centreline deck box or between the corrugation flanges if no upper stool is fitted, in m. See 
Figure 4. 

lin : Length of cargo tank at the inner bottom level between transverse lower stools, in m. See Figure 4. 

lok : Length of cargo tank at the deck level between transverse upper stools or between the corrugation 


flanges if no upper stool is fitted, in m. See Figure 4. 


Figure 4 : Definition of parameters for corrugated bulkhead 
(Tankers with longitudinal bulkhead at centreline) 
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SECTION 4 
HULL OUTFITTING 


1 SUPPORTING STRUCTURES FOR COMPONENTS USED IN EMERGENCY 
TOWING ARRANGEMENTS 


1.1 General 


1.1.1 


Emergency towing arrangements are to be fitted at both the bow and stern of every tanker with a deadweight 
of 20,000 tonnes or more, as required by SOLAS. 


1.1.2 


The design and construction of the towing arrangements is to be approved by the Flag Administration. 


1.2 Documents to be submitted 


1.2.1 
Plans showing details of the supporting structure for the emergency towing arrangement, including the 
connection to the deck, are to be provided for approval. Information on emergency towing arrangement 


showing sufficient detail to enable the position and direction of load actions to be ascertained is to be 
submitted for reference. 


1.3 Structural arrangement 


1.3.1 Continuity of strength 


The structural arrangement is to provide continuity of strength. 


1.3.2 Stress concentrations 


The structural arrangement of the ship’s structure in way of the emergency towing equipment is to be such 
that, abrupt changes of shape or section are to be avoided in order to minimise stress concentrations. Sharp 
corners and notches are to be avoided, especially in high stress areas. 


1.4 Minimum thickness requirements 


1.4.1 Deck plating 


The deck in way of strong-points and fairleads is to have a minimum gross thickness of 15 mm. 
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1.5 Loads 


1.5.1 Safe working loads 

Safe working load of emergency towing arrangements is not to be taken less than: 
e 1,000 kN for tankers having a deadweight greater than or equal to 20,000 t, but less than 50,000 t. 
e 2,000 kN for tankers having a deadweight greater than or equal to 50,000 t. 


The position and direction of load actions to be ascertained is to be submitted for reference. 


1.5.2 Load case 


The design load for the connection of the strong-point and fittings to the deck and its supporting structure is to 
be taken as twice the safe working load. Information on lines of action of the applied design load provided in 
emergency towing arrangement plan is to be taken into account. 


1.6 Scantling requirements 


1.6.1 General 


The scantlings of the support structure are to be dimensioned to ensure that for the load cases specified in 
[1.5.2], the calculated stresses in the support structure do not exceed the permissible stress levels specified 
in [1.6.3]. 


The capacity of the structure to resist buckling failure is also to be assured. 


1.6.2 Calculation procedure 

These requirements are to be assessed using a simplified engineering analysis based on elastic beam theory, 
two dimensional grillage or finite element analysis using gross scantlings. 

1.6.3 Permissible stresses 


For the design load given in [1.5.2], the shear stresses and normal stresses, including bending stresses 
induced in the supporting structure and welds, in way of strong-points and fairleads, are not to be exceed the 
permissible values given below based on the gross thickness of the structure: 


e Normal stress, 1.00 Rsp- 


e Shear stress, 0.58 Rey. 
2 MISCELLANEOUS DECK ATTACHMENTS 


2.1 Cargo manifolds 


2.1.1 Cargo manifold support 


The design of the cargo manifold support is to be such as to distribute the loads imposed on the pipework into 
the ship structure in seagoing or in harbour operations during loading and unloading. To achieve this, the 
connection of the cargo manifold support to the deck is to be arranged to align with stiffening members of the 
main hull structure or stiffening is to be fitted in order to avoid the creation of hard points. Attention is to be 
paid to the detail design of the structure forming the deck attachment in order to minimise the effects of 
change of section. The arrangement of such details and their approval is considered on a case-by-case basis 
by the Society. 
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3 GUARD RAILS AND BULWARKS 


3.1 General 


3.1.1 


Generally, open guard rails are to be fitted on the upper deck. Plate bulwarks, with a 230 mm high continuous 
opening, at the lower edge, may be accepted provided the arrangement allows for the acceptable handling of 
spillage on deck and minimises the possibility for accumulation of volatile gas. 


3.1.2 


Deck spills are to be prevented from spreading to the accommodation and service areas and from discharge 
into the sea by a permanent continuous coaming with a minimum height of 100 mm surrounding the cargo 
deck. Along the sides at the aft end of the cargo deck of oil tankers, the coaming is to have a minimum height 
of 300 mm extending a minimum of 4.5 m forward from each corner. At the aft end of the cargo deck, the 
coaming is to have a minimum height of 300 mm and is to extend from side to side of the ship. 


3.1.3 


Scupper plugs of mechanical type are to be provided. Means of draining or removing oil or oily water within the 
coaming are also to be provided. 
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